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Abstract

Antimicrobial resistance (AMR) in infectious disease is a major global health issue. AMR
is a particular problem in low to middle-income countries (LMICs), where infectious
diseases, such as diarrhoea, remain common and are commonly treated haphazardly with
antimicrobials. The aim of my thesis was to provide a comprehensive study of diarrhoeal
disease in children under the age of five years in the community in Ho Chi Minh City
(HCMC), Viet Nam. Additionally, I aimed to fill in a knowledge gap regarding
antimicrobial usage for diarrhoea, the extent of AMR organisms in healthy children within
the population, and investigate a potential solution for limiting AMR in the community.
Active surveillance for diarrhoea in a prospective longitudinal cohort of 748 children
followed for 24 months found a high incidence of diarrhoeal disease in the urban
community (71.87/100 child-years of observation [95%CI: 65.68 -78.44]). Faecal samples
were screened using conventional microbiology and multiplex molecular methods and
found that the aetiology of this disease is highly variable. Pathogenic bacteria and viruses
were detected at a high prevalence, but the most common were Salmonella and norovirus,
respectively. Antimicrobials were commonly used for diarrhoeal treatment in hospital.
Additionally, a mixed-methods approach in the community found an ease of access to
antimicrobials for diarrhoeal management in the community through local pharmacies.

However, despite antimicrobials being widely available in the community, antimicrobial



usage was almost 10 times greater in the hospitals. Widespread antimicrobial access may
induce the selection of antimicrobial resistant organisms (AROs) and antimicrobial
resistance genes (ARGs). An assessment of the prevalence of and risk factors for carrying
AROs and ARGs demonstrated a high prevalence of carriage antimicrobial resistant
Escherichia coli (E. coli) and associated resistance genes to fluoroquinolones and third
generation cephalosporins. Both these groups are commonly used to treat diarrhoea in this
setting. Children of higher body weight and height z-score were more likely to carry
fluoroquinolones resistance genes and younger children were more likely to carry either
third generation cephalosporin resistance genes individually or in combination with
fluoroquinolones resistance genes. Lastly, hypothesising that improved breastfeeding
practices may reduce diarrhoeal disease and impact antimicrobial usage and consequently
AMR, | investigated risk factors for suboptimal breastfeeding using data from a birth
cohort conducted in both an urban and a semi-rural area. The study indicated that having a
Caesarean section and neonatal complications prevented mothers from breastfeeding their
infants during the hospital stay. Work from this thesis will contribute to the efforts of
tackling AMR in a LMIC, specifically in Viet Nam where there is extensive exposure to

antimicrobials and sustained exposure to enteric pathogens.
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Chapter I — Introduction

1. Introduction

Located in Southeast Asia, Viet Nam is an industrializing country with a population of
more than 90 million people in 2017, which ranks the country the fifteenth most populous
nation worldwide. The population is estimated to be more than 100 million by 2020%.
HCMC is the largest city and the major financial centre in the south of Viet Nam and is a
typical urban and modernizing Asia megacity. With an estimated population of more than 8
million people in 2017, HCMC has a high burden of infectious disease combined with large

populations of AMR pathogens.

Improving knowledge on how antimicrobial exposure affects the persistence of AMR
bacteria is essential. Little is known about the burden of paediatric diarrhoeal disease in the
community as well as the usage of antimicrobials for this common disease among children
under the age of five years in Viet Nam, in which antimicrobial exposure may have an
effect on the persistence of AMR. My thesis therefore focuses on AMR and diarrhoeal
disease in the community with high antimicrobial exposure in HCMC, Viet Nam. | will
investigate the burden and age-specific incidence of diarrhoeal disease in children under the
age of five years in the community in HCMC; the management of diarrhoea in the
community, including antimicrobial usage for treatment; the problem of AROs and ARGs
among healthy children; and lastly explore a hypothesis of a plausible solution aiming to

reduce the disease burden in the community.

This work aims to contribute to the effort of understanding AMR in a LMIC where there is
extensive exposure to infectious pathogens and antimicrobials. In this introductory chapter,

I will provide an overview discussion on the following issues: diarrhoeal disease,

1
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antimicrobials and AMR, roles of breastfeeding in gastrointestinal diseases, and my

research questions and objectives.

1.1  Diarrhoeal disease

1.1.1 Global burden of diarrhoeal disease

Diarrhoeal disease in young children remains a major global health issue due to its role in
mortality and morbidity? . Diarrhoeal disease is responsible for 700,000 deaths annually®,
which accounted for 10% of deaths globally in 20108, and accounted for more than 1.7
billion disease episodes in 2010°. Diarrhoea is still among the top leading causes of death,
and, in particular, it is the second most common cause of mortality among children aged 1
to 59 months*. In addition, disease burden among children in some developing regions still
remains high, particularly in Africa and Asia*’. Moreover, AMR among enteric bacteria is
increasing, resulting in problems treating the infections®°. The burden of diarrhoeal
disease does not only impact mortality but also reduces growth, cognitive development, and

vaccine efficacy.

Generally, the burden of diarrhoeal disease and mortality rate attributable to diarrhoea has
decreased in recent years; however, this trend is largely dependent on location'?. By the
early 2000s, children aged under five years in LMICs had a median of 3.2 diarrhoeal
episodes annually®3. In 2010, children in LMICs suffered an average of 2.9 diarrhoeal
episodes per year*?. In Sub-Saharan Africa, diarrhoea incidence over this same period was
two to three episode annually'®. The peak age of diarrhoea during infancy is from 6 to 11
months of age? and most diarrhoea deaths occur in the first two years of life®®.

Encouragingly, paediatric diarrhoea deaths decreased to 499,000 in 20156, and there was a
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54% reduction in deaths due to diarrhoea in under-fives between 2000-2013%, which

accounted for 8.5 % of total causes of deaths in children in 20158,

1.1.2 Definitions

Diarrhoeal disease is a common disease among both adults and children. It can cause death
by depleting bodily fluids and consequently cause profound dehydration. Diarrhoeal
disease is typically defined as the passage of loose stool or watery stool at least three times
within 24 hours?® or the passage of bloody or mucus stool at least once within 24 hours®.
Diarrhoeal diseases are classified into four clinical types: acute watery, acute bloody,
persistent, and diarrhoea with severe malnutrition'®. Diarrhoea severity is determined by
the presence of blood in stool (commonly known as dysentery), prolonged persistent

diarrhoea, and the coexistence of malnutrition®®.

1.1.3 Diarrhoeal pathogens

Currently, there are limitations in the microbiological and molecular diagnosis of diarrhoea,
consequently it is estimated that 30-40% of hospitalized diarrhoeal episodes do not have an
associated pathogen?*. However, multiple pathogens can cause diarrhoea and the etiological
agents are broad (viruses, bacteria, and parasites) and their prevalence varies by
geographical region and patient age. It is worth noting that certain enteric pathogens can
cause mild or asymptomatic infections and asymptomatic carriage may be prolonged
among children. Therefore, the identification of pathogens from a diarrhoeal stool
specimen does not indicate the cause of illness in all cases?2. In developed regions,
diarrhoea is most commonly associated with viral pathogens, while bacterial and parasitic

pathogens are more commonly identified in developing regions?3. Recent studies show that
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bacterial and viral pathogens are responsible for most episodes of diarrhoeal disease in

LMICs, specifically in locations with poor sanitation 2.

The leading causes of diarrhoea deaths among children aged under five years, estimated
from the Global Burden of Disease Study (GBD), were rotavirus, Cryptosporidium, and
Shigella*>'®. The number of deaths in this age group due to these pathogens in 2015 were
146,500, 60,400, and 54,900, respectively?®. Other common pathogens include
adenoviruses with 46,000 deaths, which accounted for 10% of deaths due to diarrhoea in
children less than five years old in 2015%°. In contrast, pathogens that are responsible for
the majority of cases of diarrhoea in developed countries are (in the USA in 2002)
Salmonella, followed by Campylobacter, Shigella, E. coli 0157:H7, and

Cryptosporidium?.

The Global Enteric Multi-Centre Study (GEMS), a case-controled study of 22,568 children
in Africa and Asia, determined that the most common diarrhoea aetiologies in these regions
were rotavirus, Cryptosporidium, Shigella spp., and heat-stable toxin producing
enterotoxigenic E. coli (ST-ETEC)®. They found that the most common cause of diarrhoea
among children under two years was rotavirus, while Shigella was the primary cause
among 2-5 year olds®®. Depending on the geographical area, other pathogens included

Vibrio cholerae, Campylobacter jejuni, adenovirus 40/41, and Aeromonas spp.*°.

The Interactions of Malnutrition and Enteric Infections: Consequences for Child Health and
Development (MAL-ED) study, a birth cohort of 2,145 children in South America, Africa,

and Asia conducted over 24 months, found that the highest attributable causes of diarrhoea
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in the first year of life were norovirus GlI, rotavirus, Campylobacter spp., astrovirus, and
Cryptosporidium spp.?’. In the second year of life, the most commonly identified pathogens

were Campylobacter spp., norovirus GlI, rotavirus, astrovirus, and Shigella spp.?’.

1.1.3.1 Viral diarrhoeal disease

More than half of all gastroenteritis cases globally are caused by viruses?. Rotavirus and
norovirus are together attributable for an estimated 40% of severe diarrhoea in children in
LMICs?®. Rotavirus accounts for a large proportion of hospitalized cases of diarrhoea in
LMICs (25%). Up to 2013 rotavirus was the leading cause of diarrhoeal death in <5 year
olds globally?*, and in 2017 it was among the top three causes of diarrhoea deaths®®.
Rotavirus is the leading cause of diarrhoea in Africa and Asia in the age groups of 0-11
and 12—-23 months; it is the second most common cause of diarrhoea in the age group of
24-59 months™®. Other prevalent viruses include norovirus, adenovirus, astrovirus,

caliciviruses, and sapovirus®32,

1.1.3.2 Bacterial diarrhoeal disease

Bacterial infections are likely to contribute significantly to diarrhoeal diseases in
developing areas?’. The most common bacterial pathogens causing diarrhoea in young
children are Shigella spp., non-typhoidal Salmonella spp., Campylobacter spp., and
diarrhoeagenic E. coli?®. Bacteria cause clinical diarrhoeal disease by two primary
mechanisms including toxin production and invasion of intestinal mucosa??. The
production of toxins can induce vomiting and abdominal cramps within a few hours after
infection. In addition, in non-inflammatory infections, the secretion of toxins after adhering

to enteric epithelium can cause symptoms of diarrhoea, without blood, mucous, or
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associated fever. Furthermore, in inflammatory infections, invasion of the intestinal mucosa
can cause the passage of stool with blood and mucous, and can be associated with fever,

lower abdominal pain, and tenemus®3.

1.1.3.2.1 Enterobacteriaceae family

The Enterobacteriaceae are a bacterial family comprised of Gram-negative bacilli of 176
species that are associated with common diseases in humans®*. This family of bacteria
largely inhabit the gastrointestinal tract of animals, and contain organisms such as E. coli,
Klebsiella, Enterobacter, Citrobacter, and also non-coliform organisms such as Poteus and
Edwardsiella. Pathogens belonging to this bacterial family are commonly transmitted
faecal-orally*®. These bacteria are globally ubiquitous and can be commonly found in soil,
water, and the environment. Broad-spectrum antimicrobials used to treat infections caused
by Enterobacteriaceae include cephalosporins and fluoroquinolones. However, there is

increasing resistance of these organisms to these antimicrobials®®.

1.1.3.2.2 Shigella

Shigella is a genus of Gram-negative bacteria belonging to Enterobacteriaceae, and is
comprised of four species: S. flexneri, S. sonnei, S. dysenteriae, and S. boydii®’. Shigellosis,
the disease caused by infection with Shigella, was among the most common causes of
diarrhoea in the early 2000s with >163 million infections per year globally8. Historically,
the most important cause of shigellosis was S. flexneri, which is dominant in developing
countries®*#° while S. sonnei predominated in developed countries** 3. However, recent
changes have occurred in the epidemiology of Shigella resulting in S. sonnei becoming

disproportionately distributed as the primary agent of shigellosis in many locations*%4445_ S,
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dysenteriae serogroup 1 expresses the highly virulent Shiga-toxin and was the main cause
of severe shigellosis epidemics in developing countries®. Shigella transmission occurs
through direct contact with an infected person or through exposure to contaminated food
and drink®. Infections with Shigella start with a two to three day incubation period=3,
Common symptoms include abdominal pain, fever, malaise, and anorexia. Diarrhoea is
usually characterised by watery, progressing to bloody, mucous stool with tenesmus. These

symptoms can persist for up to 14 days.

It is estimated that of 163 million episodes of shigellosis globally, >99% occur in LMICs.
Children aged under five years are the worst affected, comprising 69% of episodes and
60% of deaths®. Correspondingly, in developed countries there are approximately 1.5
million cases of shigellosis annually®. Deaths due to shigellosis have been decreasing over
time with an estimated 28,000 Shigella-attributable deaths in 2013%* compared with
667,695 in 1995%. Notably, the peak incidence of Shigella in children tends to be older

than other bacterial pathogens at 12 to 47 months of age®4047,

Similar to diarrhoeal diseases caused by other pathogens, hygiene and sanitation is
recommended for the prevention of Shigella infections. Such measures include hand-
washing with soap, safe drinking water, safe food handling and processing, controlling
flies, safe human waste disposal, and breastfeeding for infants and young children“®.
Antimicrobials, such as ciprofloxacin as a first line therapy, ceftriaxone, pivmecillinam or
azithromycin as a second line therapy, are recommended for bloody diarrhoea*, while
azithromycin is preferred in young children and in pregnancy . However, antimicrobials

are not recommended for prevention as a chemoprophylaxis®.
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1.1.3.2.3 Campylobacter

Campylobacter is a genus of atypical Gram-negative bacteria that have a curved or rod-
shaped morphology*®. This genus includes 17 species*®, and of these, the most common are
C. jejuni and C. coli, which are associated with the majority (99%) of human cases®®>*.
Campylobacteriosis is often self-limiting but can occasionally last for several weeks.
Depending on host susceptibility and the virulence of the species, clinical symptoms of the
infection can be diverse. Incubation time is between one to six days and symptoms include
acute diarrhoea with loose or watery diarrhoea and/or bloody diarrhoea, in addition to
cramps and fever®2. White blood and red blood cells can commonly be observed in the stool
sample®3. Complications of Campylobacter infection include bacteraemia and
osteomyelitis; Guillain-Barre syndrome®, myocarditis, and reactive arthritis are among

common sequelaes of C. jejuni infections®*,

Campylobacter infections in developing countries are underestimated and there is
considerable evidence that AMR in Campylobacter isolates is increasing. Despite being
poorly studied, Campylobacter is among the most common cause of bacterial
gastroenteritis worldwide. In 2010, it was estimated that Campylobacter infections could be
attributed to 7.5 million disability-adjusted life years (DALY's) per year. In comparison, the
equivalent DALY for Shigella and ETEC were 7.1 and 6.9 million, respectively®®. Despite
a lack of epidemiological data regarding Campylobacter disease in Asia, a high prevalence
of Campylobacter infection has been recorded (4.84% of 3,061 diarrhoeal patients) and an

incidence of 1,512/100,000 population per year has been recorded in Japan °'.
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Campylobacter tends to be a more common cause of disease among children rather than
adults®®. The peak age of Campylobacter infections in LMICs is <1 year of age, and is
more common in males than females®®. The infection is hyperendemic among children <2
years of age in LMICs and has a low mortality risk. Campylobacter is commonly
associated with the consumption of contaminated poultry, which is the most important
reservoir for infections in humans®. To prevent Campylobacter infection, it is important to
limit faecal-oral transmission and reduce the likely contamination of food—especially
chicken—and drinking water. Most Campylobacter infections do not require
antimicrobials. However, in cases that are severe or persistent, fluoroguinolones,

macrolides, and aminoglycosides are preferred®’.

1.1.3.2.4 Salmonella

Salmonella is a large genus of Gram-negative bacteria belonging to the Enterobacteriaceae
family; these organisms include more than 2,000 serotypes. Most clinical Salmonella
infections were caused by Salmonella enterica in which the Salmonella enterica subspecies
Enterica (I) contributes to the majority (99%) of cases®. Clinical onset includes nausea,
vomiting, and watery diarrhoea, in addition to fever (70% of cases)?. Invasive
salmonellosis can cause enteric fever (including typhoid and paratyphoid fever) and non-
typhoidal Salmonella infections (NTS)®!. Enteric fever is usually associated with
Salmonella serotype Typhi, causing typhoid fever, or serotype Paratyphi A, B or C, causing
paratyphoid fever. Typhoid fever, which is typical with fever lasting for more than 3 weeks
and is not uncommonly present with diarrhoea, is most often identified among school-age
children and younger?2. Globally, typhoid fever is estimated to cause 25 million illnesses

annually®t. Other NTS serovars that typically cause self-limiting diarrhoea can also cause
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systemic infection, usually called invasive NTS (iNTS). iNTS infections are estimated to
cause 93.8 million cases of gastroenteritis worldwide each year®?. Both enteric fever and
invasive NTS disease are major public health problems among children in developing
countries, especially in Africa®’. Risk factors for Salmonella infections can be genetic (the
HLA-DRB1*0405 gene causes a 5-fold decrease in typhoid fever risk)®!, sociocultural,
environmental (low levels of water and sanitation facilities and low elevations), and

behavioural %34,

1.1.3.25E. coli

E. coli is a large genus of Gram-negative bacteria, and are present in all mammals®. E. coli
is a member of the normal gastrointestinal microbiota, but can also be a common cause of
intestinal and extra-intestinal infections. E. coli is a lifelong colonizer of the human
gastrointestinal tract, and more than 1,000 different species of bacteria have been
described in the human gut®. Although E. coli are ubiquitous in the human gastrointestinal
tract, they can also be opportunistic pathogens and cause community and hospital acquired
urinary tract infections, bloodstream infections, neonatal meningitis, and foodborne
infections®. Pathogenic variants of E. coli associated with diarrhoeal disease are called
diarrhoeagenic E. coli, and include Shiga toxin-producing E. coli (STEC), Enterotoxigenic
E. coli (ETEC), Enteropathogenic E. coli (EPEC), Entoreoinvasive E. coli (EIEC),

Enterohemorrhagic E. coli (EHEC), and Enteroaggregative E. coli (EAEC).

E. coli is abundant in human faeces and is widely used as a marker organism to study

AMR®¢-5 E_ coli develop resistance in response to antimicrobials and they can exchange
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ARG with other pathogenic bacteria’®’*. Therefore, commensal E. coli play important

roles as reservoirs for transmissible ARG’% 74,

1.1.4 Diarrhoeal treatment and prevention

Diarrhoea is usually a self-limiting disease; however, the most severe form of diarrhoea can
cause death through fluid loss and dehydration?*. The WHO recommends the use of oral
rehydration solution (ORS) and zinc supplementation for at least 10 days for the treatment
of diarrhoea'®. ORS and other fluids can be used at home to prevent dehydration, which
itself is caused by the loss of water and electrolytes (sodium, chloride, potassium, and
bicarbonate) through loose stool. Clinically, the severity of diarrhoeal disease and treatment
therapy depends on the extent of dehydration, bloody diarrhoea, persistent diarrhoea,
malnutrition, and serious non-intestinal complications. It is not recommended to use
antimicrobials routinely for diarrhoea except for suspected cholera or acute bloody
diarrhoea (dysentery)*®. For acute bloody diarrhoea, ciprofloxacin is recommended for a
period of three days, or alternative antimicrobials for which Shigella remain susceptible
may also be used. Other drugs are commonly used in practice to treat diarrhoea, but
generally are not indicated in paediatric diarrhoea. These include®® “antidiarrheal drugs”;
adsorbents (e.g. kaolin, attapulgite, smectite, activated charcoal, and cholestyramine);
antimotility drugs (e.g. loperamide hydrochloride, diphenoxylate with atropine, tincture of
opium, camphorated tincture of opium, paregoric, codeine); Bismuth subsalicylate;
combinations of drugs (adsorbents, antimicrobials, antimotiluty drugs or other agents);
antiemetics (e.g. prochlorperazine, chlorpromaxine); cardiac stimulants (e.g. adrenaline,

nicotinamide); blood or plasma; steroids; and purgatives.

11
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Regarding diarrhoea prevention, public health interventions related to nutrition and hygiene
are recommended”®. These interventions include nutritional rehabilitation, zinc
supplementation, exclusive breastfeeding, and WASH (Water, Sanitation and Hygiene)
strategies’®. A large body of evidence has shown that improvement in these factors could
reduce both fatality cases due to diarrhoea®* and morbidity attributable to diarrhoea’®"’.
Improvements in hygiene, sanitation and nutrition have been well documented in developed

countries. In Viet Nam, significant improvements have been implemented in drinking water

sources and sanitation facilities, including household toilets®.

1.2 Antimicrobials

Antimicrobials are frequently used as treatment for diarrhoea in LMICs such as Bangladesh
(34.3%), Viet Nam (36.1%), Thailand (45%)"° and India (77.9%)%°; however, it is difficult
to quantify how antimicrobials are actually used, especially in the community®!. Moreover,
little has been reported regarding antimicrobials used for diarrhoeal treatment in urban
communities in Viet Nam. Therefore, in this thesis, | aimed to quantify the annual
antimicrobial usage in the community and assess the access to antimicrobials through
community pharmacies in the study area. Results from these investigations are presented in

chapter 4. In this section | describe an overview of antimicrobials.

1.2.1 Definition of antimicrobials

Antimicrobials are substances of natural, semisynthetic, or synthetic origin that are used in
modern medicine to selectively kill or inhibit the growth of microorganisms for the
prevention or treatment of infections. Antimicrobials—from the latin meaning against

(anti) little (mikros) life (bios)—includes all antibiotics. Substances that are synthetic, such

12
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as sulphonamides and quinolones, and semisynthetic, such as methicillin and amoxicillin,
are not included in the term “antibiotics”. Antibiotics (a term that was first used in 1942%),
such as penicillin, refers to naturally produced chemicals that are able to destroy or weaken
certain microorganisms. In Viet Nam, the words “khang sinh” or “tru sinh” are commonly
used for drugs with the efficacy to kill or inhibit bacteria, viruses, and fungi. The
mechanism of antimicrobials can be divided into bactericidal (kill target organisms),
bacteriostatic (inhibit or delay bacterial growth and replication), or both depending on the
dose, the duration of exposure, and the state of invading bacteria. Antimicrobials kill or
inhibit the growth of microorganisms by five major mechanisms: (1) inhibiting cell wall
synthesis, (2) disrupting the bacterial membrane, (3) inhibiting protein synthesis, (4)
inhibiting nucleic acid synthesis, and (5) inhibiting metabolic pathways®. Figure 1.1
depicts these antimicrobial mechanisms. Table 1.1 shows a description of the most

common classes of antibacterials based on the time they were first isolated.
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Table 1.1 Antimicrobial classification based on the year of isolation.

Class

Antimicrobial agents

Producing organisms

Year of isolation

p-lactam antibiotics

Glycopeptides

Macrolides

Lincosamides

Streptogramins

Tetracyclines

Natural penicillins
Cephalosporin C

Vancomycin
Teicoplanin, avoparcin
Erythromycin
Spramycin

Lincomycin
Streptogramins A and B

Virginamycins A and B

Chlotetracycline

Oxytetracycline

Penicillium notatum

P. chrysogenum

Cephalosporium acremonium
Streptomyces cattleya

Clocobobacter spp.

Chromobacterium violaceum
Amycolapsis orientalis

Amycolapsis coloradensis subsp labeda
Streptomyces erythraeus

Streptomyces ambofaciens

Streptomyces lincolnensis

Streptomyces diastaticus
Streptomyces

virginiae

Streptomyces aureofaciens

Streptomyces rimosus

1920, 1940
1945-53
1976

1981

Mid 1950s, 1975

1952

1955

1963

1953

1955

1948

1948
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Class Antimicrobial agents  Producing organisms Year of isolation

Phenicols Chloramphenicol Streptomyces venezuelae 1947

Amioglycosides Streptomycun Streptimyces griseus 1943
Meomycin Streptimyces fradiae 1949
Kanamycin Streptimyces kanamyceticus 1957
Gentamycn Micromonospora purpurea 1963
Tobramycin Streptimyces tenebrarius 1967

Aminocyclitols Spectinomycin Streptimyces spectabilis 1961

Pleuromutilins Tiamulin Pleurotus spp.

Polypeptide antibiotics ~ Polymixin B Bacillus polymyxa (aerosporus) 1947
Polymixin E (Colistin)  Bacillus polymyxa subsp colistinus 1949
Bacitracin Bacillus licheniformis 1943

Sulfonamides Prontosil Synthetic 1935
Sulfametoxazole

Trimethroprim Trimethhroprim Synthetic 1956

Quinolones Nalidixic acid Synthetic 1962

Fluoroquinolones Ciprofloxacin Synthetic 1973
Levofloxacin

Oxazolidones Linezolid Synthetic 1987, 1996
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1.2.2 Fluoroquinolones

| observed that antimicrobials were commonly prescribed for diarrhoea cohort | was
conducting in 2014. However, antimicrobials are not recommended in the routine treatment
of diarrhoeal disease®. In fact, fluoroquinolones are frequently used for bloody diarrhoea®,
even though there remains many concerns about their side effects in children®4. Currently,
increasing resistance to fluoroquinolones is a problem in cases of diarrhoea caused by
many different diarrhoeal pathogens®®. Therefore, an understanding of fluoroquinolones
usage in the community and fluoroquinolones resistance in organisms colonising healthy
children is essential in tackling the issue of AMR to this type of antimicrobial. In chapter 4
| describe the ease of access to fluoroquinolones in the urban area in Viet Nam. In addition,

| investigate the problem of AROs and ARGs to fluoroquinolones in chapter 5.

Fluoroquinolones are a subgroup of quinolones, which are a family of synthetic broad-
spectrum antimicrobials. Fluoroquinolones are very potent drugs and have effects on both
Gram-negative and Gram-positive bacteria®. Currently, there are four generations of
(fluoro)quinolones, and which have been structurally modified to increase their coverage
and potency when treating bacterial infections (Table 1.2)%7. The first generation of
quinolones was introduced in 1962, and nalidixic acid was introduced into clinical usage in
1964 and was the first quinolone used for diarrhoea and urinary tract infections®. The
second generation of quinolones included the addition of a fluoro group to generate
fluoroquinolones. This generation included ciprofloxacin and ofloxacin, which are still
among the most commonly used antimicrobials today. When first used, these chemicals had

increased activity against Gram-negative bacteria. The third generation of quinolones
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contained additional components to the quinolone structure to increase activity against
Gram-positive and anaerobic bacteria. Quinolones bind to specific targets and arrest
bacterial deoxyribose nucleic acid (DNA) replication, which induces cell death.
Fluoroquinolones prevent bacterial replication by targeting functional effects of essential
enzymes in bacterial DNA processes, namely the type I and type Il topoisomerases.
Fluoroquinolones interact with DNA gyrases and other type Il topoisomerases, and block
the breaking and re-joining of DNA strands, subsequently impacting the transcription and

replication of bacterial DNA.
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Table 1.2 Quinolones classification with some common drugs in groups.

Quinolones generation Agents

First generation Nalidixic acid
Cinoxacin
Second generation (2a)  Norfloxacin
Pefloxacin
Lomefloxacin
Ciprofloxacin
Ofloxacin Levoflocacin
Second generation (2b)  Sparfloxacin
Grepafloxacin
Third generation (3a) Gatifloxacin
Trovafloxacin
Moxifloxacin
Third generation (3b) Gemifloxacin

Fourth generation Garenoxacin
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1.2.3 Third generation cephalosporins

Similar to fluoroquinolones, third generation cephalosporins are common antimicrobials
used in paediatric diarrhoea and other infectious diseases!®#685, Importantly, increasing
resistance to many empirical antimicrobials in Southeast Asia, comprised mainly of
fluoroquinolones and cephalosporins, is associated with excessive use of antimicrobials in
humans and animals®. 1 investigate the AROs and ARGs associated with these
antimicrobials in chapter 5. Therefore, in this section | describe third generation

cephalosporins.

B-lactam antimicrobials are comprised of compounds that have a B-lactam ring in their
chemical structure, which include penicillins, cephalosporins, monobactams, carbapenems,
and B-lactamase inhibitor combinations. 3-lactam antimicrobials have a broad range of
clinical indications. The most important mechanism for bacterial resistance to 3-lactams is
the production of B-lactamase enzymes, such as the extended-spectrum f-lactamases
(ESBLSs), which are a major group of enzymes associated with B-lactam globally and

particularly in Asia®,

Cephalosporins are a group of B-lactam bactericidal antimicrobials that inhibit cell wall
synthesis. They are among the most widely prescribed antimicrobials because of their wide
range of activity and low degree of toxicity. Like fluoroguinolones they are divided into
several generations (1% to 5™) based on their antibacterial spectrum. First-generation
cephalosporins are active chiefly against Gram-positive bacteria and have limited activity
on Gram-negative bacteria. Second-generation cephalosporins have greater activity against

Gram-negative bacteria than first-generation cephalosporins. Third-generation
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cephalosporins, such as cefotaxime, ceftazidime, and ceftriaxone, have a greater spectrum
of activity against Gram-negative bacteria and are more resistant to Gram-negative -
lactam enzymes than first- and second-generation cephalosporins. Fourth-generation
cephalosporins, such as Cefepime (USA) and cefpirome (Europe), have similar activity
against Gram-negative bacteria as third-generation cephalosporins, and have enhanced
activity against Gram-positive bacteria. Fifth-generation cephalosporins, such as
Ceftaroline, have enhanced activity against newer variants of Gram-positive pathogens

such as methicillin-resistant Staphylococcus aureus (MRSA)®.

Third generation cephalosporins have been used in clinical settings since the 1980s with the
most frequently prescribed being cefotaxime, ceftriaxone, and ceftazidime®. Shortly after
their use became common in the 1980s, the first variants of ESBL Enterobacteriaceae
(ESBL-E) were reported®’. Organisms producing CTX-M-type ESBLs were first reported

sporadically in the late 1980s in Japan, Europe, and Argentina®.

1.3 Antimicrobial resistance

Antimicrobials are essential for modern medicine; however, we are currently in an AMR
crisis. Once susceptible organisms are now becoming resistant, posing a serious threat to
human health due to infectious diseases becoming untreatable®®. The consequences of
AMR are not only critical in LMICs but also have serious repercussions for developed
countries through rapid globalization. Indeed, it is estimated that the total mortality rate due
to AMR in the next 30 years will be >10 million deaths per annum, globally®* . This
scenario is likely being driven by poor sanitation, a high demand for antimicrobials, large

burdens of infectious diseases, and the irrational use of antimicrobial treatment.
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The association between antimicrobial consumption and AMR at the population level has
been well-established®®. Having an assumption that antimicrobials used for diarrhoea is
common (chapter 4), | investigate the presence of AMR through the prevalence of AROs
and ARGs among healthy children in chapter 5. In this section | provide an overview of

AMR.

1.3.1 Definition

AMR is a phenomenon where bacteria can survive and replicate in the presence of an
active antimicrobial compound, and this process can be natural (intrinsic, innate, or
inherent) or acquired®®®’. Innate resistance, which is normal in some genera, species, or
groups of bacteria, arises because either there is a lack of a particular antimicrobial target,
or the drug cannot reach their targets because of outer membranes®°. For example,
Enterococci are naturally resistant to all cephalosporins because they lack penicillin

binding proteins that effectively bind, and are inhibited by, beta lactam antibiotics®.

Another type of resistance that has more impact on public health is acquired resistance.
Acquired resistance happens when a few isolates acquire or inherit some mutation, such as,
for example, a mutation of a chromosome or gene that causes rifampicin or ciprofloxacin
resistance®®%l. Additionally, acquired resistance may be associated with isolates that
acquire resistance-conferring DNA. This is an example of “horizontal gene transfer” or
“horizontal spread” through the exchange of DNA, such as a plasmid, which is a typical
mechanism®. This type of DNA can be transferred by three mechanisms: transformation,

transduction, or conjugation.

21



Chapter I — Introduction

Acquired bacterial AMR can result from either the mutation of genes in the pathways
targeted by the drug, the acquisition of resistance genes through horizontal gene transfer, or
a combination of these mechanisms. ARGs have been shown to accumulate on mobile
elements such as plasmids, transposons, and integrons, leading to a situation where
multidrug resistance (MDR) phenotypes can be transferred to a susceptible recipient via a

single genetic event!®?,

1.3.2 Mechanisms of AMR

Figure 1.1 depicts mechanisms of antimicrobials and AMR®. Bacteria can become resistant
to the antimicrobials due to several mechanisms including (A) impermeability, in which the
bacteria can prevent the drug from getting into the cell (reduced uptake) by either
decreasing influx or increasing efflux, (B) alteration or replacement of the target (such as
target amplification by overproducing a target enzyme) or mutation, and (C) enzyme
inactivation, in which the bacteria can either destroy antimicrobials completely or modify
them chemically!®1% ARGs encoding the resistance mechanisms can be located in the
chromosomal DNA or on transferable elements integrated in the chromosome (integrons,
transposons) or separated plasmids, which can be transferable through horizontal spread®.
As a consequence, some factors that affect the AMR include the natural level of resistance
of the species, the resistance gene or mutation involved, the expression of the gene in a

particular strain, and the presence of other genes or mutations©,
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Antibiotic Targets
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B-lactams
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Figure 1.1 AMR mechanisms. Five main antibiotic targets are displayed on the left and
four general mechanism of antibiotic resistance are explained on the right. These processes
can occur at different parts of the bacterial cell: cell membrane, protein, enzyme, ribosome,

and DNA/RNA. (Source: Wright in BMC Biology®®)

1.3.2.1 Mechanisms of AMR to fluoroquinolones

Fluoroquinolones resistance mechanisms can be summarised into three categories, which
include (i) alterations in the target enzymes, comprised of DNA gyrase and topoisomerase
IV as stated in section 1.2.2, (ii) alterations in drug permeability, and (iii) plasmid-mediated

quinolone resistance determinants. In the first mechanism, alterations in specific domains,
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called QRDR (Quinolone Resistance Determining Region), reduce the affinity for
fluoroquinolone binding. The common QRDR mutation positions include the codon 83
and codon 87 within the gyrA gene and codons 80 and 86 within the parC gene, the latter
of which is less common. In the secondary mechanism, resistance to fluoroguinolones in
associated with a reduction in porins in the membrane, which reduces the accumulation of
the drug. Consequently, fluoroquinolones cannot cross the cytoplasmic and outer
membranes. The bacterial cell can also active an endogenous efflux system which pumps
the fluoroquinolones out of the cytoplasm, and requires three components. These
components include efflux pumps in the cytoplasmic membrane, an outer membrane
protein, and membrane fusion proteins that connect inner and outer membrane proteins. In
the last mechanism, which was more recently discovered, antimicrobial resistance genes
are carried on plasmids and these genes can block the activity of fluoroquinolones. This
mechanism was first described in 1998 in the USA in K. pneumonia from a patient with
urinary tract infection in the USA. Since then, the plasmid mediated quinolone resistance

(PMQR) determinants in Enterobacteriaceae and other species have been reported?’.

1.3.2.2 Mechanisms of AMR to third generation cephalosporins

As noted in section 1.2.3, B-lactam antimicrobials have a p-lactam ring, and work by
interfering cell wall synthesis by impeding enzymes that are responsible for the formulation
of the peptidoglycan layer'®. However, the production of several enzymes, including
Extended spectrum B-lactamase (ESBLs), can block antimicrobial activity by cleaving the
hydrolytically susceptible chemical bonds in the B-lactam ring'%. ESBLs mediate

resistance to all penicillins, third generation cephalosporics, and aztreonam?**°.
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1.3.3 The epidemiology of AMR

AMR is rapidly increasing as a public health challenge!!*. AMR is currently estimated to
account for >700,000 annual deaths worldwide®’. In the USA, “the large majority of 99,000
deaths each year associated with hospital acquired infections are caused by AMR bacteria;
the annual cost of managing these infections may be as much as $34 billion per year”®. In
Europe, AMR organisms account for an estimated 25,000 deaths per year at a cost of 2.5

million extra hospital days*?

. The cost of these infections is approximately 1.5 billion
euros per year, which is associated with, in part, 600 million days of lost productivity!2113,
Developing countries are also hit hard by resistance. In Thailand >140,000 AMR
infections each year cause 30,000 deaths''3. In Pakistan 71% of infections in neonates are
caused by AMR bacteria, and in Peru and Bolivia the majority of hospital infections are
caused by AMR bacteria (51%)*3. In its 2013 Global Risks Report, the World Economic

Forum put AMR on par with unrestricted proliferation of weapons of mass destruction and

global economic meltdown*®3,

Additionally, AMR rates of current antimicrobial drugs are increasing much faster than the
production of new drugs, whilst antimicrobials are overly used for the prevention and
treatment of illness. Many first-line antimicrobials have lost their effectiveness in treating
infections caused by important bacterial pathogens; their activity has been eroded over time
due to the reduced susceptiblity of pathogens*'#11°, For example, enteric fever, which is
caused by the bacterium Salmonella enterica serovar Typhi, is a common cause of bacterial
febrile disease in LMICs!!®, and used to be reliably treated with ampicillin,
chloramphenicol, and trimethoprim-sulfamethoxazole. However, these antimicrobials are

no longer active against enteric fever and the disease is being treated with third-generation
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cephalosporins and fluoroquinolones*’18, A further example is shigellosis, caused by
bacteria belonging to the genus Shigella, which was recommended to be treated with
nalidixic acid and then ciprofloxacin by the WHO*®119, First, nalidixic acid resistance
emerged, and now ciprofloxacin-resistant S. sonnei is increasing throughout Asia*?®122, |t
has additionally been observed that these ciprofloxacin-resistant S. sonnei are spreading out
of Asia into other areas of the world due to globalization!?-12, This observation is
concerning as it demonstrates that AMR is not restricted to hospital settings, as it was

commonly observed a few decades ago, but is now rampant in the community.

AMR is a complex scientific, political, economic, and social issue, and the greatest impact
of AMR occurs in LMICs in Asia and Africal?®-12, However, there is a general lack of
consistent AMR surveillance systems in these areas'®. The AMR issue is amplified in
LMICs because the principal driver of AMR is antimicrobial usage®. Unrestricted access
to low-cost antimicrobials combined with a high burden of infectious disease, limited
capacity for diagnostics, and large urbanizing populations demanding better medical

support means that AMR bacteria are prospering in LMICs across Asia®3!1%2,

1.3.4 AMR and the resistome

The resistome, which is the totality of ARGs in the microbiome, may be directly impacted
by the diversity of bacterial populations found within the gastrointestinal microbiota*3. For
example, in densely populated urban areas, the exposure of pathogenic bacteria to the
gastrointestinal resistome may result in lateral exchange of ARGs***. Antimicrobial
exposure, whether from environmental exposure or treatment, causes selective pressure and

thus reduces microbial diversity, and exacerbates ARG exchange. The development of the
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human resistome is likely to occur in early childhood**3-13%, particularly in urban settings
with intense environmental exposure. Improving our understanding of how AMR develops
in the gastrointestinal microbiota in LMIC settings is vital to enable preservation of future
antimicrobial options and to develop intervention strategies to optimise individual,

population, and environmental managements.

1.3.5 Current challenges in the AMR to global health

AMR is a sustained global health problem across countries including both high-income
countries and LMICs. The burden of AMR is associated with both medical and financial
issues as AMR infections pose a large threat to individuals in LMICs. Current challenges in
AMR are not only related to antimicrobial consumption but also improving sanitation,

access to clean water, public governance, and public health expense!®.

1.4 The setting of high usage and high resistance to antimicrobials in Viet Nam
Antimicrobials are essential in such LMICs as Viet Nam where infectious diseases are
among the leading causes of morbidity and mortality*3"1*¢, However, antimicrobials are
used inappropriately in Viet Nam. Despite antimicrobials being officially prescription only
drugs in Viet Nam, the majority (78%) of antimicrobials are bought from pharmacies
without a prescription'®. A recent study in the urban north of Viet Nam found that 24% of
transactions from pharmacies were for antimicrobials, of which 88% occurred without a

prescription®°,

Children in LMICs are the most vulnerable group that are highly exposed to

antimicrobials®. Children are more susceptible to diarrhoeal disease due to naivety of the
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immune system and a higher-level of exposure to environmental pathogens compared to
adults. In a cross sectional study from Viet Nam, approximately 75% of children in the

139 and

community were treated with antimicrobials within one month prior to interview
>85% of children attending a hospital for diarrhoeal disease were prescribed an

antimicrobial**!.

AROs and ARGs have a substantial impact on the exchange of acquired AMR
determinants. Antimicrobial exposure induces a selective pressure and may therefore
facilitate the exchange of ARGs. A recent report of AMR in Viet Nam found that bacteria
isolated from children with diarrhoea are highly resistant!*?. Additionally, there is evidence
that a pathogen may acquire ARGs from the commensal bacteria that constitute the
microbiota in the human gastrointestinal tract’®. Therefore, commensal E. coli are likely an

important reservoir for AMR determinants®,

1.5 Breastfeeding

| aim to tackle AMR in such LMICs as Viet Nam, and | hypothesize that an affordable and
pragmatic solution in the community, such as breastfeeding, may have an impact on
infectious disease incidence. In turn, breastfeeding could impact antimicrobial usage and
have knock-on consequences for AMR. Data suggests that mortality and morbidity from
diarrhoea can be reduced by exclusive breastfeeding’®!44-146, Moreover, gastrointestinal
immunity against enteric pathogens can be enhanced by breast milk’®47. Making use of
data from a birth cohort that was conducted prior to the diarrhoeal cohort from 2014, |
investigated risk factors associated with suboptimal breastfeeding, which is described in

chapter 6.
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1.5.1 The practice of breastfeeding

Breastfeeding is the method of feeding an infant with human breast milk to provide them
with the nutrients they need for healthy growth and development®*°. Current practices of
breastfeeding vary according to initiation, intensity, and duration. The most common
definitions of breastfeeding used in clinical and research settings are suggested by the
WHO8, Breastfeeding patterns are classified into different categories based on their

duration and exclusivity; these categories are shown in table 1.3.

1.5.1.1 Breastfeeding initiation and early breastfeeding

The first few days of breastfeeding after delivery are a very important time for mothers and
their infants. Both mother and infant are learning how to breastfeed and are getting familiar
with one another. The WHO recommends that breastfeeding should be initiated as soon as
possible after birth, provided that mother and infant are well enough to do so'*. Following
this recommendation, the infant should be placed, and remain, in direct skin-to-skin contact
with the mother and latched on during the first half-hour after delivery*>°. This process
enhances milk production and improves the bonding between mother and infant. Liquids
other than breast milk should not be given to the infant unless a medical indication requires
so™®!, The infant may take some time to latch on and begin suckling or may even need
assistance. Milk supply is determined by the frequency of feeding and effective removal of
milk from the breast!®2. Lactation performance during the first few weeks is critical to the

establishment of an adequate milk supply*®.

1.5.1.2 Exclusive breastfeeding and duration of breastfeeding
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The WHO recommends that infants should be exclusively breastfed for the first six months
of life, which means that infants receive only breast milk and fluid medication, such as
drops and syrups, during the first six months of life'*°. In addition, children are
recommended to be breastfeed for at least 24 months and beyond, together with

complementary food*>,
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Table 1.3. Definition of some common breastfeeding practices recommended by the WHO.

Feeding category  Infant receives May include Does not include
Early breastfeeding Human milk within the Human milk Anything else
initiation first hour post-partum

Exclusive Human milk ORS, drops, syrups (vitamins, minerals, Anything else

breastfeeding
Predominant

breastfeeding

Complementary

feeding

Breastfeeding

Bottle-feeding

Human milk as a
predominant source of
nourishment

Human milk and solid or
semi-solid food

Human milk and solid or
semi-solid food

Any liquid or semi-solid
food from a bottle with

nipple/teat

medicines)

Certain liquids (water and water-based drinks,
fruit juice), ritual fluids and ORS, drops or
syrups (vitamins, minerals, medicines)
Anything else: any food or liquid including
non-human milk

Anything else: any food or liquid including
non-human milk

Anything else: any food or liquid including

non-human milk

Anything else (in
particular, non-human
milk, food-based fluids)

NA

NA

NA
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In chapter 6, | explore the practice of early breastfeeding during hospital stays and
breastfeeding at the routine follow up visit in the child’s first year. The protective benefits
of breastfeeding come from the components of breast milk and the practice of
breastfeeding™®>1¢. Continued breastfeeding practice in the later months of infancy
depends on the early practice of breastfeeding within a few days after birth'>’. One possible
reason is the physiology of secreting different components of human milk in the early
stages after birth'®3, Various components and mechanisms of breast milk secretion in the
postpartum period could impact the success of milk secretion in later months. Specifically,
as long as women start breastfeeding their child after birth, they experience two stages of
lactation, which are lacto genesis | (colostrum is secreted) and lactogenesis I, following
transition from colostrum (transitional milk) to the secretion of mature milk. Initially,
colostrum is secreted during the first few days after birth. The milk production
(lactogenesis) is induced during the first two to four days after delivery by the high levels
of prolactin'®®, Next, at the transition stage milk production and secretion are stimulated in
the neuroendocrine pathway involving the release of prolactin and oxytocin—both
hormones have key roles in human milk synthesis and secretion—»by stimulation of sensory
nerves of the breast by the suckling infant. Therefore, suckling should be established in the
first three days to ensure sufficient milk production®>®.Mature milk is secreted after 10 to

15 days after birth.

1.5.2 Benefits of breastfeeding and gastrointestinal infections
Breastfeeding offers many positive health benefits because of its unique components which

confer nutritional and immunological effects to infants®>?. Exclusive breastfeeding during
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the first six months of life provides both short- and long-term advantages that protect
children against several childhood illnesses as well as offers positive benefits in later
lifel"15%, Table 1.4 outlines a summary of protective effects of breastfeeding to infant

health.

Components of breast milk are various. Nutritional factors in breast milk include
macronutrients (such as lipids, protein and carbohydrates), minerals and trace elements
(such as sodium, potassium, calcium, magnesium, phosphate, chloride and citrate),
vitamins (such as water soluble vitamins: vitamin B1, B3 [nicotinic acid], B5 [pantothenic
acid], B6, biotin, folic acid, B12 and C, and fat-soluble vitamins: vitamin A, vitamin D [in
low concentration], vitamin E, and vitamin K)*2€_ |n addition, human milk has an abundance
of bioactive factors (such as bile-salt simulated lipase and epidermal growth factor including leptin,
adiponectin, ghrelin, resistin and obestatin, which help to digest and absord nutrients), which are

elements from food that have an impact on biological processes, bodily functions and health®®2.
Furthermore, colostrum, the first milk, is rich in immunoglobulins specifically, secretory
immunoglobulin A (slgA). The bioactive factors in breast milk provide infants with
protection from infections by various microorganisms, hormones, growth factors that affect
growth and development, agents that modulate immune function, and anti-inflammatory
components*®’. Moreover, human milk contains growth promoters of protective
microorganisms and inhibitors of harmful bacteria. For example, acetic acid produced by B.

bifidium discourages the growth of some enteropathogenic bacteria'®?.

33



Chapter I — Introduction

Table 1. 4. Evidence for a few advantages of breastfeeding to the infant that have positive evidence.

Disease outcome

Effects

Levels of evidence 163

Settings of evidence

A few typical or high-
quality relevant studies

Gastrointestinal

infection

Respiratory
infections

(pneumonia)

Exclusive breastfeeding in the
first six months of life have
major protection against
diarrhoea morbidity and
admissions to hospital
Breastfeeding have effect on
reduction in severe respiratory

infections

Strong evidence

Strong evidence

Mostly from LMICs

Mostly from LMICs

Large body of studies /6164165

Large body of studies'®®

Obesity
Cognitive

development
Acute otitis media

Type Il diabetes

Breastfeeding provides
protection effects

Increasing 1Q points

Longer duration of
breastfeeding reduces acute
otitis media during the first
two years

Breastfeeding have protective
effect

Suggestive evidence

Consistent evidence

Consistent evidence

Restricted evidence (11

study)

LMICs and HICs
Mostly in HICs
LMICs and

HICs

LMICs (2 out of 11 studies)
HICs

High-quality systematic
revieW 147,159,163

Large observational studies
and a RCT study?6®

Large body of studies ¢’

Evidence from 11 studies 1*°
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Some suggested mechanisms that enable breastfeeding to prevent gastrointestinal infections
include the composition of antimicrobial or immunological factors in breast milk,
nutritional status of breastfed infants, and the absence of exposure to contamination from
non-human milk!#’. In addition, breast milk contains antimicrobial and anti-inflammatory
factors, hormones, digestive enzymes, and growth modulators that protect against

infection#

. It has been suggested that glycans in their free and conjugated species, such as
those found in human milk oligosaccharides, form part of the natural immunological
mechanism that account for the way in which human milk protects breastfed infants against
diarrhoeal disease’®. Additionally, by avoiding formula feeding an infant's exposure to
bacterial contamination is reduced, which helps ensure adequate nutrition and contributes

to non-specific immunity’®146, Breastfeeding helps protect against diarrhoea incidence,

prevalence, hospitalization, diarrhoea mortality, and all-cause-mortality®.

1.6 Research questions and objectives

Improving our knowledge on how antimicrobial exposure impacts AMR is essential, and
diarrhoeal disease in children represents an ideal model for understanding the interplay of
antimicrobial usage and AMR in the community. This work aims to contribute to the effort
of understanding AMR in a LMIC where there is extensive exposure to both antimicrobials

and infectious pathogens.

1.6.1 Aims and hypothesis
I hypothesise that diarrhoeal disease is a common infection in the community in the urban

area of HCMC, Viet Nam, and that a large proportion of healthy children in this setting are
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colonised by drug resistance bacteria, which may be facilitated by the common use of
antimicrobials to treat diarrhoeal diseases. Therefore, the general aims of this thesis are to
measure the incidence of diarrhoea in a cohort of children in HCMC, to assess
antimicrobial usage in the local population, and to evaluate the prevalence of ARGs and
AROs. A secondary aim is to explore risk factors of suboptimal breastfeeding, which is a

pragmatic response to the problem of community diarrhoea.

1.6.2 Objectives
My thesis had four main objectives, which correspond with the four result chapters (3, 4, 5,
and 6). Table 1.5 outlines the framework of my thesis. Figure 1.2 defines the relationship

between these four objectives.

Objective 1:

| hypothesized that diarrhoea is a common disease in children in the community in Viet
Nam and is predominantly associated with Salmonella and Shigella. To test this hypothesis
| conducted a community cohort study in 748 children to investigate the clinical symptoms,
disease aetiology (pathogen-specific diarrhoeal episodes), risk factors, and population-
based incidence of diarrhoeal disease among children in the community in Ho Chi Minh

City, Viet Nam (Chapter 3).

Objective 2:
I hypothesized that childhood diarrhoeal disease is commonly managed in the community
with antimicrobials in Ho Chi Minh City. To test this hypothesis | measured antimicrobial

usage in the community for treatment of childhood diarrhoea in HCMC by performing a
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mixed approach study including healthcare utilization, geospatial mapping, simulated client

modelling, and incidence data from the cohort study (Chapter 4).

Objective 3:

| hypothesized that the carriage of AROs and ARGs is common in children in HCMC and
associated with antimicrobial usage and nutrition. To test this hypothesis | quantified the
prevalence AROs and ARGs carriage in healthy children in the community in HCMC and
identify risk factors associated with carrying genes associated with resistance to

fluoroquinolones and third generation cephalosporins (Chapter 5).

Objective 4:

| hypothesized that optimum breastfeeding practices are limited in the population of
mothers in Ho Chi Minh City that is associated with an increase in diarrhoea. To test this
hypothesis | measured the prevalence of optimum breastfeeding practices in this population
in Viet Nam and then assessed the impact of breastfeeding on diarrhoeal disease. Increasing
breastfeeding may be a simplistic approach for decreasing AMR carriage in children

(Chapter 6).
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Figure 1. 2. DPhil thesis structure

Risk factors

Breastfeeding practice

Result chapter 6

Questions:

How is breastfeeding associated with
diarrhoeal disease?

What are risk factors of not being
breastfed?

Output:

The association between breastfeeding and
diarrhoeal disease

Risk factors of suboptimal breastfeeding in
rural and urban areas

v

Diarrhoeal disease in
the community

Result chapter 3

Question: How common is it?
Output:

- The age specific incidence of
diarrhoea and risk factors

Antimicrobials use

Antimicrobial

resistance
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Result chapter 4

Question: How is the antimicrobial used
for diarrhoeal management in
community?

Output:

- The proportion of children
receiving antimicrobials in
diarrhoeal disease

Result chapter 5

Question: How is the AMR presence of
commensal organism and genes in
healthy children community?

Output:

- Prevalence of commensal E. coli
resistant to Fluoroquinolones and
Ceftriaxone (CEF)

- Prevalence of ARGs to
Fluoroquinolones and CEF
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Table 1. 5. Logical framework for DPhil thesis.

Objectives Outputs Activities Results
To determine the burden of Incidence and age-specific incidence of Project 2: Diarrhoeal cohort Chapter
diarrhoeal disease in an urban diarrhoeal disease among children age A longitudinal prospective population 3
children community of HCMC,  1to 5 in District 8, HCMC, Viet Nam  based study of 748 children in District 8,
Viet Nam including: HCMC, Viet Nam conducted from 2014
Mild diarrhoeal disease to 2016.

Moderate to severe diarrhoeal disease

To investigate the antimicrobials  Pharmacy density in District 8, HCMC  Project 3: Multiple approaches Chapter

usage in the community Proportion of antimicrobials dispensed  Mapping health care services in District 4

regarding diarrhoeal disease by pharmacy retailer in community 8, HCMC, Viet Nam in 2016

treatment Proportion of children receiving Secret shopper in pharmacies in Ward 5,
antimicrobials in diarrhoeal disease District 8, HCMC, Viet Nam, in 2016
management in community Community survey of a representative

group of parents and caregivers in
District 8, HCMC, in 2016
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Objectives

Outputs

To identify the problem of resistant
E. coli and associated genes among
healthy children in District 8

Prevalence of fluoroguinolones and

third generation cephalosporin resistant

E. coli

Prevalence of associated

fluoroquinolones and third generation

cephalosporin resistant genes

Activities Results
Project 2: Diarrhoeal cohort Chapter
5

Healthy rectal swabs taken from
healthy children are used for
laboratory method to identify the
prevalence of fluoroquinolones and
third generation cephalosporin

resistant E. coli and associated genes.

To determine the associations
between breastfeeding, as a
pragmatic solution to AMR in

community, and diarrhoeal disease.

To identify risk factors of not
exclusive breastfeeding in hospital in
urban area compared to semi-rural

area.

Prevalence of exclusive breastfeeding

in hospital in urban and semi-rural

areas

Risks factors of not being exclusive
breastfeeding before hospital discharge
Association between breastfeeding and
the first time to diarrhoeal disease
Association between breastfeeding and
number of diarrhoeal disease in the first

year of life

Project 1: Birth cohort. Chapter

A prospective birth cohort conducted
since 2009 in HCMC, an urban areas
and Dong Thap province, a semi-rural

area in Mekong Delta of Viet Nam

40



Chapter 2 — Methods

2. Methods

In this chapter | describe in detail all of the materials and methods used throughout my
thesis. This chapter describes how studies have been designed and conducted, statistical
and geospatial analysis strategies as well as microbiology procedures, materials, methods,
and techniques targeting four aims in my thesis. Data using for the results chapters are
based on three epidemiological projects including a prospective birth cohort conducted
from 2009 to 2013 (Chapter 6), a continuing longitudinal study afterwards conducted
between 2014 and 2016 (Chapter 3), a community cross sectional study investigating self-
reported behaviour of parents and care givers in taking care of children with diarrhoeal
disease and a simulated survey to explore pharmacy practice in dispensing antimicrobials
for paediatric in 2016 (4). Materials and methods for the result chapter 5 are also described
in the microbiology section under this chapter. The relationship of the study projects used

for this thesis is shown in figure 2.1.
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District 8
396 Parents 301 pharmacies

Dong Thap
2.458 Infants

F——————————————m—————————————-

Follow up for 1 year Follow up for 2 year

----------------------- ]
Resistant E.coli and genes
Aim 4: Breastfeeding and diarrhoea Aim 1: Incidence of diarrhoea ~ Aim 3: Resistant F.coli and genes

Figure 2.1 Relationship of studies that data have been used in my thesis including study name, participants and size of the sample

population (AMB: antimicrobials)
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2.1 Study settings of epidemiological studies

2.1.1 Project 1: Birth cohort

2.1.1.1 Study summary

With the original aim of investigating childhood infectious diseases with dengue fever
focus in the South Viet Nam, a birth cohort was established in 2009. Specifically, this study
aimed to investigate immunity and pathogenesis in young children exposed to dengue fever
and to study other infectious causes such as respiratory and diarrhoeal disease in the first
year of life. The study areas included HCMC and Dong Thap province, where research
connection had been made with the OUCRU. Mothers and infants were recruited since
during pregnancy or on the delivery date. A total of 6,706 children in both areas were
enrolled from 2009 to 2013 and were followed for 12 months for infectious diseases. | used
data from this birth cohort to investigate the proportions of breastfeeding before infants
were discharged and the association of breastfeeding with diarrhoeal disease. I also
explored the risk factors of not having optimal breastfeeding practices. (Statistical analysis

is described in section 2.2.4 and results are shown in chapter 6)

2.1.1.2 Ethical approval

Ethical approval for this study was provided by the OXTREC and the Institutional Review
Boards (IRBs) at the local hospitals where the study was conducted and included the
Hospital for Tropical Diseases (HTD), Hung Vuong Hospital (HVH), District 8 Hospital
and Children’s Hospital No.1 in HCMC; and Dong Thap Hospital - a provincial hospital in
Dong Thap province the Mekong Delta region. Written informed consent was obtained

from parents and caregivers of infants.
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2.1.1.3 Study location

Mothers enrolled in this study resided in District 8 in HCMC (urban area) and Cao Lanh
Township and Cao Lanh District, Dong Thap province (semi-rural area). HCMC is the
largest city in southern Viet Nam with a population of 7,820,000 in 2013 (this becomes
more than 8 million in 2017) and a mean population density of 3,731 person/km? 168,
District 8 in HCMC is an inner city area with >400,000 people and > 20,000 person/km?
189 District 8 was selected because it is a typical inner-city district and is in close proximity

to the Hospital for Tropical Diseases (HTD)..

The population in Dong Thap province, located 165km Southwest of HCMC, was
estimated to be 1,678,000 people in 2013, with a population density of 496 person/km? 68,
Cao Lanh Township, the location of Dong Thap hospital, is the provincial capital, and in
2013 had a population of 163,030 people with a population density of 1,523 person/km?;
44.7% of the population live in a rural area 1*. Cao Lanh District is larger geographical
area with a population of 202,117 people and a population density of 412 person/km?;

93.6% of the population live in a rural area *"*.
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Figure 2.2 Location of study areas. 6,706 infants have been enrolled from HCMC (4,248)

and Dong Thap province (2,458).

A) Map of Viet Nam including HCMC and Dong Thap province B) Enhance map to
show District 8 in HCMC C) Enhance map to show Cao Lanh Township and Cao

Lanh District in Dong Thap province
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2.1.1.4 Study design and participants

This was a prospective birth cohort study in which infants were enrolled from HVH and
Dong Thap hospital. Briefly, mothers were invited to participate at the time of delivery in
hospital or during their last trimester visit these hospitals. Mothers were aged >15 years and
had to have been residing in either HCMC or Dong Thap province for at least 12 months
prior to enrolment. A total of 6,706 infants (4,248 from HCMC and 2,458 from Dong Thap
province) were enrolled. Children attended routine follow up visits in these hospital at 1, 2,
4, 6, 9, and 12 months of age for a health check-up and interviews for demographic and

history of diseases questions.

2.1.1.5 Study procedures and data management

After providing informed consent, mothers were enrolled; infants from enrolled mothers
who delivered at study hospitals were also enrolled before hospital discharge at birth. Upon
enrolment, the study nurses collected information regarding socio-economics, obstetrics
history, the characteristics of parents and infants, delivery information and breastfeeding.
All of these data were collected prior to discharge from hospital (within three days of

vaginal birth and within seven days of other delivery methods).

The study nurses additionally conducted routine follow up visits of enrolled infants in these
hospitals at 2, 4, 6, 9, and 12 months of age (infants in HCMC had additional visits at 1 and
3 months of age when they received a routine check-up and scheduled immunizations). At
each follow up visit, mothers or caregivers were interviewed with questions regarding the

health status of the infants, changes in demographic information, current feeding practice,
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and diarrhoeal disease episodes. At 4, 9 and 12 months of age, blood samples (1 ml) were
collected for serological testing against various viral pathogens. Additional data on
diarrhoeal episodes was obtained from follow up records through passive surveillance at

the assigned study hospitals in both study areas.

Data were collected through face-to-face interviews conducted by trained study nurses
using a standardized electronic questionnaire. All study nurses were senior hospital staff
with recent training (prior to conducting recruitment and interviews) for Good Clinical
Practice, standard operating procedures, and communication skills. Data collected at
enrolment and at routine follow-up visits were stored in an encrypted web-based database.
Additional clinical data at illness presentation was recorded in a standard case report form
(CRF), which was double entered into the web database. When the data collection was
finalised, all data was checked and corrected for errors. Variables were derived and coded
according to pre-defined definitions to produce datasets suitable for analysis. Figure 2.3
shows a diagram of enrolment and follow —up activities in the birth cohort conducted since

20009.
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Scheduled follow-up: data on growth, breastfeeding, vaccinations, and illness.

2 3 4 6 9 12
Enrolment at birth . . . . . F . . > gl:l;);l(glso r
enter childhood
cohort

At enrolment and follow up visits: baseline and changes demographic data, health status

Passive surveillance of illness presenting at study clinics:
Daily follow-up if admitted to hospital.

Figure 2.3 Birth cohort procedures. Children were enrolled at birth with routine follow up visits (shown in blue circles) during the
first year of life. During enrolment and routine follow up visits, interviews were conducted to collect demographics data at baseline
and changes over time as well as health status of the children. Follow up were continued for the first 12 months. Any sickness during

the first year of life was collected through passive surveillance at study clinics.
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2.1.2 Project 2: Diarrhoea cohort

2.1.2.1 Study summary

With the aim of investigating the burden of diarrhoeal disease in the community, this study
was a continuation of the previously described birth cohort (section 2.1.1 Birth cohort).
These children were resident in HCMC and when participated in the diarrhoea cohort, they
were followed for another two more to assess diarrhoeal disease. This was a continuous
longitudinal population-based prospective study, shortly named as “diarrhoeal cohort”, in
which diarrhoeal disease in an urban area (HCMC) was the focus. The children were one to
three years old at the time of recruitment into this diarrhoea cohort in 2014. Children were
asked to attend routine follow up visits every six months at HVH and were examined for
growth, vaccinations, and illness. The main outcome of the study was diarrhoeal disease
episodes, which were investigated through both passive and active surveillance. The
passive part covered mostly hospital admissions, in which the participants visited the study
hospital; the latter was comprised of telephone message (SMS) to participants biweekly.
Questionnaires regarding risk factors for diarrhoeal disease were conducted at each
diarrhoeal episode recorded. Stool samples were collected (if available) at each diarrhoeal
episode during the seven days captured through active surveillance were processed at HTD
for microbiology at the laboratory. The relationship between diarrhoea cohort and the prior

birth cohort is shown in Figure 2.1.

2.1.2.2 Ethical approval
Ethical approvals for this study were provided by the OXTREC of the United Kingdom
(OXTREC approval 1058-13) and local ethical approvals were provided by the Ethics

Committee of the HTD and HVH in Viet Nam. Written informed consent was obtained
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from parents and caregivers of children at the enrolment.

2.1.2.3 Study design and participants

This was a prospective, community-based longitudinal study of the diarrhoeal disease and
was based on a previous birth cohort. 748 children aged 1- 3 years were enrolled into this
cohort from June to December 2014. Diarrhoea cohort participants included children, who
participated in the previous birth cohort, and were one to three years of age at the time of
recruitment of 2014 and were followed for two years (until 2016) for diarrhoeal disease
episodes. The study nurses either invited these children and their parents to join the
diarrhoea cohort when they visited HVH for the last routine visit from the birth cohort or
invited those who met the recruitment criteria via phone. Every six months after enrolment
participants were requested to attend HVH for a routine follow-up visit (January 2015 to
December 2016). Healthy routine visits were conducted every six months and diarrhoeal
episodes were examined actively via SMS. Children whose parents did not give the written
informed consent, and have moved out of the study area of District 8, HCMC for more than

six months, were excluded.

2.1.2.4 Sample size calculation

The sample size was calculated based on the annual incidence of diarrhoea in Viethamese
children and the proportion of Shigella infections in Viet Nam because the preliminary
objective of the diarrhoea cohort was to investigate the incidence of the Shigella infections
among children in Viet Nam. With the convenient and practical sample of 700 participants
from the previous birth cohort, and the incidence of 1.5 diarrhoeal events per child each

year, it was estimated that 2,100 diarrhoeal episodes over two year of follow up. The
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estimations were considered conservative due to the facts that diarrhoea determinants in
Viet Nam have been improve over years and Shigella infections do not always present with
dysentery in clinical setting. The sample size method and sample population were

presented in the Appendix of this thesis under the diarrhoea study protocol.

2.1.2.5 Study procedures

Diarrhoea was defined as three or more loose stool in a 24 hours period as defined by the
WHO 2. Additionally, a diarrhoeal event was defined as an increase in frequency,
reduction in consistency or notable change in quality of the stools, compared to what the
family considers to be normal for the child 2. Two separated diarrhoeal episodes were
distinguished by an interval of seven days from the date of onset. Figure 2.4 presents the

study procedures and sample collection method.

2.1.2.5.1 CRF and specimen collection

Data were collected using the same methods and the same trained nursed in the previous
birth cohort (section 2.1.1). Study nurses using a standardized electronic questionnaire at
enrolment and at each 6-month follow up visit to ask for information regarding the
participants’ characteristics on socio-economy, demography, water and food usage,
sanitation and food consumed during the prior three days of the visit. History of health

during the six months prior to the visit and children’s height and weight were also recorded.

Children with diarrhoea presented at hospital or visited by nurses at home were asked a
short questionnaire about their diarrhoeal episode, which included clinical symptoms,

diarrhoea in the household and the disease management. Fresh stool samples were collected
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at any time diarrhoeal diseases presented at hospital actively or captured by SMS. These

CRFs were presented in the Appendices of this thesis.

Throughout the study, all specimens were collected on enrolment and routine visits every
six months including rectal swab and blood samples. Venous blood samples from the
antecubital fossa area of the arm were collected in an EDTA tube and stored at room
temperature. A total of 2ml were collected from children aged 12—35 months, and 3ml for
children >36 months of age. Table 2.1 summaries the specimens collected through the

diarrhoea cohort.
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Table 2.1 Sample types and time points for collection throughout the cohort study

Diarrhoea: Diarrhoea:

Sample Enrolment Routine visit
Home visit HTD visit
Blood* X X
X
Rectal swab
Fresh stool X X

*a total of 2ml from children <36 months and 3ml for children >36 months
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2.1.2.5.2 Active and passive diarrhoeal surveillance

Diarrhoeal diseases were accessed using both passive and active surveillance. Given a
diarrhoeal episode, the participants either came to a designated hospital of HTD passively
on their own choice or informed our study nurses. Passive surveillance of diarrhoeal
disease was to cover the frequency of children at admission to the hospital due to diarrhoeal
diseases during the interval time prior to the scheduled visits every six months. At each
routine healthy visit, parents or child guardians were asked if their child had been admitted
to the hospital due to diarrhoeal in the prior six months. No stool sample was collected at
these routine visits. In addition, study participants presented any time during the study time
at the HTD with diarrhoeal disease were asked a short questionnaire on their clinical
symptoms and family members’ status of health related to their current diarrhoeal episode
and a fresh stool sample was collected in the hospital by our study nurse. Information of

diarrhoea treatment and antimicrobials used for each episode were also recorded.

Active surveillance was performed to identify diarrhoeal diseases of participants.
Additionally, text messages (SMS) were sent biweekly to ask if the children had diarrhoeal
diseases in the previous seven days of SMS date (Figure 2.4). Participants were also
encouraged to contact our study nurses or come to HTD when they had diarrhoeal diseases.
At the time of sending SMS, if the child’s diarrhoeal diseases had recovered, a short
version of questionnaire was asked through phone call (phone record). In case the child’s
diarrhoeal disease was identified by SMS, we sent a nurse to their home to collect stool
sample and asked some questions about their diarrhoeal event (home visit). If the child’s
disease developed more serious or the nurse evaluated them as moderate to severe, the

child was sent to HTD for doctors’ examination (hospital visit). The child also had hospital
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visit spontaneously without notice by SMS (hospital visit). At each diarrhoeal event, a stool
sample was collected for a microscopy and cultured for bacterial pathogens. Further, a new
technology for detecting multiple pathogens (Luminex XTAG) was used to detect 15 viral,
bacterial and parasitic agents of diarrhoea sample. Figure 2.5 shows a description on how

diarrhoeal diseases were detected.
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SMS: biweekly Diarrhoeal disease episode: hospital visit and home visit
6 1 18 24
Enrolment . I . I . I . . > 24 months
At 12, 18, 24, 30, Exit study
36 months Scheduled follow-up: data on growth, breastfeeding, vaccinations, and illness.

At enrolment: Passive surveillance of diarrhoea during the prior 6 months: Diarrhoeal

baseline ‘ episodes if admitted to hospital.
demographic data, Active surveillance of diarrhoea in the prior 7 days of SMS: all types of
health status diarrhoeal episodes

Figure 2.4 Flowchart of diarrhoea cohort. Children were enrolled at age 12 to 36 months with routine follow up visits every six
months (shown in blue circles). During enrolment and routine follow up visit, a rectal swab was collected in addition to a CRF
detailing growth and health information. Stool samples were collected during diarrhoeal episodes at hospital and home visits

(shown in red and purple bar.) SMS were sent every two weeks to ask about diarrhoea episodes within 7 days prior to the day

SMS sent (shown in green bar.)
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Routine visit at HVH : : SMS biweekly about
Spontaneous diarrhoeal disease : ;
every 6 months diarrhoea prior 7 days
Diarrhoea igrmed Response
study nurses
No Yes No
Ne e Yes Make a Phone Call
Direct to | |
HTD Diarrhea No Diarrhoea

Within the prior 7 days

/CS/NO

Study nurses assessment

Mild diarrhoe Others

Home visit Hospital visit |
Having fresh stool

Yes o

[crrony | (SRS

Figure 2.5 Flowchart of diarrhoeal record system in the diarrhoea cohort. Children were
followed up every six months at HVH with routine CRF recorded and a blood sample
collected. Diarrhoea information from children was obtained either spontaneously (passive
at the study hospital) or through SMS (active surveillance). A short CRF were recorded and

a stool sample was collected if available.
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2.1.3 Project 3: Cross sectional studies in community

2.1.3.1 Study summary

Aiming to investigate the antimicrobials management in the community, | used a multi
approach method including a cross-sectional community survey to describe the behaviour
of using antimicrobials for paediatric diarrhoea among parents and guardians which in short
will be called “community survey” (1), a pharmacy practices study to describe the practice
of antimicrobials dispense, which is called the “pharmacy practice study” or “mystery
shopper study” (2). In addition, | described the density of pharmacies in the urban area to
explore the access of the community to antimicrobials by geographically mapping the

health services provided at the locale (Mapping) (3).

2.1.3.2 Ethical approval

Ethics approvals for the mapping of the pharmacies, pharmacy practices, and community
surveys were provided through a minimal risk application by the OXTREC (OxTREC
approval 5110-16) and the local IRB of the UMP HCMC (No. 220/DHYD-HD). Written
informed consent was obtained from all participants over 18 years, or from parents and

guardians if participant was less thanl8 years.

2.1.3.3 Study location

With an estimated population of >8 million people, HCMC is the largest city in southern
Viet Nam %, The city is divided into five rural districts and 19 urban districts spread over
an area of 19 km?; the urban districts had a mean population density of 13,394 people/km?
in 2016 1%, We selected District 8 in which to quantify access to vendors selling

antimicrobials within HCMC. District 8 is located in the central part of the city and is
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divided into 16 wards (Figure 2.6) , and had a population density of 22,522 people/km? as

of 2016 1%°,

2.1.3.4 Study design

A cross-sectional study was conducted including three components, i) geographical
mapping and of all pharmacies and healthcare facilities in District 8 of HCMC, ii) a
pharmacy practice study to assess medication suggested by retail pharmacies for paediatric
diarrhoea, and iii) a self-reported caregiver community survey on the management and

antimicrobial treatment of paediatric diarrhoea.

2.1.3.4.1 Geographical mapping of pharmacies in District 8

Addresses of all registered health clinics and pharmacies in District 8 were obtained from
the HCMC Department of Health. Global Positioning System (GPS) coordinates of all
pharmacies in District 8 were measured using hand-held electronic devices, such as mobile

phones and tablets, and recorded using the geo-location tool EpiCollect5 172,
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Figure 2.6 The geographical location for this study.

A) Map of HCMC showing the districts 8 (the study area); B) Enhanced map of district 8

of HCMC highlighting ward 5 as the location for the “mystery shopper study” simulated

client’s method in red.
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2.1.3.4.2 Pharmacy practice study

A pharmacy behaviour study was conducted using an unbiased observational technique for
assessing dispensed medication called simulated client method or mystery shopper
methodology """, Two “mystery shoppers” with no healthcare training role-played as
caregivers and approached pharmacies in a sub-region (Ward 5) of the study area to seek
medical advice and treatment for two childhood diarrhoea scenarios. Scenario 1 (watery
diarrhoea): A mother attending the pharmacies in the study area to buy medication for a
child that is 2 years of age. The child has had 4-5 loose stool episodes within the previous
24 hours. The child has no fever, and no blood or mucus in stools. Scenario 2 (mucous
diarrhoea with fever): A mother attending the pharmacies in the study area to buy
medication for a child that is 2 years of age. The child has had 4-5 loose stool episodes
within the previous 24 hours. The child had a mild fever and mucus in the stool. Pharmacy-
prescribed drugs were labelled anonymously and then were classified by a clinician and
confirmed by a qualified pharmacist. Scripts were presented in Table 2.2. In addition, a
mystery shopper visited pharmacies in the study area to buy ciprofloxacin, aiming to
investigate if antimicrobials are sold without doctor’s prescription. This was a specific
scenario in which the shopper requested this antimicrobial and did not provide any

information about what or whom the treatment was required for.
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Table 2.2 Scripts for the mystery shopping in the pharmacies survey

Scenario Who How
Scenario 1: Mother (M) M: Greeting and asking for buying medication for my son.
Drug vendor  V: May ask for age and symptoms of the son.
Buying V) _ . . -
medication M: Response with these following information:
for Z-Year - 2 years old or 27-28 months
old Fh”d - 4-5oose stool since the last 24 hour
having V: May ask for other symptoms such as blood or mucus in stool.
watery
diarrhoeal M: Response with “No blood or mucus seen”.
disease . . .
In case V doesn’t ask for this information, M doesn’t answer it.
V: May ask for other symptoms such as vomit and fever.
M: Response with these following information:
- No vomiting
- No fever
V: May ask for how many days of medication the mother would
want.
M: Response with “Any is fine.”
Closing the conversation by saying good-bye and leaving.
Scenario 2: Mother (M) M: Greeting and asking for buying medication for my son
Drug vendor  V: May ask for age and symptoms of the son
Buying V) _ _ o -
medication M: Response with these following information:
for 2-){ear - 2 years old or 27-28 months
old _Ch”d - 4-5loose stool since the last 24 hour
having V: May ask for other symptoms such as blood or mucus in stool.
mucous
diarrhoeal M: Response with “Some mucus seen”
disease

In case V doesn’t ask for this information, M added this
information later in the conversation.

V: May ask for other symptoms such as vomit, fever.
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M: Response with these following information:

- No vomiting
- Mild fever
V: May ask for how mild the fever is.

M: Response with “ Warmer than usual”

V: May ask for how many days of medication the mother would
want.

M: Response with “Any is fine.”

Closing the conversation by saying good-bye and leaving.
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2.1.3.4.3 Self-reported behaviour survey in the community

A cross-sectional study was performed in District 8 to capture the self-reported behaviour
of parents and caregivers in the community in managing paediatric diarrhoea. The study
population consisted of parents and caregivers of children (aged <5 years) residing in
District 8, HCMC. | combined proportional sampling techniques including stratified
random and simple random sampling. Firstly, a stratified random sampling technique was
used to capture a representative sample of the identified population stratified by 16 wards
and by age of the children. Secondly, a simple random sampling technique was applied to
the currently registered children aged <5 years in the area to identify available individuals
for the interviews. Local health authorities accompanied and assisted in community visits.
A second home visit was made if caregiver was absent during the first visit. Those who had
relocated from District 8 were replaced using a child of similar age chosen by random
sampling. Mothers or caregivers were asked a short questionnaire regarding their choice of
care if their child had diarrhoea in simulated scenarios similar to those described in the
pharmacy behaviour study; this is provided in supplementary information. We surveyed

396 parents or caregivers.

2.2 Variables definition and statistical, microbiology and geospatial analysis

2.2.1. Diarrhoeal incidence (Method for Chapter 3)

The primary aim of this analysis was to describe the incidence of paediatric diarrhoea in the
community. Diarrhoeal disease was actively monitored through fortnightly SMS messages
sent to the phone of the children’s parent/care provider. During diarrhoeal episodes nurses

visited homes to confirm the case, collect samples and provide supportive care. Cases were
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treated according to local standard of care and were required to attend the HTD in central

HCMC for medical care.

2.2.1.1 Specimen laboratory investigations

All stool samples underwent microscopy for parasites. A fresh smear of faecal specimen
was prepared in phosphate buffered saline; 10pul of this solution was examined at 400 times
magnification to identify Giardia lambia and Entamoeba histolytica and Cryptosporidium

cysts was detected by Ziehl-Neelsen (ZN) stain.

All faecal samples were cultured on MacConkey Agar (MCA), Xylose-Lysine-
Deoxycholate Agar (XLD), Selenite broth, and Campylobacter media. The purpose of these
plates was to identify and isolate Shigella spp., Salmonella spp., Campylobacter spp., and
E. coli. The MCA, XLD, and Selenite broth were incubated at 37°C overnight and the
Campylobacter plates were incubated micro-aerophically at 42°C. The identification of
potential pathogens was performed using conventional biochemical (API E20 tests) and
serological testing. All isolated pathogens were stored for further testing and the isolated
organisms were recorded into the study database. To potentially increase the diagnosis rate
of Shigella, Salmonella, and Campylobacter a multiplex real-time polymerase chain
reaction (PCR) was additionally performed on extracted nucleic acid to detect these

pathogens.

To identify pathogenic E. coli variants (ETEC, EPEC, EHEC, and EIEC) sweeps of Gram-
negative colonies indicative of E. coli were collected from MCA plates and stored in 20%
glycerol at -80°C. Samples were subjected to PCR to identify pathogenic E. coli variants

after DNA extraction.
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2.2.1.2 Antimicrobial resistance profiling

Antimicrobial susceptibility testing of the pathogens isolated was performed by the disk
diffusion method using guidelines established by the Clinical and Laboratory Standards
Institute (CLSI 2014) and, when required, by minimum inhibitory concentrations (MICs)
by Etest. Antimicrobial susceptibilities tests were performed against Nalidixic acid,
Ciprofloxacin, Ceftriaxone, Ceftazidime, Augmentin, Ampicillin, Trimethoprim-
sulfamethoxazole, Azithromycin, Chloramphenicol, Imepenem and Amikacin.

The production of ESBL was investigated using the double-disc synergy test by comparing
zone sizes between ceftazidime discs against ceftazidime-clavulanic acid discs and
cefotaxime discs against cefotaxime-clavulanic acid discs. Isolates with an increase in
diameter of inhibitory zone of equal to or more than 5 mm by the synergy of clavulanate

were considered ESBL positive.

2.2.1.3 PCR and Luminex procedures

The Luminex XTAG gastrointestinal pathogen panel (GPP) is a qualitative multiplex test
which is able to identify 15 separated enteric pathogens every six hours 8. Approximately
200ul of each stool sample was subjected to nucleic acid extraction with 10ul xTAG MS2
(internal control) by MagNA Pure-96 machine (Roche). Each 15ul-master mixture
contained 7.5ul of 5X xXTAG One Step Buffer, 2.5ul of xXTAG GPP Primer Mix, 0.5ul of
xTAG BSA (10mg/ml), 2ul of XTAG One Step Enzyme Mix, and water up to 15ul.
Approximately 10ul of the extracted nucleic acid sample was subjected to multiplex PCR
amplification. The PCR reaction was performed at 53°C for 20 minutes and the thermal

cycler conditions used were enzyme activated at 95°C for 15 min; 95°C for 30s; 38 cycles
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of 95°C for 30s, 58°C for 30s, and 72°C for 30s; a final extension at 72°C for 2 min; and

holding at 4°C.

The xTAG GPP Bead mix and Reporter Buffer containing 0.15M NaCl were thawed and
the 0.22 SAPE was diluted 75-fold with the xTAG Reporter Buffer and kept away from
light until use. Each reaction contained 20ul xXTAG Bead Mix, 5ul PCR product and 75ul
of reporter solution. The hybridisation was performed at 600C for 3 min, 450C for 45 min,
and holding at 450C. When the hybridisation was complete, the plate was placed on the

Luminex plate heater block and read by Luminex® 100/200TM software.

2.2.1.4 Quality assurance

All laboratory experiments in my thesis were conducted in the laboratory at OUCRU Viet
Nam. The OUCRU lab management group oversees the laboratories running the same
GCLP guidelines (March 2015), and follows the requirements of the Vietnamese MoH.
OUCRU laboratory has Biosafety level 2 laboratories certified by the Department of Health
HCMC. In addition, the OUCRU Vietnam laboratory is located in the same area as the
clinical HTD laboratory, which is accredited by the Bureau of Accreditation of Vietnam on

1SO15189: 2012 - VILAS MED 006.

2.2.1.5 Statistical analysis

Diarrhoea incidence rates were calculated based on the number of diarrhoea episodes
during the time of following up. Age-specific incidence was calculated based on the event
and the follow-up time at certain age group of less than two, from two to three and above
three. In addition, pathogen-specific incidences were calculated by using events of

diarrhoea episodes with at least 1 stool sample positive with a certain pathogen by
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Luminex. Associations between diarrhoeal disease and child age, calendar months, and
season were analysed using univariable and multivariable assessment with Poisson

regression model.

Diarrhoea incidence was calculated using this following formula:

Incidence rate

_ total diarrheal episodes (A)
"~ number of children have been followed through a period of time (B)

From the diarrhoea cohort, diarrhoeal diseases were captured in three manners including
hospital visits, home visits, and phone records. Table 2.3 shows a summary of diarrhoeal

disease episodes features capture from the diarrhoea cohort.

Incidence of diarrhoea was estimated based on the data from the diarrhoea cohort. A
diarrhoea episode was estimated to last an average of 4-8 days, and a new episode was
measured by 2-3 consecutive diarrhoea-free days. As only start date of a diarrhoea record
(reported by participant) was available, | employed a pragmatic approach to define a
diarrhoea episode with two criteria: (1) the start date of an episode was either the first date
of diarrhoea records or the date of diarrhoea record with at least 2 consecutive diarrhoea-
free days from the previous diarrhoea record, (2) duration of a diarrhoea episode was at

least 7 days. This definition is described in the 4 scenarios in Figure 2.7.
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Table 2.3 Features of diarrhoea episodes captured from the diarrhoea cohort

Diarrhoea Method Stool sample Diarrhoea Potential bias
captured severity
from
Hospital Passive Sample Reflect Underestimate if
visit available moderate to participate came to
severe different hospital
diarrhoea
Home visit Passive (trigger by Sample Reflect mild Underestimate if patient
patient), active available if to moderate forgot
(trigger by SMS) diarrhoea is diarrhoea
ongoing
Phone Active (trigger by Sample not Reflect all Underestimate mild
SMS) available type of diarrhoea (recall bias,
diarrhoea forgot), overestimate

(Only capture
diarrhoea within 7
days before SMS +

day when SMS sent

(7.5 days period))

severe diarrhoea (recall
bias)
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Consecutive 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Day
Scenario 1 I I
Episode 1
Scenario 2 I I
Episode 1 Episode 2
Scenario 3 I I I
Episode 1
Scenario 4 I I .
Episode 1 Episode 2

Figure 2.7 Definition of diarrhoea episode in 4 scenarios.
A new episode starts with at least 2 consecutive diarrhoea-free days from the previous
diarrhoea record. Duration of a diarrhoea episode is at least 7 days. Counted diarrhoea

episodes are in blue.
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Considering the potential bias of different sources of diarrhoea in this study (Table 2.3), |
used two approaches to estimate incidence of diarrhoea. In the first approach, all diarrhoea
episodes were included (event) and the follow-up period was total follow-up time from
study enrolment to study exit (follow-up time) (Approach 1- all available information
used). In the second approach, I only used information captured by SMS (Approach 2).
This approach used all diarrhoea episodes that were captured in the periods covered by
SMS (event), with the follow-up time include all periods covered by SMS (follow-up time).
As SMS was sent biweekly to collect diarrhoea information within the prior 7 days and
assuming that this SMS was read at the midday on average, each SMS covered a 7.5
follow-up days. Overlapping SMS periods were combined a single SMS period and the
total follow-up time covered by these SMS periods can be used to calculate incidence rate

of diarrhoea captured within these periods.

As the active surveillance was based on SMS communication with SMS sent biweekly but
only covered diarrhoea information within the prior 7 days, incidence of diarrhoea based on
approach 1 may underestimate the true number. Given assumption that the occurrences of
diarrhoea are similar between weeks covered and uncovered by SMS, approach 2 may
provide a more realistic estimate of diarrhoea incidence. | used Poisson regression to
calculate overall diarrhoea incidence as well as incidence by sources of information (home
visit or hospital visit), by age (as continuous variable or categorical variable with 3 groups:
12-23, 24-35 and >=36 months) and by pathogens (as detected by Luminex assay).

To compare performance of Luminex versus cultures in detecting pathogen from stool

samples, | described detection rate of each pathogen by each method. I also calculated the
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sensitivity of Luminex with culture as a reference and vice versa, as well as positive

agreements between these diagnostic methods.

2.2.2 Geospatial analysis and quantifying antimicrobial use for diarrhoeal treatment
in the community and hospital (Method for Chapter 4)

2.2.2.1 Geospatial analysis

Viet Nam administrative boundaries were downloaded from Global Administrative
Divisions Map (GADM). Viet Nam population data rasters for 2015 (i.e. population per
0.01 Km?) were downloaded from WorldPop (100 m resolution), and satellite imagery of
Viet Nam was downloaded from ESRI basemaps. All geospatial mapping was conducted
using ArcGIS v10.2 (Redlands CA, USA). Euclidean distance to the nearest pharmacy and
kernel density plots for pharmacy density (i.e. pharmacies per 0.01 Km?) was estimated for
District 8 using the “Euclidean distance” and “Kernel” tools in ArcGIS, respectively.
Raster map depicting pharmacies per 10,000 people was computed by dividing the
pharmacy density raster by the 2015 population raster using “Raster Calculator” in

ArcGIS.

2.2.2.2 Quantifying antimicrobial use for diarrhoeal treatment in the community and
hospital

Considering that antimicrobial usage for diarrhoeal disease was dependent on the number
of diarrhoeal episodes seeking medical treatment and how likely antimicrobials were to be
prescribed for diarrhoeal treatment, | aim to quantify the actual use of antimicrobials in the
community in chapter 4. Figure 2.8 outlines the parameters, the source of data and the

calculations used to quantify antimicrobial usage for diarrhoea in children aged 1- 5 years.
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The annual number of diarrhoeal episodes presenting at pharmacies was the product of (A)
the total number of children aged 1-5 years in the study area, (B) the incidence rate of
diarrhoea episodes per child-year, and (E) the proportion of parents or caregivers selecting
to firstly take their child to a pharmacy. The annual number of diarrhoeal episodes
presenting at hospitals was multiplied by (A) the total number of children aged 1-5 years
living in the study area and (C) the incidence rate of diarrhoea episode presenting at
hospital per child-year. Parameter (A) was derived from recent census data from the
HCMC Demographic department (30/06/17). Incidence rates (B) and (C) were estimated
from a prospective diarrhoeal cohort conducted between 2014 and 2016 that actively
followed 748 children in residing in the study area 17. The proportion of parents or
caregivers seeking pharmacies as their first choice (E) was derived from the self-reported
behaviour survey of parents and caregivers. To quantify the likelihood of prescribing
antimicrobials for diarrhoeal treatment at a hospital or a pharmacy, we used antimicrobial
treatment data from (D) the prospective cohort study 17(from hospital files) and (F) the

pharmacy behaviour study, respectively.
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Sources/ studies
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Antimicrobial access
Children = - -
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Figure 2.8 Methods and sources for estimating antimicrobial usage for diarrhoea in children aged 1 to 5 years in pharmacies and
hospital. Diagram outlining the sources of data, parameters, and calculations used to quantify antimicrobial usage for diarrhoea in
children aged 1- 5 years in this population. Note each of the parameters have been given an initial (A-F), which inform the
calculations in Result chapter 4 (Table 4.5).
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2.2.3 Resistant commensal E. coli and resistant genes (Method for Chapter 5)

Aiming to describe the prevalence of AMR bacteria and the diversity of associated AMR
genes in the commensal microbiota of healthy children living in an urban community, to
identify epidemiological risk factors associated with the carriage of phenotypic (AROs) and
genotypic (ARGS) resistance in these urban children, | measured phenotypic and genotypic
resistance against fluoroquinolones and third generation cephalosporins among a cohort of

498 healthy children resident in HCMC. These participants were from the diarrhoea cohort.

2.2.3.1 Study population

All rectal swabs were collected from healthy children who were participants of the
diarrhoea cohort that previously described in section 2.1.2 (Diarrhoea cohort). In brief,
infants were recruited into the birth cohort at HVH in HCMC, the second largest obstetric
hospital in South Viet Nam, and followed for 12 months for febrile disease through passive
surveillance, which has been described in section 2.1.1 (Birth cohort). A subset of these
children were followed beyond 12 months and recruited into a continuous cohort conducing
active surveillance for diarrhoeal disease. The children attended scheduled routine follow
up visits at HVH every six months. Information on demographics, household water
sources, sanitation, and health issues in the intervening six months between visits, and food
consumption habits in the three days prior to the visit was collected. A rectal and
nasopharyngeal swab was collected at the time of the visit. There were 748 children
enrolled from June 2014 to December 2014 and followed to December 2016 in the

diarrhoea cohort.
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2.2.3.2 ldentification of antimicrobial resistant E. coli

From March to August 2016, we collected 498 rectal swabs from healthy children (no
diarrhoea or other symptoms of illness) at routine follow up visits for the purposes of this
investigation. At routine follow up visits, we recorded information regarding their general
well being and regarding their antimicrobial practices in the prior six months. All rectal
swabs were inoculated onto MCA to pick all suspected E. coli colonies (e.g. lactose
fermenting and non-lactose fermenting, circular, elevated, entire margins, smooth texture,
pink or colourless, dry, and shiny). These meta E.coli population were then inoculated into
brain heart infusion (BHI) media supplemented with 20% glycerol and stored at -80°C until
being subjected to inoculation onto MCA agars supplemented with either ciprofloxacin
(4mg/l) or ceftriaxone (6mg/l) to select for resistant organisms against these antimicrobials.
E. coli strain ATCC 25922 (MIC against ciprofloxacin and ceftriaxone 0.008 mg/I and
0.094 mg/I, respectively) and a clinical E. coli strain 03_0334 (MIC against cipfloxacin and
ceftriaxone with >256mg/l ) were used as negative and positive controls for testing the
culture media. All suspected E.coli colonies of each plate were then confirmed by MALDI-

TOF.

2.2.3.3 Detection of antimicrobial resistant genes

The meta E. coli population in frozen BHI were subjected to nucleic acid extraction and
multiplex PCR amplification. Approximately 200ul of each meta-E. coli in frozen BHI was
removed and aliquoted into a 96-well plate and centrifuged for 10 minutes at 4,000rpm.
The supernatant was removed and discarded. The remains in the wells were added 200l

sigma water and the bacterial solution was used to gentle agitation to ensure mixing.
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Nucleic acid was extracted by heating the solution to 100°C on a heating block for 10
minutes, then cooling to ambient temperature. The solution was subjected to centrifugation
for 10 minutes at 4,000 rpm in a microfuge. The supernatant was removed and used as
template DNA in all PCR amplifications. We conducted a series of multiple PCR
amplifications aiming to detect PMQR genes (aac(6")-1b-cr, gepA, gnrA, gnrB, and gnrs),
ESBL genes (blactx-m, blatem, blaswy, and blaoxa), and AmpC lactamase genes (MOX,
DHA, EBC, FOX, ACC, CIT). The primer sequences and the predicted amplification sizes
are shown in Table 2.4. The conditions were as previously described *"°82 g positive PCR
result was determined by the detection of a PCR amplicon of an appropriate size (using a
UV transilluminator and gel documentation system) for each target in the presence of

appropriate positive and negative controls.

2.2.3.4 Statistical analyses

Categorical and continuous variables were described using frequencies (%) and medians
(interquartile range), respectively. Bar plots were used to describe the prevalence of
ciprofloxacin and ceftriaxone resistant E. coli and the various ESBL and PMQR genes. |
used univariable and multivariable logistic regression to assess the relationship between
participants’ characteristics and the presence of AMR E. coli and AMR associated genes.
These relationships were described in odds ratios (OR) and their corresponding 95%
confidence intervals (ClI). The significance level for statistical tests was 0.05. All analyses

were performed in R v3.4.0 (R Foundation, Vienna, Austria) and companion packages.
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Table 2.4 PCR primers, targets, and predicted amplification size

Target gene Primer name Primer sequence (5" 2 3") Predicted size of
amplicon (bp)

gnrA QnrA-F TCAGCAAGAGGATTTCTCA 627
QnrA-R GGCAGCACTATTACTCCCA

gnrB QnrB-F GGMATHGAAATTCGCCACTG 264
QnrB-R TTTGCYGYYCGCCAGTCGAA

gnrS QnrS-F ATGGAAACCTACAATCATAC 491
QnrS-R AAAAACACCTCGACTTAAGT

aac(6")-1b  aac(6')-Ib-F TTGCGATGCTCTATGAGTGGCTA 482
aac(6)-1b-R CTCGAATGCCTGGCGTGTTT

gepA gepA_F GCAGGTCCAGCAGCGGGTAG 199
gepA_R CTTCCTGCCCGAGTATCGTG

CTX-M CTX-M-1F AAAAATCACTGCGCCAGTTC 415
CTX-M-1R AGCTTATTCATCGCCACGTT
CTX-M-2F CGACGCTACCCCTGCTATT 552
CTX-M-2R CCAGCGTCAGATTTTTCAGG
CTX-M-9F CAAAGAGAGTGCAACGGATG 205
CTX-M-9R ATTGGAAAGCGTTCATCACC
CTX-M-8F TCGCGTTAAGCGGATGATGC 666
CTX-M-25F GCACGATGACATTCGGG 327
CTX-M-8/25R AACCCACGATGTGGGTAGC

MOX MOXF GCTGCTCAAGGAGCACAGGAT 520
MOXR CACATTGACATAGGTGTGGTGC

CIT CITF TGGCCAGAACTGACAGGCAAA 462
CITR TTTCTCCTGAACGTGGCTGGC

DHA DHAF AACTTTCACAGGTGTGCTGGGT 405

78



Chapter 2 — Methods

ACC

EBC

FOX

TEM

SHV

OXA

DHAR
ACCF
ACCR
EBCF
EBCR
FOXF
FOXR
TEMF
TEMR
SHVF
SHVR
OXAF
OXAR

CCGTACGCATACTGGCTTTGC
AACAGCCTCAGCAGCCGGTTA
TTCGCCGCAATCATCCCTAGC
TCGGTAAAGCCGATGTTGCGG
CTTCCACTGCGGCTGCCAGTT
AACATGGGGTATCAGGGAGATG
CAAAGCGCGTAACCGGATTGG
CATTTCCGTGTCGCCCTTATTC
CGTTCATCCATAGTTGCCTGAC
AGCCGCTTGAGCAAATTAAAC
ATCCCGCAGATAAATCACCAC
GGCACCAGATTCAACTTTCAAG
GACCCCAAGTTTCCTGTAAGTG

346

302

190

800

713

564
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2.2.4 Breastfeeding and diarrhoeal disease (Method for Chapter 6)

| aimed to assess the prevalence of various breastfeeding practices, including exclusive
breastfeeding before hospital discharge at birth, and any breastfeeding activity among
infants who have participated in the birth cohort that was described under section 2.1.1. |
aimed to explore patterns of infant feeding during the first year of life and identify risk
factors associated with inadequate breastfeeding practices at birth in urban and semi-rural
areas. A secondary aim was to investigate whether breastfeeding practice at birth was
associated with time until a primary diarrhoeal episode and the number of diarrhoeal

episodes in the first year of life.

2.2.4.1 Breastfeeding data collection

At enrolment, breastfeeding practices were assessed using a multiple-choice question
regarding whether infants were exclusively breastfed, breastfed partially, or formula-milk
fed after delivery. At each routine follow up visit, breastfeeding practices were again
assessed by asking a using a multiple-choice question on whether infants were currently
breastfed, exclusively breastfed, or fed by different combinations of breast milk, formula-

milk and solid food.

2.2.4.2 Diarrhoea information collection

In the birth cohort, information on diarrhoeal diseases during the first year of life was
collected through two main sources. The first source was that diarrhoeal diseases covered
the period prior to the visit through questions at each routine visits (follow-up data). In
addition, diarrhoeal episodes were passively detected when the infants came to visit any

clinics or hospitals with diarrhoeal diseases (passive data). In case the child was admitted to
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the hospital, there was a detailed clinical evaluation recorded, otherwise a brief clinical

report was reported.

2.2.4.3 Main variable definitions

In the birth cohort that described in section 2.1.1, breastfeeding practices were collected at
each routine interview as (i) “exclusive breastfeeding” if only receiving breast milk, or (ii)
“partial breastfeeding” if receiving breast milk in combination with other types of food, or
(iii) “no breastfeeding” if not receiving breast milk. Table 1.3 under section 1.5.1.2 in the
Introduction chapter of this thesis has provided a definition of some common breastfeeding
practices recommended by the WHO. For the purpose of the analysis in result chapter 6,
the variables of breastfeeding practices included (1) “exclusive breastfeeding at birth", (2)
“any breastfeeding at birth”, (3) “any breastfeeding”, (4) “exclusive breastfeeding for 4
months” and (5) “exclusive breastfeeding for 6 months”. (1) Exclusive breastfeeding at
birth was defined as exclusive breastfeeding initiated before hospital discharge after
delivery, (2) “any breastfeeding at birth” was defined as either exclusive or partial
breastfeeding before hospital discharge after delivery, (3) “any breastfeeding” was defined
as either exclusive or partial breastfeeding at any time-point from birth to the last follow-up
visit. (4) “Exclusive breastfeeding for 4 months” and (5) “exclusive breastfeeding for 6
months” were defined by the duration of exclusive breastfeeding among infants from birth

to the 4 months and 6 months follow-up visits, respectively.

The selected outcome for the main analysis was exclusive breastfeeding at birth. The
explanation variables were pre-defined as those that could affect breastfeeding practice at

birth. These variables included socioeconomic status (household income), general
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characteristics of the mothers (first live child, age, education [high education meaning >9
years at school], occupation, ethnic group, marital status, living arrangements,
complications during pregnancy, and infection with either HIV or Hepatitis B), general
characteristics of the fathers (education, occupation and ethnic group), general
characteristics of the infants (age at birth, sex, delivery method (Caesarean section or
vaginal birth), low birth weight (birth weight <2,500g), premature birth (gestational age at
birth < 37 weeks) and neonatal complications). These variables were selected based on
subject-matter knowledge and data availability. The Social Economic Status (SES) score
was derived using the Demographic and Health Surveys Program using principle

component analysis which was categorized into quintile levels 83,

For the secondary analysis, | investigated whether breastfeeding practices at birth had any
potential association with diarrhoeal disease. The main outcomes were the frequency of
diarrhoeal episodes during the first 12 months of life and time to the first reported
diarrhoeal episode. Each diarrhoeal episode was defined as at least three loose stool or one
mucus or bloody stool within 24 hours , and occurring within seven days between the onset
dates of symptoms as described in a previous study 84, The pre-defined explanation
variables were breastfeeding practices (exclusive breastfeeding and any breastfeeding at
birth). I adjusted the association by maternal level factors (maternal age and education),

and infant level factors (sex, low birth weight status, and mode of delivery).

2.2.4.4 Statistical analysis
Data generated in HCMC and Dong Thap were analysed separately due to differences in

context and follow-up schedules. As missing data in variables of interest was low (the
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maximum number of missing data per variable was 11 and the number of cases with at least
one missing value (%) was 19/6706 (<1%)), | conducted a complete-case analysis.
Descriptive analyses were presented by frequencies and proportions for categorical
variables and medians and interquartile ranges for continuous variables. Comparisons
between groups of participants were performed using the Kruskal-Wallis test for
continuous variables, and Chi-squared or Fisher’s exact test for categorical variables.
Univariable and multivariable logistic regression were performed to determine factors

associated with not initiating exclusive breastfeeding at birth.

| used Cox proportional hazard regressions models, with adjustment for maternal age and
education, infant sex, low birth weight status, and mode of delivery to investigate the
association between breastfeeding practices (exclusive breastfeeding and any breastfeeding
at birth) and time to the first episode of diarrhoeal disease. | used negative binomial
regression models with adjustment for similar factors to explore the association between
breastfeeding practices and the number of diarrhoeal episodes. These analyses were
stratified by type of data collection on diarrhoeal diseases (follow-up and passive data), and
urban/semi-rural areas. Statistical significance was defined as a p value <0.05; all analyses

were performed on R statistical software 8°.
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3. The incidence and aetiology of diarrhoea in children: a two-year active

surveillance cohort study in an urban community in Viet Nam

Diarrhoeal diseases remain amongst the primary causes of mortality among children under
five years in LMICs?*®. In Viet Nam, the burden of hospitalised paediatric diarrhoeal
disease is well-described?%:119.141.186-189- hawever, the true burden and aetiology of
diarrhoeal disease in the community are not well documented. In addition, previous
estimations of diarrhoea incidence from population-based studies have been conducted
without an optimal surveillance method®+1%0-192 Between 2014 and 2016, we
prospectively followed a cohort of 748 children aged between one and three years living in
an urban area in southern Viet Nam. Active surveillance with SMS messaging and phone
calls were conducted bi-weekly to caregivers to acquire further diarrhoeal disease episodes
in their children in the preceding seven days. Children with severe diarrhoea were advised
to visit a study hospital. Faecal samples were collected during the diarrhoeal episodes at
home or at hospital. These samples were then examined by microscopy for parasites, by
culturing for bacterial pathogens, and by the Luminex XTAG GPP assay to identify 15
pathogens. | used data from this cohort (Method section 2.1.2 Diarrhoea cohort) to
investigate the true burden of diarrhoeal diseases in the community and characteristics of

mild to moderate diarrhoea among children aged one to five years in urban HCMC.

3.1 Background
While studies on diarrhoeal diseases are generally historically focused on clinical infections
with specific pathogens and disease manifestations, the true burden of diarrhoeal disease in

the community remains largely underestimated. A recent notable case-controled study, the

84



Chapter 3 — The incidence and aetiology of diarrhea in children

GEMS study, investigated population-based diseases in seven areas in Africa and Asia
since 2013 and focused on the aetiology of moderate to severe diarrhoea®. A further
prospective longitudinal study, the MAL-ED study, investigated diarrhoeal diseases in
eight high-disease incidence sites in Africa, Asia, and North America, and followed

children up to the age of 24 months'®3,

Viet Nam is among the most densely populated urbanizing countries in Southeast Asial1%,
Improvements in hygiene and sanitation as well as increased quality in health policies and
practices have contributed to the decrease of the disease burden; however, diarrhoea still
plays a crucial role regarding the primary causes of deaths among children under five, in
which the mortality rate was approximately 24 per 1,000 live births in 2013'%. Further, the
trend of diarrhoeal diseases in urban areas, such as HCMC, the largest city in the south of
Viet Nam, remains elusive despite the implementation of the Law on prevention and
Control of Infectious Diseases in 200878, Diarrhoeal disease remains a common reason for
hospital visits with more than 20,000 children annually admitted to hospital for
diarrhoea®®®. The purpose of this study was to determine the overall incidence rate and the
age-specific incidence rate of diarrhoeal disease among children under five in the
community in the urban area of HCMC. Additionally, I investigated the pathogen-specific

aetiology associated with diarrhoeal disease in this area.

3.2 Results
3.2.1 Baseline features of the cohort and diarrhoeal diseases surveillance
Between June 2014 and December 2016 there were 748 healthy children aged one to three

years enrolled in a cohort study, which had a follow-up rate of 94% (Figure 3.1). Among
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the 45 (45/748; 6%) drop outs, one (1/45, 2%) had died of severe pneumonia and cerebral
palsy and one (1/45, 2%) had died of accident (drowning) while the majority (28/45; 62%)
dropped out due to a fear of having blood drawn during scheduled visits at HVH. Other
reasons included moving out of the study area (9/45; 20%) and a loss of contact
information (6/45; 13%). The majority of participants (704/748; 94%) finished all four
routine follow-up visits. A total of 35,626 SMS messages were sent to participants during
two years of following up, most of them (33,191/35,626; 93%) being within the follow-up
time. The median of SMS messages per participant was 50 (IQR 46-52) per two years, with
the median time lag between these SMS messages being 14 days (IQR 14-15). These SMS
messages produced 35,439 SMS periods (33,106 [93%] were in the follow-up time), which
covered a median of 50% (IQR 46%-51%) of the follow-up time per participant. The Lexis
diagram in Figure 3.2 shows an overview of the total follow-up time, the follow-up time
covered by SMS periods, and the routine follow-up visit of each participant. Of note, the
time lags between SMS periods were longer in February 2015 and February 2016 due to
the national New Year holidays (Tet). There were 2,333 SMS periods when the follow-up
durations were stopped. As participants were not formally followed up during these late
periods, these periods and any diarrhoea information which occurred during these periods

were excluded from the following analyses.
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791 screened

!

748 enrolled

v

748 in baseline survey

' v

Routine follow-up
728 (97%) attended visit after 6 months
714 (95%) attended visit after 12 months
704 (94%) attended visit after 18 months
703 (94%) attended visit after 24 months

SMS*
35,626 SMS sent (25 SMS/participants)
33,191 SMS within follow-up time
(covered 50% of follow-up time)

v

885 diarrhoea records
262 (30%) from phone
217 (25%) from home visits
406 (46%) from hospital visits

755 diarrhoea episodes

A\ 4

631 stool samples
623 had microbiological information
609 had MALDI-TOF information
628 had Luminex information
601 had all clinical, microbiological,
MALDI-TOF, Luminex information

Figure 3.1 Diarrhoea cohort profile. Text messages (SMS) were sent to the parents and
caregivers biweekly to ask about their children’s diarrhoea in the prior 7 days. 755
diarrhoea episodes were calculated from 885 diarrhoea records as defined in Figure 2.7

under section 2.2.1.4 in the Method (Chapter 2).
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Figure 3.2 Lexis diagram of all participants during follow-up visits. Grey lines are follow-
up time. Dark grey segments are periods covered by SMSs. Black dots are routine follow-

up Visits.
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The median age of 748 children at enrolment was 24 months (IQR: 12 to 30 months) (Table
3.1). Almost half (350/748; 47%) of the participants were female. Forty-three percent were
born by C-section (325/748; 43%), and at the time of delivery 14% (104/748) were preterm
and 4% (29/748) had a low birth weight. Almost every child in the cohort (694/748; 93%)
had been breastfed at least once by the time of enrolment. Rotavirus vaccination had been
given in two doses to almost half of the participants at enrolment (304/748, 41%). A
quarter of the children (179/748; 24%) were attending kindergarten/school at the time of
enrolment. Two-thirds of the participants (491/748; 66%) had piped water to their
residence. A small proportion of households were exposed to flooding (164/748; 22%), and
60% (450/748) were commonly exposed to animals around the home (Table 3.1).
Approximately half of the households (416/748; 56%) regularly bought toilet paper.
Notably, almost every household had soap routinely in their toilet room (739/748; 99%) but
only 53% (400/748) of parents reported that their children always washed hands after

defecating and 86% (641/748) reported washing hands after changing diapers.
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Table 3.1 Baseline characteristics of participants at enrolment (n = 748).

Characteristics Frequency (%)
Child age (months)* 24 (12, 30)
Child age group
12-23 months 382/748 (51%)
24-35 months 253/748 (34%)
>= 36 months 113/748 (15%)
Female 350/748 (47%)
Caesarean section 325/748 (43%)
Premature at birth 31/748 (4%)
Low birth weight 29/748 (4%)
Ever breastfeeding 694/748 (93%)
School/kindergarten attendance 179/748 (24%)
Age of mother (years) (n= 746) 28 (25, 32)
Low maternal education (<=9y) 394/748 (53%)
Crowding (> = 2 people/room) 519/748 (69%)
Main water source
Piped to residence 491/748 (66%)
Bottled water 248/748 (33%)
Well 9/748 (1%)
Defecate
Chamber pot 400/640 (62%)
Toilet 171/640 (27%)
Floor 55/640 (9%)
Outside 3/640 (<1%)
Other 11/640 (2%)
Hand washing after defecating
Always 400/748 (53%)
Sometimes 346/748 (46%)
Never 2/748 (<1%)
Toilet paper 416/748 (56%)
Toilet soap 739/748 (99%)
Diaper wear 126/748 (17%)
Handwashing after changing diaper
Always 641 (86%)
Sometimes 107 (14%)
Exposure to flooding around the house
None 584/748(78%)
Seldom 91/748(12%)
Moderate 67/748(9%)
Severe 6/748(1%)
Exposure to animal around the house 450/748 (60%)

* age in median (range)
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At enrolment, 210/748 (28%) had a medical condition at clinical examination. Common
ilinesses were respiratory infections (21/210, 10%), asthma (10/210, 5%), and diarrhoea
(5/210, 2%). Eight children were considered to be malnourished (8/210, 4%, weight-for-
age Z-score <-1.5) and 29/210 (14%) were considered as obese (weight-for-height Z-score
>1.5). From all participants, there was one child (<1%) that was severely underweight and
stunted and two children (<1%) that were severely wasted. Notably, 6% (44 children) of
children were classified as being obese based on weight-for-height Z-score (Table 3.2). The
majority of the children received vitamin A during a government supplement program
(574/748; 77%). There were 22 children (3%) whose parents reported having dysentery,

which means having mucous or bloody stool, prior to the enrolment visit.
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Table 3.2 Health related characteristics of participants at enrolment (n=748).

Characteristics Frequency (%)
Weight-for-age Z-score 0.2(-0.5,1.1)
>-2 736/748 (98%)
[-3, -2) (Underweight) 11/748 (1%)
< -3 (Severely underweight) 1/748 (<1%)
Height-for-age Z-score 0.0 (-0.8, 0.6)
>-2 729/748 (97%)
[-3, -2) (Stunted) 18/748 (2%)
< -3 (Severely stunted) 1/748 (<1%)
Weight-for-height Z-score 0.4 (0.3,1.3)
> 3 (Obese) 44/748 (6%)
(2, 3] (Overweight) 65/748 (9%)
(1, 2] (Risk of overweight) 126/748 (17%)
[-2, 1] 502/748 (67%)
[-3, -2) (Wasted) 9/748 (1%)
< -3 (Severely wasted) 2/748 (<1%)
Rotavirus vaccination
1 dose 314/748 (42%)
2 doses 304/748 (41%)
Sickness at enrolment 210/748 (28%)
Abnormal conditions defined at enrolment
Respiratory infection 21/748 (3%)
Diarrhoeal disease 5/748 (1%)
Hand foot mouth disease 1/748 (<1%)
Asthma 10/748 (1%)
Malnutrition 8/748 (1%)
Obese (determined by study nurse and doctors at the visit)  29/748 (4%)
Previous dysentery 22/748 (3%)
Vitamin A supplementation within 6 months of enrolment 5741748 (77%)
Probiotic use within 6 months of enrolment 259/748 (35%)
Antimicrobial use within 6 months of enrolment 311/748 (42%)
Hospitalization within 6 months of enrolment 105/748 (14%)

Food consumed within 3 days of enrolment

Poultry 274[748 (37%)
Beef 338/748 (45%)
Shrimp 485/748 (65%)
Pork 634/748 (85%)
Fish 580/748 (78%)
Shellfish 118/748 (16%)
Pate 37/748 (5%)

Unpasteurised milk 11/748 (1%)

Egg 353/748 (47%)
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3.2.2 Clinical features and management of diarrhoeal disease

The total number of diarrhoeal episodes recorded in the cohort is shown in Table 3.3.
During the two years of individual follow-ups, a total of 885 diarrhoea records were
recorded from 356/748 (48%) participants. The occurrence of these diarrhoeal episodes is
described in Figure 3.3. A fresh stool sample was collected from almost all of the
diarrhoeal episodes during hospital visits (403/406, 99%) but only in 44% (213/479) of the
diarrhoeal episodes from the community visits; this resulted in at least 616 records from
885 diarrhoea records (70%). The age at diarrhoea illness was slightly less in hospital
episodes in comparison to the home/phone records (p=0.007) (Table 3.3). The majority of
diarrhoeal episodes captured in the community were watery; >50% of diarrhoeal episodes
from the hospital visits were mucous or bloody diarrhoea (p<0.001). Diarrhoeal diseases
from the hospital visits were also more likely to be accompanied by vomiting (219/406;
54% versus 161/479; 34%, p<0.001). Notably, antimicrobials were prescribed by doctors in

54% (221/406) of hospitals visits.
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Figure 3.3 Lexis diagram of all participants in active diarrhoea surveillance. Grey lines are

follow-up time. Dark grey segments are periods covered by SMSs. Dots are diarrhoea

, blue: from phone/home visit).

records (red: from hospital visit
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Table 3.3 Clinical characteristics of the diarrhoeal records from home visits and hospital visits.

Characteristics All (n=885) Home (n=479) Hospital Comparison
(n=406)
Summary Summary Summary p

Age at illness (months) 27 (19, 35) 28 (20, 36) 26 (19, 34) 0.007
Type of diarrhoea

Watery 784/879 (89%) 454/473 (96%) 330/406 (81%) <0.001

Mucous 294/885 (33%) 87/479 (18%) 207/406 (51%) <0.001

Bloody 31/879 (4%) 6/473 (1%) 25/406 (6%) <0.001
Abdominal pain 352/885 (40%) 179/479 (37%) 173/406 (43%) 0.114
Vomiting 380/885 (43%) 161/479 (34%) 219/406 (54%) <0.001
Fever 154/885 (17%) 791479 (16%) 75/406 (18%) 0.477
Dehydration 2/623 (<1%) 1/217 (<1%) 1/406 (<1%) -
Probiotic 579/885 (65%) 212/479 (44%) 367/406 (90%) <0.001
Zinc 385/885 (44%) 206/479 (43%) 179/406 (44%) 0.786
Rehydration 407/885 (46%) 191/479 (40%) 216/406 (53%) <0.001
AMB - - 221/406 (54%)
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Using the definition of diarrhoea episode described previously, a total of 755 diarrhoea
episodes were recorded, and 34% (254/755) of them were mucous/bloody diarrhoea. As
described in Table 3.4, mucous diarrhoea occurred at younger age and was more likely to
be accompanied by vomiting, abdominal pain, and fever compared to watery diarrhoea.
Presenting with a more severe manifestation, mucous diarrhoea was more likely to be
treated with probiotics, zinc, rehydration, and antibiotics. Of note, antibiotics were used in
60 episodes with watery diarrhoea only. Not all of these 60 diarrhoea episodes had severe
manifestations (Table 3.5); in fact, symptoms like fever, vomiting, and abdominal pain did

not occur in 11/60 of these episodes.
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Table 3.4 Clinical characteristics and management of the diarrhoeal episodes stratified by type of diarrhoea.

Characteristics All diarrhoea Mucous Watery p
episodes (N=755) diarrhoea diarrhoea only
(n=254) (n=501)

Age at illness (months) 28/755 (20, 35) 26/254 (18, 34) 29/501 (21, 36) 0.038
Abdominal pain 319/755 (42%) 135/254 (53%) 184/501 (37%) <0.001
Vomiting 334/755 (44%) 132/254 (52%) 202/501 (40%) 0.002
Fever 148/755 (20%) 68/254 (27%) 80/501 (16%) <0.001
Dehydration 2/497 (<1%) 21214 (1%) 0/283 (0%) 0.185
Probiotic 483/755 (64%) 209/254 (82%) 274/501 (55%) <0.001
Zinc 356/755 (47%) 142/254 (56%) 214/501 (43%) <0.001
Rehydration 370/755 (49%) 156/254 (61%) 214/501 (43%) <0.001
AMB 179/301(59%) 119/167 (71%) 60/134 (45%) <0.001
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Table 3.5 Clinical characteristics of 60 diarrhoeal episodes with watery diarrhoea only but

received antimicrobials.

All watery diarrhoea receiving antimicrobials(n = 60)

Characteristics Summary

Age at illness (months) 30/60 (22, 36)

Abdominal pain 28/60 (47%)
Vomiting 35/60 (58%)
Fever 19/60 (32%)
Dehydration 0/59 (0%)

Probiotic 54/60 (90%)
Zinc 26/60 (43%)
Rehydration 35/60 (58%)
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3.2.3 The aetiology of diarrhoea using microbiology and Luminex

In total, 631 stool samples were collected from the diarrhoeal episodes (14 were collected
after the follow-up period) (Table 3.6). The majority of stool samples from the diarrhoeal
cohort were subjected to diagnostic testing by using Luminex (628/631; 99%) and
conventional culture (623/631; 99%) to detect pathogens. Suspected bacterial pathogens
were identified using a bacterial Bruker MALDI-TOF bacterial identification system. 69%

(433/628) of faecal samples tested were positive by Luminex (Table 3.7).

Of all 628 samples, 42% (265) were positive for at least one viral pathogen, 47% (297)
were positive for at least one bacterial pathogen, and 8% (53) were positive for at least one
parasitic pathogen. The most common viral aetiological agent detected in samples from
diarrhoea episodes was norovirus (163; 26%), followed by adenovirus (75; 12%), and
rotavirus (69; 11%). The most frequently identified bacteria included Salmonella (140,
22%), followed by ETEC (82, 13%), Clostridium difficile (C. difficile) (80, 13%),
Campylobacter (63, 10%), and Shigella (30, 5%). Cryptosporidium (44, 7%) was the most

frequently detected parasite.
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Table 3.6 Characteristics of 631 stool samples.

Characteristics of stool samples All (n =631)
Had clinical information 626/631 (99%)
Had Luminex information 628/631 (99%)
Had conventional culture information 623/631 (99%)
Had MALDI-TOF identification 609/631 (97%)
Had culture OR MALDI-TOF information 623/631 (99%)
Had Luminex AND (culture/MALDI-TOF information) 620/631 (98%)
Had clinical AND Luminex AND (culture/MALDI-TOF information) 615/631 (97%)
Had all information 601/631 (95%)
Sample from hospital visit 414/630 (66%)
Type of sample 625 samples (those had clinical information)

Pot 571625 (9%)

Swab 568/625 (91%)
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Table 3.7 Summary of diagnostic results using the Luminex xTAG diarrhoeal pathogen

panel from 628 stool samples.

Organism Luminex positive
Adenovirus 751628 (12%)
Norovirus 163/628 (26%)
Rotavirus 69/628 (11%)
Any virus 265/628 (42%)
E. coli 0157 9/628 (1%)
ETEC 82/628 (13%)
STEC 5/628 (1%)
Salmonella 140/628 (22%)
Shigella 30/628 (5%)

Campylobacter
C. difficile

V. cholerae

Y. enterocolitica
Any bacteria
Cryptosporidium
Entamoeba
Giardia lambia
Any parasite

Any positive®

63/628 (10%)
80/628 (13%)
0/628 (0%)
0/628 (0%)
297/628 (47%)
441628 (7%)
21628 (<1%)
11/628 (2%)
53/628 (8%)

4331628 (69%)
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Table 3.8 shows results from diagnostic testing among 601 samples with all information
from both microbiology and Luminex. Only 41/601 (7%) stool samples were positive with
at least one pathogen using conventional culture and MALDI-TOF identification, whereas
399/601 (66%) were positive with at least one pathogen by Luminex, of which 43%
(258/601) were positive with at least one bacterial pathogen. While conventional culture
and MALDI-TOF detected E. coli and selected bacteria, Luminex detected a wider
spectrum of pathogens including viruses. The cross-match between Luminex and
microbiological diagnosis by pathogens in all 601 samples and stratified by source of
samples is described in Table 3.8. In general, the agreement in detecting selected pathogens
(Salmonella, Shigella, Campylobacter, and Entamoeba) between two diagnostic
approaches was low, especially for Entamoeba, Campylobacter, and Salmonella.
Agreement between these diagnostic methods was slightly increased among samples
collected through the home visits. Luminex was more sensitive than microbiological
diagnosis in detecting these pathogens as the sensitivity of Luminex (microbiological test
as reference) outperformed the comparative sensitivity of microbiological testing (Luminex
as reference) (Table 3.9). Furthermore, among 18 stool samples that were negative by
microbiological test, 10 (56%) positive confirmed by Luminex, in which most pathogens
were virus such as Adenovirus (4/18; 22%), norovirus (5/18; 28%), and rotavirus (3/18;
17%) (Table 3. 10). Given the higher sensitivity of Luminex, results from this diagnostic

approach were used as the basis for all subsequent pathogen-related analyses.
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Table 3.8 Summary of diagnostic results among 601 samples with all information.

Organism Culture positive Luminex positive
Adenovirus - 71/601 (12%)
Norovirus 0 (%) 150/601 (25%)
Rotavirus 0 (%) 66/601 (11%)
Any virus 0 (0%) 250/601 (42%)
E. coli 0157 NA 9/601 (2%)
E coli 580/601 (97%)°

ETEC 78/601 (13%)
STEC 5/601 (1%)
Salmonella 21/601 (3%) 136/601 (23%)
Shigella 8/601 (1%) 29/601 (5%)
Campylobacter 12/601 (2%) 63/601 (10%)
C. difficile - 79/601 (13%)
V. cholerae - 0/601 (0%)
Y. enterocolitica - 0/601 (0%)
Any bacteria® 40/601 (7%) 258/601 (43%)
Cryptosporidium - 42/601 (7%)

Entamoeba
Giardia lambia
Any parasite

Any positive®

21601 (<1%)

2//601 (<1%)

41/601 (7%)

1/601 (<1%)
9/601 (1%)
48/601 (8%)

399/601 (66%)

& E. coli in general

b Not including E. coli/E. coli 0157/ETEC/STEC

NA: not applicable
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Table 3.9 Luminex vs. microbiological results among 601 samples.

Luminex Culture and confirmed
byMALDI-TOF

Organism Positive Negative Sensitivity 1 Sensitivity 2~ PA

All

Salmonella Positive 14 122 0.67 0.10 0.18
Negative 7 458

Shigella Positive 7 22 0.88 0.24 0.38
Negative 1 571

Campylobacter  Positive 5 58 0.42 0.08 0.13
Negative 7 531

Entamoeba Positive 0 1 0.00 0.00 0.00
Negative 2 592

Home visit

Salmonella Positive 6 48 0.75 0.11 0.19
Negative 2 154

Shigella Positive 2 4 0.67 0.33 0.44
Negative 1 203

Campylobacter  Positive 1 23 0.50 0.04 0.08
Negative 1 185

Entamoeba Positive 0 0 - - -
Negative 0 210

Hospital visit

Salmonella Positive 8 74 0.62 0.10 0.17
Negative 5 304

Shigella Positive 5 18 1.00 0.22 0.36
Negative 0 368

Campylobacter  Positive 4 35 0.40 0.10 0.16
Negative 6 346

Entamoeba Positive 0 1 0.00 0.00 0.00
Negative 2 382

Sensitivity 1. Luminex result as test, Sensitivity 2: Luminex result as reference
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PA: positive agreement = conditional probability that one test is positive given the other
test is also positive.
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Table 3.10 Luminex results of 18 samples negative by microbiology.

Pathogen Luminex positive and microbiology negative
Adenovirus 4/18(22%)
Norovirus 5/18 (28%)
Rotavirus 3/18 (17%)
E. coli 1/18 (6%)
ETEC 4/18 (22%)
STEC 0/18 (0%)
Salmonella 4/18 (22%)
Shigella 1/18 (6%)
Campylobacter 0/18 (0%)
C. difficile 0/18 (0%)
V. cholerae 0/18 (0%)
Y. enterocolitica 0/18 (0%)
Cryptosporodium 3/18 (17%)

Entamoeba 0/18 (0%)
Giardia lambia 0/18 (0%)
Any positive 10/18 (56%0)
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3.2.4 Baseline and clinical characteristics of diarrhoea by pathogens

The baseline characteristics of 252 participants who had stool samples that were positive
with a pathogen after Luminex screening were described and compared to all 748
participants in Table 3.11. Participants with detected pathogens were younger than the
general study population (13, 14 and 16 months among detected pathogens compared 24
months in all participants). Caesarean section was common among all paticipants (325/748;
43%) and more prevalent among participants with Cryptosporidium (18/37; 49%) and C.
difficile (27/57; 47%), while premature births were more prevalent among participants with
Cryptosporidium (5/37; 14%), Shigella (3/25; 12%), and C. difficile (6/57; 11%). Similarly,
low birth weights were more common among participants with Shigella (3/25; 12%),
Cryptosporidium (4/37; 11%), and C. difficile (6/57; 11%). Rotavirus vaccinations were
more prevalent among individuals with Cryptosporidium (19/57; 51% finishing two doses
of rotavirus) but less prevalent among individuals with an Adenovirus (17/53; 32%) or
ETEC infection (19/54; 35%). Table 3.12 shows that diarrhoea episodes positive with
Shigella had the highest proportions of mucous/bloody diarrhoea (17/29; 59%), abdominal
pain (16/29; 55%), and fever (13/29; 45%). Diarrhoea with Campylobacter also had high
prevalence of mucous/bloody diarrhoea and abdominal pain (no fever). Vomiting was more

prevalent among diarrhoea with Rotavirus and C. difficile.
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Table 3.11 Baseline characteristics of participants by pathogen (n = 252).

Characteristics Adenovirus  Norovirus  Rotavirus ETEC Sal Shigella Camp C. diff Crypto All
N (participants) 53 94 55 54 89 25 53 57 37 748
Age (month)* 14 (12,24) 13 (12, 24) 13 (12, 13 (12,24) 13 (12, 24) 16 (12, 14 (12, 12 (12, 14 (12,24) 24 (12,30)
24) 30) 24) 16)
Female 26 (49%) 32 (34%) 23 (42%) 21 (39%) 33 (37%) 8 (32%) 22 (42%) 16 (28%) 7 (19%) 350 (47%)
Caesarean birth 22 (42%) 35 (37%) 24 (44%) 21 (39%) 38 (43%) 8 (32%) 15(28%) 27 (47%) 18 (49%) 325 (43%)
Premature 4 (8%) 4 (4%) 5 (9%) 4 (7%) 6 (7%) 3 (12%) 2 (4%) 6 (11%) 5 (14%) 31 (4%)
Low birth weight 2 (4%) 4 (4%) 3 (5%) 3 (6%) 5 (6%) 3 (12%) 1 (2%) 6 (11%) 4 (11%) 29 (4%)
Breastfeeding 45 (85%) 85 (90%) 48 (87%) 45 (83%) 78 (88%) 22 (88%) 51 (96%) 53(93%) 30(81%) 694 (93%)
Anthropometry
Weight-for-age 0(1,1) 0(0,1) 0(-1,1) 0(0,1) 0(0,1) 0(-1,1) 0(0,1) 0(0,1) 0(1,1) 0(0,12)
Height-for-age 0(1,1) 0(-1,1) 0(-1,1) 0(-1,1) 0(-1,1) 0(0,1) 0(-1,1) 0(0,1) 0(1,1) 0(1,1)
Weight-for-height 0(0,1) 0(0,1) 0(0,1) 0(0,1) 0(0,1) 0(0,1) 0(0,1) 0(0,1) 0(-1,1) 0(0,1)
Rotavirus vaccination
None 36 (68%) 53 (56%) 32 (48%) 33 (65%) 53 (60%)  15(60%) 30 (57%) 30(43%) 17 (46%) 434 (58%)
1 dose 17 (32%) 41 (44%) 23 (42%) 19 (35%) 36 (40%) 10 (40%) 23 (43%) 27 (47%) 20(54%) 314 (42%)
2 doses 17 (32%) 39 (41%) 22 (40%) 19 (35%) 35 (39%) 9(36%) 23 (43%) 25 (44%) 19 (51%) 304 (41%)
Age (mother, year) 28 (24,31) 28(23,32) 29 (25, 28 (25,33) 28(24,32) 26 (23, 28 (25, 28 (24, 28(25,32) 28(25,32)
31) 30) 32) 31)
Low maternal 28 (53%) 57 (61%) 34 (62%) 33 (61%) 49 (55%) 8 (32%) 28 (53%) 27 (47%) 20(54%) 394 (53%)
education
Household crowding 38 (72%) 65 (69%) 35 (64%) 40 (74%) 62 (70%) 17 (68%) 37 (70%) 36 (63%) 23(62%) 519 (69%)
Main water sources
Piped to home 32 (60%) 64 (68%) 39 (71%) 41 (76%) 58 (65%)  15(60%) 38(72%) 41(72%) 24 (65%) 491 (66%)
Bottled water 21 (40%) 30 (32%) 16 (29%) 13 (24%) 30(34%)  10(40%) 13(25%) 16(28%) 13(35%) 248 (33%)
Other 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (1%) 0 (0%) 2 (4%) 0 (0%) 0 (0%) 9 (1%)
Toilet
Toilet 10 (25%) 14 (20%) 8 (21%) 12 (30%) 17 (25%) 6 (30%) 9 (22%) 9 (21%) 8 (31%) 171 (27%)
Champer pot 25 (62%) 45 (63%) 24 (62%) 23 (57%) 37 (54%) 9 (45%) 26 (32%) 28 (67%) 13 (50%) 400 (62%)
Floor 5 (12%) 7 (10%) 3 (8%) 4 (10%) 10 (15%) 4 (20%) 4 (10%) 2 (5%) 4 (15%) 55 (9%)
Other 0 (0%) 5 (7%) 4 (10%) 1 (2%) 4 (6%) 1 (5%) 2 (5%) 3 (T%) 1 (4%) 14 (2%)

Sal: Salmonella; Camp: Campylobacter; C.diff: C. difficile; Crypto: Cryptosprodium
Missing data: adenovirus (mother’s age 1, toilet 13); norovirus (toilet 23); rotavirus (toilet 16); ETEC (toilet 14); Salmonella (toilet 21);

Shigella (toilet 5); Campylobacter (toilet 12); C. difficile (toilet 13); Cryptosporidium (toilet 9); All (mother’s age 2, toilet 108)

* Median (IQR);
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Table 3.12 Clinical characteristics of samples by pathogen (n = 601).

Characteristics Adenovirus Norovirus Rotavirus ETEC  Salmonella Shigella Campylobacter C. Cryptosporidium
difficile

N (samples) 71 150 66 78 136 29 63 79 42
Source

Home visit 27 (38%) 55 (37%) 12 (18%) 26(33%) 54 (40%) 6 (21%) 24 (38%) 25 (32%) 18 (43%)

Hospital visit 44 (62%) 95 (63%) 54 (82%) 52 (67%) 82 (60%) 23 (79%) 39 (62%) 54 (68%) 24 (57%)
Age (month)* 30 24 28 27 29 33 28 22 35

(22, 35) (17, 33) (21, 34) (22, 36) (20, 36) (27, 36) (22, 37) (15, 31) (29, 42)

Type of diarrhoea

Watery 66 (93%) 136 (91%) 61(92%) 68 (87%) 120 (88%) 26 (90%) 51 (81%) 66 (84%) 37 (88%)

Mucous 28 (39%) 48 (32%) 25(38%) 33(42%) 51(38%) 17 (59%) 37 (59%) 38 (48%) 16 (38%)

Bloody 1 (1%) 4 (3%) 1 (2%) 1 (1%) 4 (3%) 3 (10%) 7 (11%) 5 (6%) 1 (2%)
Abdominal pain 28 (39%) 53 (35%) 29 (44%) 34 (44%) 62 (46%) 16 (55%) 36 (57%) 29 (37%) 21 (50%)
VVomiting 37 (52%) 83 (55%) 42 (64%) 39 (50%) 62 (46%) 14 (48%) 28 (44%) 45 (57%) 19 (45%)
Temperature** 37 37 37 37 37 37 37 37 37

(37, 37) (37, 37) (37, 38) (37, 37) (37, 37) (37, 38) (37, 37) (37, 37) (37, 37)

Fever 7 (10%) 19 (13%) 16 (24%) 9 (12%) 18 (13%) 13 (45%) 9 (14%) 9 (11%) 9 (21%)
Dehydration 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (2%) 0 (0%) 0 (0%)
Therapies

Probiotic 65 (92%) 136 (91%) 60 (91%) 72(92%) 124 (91%) 27 (93%) 62 (98%) 72 (91%) 38 (90%)

Zinc 44 (62%) 87 (58%) 35(53%) 50 (64%) 87 (64%) 20 (69%) 45 (71%) 47 (59%) 30 (71%)

Rehydration 47 (66%) 92 (61%) 44 (67%) 51 (65%) 87 (64%) 14 (48%) 44 (70%) 48 (61%) 23 (55%)

Antimicrobials 24144 45/95 25/54 30/52 45/82 13/23 26/39 (67%) 24/54 12/24 (50%)
usage (55%) (47%) (46%) (58%) (55%) (57%) (44%)

* Median (IQR); ** Mean (range)

109



Chapter 3 — The incidence and aetiology of diarrhea in children

3.2.5 Pathogen coinfections

Figure 3.4 presents results from pathogen detection using Luminex screening and the
combinations between pathogens. Coinfections were detected among 120 patients with 184
stool samples, resulting in 550 pairs of pathogens. Of all 628 samples having results from
Luminex screening, 29% (184/628) had more than one pathogen, including 101 samples
positive with two pathogens, 45 samples with 3 pathogens, 23 samples with 4 pathogens,
11 samples with 5 pathogens, 3 samples with 6 pathogens, and 1 sample with 7 pathogens.
The prevalence of pairs of pathogens is shown in Figure 3.5. Coinfection was most
common between norovirus and Salmonella (9%; 49/550), followed by Salmonella/ETEC
(6%; 35/550), Salmonella/adenovirus (6%; 34/550), Salmonella/Cryptosporidium (5%;

28/550), and norovirus/C. difficile (5%; 28/550).
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Figure 3.4 Pathogens identified by Luminex among 601 stool samples with all information. Pathogens are ordered by their
frequencies (represented as horizontal bar chart at the bottom left). All combinations of pathogens are displayed in the bottom-right
panel and their frequencies are displayed in the top-right bar char.
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Giardia
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Figure 3.5 Matrix of coinfections. Distribution by pathogen of 550 pairs of pathogens from
184 stool samples with coinfection, collected from 120 patients. Each number is frequency
of each pair of pathogens. These numbers are also represented as colour: higher numbers
have darker colours. The lower triangle is dismissed and represented in grey to avoid

replication of results in the upper triangle.
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3.2.6 Reinfection

Reinfection was defined as the detection of the same pathogens among stools of two or
more diarrhoea episodes during the two years of follow-up, in which each episode lasted
7.5 days as described in the methods section. A single participant in the diarrhoeal cohort
may have multiple diarrhoeal episodes during two years of follow-up from 2014 to 2016.
Among 46 patients who had reinfection, the most frequent pathogens were norovirus (47%;
22/46 patients) and Salmonella (46%; 21/46 patients) (Table 3.13). There were no cases
having reinfection with E. coli 0157, STEC, and Y. enterocolitica. The median number of
reinfections per patient was 1 with a range from 1 to 11 times. The median interval between

reinfection was 79 days (range: 8-638, IQR: 17.5-210.75).
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Table 3.13 Summaries by organisms for the number of reinfections per patients and the

interval between reinfections.

Organism Times of reinfection per patients Interval between reinfections
Median(range) Median (Range) (IQR) (days)

Adenovirus 1(1-8) 55 (8-536) (37-180)
Norovirus 1(1-6) 112 (9-566) (25-279)
Rotavirus 1(1-2) 122 (9-160) (78-147)
C. difficile 1(1-4) 88 (15-412) (64-156)
Campylobacter 1(1-1) 432 (379-484) (405-458)
ETEC 1(1-6) 144 (11-535) (74-236)
Salmonella 1(1-11) 144 (9-638) (57-329)
Shigella 0 0
Cryptosporidium 1(1-1) 9
Giardia lambia 1(1-1) 34
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3.2.7 General diarrhoeal incidence, age-specific diarrhoeal incidence, and pathogen-
specific diarrhoeal incidence

In this analysis | used two approaches for calculating the incidence of diarrhoea in this
community cohort. In the first approach, the follow-up period was the total follow-up time
from study enrolment to study exit, meaning that all diarrhoea episodes were included. In
the two years of follow-up, which was equivalent to 1,417 child-years of observation, there
were a total of 755 diarrhoeal episodes captured during this period; 434 from home visits
and 321 from hospital visits. Therefore, the overall diarrhoeal incidence was 53.29/100
child-years of observation (95%CI: 49.58, 57.19), which decreased as the children got older
(Table 3.14). The incidence of diarrhoea collected by phone/home visit was higher than by
hospital visit. The diarrhoea incidences (53.29/100 child-years of observation) likely
underestimated the true incidences as active surveillance using SMSs only covered half of

the follow-up time.

To improve the incidence estimation, | used diarrhoeal records that were covered by the
biweekly SMS system. This approach included 488 diarrhoeal episodes. The time of
observation was the total follow-up period covered by SMS, meaning that only diarrhoeal
episodes that occurred within these interval periods were counted. Diarrhoeal episodes
detected within SMS periods were less likely to be captured by hospital visits and were
more likely at older age. There was no significant difference in the clinical characteristics
of diarrhoea episodes detected and undetected within SMS periods (Table 3.15). On
average, most participants received 50 SMS messages (IQR: 46-52) during the time of
following up. The total follow-up time covered by SMS was 679 child-years of

observation. Therefore, the overall incidence of diarrhoea in this cohort was 71.87/100
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child-years of observation (95%CI: 65.68, 78.44). In a comparable manner to the results of
incidence from approach 1, the incidence rate of diarrhoea episodes decreased with age and
was higher with phone/home visits (Table 3.14). In comparison to approach 1, incidence
estimated by the second approach was 1.3 times higher (Table 3.14 and Figure 3.6). The
highest incidence of diarrhoeal diseases was among children of 12-23 months with
100.18/100 child-years of observation (95%Cl: 88.66, 112.66) (1% approach), and
132.64/100 child-years of observation (95%Cl: 112.28, 155.34) (2" approach). The age-

specific incidence gradually decreased with age (Table 3.14).
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Table 3.14 Diarrhoea incidence: overall and stratified by age groups.

All

12—-23 months

24-35 months

>36 months

Approach 1
Follow-up (100 CY)
Group

Total

Home visit

Hospital visit
Approach 2
Follow-up (100 CY)
Group

Total

Home visit

Hospital visit

755

434

321

n

488

318

170

14.17
Incidence (95%Cl)
53.29 (49.58, 57.19)
30.64 (27.84, 33.61)

22.66 (20.27, 25.23)

6.79
Incidence (95%CI)
71.87 (65.68, 78.44)
46.83 (41.87, 52.17)

25.04 (21.46, 28.99)

268

134

134

146

88

58

2.68
Incidence (95%CI)
100.18 (88.66, 112.66)
51.09 (42.08, 59.06)

51.09 (42.08, 59.06)

1.10
Incidence (95%Cl)
132.64 (112.28, 155.34)
79.95 (64.39, 97.84)

52.69 (40.27, 67.44)

307

184

123

n

210

133

77

5.08
Incidence (95%Cl)
60.39 (53.89, 67.40)
36.20 (31.21, 41.68)

24.20 (20.17, 28.73)

248
Incidence (95%ClI)
84.59 (73.66, 96.55)
53.57 (44.98, 63.20)

31.02 (24.59, 38.47)

180

116

64

132

97

35

6.41
Incidence (95%Cl)
28.09 (24.18, 32.39)
18.10 (15.00, 21.60)

9.99 (7.74, 12.64)

3.21
Incidence (95%CI)
41.16 (34.54, 48.59)
30.25 (24.62, 36.67)

10.91 (7.69, 14.94)

Approach 1: Follow-up time is the total follow-up time from study enrolment to study exit (all diarrhoea episodes were counted).
Approach 2: Follow-up time is the total follow-up time covered by SMSs (only diarrhoea episodes occurred within this period

were counted).

Incidence rates and 95% confidence intervals were estimated using univariable Poisson regression models. CY: child-years of

observation.
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Table 3.15 Characteristics of diarrhoeal episodes detected and undetected by SMS periods.

Characteristics Diarrhoea episode detected by SMS periods p
Yes (n=488) No (n=267)

Visited hospital 170/488 (35%) 151/267 (57%) <0.001
Age at illness (months) 30/488 (22, 37) 25/267 (17, 33) <0.001
Abdominal pain 209/488 (43%) 110/267 (41%) 0.700
Vomiting 203/488 (42%) 131/267 (49%) 0.055
Fever 94/488 (19%) 54/267 (20%) 0.774
Dehydration 21278 (1%) 0/219 (0%) 0.185
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Approach 1 Approach 2
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Figure 3.6 Incidence of diarrhoea for all participants and for each age group by estimation approach.
Approach 1 was based on the total follow-up time, approach 2 was based on the follow-up time covered by SMS periods only.
Numbers at the bottom describe number of diarrhoea episodes.
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Figure 3.7 illustrates a significant decreasing trend of diarrhoea incidence with age
(likelihood ratio test based on Poisson regression models that modelled age as natural cubic
spline with 4 degrees of freedom with and without adjustment for calendar time and age at
enrolment: p<0.001). Examining effects of age and calendar time on diarrhoea incidence
(with adjustment for age group at enrolment) suggests a significant effect of calendar time
(likelihood ratio test based on multivariable Poisson regression model that modelled
calendar time linearly: p = 0.021). Figure 3.8 shows significantly higher diarrhoea
incidences from August to October (during the rainy season) compared to March (during

the dry season).
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Figure 3.7 Incidence of diarrhoea by age, based on approach 2 (using the follow-up time
covered by SMS periods only).

Solid line is point estimate, while grey area reflects 95% confidence interval region.
Estimation based on univariable Poisson regression model with occurrence of diarrhoea at
each SMS period as outcome, age at start of SMS period as covariate, length of SMS period

as offset.
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Figure 3.8 Log (Risk ratio) of diarrhoea by age and by calendar time.
Solid lines are point estimates, while grey areas reflect 95% confidence interval regions. Left panel: reference is age of 3, right
panel: reference is at the end of March. These figures were based on a multivariable Poisson regression model with occurrence

of diarrhoea at each SMS period as outcome, age at start of SMS period, age group at enrolment, and calendar time as covariate,

and length of SMS period as offset.
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Table 3.16 and Figure 3.9 show the pathogen-specific incidence of diarrhoea. In both
approaches, Norovirus, Salmonella and C. difficile were the pathogens with the highest
incidence rate. There was also a general decreasing trend in pathogen-specific incidence of
diarrhoea with age, notably for Norovirus, Rotavirus, C. difficile, Campylobacter, ETEC
and Salmonella. In the age group of 12- 23 months, the highest incidence belonged to
norovirus (incidence 21.68/100 child-years, 95%Cl: 16.57, 27.75), followed by Salmonella
(incidence 16.45/100 child-years, 95%CI: 12.05, 21.80) and C. difficile (14.58/100 child-

years, 95%CI: 10.47, 19.65).

Using the second approach, in which diarrhoeal episodes captured by the follow up time
covered by biweekly SMS were counted, diarrhoeal disease due to Salmonella was most
common with an incidence of 10.6/100 child-years of observation (95%CI: 8.34, 13.25),
followed by nororvirus with the incidence of 9.57/100 child-years of observation (95%ClI:
7.43,12.09). In the age group of 12- 23 months, the highest incidence belongs to norovirus
(incidence 20.90/100 child-years, 95%CI: 13.48—, 30.64), followed by C. difficile
(18.17/100 child-years, 95%CI: 11.32, 27.34) and Salmonella (incidence 16.35/100 child-

years, 95%CI: 9.91, 21.11).

As shown in Table 3.16, using both approaches the incidence rates of diarrhoeal disease
caused by viruses are higher than those caused by bacteria. In general, C. difficile had an
incidence of 14.58 episodes (95%CI: 10.47, 19.65) per 100 CYO (approach 1) or 18.17
(95%CI: 11.32, 27.34) per 100 CYO (approach 2) in two-year olds, nororvirus had an
incidence of 21.68 (95%ClI: 16.57, 27.75) per 100 CYO (approach 1) or 20.90 (95%CI:

13.48, 30.64) per 100 CYO (approach 2), Salmonella had an incidence of 16.45 (95%(ClI:
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12.05, 21.80) per 100 CYO (approach 1) or 16.35 (95%CI: 9.91, 25.11) per 100 CYO
(approach 2), Campylobacter had an incidence of 6.73 (95%CI: 4.08, 10.33) per 100 CYO
(approach 1) or 9.99 (95%Cl; 5.19, 17.11) per 100 CYO (approach 2). These pathogens
were rarely identified in older children. While the incidence of most pathogens declined
between the second and third years of life, the incidence of Shigella, though low overall,
was similar in both two- (1.5 episodes per 100 CYO) and three-year olds (2.1 episodes per

100 CYO).
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Table 3.16 Pathogen-specific incidence (pathogens were detected using Luminex).

All 12-23 months 24-35 months >36 months

Approach 1

Follow-up (100 CY) 14.17 2.68 5.08 6.41

Pathogen n Incidence (95%CI) n Incidence (95%ClI) n Incidence (95%CI) n Incidence (95%CI)
Adenovirus 65 4.59 (3.56, 5.80) 21 7.85 (4.95, 11.70) 30 5.90 (4.03, 8.27) 14 2.18 (1.23,3.54)
Norovirus 127 8.96 (7.49, 10.62) 58 21.68 (16.57, 27.75) 48 9.44 (7.02, 12.37) 21 3.28 (2.07, 4.89)
Rotavirus 58 4.09 (3.13,5.24) 24 8.97 (5.84, 13.05) 23 4.52 (2.92, 6.63) 11 1.72 (0.89, 2.94)
C. difficile 69 4.87 (3.81, 6.11) 39 14.58 (10.47, 19.65) 25 492 (3.23,7.11) 5 0.78 (0.28, 1.68)
Campylobacter 53 3.74 (2.82, 4.84) 18 6.73 (4.08, 10.33) 21 4.13 (2.61, 6.16) 14 2.18 (1.23,3.54)
E. coli 0157 9 0.64 (0.31, 1.15) 4 1.50 (0.46, 3.47) 4 0.79 (0.24, 1.83) 1 0.16 (0.01, 0.69)
ETEC 65 4.59 (3.56, 5.80) 23 8.60 (5.55, 12.61) 27 5.31(3.55, 7.57) 15 2.34(1.35,3.73)
STEC 5 0.35(0.13,0.76) 2 0.75(0.12, 2.31) 2 0.39 (0.07,1.21) 1 0.16 (0.01, 0.69)
Salmonella 125 8.82 (7.37, 10.46) 44 16.45 (12.05, 21.80) 54 10.62 (8.04, 13.71) 27 4.21 (2.82,6.01)
Shigella 25 1.76 (1.16, 2.55) 4 1.50 (0.46, 3.47) 13 2.56 (1.41, 4.21) 8 1.25(0.57,2.32)
V. cholerae 0 0 0 0 0 0 0 0
Y. enterocolitica 0 0 0 0 0 0 0 0
Cryptosporodium 33 2.33(1.62,3.22) 7 2.62 (1.12,5.06) 15 2.95 (1.70, 4.71) 11 1.72 (0.89, 2.94)
Entamoeba 1 0.07 (0.00, 0.31) 0 0 1 0.20 (0.01, 0.87) 0 0
Giardia lambia 9 0.64 (0.31, 1.15) 3 1.12 (0.28, 2.91) 6 1.18 (0.47, 2.39) 0 0

Approach 2

Follow-up (100 CY) 6.79 1.10 2.48 321

Pathogen n Incidence (95%CI) n Incidence (95%ClI) n Incidence (95%CI) n Incidence (95%CI)
Adenovirus 38 5.60 (4.00, 7.57) 8 7.27 (3.32, 13.53) 20 8.06 (5.02,12.12) 10 3.12 (1.56, 5.47)
Norovirus 65 9.57 (7.43, 12.09) 23 20.90 (13.48, 30.64) 28 11.28 (7.60, 15.99) 14 4.37 (2.46, 7.07)
Rotavirus 27 3.98 (2.66, 5.67) 10 9.09 (4.55, 15.93) 10 4.03 (2.02, 7.06) 7 2.18 (0.94, 4.22)
C. difficile 40 5.89 (4.25, 7.91) 20 18.17 (11.32, 27.34) 17 6.85 (4.09, 10.64) 3 0.94 (0.23, 2.43)
Campylobacter 33 4.86 (3.38, 6.71) 11 9.99 (5.19, 17.11) 11 4.43 (2.30, 7.59) 11 3.43 (1.78,5.87)
E. coli 0157 5 0.74 (0.26, 1.58) 1 0.91 (0.05, 4.00) 3 1.21(0.30, 3.13) 1 0.31(0.02, 1.37)
ETEC 40 5.89 (4.25, 7.91) 11 9.99 (5.19, 17.11) 18 7.25 (4.40, 11.13) 11 3.43 (1.78,5.87)
STEC 2 0.29 (0.05, 0.91) 0 0 1 0.40 (0.02, 1.77) 1 0.31(0.02, 1.37)
Salmonella 72 10.60 (8.34, 13.25) 18 16.35(9.91, 25.11) 34 13.70 (9.59, 18.83) 20 6.24 (3.89, 9.38)
Shigella 13 1.91 (1.05, 3.15) 2 1.82 (0.30, 5.61) 6 2.42 (0.96, 4.90) 5 1.56 (0.56, 3.35)
V. cholerae 0 0 0 0 0 0 0 0
Y. enterocolitica 0 0 0 0 0 0 0 0
Cryptosporodium 18 2.65(1.61, 4.07) 3 2.73(0.68, 7.07) 9 3.63(1.74, 6.53) 6 1.87 (0.74,3.79)
Entamoeba 0 0 0 0 0 0 0 0
Giardia lambia 7 1.03 (0.44, 1.99) 3 2.73(0.68, 7.07) 4 1.61 (0.50, 3.74) 0 0

Approach 1: Follow-up time is the total follow-up time from study enrolment to study exit (all diarrhoea episodes were counted). Approach 2: Follow-up
time is the total follow-up time covered by SMSs (only diarrhoeal episodes occurred within this period were counted). Incidence rates and 95% confidence
intervals were estimated using univariable Poisson regression models. CY': child-years of observation.
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Figure 3.9 Pathogen-specific incidence of diarrhoea for all participants and for each age group by estimation approach.
Approach 1 is based on the total follow-up time, approach 2 is based on the follow-up time covered by SMS periods only.

Numbers in the bottom describes number of diarrhoea episodes.
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3.3 Discussion

Diarrhoea remains a key burden in infectious diseases in Viet Nam. Several studies have
focused on moderate to severe diseases in hospital-based studies in which the actual burden
of diarrhoeal disease in the community is unknown?®45141187 Some previous observational
studies in Viet Nam have estimated the true burden of diarrhoea in the community. These
studies have had various study designs, including being conducted in rural areas and using
passive surveillance in a prospective cohort!®. They have also been performed in both rural
and urban areas in the south of Viet Nam at an early age (under 1 year) using passive
surveillance®, and with a case control design study in the urban north'®’. There have
additionally been studies focusing on a specific pathogen using retrospective data'®>’, but
there has been limited use of active surveillance in an urban community. The current study
was a well-structured and well-organized prospective cohort in the community with a high
rate of follow-up (748 enrollees and 94% follow-up rate after two years), and it was the
first study of its type in Viet Nam using SMS messages for active surveillance in the
community. With this study design we achieved a high rate of response. There was a large
cohort in this area, and it provided a rich dataset for different analytical approaches. In the
scope of this analysis | evaluated the probability of the disease in a specific period of time
though the general incidence of diarrhoea, age-specific diarrhoeal, and additionally
investigated a wide range of pathogens associated with diarrhoea among children age one

to five years using both conventional microbiology and a multiplex molecular assay.

Diarrhoea contributes a major proportion of burden of the diseases among children under
five all over the world, especially in LMICs®. Incidence of diarrhoeal disease among

children under five from our prospective cohort study was 71.87/100 child-years of
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observation (using the 2" approach) or 53.29/100 child-years of observation (using the 1%
approach). Our findings, in which the second approach likely provides more accuracy in
incidence calculation, reveals a decrease of the overall burden of diarrhoeal disease over
time compared to the rates (130/100 CYO) in the country over recent decades'®. This rate
is substantially lower than the diarrhoea incidence rate in Southeast Asia in the early 1990s
(240/100 CY0)*?, and in Cambodia in 2003 (532/100 CYQ)!%, This finding reflects major
improvements in clean water, hygiene, and sanitation®°. In addition, the general standard
of living has improved, and consequently the burden of diarrhoea has decreased. A further
explanation may be that the Vietnamese government passed a law regarding the prevention
and control of infectious diseases in 2008. This law, which stipulates that diarrhoea is
among the infectious diseases that need monitoring by reporting within 24 hours of the
infection, appears to have been effective’®. However, the general diarrhoea incidence in this
study is higher than in other locations in Viet Nam, such as in Nha Trang on the central
coast (11.5/100 CYQ)™, This discrepancy between incidences is likely due to the method
used to capture diarrhoeal episodes. Our approach, which includes active surveillance,
captured more cases than a passive study design. Home visits captured 50% of cases
(217/885 diarrhoeal records from home visits and 262/885 diarrhoea records from SMS and

phone calls) in additional to hospital visit cases (406/885 diarrhoeal records).

This study detected a wide range of etiological agents associated with mild and moderate
diarrhoeal diseases in the community by using both microbiological culture and Luminex.
Although rotavirus was considered the leading causes of diarrhoea globally'>?’, in
hospitalized cases?®, and in north Viet Nam?®’, our findings did not show a consistent

result for rotavirus in our cohort. One possible explanation for the lack of rotavirus
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infections is the differing age groups of participants, who were recruited at a later age (12—
36 months from enrolment) in our study. Our findings demonstrate a switch of the roles of
rotavirus and norovirus in causing diarrhoeal disease in childhood populations in
HCMC2%L with norovirus becoming more common. This result may be a consequence of
improved diagnostic testing in our study. In contrast to a case-control study conducted in
Hanoi in 20068’ which found no stool samples positive with Salmonella, our study found
norovirus and Salmonella to be the most prevalent (163/628 (26%) and 140/628 (22%),
respectively). The high rate of Salmonella in our study, especially in hospital visits, is
consistent with hospitalized diarrhoea cases in HCMC from a previous study**!. Again, this
high rate is likely due to differing microbiology testing used to detect the various
pathogens. In this study we used Luminex XTAG GPP, which has been tested for diagnostic

accuracy previouslys,

Of additional note is the low rate of Shigella infections in this study (30/628 [5%], with an
incidence of 1.76/100 CYO [95%CI: 1.16, 2.55]) which defines a trend of decreasing rate
of infection with this pathogen®”1! and shows a consistent pattern with recent disease

trends in Viet Nam?2%2,

This study affirmed several common clinical characteristics of mild to moderate diarrhoeal
diseases from the community among children aged less than five years. In this study, the
majority of hospital visits associated with diarrhoea were more likely to be accompanied by
mucous/bloody stool and vomiting, which is consistent with the characteristics of
hospitalized diarrhoea in other studies worldwide and in Viet Nam?®’. In addition, | found

that diarrhoea incidence was significantly higher during the rainy season compared with the
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dry season. This finding shows a similarity to most other studies around the world

203

conducted where diarrhoea and malaria increase during the wet season="°. A possible

explanation is the contamination of water by human waste during the rainy season?%42%,

Regarding diarrhoeal management, among cases that required hospital visits in this study,
antimicrobials were prescribed in 59% (179/301) of diarrhoeal episodes. Antimicrobials
were more likely to be prescribed in diarrhoeal episodes associated with mucous stool than
in diarrhoeal episodes with watery stool (71% [119/167] and 45% [60/134], respectively,
Table 3.3). These proportions are lower than those in a recent finding in this setting, where
85% of paediatric diarrhoeal patients admitted to hospital were prescribed an
antimicrobial**!. The discrepancy might be because of the severity of hospitalized
diarrhoea, in which participants came to the designated hospital due to mucous and bloody
diarrhoea in the latter study while any diarrhoea (including watery and/or mucous) could
allow the participant to attend the study hospital in this study. These findings are largely
consistent with the management of diarrhoeal disease in Chapter 4; antimicrobial use in
hospital was five to ten times higher than that from retail pharmacies. These findings
highlight the issue of using antimicrobials in the hospital, which has been estimated to be
inappropriate in one-third of antimicrobial prescriptions in Vietnamese hospitals?®. The
issue of inappropriate antimicrobial use may promote AMR in various bacterial pathogens,
especially in settings with limited resources for diagnostic testing, such as Viet Nam. In
combination with data from chapter 4, these findings highlight the necessity for diagnostic
testing in hospitals to improve clinical decisions for antimicrobial use based on

differentiating between a viral and a bacterial infection.
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This prospective study has several caveats. Despite the best method for capturing diarrhoea
in the community with the “prior 7 days” having been applied—it has been shown that
frequent contact for diarrhoea surveillance in community may lead to underreporting—the
biweekly SMS showed a gap of 7 days in the time of following up to all participants. In
addition, the pathogen-specific incidence likely represents an underestimation in the true
incidence of pathogens because it is likely that mild diarrhoeal events of short duration
were more likely to be missed due to recall bias. Furthermore, it is less likely that a
diarrhoeal episode of short-duration will provide a stool sample for pathogen analysis, thus
leading to bias associated with pathogens that cause prolonged diarrhoea. Although these
biases are problematic, pathogen-specific incidence is a reasonable estimation of the
diarrhoeal disease incidence in hospital as all diarrhoeal events from hospital were
sampled. A further bias that may be considered when interpreting incidence is the time to
follow up. For example, using all diarrheal episodes during two years of follow-up but with
the actual period of time covered by SMS only (as in the first approach), these diarrhoeal
incidences likely underestimated the true incidences as active surveillance using SMSs only
covered half of the follow-up time. Another limitation was that Luminex used for pathogen
detecting method did not provide details of the subspecies of the bacteria, such as
Salmonella. Besides, regarding the reinfection proportions, my method did not reveal the
repeated infections of the same pathogens or the chronic carriage of the same pathogens

over time.

3.4 Conclusion
This study was a large prospective population-based study in the south of Viet Nam to

assess the burden of diarrhoea among children under five in the community in an urban

131



Chapter 3 — The incidence and aetiology of diarrhea in children

area. The results reveal a high burden of infectious diseases among children in Ho Chi
Minh City and demonstrate a wide variety of pathogens detected during passive and active
surveillance of diarrhoeal diseases. Norovirus and Salmonella were the most commonly
detected pathogen and high pathogen-specific incidences were found in children of early
age. Further studies should be conducted to better understand the immune response of
children to specific pathogens detected during surveillance for diarrhoeal disease; this
approach would provide essential data for vaccine development. Such cohort studies would
also benefit from pathogen genome studies to investigate potential genetic associations
with diarrhoeal disease aetiology among children in different settings around South and

Southeast Asia.
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4. Quantifying antimicrobial access and usage for paediatric diarrhoeal

diseases in an urban community setting in Asia

AMR bacterial infections have become a major public health issue in LMICs. Ease of
access and widespread use of antimicrobials are postulated to be two key drivers of this
current AMR epidemic. However, accurately assessing antimicrobial access and usage for
particular disease syndromes are hindered by the intrinsic complexity of unregulated
antimicrobial sales in the community. In this chapter | aimed to assess antimicrobial access
and usage for diarrhoeal disease among children under 5 in the community in HCMC. |
used a mixed-method approach, in which the geospatial mapping (Methods section 2.2.3
Geospatial analysis) to assess antimicrobial access in the community; the simulated client’s
pharmacy survey (Methods section 2.1.3 Cross sectional studies in community), the
community survey on parents and care givers about their behaviour (Methods section 2.1.3)
and the diarrhoeal cohort (Methods section 2.1.2 Diarrhoea cohort) to investigate

antimicrobial usage for paediatric diarrhoeal disease in the community.

4.1 Background

AMR is rapidly becoming a global public health issue!!!. In the past decade, many of the
key antimicrobials that we have come to rely in human medicine are in the process of
losing, or have already lost, their effectiveness in treating infections caused bacterial
pathogens'#+115. AMR is a complex scientific, political, economic, and social issue, and
whilst developed countries are leading research efforts to tackle the problems, the greatest
impact of AMR is currently being felt in LMICs'?6128, AMR is magnified in LMICs as

antimicrobial access and usage, poor sanitation and limited access to clean water are
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amongst the principal drivers. Therefore, unrestricted access to low-cost antimicrobials
combined with a high burden of infectious disease, limited diagnostic capacity, and large
urbanizing populations demanding better medical care has created a favourable

environment for propagating AMR bacteria in LMICs in Asia®31%2,

One of the main issues influencing AMR is the indiscriminate usage of antimicrobials for
treating common human diseases, of which diarrhoeal disease is likely a major contributor.
It was estimated that the worldwide burden of diarrhoea was >1.7 billion episodes in 2010,
with the vast majority of these episodes arising in LMICs?"’. The etiological agents of
diarrhoea are broad (viruses, bacteria, and parasites) and can induce an array of symptoms,
the more severe of which may necessitate an antimicrobial. Currently, the WHO
recommends ORS, zinc, and an antimicrobial for those with more severe diarrhoea®®.
However, a large disease burden, combined with a lack of financial and diagnostic
resources means that the causative agent in LMICs is rarely or never identified?. This lack
of a confirmative diagnosis results in the empirical use of antimicrobials in the community
or a healthcare facility. However, many of those receiving antimicrobials for diarrhoea may
not require them#!, as the disease is generally self-limiting, is most likely to be of viral
aetiology?®# and in LMICs in Asia many diarrhoeagenic bacteria are resistant to empirical

antimicrobials.

Viet Nam is a rapidly developing LMIC in Southeast Asia with a current population of >90
million people, which is estimated to be >100 million by 2020%. HCMC is the major
financial centre in the south of the country and a typical urban, modernizing Asia megacity.

An increasing population (>8 million people), a high infectious disease burden, and easy
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antimicrobial access represents an unparalleled opportunity for investigating AMR and
antimicrobial usage. Diarrhoeal disease is common in HCMC, with the two main paediatric
hospitals jointly admitting >20,000 children with diarrhoea per annum*®, Here, we aimed
to assess access and practices related to antimicrobial sales by mapping pharmacy locations
and using a simulated client method in an urban district of HCMC. Further, hypothesizing
that antimicrobial usage for diarrhoeal disease is excessive in this setting, we measured the
primary choices of healthcare services for the parents or caregivers of children with
diarrhoeal disease in the community. By combining denominators derived from parents and
caregivers interviews we were able to estimate the annual antimicrobial use for watery and

mucous diarrhoea in children aged 1 to <5 years living in central HCMC.

4.2 Results

4.2.1 The density and distribution of outlets selling antimicrobials in District 8 in
HCMC

In September 2016 we mapped a total of 301 pharmacies and 243 private or public
healthcare clinics in District 8 (Figure 4.1A). The distribution of pharmacies was not
uniform and ranged from 0 to 61 pharmacies/km?, with a mean density of 15.7
pharmacies/km?. The majority of outlets were located on main thoroughfares in the
northern portion of the district (Figure 4.1A). The overall number of pharmacy outlets
equated with 7.59 pharmacies/10,000 people, which corresponded with a pharmacy for
every 1,316 people. The number of pharmacies within the population varied from 0 to 38.2
pharmacies/10,000 people, with four high density (>30 outlets/10,000 people) areas; two in
the north and two in the south of the district (Figure 4.1B). The high density of pharmacy

shops exemplified routine access to antimicrobials in this community. The high density of
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pharmacy shops epitomized routine access to antimicrobials in this community and equated
with >75% of the study area population living within 250m of an outlet selling

antimicrobials (Figure 4.1C).

136



Chapter 4 — Quantifying antimicrobial access and usage for paediatric diarrhoeal diseases

Table 4.1 Pharmacies and healthcare clinics in the various wards of district 8 in Ho Chi Minh City.

Population” Pharlmacy density (per Acreage (km?) Pgarmflcy
Ward in  Healthcare : 0,000 people) ensity
district8  facilities | narmacies 1t0<5
All years All 1 to <5 years
1 7 10 25,782 944 3.88 105.93 0.48653 14
2 20 29 20,694 843 14.01 344.01 0.50162 40
3 15 16 24,803 1,139 6.45 140.47 0.50999 29
4 51 36 42,200 2,284 8.53 157.62 1.44745 35
5 46 48 40,177 2,538 11.95 189.13 1.62052 28
6 15 34 30,144 1,353 11.28 251.29 1.46857 10
7 12 28 31,685 1,414 8.84 198.02 5.67584 2
8 4 5 9,024 444 5.54 112.61 0.30342 13
9 8 14 21,564 1,194 6.49 117.25 0.44648 18
10 15 14 15,841 836 8.84 167.46 0.2524 59
11 7 5 7,591 294 6.59 170.07 0.26942 26
12 7 10 16,653 816 6.00 122.55 0.30182 23
13 12 7 8,809 480 7.95 145.83 0.25577 47
14 4 6 20,575 1,144 2.92 52.45 0.55483 7
15 10 13 39,623 2,354 3.28 55.23 1.53309 7
16 6 26 41,010 1,243 6.34 209.17 3.54709 2
Total 239 301 396175 19,320  7.59 142 19 12

a Data from HCMC Demographic Department 30/06/17
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Figure 4.1 The geographical distribution of pharmacies in district 8 of Ho Chi Minh City

Maps of district 8 in Ho Chi Minh City showing; A) the point locations of pharmacies and
the kernel distribution of pharmacy shop density. Green points identify the pharmacy shops
and pharmacy density is determined by colour intensity (see key). B) The distribution of
pharmacy shops density per 10,000 inhabitants. The greater the intensity of red the higher
the numbers of pharmacy shops per 10,000 people (see key, areas in grey are those with no
data due to missing data in the population raster). C) The geographical areas in district 8
that are within 250m of a pharmacy. Red shaded areas are locations in with residents live
with 250m of a location selling antimicrobials.
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4.2.2 Pharmacy prescribing practices for diarrhoeal diseases in the community

There were 48 pharmacy shops (37 were open upon visitation) in a ward within the study
area (Figure 4.1) and with two different scenarios for paediatric diarrhoea surveyed. In the
first scenario (watery diarrhoea), the number of prescribed medications ranged from one to
five, with the majority (65%; 24/37) of pharmacies prescribing two different medications
(Figure 4. 2A). The median total cost for each pharmacy visit was 17,000 Vietnamese
Dong (VND) (1 United States Dollar (USD) = ~23,000VND); range 7,000 to 54,000VND.
A total of 46 different types and brands of medications were sold, which could be broadly
categorized into 11 classes; anti-motility, zinc, anti-emetics, anti-secretory, probiotics,
ORS, antimicrobial, antipyretic, adsorbent, unlabelled, and others. Unlabelled treatments
were prescribed in 16% (6/37) of pharmacy visits, with probiotics (81%; 30/37) and
adsorbents (68%; 25/37) being the most commonly sold treatments. Antimicrobials were

prescribed by 3/37 (8%) of pharmacies for watery diarrhoea (Figure 4.2 B).

In the second scenario (mucous diarrhoea with fever), 53 different medications were sold
by the 37 pharmacies; undefined/unlabelled medications were sold in 49% (18/37) of
pharmacy visits (Figure 4.2B). Probiotics (81%; 30/37) and adsorbents (51%; 19/37)
remained the most common medications prescribed, but the proportion of pharmacies
prescribing an antimicrobial increased to 22% (8/37). There was also an increase in the
number of mediations sold for mucous diarrhoea in comparison to watery diarrhoea (Figure
4.3A), with a higher proportion of pharmacies selling a combination of three (41%; 15/37),
four (14%; 5/37), or five (5%; 2/37) medications. Despite there being a greater number of
medications sold, the cost to caregivers in this scenario was not substantially greater than

with watery diarrhoea (median 18,000 VND; range 3,000-31,000 VND).
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There was considerable disparity in the type of antimicrobials sold in the 37 sampled
pharmacies, with pharmacies prescribing antimicrobials from five different classes:
trimethoprim-sulphate, sulphonamides, fluoroquinolones, macrolides, and cephalosporins
(1%, 2" and 3™ generation). When the mystery shoppers returned to the same pharmacy
shops a week later and asked to buy ciprofloxacin, 100% (37/37) of the vendors sold the
requested antimicrobial. This medication was reliably sold without dosing advice and
without the caregiver having to provide information as to why the antimicrobial was
required. Generic ciprofloxacin was sold in a range of different packaging from 14 different

manufacturers in two different concentrations.
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Figure 4.2 Medications sold by pharmacies in Ward 5 in District 8 for paediatric diarrhoea

20 10

10 20

Number of pharmacies

Type of medication

Anti-motility
Zine
Propulsives
Anti-secretory
Others

ORSF
Antimicrobials
Antipyretic
Unlabelled
Adsorbent

Probiotics

Watery diarrhoea

Mucous diarrhoea

16%

14%

14%

11%

8%

16%

68% |

81% |

81%

30

10

10 20 30

Number of pharmacies

A) Rotated histogram showing the number and proportion (x-axis) of the 37 pharmacies visited during the “mystery shopper”

simulated clients method selling different mediations (y-axis) for watery and mucous diarrhoea, respectively. B) Rotated histogram

showing the number and proportion (x-axis) of the 37 pharmacies visited during the “mystery shopper” simulated clients method

selling between 1 and 5 medications (y-axis) for watery and mucous diarrhoea, respectively.
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4.2.3 Knowledge, attitudes, and practices regarding antimicrobial usage in caregivers
| then aimed to evaluate how the community in district 8 access antimicrobials and
understand their knowledge, attitudes, and practices regarding antimicrobial usage. There
were 396 individuals that were either caregivers or parents of children aged <5 years
residing in district 8 interviewed. The demographic characteristics of these participants are
summarized in Table 4.2. The majority (82%; 325/396) of those interviewed were women
and the median age was 39 years (range 19 to 87 years). A small fraction of those
interviewed (10%; 39/381) indicated they had some background in healthcare. The majority
(69%; 243/351) of interviewees had average household income (>1,300,000
<9,000,000VND/household/month), with 21% (74/351) reported living in a poor household
(<1,300,000VND/household/month). Most caregivers/parents (60%; 232/386) had >2
children living in the household. Many (59%; 231/394) reported that their children had
received medication for a medical condition within the last month, of which approximately

half (47%; 109/231) were reported to be an antimicrobial.
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Table 4.2 The demographic characteristics of parents and caregivers in the community

behaviour survey.

Characteristics Number of responders %
Total 396 100
Female sex 325/396 82.1
Role
Parents 215/394 54.6
Caregiver 179/394 45.4
Age (years) 39 (31-54)
<41 209/384 54.4
41-60 131/384 34.1
>60 44/384 11.5
Healthcare trained 39/381 10.2
Employment
Worker 50/396 12.6
Officer 35/396 8.8
Health staff 12/396 3.0
Business owner 70/396 17.7
Housewife 157/396 39.6
Others (retired) 76/396 19.2
Education (years)
<12 304/393 77.2
>12 89/393 22.6
Monthly income @
Below average 74/381 194
Average 243/381 63.8
Above average 34/381 8.9
Number of children
1 154/386 39.9
>2 232/386 60.1
Children <5 years
1 300/386 77.7
>2 86/386 22.3
Age of child (years) 3(2-4)
Infections in previous month 218/396 55.1
Medication last month 231/396 58.3
Current treatment
Respiratory 136/396 34.3
Fever 41/396 104
Flu 13/396 3.3
Diarrhoea 5/396 1.3
Others 9/396 2.3
Antimicrobials in previous month 109/305 35.7

a) Monthly income <1,300,000VND/month is determined to be poor and below average (as suggest by the
Vietnamese government)?%; we considered >=9,000,000VND/month a good monthly income and above

average.
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Most of parents and caregivers had limited knowledge about antimicrobials. Many assumed
that antimicrobials could be generically used to treat coughing (46%; 181/396), fever (35%;
137/396), colds (30%; 118/396), headaches (21%; 81/396), and diarrhoea (19%; 76/396).
Approximately half (51%; 203/396) of the parents and caregivers agreed with the statement
“some infections can be difficult to treat if there is antimicrobial resistance” and a 59%
(233/396) agreed with the statement “resistance can occur if they do not take a sufficient
dose”. In self-reported prescribing, more than half of parents and caregivers (54%;
213/394) said they regularly purchased antimicrobials from pharmacies. Among people
who ever bought antimicrobials from pharmacies, many of them (85%; 182/213) bought

antimicrobials within the 30 days prior to the interview (Table 4.3).
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Table 4.3 Knowledge, attitudes, and practice of parents and caregivers toward

antimicrobials and antimicrobial resistance.

Feature Variable Positive  Proportion
response (%)
Knowledge Can be used for treating headaches ~ 81/396 20.5
] Can be used for treating diarrhoea 76/396 19.2
Perceptions of i )
antimicrobials Can be used for treating teething 36/396 9.1
treatment Can be used for treating fever 137/396 34.6
Can be used for treating colds 118/396 29.8
Can be used for treating coughing 181/396 45.7
Knowing that antimicrobials could
be bought from doctors’ 305/396 1.0
prescription
Knowledge on  knowing that antimicrobials could  17/396 43
pre_scr_lptlor] be got on request to doctor
antimicrobials Knowing that antimicrobials could  21g8/396 55.1
be got on request to drug seller '
Do not know how to have 22/396 5.6
antimicrobials
Attitude Some infections  Agree 203/396 51.3
can be difficult  Disagree 23/396 5.8
to treatifthere  pg ot know 167/396 421
is gntlmlcroblal Other 3/396 08
resistance
Resistance can ~ Agree 233/396 58.8
happen if not Disagree 21/396 5.3
taking enough  pg ot know 139/396 35.1
doses Other 3/396 0.8
Practice Practice of Ever bought drugs from 357/395 90.4
buying drugs pharmacies
from _ Ever bou_ght antimicrobials from 213/394 541
pharmacies pharmacies
Time of buying  Ever bought antimicrobials during  1g2/305 59.7
antimicrobials the last 30 days
Ever bought antimicrobials more 74/305 24.3
than 6 months
Don’t remember the latest time of 49/305 16.1

buying antimicrobials
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4.2.4 Diarrhoeal treatment seeking behaviour by caregivers in the community

Figure 4. 3 describes the top three preferences for places where parents and caregivers
would seek healthcare advice if their children had either of the two previously described
diarrhoeal diseases scenarios. In both scenarios, the most common first choice was to treat
their children at home. However, a specialized hospital was the most common option, with
81% (319/396) and 88% (347/396) of responders selecting this as one of their top three
preferences for watery and mucous diarrhoea, respectively. Visiting a local pharmacy as a
first choice ranked third for watery diarrhoea and second for mucous diarrhoea. Overall,
visiting a pharmacy was selected as one of the top three preferences by 45% (180/396) and
34% (134/396) of caregivers for watery and mucous diarrhoea, respectively (Figure 4.4).
Parents (rather than a caregivers) and those of younger age were more likely to take their
children to a pharmacy than a hospital for watery diarrhoea (p=0.015 and p=0.051,
respectively). Similarly, parents (rather than caregivers) were significantly more likely to

take their children to a pharmacy than a hospital for mucous diarrhoea (Table 4.4)
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Table 4.4 The demographic characteristics of parents and caregivers who chose a

pharmacy or a hospital as first choice for a child with diarrhoea.

Watery diarrhoea

Pharmacy first

Hospital first

Mucous diarrhoea

Pharmacy first

Hospital first

choice choice pvalue choice choice pvalue
(n=87) (n=89) (n=65) (n=142)
Female sex 73/87 (84%) 72/89 (81%) 0.693 55/65(85%)  113/142 (80%) 0.448
Role of parent (not
) 54/86 (63%) 39/89 (44%) 0.015 43/64 (67%) 69/142 (49%) 0.015
caregivers)
Age in years (IQR)
ers) 38/81(30,50) 40/89 (32,57) 0.051 38/60(31,50) 40/139(32,56) 0.198
Healthcare trained 7/83 (8%) 11/83 (12%) 0.461 4/63 (6%) 16/138 (12%) 0.316
Employment 87/87 (100%)  89/89 (100%) 0.661 | 65/65 (100%) 142/142 (100%) 0.943
Worker  10/87 (11%) 10/89 (11%) 6/65 (9%) 16/142 (11%)
Officer ~ 6/87 (7%) 6/89 (7%) 5/65 (8%) 10/142 (7%)
Health staff ~ 2/87 (2%) 6/89 (7%) 1/65 (2%) 6/142 (4%)
Business owner  15/87 (17%) 10/89 (11%) 11/65 (17%)  23/142 (16%)
Housewife  35/87 (40%) 34/89 (38%) 29/65 (45%) 56/142 (39%)
Other (retired)  19/87 (22%) 23/89 (26%) 13/65 (20%) 31/142 (22%)
Education <12 years 75/87 (86%) 68/88 (77%) 0.171  55/65(85%)  115/141 (82%) 0.695
Monthly income ® 0.406 0.739
<1.3M VND  15/78 (19%) 14/80 (18%) 11/57 (19%)  20/127 (16%)
1.3-9M VND  59/78 (76%) 57/80 (71%) 4257 (74%)  95/127 (75%)
>OM VND  4/78 (5%) 9/80 (11%) 4/57 (7%) 12/127 (9%)
Only 1 child 36/84 (43%) 37/84 (44%) 1.000 21/65 (32%) 61/134 (46%) 0.091
Only 1 child aged <5 years  68/85 (80%) 71/86 (83%) 0.699  49/65 (75%)  105/134 (78%) 0.718
Age of first child (years) 3/87 (2, 4) 2/87 (2,4)  0.486 3/65 (2, 4) 3/140 (2,4) 0.553
Infections in previous
onth 57/86 (66%) 44/86 (51%) 0.063 43/65 (66%) 73/139 (53%) 0.071
Medication in previous
onth 60/87 (69%) 51/87 (59%) 0.207 = 45/65 (69%) 83/141 (59%) 0.167
Antimicrobials in previous
24/60 (40%) 26/70 (37%) 0.857 18/41 (44%) 46/118 (39%) 0.585

month

a) p-values calculated using Fisher’s exact test for categorical variables and the Mann-Whitney U-test for
continuous variables. Significant p-values are highlighted in bold.
b) Monthly income <1,300,000VND/month is determined to be poor and below average (as suggest by the
Vietnamese government) 2%8; while income >=9,000,000VND/month a good monthly income and above average.
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Figure 4.3 Healthcare utilization for paediatric diarrhoea by caregivers in District 8
Pyramid plot showing the number and proportions of 396 individuals, caregivers, or parents
of children aged <5 years residing in District 8 (x-axis) selecting the various healthcare
services (y-axis) as first, second, or third choices (shaded, see key) for watery and mucous

diarrhoea.
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4.2.5 Quantifying antimicrobial use for diarrhoeal treatment

Lastly, I aimed to calculate antimicrobial usage in the community and in hospitals for
diarrhoeal disease in children aged between 1 and 5 years (Figure 4.4). From following 748
children and quantifying episodes of diarrhoea over a two-year period in the diarrhoea
cohort, I estimated the total annual incidence of watery and mucous diarrhoea to be 536
(95%CI1 463-609) and 210 (95%CI 154-267)/1,000 child-years, respectively (B). The
annual incidence of watery and mucous diarrhoea that attended hospital were 112 (95%ClI
83-141) and 116 (95%CI 83-149)/1,000 child-years, respectively (C). Among the
diarrhoeal episodes attending hospital, 66/159 (42%) watery episodes and 107/164 (65%)
mucous episodes received antimicrobial treatment in hospital (D). | therefore estimated the
total number of diarrhoeal episodes within the study area in this age group as 10,355
(95%CI1 8,945-11,765) and 4,057 (95%ClI 2,975-5,158) per year for watery and mucous

diarrhoea, respectively (Table 4.5).

Combining data from the surveys of the self-reported behaviour and the pharmacy practice,
| estimated that the annual number of diarrhoeal episodes in children aged 1-5 years that
would receive antimicrobial treatment at pharmacies were 184 (95%CI 159-209) for
watery diarrhoea and 144 (95%CI 105-183) for mucous diarrhoea (Table 4.5). However,
data from the diarrhoea cohort indicated that the number of paediatric diarrhoeal cases that
received an antimicrobial attending in hospital were approximately five (898 (95%CI 673—
1,130)) and ten times higher (1,462 (95%CI 1,046-1,878)), for watery and mucous
diarrhoea, respectively (Table 4.5). In total, | estimated that at least 19% (2,688/14,427) (a
total from 2,359 and 329) of diarrhoea episodes in children aged 1-5 years in the study area

would receive an antimicrobial annually.
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Flgure 4.4 Estimating antimicrobial usage for diarrhoea in children aged 1 to 5 years in pharmacies and hospital. Diagram
outlining the sources of data, parameters, and calculations used to quantify antimicrobial usage for diarrhoea in children aged 1—
5 years in this population. Note each of the parameters have been calculated from the studies (A—F).
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Table 4.5 The burden of diarrhoea and antimicrobial treatment for diarrhoea in children aged 1 to 5 years.

Total number of Number of children with diarrhoea episodes (95% CI)

Diarrhoea children with diarrhoea

type in District 8 per year Receiving an _ Receiving an
Attending a
(95% CI) Attending hospital  an¢imicrobial antimicrobial
pharmacy
in hospital at a pharmacy
Calculation? (AxB) (AxC) (AxCxD) (AXBXE) (AXBXEXF)
Watery 10,355 (8,945-11,765) 2163 (1622-  g99673-1130) 2,275 (1,965-2,584) 184 (159-209)
2,724)
Mucous 4,057 (2,975-5,158) 2,241 (1,603 1,462 (1,046 667 (489-848) 144 (105-183)
2,878) 1,878)
Total 14,427 (12,636-16,219) 4,404 (3,560 2,359 (1,884~ 2,945 (2,585-3,305) 329 (282-375)
5,249) 2,834)

Calculation derived from parameters described in Figure 2.8. Parameters include: (A) Total children ages 1-5 years by 2017 was 19,320;
(B) Incidences of watery and mucous diarrheal were 536/1000 CYO and 210/1000 CYO respectively; (C) Incidences of watery and mucous
diarrhoea attending hospital were112/1000 CYO and 116/1000 CYO; (D) % of antimicrobial uses in hospital for watery and mucous

diarrhoea were 42% ( 66/159) and 65% (107/164) respectively.

151



Chapter 4 — Quantifying antimicrobial access and usage for paediatric diarrhoeal diseases

4.3 Discussion

Antimicrobial resistant infections are increasing throughout Asia, and are likely being
driven in part by ease of access to antimicrobials. This factor is likely more relevant in a
setting with a high burden of infectious diseases, low diagnostic capacity, and a large
urbanizing population®2%°21° Viet Nam is the world’s fifteenth most populous country,
with >96 million people in 2017 and urbanization increased from 28% in 2014 to 34.9% in
2017%*, Antimicrobial dispensing in Viet Nam is known to be poorly regulated, leading to
inappropriate prescribing and self-medication for a number of common infections,
including acute respiratory infections?'2%2, It is also known that antimicrobials usage is
also excessive for paediatric diarrhoeal disease, which is common in Viet Nam, and among
the top motives for seeking healthcare facilities in HCMC?%18419L1%5 - However, it was
unknown whether antimicrobial usage for treating paediatric diarrhoeal disease was more
prevalent in the community or a hospital setting. Here, we report simple access to
community outlets selling antimicrobials in an urban district of HCMC. My results from
this study suggest that antimicrobial usage for paediatric diarrhoeal disease is excessive in
this setting, but surprisingly, antimicrobial usage for paediatric diarrhoeal disease it almost

ten times more common in hospitals than in the community.

The general density of pharmacies in the community in HCMC is high (7.59/10,000
people) and outnumbers the number of pharmacy staff that have been trained at any level
(assistant or university degree) in this city (5.98/10,000 people)?3. This density of
pharmacies in HCMC is reflective of the general pattern in LMICs, for example Sade et al.
reported a comparative distribution in an urban of India (5.84/10,000 people)?4,

Alarmingly, the number of pharmacy outlets in HCMC is more than double the mean
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density of pharmacies in other areas in the world, such as Europe (3.06/10,000 people)?*®,
Southeast Asia (3.02/10,000 people)?!®, three times higher than that of some countries in
Western Pacific (2.28/10,000 people)?t®, and the USA (2.11/10,000 people)?*’, and six
times higher than that in parts of Africa?'®, Ease of access to retail pharmacies may improve
equity in the use of medication, but also allows access to drugs that should be better
controlled, especially when pharmacy staffs are under qualified and/or fail to follow

appropriate guidelines.

My study demonstrated the common vending of antimicrobials without prescription for
paediatric diarrhoeal disease in the community in HCMC. However, this practice varied
according to the reported severity of the disease, in which less severe symptoms were
associated with fewer dispended antimicrobials. Notably, | estimated that antimicrobials
sales for paediatric diarrhoeal disease in the community in HCMC was lower than that in
Ethiopia (26%; 58/223)", and other Asian countries, such as Pakistan (14%)2'8, and
Thailand (52%)?%°. The low proportion of antimicrobials dispensed for acute watery
diarrhoea in HCMC (8%, 3/37) is complements a declining trend in antimicrobials use for
watery diarrhoea in Viet Nam. Available data suggests that antimicrobials dispensed for
acute watery disease has decreased over the last 20 years, from 45% in 199722, to 14% in
2013221, to 8% (3/37) in our study. This trend may result from a substantial improvement in
practices in pharmacies to alleviative antimicrobial prescribing and the impact of
resistance. However, despite an array of public health engagement and intervention
projects, antimicrobials still remain the most inappropriate drugs dispensed from retail
pharmacies in Viet Nam*“, It is additionally worth noting that previous studies suggested

that antimicrobial usage is much greater in rural areas than in urban areas?'2. Therefore, my
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results from an urban setting may underestimate the extent of the issue from other locations

in and around HCMC and across the country.

The major finding in this study was that antimicrobials usage for paediatric diarrhoea in
HCMC is more common is hospitals than in the community. | predicted that the diarrhoeal
disease management, including antimicrobials dispensing, in the community is poor in
HCMC, which is similar to a number of other areas in the world?18-220222223 | found that
the total number of diarrhoeal episodes that would receive an antimicrobial in the hospital
was five to ten times higher than that from retail pharmacies; this observation was contrary
to our hypothesis. My findings are consistent with a recent finding in this setting, where
85% of bloody and mucous paediatric diarrhoeal patients admitted to hospital were
prescribed antimicrobials'#t. While one-third of antimicrobials prescribed in hospitals may
be considered inappropriate?®, this practice could enhance associated with AMR. A
potential explanation for our finding is that children with diarrhoeal disease attending a
specified hospital are generally considered to be the more serious cases. Therefore, doctors
are inclined to prescribe first-line therapies to prevent disease progression and to satisfy
parent expectations for treating the infection with the best available medication. It is
apparent that, in a setting with limited-to-no diagnostic testing, that this clinical approach is
thought to be optimal for preventing complication and saving lives. | suggest that
antimicrobials are used an as “insurance policy” rather than as a therapeutic treatment
option. There is a large demand for hospital care in HCMC and doctors have limited time
to make clinical decisions and this approach may be more effective and less time

consuming. Therefore, there is a clear requirement for tests that can identify children at the
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more severe end of the disease spectrum and that can simply identify between a viral and a

bacterial infection.

This study has limitations. | likely underestimated the overall antimicrobial use as our
calculation did not take into account antimicrobial use in facilities other than specialized
hospitals. Additionally, relying on the choice of attending pharmacy as the first option only
and the practice of selling antimicrobials in a small number of pharmacies from two
scenarios may underestimate antimicrobial sales in pharmacies. Even though | employed a
thorough process to quantify antimicrobial use for diarrhoea, our data extrapolation may
contain errors as we compiled data from several sources. In addition, aiming to assess
antimicrobials dispensing only, I did not record or evaluate the retailer’s consulting abilities
for using these treatments, which may reflect local antimicrobial handling practices. Lastly,
my combined studies focused on diarrhoeal disease in young children only, | recognize that
this approach limited the understanding of antimicrobial usage in other populations and

other presentations.

4.4 Conclusion

| conclude that the pharmacy retailer density is extremely high in urban HCMC, which is
associated with straightforward antimicrobial access in the community. However,
antimicrobial usage for diarrhoeal diseases in children is more common in hospitals than
through community pharmacies. Given these findings, combined with a general low level
of knowledge regarding antimicrobial and the self-reporting behaviour parents and
caregivers, | predict a high burden of antimicrobial overuse in the community in Viet Nam.

| propose further applied research to improve the knowledge, attitudes, and practice of
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parents and caregivers in terms of antimicrobial prescribing and AMR. I additionally
advocate better education, training, and guidelines for antimicrobial usage and AMR for all
health professionals with the authority to prescribe antimicrobials in Viet Nam. Lastly,
rapid diagnostic tests at the first point of care contact are essential for optimizing

antimicrobial therapy in the community.
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5. Obesity and age associated with the carriage of fluoroquinolones and
third generation cephalosporins resistance genes in commensal E. coli

from a cohort of urban Vietnamese children

AMR bacterial infections in LMICs are well-established global health issue. Antimicrobials
are commonly used worldwide in agriculture in both developed and developing countries
for the purpose of growth and nutrition supplements in livestock??*. It was noted for more
than 35 years that humans can be transferred antimicrobial resistant bacteria by farm
animals because the antimicrobials used in livestock can be ingested by humans when
people consume food?2°. The consequences are first susceptible bacteria among human
intestinal system can be killed or suppressed by the antimicrobials in food, allowing
resistant bacteria to thrive then these bacteria can cause bacterial resistance infection®®,
Recent evidence shows that infants who have not been exposed to antimicrobials have
similar faecal ARGs to their mothers®3. | hypothesize that commensal AROs in the

community in LMICs are a major reservoir of ARGs that can be transferred to pathogens.

Therefore, in this chapter | aimed to assess the prevalence and epidemiological factors
associated with the carriage of ciprofloxacin and ceftriaxone resistant Escherichia coli and
associated resistance genes in a cohort of healthy children residing in urban HCMC, Viet
Nam. Using rectal swabs from 498 children cultured onto MCA independently
supplemented with resistant concentrations of ciprofloxacin and ceftriaxone, | aim to detect
resistant E. coli to these two commonly used antimicrobials. Screening the individual E.

coli populations by conventional PCR from samples, | aim to detect a panel of PMQR and
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ESBL encoding genes. Using univariable and multivariable logistic regression, | investigate

the associations between phenotypic/genotypic resistance and demographic characteristics.

5.1 Background

AMR has become an increasingly recognised global health problem. The social
complexities associated with AMR are multifaceted; however, a major driver of AMR is
thought to be the unsolicited use of antimicrobials in the community, which is particularly
common in many LMICs®*?%, It is generally accepted that the more a community is
exposed to antimicrobials, the more likely AMR bacteria will emerge and be maintained??’.
Multiple studies have demonstrated a recent dramatic rise in pathogenic bacteria exhibiting
resistance against fluoroquinolones and third-generation cephalosporins?28-2%: two of the
most commonly used classes of antimicrobials globally®3!. Consistently, cephalosporins
and fluoroquinolones are the most consumed antimicrobials classes in Viet Nam, with

prescribed consumption from hospitals equal to that from retail pharmacies’®%2°,

E. coli is a Gram-negative bacterium, which is abundant in the intestine of healthy people
and can be used to assess the composition of AMR in the human gut!#3232233 E_coli are
proficient vehicles of AMR gene circulation, and are commonly co-resistant to several
clinically important antimicrobials including cephalosporins, fluoroquinolones, and
sulfamethoxazole/trimethoprim?342%°, Therefore, commensal E. coli are sentinel Gram-
negative organisms that play a principal role in the maintenance and spread of plasmid
associated AMR genes within the Enterobacteriaceae!®22%, Specifically, E. coli are known

to be a major reservoir of plasmids carrying both ESBLs and PMQR genes’>7°.
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The expression of ESBLS genes is a key resistance mechanism against later generation
beta-lactams; the circulation of genes encoding these enzymes is of critical importance in
human health’®. ESBLs, which can hydrolyse a wide variety of B-lactamases, are presently
classified into several sub groups, the most frequently identified include TEM, SHV, and
CTX-M?%237 TEM and SHV are historic B-lactamase genes that have evolved to exhibit
ESBL activity; TEM and SHV variants that have ESBL activity can be commonly found in
members of the Enterobacteriaceae associated with infection. CTX-M genes were first
described in the 1980s and found to have greater activity for reducing cefotaxime
susceptibility than existing ESBL genes. The blactx-m genes have been extremely
successful, becoming globally ubiquitous and undergoing extensive diversification (>100
variants have been identified). This important group of ESBL genes is broadly divided into
five phylogroups: CTX-M-1, CTX-M-2, CTX-M-8, CTX-M-9, and CTX-M-25. The most
dominant global lineage is blactx-m-1, which incorporates blactx-m-15, a particularly

successful and persistent variant found commonly in Asia?®.

Fluoroquinolone resistance generally occurs as a result of mutations in the chromosomal
drug target genes encoding the DNA gyrase (gyrA and gyrB) and the topoisomerase 1V
(parC and parD)?®. However, fluoroquinolone resistance can also be induced and
enhanced by the PMQR genes. The most common PMQR genes are the gnr family (gnrA,
gnrB, gnrC, gnrD and gnrS), which act by altering the DNA gyrase and topoisomerase 1V,
thus reducing the interaction between drug and target'"-%°. The gnr genes have been found
on a broad range of plasmid structures in various pathogens within the Enterobacteriaceae.
Alternative PMQRs include aac(6")-1b-cr, which encodes a modified aminoglycoside

acetyltransferase that inactivates specific fluoroquinolones, and the efflux pump encoding
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genes, gepA and ggqxAB23:240 Notably, PMQR genes frequently co-exist on the same
plasmid backbones as ESBL genes, which can be co-transferred during horizontal gene

exchange107'24l'242

Several studies have focused on characterising the carriage of AMR organisms in
hospitalized patients and healthy individuals in the community in LMICs?2%235243 The
majority of these investigations have isolated E. coli and then performed conventional
antimicrobial susceptibility testing?**. In addition, various studies have measured the
prevalence of ESBL producing commensal E. coli in Vietnamese individuals?*°246,
However, less is known about the prevalence of AMR bacteria and the diversity of
associated AMR genes in the commensal microbiota of healthy children living in an urban
community. Furthermore, the potential risk factors associated with the carriage of AMR
organisms of AMR genes have not been defined. Here, | use a direct plating method on
selective media to measure phenotypic and genotypic resistance in E. coli against
fluoroquinolones and third generation cephalosporins among a cohort of 498 healthy
children resident in HCMC?¥. Further, | aim to identify epidemiological risk factors
associated with the carriage of phenotypic and genotypic resistance in these urban children.
Such data from an urbanizing LMIC is important for a better understanding the circulation
of AMR bacteria in the community and to quantify the key populations associated with the

global AMR crisis.
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5.2 Results

5.2.1 Baseline characteristics

Between March and August 2016, rectal swabs were collected from 498 children without
diarrhoea attending a routine health check at the designated healthcare facility. All children
were from a single district (eight) in HCMC (the same study area assessed for access to
pharmacies in this age group, which has been described in Chapter 4) and enrolled in a
longitudinal cohort study of 748 individuals (the diarrhoea cohort, described in Method
section 2.1.2 Diarrhoea cohort). This population was considered to be generally
representative of the child population in HCMC. The baseline characteristics of those
sampled are in Table 5.1; 269/498 (54%) were male, 211/498 (42.4%) were born by
Caesarean section, and 64/498 (12.9%) were preterm deliveries (Table 5.1). The median
age of the children at the point of sampling was 46 months. At the time of the health check
in which they were sampled, the majority of children were attending nursery/school
(67.9%; 338/498), and only a small fraction of children were underweight, stunted, or
wasted. However, more than a quarter of children were overweight (27.5%; 137/498), with
a similar proportion (136/498; 27.3%) having a minor non-diarrhoeal illness at the time of
visit. A substantial proportion (42.8%; 213/498) of children had received antimicrobials in
the six months prior to sampling and 26.9% (134/498) regularly consumed some form of
probiotic as part of their diet (Table 5.1). A third (29.1%; 145/498) of the children had
taken oral vitamin A supplementation, provided via a government public health nutrition
program. The children were a broad cross-section of the community in this urban district of

HCMC and had correspondingly consumed a wide variety of animal products in the three
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days prior to sampling, which included pork (89.6%, 446/498), shrimp (85.1%; 424/498),

eqgs (77.7%; 387/498), beef (75.9%; 378/498), and poultry (64.5%; 321/498) (Table 5.1).

5.2.2 Ciprofloxacin and ceftriaxone resistant E. coli

Aiming to assess the prevalence of antimicrobial resistant E. coli carriage in this
population, rectal swabs were independently plated onto MCA supplemented with
ceftriaxone and ciprofloxacin to isolate resistant organisms. E. coli colonies that were
resistant to ceftriaxone (according to current CLSI guidelines®®) were cultured from 80.3%
(400/498) of the rectal swabs and E. coli colonies that were resistant to ciprofloxacin
(according to current CLSI guidelines®*®) from 67.7% (337/498) of the rectal swabs. As
shown in Figure 5.1, resistant E. coli colonies were cultured from at least one of the
antimicrobial supplemented plates (i.e. either ciprofloxacin or ceftriaxone) in 84.7%
(422/498) samples; no antimicrobial resistant E. coli colonies were isolated on either plate
from the remainder of samples (76/498; 15.3%). From the 422 samples from which we
isolated resistant E. coli colonies on at least one plate, 315 produced E. coli colonies on
both the ceftriaxone supplemented media and the ciprofloxacin supplemented media.
Figure 5.2 provides a more detailed perspective at the prevalence of E. coli colonies that
were resistant to any of the two antimicrobials tested. More samples contained ceftriaxone

resistant E. coli colonies than ciprofloxacin resistant E. coli colonies.
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Table 5.1 Baseline characteristics of the 498 study participants.

Characteristics

Frequency (%) or Median (IQR)

Male
Age at visit (month)
Preterm at birth
Low birth weight
Caesarean section
The only child in the family
Early breastfeeding at birth
Feeding at birth
Only formula
Exclusive breastfeeding
Breast milk plus formula
Breastfeeding duration (month)
Breastfeeding up to 12 month
Attending school
Nutritional status *
Underweight (weight for age)
Stunting (height for age)
Overweight (weight for height)
Wasting (weight for height)
Probiotic using prior 6 months
Antimicrobials using prior 6 months
Oral vitamin A supplementation prior 6 months
Food consumption prior 3 days
Pork
Beef
Shrimp
Fish
Egg
Shellfish
Pate (made from live liver)
Current sickness
Hospital admission prior 6 months
Low maternal education (< = 9yrs)
In-paid employment mothers
Household crowding **
Main water use at home
Piped to residence
Bottled water
Others
Ice using at home
Exposure to flooding
Exposure to animal around home
Presence of toilet soap at home
Handwashing behaviour after toilet
Always
Sometimes
Never
Handwashing after handling diaper
Always
Sometimes
Never

269 (54.0%)
46.4 (35.6, 52.5)
64 (12.9%)
20 (4.0%)
211 (42.4%)
271 (54.4%)
340 (68.3%)

42 (8.4%)
20 (4.0%)
436 (87.6%)
4.0 (3.0, 6.0)
60 (12.0%)
338 (67.9%)

2 (0.4%)
10 (2.0%)
137 (27.5%)
1(0.2%)
134 (26.9%)
213 (42.8%)
145 (29.1%)

446 (89.6%)
378 (75.9%)
424 (85.1%)
339 (68.1%)
387 (77.7%)
108 (21.7%)
53 (10.6%)
136 (27.3%)
19 (3.8%)
302 (60.6%)
342 (68.7%)
348 (69.9%)

331 (66.5%)
163 (32.7%)
4 (0.8%)
82 (16.5%)
107 (21.5%)
300 (60.2%)
498 (100.0%)

269 (54.0%)
227 (45.6%)
2 (0.4%)

420 (84.3%)
78 (15.7%)
0 (0.0%)

* Based on the WHO Child Growth Standards: Underweight: weight for age < -2 standard deviations
(SD); Stunting: height for age < - 2SD; Wasting: weight for height < - 2SD; Overweight: weight for
height >+2SD; "Two or more people per room
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Percentage amongst all participants
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Resistant to Ciprofloxacin Resistant to Ceftriaxone Resistant to any Resistant to both

Figure 5.1 The prevalence of antimicrobial resistant commensal E. coli in a cohort of 498
Vietnamese children. Bar chart showing the prevalence of faecal samples from rectal swabs
from which E. coli exhibiting resistance to flouroquinolones (ciprofloxacin), third

generation cephalosporins (ceftriaxone), or both could be isolated.
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Figure 5.2 The prevalence of fluoroguinolones (ciprofloxacin) and third generation
cephalosporins (ceftriaxone) resistant E. coli. Horizontal bar chart at bottom-left represents
frequencies of sample with E. coli resistant to ciprofloxacin (MC_Cip4) and ceftriaxone
(MC_Cef6). Top-right bar chart represents frequencies of sample with E. coli resistant to
ceftriaxone only, sample with E. coli resistant to ciprofloxacin only, and sample with both

resistances.
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5.2.3 Risk factors for ciprofloxacin and ceftriaxone commensal E. coli phenotype

| aimed to identify epidemiological characteristics associated with the detection of
fluoroquinolones and cephalosporin resistant E. coli in the rectal swabs. However, after
investigating multiple factors including age, sex, antimicrobial usage, and other household
variables, | found that the antimicrobial resistant E. coli were so ubiquitous that no factors

were significantly associated with their carriage (Table 5.2).
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Table 5.2 Associations between the presence of E. coli resistant to any antimicrobials and characteristics of the study

participants.

Characteristic

Low maternal education

In-paid employment mother

Male

Age " (month)

Preterm at birth

Caesarean section

Breastfeeding duration " (month)
Weight-for-height z score *
Antimicrobials use in the prior 6
months

Probiotic use in the prior 6 months
Pork or beef consumption in the
prior 3 days

Poultry or egg consumption in the
prior 3 days

Seafood consumption in the prior 3
days

Ice using in the prior 6 months
Piped water to residence
Exposure to flooding

Exposure to animal

Attending school

Household crowding

Hospital admission in the prior 6
months

Current sickness

Yes (N=422)

256 (60.7%)
287 (68.0%)
228 (54.0%)

43.3 (35.6, 52.4)

55 (13.0%)
183 (43.4%)
4.0 (3.0, 6.0)
1.0 (-0.2, 2.2)

183 (43.4%)
110 (26.1%)
416 (98.6%)

383 (90.8%)

412 (97.6%)

68 (16.1%)
284 (67.3%)
89 (21.1%)
251 (59.5%)
283 (67.1%)
292 (69.2%)

16 (3.8%)
120 (28.4%)

Presence of suspected antimicrobial resistant E. coli

No (N=76)

46 (60.5%)
55 (72.4%)
41 (53.9%)

47.3 (357, 53.3)

9 (11.8%)
28 (36.8%)

4.0 (3.0, 6.0)
0.7 (-0.3, 1.8)

30 (39.5%)
24 (31.6%)
75 (98.7%)

72 (94.7%)

74 (97.4%)

14 (18.4%)
47 (61.8%)
18 (23.7%)
49 (64.5%)
55 (72.4%)
56 (73.7%)

3 (3.9%)
16 (21.1%)

OR

1.01
0.81
1.00
0.97
1.12
131
0.99
1.08

1.17
0.76
0.92

0.55

111

0.85
1.27
0.86
0.81
0.78
0.80

0.96
1.49

(95% ClI)

(0.61, 1.65)
(0.46, 1.38)
(0.61, 1.64)
(0.94, 1.00)
(0.55, 2.51)
(0.80, 2.19)
(0.95, 1.04)
(0.93, 1.26)

(0.72, 1.95)
(0.45, 1.32)
(0.05, 5.52)

(0.16, 1.41)

(0.17, 4.33)

(0.46, 1.66)
(0.76, 2.09)
(0.49, 1.57)
(0.48, 1.34)
(0.44,1.32)
(0.45, 1.37)

(0.31, 4.20)
(0.84, 2.77)

Univariable analysis

p value

0.982
0.446
0.990
0.044
0.773
0.287
0.765
0.342

0.527
0.325
0.942

0.228

0.892

0.622
0.358
0.616
0.410
0.356
0.427

0.948
0.174

Multivariable analysis

OR

0.93
0.75
0.94
0.97
1.12
1.28
0.99
1.04

1.23
0.67
1.02

0.51

1.09

0.86
1.20
0.88
0.80
0.93
0.76

0.84
1.58

(95% ClI)

(0.55, 1.56)
(0.42, 1.33)
(0.56, 1.57)
(0.94, 1.00)
(0.54, 2.57)
(0.76, 2.18)
(0.95, 1.04)
(0.87, 1.24)

(0.72, 2.13)
(0.38, 1.19)
(0.05, 6.67)

(0.15, 1.35)

(0.16, 4.55)

(0.45, 1.73)
(0.70, 2.05)
(0.48, 1.66)
(0.46, 1.34)
(0.50, 1.70)
(0.42,1.33)

(0.25, 3.86)
(0.83, 3.16)

p
value

0.782
0.336
0.823
0.088
0.765
0.360
0.812
0.677

0.449
0.169
0.985

0.188

0.919

0.661
0.504
0.692
0.396
0.814
0.345

0.801
0.164

“Median (IQR), OR: odds ratio of presence of suspected antimicrobial resistant E. coli; Cl: confidence interval
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5.2.4 The prevalence of antimicrobial resistant genes in rectal swabs from healthy
children

The 498 paired MCA plates were scraped and aliquoted; DNA was extracted from the
mixed E. coli populations, which means all types of detectable E. coli, and all were
subjected to PCR amplification to identify a panel of genes associated with resistance to
fluoroquinolones and cephalosporins. As shown in Figure 5.3, the prevalence of any
resistant genes, including PMQR and B-lactamase genes, was 82.7% (412/498), among
which only resistant to ceftriaxone was 78.3% (39/498) and only resistant to ciprofloxacin
was 43.1% (20/498). The overall prevalence of PMQR genes (aac (6°)-1b-cr, gepA, gnrA,
gnrB, and gnrS) in the samples was 86.7% (432/498); the corresponding prevalence of type
B-lactamase genes was 90.6% (451/498). Notably, individual gnr-determinants were the
most commonly detected (83.9%; 418/498) resistance genes, especially gnrB (67.3%);
335/498) and gnrS (61.4%; 306/498) (Figure 5.4A). The prevalence of ESBL genes
(blacTx-m, blatem,, blashv, and blaoxa) and AmpC genes (MOX, DHA, EBC, FOX, ACC,
CIT) were 83.7% (417/498) and 67.5% (336/498), respectively. Alarmingly, the CTX-M
class of ESBL gene was the most commonly detected (75.1%; 374/498), followed by

blatem (36.9%; 184/498) (Figure 5.4B).

Generally, gnrB, gnrS, blactx-me, and DHA were sequentially the most frequently detected
genes, and typically identified in the same sample (Figure 5.5A). More than half (52.2%;
260/498) of samples had a combination of at least one gnr, one AmpC, and one blacTtx-m

(Figure 5.5B).

168



Chapter 5 — Carriage of antibiotic resistance genes in commensal E. coli

412
400

300 4

200 A

Intersection Size

100 o

39

20
T —

400 300 200 100 O
Set Size

Figure 5.3 Frequency of resistant genes to flouroquinolones (ciprofloxacin) and third
generation cephalosporins (ceftriaxone). Horizontal bar chart at bottom-left represents
frequencies of sample with any gene resistant to ciprofloxacin (anygenefq) and any gene
resistant to ceftriaxone (anygeneCef). Top-right bar chart represents frequencies of sample
having any gene resistant to ceftriaxone only, sample having any gene resistant to

ciprofloxacin only, and sample having both resistant genes.
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Figure 5.4 The prevalence of selected antimicrobial resistance genes in commensal E. coli
in a cohort of 498 Vietnamese children.

Bar charts showing the prevalence of PMQR genes (A) and B-lactamase genes (B) in

commensal E. coli isolated from faecal samples of Vietnamese children.
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Figure 5.5 The co-selection of specific antimicrobial resistant genes in commensal E. coli

in a cohort of 498 Vietnamese children.

(A) Heat-map showing prevalence of co-selection screened antimicrobial resistant genes;

the greater the intensity the more common the combination (see key). (B) Two-dimensional

bar plots showing the prevalence of the co-existence of various combinations gnr, AmpC,

and CTX-M genes.
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Not all antimicrobial resistant samples were associated with a corresponding antimicrobial
resistance gene marker. From the ciprofloxacin resistant E. coli, 37/337 (11%) samples did
not generate an amplicon associated with a PMQR genes; potentially explained by
chromosomal DNA gyrase mutations. Correspondingly, from the ceftriaxone resistant E.
coli, 20/400 (5%) did not produce an ESBL or AmpC amplicon. Conversely, from the 161
samples with no ciprofloxacin resistant E. coli, 73% (118/161) generated an amplicon for at
least one gnr gene. From the 98 rectal swabs containing no E. coli exhibiting phenotypic
ceftriaxone resistance, a large proportion (72%; 71/98) generated at least one ESBL or an

AmpC amplicon.

5.2.5 Risk factors for PMQR and B-lactamase genes carriage

| then explored potential epidemiological associations between the participants’
characteristics/behaviour and the most common PMQR genes (gnr-family: 83.9%;
418/498)) (Table 5.3) and B -lactamase genes (blactx-m (75.1%; 374/498) (Table 5. 4). The
detection of gnr genes in commensal E. coli were significantly more common in children
with higher weight-for-height z-scores (OR: 1.24, 95%CI: 1.05-1.48, p=0.01). However,
no significant association was found between the age of the children when sampled and the
presence of any gnr gene (p>0.05). Conversely, a relationship between weight-for-height z-
score and the presence of blactx-m genes were not identified (p>0.05). However, blactx-m
genes were more commonly detected in the commensal E. coli in children of a younger age
(OR: 0.97, 95%CI: 0.94-0.99, p=0.01). Additionally, potential epidemiological
associations between participants’ features and the presence of the most common genes in

combination (blactx-m and gnr), were investigated. There was a consistent relationship,
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whereby the co-existence of these genes was significantly higher among younger children

(OR: 0.95, 95%Cl: 0.9-1.00, p=0.03) (Table 5.5).
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Table 5.3 Associations between the presence of gnr genes and characteristics of the study participants.

Presence of any gnr gene Univariable analysis Multivariable analysis
Characteristic p p
Yes (N=418) No (N=80) OR  (95% Cl) OR  (95% ClI)

value value
Low maternal education 249 (59.6%) 53 (66.2%) 075 (045 1.23) 0259 0.77 (0.45 129) 0.320
In-paid employment mother 286 (68.4%) 56 (70.0%) 093 (0.54,155) 0.780 0.74 (0.42,1.29) 0.292
Male 229 (54.8%) 40 (50.0%) 121  (0.75,1.96) 0432 110 (0.66,1.83) 0.700
Age * (month) 46.4(35.6,52.4)  47.2(358,531) 099 (0.96,1.02) 0512 099 (0.96,1.02) 0.419
Preterm at birth 54 (12.9%) 10 (12.5%) 104 (0.52,225) 0918 099 (0.49,2.20) 0.988
Caesarean section 184 (44.0%) 27 (33.8%) 154  (0.94,258) 0086 148 (0.88,2.53) 0.138
Breastfeeding duration * (month) 4.0 (3.0, 6.0) 4.0 (2.8,6.0) 1.04 (0.99,1.09) 0.162 1.04 (0.99,1.10) 0.117
Weight-for-height z score * 1.0 (0.1, 2.3) 0.4 (-0.4, 1.5) 122  (1.04,1.44) 0012 124 (105 1.48) 0.011
ﬁgm'scmb'a's use in the prior 6 180 (43.1%) 33 (41.2%) 108 (0.67,1.76) 0764 092 (0.54,1.57) 0.753
Probiotic use in the prior 6 months 116 (27.8%) 18 (22.5%) 132  (0.76,239) 0324 130 (0.72,2.41) 0.388
g%r;ygr beef consumption inthe prior 415 (g5 o4 79 (98.8%) 087 (0.05,5.18) 089 090 (0.05 6.13) 0.929
Eﬁ’i‘c‘)rg’ d";yigg consumption in the 385 (92.1%) 70 (87.5%) 167 (0.75,342) 0200 172 (0.75,3.68) 0.193
Ice using in the prior 6 months 65 (15.6%) 17 (21.2%) 0.68 (0.38,1.27) 0.221 0.69 (0.37,1.32) 0.250
Piped water to residence 278 (66.5%) 53 (66.2%) 1.01  (0.60,1.66) 0964 092 (0.53,1.58) 0.769
Exposure to flooding 89 (21.3%) 18 (22.5%) 093 (053,1.69) 0810 091 (0.50,1.72) 0.773
Exposure to animal 251 (60.0%) 49 (61.3%) 095 (058,155 0.840 103 (0.61,1.72) 0.917
Attending school 286 (68.4%) 52 (65.00%) 117 (0.70,1.92) 0551 1.30 (0.72,2.30) 0.383
Household crowding 293 (70.1%) 55 (68.8%) 1.07 (0.63,1.77) 0.811 1.03 (0.59,1.75) 0.922
Hospital admission in the prior 6 0 0 (0.72, (0.66,
o 18 (4.3%) 1 (1.2%) 3.55 6aaz) 0139 347 o 0.165
Current sickness 117 (28.0%) 19 (23.8%) 125 (0.73,223) 0430 099 (0.54,1.85) 0.970

*Median (IQR); OR: odds ratio of presence of any gnr gene; Cl: confidence interval
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Table 5.4 Associations between the presence of CTX-M genes and characteristics of the study participants.

Presence of any CTX-M resistant genes Univariable analysis Multivariable analysis

Characteristic Any CTX-M None CTX_M genes o p o p

genes(N=374) (N=124) OR (95% Cl) value OR (95% C1) value
Low maternal education 224 (59.9%) 78 (62.9%) 0.88 (0.58,1.33) 0551 0.92 (0.59,1.42)  0.694
In-paid employment mother 259 (69.3%) 83 (66.9%) 111 (0.72,1.71) 0.631 112 (0.70,1.77)  0.643
Male 204 (54.5%) 65 (52.4%) 1.09 (0.72,1.64) 0681 1.07  (0.70,1.64)  0.749
Age " (month) 41.8 (35.6, 52.3) 47.3 (36.0, 53.3) 097 (0.94,0.99) 0.006 0.97 (0.94,0.99) 0.014
Preterm at birth 45 (12.0%) 19 (15.3%) 0.76 (0.43,1.38) 0351 0.70 (0.39,1.30) 0.253
Caesarean section 158 (42.2%) 53 (42.7%) 098 (0.65,1.48) 0923 0098 (0.64,1.51)  0.937
Breastfeeding duration * (month) 4.0 (2.0, 6.0) 4.0 (3.0, 6.0) 1.01 (0.98,1.06) 0.499 1.01 (0.97,1.05) 0.704
Weight for height z-score 0.8(-0.2,2.1) 1.0(-0.2,2.2) 096 (0.85,1.08) 0.480 0.95 (0.82,1.09) 0.463
Antimicrobials use in the prior 6 months 167 (44.7%) 46 (37.1%) 1.37 (0.90,2.09) 0.139 1.26 (0.81,1.98) 0.314
Probiotic use in the prior 6 months 102 (27.3%) 32 (25.8%) 1.08 (0.68,1.73) 0.749 0.94 (0.58,1.54) 0.789
S;’;E or beef consumption in the prior 3 369 (98.7%) 122 (98.4%) 121 (0.17,5.69) 0824 117 (0.16,5.73)  0.854
Z;’;S'”y or egg consumption inthe prior 3 45 (g1 494 113 (91.1%) 104 (0.49,2.07) 0914 104  (0.48,2.13) 0.914
Ice using in the prior 6 months 63 (16.8%) 19 (15.3%) 1.12 (0.65,2.00)0 0.690 1.18 (0.67,2.15)  0.581
Piped water to residence 247 (66.0%) 84 (67.7%) 093 (0.60,1.42) 0.728 0.85 (0.53,1.33) 0.473
Exposure to flooding 76 (20.3%) 31 (25.0%) 0.77 (0.48,1.25) 0.277 0.70 (0.42,1.18) 0.181
Exposure to animal 225 (60.2%) 75 (60.5%) 099 (0.65,1.49) 0949 1.03 (0.67,1.60) 0.883
Attending school 251 (67.1%) 87 (70.2%) 0.87 (0.55,1.34) 0527 0097 (0.59,1.59)  0.899
Household crowding 260 (69.5%) 88 (71.0%) 093 (0.59,145) 0.760 0.93 (0.58,1.47)  0.757
Hospital admission in the prior 6 months 16 (4.3%) 3 (2.4%) 1.80 (0.59,7.84) 0326 1.48 (0.46, 6.67) 0.535
Current sickness 105 (28.1%) 31 (25.0%) 1.17 (0.74,1.88) 0503 1.28 (0.76, 2.22) 0.354

“Median (IQR); OR: odds ratio of presence of any CTX-M gene; CI: confidence interval
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Table 5.5 Association between the co-existence of CTX-M and gnr genes and characteristics of the study participants.

Characteristic

Presence of both CTX-M and gnr family

Univariable analysis

Multivariable analysis

genes
Yes (N=327) No** (N=33) OR (95%Cl) p- OR (95%ClI) p-
value value
Low maternal education 195 (59.6%) 24 (72.7%) 055 (0.24,1.19) 0.133 057 (0.23,1.28) 0.177
In-paid employment mother 222 (67.9%) 19 (57.6%) 156 (0.74,3.21) 0.238 145 (0.65,3.18) 0.360
Male sex 179 (54.7%) 15 (45.5%) 145 (0.71,3.02) 0309 136 (0.63,2.95) 0.431
Age " (month) 41.9 (35.6, 52.4) 47.5 (36.0, 53.6) 0.95 (0.91,0.99) 0.016 0.95 (0.91,1.000 0.033
Preterm at birth 42 (12.8%) 7 (21.2%) 055 (0.23,144) 0.208 0.57 (0.23,1.56) 0.258
Caesarean section 143 (43.7%) 12 (36.4%) 136 (0.66,2.94) 0412 124 (0.57,2.83) 0.591
Breastfeeding duration * (month) 4.0 (2.0,6.0) 4.0 (3.0,9.0) 1.02 (0.96,1.09) 0.647 101 (0.94,1.09) 0.804
Weight-for-height z score* 0.9 (-0.2,2.2) 0.5 (-0.5, 1.6) 111 (0.89,140) 0.359 105 (0.82,1.37) 0.683
Antimicrobials use in the prior 6 months 148 (45.3%) 14 (42.4%) 1.12 (0.55,2.35) 0.755 0.94 (0.43,2.07) 0.866
Probiotic use in the prior 6 months 91 (27.8%) 7 (21.2%) 143 (0.63,3.68) 0405 121 (0.50,3.22) 0.686
Ice using in the prior 6 months 53 (16.2%) 7 (21.2%) 0.72 (0.31,1.87) 0.475 0.84 (0.34,2.35 0.732
Piped water to residence 216 (66.1%) 22 (66.7%) 0.97 (0.44,2.04) 0944 0.82 (0.351.81) 0.625
Exposure to flooding 67 (20.5%) 9 (27.3%) 069 (0.31,162) 0376 0.67 (0.28,1.69) 0.382
Exposure to animal 197 (60.2%) 21 (63.6%) 0.87 (0.40,1.79) 0703 1.03 (0.46,2.27) 0.938
Attending school 223 (68.2%) 24 (72.7%) 0.80 (0.34,1.73) 0589 091 (0.352.17) 0.829
Household crowding 225 (68.8%) 20 (60.6%) 143 (0.67,297) 0.343 139 (0.63,3.01) 0.408
Current sickness 92 (28.1%) 6 (18.2%) 176 (0.75,4.84) 0.204 151 (0.58,457) 0.414

“Median (IQR); ** No: no CTX-M and gnr genes was identified; OR: odds ratio of presence of both CTX-M and gnr family genes; CI: confidence

interval
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5.3 Discussion

Commensal E. coli are important vehicles for the transmission of antimicrobial resistance
determinants'#31822% Here, both the phenotypic and genotypic characteristics of AMR in a
cohort of urban children in Viet Nam were investigated using direct plating and
conventional PCR, a method which is sensitive, specific, inexpensive, and suitable for
screening in LMICs?#24_ This study outlines several new insights into this potential
reservoir of AMR genes and their association with demographic characteristics. An
exceptionally high prevalence of fluoroquinolones and third generation cephalosporin
resistant E. coli and their associated resistance genes in young children in this location were
found. The most commonly identified PMQR genes were within the gnr family (including
gnrB and gnrS) and the most commonly detected class of ESBL gene was blacTtx-m.
Additionally, the carriage of qnr genes was associated with higher weight for height z-
scores and that younger children were more likely to carry blactx-m ESBL genes in

combination with gnr PMQR genes.

Previous comparable studies in Viet Nam demonstrated a low prevalence of quinolone
resistant commensal E. coli?*>?%°, These two studies, conducted in Northern Viet Nam,
suggested that even though the overall prevalence of AMR E. coli was low, the isolation of
ciprofloxacin resistant organisms was higher in the urban area than in the rural area. Here a
trend towards an increasing prevalence of ciprofloxacin resistant commensal E. coli was
shown. This trend may reflect a generic higher degree of resistance to this group of
antimicrobials over time in combination with dramatic increases in antimicrobial usage
within Viet Nam, principally in urban areas. Results from direct plating showed a higher

prevalence of ciprofloxacin resistant E. coli in the commensal microbiota of children in
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Viet Nam compared to those described in Bolivia and Peru (18% in 2002 and 33% in
2005)2°0251 Additionally, in comparison to a recent study conducted in HCMC among
healthy adults®®?, these results from this study also show a higher prevalence of
ciprofloxacin resistant E. coli (15.5%, 16/103 E. coli isolates vs. 67.7% 337/498 rectal
swab samples). However, these differences may be derived from the method of resistance
detection; the previous study exploited routine bacterial culture and antimicrobial

susceptibility testing, or the population sampled.

Additionally, a substantially higher prevalence of PMQR and ESBL genes were detected
than observed in previous investigations in human populations. My data illustrate a much
higher prevalence of PMQR genes among the healthy paediatric population (86.7%;
432/498), than that have been described in other countries. For example, in Mexico in
2013, the prevalence of PMQR genes among Enterobacteriaceae isolates from children was
32%72%3. The global meta-analysis estimated that ESBL positivity rate for
Enterobacteriaceae among healthy community reported in 2016 was 14%2>*. The ESBL
producing Enteobacteriaceae among paediatric community varied according to level of
development; 2.9% (Sweden)?®, 11.6% (Tanzania)?*%, 23% (La0)?*’, 24.8% (Lebanon)®
and 59% (Central African Republic). Potential explanations for this discrepancy may
include the use of differing methods for detecting PMQR and ESBL determinants (i.e. PCR
methods) and a temporal difference of five years, which may reflect a natural increase in
the circulation of organisms and people carrying such AMR genes. Results from my study
indicate that a high proportion of children in urban Viet Nam carry multiple AMR genes,
implying high exposure to a range of antimicrobials in this local setting®#?, and is

comparable to other reports in Southeast Asia?®"2>%-261,
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Notably, the prevalence of carrying the ESBL blactx-m gene was 75.1% (374/498), of
which the majority (62.9%; 313/498) were blactx-m-9; the next most common was blatem
(36.9%; 184/498). This distribution is comparable to patterns observed in a small sample of
healthy adults residing in HCMC, where the blactx-m class of genes was the most dominant
among ESBL producing E. coli isolates (100%; 10/10), followed by blatem (50%; 5/10)%2,
A relatively consistent prevalence of gnr genes were found as previously reported in this
setting®®2. Further, qnrB and gnrS were the most prevalent PMQR genes (67%; 335/498
and 61%; 306/498, respectively). This prevalence was higher in comparison to data from
China and some settings in Latin American®2. However, this disparity may again be
associated with a difference in the population sampled. In a recent study, the prevalence of
gnrB was 94% (16/17) but this result was recovered from E. coli isolated only, while my
study revealed the prevalence of a whole population of bacteria in the faecal samples of
healthy children. However, while gnrS was not commonly detected in other locations®?3,
my results shows that gnrS is among the most common AMR genes in children within

HCMC.

A significant association between children carrying gnr genes and a higher weight-for-
height z-score were found in this study. An explanation for this association could be that
overweight and obese children are more likely to be treated with antimicrobials. In this
setting, children that are overweight are more commonly from families with a higher socio-
economic status, which in turn may be more likely to seek healthcare, and therefore receive
antimicrobials. Besides, childhood obesity is known to trigger chronic low-grade

inflammation?6?, which may lead to their vulnerability to gastrointestinal diseases and

179



Chapter 5 — Carriage of antibiotic resistance genes in commensal E. coli

diarrhoea?®?

. This in turn results in a higher likelihood of antimicrobial consumption prior
to hospitalization in cases of a diarrhoeal episode®®*. Furthermore, quantitative
microbiological examination has reported a significant expansion of E. coli, coupled with
the contraction of Bifidobacterium, in obese children in China when compared to age-
matched controls?®®. As | screened for PMQR genes, which chiefly circulate within the
Enterobacteriaceae, | speculate a link between shifts in the gut microbiome during obesity
and the selection of genotypic resistance. Fluoroquinolones are amongst the most
commonly used antimicrobials worldwide, and their use is particularly common in Viet
Nam?!123L, The association of the carriage of blactx-m genes and younger children may be
induced by reducing antimicrobial usage with age. It is difficult to assess the nature of the

selective pressure for specific AMR genes during therapeutic use, but we predict that

selection would reduce as children mature.

This study has limitations. First, the point prevalence of phenotypic and genotypic
resistance could identify non-causal associations with the variable assessed in the children.
Second, | investigated associations between the carriage of various AMR genes and a wide
range of heterogeneous epidemiological variables among a healthy population, which may
explain the limited number of significant epidemiological associations. Furthermore, by
screening for the presence of PMQR and B-lactamase genes directly from rectal swabs
using conventional PCRs | was unable to assess the direct association between resistant
phenotypes and associated genotypes. Notwithstanding these limitations, these results from
this first of its type study in Viet Nam will provide an important step in understanding the

role of the microbiome in maintaining AMR genes in the community.
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5.4 Conclusion

I conclude that there is a high prevalence of commensal E. coli in children aged under five
years in an urban setting within Viet Nam exhibiting resistance against fluoroquinolones
and third generation cephalosporins. In addition, | have determined that the prevalence of
PMQR and B-lactamase encoding genes is extremely high among healthy children. |
highlight high weight-to-height z-scores as a major risk for carrying gnr genes and that
younger children were more likely to carry CTX-M genes in combination with gnr. |
advocate that future longitudinal studies in Asia assess the maturating of AMR component
of the human microbiome. These data are imperative for understating the ecology of AMR
gene carriage and transmission within humans. Results from this work emphasize the role
of the commensal bacteria, especially among children, as being keys for the transmission

and maintenance of AMR organisms/genes.
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6. High rates of Caesarean section and mother/child separation prevents
optimal breastfeeding practices in a population of urban and semi-rural

Vietnamese mothers

157 and is

Initiating early breastfeeding, which is a good proxy for continued breastfeeding
beneficial for infant health, is recommended by most international health organizations.
However, there is a paucity of investigating risk factors associated with suboptimal
breastfeeding practices in urbanized area of low-middle income countries (LMICs). Using
data from the large prospective birth cohort (Method section 2.1.1 Birth cohort) among
6,706 infants in HCMC and Dong Thap, Viet Nam between 2009 and 2013, in this chapter
| investigate the practice of breastfeeding in an urban (HCMC) and semi-rural (Dong Thap)
population including the exclusive breastfeeding at birth during the hospital stay and aim to
identify factors associated with the suboptimal breastfeeding practice. Additionally, |
explore potential associations between breastfeeding practices and diarrhoeal disease,
including time to the first event of diarrhoeal disease and the number of diarrhoea episodes
in the first year of life among children less than twelve months of age. Findings from these
analyses would propose suggestions for breastfeeding promotion strategies in prioritizing

common risk factors in hospital and others location specific factors associated with

socioeconomics.

6.1 Background
There is a large body of evidence demonstrating that exclusive breastfeeding has a positive
effect on reducing infant mortality and morbidity from diarrhoea’®'4+-146: preast milk is

nutritionally beneficial and provides some gastrointestinal immunity against enteric
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pathogens’®4’. It has been estimated that >823,000 deaths among children under five years
of age could be prevented annually by improving breastfeeding practices'®®. Despite the
general benefits of breastfeeding, breastfeeding rates, particularly exclusive breastfeeding
(without supplemental milk products), which is recommended by the WHO in the first six
months of life, are low in many LMICs?¢. The global rate of exclusive breastfeeding of
children aged <6 months was estimated to be approximately 43% in 201527, Viet Nam and
other countries in East Asia and the Pacific area share similar trends of slowly improving
breastfeeding rates. The most updated estimate in Viet Nam in 2014 suggested that around

24% of Vietnamese mothers practiced exclusive breastfeeding in the first 6 months®®’.

Previous studies have shown that good breastfeeding practices in the first few months of
life are associated with early correct infant feeding after birth in the first few days before
hospital discharge'®’. However, there is a paucity of data on following up early optimal
breastfeeding practices, which means exclusive breastfeeding in the first few days in the
hospital. Recent studies in Viet Nam have measured the initiation of breastfeeding within
one hour after birth, these were: 47.5% in an urban southern area in 20002%8, 73.6% in a
rural northern area in 2002%%°, and 90.6% in an urban central area in 20172, Notably, there
were locations where children born in less affluent households are subjected to early
breastfeeding more commonly than more affluent children®®’. In contrast, a recent study
from northern Viet Nam showed that initiating breastfeeding within one hour after delivery
was slightly higher in urban areas than in rural areas?’*. However, there are little accurate
current data regarding breastfeeding practices in LMICs undergoing economic

development and urbanization, such as Viet Nam?®’. In the effort of promoting health for
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infants and young children, there is a need to investigate factors associated with

breastfeeding practices in different settings in such locations.

Here, using data from the birth cohort established in 2009, which is described in the
method section (2.1.1 Birth cohort), | aim to measure the rates of breastfeeding practices,
including early breastfeeding before hospital discharge and any breastfeeding activity, and
to explore the patterns of infant feeding during the first year of life. In addition, I aim to
identify risk factors associated with inadequate breastfeeding practices at birth in these
urban and semi-rural areas. Understanding these factors may assist in providing supporting
information for those promoting health strategies for young children. A final aim is to
investigate whether breastfeeding practice at birth had any potential association with time

until the first diarrhoeal episode and numbers of diarrhoeal episodes in the first year of life.

6.2 Results

6.2.1 Baseline characteristics

From 2009 to 2013 there were 6,706 infants enrolled in the birth cohort. Figure 2.2 shows
the study location of HCMC (urban area) (4,248) and Dong Thap province (semi-rural area)
(2,458). 7,274 mothers were invited to participate this cohort study; 6,743 (93%) completed
the baseline enrolment interview. Ultimately, 6,706 infants from 6,679 mothers were
enrolled in the birth cohort. Except for one mother, who was interviewed nine days after
delivery, the breastfeeding practices of all mothers/infants were assessed within the first
seven days after birth and 6,413/6,706 (96%) were assessed within 2 days of delivery. The
follow-up rate was high, with 5,307/6,706 (79%) infants attending all follow-up visits;

1,202/6,706 (18%) infants missed several follow-up visits and 197/6,706 (3%) of infants
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did not attend any follow-up visits. Common causes of attrition were living too far from the
study location and a reluctance of having blood draws. In comparison to those attending all
follow-up visits, infants who missed follow-up visits were more likely to live in the semi-
rural area, be from a family with a low household income, not be the first child in the
household, have parents with lower level education, have mothers without complications
during pregnancy, and be borne by vaginal delivery (Table 6.1). The majority of infants

(5,778/6,706, 86%) attended the 12-month follow-up visit.
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Table 6.1 Epidemiological characteristics of participants who completed all, missed several

or missed all follow-up visits.

Characteristics Completed all FU visits Missed several FU Missed all FU visits p-
(n=5,307) visits (n=1,202) (n=197) value
n Frequency (%) n Frequency n Frequency
(%) (%)

Study site: Semi- 5,307 1,723 (32) 1,202 594 (49) 197 141 (72) <0.001
rural
Household wealth 5,305 1,201 196 <0.001

1%t quintile 932 (18) 311 (26) 95 (48)

2" quintile 1,018 (19) 342 (28) 58 (30)

3 quintile 1,420 (27) 268 (22) 25 (13)

4t quintile 801 (15) 114 (9) 6(3)

5t quintile 1,134 (21) 166 (14) 12 (6)
Mother
Primiparous 5,305 3,102 (58) 1,201 668 (56) 196 93 (47) 0.003
Age 2 (years) 5,304 27 (23, 31) 1,201 26 (22, 30) 197 25 (21, 30) <0.001°
Ethnic 5,305 1,200 196 0.078°

Kinh 5,048 (95) 1159 (97) 190 (97)

Chinese 212 (4) 30(2) 4(2)

Other 45 (1) 11 (1) 2(1)
High education 5,305 1,885 (36) 1,201 343 (29) 196 25 (13) <0.001
Currently married 5,305 5,236 (99) 1,201 1,186 (99) 196 189 (96) 0.045¢
In-paid 5,305 3,558 (67) 1,201 745 (62) 196 122 (62) 0.002
employment
mother
Living with others 5,302 5,178 (98) 1,201 1,164 (97) 196 187 (95) 0.056°
Complication 5,307 1,055 (20) 1,202 181 (15) 197 23(12) <0.001
during pregnancy
HIV and/or 5,307 262 (5) 1,202 43 (4) 197 8 (4) 0.120
Hepatitis B
infection
Father
Ethnic 5,299 1,200 196 0.203°

Kinh 4,922 (93) 1,120 (93) 190 (97)

Chinese 329 (6) 67 (6) 5@13)

Other 48 (1) 13 (1) 1(1)
High education 5,300 2,172 (41) 1,200 428 (36) 196 29 (15) <0.001
In-paid 5,300 5,273 (99) 1,200 1,192 (99) 196 194 (99) 0.334¢
employment father
Infant
Premature at birth 5,307 150 (3) 1,202 43 (4) 197 6 (3) 0.382
Male 5,307 2,764 (52) 1,202 636 (53) 197 103 (52) 0.873
Caesarean section 5,307 1,603 (30) 1,202 249 (21) 197 25 (13) <0.001
Low birth weight 5,307 232 (4) 1,202 65 (5) 197 12 (6) 0.182
Neonatal 5,307 210 (4) 1,202 53 (4) 197 12 (6) 0.279

complication at
birth

a described in median (interquartiles); all p-values based on Chi-squared test, except for: ® based on Kruskal-Wallis test, ¢
based on Fisher’s exact test
High education: completed lower secondary school (>9 years of education), Premature at birth: gestational age at birth
<37 weeks, Low birth weight: birth weight <2500g, FU = follow-up
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Sixty three percent (4,248/6,706) resided in the urban area (HCMC) and 37% (2,458/6,706)
resided in the semi-rural area (Dong Thap) (Table 6.2). Mothers in the urban area were
generally of a higher social economic status (92%; 3,880/4,247 in the three highest
quintiles) in comparison to mothers in the semi-rural area (98%; 2,399/2,455 in the two
lowest quintiles). The majority of mothers were bearing a child for the first time (58%;
3,863/6,702) and had a median age of 27 years. Almost all mothers were of Kinh ethnicity,
with only 5% belonging to other minorities; most (4%; 246/6,701) were Chinese in the
urban area. The level of parents’ education was higher in the urban area (40% of mothers
and 46% of fathers had >9 years of education in the urban area compared to only 23% and
28%, respectively, in semi-rural area). In addition, Caesarean sections were more common
in the urban area than the rural area (40% vs. 7%, respectively). A comparable trend (urban
vs. rural) was observed for maternal complications (22% vs. 13%), maternal infections (7%
vs. 1%), births delivered before week 37" (4% vs. 2%), and infant complications at birth

(5% vs. 2%).
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Table 6.2 The epidemiological characteristics of the study participants.

Total (n =6,706) Urban (n = 4,248) Semi-rural (n =
2,458)
Characteristic n Frequency n Frequency n Frequency
(%) (%) (%)
Household income 6,702 4,247 2,455
1t quintile 1,338 (20) 47 (1) 1,291 (53)
2" quintile 1,418 (21) 310 (7) 1,108 (45)
3 quintile 1,713 (26) 1,657 (39) 56 (2)
4™ quintile 921 (14) 921 (22) 0 (0)
51 quintile 1,312 (20) 1,312 (31) 0 (0)
Mother
Primiparous 6,702 3863 (58) 4,247 2,371 (56) 2,455 1,492 (61)
Age ? (years) 6,702 27 (23,31) 4,245 28 (24, 32) 2,457 25 (21, 29)
Ethnic 6,701 4247 2,454
Kinh 6,397 (95) 3,948 (93) 2,449 (99)
Chinese 246 (4) 246 (6) 0 (0)
Other 58(1) 53 (1) 5(<1)
Education: >9 years 6,702 2,253 (34) 4,247 1,692 (40) 2,455 561 (23)
Currently married 6,702 6,611 (99) 4,247 4,171 (98) 2,455 2,440 (99)
In-paid employment 6,702 4,425 (66) 4,247 2,737 (64) 2,455 1,688 (69)
mother
Living with others 6,699 6,529 (97) 4,247 4,095 (96) 2,452 2,434 (99)
Complication during 6,706 1,259 (19) 4,248 950 (22) 2,458 309 (13)
pregnancy
HIV and/or Hepatitis B 6,706 313 (5) 4,248 290 (7) 2,458 23 (1)
infection
Father
Ethnic 6,695 4,242 2,453
Kinh 6,232 (93) 3,784 (89) 2,448 (99)
Chinese 401 (6) 401 (9) 0 (0)
Other 62 (1) 57 (1) 5(<1)
High level of education 6,696 2,629 (39) 4,242 1,931 (46) 2,454 698 (28)
In-paid employment father 6,696 6,659 (99) 4,242 4,210 (99) 2,454 2,449 (100)
Infant
Premature at birth 6,706 199 (3) 4,248 149 (4) 2,458 50 (2)
Male 6,706 3,503 (52) 4,248 2,248 (53) 2,458 1,255 (51)
Caesarean section 6,706 1,877 (28) 4,248 1,715 (40) 2,458 162 (7)
Low birth weight 6,706 309 (5) 4,248 199 (5) 2,458 110 (4)
Neonatal complication at 6,706 275 (4) 4,248 218 (5) 2,458 57 (2)
birth

2 described in median (interquartiles)
High education: completed lower secondary school (>9 years of education), Premature at birth: gestational
age at birth <37 weeks, Low birth weight: birth weight <2500¢g
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6.2.2 Breastfeeding practices

The majority of mothers (91%; 6,106/6,706) fed their infants with breast milk on at least
one occasion during the time they were in the hospital for delivery; however, only a third
(2,187/6,706) exclusively breastfed at birth (Table 6.3). Consistently, only 15% (959/6,210)
of infants were exclusively breastfed for up to four months and <1% (56/6,093) were
exclusively breastfed up to six months (Table 6.3). Amongst the infants who were
exclusively breastfed at birth and were followed up to 4 and 6 months, the frequency of
exclusive breastfeeding for 4 and 6 months was 49% (959/1,949) and 3% (56/1,902),
respectively. Figures 6.1 and 6.2 provide more information on breastfeeding rates over

months during the first year of life of the children.

In both areas, the frequency of mothers reporting any breastfeeding and exclusive
breastfeeding at each of the follow-up visits decreased considerably at months 4 and 6 with
the introduction of solid food (Figure 6.1 and Figure 6.2). In addition, most mothers
reported breastfeeding their infant on at least one occasion within the first year (96%,

6,222/6,509 in total; 94%, 3,942/4,192 in urban area; 98%, 2,280/2,317 in semi-rural area).

The prevalence of exclusive breastfeeding at birth was significantly lower in the urban
population (9%; 364/4,248) than the semi-rural population (74%; 1,823/2,458) (p<0.0001,
Fisher’s exact test). Similarly, all other indicators of breastfeeding practices (any
breastfeeding at birth, exclusive breastfeeding for 4 and 6 months) were significantly lower
in the urban area than the semi-rural area (Table 6.2). Furthermore, at the final follow-up
visit (12 months after delivery), 79% (1,522/1,928) of mothers in the semi-rural area

reported some breastfeeding within the first year, while 68% (2,620/3850) of mothers in the
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urban area reported no breastfeeding within the first year (Figure 6.1 and Figure 6.2). This
association corresponded with the use of infant formula, which was more commonly used
in urban area, with a frequency of 58%-93%; the comparable frequency in the semi-rural

area was 26%-48% (Figure 6.1).

190



Chapter 6 — Suboptimal breastfeeding practices in urban and semi-rural areas of Viet Nam

Table 6.3 Breastfeeding practices in the urban and semi-rural areas in Viet Nam.

Breastfeeding practice Total (n = 6,706) Urban (n = 4,248) Semi-rural (n = p

2,458) value

n Frequency n Frequency n Frequency
(%) (%) (%)

Any breastfeeding at birth 6,706 6,106 (91) 4,248 3,663 (86) 2,458 2,443 (99) <0.001
Exclusive breastfeeding at birth 6,706 2,187 (33) 4,248 364 (9) 2,458 1,823 (74) <0.001
Exclusive breastfeeding for 4 months 6,210* 959 (15) 4,048% 70 (2) 2,1622 889 (41)  <0.001
Exclusive breastfeeding for 6 months 6,093° 56 (<1) 3,983° 5 (<1) 2,110° 51 (2) <0.001

& Number of infants were followed up to 4 months.
b Number of infants were followed up to 6 months.

All p-values based on Fisher’s exact test.
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Intake Any formula milk Any solid food =@= Any breastfeeding

Urban Semi-rural

100% 1

75% 1

50%4

% of infants

25%1

0% 1

4248 4142 4086 4016 4021 3851 3872 3850 | | 2458 2189 2077 2093 1981 1928

o 1 2 3 4 5 6 7 8 9 10 M 12 0 1 2 3 4 5 6 7 8 9 10 11 12
Age (month)

Figure 6.1 Cohort members’ dietary intake at routine follow-up visits during in first year of life

Plots showing the dietary intake of children in the cohort during the first year of life in the urban (left panel) and semi-rural
(right panel). The dots and lines indicate the proportion for each type of intake that mothers fed their infants at each routine
follow-up visit; formula milk, any solid food, and any breastfeeding (see key). Numbers at base of the x axis are numbers of

responses received at each visit.
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Breastfeeding practice No breastfeeding = Partial breastfeeding =@= Exclusive breastfeeding

Urban Semi-rural

80% 1

60% 1

40% 1

% of infants

20% 1

0% —— -

4248 4142 4086 4016 4021 3851 3872 3850 | | 2458 2189 2077 2093 1981 1928

o 1 2 3 4 5 6 7 8 9 10 MM 12 0 1 2 3 4 5 6 7T 8 9 10 11 12
Age (month)

Figure 6.2 Cohort member’s breastfeeding practices at routine follow-up visits during the first year of life

Plots showing the breastfeeding practices in the cohort during the first year of life in the urban (left panel) and semi-rural (right
panel). The dots and lines indicate the proportion for each type of breastfeeding activity in the previous month prior to each
routine follow-up visit; no breastfeeding, partial breastfeeding, and exclusive breastfeeding (see key). Numbers at base of the x

axis are numbers of responses received at each visit.
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6.2.3 Risk factors of suboptimal breastfeeding in urban and rural areas in Viet Nam
To explore factors associated with exclusive breastfeeding at birth in the urban and semi-
rural areas, | stratified the cohort members by location (i.e. urban; n=4,248 and semi-rural;
n=2,458) and conducted discrete analyses in these populations. Table 6.4 and Table 6.5
show the results of a univariable and multivariate analysis regarding the explanatory factors
associated with the behaviour of exclusive breastfeeding at birth (before hospital discharge)
in the urban and semi-rural areas, respectively. In the urban population mothers of higher
social economic status were found to be more likely to not initiate exclusive breastfeeding
at birth in comparison to those in the lowest socioeconomic quintile (ORs and 95%Cls for
the fourth and the fifth quintiles compared to the lowest quintile: 0.38, 95%CI:0.18-0.88
and 0.29, 95%CI:0.14-0.68, respectively, p<0.0001). Additionally, not initiating exclusive
breastfeeding at birth was associated with mothers who were currently married (OR:0.23,
95%CI:0.11-0.50, p<0.001), reporting complications during pregnancy (OR: 0.53,
95%CI:0.38-0.74, p<0.001), mothers with infection during pregnancy (OR:0.53,
95%C1:0.30-0.87, p=0.011), mothers delivering before week 37" of gestation (OR:0.37,
95%CI:0.15-0.81, p=0.011), mothers delivering by Caesarean section (OR: 0.07,
95%CI:0.04-0.11, p=0.001), and those with neonatal complications at birth (OR=0.2,
95%CI:0.07-0.47, p<0.001). Conversely, older mothers were found to be more likely to
early breastfeed their infants in hospital (OR of exclusive breastfeeding at birth for each
year of age increase: 1.04, 95%CI:1.01-1.06, p=0.003). Additionally, mothers giving birth
to infants with a birth weight <2,500g were more likely to initiate early breastfeeding (OR:
2.02, 95%CI:1.18-3.33, p<0.001). In the semi-rural area, two factors were identified to

have a negative effect on early breastfeeding in hospital. In a comparable manner to the
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urban population, these included mothers delivering by Caesarean section (OR: 0.05,
95%CI:0.03-0.08, p<0.001) and the infant having neonatal complications at birth

(OR:0.25, 95%Cl: 0.14-0.46, p<0.001) (Table 6.5).
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Table 6.4 Factors associated with exclusive breastfeeding at birth in the urban population.

Yes (n=364) No (n=3,884) Unadjusted Adjusted

Characteristics n Frequency (%) n Frequency (%) OR (95%ClI) p OR  (95%Cl) p
Household wealth (Ref: 1% 364 3,883 <0.001 <0.001
quintile)

2" quintile 41 (11) 269 (7) 050 (0.24,1.10) 0.71 (0.32, 1.65)

3 quintile 194 (53) 1,463 (38) 0.43  (0.22,0.91) 0.68 (0.33, 1.50)

4™ quintile 58 (16) 863 (22) 0.22 (0.11,0.47) 0.38 (0.18,0.88)

5t quintile 60 (16) 1,252 (32) 0.16  (0.08,0.34) 0.29 (0.14,0.68)
Mother
Primiparous 364 176 (48) 3,883 2,195 (57) 0.72  (0.58, 0.89) 0.003 0.86 (0.66, 1.12) 0.258
Age @ (years) 364 28 (24, 32) 3,881 28 (24, 32) 1.00 (0.98,1.02) 0.875 1.04 (1.01, 1.06) 0.003
Ethnic (Ref: Kinh) 364 3,883 0.036 0.109

Chinese 11 (3) 235 (6) 0.48  (0.25,0.85) 0.53 (0.26, 0.98)

Other 5(@) 48 (1) 1.08 (0.37,248) 0.74 (0.24,1.88)
High education 364 114 (31) 3,883 1,578 (41) 0.67  (0.53,0.84) <0.001 1.09 (0.81, 1.46) 0.574
Currently married 364 344 (95) 3,883 3,827 (99) 0.25 (0.15,0.43) <0.001 0.23 (0.11, 0.50) <0.001
In-paid employment mother 364 208 (57) 3,883 2,529 (65) 0.71  (0.57,0.89) 0.003 0.81 (0.64,1.04) 0.096
Living with others 364 344 (95) 3,883 3,751 (97) 0.61 (0.38,1.01) 0.054 1.35 (0.70, 2.84) 0.386
Complication during pregnancy 364 49 (13) 3,884 901 (23) 0.52 (0.37,0.70) <0.001 0.53 (0.38,0.74) <0.001
HIV and/or Hepatitis B 364 16 (4) 3,884 274 (7) 0.61  (0.35,0.98) 0.042 0.53 (0.30,0.87) 0.011
infection
Father
Ethnic (Ref: Kinh) 363 3,879 0.006 0.095

Chinese 27 (7) 374 (10) 0.77  (0.50, 1.14) 0.94 (0.60, 1.44)

Other 12 (3) 45 (1) 2.85  (1.43,5.26) 2.36 (1.08, 4.84)
High education 363 145 (40) 3,879 1,786 (46) 0.78  (0.63,0.97) 0.025 1.25 (0.94,1.64) 0.120
In-paid employment father 363 359 (99) 3,879 3,851 (99) 0.65 (0.25,2.21) 0.451 0.86 (0.29,3.17) 0.796
Infant
Premature at birth 364 7(2) 3,884 142 (4) 052 (0.22,1.03) 0.063 0.37 (0.15,0.81) 0.011
Male 364 187 (51) 3,884 2,061 (53) 093  (0.75,1.16) 0.537 0.93 (0.74,1.16) 0.510
Caesarean section 364 19 (5) 3,884 1,696 (44) 0.07 (0.04,0.11) <0.001 0.07 (0.04,0.11) <0.001
Low birth weight 364 23 (6) 3,884 176 (5) 1.42  (0.89,2.18) 0.140 2.02 (1.18,3.33) 0.011
Neonatal complication at birth 364 5() 3,884 213 (5) 0.24  (0.09,0.53) <0.001 0.20 (0.07,0.47) <0.001

2 described in median (interquartiles) OR: odds ratio; 95% CI: 95% confidence interval. OR, 95% CI and p values were estimated using univariable
(unadjusted) and multivariable (adjusted) logistic regression models. High education: completed lower secondary school (>9 years of education),
Premature at birth: gestational age at birth <37 weeks, Low birth weight: birthweight <2500g
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Table 6.5 Factors associated with exclusive breastfeeding at birth in the semi-rural population.

Yes (n=1823) No (n=635) Unadjusted Adjusted
Characteristics n Frequency n Frequency OR (95% CI) p OR (95% ClI) p
(%) (%)
Household wealth (Ref: 1% 1,821 634 0.217 0.444
quintile)
2" quintile 803 (44) 305 (48) 0.85 (0.71,1.02) 094 (0.76, 1.16)
3 quintile 42 (2) 14 (2) 0.97 (0.53,1.86) 143  (0.71, 3.06)
Mother
Primiparous 1,821 1,085 (60) 634 407 (64) 0.82  (0.68,0.99) 0.040 0.79  (0.62,1.02) 0.071
Age @ (years) 1,822 24 (21, 29) 635 25 (22, 29) 0.98  (0.96, 1.00) 0.024 0.99  (0.96, 1.01) 0.234
Ethnic: Other (Ref: Kinh) 1,820 4 (<1) 634 1(<1) 1.39 (0.21, 27.30) 0.759 1.10 (0.16, 21.69) 0.929
High education 1,821 394 (22) 634 167 (26) 0.77  (0.63,0.95) 0.016 091 (0.69, 1.22) 0.531
Currently married 1,821 1,811 (99) 634 629 (99) 1.44  (0.45, 4.07) 0.517 1.19 (0.05,43.13) 0.920
In-paid employment mother 1,821 1,238 (68) 634 450 (71) 0.87  (0.71, 1.06) 0.159 0.87  (0.69, 1.08) 0.203
Living with others 1,819 1,806 (99) 633 628 (99) 111  (0.35,2.95) 0.850 0.25 (0.01, 3.56) 0.359
Complication during pregnancy 1,823 212 (12) 635 97 (15) 0.73  (0.56, 0.95) 0.019 0.86  (0.65, 1.16) 0.325
HIV and/or Hepatitis B infection 1,823 14 (1) 635 9(1) 0.54  (0.23,1.30) 0.161 0.70  (0.28,1.93) 0.475
Father
Ethnic: Other (Ref: Kinh) 1,820 3(<1) 633 2 (<1) 0.52  (0.09, 3.96) 0.488 057  (0.09, 4.75) 0.570
High education 1,821 495 (27) 633 203 (32) 0.79  (0.65, 0.96) 0.020 0.96 (0.74,1.26) 0.778
In-paid employment father 1,821 1,818 (100) 633 631 (100) 1.92 (0.25,11.62) 0.488 2.24  (0.29,13.85) 0.402
Infant
Premature at birth 1,823 32 (2) 635 18 (3) 0.61 (0.35,1.12) 0.109 0.72  (0.38,1.44) 0.346
Male 1,823 925 (51) 635 330 (52) 095 (0.79, 1.14) 0.594 1.03  (0.85, 1.26) 0.744
Caesarean section 1,823 25 (1) 635 137 (22) 0.05 (0.03,0.08) <0.001 0.05  (0.03,0.08) <0.001
Low birth weight 1,823 75 (4) 635 35 (6) 0.74  (0.49,1.12) 0.151 0.77  (0.50, 1.23) 0.276
Neonatal complication at birth 1,823 21 (1) 635 36 (6) 0.19 (0.11,0.33) <0.001 0.25  (0.14,0.46) <0.001

2 described in median (interquartiles)

OR: odds ratio; 95% CI: 95% confidence interval. OR, 95% CI and p values were estimated using univariable (unadjusted) and multivariable (adjusted)
logistic regression models.

High education: completed lower secondary school (>9 years of education), Premature at birth: gestational age at birth <37 weeks, Low birth weight:
birthweight <2500g
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6.2.4 Association between breastfeeding practices and diarrhoeal disease

Lastly, I investigated the effect of breastfeeding practices (exclusive breastfeeding during
hospital stay and any breastfeeding at birth) on time to the first episode of diarrhoeal
disease (Table 6.6), and the total number of reported diarrhoeal disease episodes in the first
year of life (Table 6.7). The number of diarrhoeal episodes was derived from self-reporting
by the participant’s mother or caregiver at each routine health check (follow-up) and from
passive surveillance of diarrhoeal episodes when participants attended a study hospital to
seek healthcare for diarrhoea. After adjusting for maternal age, maternal education, infant
sex, low birth weight, and mode of delivery, | found no statistically significant evidence of
the effect of any breastfeeding or early breastfeeding at birth on the time from birth to the

first episode of diarrhoea or the number of diarrhoea.
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Table 6.6 Breastfeeding practices at birth and time to the first diarrhoeal episode.

Breastfeeding practice

Urban (n=4,248)

Semi-rural (n=2,458)

n
Self-reported?
Any breastfeeding at birth
No 585
Yes 3,658
Exclusive breastfeeding at birth
No 3,879
Yes 364
Passive surveillance®
Any breastfeeding at birth
No 585
Yes 3,659
Exclusive breastfeeding at birth
No 3,880
Yes 364

Event (%)

130 (22)
705 (19)

757 (19)
78 (21)
31 (5)

181 (5)

193 (5)
19 (5)

HR

1.00

0.84

1.00

1.16

1.00

0.82

1.00
0.97

(95% ClI)

(0.69, 1.02)

(0.92, 1.48)

(0.55, 1.22)

(0.60, 1.58)

0.071

0.214

0.331

0.916

15
2,439

634
1,820
15

2,439

634
1,820

Event (%)

3(20)
508 (21)

120 (19)
391 (21)
5 (33)

737 (30)

178 (28)
564 (31)

HR

1.00

0.93

1.00

1.16

1.00

0.74

1.00
1.10

(95% CI) p

(0.30,2.91)  0.898

(0.93,1.45)  0.185

(0.31,1.80)  0.508

(0.92,1.32)  0.300

aDiarrhoeal episodes recorded by self-reporting from participants at follow up health check; PDiarrhoeal episodes recorded from passive
surveillance when participants visited study sites;
Event: having any diarrhoea episode within the first year of life; HR: hazard ratio; 95% CI: 95% confidence interval. HR, 95% CI and p values

were estimated using Cox proportional hazards models with adjustment for maternal age, maternal education, gender, low birth weight and delivery

method.
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Table 6.7 Breastfeeding practices at birth and numbers of diarrhoeal episodes.

Breastfeeding practice Urban (n = 4,248) Semi-rural (n = 2,458)
n Cl IRR (95% CI) p value n Cl IRR (95% CI) p value

Self-reported?
Any breastfeeding at birth

No 585 2785 1.00 15 251.3 1.00

Yes 3,658 2346 0.83 (0.69,1.00) 0.053 2,439 3203 1.18 (0.38,5.16) 0.792
Exclusive breastfeeding at birth

No 3,879 2383 1.00 634 2916 1.00

Yes 364 266.6 113  (0.90,1.42) 0.289 1,820 3298 116 (0.93,1.44) 0.184
Passive surveillance®
Any breastfeeding at birth

No 585 61.9 1.00 15 5025 1.00

Yes 3,659 608 0.89 (0.60,1.37) 0.591 2,439 563.0 1.08 (0.42,3.10) 0.884
Exclusive breastfeeding at birth

No 3,880 611 1.00 634 5481 1.00

Yes 364 599 090 (0.52,1.48) 0.692 1,820 567.7 1.05 (0.88, 1.25) 0.615

aDiarrhoeal episodes recorded by self-reporting from participants at follow up health check; PDiarrhoeal episodes recorded from passive
surveillance when participants visited study sites;

ClI: cumulative incidence of diarrhoea per 1,000 infant years; IRR: incidence rate ratio; 95% CI: 95% confidence interval. IRR, 95%CI and p values
were estimated using negative binomial regression models with adjustment for maternal age, maternal education, gender, low birth weight and

delivery method.

200



Chapter 6 — Suboptimal breastfeeding practices in urban and semi-rural areas of Viet Nam

6.3 Discussion

This was a large longitudinal prospective study conducted in urban and semi-rural areas
in a transitional economic LMIC. | used data from this cohort to assess breastfeeding
practices during the first year of life. My results show a low prevalence of exclusive
breastfeeding in hospitals immediately after birth, identifying differences in
breastfeeding practices between regions with a different socioeconomic structure?’*273,
Similar to previous cross-sectional breastfeeding studies conducted in Viet Nam, this
study confirmed that Vietnamese mothers generally consider breast milk as an
important component of infant nutrition, with 94% and 98% of them breastfeeding their
infant on at least one occasion in the first year after birth in urban area and semi-rural
area, respectively?’. However, the prevalence of optimal breastfeeding practices in our
study was low. The rate of optimal breastfeeding practices was especially low in the
urban area, with only 9% and <1% practicing exclusive breastfeeding at birth and when
the child was six months of age, respectively. This prevalence of exclusive
breastfeeding was similar to that described in a cohort study conducted in Hong Kong in
201027, but was only half the prevalence measured in Taiwan and the USA?7®, These
findings suggest specific breastfeeding promotions need to be tailored to the local

population.

The key finding from this study was that the factors associated with exclusively
breastfeeding at birth were different between urban and semi-rural areas. A greater
number of factors were associated with exclusive breastfeeding at birth in the urban
population than the semi-rural population. In both areas, delivering by Caesarean
sections and having neonatal complications were strongly associated with not
introducing exclusive breastfeeding at birth. An explanation for these trends is the fact

that current practice in obstetric hospitals in Viet Nam is to separate mothers from their
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children after Caesarean sections and when the child has an infection, despite the

benefits of early skin to skin contact°.

| found a significantly lower rate of early breastfeeding in hospital in urban area of
southern Viet Nam (9%, 364/4,248) in comparison to the semi-rural area (74%,
1,823/2,458). This figure was concordant with data from previous cross-sectional study
conducted in HVH in HCMC in 2014”7, and is comparable with data arising from
China concerning exclusive breastfeeding on hospital discharge?’®. However, in contrast
to my result, a previous study from northern Viet Nam found that mothers residing in
urban areas were more likely to initiate breastfeeding than women in rural areas®’*. This
discrepancy may be associated with a difference in methods for measuring “early
exclusive breastfeeding”. In this study mothers were interviewed at discharge (three to
seven days after birth), whereas Huong et al. measured the initiation of breastfeeding
within one hour, or one day after birth?. Mothers may correctly initiate breastfeeding
within one hour after birth but introduce infant formula later, as suggested by our results
that the most common feeding behaviour of mothers at birth in the urban area was to
combine breast milk and infant formula. In the urban area, women of a higher socio-
economic status were less likely to exclusively breastfeed their infants. This difference

may be linked to the capability of being able afford an alternative to breast milk?®°.

Participants in this study exhibited a similar pattern of breastfeeding behaviour to a
population in northern Viet Nam in which urban mothers in Hanoi with a higher socio-
economic status, undergoing Caesarean section, were less likely to practice breast
feeding?’*. Here, the rate of delivery by Caesarean section was high (28%, 1,877/6,706),
which was amplified in the urban setting (40; 1,715/4,248). This number is considerably

higher than the range of 5-15% recommended by the WHO?'®. However, this elevated
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figure is consistent with other available data regarding the most common birthing
practices in this location?’%271:277.278 and in the majority of industrialized countries
globally?®. Potential explanations for not initiating breastfeeding in these cases are
separation of mothers and infants, a large work load for hospital staff, other priorities of
healthcare professionals, and a lack of lactation consultation in large obstetric hospitals
such as HVH, which has 40,000 deliveries annually?®*. Furthermore, a stressful delivery
affects the initiation of breastfeeding among mothers?®, and it is perceived that
antimicrobials and other drugs for the post-partum infectious have a negative impact on

the benefits of breast milk25°,

Although breastfeeding is known to provide some protection against gastrointestinal
infections, a previously published analysis using the same data did not find any
association between breastfeeding practice at birth and the incidence of diarrhoea8*.
Here, in this detailed analysis, there was no association between exclusive breastfeeding
or any breastfeeding during the first few days in hospital and the first diarrhoeal episode
reported, or the number of the disease episodes in the first year of life. A potential
reason for this lack of association is that we may have missed a large proportion of
disease episodes during the first year of life as diarrhoeal events were not recorded
through active surveillance in the cohort. A further explanation is that the association
between breastfeeding and diarrhoea may be underestimated as infant diarrhoea is likely
to be associated with food or fluid given in recent days?3. In addition, 1 did not stratify
for potential confounders, which may include socioeconomic statuses such as maternal
and paternal education, household wealth, source of drinking water, or child’s age and
gender. This finding should be interpreted with caution and further research with a
primary focus on the impact of breastfeeding practices on health outcomes in

translational economic LMICs like Viet Nam are required.
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This study contains limitations. First, as this cohort was restricted to areas with high
burden of infectious diseases, this cohort may not be a population-representative sample
and therefore the generalisability of our prevalence of breastfeeding practices is
limited!™. Second, the estimated prevalence of exclusive breastfeeding for 4 and 6
months in the semi-rural area may be less precise than in the urban are due to
differences in the number of participants recruited and in the schedules of follow-up
visits. Third, the study areas were geographically large and access to healthcare
facilities is broad, therefore participants may seek medical assistance from a variety of
sources including pharmacies, private clinics, private hospitals, or other hospitals.
Therefore, different healthcare practices may underestimate the true burden of
diarrhoeal disease. Fourth, breastfeeding practices and the occurrence of diarrhoeal
episodes were assessed at birth and follow-up visits with at least one-month gap in
between via interview only; therefore, these data are subject to recall bias. Lastly,
investigating breastfeeding was not the primary aim of this cohort; therefore, the study
criteria of breastfeeding were more simplistic than those suggested by the WHO. For
example, we did not collect data on the time of early breastfeeding within one hour after
birth. Nevertheless, this cohort, which used the same approach for accessing
breastfeeding on the unique population over time?4, offsets the point-of-time data
derived from population survey in depicting the exact measurement of breastfeeding
practice in a population. My results show that exclusive breastfeeding drops
dramatically after two months after birth, identifying a specific time for the initiation of

breastfeeding promotion strategies.
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6.4 Conclusion

This is one of the largest studies of its type to investigate factors associated with
exclusive breastfeeding in hospital at birth in Viet Nam. I conclude that the practice of
breastfeeding in Viet Nam is a national health issue, with a low prevalence of exclusive
breastfeeding (33% at birth and <1% up to six months), especially in an urban area.
Here, I have highlighted common risk factors associated with not initiating exclusive
breastfeeding at birth in urban and semi-rural areas, which included Caesarean section
and neonatal complications. These factors are strongly associated with the suboptimal
practice in hospital; hence, future studies are recommended for further investigating
implementation strategies in order to improve breastfeeding among these groups, which
have not, as of yet, been conducted in Viet Nam. Of note, early initiation of
breastfeeding after birth by Caesarean section was incorporated into formal Vietnamese
health policy, as part of the implementation of the Baby-friendly Hospital Initiative
(BFHI), in 201625, Even though BFHI was launched in Viet Nam in 1994 and has been
integrating into national hospital criteria since 2013, there has been no evaluation of this

implementation on breastfeeding rates in Viet Nam?3,
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7. General discussion

Paediatric diarrhoea is still a problem within the healthcare system in Viet Nam;
antimicrobials are commonly used for treating these infections, and consequently AMR
in the bacteria carried by Vietnamese children is highly prevalent. The work presented
in this thesis has identified the frequent presence of AMR in commensal E. coli, and
additionally highlighted resistance genes associated with cephalosporins and
fluoroquinolones among healthy children. For the first time, and on a large scale, |
additionally measured the incidence of diarrhoeal disease in the urban community, both
in terms of true disease burden and age and pathogens. My work contributes to the
understanding of the bigger picture of AMR in urban communities and how diarrhoeal
disease management among children contributes to this problem. The AMR data from
E. coli and the pharmacy access data may be further used as a resource for improved
antimicrobial stewardship. In addition, data regarding breastfeeding suggest further
implementation research to improve breastfeeding practice in hospitals and propose
further clinical studies to investigate breastfeeding as a cost-effective intervention for

antimicrobial resistant infections.

In chapter 3 | estimated the true burden of diarrhoeal disease in the community in
HCMC. The use of a novel diagnostic approach (Luminex xTAG GPP) allowed for a
comprehensive understanding of the incidence of a range of pathogens and their clinical
significance in mild and moderate diarrhoeal diseases. Norovirus and Salmonella were
the leading pathogens detected in stool samples from mild and moderate diarrhoea in
the community; these data are indicative of an epidemiological transition in Viet Nam.
Further studies should be conducted to explore the association between specific
infectious agents and diarrhoea and whether the quantity of specific pathogens in faecal

material is associated with diarrhoea.
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My findings demonstrated a high rate of antimicrobial usage for diarrhoeal disease
among young children in both community and hospital settings. My results found a low
proportion of antimicrobial vending in community pharmacies, representing a trend of
decreasing antimicrobial usage for diarrhoeal disease. However, | found that
antimicrobials were prescribed more commonly in hospitals than in the community. In
combination with data on the low level of knowledge regarding antimicrobials of
parents and caregivers, my work affirms a high burden of inappropriate antimicrobial
usage in Viet Nam, which is consistent with other areas 2%, Limitations of this approach
include an underestimation of actual antimicrobial use. However, | speculate that the
AMR in this setting is likely attributable to inappropriate antimicrobial usage. For the
first time in Viet Nam, | provided estimations on antimicrobial usage for paediatric
diarrhoea. Further research aiming to reduce antimicrobial resistance in LMICs should
focus on implementation research to improve knowledge, attitude, and practice of

antimicrobials and antimicrobial resistance in the community in Viet Nam.

| found that genotypic and phenotypic resistance against fluoroquinolones and third
generation cephalosporins was common among healthy children in the community
(Chapter 5). As exposure of susceptible bacteria to antimicrobial drugs can result in the
emergence of resistant mutants 2%, my findings emphasize the emerging issue of
antimicrobial resistance in this setting. | acknowledge that data from this analysis did
not take into account any potential antimicrobial treatment that children may have
received prior to the routine visit and the rectal swabbing. However, my findings fill a
knowledge gap regarding AROs and the associated ARGs in commensal E. coli in
urban Vietnamese children. Given that fluoroguinolones are dispensed widely in urban

pharmacies, and are prescribed for paediatric diarrhoea, | speculate on the sustained
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genotypic selection in overweight and obese children. Future research should examine
AMR in terms of the progression of the carriage from birth and structure of the
microbiome in healthy children in whom commensal bacteria have been shown to be

highly resistant to common antimicrobials.

Strong evidence in the literature suggests that exclusive breastfeeding is beneficial for
gastrointestinal health’s4". Exclusive breastfeeding is triggered by optimal early
exclusive breastfeeding in hospital. However, | found a low prevalence of early
exclusive breastfeeding in hospital and found an association between this practice and
socioeconomic status. These findings reflect a disparity in development between rural
and urban populations?728, | jdentified that having a Caesarean birth and having
infants with complications at birth were common risk factors for suboptimal
breastfeeding in both the urban and semi-rural area. My findings are informative for
further implementation research aiming to improve breastfeeding in hospital. In the
scope of this analysis, | assumed that exclusive breastfeeding was a pragmatic solution
to reduce diarrhoeal disease and consequently reduce the needs for using antimicrobials.
However, | found no statistically significant association between breastfeeding practice
at birth and the incidence of diarrhoea in the first year of life!84, or the time to the first

diarrhoeal episode and number of diarrhoeal episodes in the first year of life.

Finally, findings from this thesis demonstrate that diarrhoeal disease is likely decreasing
in Viet Nam but is still a common problem in children aged one to five years in urban
HCMC. These infections are dominated by viruses and bacteria, among which there is a
large diversity of pathogens. Importantly, antimicrobials are widely used in both

hospital and community settings, which may be, at least in part, an explanation for a
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high prevalence of antimicrobial resistance among commensal E. coli and resistance

against fluoroquinolones and cephalosporins.
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9. Appendices

9.1 Informed consent forms (ICF) for the diarrhoea cohort
9.1.1 ICF for the potential participants coming from the birth cohort extension
(English version)

Information sheet for the “Diarrhoeal Cohort Study”
For children who are enrolled in the original birth cohort extension

OXTREC -1058-13
Information about this program
We are inviting mothers and their children who have been enrolled in our “Healthy
Children” program at HVH to be involved in “Diarrhoeal Cohort Study”. This form
will give you the information you will need to help you decide whether or not to
participate. Please read the form carefully. You may ask questions about this program,
the possible risks and benefits, your rights as a volunteer, and anything related or this
form that is not clear. When all of your questions have been answered, you can decide if

you and your child will participate. This process is called ‘informed’ consent.

The aims of this research program are to identify how often young Vietnamese children
get sick with diarrhoea, what causes the illness and why children get sick. Additionally,
we are interested in understanding how your child’s blood responds to diarrhoeal

diseases. We hope to learn more about diarrhoeal disease in HCMC so that we can make a

vaccine to prevent disease in children in the future.

This program will be part of the current program you are already enrolled in. The specific
goal of this new part will be to study a bacterium called Shigella, which often causes
severe diarrhoea in young children. To learn more about Shigella and other diarrhoeal
diseases in young Vietnamese children, we would like to collect information on where
and how children live through a series of surveys. We will do this by following the health
of your child for two years. During this time we will monitor your child’s blood for
evidence of infection, and will ask you about any illness that your child and your family

members have had, including any admission to hospital. The information we get from
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these surveys will help us to make a vaccine to prevent diarrhoeal disease due to Shigella

in the future.

Part of this program will mean we will collect your child’s blood to perform genetic
tests. These tests will help us to know why some people get sick with this disease, while
others do not. If you agree, the genetic code in your child’s blood will be tested. The
results of these tests will be made available to other researchers but you and your child
will not be identified. Some samples will be sent out of the country for testing, which
may be considered to be an invasion of privacy. Providing blood for these tests is
optional. If you do not agree for these genetic tests to be conducted, you (or your child)

may still take part in the study.

Who is doing this program ?

The partners in the study are HVH and HTD.

If I consent on behalf of my child, what will happen to my child and me in this
program and what are the risks?

At enrolment (today):

When you attend the HVH-Well Baby Clinic for your routine follow up appointment as
part of the Healthy Baby Cohort program in early 2014, our nurse will invite you to
participate in the diarrhoeal birth cohort. If you agree for you and your child to
participate in this new program our nurse will review previously collected information
about where you live, your family structure, and the child’s health status. For the existing
“Healthy Children” program, the nurse will collect a 2ml blood sample from your child.
A maximum of 2ml of blood will be collected from your child today. The nurse will also
collect a stool sample, or an rectal swab if stool is unavailable, from your child. Finally,

the nurse will collect a respiratory swab from your child’s nose.

At each follow-up visit (every 6 months for 2 years):

In order to monitor your child’s health and development, we need to see you and your
child one time every six months. Your child will be aged between 18-36 months at the
time of enrolment, meaning this study will finish when your child is aged between 42-60

months.
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Each visit will take approximately half an hour, and will take place here at the same clinic
where you are enrolled. The nurse will give you a card to remind you of when you should
visit for follow-up visits. At each follow-up visit the baby will receive a health check
from a hospital doctor. We will record some simple information about your child’s
development and also ask you some simple questions about your child’s health. When
your child is 18-35 months of age, we would like to collect 2ml of blood (about 20 drops)
from your child. When your child is 36 to 60 months of age, we would like to collect 3 ml
of blood (about 30 drops) from your child. Only one blood sample will be drawn from
your child at each visit. A highly experienced nurse will collect the blood using a small
needle from your child’s hand. This will hurt for a moment, and might leave a small
bruise. At each follow-up visit the nurse will also collect a stool sample or rectal swab
and a respiratory swab from your child. These procedures are quick and painless.

When you are home with your child and you think your child is sick with diarrhoea;
We will send you a short SMS message routinely to ask if your child has experienced an
episode of diarrhoea. If you respond with “yes”, ournurses will call you to arrange a
convenient time to visit your house to collect a stool sample, ask a set of simple questions
and provide medical advice to help your child. If you feel that you need to seek
hospitalization, we ask that you consider bringing your child to the HTD. If you attend the
HTD when your child has diarrhoea, we request that you call our nurse so she can
support you and your child when he/she is evaluated by a doctor from HTD. You can

also bring your child to other clinics or hospitals that are convenient for you.

Risks and benefits to being in the program:

By being in the program, you will have access to experienced doctors in the Well Baby
Clinic at HVH who will examine your child for no cost at scheduled visits that will
monitor your child’s health and development. The amount of blood we collect from your
infant at each visit is small (20-30 drops). Your child will probably cry out when the
sample is collected. You will receive money to compensate you for travel costs in
bringing your child to the Well Babyclinic, HVH for follow-up visits in addition to free
diagnostic services and supported travel costs for diarrhoeal examinations at HTD. If you
bring your child to a private clinic or an emergency department of the hospital other than

HTD when your child is sick with diarrhoea, compensation will not be given.
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What we will do with the blood and other samples we collect from your child

The blood and stool samples we collect from your child will be used for research. The
specimens will be stored in a freezer. We will do various tests on the blood, stool and
respiratory samples we collect from your child to understand if your child has ever had
Shigella or other diarrhoeal and respiratory diseases that are common in Viet Nam. The
tests we do on the blood and respiratory samples we collect from your child will not have
a direct benefit to you, but might help other children in the future. Samples we collect
from your child may be used in future studies.

Confidentiality

All of the information we get from you is strictly private. Your child’s name will not be
on any samples we collect or test results—we will use a number instead of a name. Your

name, or your child’s name, will not be mentioned in any output from this program. We
will ask for information on the district and ward in which you live, but we will not use

this information for any purpose outside this program or give it to anyone else.

Costs

There will be no cost to you for participating in this program. The costs of examination by
a paediatrician at scheduled program visits will be paid for by the program. You will be
compensated for the travel costs you incur by bringing your child to the clinic for

scheduled program visits.

Voluntary participation

If you do not want to be part of this program, it will not affect the care your child will
receive in any way. If you do agree to become a program participant, you can withdraw
from the program at any time (verbally). The care your child receives will not be affected.
However, information collected on your child up until you withdraw will still be used. If
you choose not to participate in this program, your child will not be monitored for
diarrhoeal illness. However, you will still be able to participate in the current Healthy

Baby Cohort Extension that your child is already enrolled in.

End of the program
We will stop seeing your child at HVHafter two years of follow up. No information on

your child health and no samples will be collected after this time.
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Obtaining additional information

You are encouraged to ask any questions related to this program during the time of
participation. If you have any questions about this program, its procedures, risks
and benefits, or alternatives please call Dr. Nguyén Trong Hiéu at 0903 159 285.

If you have any questions about your child’s rights as a subject in this program, you
may want to talk to Dr. Lu Lan Vi, or if you want to speak to someone outside of
the program you may contact the Ethics Committee at the HTD at 083 855 8532.
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Consent form for the “Diarrhoeal Cohort Study’
OXTREC -1058-13
Consent from: MOTHER/FATHER/GUARDIAN

| have been fully informed of the possible risks and benefits of taking part in this

diarrhoeal cohort programand agree that I and my child will take part.

e | know who to contact if | need more information. | understand that confidentiality
will be preserved. | understand that | am free to withdraw from the program at any

time without affecting the care I or my child will receive.

e | understand there will be limited direct benefit to me or my child.

e | agree to allow nurses to come to my home when | report a diarrhoeal disease

episode in my child

e | agree that the geographical location of my house may be recorded in order to

understand any relationship between location and disease.
o | AGREE OR oI DO NOT AGREE that the samples taken can be stored for
other research studies about infectious diseases, including genetic testing and

these tests may be done outside of Viet Nam.

Participant Number: BCB- -

Participant’s name:

Signature of person giving consent

Relationship to participant

Print name

Date of signature

Investigator’s statement
I, the undersigned, have fully explained the relevant information of this research to the
participant named above and will provide her/him with a copy of this signed and dated
informed consent form.
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Investigator / designee signature

Print name

Date of signature

If the person giving consent cannot read the form, a witness must be present and
sign here:

| was present throughout the entire informed consent process with the participant. All
questions from the participant were answered and the participant has agreed to take part

in the research.

Witness signature

Print name

Date of signature
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Consent for genetic testing OXTREC - 1058-13

(to be signed by the participant’s parent or guardian)

By signing/marking my name here, I confirm my willingness for my child’s blood to be

used for genetic tests.

Participant Number: BCB- -

Participant’s name:

Signature of person giving consent

Relationship to participant

Print name

Date of signature

I, the undersigned, have fully explained the relevant information of this research to the
participant named above and will provide her/him with a copy of this signed and dated
ICF.

Investigator / designee signature

Print name

Date of signature

If the person giving consent cannot read the form her/himself, a witness must be
present and sign here:

| was present throughout the entire informed consent process with the participant. All
questions from the participant were answered and the participant has agreed to take part

in the research.

Witness signature

Print name

Date of signature
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9.1.2 ICF for the potential participants coming from the birth cohort extension

(Vietnamese version)

Phiéu thong tin cho “Nghién ciru Poan hé Bénh Tiéu chay”

Cho tré da tham gia vao nghién ctru mé réng ciia ""Sirc khée tré em"
OXTREC-1058-13

Théng tin vé chwong trinh

'

Chung t61 moi nhitng ba me va em bé da tham gia trong chuong trinh "Strc Khée Tré Em'
cua chung t6i tai Bénh vién Hung Vuong cung tham gia vao "Nghién Ciru Poan H¢
Bénh Tiéu Chay". Phiéu nay s& cung cip cho ban nhing thong tin can thiét dé ban quyét
dinh c6 tham gia hay khong. Vui long doc k¥ t& thong tin nay. Ban c6 thé hoi vé chuong
trinh ndy, nhitng loi ich va nguy co ¢ thé xay ra, quyén ctia nguoi tham gia nghién ctru,
va bat ky van dé nao c6 lién quan hay thong tin trén phiéu nay ma ban thay chua ro. Khi
moi thic mic di duge giai dap, ban co thé quyét dinh cho ban va con ban c6 tham gia hay

khong. Qua trinh nay dugc goi la sy 1y chip thuan tham gia nghién ciru.

Muc tiéu cta chuong trinh ndy 1a dé x4c dinh tan suat bi bénh tiéu chay o tré em Viét
Nam, nguyén nhan gay tiéu chay va tai sao tré em lai bi ti€u chay. Ngoai ra ching t6i
cling mu6n tim hiéu vé viéc méau ctia con ban phan tmg véi bénh tiéu chay nhu thé nao.
Chung t6i hy vong c6 thé hiéu hon vé bénh tiéu chay & thanh phd HO Chi Minh dé c6 thé

tao vac xin giup cac tré¢ em ngura bénh sau nay.

Pay 1a mot phan cua chuong trinh “Stc khoe tré em”ma ban dang tham gia. Muc tiéu
cu thé ctua phan méi nay 1a dé tim hiéu mot chiing vi khuan c6 tén goi Shigella, thuong
gay bénh tiéu chay ning & tré nho. Ching tdi can khao séat thu thap théng tin vé noi ¢ va
diéu kién séng cua tré em dé hiéu hon vé bénh do vi khuan Shigella va cac nguyén nhan
gay bénh tiéu chay khac & tré em Viét Nam. Dé thuc hién dugc diéu nay, ching toi s&
theo ddi strc khoe cua con ban trong 2 ndm. Trong subt thoi gian d6 ching t6i s& theo
ddi méu caa bé dé tim ching ct cua nhidm khuan, va sé& hoi ban vé tt ca nhitng bénh
ma bé va cac thanh vién gia dinh ban mic phai, ké ca nhitng 1an phai nhap vién. Nhiing
thong tin c6 dugc tir cac khao satnay co thé gilp ching tdi trong viéc tao ra vac xin

ngan ngira bénh tiéu chay do nhiém khuan Shigella trong tuwong lai.

Chuong trinh nay cling s€ c6 mgt phan thuc hién cac xét nghiém di truyén trén mau mau
cta con ban. Xét nghiém di truyén nay gitip chiing ta hiéu vi sao mt s6 nguoi bi bénh
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nay trong khi mot sé khac thi khong bi. Néu ban dong ¥, thong tin di truyén trong mau
cua con ban s& duogc xét nghi¢m. Két qua xét nghiém nay sé duoc sur dung dé tién hanh
cac nghién ciru khac, tuy nhién danh tinh ctia ban va con ban s& duoc an dé khong ai biét
thong tin di truyén d6 1a cua ai. Mot sé mau s& duoc gui ra nudc ngoai dé xét nghiém, c6
thé diéu nay duogc cho 1a xAm pham dén sy riéng tu. Viéc dong ¥ cho mau dé xét nghiém
di truyén 1a tiy ¢ ban. Ban va con ban van c6 thé tham gia vao chuong trinh nay du ban

khong ddng ¥ d¢ mau mau duoc dung cho xét nghiém di truyén.

Cac don vi tham gia chwong trinh ?

Céc don vi cong tac tham gia nghién ciru bao gdm Bénh vién Hing Vuong (TPHCM) va
Bénh vién Bénh Nhiét Boi (TPHCM).

Néu nhw tdi thay mit con t6i chip thuin tham gia, diéu gi sé xay ra trong chwong
trinh va c6 nhirng nguy co thé nao?

Khi tham gia (hdm nay):

Khi ban dua bé dén hen kham theo ddi cho nghién ctru Stic Khoe Tré Em ¢ Phong kham
nhi - Bénh vién Hung Vuong vao dau nim 2014, ban va con ban s& duoc moi tham gia
vao "Nghién ctru Poan h¢ Bénh Tiéu Chay". Néu ban va con ban déng y tham gia, mot
diéu dudng s& cap nhap nhiing thong tin vé ban nhu noi ban &, cu tric gia dinh, va tinh
trang strc khoe ctia bé. Piéu dudng ciing s& ldy 2ml mau méu ctia bé cho chuong trinh
"Stic khoe tré em". Chi lay t6i da 2ml mau tir bé trong 1an kham nay. Diéu dudng ciing s&
ldy mot mau phan, hodc mot mau phét hau mon néu khong c¢6 phéan, va mau phét miii

hong cua con ban.

Cic lan tai kham (m&i 6 thang mdt lin trong 2 nim):

Dé theo ddi tinh trang strc khoe va sy phat trién cta con ban, chung to6i can gap ban va bé
vao mdi 6 thang mot 1an. Qua trinh theo ddi nhu sau: néu con ban tham gia chuong trinh
nay ldc 18 thang tudi thi 1an kham theo ddi cudi cung 1a khi bé dugc 42 thang tudi; néu
tham gia lic 24 thang tudi thi 1an kham cudi 12 khi 48 thang tui; néu tham gia lic 30
thang tudi thi 1an kham cudi 1a khi 54 thang tudi; néu tham gia lic 36 thang tudi thi lan

kham cudi 1a khi 60 thang tudi.

MB&i lan tai kham mat khoang nira tiéng tai ngay phong kham noi ban duoc nhan vao
nghién ciru. Diéu dudng s& phat cho ban mét thé ghi lich tai kham ciia chuong trinh. Tai
mdi 14n tai kham, con ctia ban s& duge bac si kiém tra stre khoe. Chung t61 s& ghi lai
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nhirng thong tin vé sy phat trién ctia con ban va hoi thém mot s6 cau hoi don gian vé sirc
khoe ctia bé. Khi con ban duoc 18 — 35 thang tudi, chung t6i s& 14y khoang 2ml méau
(khoang 20 giot) ctia con ban cho nghién ctru. Khi con ban dugc 36 — 60 thang tudi chung
t6i s& 1ay 3ml mau (khoang 30 giot). Mdi lan kham chi lay 1 mau méau cia bé. Mot diéu
dudng nhiéu kinh nghiém s& dung cdy kim nho dé 14y mau trén tay ctia bé. Viéc 1dy mau
s€ gay dau mot ti va co thé lai mot vét bAm nho. Tai mdi 1an tai kham, diéu dudng cling s&
léy mot mau phan hoac phét hau mon va mot mau phét miii hong cta bé. Viée thu mau

nay rat nhanh va khong gy dau.

Khi ban ¢ nha véi bé va ban nghi riang bé bi bénh tiéu chay;

Chung t6i s& giit lién lac v6i ban bang tin nhan SMS dinh ky dé hoi thim bé co bi ticu
chay khong. Néu ban tra 161 "Co", mot diéu dudng cua chiing toi s& goi dién cho ban dé
sép Xép thoi gian thudn tién dé dén tham nha ban dé lfiy mot mau phan, hoi mot s6 cau hoi
don gian va tu van y té dé gilp con ban. Néu ban cam théy rﬁng con ban can nhap vién,
chung t6i mong ban xem xét dua bé dén Bénh vién Bénh Nhiét D6i. Néu ban mudn dua
bé dén Bénh vién Bénh Nhiét D6i khi bé bi tiéu chay, hdy goi cho diéu dudng ciia chung
t61 dé duoc hd tro va bé s& duoc kham bdi mot bac si chuyén khoa ctuia bénh vién Bénh
Nhiét déi. Chiing t6i sé& thu thap mot mau phan cia bé khi ban cho bé dén kham tai day.
Ban ciing c6 thé dua bé dén cac phong kham hodc bénh vién khac néu diéu d6 thuan tién

cho ban.

Cac nguy co va lgi ich khi tham gia:

Khi tham gia vao chuong trinh, con ban s€ dugc nhitng bac si c6 kinh nghiém tai phong
kham Nhi bénh vién Hing Vuong kham va tu van mién phi vao nhiing 1an tai kham dinh
ky dé theo dai tinh trang sirc khoe va su phét trién ciia bé. Luong méu chung toi 1ay tir
con ban tai mdi lan tai kham 13 rat nho (khoang 20-30 giot). Bé c6 thé khéc khi bi 1iy
mau. Ban s& nhan duoc mot khoan tién hd trg cho chi phi di lai cho céc 1an tai kham tai
phong kham Nhi, Bénh vién Hung Vuong, cic 1an di kham bénh vi tiéu chay tai bénh
vién bénh Nhiét déi cling nhu mién phi xét nghiém khi dén kham tai bénh vién nay vi tiéu
chay. Néu ban cho con dén kham & mot phong kham tu hodc dén khoa cép curu tai mot
bénh vién khac, khong phai 1a Bénh vién Bénh Nhiét déi khi bé bi tiéu chay, ching to1 sé
khong hd tro cac chi phi nay.
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Chuing t6i sé 1am gi véi mau va cac miu khac thu tir con ban

Mau mau va phan ma chiing toi thu duoc tir con ctia ban s& duoc dung vao nghién curu.
Céc mau d6 s& dugc luu trit trong ta dong lanh. Chung toi s& 1am mot sé xét nghiém trén
mAu mau, phan va mau phét miii hong ciia con ban dé xem con ban ¢6 timg bi nhiém
Shigella hodc mot s6 bénh tiéu chay va ho hap phd bién khac & Viét Nam hay khong.
Nhitng xét nghiém ma chung t6i tién hanh trén cac mau mau va mii hong thu dugc tir con
ban c6 thé khong mang lai 1oi ich truc tiép cho ban, nhung diéu nay cé thé giup nhimg tré
em khéc trong tuong lai. Céac mau chung t6i thu duogc tir con ban cling c6 thé duoc su

dung cho cac nghién ctru vé sau.

Tinh bdo mat

Tt ca nhitng thong tin chung t6i c6 duoc tir ban s& dugc bao mat nghiém ngat. Tén cia
con ban s€ khong hién dién trén bat ki mot mau xét nghiém nao cling nhu trén két qua cua
ching t6i - chung t6i s& ding ma sb thay cho tén. Tén cua ban, tén ctia con ban s& khong
dugc dé cap dén trén két qua ctia chuong trinh . Ching toi s& hoi thong tin vé quan va
phuong noi ban & nhung sé& khong st dung thong tin ndy vao bat ky muc dich nao khac

ngoai chuong trinh nay va cting khong dua cho ai khac.

Chi phi

Ban khong t6n bat ki chi phi nao khi tham gia vao chuong trinhnay. Viéc kham bénh theo
lich s€ dugc chuong trinh chi trd. Ban s& dugc ho tro chi phi di lai khi mang bé dén phong
kham dé tai kham theo lich d4 hen. Ban cling dugc mién phi chi phi xét nghiém chan
doan bénh va dugc hd tro chi phi di lai khi cho bé dén kham tai bénh vién Bénh Nhiét Déi

vi tiéu chay.

Swu tu nguyén tham gia chwong trinh

Du ban chon khong tham gia vao chuong trinh thi viéc d6 ciing khong anh hudng dén
viéc cham soc sirc khoe cho con ban. Ngay ca khi ban da dong y tham gia chuong trinh,
ban ciing c6 thé xin rat khoi chuong trinh bat ky lac nao (bang 151). Viéc cham soc sirc
khoe cho con ban s€ khong bi anh hudng. Tuy nhién nhitng thong tin da dugc thu thap
vé con ban cho dén thoi diém d6 van s& duoc dung cho nghién ctru. Néu ban chon
khéng tham gia vao nghién ctru nay, con ban sé khong dugc theo ddi bénh ti€u chay.

Tuy nhién, con ban van c6 thé tiép tuc tham gia nghién ctru Strc khoe Tré em mé rong.
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Két thic chwong trinh

Chung t61 s€ ngung kham theo ddi con ban sau 2 nam. Sau do, chung t6i s¢ khong thu

thap thém mau va thong tin tir con ban nita.

Cac thong tin thém

Chung t6i khuyén khich ban héi thém bat ky cau hoi gi lién quan dén chuong trinh nay
trong sudt thoi gian tham gia. Néu ban c6 thic méc vé chuong trinh, cic quy trinh,
nguy co va loi ich, hay cc cau hoi khéc, vui long goi BS. Nguyén Trong Hiéu tai
s6 0903 159 285.

Néu ban c6 bat ky thic méc gi vé cac quyén cua con ban khi tham gia chuong trinh nay,
ban c6 thé lién hé BS. Lu Lan Vi, hodc néu ban mudn noi chuyén véi ai khac ngoai
nhom nghién ctru, ban c6 thé lién hé v6i Hoi Béng Dao buc tai Bénh Nhiét d6i o

s 083 855 8532.
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Phiéu chip thuin tham gia "Nghién ciru Doan hé Bénh Tiéu chay"
OXTREC - 1058-13
Chép thuin tir: BO/ME/ NGUOI GIAM HQ

e Toi di dugc thong tin day du vé cac nguy co va loi ich c6 thé c6 cua viée cho con
t61 tham gia vao chuong trinh nghién ctiru doan hé bénh tiéu chay nay va dong y

rang toi va con cua toi sé tham gia.

e Toi biet s€ lién lac vdi ai khi can hoi thém thong tin. Toi hi€u rang cac thong tin
v¢ toi hay con toi s€ dugc bao mat. To6i hiéu duoc téi ¢ quyen rat khdi chuong
trinh vao bat ky ltic nao ma khong anh hudng dén viéc cham soc strc khde ma toi

hay con t6i s€ dugc nhan.

e To6i hiéu la viéc nghién ctru nay s€ khong mang dén nhiéu loi ich tryc ti€p cho toi

va con toi

e Toi dong ¥y dé diéu dudng ctia chuong trinh dén nha t6i khi t6i bao con toi bi

nhiém bénh tiéu chdy

e Toidong y viéc dinh vi nha ¢ cuia t6i c6 thé dugce thuc hién dé tim hiu sy lién

quan gifra noi ¢ va bénh tat.
o Téi dong y hoic o T6i khong dong y cho phép mau ciia con tdi duoc luu trit cho
cac nghién ctru vé sau trén cac bénh truyén nhiém, bao gom céc xét nghiém di truyén va

cac xét nghiém nay co thé dugc thuc hién bén ngoai Viét Nam.

M4 sb tham gia: 14EN- -

Tén ngwoi tham gia:

Chir ky cia nguoi chip thuin

Quan hé véi nguwoi tham gia
Ho Tén (chir in)

Ngay ky
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Xac nhan cta nghién ciru vién
T61, nguoi ky té€n bén dudi, da giai thich day du cac thong tin lién quan dén chuong
trinh nghién ctru nay cho nguoi tham gia c6 tén bén trén va s€ cung cap cho cé/anh ay

mot ban sao cua phiéu chip thuan di duoc ky va ghi ngay thang nay.

Chir ky cuia nghién ciru vién
hoac nguoi dugce chi dinh

Ho Tén (chir in)

Ngay ky

Néu nguwdi cho chap thuan khong thé tw doc phiéu ndy, mét nhan chieng phai co

mat va ky tén dwéi day:

T6i di c6 mat cung voi nguoi tham gia trong subt qua trinh 1ay chap thuan. Tt ca cac
cau hoi cua ngudi tham gia da duoc tra 101 va nguoi tham gia da déng y tham gia vao

chuong trinh nghién ctru.

Chir ky nhan chirng
Ho Tén (chir in)

Ngay ky

245



Appendices

Phiéu chap thuan cho xét nghiém di truyén
OXTREC -1058-13

(dwogc Ky tén béi bé me hodc ngwoi gidm hd cia tré tham gia nghién ciru)

Bang viéc ky tén/danh ddu ¢ ddy, toi xac nhan dong ¥ cho phép mau mau cia con toi

duoc dung vao cac xét nghiém di truyén.

M4 s6 tham gia: 14EN- -

Tén ngwoi tham gia:

Chir Ky ciia nguoi chap thuin

Quan hé véi ngudi tham gia
Ho Tén (chir in)

Noay ky

To61, nguoi ky tén bén dudi, da giai thich day du céc thong tin 1lién quan dén nghién ciru
nay cho nguoi tham gia cé tén bén trén va sé cung cap cho cd/anh ay mot ban sao cua

phiéu chap thuan da duoc ky va ghi ngay thang nay.

Chir ky ctia nghién ciru vién
hoac nguoi dugce chi dinh

Ho Tén (chir in)

Ngay ky

Néu nguoi cho chap thuin khong thé te doc phiéu nay, mdt nhan chiéng phai co

mat va ky tén duwdi day:

T6i dd co miat cling voi ngudi tham gia trong sudt qua trinh 1dy chap thuan. T4t ca cac
cau hoi clia ngudi tham gia da duoc tra loi va nguoi tham gia da dong y tham gia vao

chuong trinh nghién ctru.

Chir ky nhan ching
Ho Tén (chir in)

Noay ky
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9.1.3 ICF for the potential participants coming from the orginal cohort (English
version)

Information sheet for the “Diarrhoeal Cohort Study”

For children who are enrolled in the original birth cohort

OXTREC - 1058-13

Information about this program

We are inviting mothers and their children who have been enrolled in our “Healthy
Children” program at HVH to be involved in “Diarrhoeal Cohort Study”. This form
will give you the information you will need to help you decide whether or not to
participate. Please read the form carefully. You may ask questions about this program,
the possible risks and benefits, your rights as a volunteer, and anything related or this
form that is not clear. When all of your questions have been answered, you can decide if

you and your child will participate. This process is called ‘informed’ consent.

The aims of this program are to identify how often young Vietnamese children get sick
with diarrhoea, what causes the illness and why children get sick. Additionally, we are

interested in understanding how your child’s blood responds to diarrhoeal diseases. We
hope to learn more about diarrhoeal disease in HCMC so that we can make a vaccine to

prevent disease in children in the future.

This will be part of the current program you are already enrolled in. The specific goal of
this new part of the program will be to study a bacterium called Shigella, which often
causes severe diarrhoea in young children. To learn more about Shigella and other
diarrhoeal diseases in young Vietnamese children, we would like to collect information
on where and how children live through a series of surveys. We will do this by following
the health of your child for two years. During this time we will monitor your child’s blood
for evidence of infection, and will ask you about any illness that your child and your
family members have had, including any admission to hospital. The information we get
from these surveys will help us to make a vaccine to prevent diarrhoeal disease due to

Shigella in the future.

Part of this program will mean we will collect your child’s blood to perform genetic
tests. These tests will help us to know why some people get sick with this disease, while

others do not. If you agree, the genetic code in your child’s blood will be tested. The
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results of these tests will be made available to other researchers but you and your child
will not be identified. Some samples will be sent out of the country for testing, which
may be considered to be an invasion of privacy. Providing blood for these tests is
optional. If you do not agree for these genetic tests to be conducted, you (or your child)

may still take part in the study.

Who is doing this program?

The partners in the study are HVH and HTD.

If I consent on behalf of my child, what will happen to my child and me in this
program and what are the risks?

At enrolment (today):

When you attend the HVH-WBC for your final routine follow up appointment as part of
the Healthy Baby Cohort program at 12 months of age, our nurse will invite you to
participate in the diarrhoeal birth cohort. If you agree for you and your child to
participate in this new program, a nurse will review previously collected information
about where you live, your family structure, and the child’s health status. For the existing
“Healthy Children” program, the nurse will collect a 2ml blood sample (about 20 drops)
from your child, instead of the 1ml sample (about 10 drops) that would otherwise have
been collected. A maximum of 2ml of blood will be collected from your child today. The
nurse will also collect a stool sample, or an rectal swab if stool is unavailable, from your

child. Finally, the nurse will collect a respiratory swab from your child’s nose.

At each follow-up visit (every 6 months for 2 years):
In order to monitor your child’s health and development, we need to see you and your

child one time every six months, at 18, 24, 30 and 36 months of age.

Each visit will take approximately half an hour, and will take place here at the same clinic
where you are enrolled. The nurse will give you a card to remind you of when you should
visit for follow-up visits. At each follow-up visit the baby will receive a health check
from a hospital doctor. We will record some simple information about your child’s
development and also ask you some simple questions about your child’s health. When
your child is 18, 24, and 30 months of age, we would like to collect 2ml of blood (about
20 drops) from your child. When your child is 36 months of age, we would like to collect
3 ml of blood (about 30 drops) from your child. Only one blood sample will be drawn
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from your child during this visit. A highly experienced nurse will collect the blood using
a small needle from your child’s hand. This will hurt for a moment, and might leave a
small bruise. At each follow-up visit the nurse will also collect a stool sample or rectal
swab and a respiratory swab from your child. These procedures are quick and painless.

When you are home with your child and you think your child is sick with diarrhoea;
We will send you a short SMS message routinely to ask if your child has experienced an
episode of diarrhoea. If you respond with “yes”, our nurses will call you to arrange a
convenient time to visit your house to collect a stool sample, ask a set of simple questions
and provide medical advice to help your child. If you feel that you need to seek
hospitalization, we ask that you consider bringing your child to the HTD. If you attend the
HTD when your child has diarrhoea, we request that you call our nurse so she can support
you and your child when he/she is evaluated by a doctor from HTD. You can also bring

your child to other clinics or hospitals that are convenient for you.

Risks and benefits to being in the program:

By being in the program, you will have access to experienced doctors in the Well Baby
Clinic at HVH who will examine your child for no cost at scheduled visits that will
monitor your child’s health and development. The amount of blood we collect from your
infant at each visit is small (20-30 drops). Your child will probably cry out when the
sample is collected. You will receive money to compensate you for travel costs in
bringing your child to the Well Baby Clinic, HVH for follow-up visits in addition to free
diagnostic services and supported travel costs for diarrhoeal examinations at HTD. If you
bring your child to a private clinic or an emergency department of the hospital other than

HTD when your child is sick with diarrhoea, compensation will not be given.

What we will do with the blood and other samples we collect from your child

The blood and stool samples we collect from your child will be used for research. The
specimens will be stored in a freezer. We will do various tests on the blood, stool and
respiratory samples we collect from your child to understand if your child has ever had
Shigella or other diarrhoeal and respiratory diseases that are common in Viet Nam. The
tests we do on the blood and respiratory samples we collect from your child will not have
a direct benefit to you, but might help other children in the future. Samples we collect
from your child may be used in future studies.
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Confidentiality

All of the information we get from you is strictly private. Your child’s name will not be
on any samples we collect or test results—we will use a number instead of a name. Your

name, or your child’s name, will not be mentioned in any output from this program. We
will ask for information on the district and ward in which you live, but we will not use

this information for any purpose outside this program or give it to anyone else.

Costs

There will be no cost to you for participating in this program. The costs of examination by
a paediatrician at scheduled visits will be paid for by the program. You will be
compensated for the travel costs you incur by bringing your child to the clinic for

scheduled visits.

Voluntary participation

If you do not want to be part of this program, it will not affect the care your child will
receive in any way. If you do agree to become a program participant, you can withdraw
from the program at any time (verbally). The care your child receives will not be
affected. However, information collected on your child up until you withdraw will still
be used.

End of the program

We will stop seeing your child at HVH after four follow up visits during two years after

today. . No information on your child health and no samples will be collected after this

time.

Obtaining additional information

You are encouraged to ask any questions related to this program during the time of
participation. If you have any questions about this program, its procedures, risks and
benefits, or alternatives please call Dr. Nguyén Trong Hiéu at 0903 159 285.

If you have any questions about your child’s rights as a subject in this program, you
may want to talk to Dr. Lu Lan Vi, or if you want to speak to someone outside of
the program you may contact the Ethics Committee at the HTD at 083 855 8532.
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Consent form for the “Diarrhoeal Cohort Study”
OXTREC -1058-13
Consent from: MOTHER/FATHER/GUARDIAN

| have been fully informed of the possible risks and benefits of taking part in this

diarrhoeal cohort program and agree that I and my child will take part.

e | know who to contact if | need more information. | understand that confidentiality
will be preserved. | understand that |1 am free to withdraw from the program at any

time without affecting the care I or my child will receive.

e | understand there will be limited direct benefit to me or my child.

e | agree to allow nurses to come to my home when | report a diarrhoeal disease

episode in my child

e | agree that the geographical location of my house may be recorded in order to

understand any relationship between location and disease.

o I AGREE OR o I DO NOT AGREE that the samples taken can be stored for
other research studies about infectious diseases, including genetic testing and

these tests may be done outside of Viet Nam.

Participant Number: BCB- -

Participant’s name:

Signature of person giving consent

Relationship to participant

Print name

Date of signature

Investigator’s statement
I, the undersigned, have fully explained the relevant information of this research to the
participant named above and will provide her/him with a copy of this signed and dated
ICF.
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Investigator / designee signature

Print name

Date of signature

If the person giving consent cannot read the form, a witness must be present and
sign here:

| was present throughout the entire informed consent process with the participant. All
questions from the participant were answered and the participant has agreed to take part

in the research.

Witness signature

Print name

Date of signature
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Consent for genetic testing
OXTREC -1058-13

(to be signed by the participant’s parent or guardian)

By signing/marking my name here, I confirm my willingness for my child’s blood to be

used for genetic tests.

Participant Number: BCB- -

Participant’s name:

Signature of person giving consent

Relationship to participant

Print name

Date of signature

I, the undersigned, have fully explained the relevant information of this research to the
participant named above and will provide her/him with a copy of this signed and dated
ICF.

Investigator / designee signature

Print name

Date of signature

If the person giving consent cannot read the form her/himself, a witness must be
present and sign here:

| was present throughout the entire informed consent process with the participant. All
questions from the participant were answered and the participant has agreed to take part

in the research.

Witness signature

Print name

Date of signature
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9.1.4 ICF for the potential participants coming from the orginal cohort (Vienamese
version)
Phiéu thong tin cho “Nghién ciru Poan hé Bénh Tiéu chay”
Cho tré da tham gia vao chwong trinh "Swrc khée tré em"
OXTREC - 1058-13

Théng tin vé chwong trinh

'

Chung t61 moi nhitng ba me va em bé da tham gia trong chuong trinh "Strc Khée Tré Em'
cua chung t6i tai Bénh vién Hung Vuong cung tham gia vao "Nghién Ciru Poan H¢
Bénh Tiéu Chay". Phiéu nay s& cung cip cho ban nhing thong tin can thiét dé ban quyét
dinh c6 tham gia hay khong. Vui long doc k¥ t& thong tin nay. Ban c6 thé hoi vé chuong
trinh ndy, nhitng loi ich va nguy co c6 thé xay ra, quyén clia nguoi tham gia, va bat ky
van dé nao c6 lién quan hay thong tin trén phiéu ndy ma ban thiy chua rd. Khi moi thac
mic da duoc giai dap, ban co thé quyét dinh cho ban va con ban c6 tham gia hay khong.

Qua trinh nay duoc goi 12 sy 1dy dong thuan tham gia nghién ctru.

Muc tiéu cta chuong trinh ndy 1a dé x4c dinh tan suat bi bénh tiéu chay o tré em Viét
Nam, nguyén nhén gay tiéu chay va tai sao tré em lai bi tiéu chay. Ngoai ra ching t6i
cling mu6n tim hiéu vé viéc méau ctia con ban phan tmg véi bénh tiéu chay nhu thé nao.
Chung t6i hy vong c6 thé hiéu hon vé bénh tiéu chay & thanh phd HO Chi Minh dé c6 thé

tao vac xin giup cac tré¢ em ngura bénh sau nay.

Pay 1a mot phan cua chuwong trinh “Strc khoe tré em” ma ban dang tham gia. Muyc tiéu
cu thé ctua phan méi nay 1a dé tim hiéu mot chiing vi khuan c6 tén goi Shigella, thuong
gay bénh tiéu chay ning & tré nho. Ching tdi can khao st thu thap théng tin vé noi ¢ va
diéu kién séng cua tré em dé hiéu hon vé bénh do vi khuan Shigella va cac nguyén nhan
gay bénh tiéu chay khac & tré em Viét Nam. Dé thuc hién dugc diéu nay, ching toi s&
theo ddi strc khoe cua con ban trong 2 ndm. Trong subt thoi gian d6 ching t6i s& theo
ddi méu caa bé dé tim ching ct cua nhidm khuan, va sé& hoi ban vé tt ca nhitng bénh
ma bé va cac thanh vién gia dinh ban mic phai, ké ca nhitng 1an phai nhap vién. Nhiing
thong tin c6 dugc tir cac khao sat ndy ¢ thé gilp ching tdi trong viéc tao ra vac xin

ngan ngira bénh tiéu chay do nhiém khuan Shigella trong tuwong lai.

Chuong trinh nay cling s€ c6 mgt phan thyc hién xét nghiém di truyén trén mau mau cua
con ban. Xét nghi¢ém di truyén nay gitip chiing t6i hiéu vi sao mot s6 nguoi bi bénh nay
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trong khi mot s khac thi khong bi. Néu ban dong ¥, théng tin di truyén trong mau cia
con ban s€ dugc xét nghiém. Két qua xét nghiém nay sé duoc sur dung dé tién hanh céc
nghién ctru, tuy nhién danh tinh ctia ban va con ban s& duoc 4n dé khong ai biét thong tin
di truyén d6 1a cta ai. Mot sb mau s& duoc gui ra nudc ngoai dé xét nghiém, c6 thé diéu
nay duoc cho 1a xdm pham dén sy riéng tu. Viéc dong ¥ cho mau dé xét nghiém di truyén
1a tiy & ban. Ban va con ban van c6 thé tham gia vao chuong trinh nay du ban khong

ddng ¥ dé mau mau dugc ding cho xét nghiém di truyén.

Cac don vi tham gia chwong trinh?

Céc don vi cong tac tham gia nghién ciru bao gdm Bénh vién Hing Vuong (TPHCM) va
Bénh vién Bénh Nhi¢t D61 (TPHCM).

Néu nhw tdi thay mit con t6i chip thuin tham gia, diéu gi sé xay ra trong chwong
trinh va c6 nhirng nguy co thé nao?

Khi tham gia (hdm nay):

Khi bé dugc 12 thang tudi va ban dwa bé dén hen kham theo ddi 1an cubi cung cho
chuong trinh Strc Khée Tré Em ¢ Phong kham nhi - Bénh vién Hung Vuong, ban va con
ban s€ dugc moi tham gia vao "Nghién ctru Poan hé Bénh Tiéu Chay". Néu ban va con
ban dong ¥ tham gia, mot diéu dudng s& cap nhap nhimng thong tin vé ban nhu noi ban 6,
cdu tric gia dinh, va tinh trang sitc khoe ctia bé. Pidu dudng ciing s& ldy 2ml mau méu
(khoang 20 giot) cua bé, cho chuong trinh "Strc khode tré em" thay vi 1ml (khoang 10
giot) nhu trudc day. Chi Iy t6i da 2ml méu tir bé trong 1an kham nay. Didu dudng ciing
s& ldy mot mau phan, hodc mot mau phét hdu mon néu khong co phan, va mau phét mii

hong cua con ban.

Cac lan tii kham (mdi 6 thaing m§t 1an trong 2 niim):
Dé theo doi sirc khoe va sy phat trién ctia con ban, chung t6i can gip ban va bé vao mdi 6

thang mot 1an, vao cac thoi diém bé duoc 18, 24, 30 va 36 thang tudi.

M3di 1an tai khdm mat khoang nira tiéng tai ngay phong kham noi ban dwgc nhan vao
nghién ciru. Diéu dudng s& phat cho ban mét thé ghi lich tai kham ciia chuong trinh. Tai
mdi 14n tai kham, con ctia ban s& dugc bac si kiém tra sirc khoe. Chung t61 s€ ghi lai
nhiing thong tin vé sy phat trién cia con ban va hoi thém mot s6 cau hoi don gian vé sirc
khoe ciia bé. Khi con ban dugc 18, 24 va 30 thang, chung toi s& 1dy khoang 2ml méau
(khoang 20 giot) ctia con ban cho nghién ctru. Khi con ban dugc 36 thang, chung toi s€
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14y 3ml mau (khoang 30 giot). M&i lan kham chi 14y 1 mau mau caa bé. Mot diéu dudng
nhiéu kinh nghiém s& dung cay kim nho dé 1dy mau trén tay ctia bé. Viéc 14y mau s& gay
dau mot ti va co thé lai mot vét bam nho. Tai mdi 1an tai kham, didu dudng ciing s& ldy
mot mau phan hodc phét hiu moén va mot mau phét mii hong cua bé. Viée thu miu nay

rat nhanh va khong gay dau.

Khi ban & nha véi bé va ban nghi ring bé bi bénh tiéu chay;

Chung t6i s& gt lién lac v6i ban bang tin nhan SMS dinh ky dé hoi thim bé c6 b tiéu
chay khong. Néu ban tra 161 "C6", mot diéu dudng cua chiing t6i s€ goi dién cho ban dé
sép Xép thoi gian thudn tién dé dén tham nha ban dé léy mot mau phan, hoi mot s6 cau hoi
don gian va tu van y té dé gitp con ban. Néu ban cam thiy rang con ban cin nhép vién,
chung t6i mong ban xem xét dua bé dén Bénh vién Bénh Nhiét D6i. Néu ban mudn dua
bé dén Bénh vién Bénh Nhiét D6i khi bé bi tiéu chay, hiy goi cho diéu dudng cua ching
t61 dé duoc hd tro va bé s& duoc kham bdi mot bac si chuyén khoacua bénh vién Bénh
Nhiét P6i. Ching t6i s& thu thap mot mau phan cia bé khi ban cho bé dén kham tai day.
Ban ciing c6 thé dua bé dén cac phong kham hodc bénh vién khac néu diéu d6 thuan tién

cho ban.

Cac nguy co va lgi ich khi tham gia:

Khi tham giachuong trinh, con ban s€ dugc nhirng bac si c6 kinh nghi¢m tai phong kham
Nhi, bénh vién Hing Vuong khdm va tu vin mién phi vao nhiing ln tai kham dinh ky dé
theo ddi tinh trang stc khoe va sy phat trién ctia bé. Luwgng mau chiing t6i 1y tir con ban
tai mdi 1an tai kham 1a rat nho (khoang 20-30 giot). Bé c6 thé khoc khi bi 14y mau. Ban sé&
nhan dugc mot khoan tién hd trg cho chi phi di lai cho cac lan tai kham tai phong kham
Nhi, Bénh vién Hung Vuong, cac lan di kham bénh vi tiéu chay tai bénh vién bénh Nhiét
ddéi cling nhu mién phi xét nghiém khi dén kham tai bénh vién nay vi tiéu chay. Néu ban
cho con dén kham & mot phong kham tu hoac dén khoa cép curu tai mot bénh vién khac,
khong phai 1a Bénh vién Bénh Nhiét déi khi bé bi tiéu chay, chiing tdi s& khong hd tro cac
chi phi nay.

Chiing toi sé 1am gi v6i mau va cac miu khac thu tir con ban

Mau mau va phan ma ching t6i thu duoc tir con ctia ban s& duoc ding vao nghién ciru.
Céc mau d6 s& dugc luu trit trong ta dong lanh. Chung toi s& 1am mot s6 xét nghiém trén
mau mau, phan va mau phét mili hong cua con ban dé xem con ban ¢6 ting bi nhiém
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Shigella hodc mot s6 bénh tiéu chay va ho hap phd bién khac & Viét Nam hay khong.
Nhitng xét nghiém ma chung t6i tién hanh trén cac mau mau va mii hong thu dugc tir con
ban c6 thé khong mang lai 1oi ich truc tiép cho ban, nhung diéu nay cé thé giup nhimg tré
em Kh&c trong tuong lai. Cac mau chung t6i thu dugc tir con ban ciling c6 thé duoc su

dung cho cac nghién ctru vé sau.

Tinh biao mat

Tht ca nhitng thong tin chung t6i c6 dugc tir ban s€ dugc bao mat nghiém ngat. Tén cia
con ban s€ khong hién dién trén bat ki mot mau xét nghiém nao cling nhu trén két qua cua
ching t6i - chung t6i s& dung ma s thay cho tén. Tén cuia ban, tén cta con ban s& khong
duoc dé cap dén trén két qua ctia chuong trinh. Chung t6i s& hoi thong tin vé quéan va
phuong noi ban & nhung s& khong st dung thong tin ndy vao bat ky muc dich nao khac

ngoai chuong trinh nay va ciling khong dua cho ai khac.

Chi phi

Ban khong t6n bét ki chi phi nao khi tham gia vao churong trinh nay. Viéc kham bénh
theo lich s& dugc chuong trinh chi tra. Ban s& duoc hd tro chi phi di lai khi mang bé dén
phong kham dé tai kham theo lichdd hen. Ban cling duoc mién phi chi phi xét nghiém
chan doan bénh va duoc hd tro chi phi di lai khi cho bé dén kham tai bénh vién Bénh

Nhiét Béi vi ti€u chay.

Sw tu nguyén tham gia chuwong trinh

Du ban chon khong tham gia vao chuong trinh thi viéc d6 ciing khong anh hudng dén
viéc cham séc strc khoe cho con ban. Ngay ca khi ban da dong ¥ tham gia chuong trinh,
ban ciing c6 thé xin rat khoi chuong trinh bat ky lac nao (bang 151). Viéc cham soc sirc
khoe cho con ban s€ khong bi anh hudng. Tuy nhién nhitng thong tin da dugc thu thap

vé con ban cho dén thoi diém do van s€ dugc dung cho nghién cuu.

Két thiic chwong trinh
Chung t6i s& nging kham theo ddi con ban sau bdn 1an theo ddi trong vong 2 nim tai
bénh vién Hung Vuong ké tir ngay hom nay. Sau d6, chung t6i s& khong thu thap thém

mau va thong tin tir con ban nira.
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Céc thong tin thém

Chung t6i khuyén khich ban héi thém bat ky cau hoi gi lién quan dén chuong trinh nay
trong sudt thoi gian tham gia. Néu ban c6 thic mic vé chuong trinh, céc quy trinh,
nguy co va loi ich, hay cac cau hoi khac, vui 1ong goi BS. Nguyén Trong Hiéu tai
s6 0903 159 285

Néu ban co6 bat ky thic mac gi vé cac quyén ctia con ban khi tham gia chwong trinh nay,
ban c6 thé lién hé BS. Lu Lan Vi hodc néu ban mudn noi chuyén véi ai khac ngoai
nhom nghién cutru, ban c6 thé lién hé v6i Hoi Bé)ng Dao buc tai Bénh vién Bénh

Nhiét d6i & s6 083 855 8532.
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Phiéu chip thuin tham gia "Nghién ciru Doan hé Bénh Tiéu chay"

OXTREC -1058-13

Chép thuin tir: BO/ME/NGUOI GIAM HQ

|

T6i da duoc thong tin day du vé cac nguy co va loi ich c6 thé ¢ cta viée cho con
t61 tham gia vao chuong trinh nghién ctru doan hé bénh tiéu chay nay va dong ¥

rang toi va con cua toi sé tham gia.

Toi bict s€ lién lac voi ai khi can hoi thém thong tin. T6i hi€u rang cac thong tin
ve to1 hay con to1 s€ dugc bao mat. Toi hiéu dugc téi c6 quyen rat khoi chuong
trinh vao bat ky lic nao ma khong anh hudng dén viéc cham soc suc khde ma toi

hay con t6i s€ dugc nhan.

T6i hiéu 1a viéc nghién ctru nay sé khong mang dén nhicu 1gi ich tryc tiép cho toi

va con toi

To6i dong y dé didu dudng ctia chwong trinh dén nha toi khi toi bao con toi bi

nhiém bénh tiéu chdy

T61 dong y viéc dinh vi nha & cua t61 c6 thé dugce thyc hién dé tim hi€u sy lién

quan gifra noi ¢ va bénh tat.

Téi dong y hoic o Téi khong dong ¥ cho phép mau cia con toi duoc luu trit cho

cac nghién ctu v€ sau vé cac bénh truyén nhiém, bao gom cac xét nghiém di truyén va

cac xét nghiém nay co thé dugc thuc hién bén ngoai Viét Nam.

M4 sb tham gia: 14EN- -

Tén ngwoi tham gia:

Chir ky cia nguoi chip thuin
Quan hé véi nguwoi tham gia
Ho Tén (chir in)

Ngay ky
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Xac nhan cta nghién ciru vién
T61, nguoi ky tén bén dudi, da giai thich day da cac thong tin lién quan dén chuong
trinh nghién ctru nay cho nguoi tham gia c6 tén bén trén va s€ cung cap cho cd/anh ay

mot ban sao cua phiéu chip thuan di duoc ky va ghi ngay thang nay.

Chir ky cuia nghién ciru vién
hoac nguoi dugce chi dinh

Ho Tén (chir in)

Ngay ky

Néu nguwdi chip thuan khong thé tw doc phiéu nay, mét nhan chieng phai c6 mit va
ky tén dwéi day:

T6i da c6 mat cung voi ngudi tham gia trong sudt qua trinh lay chap thuan. Tt ca cac
cau hoi cta nguoi tham gia da dwoc tra loi va nguoi tham gia di dong ¥ tham gia vao

chuong trinh nghién ctru.

Chir ky nhan ching
Ho Tén (chir in)

Noay ky
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Phiéu chip thuin cho xét nghiém di truyén
OXTREC - 1058-13

(dwogc Ky tén béi bé me hodc ngwoi gidm hd cia tré tham gia nghién ciru)

Bang vi¢c ky tén/danh dau ¢ day, t6i xac nhan dong y cho phép mau mau cua con toi

duoc dung vao cac xét nghiém di truyén.

M4 s6 tham gia: 14EN- -

Tén ngwoi tham gia:

Chir Ky ciia nguoi chap thuin

Quan hé véi ngudi tham gia

Ho Tén (chir in)

Noay ky

T6i, ngudi ky tén bén dudi, di giai thich day du cac thong tin lién quan dén chuong
trinh nghién ctru nay cho nguoi tham gia c6 tén bén trén va s& cung cap cho cd/anh ay

mdt ban sao ctia phiéu chap thuan da dugc ky va ghi ngay thang nay.

Chir ky ctia nghién ciru vién
hoac nguoi dugce chi dinh

Ho Tén (chir in)

Ngay ky

Néu nguoi cho chap thuan khdng thé tw doc phiéu nay, mét nhan chieng phai cé
mat va ky tén duwdi day:

T6i d c6 mat cing véi ngudi tham gia trong sudt qué trinh 1dy chap thuan. Tat ca cac
cau hoi ciia nguoi tham gia da dwoc tra 1i va nguoi tham gia da dong y tham gia vao

chuong trinh nghién ctru.

Chir ky nhan ching
Ho Tén (chir in)

Noay ky
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9.2 ICF for the community survey

9.2.1 ICF for the community survey (English version)

PARTICIPANT INFORMATION SHEET AND ICF

Diarrhoea Management among children under 5 in the community in HCMC, Viet

Nam

Introduction and summary

You are invited to take part in this research study to help us explore behavior for the
treatment of diarrhoeal disease among children less than five years of age in the
community. We want to know whichoptions for outside-the-home healthcare you would
seek if your child had an episode of diarrhoeal disease. We also want to know about

your attitude on the use of antimicrobials and antimicrobial resistance issues.

You will have a copy of this sheet to keep for your records.

What do | do if | participate in the study?

We will ask you to sign in the inform consent form and we will ask you a few questions
regarding your demographics, your child’s health status during the last month, what you
would do if your child has diarrhoea and where would you choose to seek healthcare
outside of the home. We also ask you some questions on your attitude regarding
antimicrobial usage and antimicrobial resistance. The interview will take approximately

15 minutes.

You are free to no answer any questions that you do not want to answer.

What happens to the information | give?
The interview will be private between yourself and the interviewer. The questionnaire is
anonymous so no one will know the answers are yours. Only the project team members

have access to your answers but your information will be anonymous.

What are the risks and the benefits if | participate in the study?
There are no disadvantages if you decide to participate, except that you need to spend
time for the interview. Your answers will contribute to the understanding of

management of diarrhoea in the community in Viet Nam, and help inform future public
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health promotion for diarrhoeal diseases in Vietnamese children. There are also no
disadvantages if you choose not to participate.

You will receive a compensation for the time you spend taking part in this study
(50,000VND).

Is my participation is compulsory or voluntary?

Your choice to participate is completely voluntary. You are free to decide whether you
want to join in this project. If you agree you can then withdraw from the project at any
time without any consequences. You can also withdraw any given information before

the analysis process.

When | need some more information, who should | contact?

We encourage you to discuss any problems with the study team. If you need any more
information about the participation, you can contact Ms Le Thi Quynh Nhi at
0946309385
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INFORMED CONSENT FORM
Diarrhoea Management In HCMC, Viet Nam

e | have read the information given to me and freely agree to be in this study. | will be
given a copy of this form to keep.
| have been told about the risks and benefits.

| understand that | may stop participating in the study at any time.

(Please check one)
e 0l AGREE OR ol DO NOT AGREE to take part in the interview.

By signing/marking my name here, I confirm what is written above

Signature of Participant: Full Name: Date of Signature:

I, the undersigned, have fully explained the relevant information of this study to the

person named above and will provide her/him with a copy of this signed and dated ICF.

I

Investigator/Designee Print Name Date of Signature

Signature

If the person giving consent cannot read the form themselves, a witness must be
present and sign here: I was present throughout the entire informed consent
process with the participant. This form was read accurately to the volunteer, all
questions from the volunteer were answered and the volunteer has agreed to take

part in the research.

I

Witness Signature Full Name Date of Signature
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9.2.2 ICF for community survey (Vietnamese version)

BANG THONG TIN VA PHIEU CHAP THUAN THAM GIA KHAO SAT

Khio sat vé thuc trang xir tri tiéu chay cho tré em dwéi 5 tudi trong céng dong tai
thanh phd Hd Chi Minh, Viét Nam

Gi6i thiéu va Tom tit

Chung téi moi ban tham gia vao khao sat thuc hanh cta ba me hoac ngudi cham soc tré
dudi 5 tudi khi tré bi tiéu chay trong cong dong. Chang tdi mudn biét anh/chi sé lua
chon nhitng dich vu y té nao khi c6 tinh hudng bé bi tiéu chay. Chung ti ciing mudn
tim hiéu thai d6 caa anh chi trong viéc sir dung thudc khang sinh va van dé khang khang

sinh.

Chuing tdi c6 02 ban gidng hét nhau va sé gui cho anh chi 01 ban dé giir.

T6i sé lam gi khi tham gia khao sat nay?

Néu anh/ chi dong y tham gia, anh chi s& ky tén vao “Phiéu chap thuan tham gia” va
chiing tdi s& hoi mot vai cau hoi vé cac dic diém lién quan dén dan sé caa anh/chi, vai
cau vé tinh trang sirc khoe cua tré trong vong 01 thang qua, ching tdi s& hoi vé lva chon
anh chi s& thyc hién néu tré bi tiéu chay. S& mat khoang 15 phut cho viéc phong van.

Anh chi dugc quyeén tra loi hoic tir chéi tra 161 bat ctr cau hoi nao anh chi khong mudn.

Nhirng thong tin tdi cung cip sé dwgc dung lam gi?
Nghién ciru nay sir dung bo cau hoi 4n danh nén khong ai dwoc biét anh/ chi da tra 10
phiéu cau hoi ndo. Chi c6 nhdm nghién cttu méi duogc tiép can cac thdng tin anh/ chi da

tra 101 nhung trén do khong ghi rd ho va tén anh/ chi.

Cic nguy co va bit lgi néu toi tham gia?
Pay 1a khao sat théng qua phong van hoi — tra 15i nén néu anh chi dong y tham gia, s&
khdng cd bat lgi gi vé stuc khoe hoidc bat ctr bat loi gi khéac, ngoai trir mat mot chat thoi

gian tra loi cdu hoi.

Cac cau tra 1oi cua anh/ chi s& gilp ching tdi hiéu duoc cach xt tri ctia ngudi dan trong
cong dong néi chung khi tré bi tiéu chay, tir 46 s& gilp cho viéc théng tin dén cac chién
lugc truyén thong nham cai thién tinh hinh tiéu chay & Viét Nam.
Néu anh/ chi khong tham gia thi ciing khong c6 bat lgi ndo cho minh.
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Anh/ chi s& dugc giri mot mon qua nho (tri gia 50.000VND) dé cam on thoi gian anh/

chi da danh cho tra 151 cau hoi.

Tham gia tw nguyén hay bt bugc?

Viéc tham gia hoan toan tuy nguyén. Anh/ chi hoan toan duoc tu y quyét dinh tham gia
hoac khong tham gia. Anh/ chi c6 thé rat lui & bat ky thoi diém ndo ma khong bi anh
huong gi ca. Néu anh/ chi muén rat khoi khao sat, bat cir e nao ciing dugc, trude giai

doan céc dir liéu dugc phén tich.

T6i can biét thém thong tin, toi lién hé véi ai?

Chung tdi khuyén khich anh/ chi tham gia thao luan bat ctr van dé gi lién quan voi
nhém nghién ciu. Khi can anh/ chi c6 thé lién hé: ThS. Lé Thi Quynh Nhi,
0946309385.
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PHIEU CHAP THUAN THAM GIA
Khao st vé thuc trang xir tri tiéu chay cho tré em dwéi 5 tudi trong cong dong tai
thanh phé Hd Chi Minh, Viét Nam
- Téi da doc va hiéu thong tin trén day, da co co hdi xem xét va dat cau hoi vé
thong tin lién quan dén ndi dung trong nghién ctu nay.
- Tbi da ndi chuyén truc tiép vé nguy co va loi ich
- Toi s& nhan mot ban sao cia Ban Thong tin va phiéu chip thuan tham gia.

- T6i hiéu rang minh c6 thé dung tham gia khao sét bat ¢t lGc no.

Toi chon
o TOI PONG Y THAM GIA o TOI KHONG PONG Y THAM GIA

Chir ky ctia ngwai tham gia:

Chir ky Ho tén nguoi tham gia Ngay thang nam
/ /

Chir ky ciia Nghién ciru vién/nguwdi 1y chap thuan:

T6i, ngudi Ky tén dudi ddy, xac nhan rang bénh nhan/ngudi tinh nguyén tham gia
nghién ctru Ky ban chap thuan di doc toan b ban thong tin trén ddy, cac thong tin ndy
da dugc giai thich can k& cho Anh/ Chi va Anh/ Chi di hiéu rd ban chét, cac nguy co va

loi ich cua viéc tham gia vao khao sat nay.

[ 1

Chir ky Ho tén nghién ctru vién Ngay thang nam

Chir ky ciia nguoi 1am chieng hodc ciia ngwdi dai dién hep phéap (néu ap dung):

Chir ky Ho tén nguoi lam chimg Ngay thang nam
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9.3 CRFs for the community survey

9.3.1 English version
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Questionnaire: A descriptive study on the management of diarrhoeal disease in
the community in HCMC, Viet Nam

ICFID: _ Investigator:

Date of interview: / / Ward : District 8 HCMC

Instruction: Please fill in the box that match the interviees’ answers

Part A. Demographic information
Al. Gender of interviewee

1. Male []

2. Female []

A2. What is your role with the kid

1. Parents L]

2. Care-giver []

A3. What year of birth you were born
_ (year)

A4. Did you have any health training
1. Yes []

2. No []

A5. How many kids do you have?

1. 01 child []

2. From 2 + []

A6. How many kids under 5 do you have?

1. 01 child []

2. From 2 + []

A7.DOB of the firstkidunder5 /[
A8. DOB of the second kidunder5  / /
A9. DOB of the third kidunder5___ / /
A10. What do you do for living?

1. Worker, shop assistant

2. Officer, teacher (long term paid)

3. Health staff

4. Business (shop owner, company)

5. Housewife

6. Other

oo on
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All. Have you finished?

1. Primary

2. Secondary

3. Highschool

4. Vocational training, college, undergratduate
5. Postgratduate

Al12. How much is your monthly income?

1. <900.000VND/ month

2.900.000 - 1.300.000 /month
3.1.300.000VND - less than 9.000.000/ month
4.>9.000.000/ month

5. No answer

Ddoodno godgod

Part B. Information about the child under 5 during the last one month. Please tell us
during the last month if your child,

B13. Has the child had any infections (eg: diarrhoea, pneumonia, ...)?
1. Yes []

2. No []
3. Don’t known []

B14. Has the child taken any medication?
1. Yes [ ] If yes, what disease

2. No []
3. Don’t known []

B15. Has the child taken any antibiotics?
1. Yes []

2. No []
3. Don’t known []

Part C. In this part we are going to propose a scenario that there is one child under 5
in your house has diarrhoea ( meaning that the kid has abnormal loose stool such as
loose stool, watery stool, mucus, bloody, more than 3 times during the previous 24
hours. The kid may have small amount of abnormal stool, many times, watery, etc.
Please tell us

C16. Given the kid has diarrhoea, what would you do (multiple options)

1. Stay at home []

2. Buy drugs from pharmacy ]
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3. Visit doctors []
4. Visit hospital []
C17. First scenario: the kid has loose stool, 4-5 times/ day, please tell us 03 options
of your choice (noted that in this scenario the kid has no fever and no vomit)

1. Stay at home

Buy drugs from pharmacy

Visit district hospital

Visit private and/ or international hospitals

Visit Health center at the ward

Visit private doctors, clinics

Visit pediatrics hospital or HTD

O N o g A~ WD

Buy drugs from traditional medical shops (thuéc bac, thuéc nam) || |
C18. In the 1%t scenario, that the kid has loose stool and no fever, no vomit, if you
do not stay at home, on which day of the disease would you go to seek medical

care (such as buy drugs or visit doctors)

1. Day 1 ]
2. Day 2 []
3. Day 3 []
4. Other

C19. Second scenario: the kid has mucus stool, 4-5 times/ day please tell us 03
options of your choice (noted that in this scenario the kid has no vomit, but mild
fever)

1. Stay at home

Buy drugs from pharmacy

Visit district hospital

Visit private and/ or international hospitals

Visit Health center at the ward

Visit private doctors, clinics

Visit pediatrics hospital or HTD

© N o g B~ D

Buy drugs from traditional medical shops (thuéc bac, thuéc nam) |||
C20. In the scenario that the kid has mucus and mild fever, no vomit, if you do
not stay at home, on which day of the disease would you go to seek medical care
(such as buy drugs or visit doctors)

1. Day1 ]
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2. Day?2 []
3. Day3 []
4. Other

C21. During the disease onset, would you provide more water to the kid?
1. Yes []

2. No []

3. Don’t known []

C22. During the disease onset, would you provide any more fluid or water?
1. Yes []

2. No []
3. If yes, please clarify

C23. Would you supplement zinc (a kind of nutritional mineral)?
1. Yes []

2. No []
3. Don’t known []

C24. Would you provide any probiotics?

1. Yes []
2. No []
3. Don’t known []
4. Other
C25. Would you feed the kid yoghurt?
1. Yes []
2. No []
3. Don’tknown [_]
4. Other

Part D. We’d like to ask about your behavior in real life (these can be applied for
you and/ or you children)

D26. Have you ever bought drugs from pharmacy

1. Yes []
2. No []
D27. Have you ever bought antibiotics from pharmacy?
1. Yes []
2. No []
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D28. When have you bought antibiotics?
In the last month

In the last 6 month

More than 01 year

Do

1
2
3. Inthe last year
4
5

Don’t remember
D29. According to you, antibiotics are used for (multiple options)
Headache
Diarrhoea

Teething

Cold
Coughing

Doogdon

1
2
3
4. Fever
5
6
7

Others

D30. According to you, how could we buy antibiotics (multiple options)
Doctors’ prescription []
Require the doctor to prescribe []

Don’t know |:|
Other []

D31. Have you ever bought antibiotics without doctors’ prescription?

1. Yes [ ] 2.No []

D32. Have you ever stored antibiotics at home for further uses?

1. Yes [ ] 2.No []

D33. Have you ever stopped antibiotics if you get better?

1. Yes [ ] 2.No []

D34. Have you ever reduced doses if you get better?

1. Yes [ ] 2.No []

D35. Have you ever exchange prescriptions with others?

1. Yes [ ] 2.No []

Part F. Please let us know your idea bout these statements

1
2
3. Require drug seller to sell antibiotics [ ]
4
5

F36. Some infections can be hard to treat if there is antibiotic resistance.

1. Agree []
2. Don’t agree ]
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3. Noidea/ don’tknow [ ]
4. Other

F37. Some bacterials can be resistant if you do not take enough doses
1. Agree []

2. Don’t agree []
3. Noidea/ don’tknow [ ]
4. Other

274



9.3.2 Vietnamese version

B cau héi M4& s6 BCH:

Nghién cieu mo ta vé thuc trang xir Ngay thuc hien:_ /1
tri tiéu chay cho tré em dwéi 5 tudi Piéu tra vién:

trong céng dong tai Tp.HCM Phuwong: Qugn 8 Tp.HCM

Huwéng din hoan tat b cau héi: Panh du vao 6 phi hop véi phan tra 1oi cia ngudi

duoc phong van

Phdn A. Thong tin nén

Al.
A2.
A3.
A4,
A5.
AG.
AT.
A8.
A9.

Giéi tinh ngwoi tra loi 1.Nam [ ] 2.Nix [ ]
Anh/ Chi 1a gi ddi véi tré 1.Ba/ me [] 2 Ngudi chim soc [
Anh/ Chi sinh nim nao? (nam)

Anh/ Chj ¢6 dwoc dao tao véy té khong? C6 [ ] Khong ]
Anh/ Chi c6 may nguéi con? 01 con [] Tu2troléen [
Anh/ Chi c6 miy con duéi 5 tudi? 01 con [] Tu2trolén [ ]
Ngay sinh cua tré dwéi 5 tudi thanhat /|

Ngay sinh cua tré dwéi 5 tudi thehai /  /

Ngay sinh cua tré dwéi 5 tudi theba /[

A10. Anh/ Chi lam nghé gi kiém séng?

1.Cdng nhén, ban hang

2.Van phong, gido vién (hudng luong dai han)
3.Nhan vién y té

4.Bubn ban, kinh doanh (lam chu ctra hang, DN)
5.Noi trg

6.Khac

A11. Anh/ Chi da hoc xong c4p nao?

1.Cap 1

2.Cép 2

3.Cip3

4.Trung hoc nghé, cao dfmg, dai hoc

5.Sau dai hoc

(ghi rd)

Doodo gbgodg

Al12. Thu nhap hang thang cia anh/ chi la bao nhiéu?

1.<900.000VND/ thang

[

275



2.900.000 - 1.300.000 thang
3.1.300.000VND - dudi 9.000.000/ thang
4.>9.000.000/ thang

5.Khong tra loi

0o

Phdn B. Thong tin vé tré trong thang qua. Hay cho chiing tdi biét trong mgt thang
qua bé (<5 tuai) ciza anh/chj
B13. Bé c6 bi bénh nhiém tring nao khong (vi du: tiéu chay, viém phai, ...)

1.Co ]

2.Khong []
3.Khéng biét ]
B14. Bé c6 udng thudc tri bénh gi khong?
1.Co []
2.Khong []
3.Khdng biét ]

4.Néu ¢, ghi rd bénh gi?

B15. Bé c6 udng thudc khang sinh khong?

1.Co []
2.Khong ]
3.Khdng biét ]

Phén C. Sau ddy chiing téi sé dat gid si 6 tinh huéng mét em bé dwéi 5 tudi trong
nha bi tiéu chdy, (nghia la bé di cau phan léng bdt thwong nhw: phén léng, phan
toé nwéc, phan cd nhay, mau, ma ... tie 3 ldn tré 1én trong vong 24 gio). Bé c6 thé
di xoet xoet, di phén nhiéu nwéc, hodc c6 thé bé di nhiéu lan, méi lan mgt chut
phan léng. Hay cho chang tdi biét

C16. Gia sir khi bé bj bénh tiéu chay, Anh/ chi sé 1am gi (danh diu nhiéu lya
chon)

1.0 nha theo dbi

2.Mua thudc & nha thube
3.bi kham bac si

4.Dén bénh vién

0o
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C17. Tinh hudng 1 12 em bé di phan 16ng khoang 4 dén 5 1an, Anh/chi hay cho
biét thi tw wu tién 03 lwa chon diu tién cia Anh/Chi (ghi chi thém: truong hep
nay em bé khong sét, khong 6i)

1.0 nha theo dbi

2.Mua thudc & nha thube

3.Cho tré di kham & bénh vién Quan

4.Cho tré di kham & bénh vién tu, bénh vién qubc té
5.Cho tré di kham ¢ Tram y té

6.Cho tré di kham ¢ phong mach bac si, phong kham da khoa

7.Cho tré di kham & bénh vién nhi dong hoic Bénh vién nhiét dsi

|
C18. Trong tinh huéng 1, trweong hop em bé chi di phan 16ng va khong sét, khong

8.Mua thudc tir nha thudc Y hoc ¢6 truyén (thudc bac, thudc nam) |

6i, néu khong cho & nha, thi vao ngay thi may ciaa bénh Anh/ chi cho bé di tim

dich vu y té (nhw mua thuéc hosic kham bénh)

1.Ngay 1 ]
2.Ngay 2 ]
3.Ngay 3 []
4.Khac [] (ghi ro)

C19. Tinh hudng 2 12 em bé di phan c6 nhay, ciing 4-5 1an mdt ngay, Anh/chi hay
cho biét thir tw wu tién 03 lwa chon diu tién cia Anh/Chi (ghi chii thém: truong
hop nay em bé khong 6i nhung c6 sot nhe)
1.0 nha theo dbi

2.Mua thuéc & nha thudc

3.Cho tré di kham & bénh vién Quan

4.Cho tré di kham & bénh vién tu, bénh vién qubc té
5.Cho tré di kham ¢ Tram y té

6.Cho tré di kham ¢ phong mach bac si, phong kham da khoa

7.Cho tré di kham ¢ bénh vién nhi dong hoiac Bénh vién nhiét dsi

8.Mua thudc tir nha thudc Y hoc ¢6 truyén (thudc béc, thudc nam) L
C20. Trong tinh hudng 2, em bé di cAu phan c6 nhay, co sét nhe, néu khong cho &
nha, thi vao ngay thir may cia bénh Anh/ chi cho bé di tim dich vu y té (nhw mua

thudc hoic kham bénh)
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1.Ngay 1 []

2.Ngay 2 []
3.Ngay 3 []
4.Khéc (] (ghi ro)

C21. Trong nhitng ngay bé bi tiéu chay, Anh/ Chi ¢ cho bé uéng thém nwéc khong?

1.C6 []
2.Khong []
3.Khéng biét ]

C22. Trong nhitng ngay bé bi tiéu chay, Anh/ chi c6 cho bé udng thém dich/nuéc
udng khac khong?

1.C6 [ ] Néu co, ghi rd loai dich, nuéc
2.Khong []

C23. Anh/ chi c6 cho bé bé sung kém (vi chit dinh dwéng) khéng?
1.C6 []

2.Khong ]

3.Khéng biét ]

C24. Anh/ chi c6 cho bé uéng men vi sinh khdng?
1.C6 []

2.Khong ]

3.Khdng biét ]

4.Khac [] (ghi ro)

C25. Anh/ chi ¢6 cho bé an sira chua khong?

1.C6 []

2.Khong []

3.Khdng biét ]

4.Khac [] (ghi r5)

Phan D. Chung t6i muén héi vé thuc hanh ciza anh/ chi trong theec té (cho ban than
anh/ chi va/ hogc cho bé)

D26. Anh/ chi c6 tirng mua thudc tir nha thuéc khong?
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1.Co
2.Khoéng
3.Khong biét
D27. Anh/ chi c6 tirng mua thudc khang sinh tir nha thudc khong?
1.Co
2.Khoéng
3.Khong biét
D28. Anh/ chi tirng mua thuéc khang sinh khi nao?

HEEEN

HEEEN

1.Trong thang qua []
2.Trong 6 thang qua[_]
3.Trong nam qua
4. Hon 01 nam
5.Khéng nh¢é
D29. Theo Anh/ chi, thudc khang sinh dwge ding dé diéu tri (nhiéu lwa chon)
1.Pau dau

HEEEN

2.Tiéu chay
3.Moc rang
4.S6t

5.Cam lanh
6.Ho
7.Khac [] (ghi ro)
D30. Theo Anh/chi, c6 thé mua dwec thudc khang sinh bing cach nao (nhiéu lwa chon)
1.Twr bac si ké toa theo bénh []

Doodon

2.D¢é nghi bac si ké toa L]
3.Dé nghi nguoi ban thudc ban cho minh [
4.Khong biét ]
5.Khéc [] (ghi rd)
1Cé 2 3
Khéng Khong biét
D31. Anh/ chi co6 tirng mua thuoc khang sinh theo toa 0 o 3]

BS chi dinh khong?
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D32. Anh/ chi c6 tirng giit khang sinh ¢ nha dé sau nay

dung khéng? =
D33. Anh/ chi ¢ tirng dirng thudc khang sinh néu thay

dd hon khong? 1[ ]
D34. Anh/ chi c6 tirng giam liéu néu thay bénh dé hon .
khong?

D35. Anh/ chi cd tirng dbi toa thudc véi nguwdi khac hodc

cac ba me khac khong; hoic xin toa thude da tri dit 1]

bénh caa ngwoi khac cho con minh khéng?

Phdn F. Hay cho ching toi biét y kién ciia Anh/ chi vé cac cau néi sau diy

2[]

2[]

2[]

3[]

3[]

3[]

F36. Mét s6 bénh nhiém tring c6 thé kho tri hon néu co s dé khang khang sinh

1.Déng y ]

2.Khong dong y ]

3.Khdng y kién/ khdng biét ]

4.Khac [] (ghi rd)

F37.M#t s vi khuin co thé tré nén khang thudc néu uéng thude khong da lidu
1.pong y ]

2.Khong dong y ]

3.Khdng y kién/ khdng biét ]

4.Khac [] (ghi rd)
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9.4 The diarrhoea cohort study protocol

Title: A community cohort study to define the age-specific incidence and risk factors of
Shigella diarrhoeal infections in Vietnamese children

Study code: 14EN
OXTREC number: 1058-13
Short title: Shigella cohort study

Version 1.3
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Introduction

Diarrhoea remains a major cause of childhood morbidity and mortality globally 3, with the
vast majority of the 2 billion annual infections and the 2.5 million resulting deaths
occurring in low and middle-income countries **%°. The aetiologies of diarrhoea are broad
and can induce a range of symptoms. The four species of the Gram-negative bacterial
genus Shigella (boydii, dysenteriae, flexneri and sonnei)®’, are amongst the most common
causes of dysenteric diarrhoea, with >164 million infections annually 8. However, the
burden of Shigella is disproportionately distributed between the species. S. flexneri has
historically been responsible for the majority of disease in developing countries 394, whilst
S. sonnei has dominated in developed countries “-#3. This pattern, however, is changing

with S. sonnei replacing S. flexneri as the primary agent of dysentery in many countries
40,44,45

There is a necessity to control Shigella infections and investigate the dramatic emergence
of S. sonnei in industrialising countries. Yet, there are extensive knowledge gaps regarding
disease distribution, incidence and exposure. Longitudinal, population-based rates of age-
related morbidity and complications are an important gap in Shigella knowledge 2°. Age-
specific incidence is essential for assessing disease burden and implementing and assessing
the potential benefits of future vaccines. There is also a need, for Shigella as well as other
diarrhoeal pathogens, to identify individual risk effects of malnutrition, low education
levels, poor sanitation and lack of vitamins and micronutrients in acquisition of diarrhoea in
children in the developing world 2%,

Shigella in Vietnam

Factors determining the distribution of the species are not well understood but the S.
flexneri/S. sonnei ratio is related to the economic status of the population 2°. The
collaborative work between Oxford University Clinical Research Unit (OUCRU),
Children’s Hospital 1 (CH1), Children’s Hospital 2 (CH2) and the Hospital for Tropical
Disease (HTD) in Ho Chi Minh City (HCMC), Vietnam, has reaffirmed this association,
demonstrating a transition from S. flexneri to S. sonnei over the past 15 years *°. Now,
>95% of Shigella infections in HCMC are S. sonnei, making it the principal bacterial agent
of hospitalised diarrhoea in HCMC. These Shigella infections can be aggressive, frequently
necessitating antimicrobial treatment 2°%2%, Yet, the increasing global dominance of S.
sonnei is associated with resistance to “last resort” antimicrobials such as flouroquinolones
and 3rd generation cephalosporins 17%2% and there is no vaccine 24,
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The burden of shigellosis in Vietnam remains unacceptably high. According to data from
government surveillance records, shigellosis in all ages was reported to have an annual
incidence rate of 58.8/100,000 in 2001 *°7; this was estimated to be 490/100,000/year in
children under 5 in a population-based study conducted in the early 2000s in the coastal
province of Khanh Hoa *°. Due to this substantial burden of disease, if a vaccine for
Shigella becomes available as part of a routine schedule for childhood immunisation, this
could have a substantial impact on the incidence of diarrhoea and improvement of child
health in Vietnam 2. However, in the face of growing antimicrobial resistance and the
continued lack of a vaccine 2%2% diarrhoeal admissions due to Shigella are predicted to
become increasingly more common and more difficult to treat.

Although various studies have identified Shigella as a pathogen in children in this setting,
very few have focused exclusively on Shigella and its associated risk factors in Vietnam.
However, previous work has shown as in other developing nations, Shigella infections tend
to present most often in the summer months during the monsoon season (which occurs
April-November in southern Vietnam) and is most common in children 2-3 years of age
4045187197 - Adlditionally, from a study evaluating Shigella isolates over a period of 15 years
in HCMC, district 8 has been shown to contribute proportionally more shigellosis patients
than other districts in the city. District 8 is an area associated with high population density
and poor sanitation (see Figure 2) 4.

Relationship between the original 07DX Birth Cohort and the Shigella cohort

The original Children’s Health Birth Cohort (07DX: A birth cohort study to identify
immunological, genetic, environmental, and viral risk factors for dengue and viral
infections of the respiratory and gastrointestinal tract in Vietnamese infants and children)
(Oxtrec: 0209) was established in 2009 as a collaboration between Hung VVuong Hospital,
Dong Thap Provincial Hospital, District 8 Hospital, the Hospital for Tropical Diseases and
the Oxford University Clinical Research Unit. The 07DX study was designed to address
major questions in childhood infectious diseases transmission in southern Vietnam.
Specifically, 07DX aimed to investigate immunity and pathogenesis in young children
exposed to dengue fever and to describe infectious causes of respiratory and diarrhoeal
disease in the first 12 months of life.

As of December 2013, the 07DX Birth Cohort has enrolled over 6,500 children. Children
enrolled in 07DX are currently followed up through 12 months of age with 5 scheduled
study follow-up visits, usually overlapped with standard care immunisation visits. Passive
surveillance of common childhood illnesses is also performed when parents bring their
children into the study clinic during periods of illness. Enrolment into 07DX has been
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completed. A smaller cohort of 1,000 children enrolled to the 07DX Birth Cohort have
been enrolled into an extended follow-up period until 6 years of age as per the protocol
amendment version 6.0 of the 07DX study (07DXA Birth Cohort Extension) (Oxtrec:
0209), known as study 07DXA. .

This newly proposed Shigella cohort aims to address additional scientific questions related
to diarrhoeal disease in children in the first 5 years of life. The proposed start date for
recruitment into the Shigella cohort is within the first half of 2014. The Shigella cohort will
recruit participants aged 12—36 months from the existing 07DX Birth Cohort and 07DXA
Extension studies, with follow-up for 2 years to 36-60 months of age (depending on the age
of recruitment). The Shigella cohort will utilise the existing participants, staff and
infrastructure of 07DX. Limited changes to the routine follow-up procedures of the existing
07DXA extension and extensive coordination amongst study organisers will reduce
confusion and work burden amongst study staff to achieve a smooth transition between
studies. The databases for the 07DX, 07DXA and Shigella cohort studies will be linked to
facilitate combined data analysis.

As Shigella is most often reported in children between 2-3 years of age, the Shigella cohort
will expand on the original infrastructure and aims of the 07DX study to answer questions
specifically on this pathogen, as well as other enteric pathogens, in children in this age
range. Serological samples collected in this study will also be used to explore dynamics of
other infectious diseases in young Vietnamese children including hand foot and mouth
disease, dengue virus and common respiratory pathogens, as per the objectives of the
07DXA Birth Cohort Extension.

Together, the 07D X, 07DXA and Shigella cohort studies create a strategic and
comprehensive platform to address major scientific questions in communicable diseases in
southern Vietnam. Longitudinal information and samples collected from birth will allow
for robust evaluation of a variety of epidemiological, immunological and genetic aspects of
infection and disease. Such data is crucial to develop appropriate diagnostics, treatment
regimens and disease control interventions among many other activities to improve the
health of Vietnamese children.

Shigella cohort objectives

Primary objective
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To define the age-specific incidence and exposure of Shigella infection in children <60
months of age in the community in HCMC

Secondary objectives

To determine the age-specific incidence of other agents of diarrhoeal infection including
Salmonella, Campylobacter, pathogenic E. coli variants, rotavirus and norovirus in children
<60 months of age in the community in HCMC

To describe risk factors for both Shigella as well as other diarrhoeal aetiologies in the
community

Evaluate levels of seroconversion to diarrhoeal pathogens in children at 6 month intervals
among children<60 months of age

Explore the relationship between levels of cord blood IgG titres at birth and rates of
seroconversion to Shigella infection

A collection of DNA from all enrolees that will be used to investigate host genetic
susceptibilities for diarrhoeal disease. These data will be compared to data from cross-
sectional human genetics data that is already available for the Vietnamese population.

Longitudinal anal and nasopharyngeal swabs collected during the period of study will be
used to investigate the development of the gastrointestinal tract and the respiratory tract
microbiota.

Deliverables

This project will aim to describe the epidemiology of Shigella infections in Ho Chi Minh
City and to inform the development and use of a Shigella vaccine. Specifically, we aim to
determine age-specific incidence and risk factors for Shigella infections and other agents of
diarrhoea across a spectrum of disease severity. Additionally, serum collected through this

285



project will provide an estimation of the true burden of S. flexneri and S. sonnei exposure
and seroincidence rates in this population through longitudinal serological analyses. We
will also investigate the longitudinal immune response to a range of Shigella antigens in
infected/exposed individuals in an endemic setting with a view of identifying vaccine and
diagnostic candidates and their serological relationship to O-antigen. It is hoped that local
and international partners will use data collected through this project as a resource to not
only influence vaccine development but also local deployment. The host DNA samples will
be stored and used for genotyping to investigate potential genetic associations with
diarrhoeal disease and the development of the gastrointestinal and respiratory tract flora
will be measured by performing metagenomic analysis from the anal and nasopharyngeal
swabs.

Enrolment

There will be two different sets of children invited for enrolment into the Shigella cohort:
(2) children enrolled in 07DX who were born in August 2011 — December 2012 and
subsequently enrolled in the 07DXA Extension, and who attend a scheduled follow-up visit
(at 18m, 24m, 30m or 36m old) for 07DXA during 2014 and (2) children enrolled in 07DX
at birth during 2013, who complete follow-up for that study at 12 months of age during
2014. A schematic of these sets of children is shown in Figure 1. Enrolment procedures
will be slightly different in each set of children (see sections below). However, in all cases,
parents will be provided with both verbal and written information about the study
objectives and procedures and will be able to consider and discuss participation with other
family members before making a decision on study participation. Written informed consent
must be provided for enrolment.

Children born during August 2011 — December 2012

Babies born during August 2011 — December 2012 will have aged out of the original 07DX
birth cohort and will have been invited to participate in the 07DXA Extension at their 12
month follow up appointment. When children come in for their first routine 07DXA
Extension appointment of 2014 — born between August 2011- December 2012 - the family
will be invited to consider participation in the Shigella cohort. All children currently
enrolled in the 07DXA Extension will be eligible for participation for 2 years of follow up
from enrolment.

Existing 07DXA Extension participants who consent to enrol in the Shigella cohort will be
enrolled in both 07DXA and the Shigella cohort studies. Existing 07DXA Extension
participants who decline to enrol in the Shigella cohort will continue their follow-up under
the 07DXA Extension protocol only.

Children born during 2013
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Mothers and babies enrolled in the original 07DX Birth Cohort study in 2013 will be
invited to participate in the Shigella cohort study at their scheduled 12 month follow up
visit during the original 07DX study. For babies attending their 12 month follow up visit in
2014 prior to the start of the Shigella cohort, study nurses will request permission to
contact the family once the study begins to invite them for participation. All infants who
were enrolled in 07DX will be eligible to participate in the Shigella cohort.

Activities on enrolment for all children

Once enrolled in the Shigella cohort, a study nurse will administer a questionnaire to
review information on contact details as well as demographic and socioeconomic status
data in an existing database and correct if necessary. An additional questionnaire regarding
specific risk factors for diarrhoea such as water usage, sanitation and hygiene habits as well
as concurrent familial illness will be administered to all children. The study nurses will also
register the mother for the next follow up appointment.

At enrolment, an anal swab will be collected at HVH-WBC as described in section 7.1, a
blood sample as in section 7.3 and a nasopharyngeal swab as in section 7.4. If there is stool
available, stool sample will be collected as described in section 7.2 instead of anal swab,

Routine follow up appointments

All routine follow up appointments will take place at HVH-WBC. Parents will be requested
to attend appointments every 6 months, as detailed in section 5.1. At these appointments,
the study nurse will provide general health advice to the families as needed or requested in
addition to Shigella cohort activities detailed in section 5.2. Families will be compensated
for travel costs associated with attending the routine follow up appointments. Routine
follow up appointments will last no longer than 30 minutes.

Scheduled appointments

Children born in August 2011 - December 2012 will have routine follow up appointments
every 6 months for 2 years from enrolment. Children born in 2013 will also have
scheduled routine follow up appointments every 6 months for 2 years, and will be >12
months at enrolment. To encourage completeness in attendance, study nurses will call the
mother in advance of the scheduled appointment to remind her and reschedule if needed.

Activities at routine follow up appointments
Questionnaire Administration

At each scheduled routine follow up visit, a brief questionnaire will be administered to
collect information on the child’s weight and height, any changes in risks associated with
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diarrhoea in the household and any disease history of the child or other children in the
household in the preceding period since the last appointment.

Sample Collection

At each scheduled routine follow up visit, an anal swab will be collected at HYH-WBC as
described in section 7.1, a blood sample as in section 7.3 and a nasopharyngeal swab as in
section 7.4. If there is stool available, stool sample will be collected as described in section
7.2 instead of anal swab,

Diarrhoeal Events

A diarrhoeal event is defined as the occurrence of >3 non-formed stools (or >1, if bloody)
in a 24 hour period 1°. Additionally, a diarrhoeal event can be defined as an increase in
frequency, reduction in consistency or notable change in quality of the stools, compared to
what the family considers to be normal for the child 2%,

Active surveillance of diarrhoeal events
Contact with study nurses & weekly messaging

In order to perform active surveillance for diarrhoeal events in cohort children, parents will
be requested to alert a member of study staff as soon as possible when the child experiences
an episode of diarrhoea through calling or texting a study nurse or doctor. Additionally, a
designated family member will be contacted weekly by phone (SMS or call) enquiring if
the enrolled child has experienced an episode of diarrhoea in the preceding 7 days. If the
family member responds positively, a study nurse will be made aware and will follow
procedures for household visits as outlined in section 6.1.2. Costs associated with text
messaging and phone calls from study nurses will be billed to OUCRU.

Household visits

Once a study nurse is alerted to a diarrhoeal episode in a cohort member, they will call the
family to arrange a mutually convenient time for a household visit. Upon arrival, a short
disease history questionnaire will be administered including details of illness onset,
symptoms, travel history, and illness of close contacts. Weight and height of the child,
dehydration status and other clinical symptoms will be recorded in a short eCRF. All
information will be recorded on a handheld tablet.

The study nurse will clinically evaluate the child and advise as to hospital attendance. Oral
rehydration solution and zinc supplements will be provided to the family. Study nurses will
be trained carefully to ensure that patients seek treatment when necessary. The nurse will
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provide clinical advice only and will recommend whether the parent seeks standard of care
at a local healthcare facility. This visit will take no more than one hour.

Household sample collection and transport

At the household visit, the study nurse will collect a stool sample from the child if a
specimen is available at the time of visit. If no sample is available at the visit, the study
nurse will give the family a sterile container and will arrange for collection and transport
within 24 hours.

Outpatient visits & Hospitalisation

If a child experiences an episode of diarrhoeal disease that the parent feels is severe enough
to seek medical care, we will request that the parents (1) alert one of our study nurses and
(2) consider attending HTD for consultation. If the family attends HTD for diarrhoeal
iliness, they will be requested to call a study nurse or doctor prior to their visit to alert staff
that they are coming. If the parent fails to call our study nurse the compensation fees may
not be paid. If the family chooses to attend this hospital, outpatient department registration
fees will be provided to the patient in addition to a travel reimbursement as described in
section 13.3.3. Alternatively, families can choose to attend a private clinic or an
emergency department of the hospital of their choice in which case compensation will not
be given.

If a child in the Shigella cohort attends HTD with diarrhoeal illness, they will be directed to
Paediatric Ward B for evaluation. Both outpatients and inpatients will be evaluated by a
dedicated study doctor. If the child is admitted to the PICU at HTD for diarrhoeal illness,
stool samples will be taken in PICU.

CRFs will be completed for all patients from the Shigella cohort attending HTD.
Additionally, a stool sample will be collected from children as described in section 7.2.
Bacterial culture and viral PCR results from the OUCRU microbiology laboratory will be
reported back to the treating clinician promptly. Patients will not be responsible to pay for
any laboratory analyses.

Sample collection & transport

Throughout the study, all specimens will be labelled with the child’s study ID and not with
the participant’s name to ensure confidentiality. All samples will be collected and
transported to the OUCRU Microbiology Laboratory for analysis on the same day.

Anal swab

In order to obtain faecal matter from a child with no available stool sample at a routine
study visit, an anal swab will be collected by an experienced study nurse and placed in a
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sterile container for transport to the Microbiology Laboratory at OUCRU within 24 hours
of collection.

Stool samples

Stool samples will be collected from a diaper and placed in a sterile container by a study
nurse. Samples must be transported within 24 hours of collection to the Microbiology
Laboratory at OUCRU.

Blood samples

Venous blood samples from the antecubital fossa area of the arm will be collected by an
experienced nurse in an EDTA tube and stored at room temperature. A total of 2ml will be
collected from children aged 12-35 months, and 3ml for children >36 months of age. The
difference in volume of blood collected by age is due to precedents set by other research
studies conducted through OUCRU. We appreciate that collecting blood samples from very
young children is stressful for both the child and the parents. Therefore, collecting less
blood from smaller children is an attempt to reduce any potential discomfort for those
involved. Blood must be kept at room temperature and transported to the Microbiology
Laboratory at OUCRU within 24 hours of collection.

The maximum volume of blood drawn at each timepoint will be 2ml for children aged 12-
35 months and 3ml for children >36 months. If a child is enrolled in 07DXA and the
Shigella cohort simultaneously, only one blood sample will be requested during routine
follow up.

Nasopharyngeal swabs

A nasopharyngeal swab will be collected by a study nurse and placed in bacterial transport
medium and stored at 4°C. Two nasopharyngeal swabs will be collected for each patient
(one from each nostril). Samples must be transported within 24 hours of collection to the
Microbiology Laboratory at OUCRU.

A maximum of two nasopharyngeal swabs will be collected at the routine follow up
appointments, even if the child is enrolled in both 07DXA and the Shigella cohort.

Data management and completeness

Data will be collected electronically on laptops at HVH-WBC and on tablets provided to
the study nurses during home visits. Laptops or paper CRFs will be used during diarrhoeal
illness presentations at the HTD study clinic. Electronic data entry devices will be
password protected and accessible only by authorised users. A central database will be
developed in collaboration with IT services at OUCRU to ensure secure and confidential
data management. Any information collected on the tablets will be sent immediately to the
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OUCRU server through a 3G internet connection. No information will be retained on the
tablet once it is sent to the server.

Laboratory data will be recorded on the standard microbiology forms and subsequently
entered by a dedicated member of the OUCRU Microbiology staff into the database. This
information will be integrated into the appropriate patient record through the use of a
unique identifying code per patient.

In order to minimise bias due to loss of follow up, study nurses will contact mothers who
fail to attend their routinely scheduled appointments by telephone to reschedule and enquire
reasons for non-attendance. We will aim to record reasons for loss to follow up in all cases.

Study duration and number of participants

This study is projected to last for approximately 3 years beginning in the first half of 2014.
We expect to enrol approximately 250 - 300 children who were born between August 2011
— December 2012 and 400 children born in 2013 with follow up at approximately 18-36-
42-60 months and 12-36 months through January 2017 for each group, respectively.

Clinical and laboratory research investigations
Microscopy, stool culturing and bacterial identification
Parasite screening

For parasitic examination, a fresh smear of faecal specimen will be prepared in phosphate
buffered saline; 10ul of this solution will be examined at 400 times magnification to
identify Giardia lamblia and Entamoeba histolytica at the OUCRU Microbiology
Laboratory. Cryptosporidium cysts will be detected by ZN stain.

Blood cells screening

A fresh faecal smear of each sample will be screened under microscope at the OUCRU
microbiology laboratory (HPF (x 400)) for the presence of white blood cells and/or red
blood cells and will be scored on scale from zero to four, scale 0 = 0 cells/HPF, scale 1 =
1 to 10 cells/HPF, scale 2 = 11 to 20 cells/HPF, scale 3 = 21 to 30 cells/HPF and scale 4
= >30 cells/HPF.

Bacterial culture

Culturing and bacterial identification will be performed at OUCRU Microbiology
Laboratory. Stool samples and anal swabs will be cultured on MacConkey Agar (MC),
Xylose-Lysine-Deoxycholate Agar (XLD), Selenite broth, and Campylobacter media. The
purpose of these plates is to identify and isolate Shigella spp, Salmonella spp,
Campylobacter spp, and Escherichia coli. The MC, XLD, and Selenite broth will be
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incubated at 37°C overnight and the Campylobacter plates will be incubated micro-
aerophically at 42°C. Identification of potential pathogens will be performed using
conventional biochemical (API E20 tests) and serological testing, as per the standard
operating procedure of the microbiology department of OUCRU. All isolated pathogens
will be stored for future testing and the isolated organism will be recorded in the study
database.

To identify pathogenic E. coli variants (ETEC, EPEC, EHEC and EIEC) sweeps of Gram-
negative colonies indicative of E. coli will be collected from MacConkey Agar plates and
stored in 20% glycerol at -80°C at OUCRU. Samples will be subjected to PCR to identify
pathogenic E. coli variants after DNA extraction.

Antimicrobial resistance profiling

Antimicrobial susceptibility testing of the pathogens isolated will be performed by the disk
diffusion method using guidelines established by the Clinical and Laboratory Standards
Institute (CLSI) and, when required, by minimum inhibitory concentrations (MICs) by
Etest. Antimicrobial susceptibilities tests will be performed against Nalidixic acid,
Ciprofloxacin, Ceftriaxone, Ceftazidime, Augmentin, Ampicillin, Trimethoprim-
sulfamethoxazole, Azithromycin, Chloramphenicol, Imepenem and Amikacin.

The production of extended-spectrum B-lactamases (ESBL) will be investigated using the
double-disc synergy test by comparing zone sizes between ceftazidime discs against
ceftazidime-clavulanic acid discs and cefotaxime discs against cefotaxime-clavulanic acid
discs. Isolates with an increase in diameter of inhibitory zone of equal to or more than 5
mm by the synergy of clavulanate will be considered ESBL positive.

Isolation of Nucleic Acid & PCR
Extraction

Total nucleic (RNA and DNA) will be extracted from 10% (in phosphate-buffered saline
[PBS]) faecal specimens using the QlAamp viral RNA Mini kit (QIAGEN, Hilden,
Germany) according to the manufacturer's recommendations or using the Roche MagNA
pure 96 automated nucleic acid extraction machine (Roche) at OUCRU. RNA will be
converted to complementary DNA (cDNA) by reverse transcription (RT), and an aliquot of
RNA of each sample will be stored at —80°C until required. For RT, extracted RNA will be
reverse-transcribed by SuperScript Reverse Transcriptase 111 and RNase Inhibitor
(Invitrogen) combined with a random hexamer (Roche Diagnostics, United Kingdom)
according to the manufacturer's instructions. The resulting cDNA will be stored at —80°C.

Bacterial PCR
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To potentially increase the diagnosis rate of Shigella, Salmonella and Campylobacter a
multiplex realtime PCR will be performed on extracted nucleic acid to detect these
pathogens. These methods will be performed following an OUCRU SOP.

Viral PCR

Extracted RNA (cDNA) will be used as template in a multiplex realtime PCR to detect
rotavirus and norovirus, these methods will be performed following an OUCRU SOP 2%,

Blood separation and sample storage
Plasma for serology

Blood from the EDTA tubes will be separated into blood cells and plasma by centrifugation
for 10 minutes at 1,500 RCF. The plasma will be removed and aliquoted carefully (so not
to disturb the red cells or the buffy coat) into a screw top cryovial tubes for storage at -80°C
or -20°C until required for serology.

Cells for future host genetics studies

The cells (red cells and buffy coat) will be aspirated into screw top cryovial tubes for
storage at -80°C until required for host genetics or other analyses.

Stool samples, anal swabs and nasopharyngeal swabs

Aliquots of stool specimens (2 per subject) will be placed in 2ml cryovials and stored at -
80°C at OUCRU until required for further analysis. All anal and nasopharyngeal swabs will
be also stored at -80°C at OUCRU until further analysis (i.e. at the end of the follow-up
period of the investigation).

Bacterial isolates
All isolates will be stored at -80°C (and freeze dried) at OUCRU for future studies.
Nucleic acid from stool samples (-80°C)

Nucleic acid extracted from all stool samples and bacterial isolates will be stored at -80°C
OUCRU for future studies.

Sample size

The median age of hospitalised S. sonnei infections in HCMC is 24 months *°.
Additionally, the annual incidence of diarrhoea in Vietnam in children under 5 years of age
is 1.5 events/child/year “°. With our estimated 650-700 enrollees from the previous 07DX
cohort, this would result in an estimated 2,025 diarrhoeal episodes over 2 years of follow
up. From preliminary investigations on stool samples acquired through passive diarrhoeal
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reporting in this cohort in infants <12 months, 7.5% (92/1,229) were PCR-positive for
Shigella. This estimate is consistent with previously collected data '*°. Therefore, we
conservatively estimate that we will collect approximately 152 S. sonnei episodes over the
study period. We believe this estimate to be conservative due to the fact that Shigella
infections do not always present with dysentery and therefore are likely to go undetected in
previous estimates of incidence which screened dysenteric cases only 3%, Secondly, this
estimate is based on passively collected prevalence estimates from isolates in infants <12
months. As the average age of hospitalised Shigella infection is in children 2-3 years of
age, we believe we will in fact collect more than the predicted 152 infections as children in
the Shigella cohort will be > 12 months .

Known risk factors for Shigella infection due to direct transmission include the presence of
multiple children in a household as well as attendance at daycare centres 30392 |dentifying
common routes of transmission is an important aspect of this study. From baseline data of
the existing 07DX Birth Cohort, we know that 70% of children have siblings and 10%
regularly attend daycare. As such, this study will have 80% power to detect a relative risk
>2.5 for Shigella-associated diarrhoeal disease in children with siblings compared to
children without and in children attending daycare compared to those who do not (type 1
error probability = 5%).

Data analysis

Diarrhoea and pathogen-specific incidence rates will be calculated by dividing the number
of relevant episodes by the number of child-months at risk. This will be stratified by year of
age.

Descriptive analyses will be performed to explore the characteristics of children with
Shigella infection as well as infection due to other diarrhoeal pathogens. Variation in
demographic, socioeconomic and exposure variables between Shigella cases and non-cases
will be evaluated through parametric and non-parametric tests including the chi-square or
Fisher’s exact test for categorical variables and through Student’s t-test or Kruskal-Wallis
tests for continuous data, respectively. Simple Spearman or Pearson correlations will be
generated to assess associations between continuous variables such as rainfall and
proportion of reported diarrhoea due to Shigella by month.

Multivariate logistic regression methods will be performed to assess which variables of
interest are independently associated with the outcome of Shigella infection. Covariates
included in the multivariate model will include, a priori, age, sex, household income,
breastfeeding and household crowding status as well as any covariates deemed to be
strongly associated with the outcome of Shigella infection in the univariate analyses.

Spatiotemporal analysis will use the address information of each family’s household.
Clustering of infections in time and space will be investigated through the spatial scan
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statistic and the local Moran’s I statistic using SaTScan and GeoDa software, respectively.
For patient confidentiality purposes, resultant analyses will report spatial data at an
aggregated scale (ie infections per ward). If point (latitude/longitude) data are reported,
exact household locations will be jittered through visualisation software so as to not
precisely locate each house on a map.

Serology

There is a correlation between pre-existing 1gG to O-antigen and natural immunity against
S. sonnei infections. Furthermore, a rise in circulatory IgA to O-antigen has been shown to
indicate recent Shigella infection and elevated 1gG and low IgA to O-antigen is a marker of
past exposure. These methods are robust, exhibit limited cross-reactivity and are able to
identify recent and distant infections/exposures. Therefore, ELISAs will be used to measure
IgA, IgM and IgG subtypes to S. sonnei O-antigen in all plasma samples using defined cut-
offs from culture positive Shigella cases. Furthermore, these plasma samples will be used
to screen across a panel of novel Shigella antigens to identify immunogenic proteins that
may be used in future vaccine candidates (future work). To interrogate the diversity,
specificity and longevity of the humoral immune response to pan-Shigella antigens, an
antigen-array will be constructed in collaboration with the Wellcome Trust Sanger Institute.
This method will be similar to those used to study the immune response, define diagnostic
antigens and identify potential vaccine candidates for several bacterial pathogens.

Host genetic studies
Genetic Association Studies

The relationship between genetic variation and disease susceptibility can be determined
using genetic association studies. The most commonly used method is a population based
case/control association study. Association of a gene with disease is when the disease
causative allele, or genotype, occurs at a significantly different frequency in affected
individuals than in unaffected individuals. Identification of Shigella susceptibility genes
can be approached either by selecting candidate genes or by scanning the whole genome.
Proposed genetic studies will be genetic association studies.

Candidate gene studies

Candidate gene or gene regions are selected based on prior knowledge. There must be
sufficient experimental evidence to support the investigation of a particular gene in a given
disease. The selection is therefore reliant on prior knowledge of the biology and
pathogenesis of the disease, or related diseases, in the human or animal host. Therefore the
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list of potential candidate genes can include both general i.e. immune response genes, and
disease specific genes i.e. a specific receptor molecule.

Once the candidate genes have been selected, then variants (polymorphisms) are identified
within and near to the candidate gene. Our genetic association studies focus on genotyping
single nucleotide polymorphism (SNPs) which are abundant throughout the human genome
and amenable to high throughput and large scale genotyping. A SNP is defined as a
position in the genome where two alternative bases (eg. A to T) occur in the human
population at a frequency >1%. Candidate gene studies may require genotyping a small
number (10-100) of SNPs in a moderately sized case and control population (500-1000
cases and equal numbers of controls), based on the allele frequency of the SNP, the size of
the effect (odds ratio) and the level of significance (p value).

Genome wide association studies

With recent technological advances we are now able to determine whether genetic variation
across the complete genome affects an individual’s ability to fight infection. The whole
genome approach does not specifically target particular genes but is a random approach
that can potentially screen all human genes. It can be used to identify new or previously
unknown genes that may be important for disease protection. A very large number of
single nucleotide polymorphisms (SNPs) which are spread along every chromosome of the
genome are genotyped. SNPs are the most common type of human genetic variation and
they occur ~1 per 1000bp of DNA. SNPs serve as genetic markers for identifying disease
genes and can lie within or between genes. The future aim is to genotype SNPs that are
markers for every human gene. Currently commercial genotyping arrays are available that
allow genotyping of 5 million SNPs. Our genome wide studies require genotyping up to 5
million SNPs in large sized case and control populations (>2000 cases and >2000 controls).
This approach should lead to the identification of disease protective genes that classical
biological and immunological methods have been unable to detect. We propose to perform
both candidate gene and genome wide studies on our dysentery case and control cohort.

Gene region re-sequencing

Following candidate gene or genome wide case control association studies it may be
necessary to perform gene region re-sequencing. SNPs associated with a disease in a
candidate gene or genome wide study may not necessarily be the gene variant that is
responsible for the disease susceptibility or protection, and may just be a marker of the true
disease causative mutation which is modifying gene function or expression level. As not
all gene variants are covered by commercial genotyping arrays it may be necessary to re-
sequence associated genes/gene regions to identify the disease causative mutation. Such
investigations could typically include 100s of case and/or control samples. Once we have
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performed genome wide association study (GWAS) it may be necessary to perform re-
sequencing to pinpoint the disease causative mutation.

Control populations for host genetics

The controls used in our host genetics studies are population controls. The population
controls we currently have available have been collected as part of larger birth cohorts.
Control DNA is extracted from the umbilical cord blood of newborn babies. This provides
a population control group with allele frequencies representative of the general Vietnamese
Kinh population. The collections of these control populations and their use in genetics
studies has undergone separate IRB review and they are approved for use in genetics
studies.

Inclusion criteria for control populations

Informed consent to collect, store and analyze samples for the purpose of genetic testing
Participant in one of the following approved studies; AN, FC, 07DX in Vietnam
Exclusion criteria for control populations

Denial of consent to perform genetic testing on stored samples

Ethical considerations

The protocol will be submitted for review to the ethical committees of: (i) Hung Vuong
Hospital, HCMC, (ii) Hospital for Tropical Disease, HCMC and (iii) the Oxford University
Tropical Ethics Committee (OXTREC).

Informed consent

Parents/guardians of children enrolled in the 07DXA Birth Cohort Extension will be invited
to consider joining the Shigella cohort at their first visit of 2014. Parents/guardians will be
asked to consider participation in the Shigella cohort separately from their current
participation in the original 07DX Birth Cohort so that they do not feel pressured to join the
longer Shigella cohort. If an interest in joining is demonstrated, parents/guardians will be
provided with further information and consent procedures. They will then be enrolled in
both 07DXA Birth Cohort Extension and 14EN Shigella cohort. The Shigella cohort will
require a separate informed consent form.

Parents/guardians of children enrolled in the original 07DX Birth Cohort in 2013 will be
invited to enrol in the Shigella cohort at the scheduled 07DX 12 month follow-up visit in
2014, at which point they would be exiting the 07DX study. This set of children will only
be enrolled in the 14EN Shigella cohort.
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In all cases, a dedicated and trained group of research nurses will be responsible for
describing and discussing the aims, methods, possible risks and benefits of the study to
eligible parents/guardians. Potential participants will be provided with an information sheet
to read and keep and have the opportunity to ask questions as needed. Written informed
consent from the parent/guardian and on behalf of their infant may be obtained during the
first interaction with the research nurses or up until 2 days after the initial discussion of
enrolment.

Household visits and messaging

Specially trained study nurses whose employment is dedicated to the study and who
therefore have opportunity to develop relationships with the children and their families will
conduct the household visits. All household visits will be arranged in advance with the
agreement of the child’s parent/guardian. Visits will take a maximum of 1 hour and study
nurses will make efforts to minimise the inconvenience to the family and ensure that visits
take place at times and in a fashion to protect the family’s privacy.

Benefits and risks
Benefits
The potential benefits to children and families include:

When an infant/child suffers diarrhoeal illness, the family will have access to prompt
medical attention either in the home or in the Hospital of Tropical Diseases, delivered by
highly experienced medical professionals

Free diagnostic testing for an array of diarrhoeal pathogens
Free registration fee at the HTD at each diarrheal episode

Free health consultations every 6 months for the enrolled child with provision of nutritional
and general health recommendations

Risks
The potential risks to children and families include:

Venupunture can be painful for the child and may leave a small bruise. There is a very
small risk of infection. Venupuncture may also be upsetting for the mother.

There is a risk of loss of confidentiality and inconvenience during home study visits.

Participants already enrolled to the original 07D X Birth Cohort, and recruited to this
Shigella cohort may feel obligated to participate or burdened by too many research studies.
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Financial Compensation

The cost of research laboratory tests if children are admitted to HTD, including bacterial
culture of stool and full blood count analysis will be funded by the study. Travel
reimbursement for routine follow-up appointments at HVH and outpatient visits at HTD
will be funded at approximately USD7.5 or more for a return trip, dependent on distance
travelled according to standard OUCRU policy. The cost of the standard registration and
booklet fee in the outpatient department will also be paid for when the cohort member
attends HTD for diarrhoeal disease.

Study withdrawal

Parents/guardians are free to withdraw their consent for their child at any time and request
that study samples not be stored for further testing.

Patient confidentiality

Parents/guardians will be assured that all information generated in this study will remain
confidential. The names and addresses of study participants will be recorded in the database
but kept separate from the main body of data and access will be strictly controlled through
password protection. Any scientific publications or reports will not identify any child by
name or initials. When the research team reviews their notes, they are also bound by
professional confidentiality. All genetic data resulting from this study will be de-identified
using current best practices.

Financing and Insurance/Indemnity

This study will be funded by Oxford University. Indemnity insurance will be provided by
Oxford University.

Publications

Data from this study will be published in peer reviewed journals. Authorship and reporting
of this work will follow international guidelines. No aspect of this study will be reported
without approval from all collaborating parties.
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Table 2. Sample types and timepoints for collection throughout the cohort study

Enrolmen Routine Diarrhoea | Diarrhoea
Sample . : home :HTD
t visit . ..
visit visit
Blood* X X
Stool or anal % % X X
swab
N
asopharyngeal % %
swab

*a total of 2ml from children <36 months and 3ml for children >36 months
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Figure 1. A schematic showing the two sets of children and respective study enrolment
options. (A) Children born and enrolled into the 07DX Birth Cohort during 2012 who are
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enrolled in the 07DXA extension will be invited to enrol into the Shigella cohort (B)
Children born and enrolled in the 07DX Birth Cohort during 2013 will be asked to join the
diarrhoeal extension at or soon after their final 12 month appointment of the 07DX study.

Figure 2. The distribution of the residences of cases of childhood shigellosis admitted
to the Hospital for Tropical Diseases in Ho Chi Minh City. Over periods 1995-1998,
2000-2002 and 2007 — 2008, we were able to positively identify infecting Shigella
serotypes in stools of 297 children with symptoms consistent with shigellosis. Of these
patients, 228 (76.8%) children lived in the 24 districts that constitute Ho Chi Minh City.
This figure represents the distribution of the homes of patients reporting to HTD with
Shigella isolated from stool, by district. The percentage of cases reporting from each
district is distinguished by gradual shading. The location of HTD is shown by a yellow star.
Large waterways are shown in blue. Reproduced from #°.
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Objectives: Antimicrobial-resistant infections are a major global health issue. Ease of antimicrobial access in
developing countries is proposed to be a key driver of the antimicrobial resistance (AMR) epidemic despite a lack
of community antimicrobial usage data.

Methods: Using a mixed-methods approach (geospatial mapping, simulated clients, healthcare utilization, lon-
gitudinal cohort) we assessed antimicrobial access in the community and quantified antimicrobial usage for
childhood diarrhoea in an urban Vietnamese setting.

Results: The study area had a pharmacy density of 15.7 pharmacies/km? (a pharmacy for every 1316 people).
Using a simulated client method at pharmacies within the area, we found that 8% (3/37) and 22% (8/37) of out-
lets sold antimicrobials for paediatric watery and mucoid diarrhoeq, respectively. However, despite ease of phar-
macy access, the majority of caregivers would choose to take their child to a healthcare facility, with 81%
(319/396) and 88% (347/396) of responders selecting a specialized hospital as one of their top three preferences
when seeking treatment for watery and mucoid diarrhoea, respectively. We calculated that at least 19%
(2688/14427) of diarrhoea episodes in those aged 1 to <5 years would receive an antimicrobial annually; how-
ever, antimicrobial usage was almost 10 times greater in hospitals than in the community.

Conclusions: Our data question the impact of community antimicrobial usage on AMR and highlight the need

for better education and guidelines for all professionals with the authority to prescribe antimicrobials.

Introduction

Antimicrobial resistance (AMR) is rapidly becoming a global public
health issue.” In the past decade, many of the key antimicrobials
on which we have come to rely in human medicine are in the pro-
cess of losing, or have already lost, their effectiveness in treating
infections caused by bacterial pathogens.>* AMR is a complex sci-
entific, political, economic and social issue, and although devel-
oped countries are leading research efforts to tackle the problems,
the greatest impact of AMR is currently being felt in low- and mid-
dle-income countries (LMICs).“® AMR is magnified in LMICs as
antimicrobial access and usage, poor sanitation and limited access

to clean water are amongst the principal drivers. Therefore, unre-
stricted access to low-cost antimicrobials combined with a high
burden of infectious disease, limited diagnostic capacity and large
urbanizing populations demanding better medical care has cre-
ated a favourable environment for propagating antimicrobial-
resistant bacteriain LMICs.”®

Antimicrobials are frequently used indiscriminately to treat
common human diseases, of which diarrhoea is a major contribu-
tor. It has been estimated that the worldwide burden of diarrhoea
was >1.7 billion episodes in 2010, with the vast majority of these
episodes arising in children in LMICs.? The aetiological agents of
diarrhoea are broad and can induce an array of symptoms and

©The Author(s) 2018. Published by Oxford University Press on behalf of the British Society for Antimicrobial Chemotherapy.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/
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severity, including watery, mucoid and bloody diarrhoea.
Currently, the WHO recommends oral rehydration solution (ORS)
and zinc for all diarrhoea, and antimicrobial treatment for those
with more severe symptoms.’®! A large disease burden, com-
bined with a lack of financial and diagnostic resources in LMICs,
means that the causative agent is rarely or never identified.'? In
Asig, this lack of a confirmative diagnosis results in the empirical
use of antimicrobials in the community or a healthcare facility.
However, many of those receiving antimicrobials for diarrhoea
may not require them,*® as the disease is generally self-limiting
and frequently of viral aetiology,'? and AMR in diarrhoeagenic bac-
teriais now highly prevalent in LMICs in Asia.>*?

Despite the perceived haphazard use of antimicrobials in LMICs,
antimicrobial access and usage for the treatment of common
infections in vulnerable populations has seldom been accurately
estimated. Such data are vital for understanding how AMR may
emerge, spread and be sustained, and are critical for targeting
public health interventions to reduce antimicrobial usage. Vietnam
is a rapidly developing LMIC in Southeast Asia with a population of
>90 million people.’* An increasing population, a high infectious
disease burden and a largely unregulated antimicrobial market
combine to make Vietnam the ideal location for investigating anti-
microbial access and usage. Diarrhoeal disease is a common child-
hood illness in Vietnam, a country with high recorded antimicrobial
use in the healthcare system.'*'* By combining geospatial ana-
lysis, community and pharmacy surveys, and a longitudinal cohort
study, we aimed to investigate antimicrobial access and usage for
paediatric diarrhoeal disease in the community and the healthcare
systemin an urban setting in Vietnam.

Materials and methods
Ethics

Ethics approvals were provided by the Oxford University Tropical Research
Ethics Committee (OXTREC approval 5110-16) and the institutional review
board of the Ho Chi Minh City (HCMC) University of Medicine and Pharmacy
(No. 220/DHYD-HD). Written informed consent was obtained from all par-
ticipants (from parents and guardians if the participant was <18 years old).

Study setting and design

With an estimated population of >8 million people, HCMC is the largest city
in Vietnam.'® HCMC is divided into five rural districts and 19 urban districts
that cover an area of 19 km?; the urban districts had a mean population
density of 13394 people/km? in 2016.'° We selected District 8 (hereinafter
referred to as the study area), with 16 wards and a population density of
22522 people/km?, as the location for sampling owing to its urban setting
and central location (Figure S1, available as Supplementary data at JAC
Online, and Table 1).2¢ To assess antimicrobial access and usage we trian-
gulated data from a prospective paediatric cohort!” and conducted a
cross-sectional study with several components: (i) geographical mapping
of all pharmacies and healthcare facilities in the study areg; (i) a pharmacy
practice survey to assess medication suggested by retail pharmacies for
paediatric diarrhoea; and (iii) a self-reported caregiver community survey
on the management and antimicrobial treatment of paediatric diarrhoea.
The coordinates of all pharmacies in the study area were recorded and
entered into EpiCollect5.'® Vietnam administrative boundaries were down-
loaded from Global Administrative Divisions Map (https://gadm.org/down
load_country_v3.html). Vietnam population data rasters (population per
0.01 km?) were downloaded from WorldPop (http:/www.worldpop.org.uk/
data/WorldPop_data/AllContinents/130_metadata.html; 100 m resolution),

Table 1. Pharmacies and healthcare clinics in the various wards in the
study area

Pharmacy density
Population®  (per 10000 people)
Ward in  Healthcare 1to<5 1to<5
District 8 facilities Pharmacies  all years all years
1 7 10 25782 944 3.88 105.93
2 20 29 20694 843 14.01 344.01
3 15 16 24803 1139 6.45 140.47
4 51 36 42200 2284 8.53 157.62
5 46 48 40177 2538 11.95 189.13
6 15 34 30144 1353 11.28 251.29
7 12 28 31685 1414 8.84 198.02
8 4 5 9024 444 5.54 112.61
9 8 14 21564 1194 6.49 117.25
10 15 14 15841 836 8.84 167.46
11 7 5 7591 294 6.59 170.07
12 7 10 16653 816 6.00 122.55
13 12 7 8809 480 7.95 145.83
14 4 6 20575 1144 292 52.45
15 10 13 39623 2354 3.28 55.23
16 6 26 41010 1243 6.34 209.17
Total 239 301 396175 19320 7.59 142

“Data from HCMC Demographic Department, 30 June 2017.

and satellite imagery of Vietnam was downloaded from ESRI (http://www.
esrivn.com/en/index.ntml) basemaps. All geospatial mapping was con-
ducted using ArcGIS version 10.2 (Redlands, CA, USA). Euclidean distance to
the nearest pharmacy and kernel density plots for pharmacy density (i.e.
pharmacies per 0.01km?) were estimated for the study area using the
‘Euclidean distance’ and ‘Kernel’ ArcGIS tools, respectively.

Pharmacy practice survey

We conducted a survey of pharmacy behaviour using an unbiased observa-
tional technique for assessing dispensed medication known as ‘simulated
client methodology’."%-*? Two ‘mystery shoppers’ with no healthcare train-
ing role-played as caregivers and approached pharmacies in a sub-region
(Ward 5) of the study area to seek medical advice and treatment for two
childhood diarrhoea scenarios. Scenario 1 (watery diarrhoea): a mother
attending the pharmacies in the study area to buy medication for a child
aged 2 years. The child has had 4-5 loose stool episodes within the previous
24h. The child has no fever, and no blood or mucus in stools. Scenario 2
(mucoid diarrhoea with fever): a mother attending the pharmacies in the
study area to buy medication for a child aged 2 years. The child has had 4-5
loose stool episodes within the previous 24 h. The child had a mild fever and
mucus in the stool. Pharmacy-prescribed drugs were labelled anonymous-
ly, and then were classified by a clinician and confirmed by a qualified
pharmacist (scripts in Table S1). In addition we aimed to investigate
whether antimicrobials were being sold without a doctor’s prescription by
sending a mystery shopper to pharmacies in the study area to buy cipro-
floxacin. This was a specific scenario in which the shopper requested this
antimicrobial and did not provide any information about for what or whom
the treatment was required.

Self-reported behaviour survey

We performed a community survey to capture the self-reported behaviour
of parents and caregivers in managing diarrhoea in their children aged
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Figure 1. Estimating antimicrobial usage for diarrhoea in children aged 1-5 years in pharmacies and hospital. Diagram outlining the sources of data,
parameters, and calculations used to quantify antimicrobial usage for diarrhoea in children aged 1-5years in this population. Note each of the
parameters have been given an initial (A-F), which informs the calculations in Table 3.

between 1 and 5 years. The surveyed population consisted of participants
residing in the study area. We randomly sampled a representative popula-
tion stratified by 16 wards and with registered children aged <5 years.
Local health authorities accompanied and assisted in community visits.
Mothers or caregivers were asked a short questionnaire regarding their
choice of care if their child had diarrhoea in simulated scenarios similar
to those described in the pharmacy behaviour study. We surveyed 396
parents or caregivers (Table S2). Results from these questionnaires are
reported as means (interquartile range) and frequencies (%) for continuous
and categorical variables respectively. For comparisons between groups,
we used Fisher's exact test for categorical variables, and the Mann-
Whitney U-test for continuous variables (significant P < 0.05).

Quantifying antimicrobial use for diarrhoea

We considered that antimicrobial usage for diarrhoeal disease was depend-
ent on the number of diarrhoeal episodes for which medical treatment was
sought, and how likely antimicrobials were to be prescribed for diarrhoeal
treatment. Figure 1 outlines the parameters, the source of data and the cal-
culations used to quantify antimicrobial usage for diarrhoea in children aged
1-5 years. The annual number of diarrhoeal episodes presenting at pharma-
cies was the product of (A) the total number of children aged 1-5 years in the
study areaq, (B) the incidence rate of diarrhoea episodes per child-year, and
(E) the proportion of parents or caregivers selecting to first take their child toa
pharmacy. The annual number of diarrhoeal episodes presenting at hospitals
was multiplied by (A) the total number of children aged 1-5 years living in the
study area and (C) the incidence rate of diarrhoea episodes presenting at hos-
pital per child-year. Parameter (A) was derived from recent census data from
the HCMC Demographic department (30 June 2017). Incidence rates (B) and
(C) were estimated from a prospective diarrhoeal cohort conducted between
2014 and 2016 that actively followed up 748 children residing in the study
area.!” The proportion of parents or caregivers seeking pharmacies as their
first choice (E) was derived from the self-reported behaviour survey of parents
and caregivers. To quantify the likelihood of prescribing antimicrobials for
diarrhoeal treatment at a hospital or a pharmacy, we used antimicrobial
treatment data from (D) the prospective cohort study®” (from hospital files)
and (F) the pharmacy behaviour study, respectively.

Results

The distribution of outlets selling antimicrobials

We mapped a total of 301 pharmacies and 243 private or
public healthcare clinics in the study area (Table 1 and Figure 2a).

Figure S1 shows the geographical location of the study area. The
distribution of pharmacies was not uniform and ranged from 0 to
61 pharmacies/km?, with a mean density of 15.7 pharmacies/km?.
The majority of outlets were located on main thoroughfares in the
north of the study area (Figure 2a). The population pharmacy
density equated to 7.59 pharmacies/10000 people, corresponding
to a pharmacy for every 1316 people. The number of pharmacies
within the population varied from 0 to 38.2 pharmacies/10000
people, with four high-density areas (>30 outlets/10000 people)
(Figure 2b). The high density of pharmacy shops epitomized rou-
tine access to antimicrobials in this community and equated to
>75% of the study area population living within 250 m of an outlet
selling antimicrobials (Figure 2c).

Pharmacy prescribing practices for diarrhoea

We surveyed 48 pharmacy shops (37 were open when visited) in a
ward within the study area (Figure S1), and used two different
scenarios for paediatric diarrhoea. In the first scenario (watery
diarrhoea), the number of prescribed medications ranged from
one to five, with the majority (65%; 24/37) of pharmacies prescrib-
ing two different medications (Figure 3a). The median total cost
for each pharmacy visit was 17000 Vietnamese dong (VND) (US
$1223000 VND); range 7000-54000 VND. A total of 46 different
types and brands of medications were sold, which could be broadly
categorized into 11 classes: anti-motility, zinc, anti-emetics, anti-
secretory, probiotics, ORS, antimicrobial, antipyretic, adsorbent, un-
labelled and others. Unlabelled treatments were prescribed in
16% (6/37) of pharmacy visits, with probiotics (81%; 30/37) and
adsorbents (68%; 25/37) being the most commonly sold treat-
ments. Antimicrobials were prescribed by 3/37 (8%) pharmacies
for watery diarrhoea (Figure 3b).

In the second scenario (mucoid diarrhoea with fever), 53 differ-
ent medications were sold by the 37 pharmacies; undefined/un-
labelled medications were sold in 49% (18/37) of pharmacy visits
(Figure 3b). Probiotics (81%; 30/37) and adsorbents (51%; 19/37)
remained the most common medications prescribed, but the pro-
portion of pharmacies prescribing an antimicrobial increased to
22% (8/37). There was also an increase in the number of different
mediations sold for mucoid diarrhoea in comparison with those
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Figure 2. The geographical distribution of pharmacies in the Ho Chi Minh City study area. Maps of district 8 in Ho Chi Minh City. (a) The point locations
of pharmacies and the kernel distribution of pharmacy shop density. Green points identify the pharmacy shops and pharmacy density is determined
by colour intensity (see key). (b) The distribution of pharmacy shops density per 10 000 inhabitants. The greater the intensity of red the higher the
number of pharmacy shops per 10 000 people (see key, areas in grey are those with no data owing to missing data in the population raster). (c) The
geographical areas in District 8 that are within 250 m of a pharmacy. Red shaded areas are locations in which residents live with 250 m of a location

selling antimicrobials.
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Figure 3. Medications sold by pharmacies in the study area for paediatric diarrhoea. (a) Rotated histogram showing the number and proportion (x-
axis) of the 37 pharmacies visited during the ‘mystery shopper’ simulated client method selling between 1 and 5 medications (y-axis) for watery and
mucoid diarrhoea, respectively. (b) Rotated histogram showing the number and proportion (x-axis) of the 37 pharmacies visited during the ‘mystery
shopper’ simulated client method selling different mediations (y-axis) for watery and mucoid diarrhoea, respectively.

sold to treat watery diarrhoea (Figure 3a), with a higher proportion
of pharmacies selling a combination of three (41%; 15/37), four
(14%; 5/37) or five (5%; 2/37) medications. Despite there being a
greater number of medications sold, the cost to caregivers in this
scenario was not substantially greater than with watery diarrhoea
(median 18000 VND; range 3000-31000 VND).

There was considerable disparity in the type of antimicrobials
sold in the 37 surveyed pharmacies, with pharmacies prescribing
trimethoprim sulphate, sulphonamides, fluoroquinolones, macro-
lides and cephalosporins. When the mystery shopper returned to
the same pharmacies a week later and asked to buy ciprofloxacin,
100% (37/37) of the vendors sold the requested antimicrobial. This
medication was consistently sold without dosing advice and with-
out the caregiver having to provide information as to why the anti-
microbial was required. Generic ciprofloxacin was sold in a range of
different packaging from 14 different manufacturers in two differ-
ent concentrations.

Antimicrobial usage surveys in caregivers

To evaluate how local residents in the study area access antimicro-
bials and to understand their knowledge, attitudes and practices
regarding antimicrobial usage, we surveyed 396 individuals
(Table S2). The majority (82%; 325/396) of the interviewees were
women and the median age was 39years (range 19-87 years).
Ten percent of participants (39/381) indicated some background in
healthcare. The majority (69%; 243/351) had an average house-
hold income (>1300000 and <9000000 VND/household/month),
with 21% (74/351) reporting being in a poor financial situation
(<1300000 VND/household/month). Most caregivers/parents
(60%; 232/386) had >2 children living in the household. Many
(59%; 231/394) reported that their children had received
medication for a medical condition within the last month, of which
approximately half (47%; 109/231) were reported to be an
antimicrobial.

We found that a majority of interviewed parents and caregivers
had limited knowledge about antimicrobials. Many assumed that
antimicrobials could be generically used to treat coughing (46%;
181/396), fever (35%; 137/396), colds (30%; 118/396), headaches
(21%; 81/396) and diarrhoea (19%; 76/396). Approximately half
(51%; 203/396) of the parents and caregivers agreed with the
statement ‘some infections can be difficult to treat if there is anti-
microbial resistance’, and 59% (233/396) agreed with the state-
ment ‘resistance can occur if you do not take a sufficient dose’.
In self-reported prescribing, more than half of parents and care-
givers (54%; 213/394) said they had at some time purchased anti-
microbials from pharmacies, with many of them (85%; 182/213)
buying antimicrobials within the 30days prior to the interview
(Table S3).

Diarrhoeal treatment-seeking behaviour

Figure 4 shows the top three preferences for places where parents
and caregivers would seek healthcare advice if their children had
either of the two previously described diarrhoeal disease scenarios.
In both scenarios, the most common first choice was to treat their
children at home. However, a specialized hospital was the most
common option, with 81% (319/396) and 88% (347/396) of res-
ponders selecting this as one of their top three preferences for
treatment of watery and mucoid diarrhoeaq, respectively. Visiting a
local pharmacy as a first choice ranked third for watery diarrhoea
and second for mucoid diarrhoea. Overall, visiting a pharmacy was
selected as one of the top three preferences by 45% (180/396)
and 34% (134/396) of caregivers for watery and mucoid diarrhoea,
respectively (Figure 4). We observed that parents (rather than a
caregivers) and those of younger age were more likely to take their
children to a pharmacy than a hospital for watery diarrhoea
(P=0.015 and P=0.051, respectively). Similarly, parents (rather
than caregivers) were significantly more likely to take their children
to a pharmacy than a hospital for mucoid diarrhoea (Table 2).
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Figure 4. Healthcare utilization for paediatric diarrhoea by caregivers. Pyramid plot showing the number and proportions of 396 individual caregivers
or parents of children aged <5 years residing in the study area (x-axis) selecting the various healthcare services (y-axis) as first, second or third

choices (see key for shading) for watery and mucoid diarrhoea.

Quantifying antimicrobial use for diarrhoea

We lastly aimed to calculate antimicrobial usage in the community
and in hospitals for diarrhoeal disease in children aged between 1
and 5 years (Figure 1). From following 748 children and quantifying
episodes of diarrhoea over a 2 year period in the diarrhoea cohort,
we estimated the total annual incidence of watery and mucoid
diarrhoea to be 536 (95% CI 463-609) and 210 (95% CI 154-267)
per 1000 child-years, respectively (Table 3). The annual incidences
of watery and mucoid diarrhoea resulting in hospital attendance
were 112 (95% CI 83-141) and 116 (95% CI 83-149) per 1000
child-years, respectively. Among the diarrhoeal episodes resulting
in hospital attendance, 66/159 (42%) watery episodes and 107/
164 (65%) mucoid episodes received antimicrobial treatment in
hospital. We therefore estimated the total number of diarrhoeal
episodes within the study area in this age group to be 10355 (95%
CI8945-11765) and 4057 (95% CI12975-5158) per year for watery
and mucoid diarrhoeg, respectively.

Combining data from the surveys of the self-reported behaviour
and the pharmacy practice, we estimated that the annual number
of diarrhoeal episodes in children aged 1-5 years that would re-
ceive antimicrobial treatment at pharmacies were 184 (95% CI
159-209) for watery diarrhoea and 144 (95% CI 105-183) for mu-
coid diarrhoea (Table 3). However, data from the diarrhoea cohort
indicated that the number of paediatric diarrhoeal cases that
resulted in an antimicrobial administration in a hospital was ap-
proximately 5 [898 (95% CI 673-1130)] and 10 times higher [1462
(95% CI 1046-1878)] for watery and mucoid diarrhoea, respect-
ively (Table 3). In total, we estimated that at least 19% (2688/

14 427) of diarrhoeal episodes in children aged 1-5years in the
study area would receive an antimicrobial annually.

Discussion

AMR infections are increasingly common throughout Asia, a trend
that may be driven in part by access to antimicrobials.?® 2
Vietnam illustrates this trend; it is the world’s 15th most populous
country, urbanization has increased from 28% in 2014 to 34.9% in
2017 and it is predicted to have a population of >100 million peo-
ple by 2025.2° Antimicrobial dispensing in Vietnam is known to be
poorly regulated, leading to inappropriate prescribing and self-
medication for a number of common infections, including fever
and acute respiratory infections.?”*® We selected childhood diar-
rhoea, which is common in Vietnam, and among the top motives
for seeking healthcare in HCMC, as a syndrome for which to assess
antimicrobial use. 2931

The overall density of pharmacies in the community in HCMC
is high (7.59/10000 people), and outnumbers the number of
pharmacy staff that have been trained at any level (assistant or
university degree) in the city (5.98/10000 people).*? This density
of pharmacies in HCMC is reflective of the general pattern in
LMICs, for example Sabde et al.** reported a comparable ratio in
an urban area of India (5.84/10000 people). However, the num-
ber of pharmacy outlets in HCMC is more than double the mean
density of pharmacies in other areas of the world, such as Europe
(3.06/10000 people)3“ and other parts of Southeast Asia
(3.02/10000 people),>* and three times higher than that of some
countries in the Western Pacific (2.28/10000 people)“ and the
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Table 2. The demographic characteristics of parents and caregivers who chose a pharmacy or a hospital as first choice for a child with diarrhoea

Watery diarrhoea

Mucoid diarrhoea

pharmacy (n = 87) hospital (n = 89) P value® pharmacy (n = 65) hospital (n = 142) Pvalue®

Female sex 73/87 (84) 72/89 (81) 0.693 55/65 (85) 113/142 (80) 0.448
Role of parent (not caregivers) 54/86 (63) 39/89 (44) 0.015 43/64 (67) 69/142 (49) 0.015
Age in years, mean (IQR) 38 (30-50)° 40 (32-57) 0.051 38 (31-50)° 40 (32-56)¢ 0.198
Healthcare trained 7183 (8) 11/83 (13) 0.461 4/63 (6) 16/138 (12) 0.316
Employment 87/87 (100) 89/89 (100) 0.661 65/65 (100) 142/142 (100) 0.943

worker 10/87 (11) 10/89 (11) 6/65 (9) 16/142 (11)

officer 6/87 (7) 6/89 (7) 5/65 (8) 10/142 (7)

health staff 2/87 (2) 6/89 (7) 1/65 (2) 6/142 (4)

business owner 15/87 (17) 10/89 (11) 11/65(17) 23/142 (16)

housewife 35/87 (40) 34/89 (38) 29/65 (45) 56/142 (39)

other (retired) 19/87 (22) 23/89 (26) 13/65 (20) 31/142 (22)
Education <12 years 75/87 (86) 68/88 (77) 0.171 55/65 (85) 115/141 (82) 0.695
Monthly income (VND)® 0.406 0.739

<1.3 million 15/78 (19) 14/80 (18) 11/57 (19) 20/127 (16)

1.3-9 million 59/78 (76) 57/80(71) 42/57 (74) 95/127 (75)

>9 million 4/78 (5) 9/80(11) 4/57 (7) 12/127 (9)
Only 1 child 36/84 (43) 37/84 (44) 1.000 21/65 (32) 61/134 (46) 0.091
Only 1 child aged <5 years 68/85 (80) 71/86 (83) 0.699 49/65 (75) 105/134 (78) 0.718
Age of first child, years, mean (IQR) 3(2-4) 2/87 (2-4)f 0.486 3(2-4) 3/140 (2-4)9 0.553
Infections in previous month 57/86 (66) 44/86 (51) 0.063 43/65 (66) 73/139 (53) 0.071
Medication in previous month 60/87 (69) 51/87 (59) 0.207 45/65 (69) 83/141 (59) 0.167
Antimicrobials in previous month 24/60 (40) 26/70(37) 0.857 18/41 (44) 46/118 (39) 0.585

All values shown are n/N (%) unless otherwise indicated.
9P values calculated using Fisher’s exact test for categorical variables and the Mann-Whitney U-test for continuous variables. Significant P values are

highlighted in bold.

®Number of respondents = 81.
“Number of respondents = 60.
INumber of respondents = 139.

*Monthly income <1300000 VND/month is determined to be poor and below average (as suggested by the Vietnamese government), whereas in-
come >9000000 VND/month is considered a good monthly income and above average.

*Number of respondents = 87.
9Number of respondents = 140.

Table 3. The burden of diarrhoea and antimicrobial treatment for diarrhoea in children aged 1-5 years

Diarrhoea episodes per year (95% CI)

attending receiving an attending a receiving an
Parameter hospital antimicrobial in hospital pharmacy antimicrobial at a pharmacy
Calculation® (Ax Q) (Ax CxD) (AXBxE) (AXBXEXF)

Diarrhoea type
watery
mucoid

Total

10355 (8945-11765)
4057 (2975-5158)
14427 (12636-16 219)

2163 (1622-2724)
2241 (1603-2878)
4404 (3560-5249)

898 (673-1130)
1462 (1046-1878)
2359 (1884-2834)

2275 (1965-2584)
667 (489-848)
2945 (2585-3305)

184 (159-209)
144 (105-183)
329 (282-375)

“Calculation derived from parameters described in Figure 1.

USA (2.11/10000 people).>® This ratio of pharmacies is six times
higher than in LMICs in Africa.>* Ease of access to retail pharma-
cies may improve equity in the use of medication but it allows ac-
cess to treatments that should be better controlled, especially

when pharmacy staff are underqualified and/or fail to follow ap-
propriate guidelines.

Our study demonstrated the common sale of antimicrobials
without prescription for paediatric diarrhoeal disease in the
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community in HCMC. Notably, we estimated that antimicrobial
sales for paediatric diarrhoeal disease in the community in HCMC
were lower than in several other LMICs, such as Ethiopia (26%;
58/223),°° and other Asian countries, such as Pakistan (14%)3°
and Thailand (52%).>” The low proportion of antimicrobials dis-
pensed for acute watery diarrhoea in HCMC is corresponds with a
declining trend in antimicrobials being used for watery diarrhoea in
Vietnam. Limited available data suggest that the proportion of
antimicrobials dispensed for acute watery disease has decreased
over the last 20years, from 45% of cases in 1997,%® to 14% in
2013,%° to 8% (3/37) here. This trend may result from a substantial
improvement in practices in pharmacies to alleviative antimicro-
bial prescribing and the impact of resistance. However, despite an
array of public health engagement and intervention projects, anti-
microbials still remain the most inappropriate drugs dispensed
from retail pharmacies in Vietnam.“ It is additionally worth noting
that previous studies have suggested that antimicrobial usage is
greaterinrural areas than in urban areas.”®

We predicted that the diarrhoeal disease management in the
community in HCMC would be comparable with that of other
LMICs, where antimicrobials are dispensed without further consid-
eration.>¢~3%4142 However, we found that the total number of diar-
rhoeal episodes that would receive an antimicrobial in a hospital
was 5-10 times higher than in retail pharmacies. Our findings are
consistent with a recent finding in this setting, where 85% of
paediatric diarrhoeal patients admitted to hospital were prescribed
an antimicrobial.'® It has been estimated that one-third of anti-
microbial prescriptions in Vietnamese hospitals may be inappropri-
ate,” a level that could promote AMR in various bacterial
pathogens. It is apparent that in a setting with limited-to-no diag-
nostic testing, this clinical approach is considered optimal for pre-
venting complications and saving lives. There is a large demand for
hospital care in HCMC, and as doctors have limited time to make
clinical decisions, such an approach is deemed effective and less
time consuming. Therefore, there is a clear requirement for tests
that can identify children at the more severe end of the disease
spectrum and can distinguish between a viral and a bacterial
infection.

Our study has some limitations. We likely underestimated the
overall antimicrobial use as our calculation did not take into ac-
count antimicrobial use in facilities other than specialized hospi-
tals. Additionally, relying on the choice of attending pharmacy as
the first option only and the practice of selling antimicrobials in a
small number of pharmacies from two scenarios may underesti-
mate antimicrobial sales in pharmacies. Even though we
employed a thorough process to quantify antimicrobial use for
diarrhoeaq, our data extrapolation may contain errors as we com-
piled data from several sources. In addition, as we aimed to assess
antimicrobial dispensing only, we did not record or evaluate the
retailer's consulting abilities for using these treatments, which
may reflect local antimicrobial handling practices. Lastly, our com-
bined studies focused on diarrhoeal diseases in young children
only, and we recognize that our approach offers limited under-
standing of antimicrobial usage in other populations and other
presentations.

We conclude that the density of pharmacy retailers is extreme-
ly high in urban HCMC. Antimicrobial usage for diarrhoeal disease
in children is more common in hospitals than via community phar-
macies. Given these findings, combined with the general low level

of knowledge regarding antimicrobials among parents and care-
givers, we predict a high burden of antimicrobial overuse in
Vietnam. We advocate better education, training and guidelines
for antimicrobial usage and AMR for all health professionals pre-
scribing antimicrobials in Vietnam.
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Abstract
Antimicrobial resistant bacterial infections in low and middle-income countries (LMICs) are well-
established global health issue. We hypothesised that antimicrobial resistant commensal organisms in the

community in LMICs is a major reservoir of antimicrobial resistance genes that can be transferred to
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pathogen. Therefore, we aimed to assess the prevalence and epidemiological factors associated with the
carriage of ciprofloxacin and ceftriaxone resistant Escherichia coli and associated resistance genes in a
cohort of healthy children residing in urban Ho Chi Minh City, Vietnam. We cultured rectal swabs from
498 children onto MacConkey agar independently supplemented with resistant concentrations of
ciprofloxacin and ceftriaxone. Additionally, we screened the individual E. coli populations by
conventional PCR from samples to detect a panel of plasmid mediated quinolone resistant (PMQR) and
extended spectrum B-lactamase (ESBL) encoding genes. Associations between phenotypic/genotypic
resistance and demographic characteristics we measured using univariate and multivariable logistic
regression. Ciprofloxacin and ceftriaxone resistant E. coli were cultured from the faecal samples of 67.7%
(337/498) and 80.3% (400/498) of children, respectively. The prevalence of any associated resistance
marker was 86.7% (432/498) for PMQR genes and 90.6% (451/498) for B-lactamase genes. Of these, gnr
and CTX-M were the most dominant gene families identified (83.9%; 418/498 and 75.1%; 374/498,
respectively. Overweight and obese children were significantly more likely to carry gnr genes than
children with lower weight for height z-scores (OR: 1.24; 95%CI: 10.5-1.48 for each unit increase in
weight for height z-score; p=0.01). Additionally, younger children were significantly more likely to
carry ESBL CTX-M genes alone, and in combination with gnr genes, than other children (OR: 0.97,
95%ClI: 0.94 -0.99 for each year increase in age, p=0.01). We conclude that the carriage of genotypic and
phenotypic resistance against fluoroquinolones and third generation cephalosporins are highly prevalent
among commensal E. coli in healthy children in the urban community in Vietnam. Future investigations
on the carriage of antimicrobial resistant organisms in LMICs should focus on the progression of carriage

from birth and structure of the microbiome in obesity.

Introduction

Antimicrobial resistance (AMR) has become an increasingly recognised global health problem. The social

complexities associated with AMR are multifaceted; however, a major driver of AMR is thought to be the
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unsolicited use of antimicrobials in the community, which is particularly common in many low and
middle-income countries (LMICs)'". It is generally accepted that the more a community is exposed to
antimicrobials, the more likely AMR bacteria will emerge and be maintained % Multiple studies have
demonstrated a recent dramatic rise in pathogenic bacteria exhibiting resistance against fluoroquinolones
and third-generation cephalosporins *~; two of the most commonly used classes of antimicrobials
globally °. Consistently, cephalosporins and fluoroquinolones are most consumed antimicrobials classes

in Vietnam, with prescribed consumption from hospitals equal to that from retail pharmacies "*.

Escherichia coli (E. coli) is an Gram-negative bacterium, which is abundant in the intestine of healthy
people and can be used to assess the composition of AMR in the human gut °'". E. coli are proficient
vehicles of AMR gene circulation, and are commonly co-resistant to several clinically important
antimicrobials including cephalosporins, fluoroquinolones, and sulfamethoxazole/trimethoprim '*'°.

Therefore, commensal E. coli are sentinel Gram-negative organisms that play a principal role in the

4

maintenance and spread of plasmid associated AMR genes within the Enterobacteriaceae "'
Specifically, E. coli are known to be a major reservoir of plasmids carrying both Extended Spectrum f3-

lactamases (ESBLs) and plasmid-mediated quinolone resistance (PMQR) genes Lule;

The expression of ESBLs genes is a key resistance mechanism against later generation beta-lactams; the
circulation of genes encoding these enzymes is of critical importance in human health '>. ESBLs, which
can hydrolyse a wide variety of B-lactamases, are presently classified into several sub groups, the most
frequently identified include TEM, SHV, and CTX-M '"'®, TEM and SHYV are historic B-lactamase genes
that have evolved to exhibit ESBL activity; TEM and SHV variants that have ESBL activity can be
commonly found in members of the Enterobacteriaceae associated with infection. CTX-M genes were
first described in the 1980s and found to have greater activity against cefotaxime than existing ESBL
genes. The blacrx.m genes have been extremely successful, becoming globally ubiquitous and undergoing

extensive diversification (>100 variants have been identified). This important group of ESBL genes is
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broadly divided into five phylogroups: CTX-M-1, CTX-M-2, CTX-M-8, CTX-M-9, and CTX-M-25. The
most dominant global lineage is blactx.m.1, which incorporates blacrx.m.1s, @ particularly successful and

persistent variant found commonly in Asia .

Fluoroquinolone resistance generally occurs as a result of mutations in the chromosomal drug target genes
encoding the DNA gyrase (gyrA and gyrB) and the topoisomerase IV (parC and parD) '°. However,
fluoroquinolone resistance can also be induced and enhanced by the PMQR genes. The most common
PMQR genes are the gnr family (gnrA, gnrB, gnrC, gnrD and gnrS), which act by altering the DNA
gyrase and topoisomerase IV, thus reducing the interaction between drug and target ***'. The gnr genes
have been found on a broad range of plasmid structures in various pathogens within the
Enterobacteriaceae. Alternative PMQRs include aac-(6')-1b-cr, which encodes a modified
aminoglycoside acetyltransferase that inactivates specific fluoroquinolones, and the efflux pump encoding
genes, gepA and ggxAB "***. Notably, PMQR genes frequently co-exist on the same plasmid backbones as

ESBL genes, which can be co-transferred during horizontal gene exchange *****,

Several studies have focused on characterising the carriage of AMR organisms in hospitalized patients
and healthy individuals in the community in LMICs *'**. The majority of these investigations have
isolated E. coli and then performed conventional antimicrobial susceptibility testing *°. In addition,
various studies have measured the prevalence of ESBL producing commensal E. coli in Vietnamese
individuals ***. However, less is known about the prevalence of AMR bacteria and the diversity of
associated AMR genes in the commensal microbiota of healthy children living in an urban community.
Furthermore, the potential risk factors associated with the carriage of AMR organisms of AMR genes
have not been defined. Here, we used a direct plating method on selective media to measure phenotypic
and genotypic resistance against fluoroquinolones and third generation cephalosporins among a cohort of
498 healthy children resident in Ho Chi Minh City (HCMC) ». Further, we aimed to identify

epidemiological risk factors associated with the carriage of phenotypic and genotypic resistance in these
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urban children. Such data from an urbanizing LMIC is important for a better understanding the circulation
of AMR bacteria in the community and to quantify the key populations associated with the global AMR

crisis.

Methods

Ethical approval

The Ethics Committee of the Hospital for Tropical Diseases (HTD) in Vietnam and the Oxford Tropical
Research Ethics Committee (OXTREC) of the United Kingdom provided ethical approval for this study.

Written informed consent was provided by parents and care-givers of children.

Study population
All rectal swabs were collected from healthy children who were participants of a previously described

prospective longitudinal study *

. In brief, infants were recruited into a birth cohort at Hung Vuong
hospital (HVH) in HCMC, the second largest obstetric hospital in south Vietnam, and followed for 12
months for febrile disease through passive surveillance *'. A subset of these children were followed
beyond 12 months and recruited into a continuous cohort conducing active surveillance for diarrheal
disease. The children attended scheduled routine follow up visits at HVH every six months. Information
on demographics, household water sources, sanitation, health issues in the intervening six months
between visits, and food consumption habits in the three days prior to the visit were collected. A rectal
and nasopharyngeal swab was collected at the time of the visit. There were 748 children enrolled from
June 2014 to December 2014 and followed to December 2016. To actively monitor diarrheal disease
episodes, fortnightly SMS messages were sent to the phone of the children’s parent/care provider. During
diarrhoeal episodes nurses visited their homes to confirm the case, collect samples and provide supportive

care. Cases were treated according to local standard of care and were required to attend the Hospital for

Tropical Diseases (HTD) in central HCMC for medical care.
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Identification of antimicrobial resistant E. coli

From March to August 2016, we collected 498 rectal swabs from healthy children (no diarrhea or other
symptoms of illness) at routine follow up visits for the purposes of this investigation. At routine follow up
visits, we recorded information regarding their general well-being and regarding their antimicrobial
practices in the prior six months. All rectal swabs were inoculated onto MacConkey agars to pick all
suspected E. coli colonies (e.g. lactose fermenting and non-lactose fermenting, circular, elevated, entire
margins, smooth texture, pink or colourless, dry, and shiny). These meta E.coli population were then
inoculated into brain heart infusion (BHI) media supplemented with 20% glycerol and stored at -80°C
until being subjected to inoculation onto Mac Conkey agars supplemented with either ciprofloxacin
(4mg/1) or ceftriaxone (6mg/1) to select for resistant organisms against these antimicrobials. E. coli strain
ATCC 25922 (MIC against ciprofloxacin and ceftrizone 0.008 mg/1 and 0.094 mg/1, respectively) and a
clinical E. coli strain 03_0334 (MIC against cipfloxacin and ceftrizone with >256mg/1 ) were used as
negative and positive controls for testing the culture media. All suspected E.coli colonies of each plate

were then confirm by MALDI-TOF.

Detection of antimicrobial resistant genes

The meta E.coli population in frozen BHI were subjected to nucleic acid extraction and multiplex
polymerase chain reaction (PCR) amplification. Approximately 200ul of each meta-E. coli in frozen BHI
was removed and aliquoted into a 96-well plate and centrifuged for 10 minutes at 4,000rpm. The
supernatant was removed and discarded. The remains in the wells were added 200l sigma water and the
bacterial solution was used to gentle agitation to ensure mixing. Nucleic acid was extracted by heating the
solution to 100°C on a heating block for 10 minutes, then cooling to ambient temperature. The solution
was subjected to centrifugation for 10 minutes at 4,000 rpm in a microfuge. The supernatant was removed
and used as template DNA in all PCR amplifications. We conducted a series of multiple PCR

amplifications aiming to detect PMQR genes (aac(6')-1Ib-cr, gepA, qnrA, gnrB,and gnrS), ESBL genes
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(blactxm, blatewm,, blaspy, and blagxs) , and AmpC lactamase genes (MOX, DHA, EBC, FOX, ACC,
CIT). The primer sequences and the predicted amplification sizes are shown in Table S1. The conditions

. . 32,33
were as previously described '*'®

a positive PCR result was determined by the detection of a PCR
amplicon of an appropriate size (using a UV transilluminator and gel documentation system) for each

target in the presence of appropriate positive and negative controls.

Statistical analyses

Categorical and continuous variables were described using frequencies (%) and medians (interquartile
range), respectively. Bar plots were used to describe the prevalence of ciprofloxacin and ceftriaxone
resistant E. coli and the various ESBL and PMQR genes. We used univariate and multivariable logistic
regression to assess the relationship between participants’ characteristics and the presence of AMR E. coli
and AMR associated genes. These relationships were described in odds ratios (OR) and their
corresponding 95% confidence intervals (CI). The significance level for statistical tests was 0.05. All

analyses were performed in R v3.4.0 (R Foundation, Vienna, Austria) and companion packages.

Results

Baseline characteristics

Between March and August 2016, we collected rectal swabs from 498 children without diarrhoea
attending a routine health check at the designated healthcare facility. All children were from a single
district (eight) in HCMC (the same study area assessed for access to pharmacies in this age group %) and
enrolled in a longitudinal cohort study of 748 individuals. This population was considered to be generally
representative of the child population in HCMC. The baseline characteristics of those sampled are in
Table 1; 269/498 (54%) were male, 211/498 (42.4%) were born by Caesarean section, and 64/498
(12.9%) were preterm deliveries (Table 1). The median age of the children at the point of sampling was
46 months. At the time of the health check in which they were sampled, the majority of children were

attending nursery/school (67.9%; 338/498), and only a small fraction of children were underweight,
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stunted or wasted. However, more than a quarter of children were overweight (27.5%; 137/498), with a
similar proportion (136/498; 27.3%) having a minor non-diarrheal illness at the time of visit. A
substantial proportion (42.8%; 213/498) of children had received antimicrobials in the six months prior to
sampling and 26.9% (134/498) regularly consumed some form of probiotic as part of their diet (Table 1).
A third (29.1%; 145/498) of the children had taken oral vitamin A supplementation, provided via a
government public health nutrition program. The children were a broad cross-section of the community in
this urban district of HCMC and had correspondingly consumed a wide variety of animal products in the
three days prior to sampling, which included pork (89.6%, 446/498), shrimp (85.1%; 424/498), eggs

(77.7% 387/498), beef (75.9%; 378/498), and poultry (64.5%; 321/498) (Table 1).

Ciprofloxacin and ceftriaxone resistant E. coli

Aiming to assess the prevalence of antimicrobial resistant E. coli carriage this population we
independently plated suspected E.coli colonies onto MacConkey agar supplemented with ceftriaxone and
ciprofloxacin to isolate resistant organisms. We cultured E. coli colonies that were resistant to ceftriaxone
(according to current CLSI guidelines 3 from 80.3% (400/498) of the rectal swabs and E. coli colonies
that were resistant to ciprofloxacin (according to current CLSI guidelines ) from 67.7% (337/498) of the
rectal swabs. As shown in Figure 1, resistant E. coli colonies were cultured from at least one of the
antimicrobial supplemented plates (i.e. either ciprofloxacin or ceftriaxone) in 84.7% (422/498) samples;
no antimicrobial resistant E. coli colonies were isolated on either plate from the remainder of samples
(76/498; 15.3%). From the 422 samples from which we isolated resistant E. coli colonies on at least one
plate, 315 produced E. coli colonies on both the ceftriaxone supplemented media and the ciprofloxacin
supplemented media. We aimed to identify epidemiological characteristics associated with the detection
of fluoroquinolone and cephalosporin resistant E. coli in the rectal swabs. However, after investigating
multiple factors including age, sex, antimicrobial usage, and other household variables, we found that no
factors were significantly associated with their carriage resulting from either the limit of our sample size

or from an indication that antimicrobial resistant E. coli were so ubiquitous(Table S2).
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The prevalence of antimicrobial resistant genes in rectal swabs from healthy children

The 498 paired MacConkey plates were scraped and aliquoted; DNA was extracted from the mixed E.
coli populations and all were subjected to PCR amplification to identify a panel of genes associated with
resistant to fluoroquinolones and cephalosporins. The overall prevalence of any plasmid mediated
quinolone resistant (PMQR) gene (aac(6’)-1b-cr, gepA, gnrA, gnrB, and gnrS) in the samples was 86.7%
(432/498); the corresponding prevalence of a B-lactamase genes was 90.6% (451/498). Notably,
individual gnr-determinants were the most commonly detected (83.9%; 418/498) resistance genes,
especially gnrB (67.3%; 335/498) and gnrS (61.4%; 306/498) (Figure 2A). The prevalence of ESBL
genes (blacrx.m, blarem,, blasyy, and blagx,) and AmpC genes (MOX, DHA, EBC, FOX, ACC, CIT)
were 83.7% (417/498) and 67.5% (336/498), respectively. Alarmingly, the CTX-M class of ESBL gene
was the most commonly detected (75.1%; 374/498), followed by blargy (36.9%; 184/498) (Figure 2B).
Generally, we found that gnrB, gnrS, blacrx.me, and DHA were sequentially the most frequently detected
genes, and typically identified in the same sample (Figure 3A). More than half (52.2%; 260/498) of

samples had a combination of at least one gnr, one AmpC, and one blactx.m (Figure 3B).

Not all antimicrobial resistant samples were associated with a corresponding antimicrobial resistance gene
marker. From the ciprofloxacin resistant E. coli, 37/337 (11%) samples did not generate an amplicon
associated with a PMQR genes; potentially explained by chromosomal DNA gyrase mutations.
Correspondingly, from the ceftriaxone resistant E. coli, 20/400 (5%) did not produce an ESBL or AmpC
amplicon. Conversely, from the 161 samples with no ciprofloxacin resistant E. coli, 73% (118/161)
generated an amplicon for at least one gnr gene. From the 98 rectal swabs containing no E. coli exhibiting
phenotypic ceftriaxone resistance, a large proportion (72%; 71/98) generated at least one ESBL or an

AmpC amplicon.

Risk factors for PMOR and B-lactamase genes carriage
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We next explored potential epidemiological associations between the participants’
characteristics/behaviour and the most common PMQR genes (gnr-family: 83.9%; 418/498)) (Table 2)
and [ -lactamase genes (blacrxm (75.1%; 374/498) (Table 3). We found that the detection of gnr genes in
commensal E. coli were significantly more common in children with higher weight-for-height z-scores
(OR: 1.24, 95%CT: 1.05 -1.48, for each unit increase in weight for height z-score, p=0.01). However, we
did not find any significant association between the age of the children when sampled and the presence of
any gnr gene (p>0.05). Conversely, we did not identify a relationship between weight-for-height z-score
and the presence of blacrx.m genes (p>0.05). However, blacrx.m genes were more commonly detected in
the commensal E. coli in children of a younger age (OR: 0.97, 95%CI: 0.94 -0.99 for each year increase
in age, p=0.01). Additionally, we investigated potential epidemiological associations between
participants’ features and the presence of the most common genes in combination, (blacrx.m and gnr). We
found a consistent relationship, whereby the co-existence of these genes was significantly higher among

younger children (OR: 0.95, 95%CI: 0.9 — 1.00, p=0.03) (Table S3).

Discussion

Commensal E.coli are important vehicles for the transmission of antimicrobial resistance determinants
M3 Here, we investigated both the phenotypic and genotypic characteristics of AMR in a cohort of
urban children in Vietnam using direct plating and conventional PCR, a method which is sensitive,
specific, inexpensive, and suitable for screening in LMICs *"*, Our study outlines several new insights
into this potential reservoir of AMR genes and their association with demographic characteristics. We
found an exceptionally high prevalence of fluoroquinolone and third generation cephalosporin resistant E.
coli and their associated resistance genes in young children in this location. We report that the most
commonly identified PMQR genes were within gnr family (including gnrB and gnrS) and the most
commonly detected class of ESBL gene was blacrx.m. We additionally found that the carriage of gnr
genes was associated with higher weight for height z-scores and that younger children were more likely to

carry blacrx-m ESBL genes in combination with gnr PMQR genes.
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Previous comparable studies in Vietnam demonstrated a low prevalence of quinolone resistant commensal
E. coli ", These two studies, conducted in Northern Vietnam, suggested that even though the overall
prevalence of AMR E. coli was low, the isolation of ciprofloxacin resistant organisms was higher in the
urban area than in the rural area. Here we show a trend towards an increasing prevalence of ciprofloxacin
resistant commensal E. coli. This trend may reflect a generic higher degree of resistance to this group of
antimicrobials over time in combination with dramatic increases in antimicrobial usage within Vietnam,
principally in urban areas. Using direct plating, we show a higher prevalence of ciprofloxacin resistant
E.coli in the commensal microbiota of children in Vietnam compared to those described in Bolivia and
Peru (18% in 2002 and 33% in 2005) ***". Additionally, in comparison to a recent study conducted in
HCMC among healthy adults®, we also show a higher prevalence of ciprofloxacin resistant E. coli
(15.5%, 16/103 E. coli isolates vs. 67.7% 337/498 rectal swab samples). However, these differences may
be derived from the method of resistance detection; the previous study exploited routine bacterial culture

and antimicrobial susceptibility testing, or the population sampled.

Here, we additionally detected a substantially higher prevalence of PMQR and ESBL genes than observed
in previous investigations in human populations. Our data illustrate a much higher prevalence of PMQR
genes among the healthy paediatric population (86.7%; 432/498), than that have been described in other
countries. For example, in Mexico in 2013, the prevalence of PMQR genes among Enterobacteriaceae
isolates from children was 32% *°. The global meta-analysis estimated that ESBL positivity rate for
Enterobacteriaceae among healthy community reported in 2016 was 14% *°. The ESBL producing
Enteobacteriaceae among paediatric community varied according to level of development; 2.9%
(Sweden)*', 11.6%(Tanzania)*?, 23% (Lao)*, 24.8% (Lebanon)* and 59% (Bangui). Potential
explanations for this discrepancy may include the use of differing methods for detecting PMQR and
ESBL determinants (i.e. PCR methods) and a temporal difference of five years, which may reflect a

natural increase in the circulation of organisms and people carrying such AMR genes. Our data indicate
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that a high proportion of children in urban Vietnam carry multiple AMR genes, implying high exposure to

a range of antimicrobials in this local setting’, is comparable to other reports in Southeast Asia ***3*",

Notably, we found that the prevalence of carrying the ESBL blacrx.y gene was 75.1% (374/498), of
which the majority (62.9%; 313/498) were blacrx.m.o; the next most common were blargy (36.9%;
184/498). This distribution is comparable to patterns observed in a small sample of healthy adults residing
in HCMC, where the blactx.m class of genes was the most dominant among ESBL producing E.coli
isolates (100%; 10/10), followed by blatey (50%; 5/10) 8 We found a relatively consistent prevalence
of gnr genes as previously reported in this setting '*. We further established that gnrB and gnrS were the
most prevalent PMQR genes (67%; 335/498 and 61%; 306/498, respectively). This prevalence was higher
in comparison to data from China and some settings in Latin American **. However, this disparity may
again be associated by a difference in the population sampled. In a recent study, the prevalence of gnrB
was 94% (16/17) but this result was recovered from E. coli isolated only, while our study reveal the
prevalence of a whole population of bacteria in the fecal samples of healthy children. However, while
gnrS was not commonly detected in other locations *, our results shows that gnrS is among the most

common AMR genes in children within HCMC.

We found a significant association between children carrying gnr genes and a higher weight for height z-
score. An explanation for this association could be that overweight and obese children are more likely to
be treated with antimicrobials. In this setting, children that are overweight are more commonly from
families with a higher socio-economic status, which in turn may be more likely to seek healthcare and,
therefore receive antimicrobials. Besides, childhood obesity is known to trigger chronic low-grade
inflammation *, which may lead to their vulnerability to gastrointestinal diseases and diarrhea *’. This in
turn results in a higher likelihood of antimicrobial consumption prior to hospitalization in case of a
diarrheal episode *'. Furthermore, quantitative microbiological examination has reported a significant

expansion of E. coli, coupled with the contraction of Bifidobacterium, in obese children in China when
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compared to age-match controls . As we screened for PMQR genes, which chiefly circulate within the
Enterobacteriaceae, we speculate a link between shifts in the gut microbiome during obesity and the
selection of genotypic resistance. Fluoroquinolones are amongst the most commonly used antimicrobials
worldwide, and their use is particularly common in Vietnam ®**. The association of the carriage of blacrx.
m genes and younger children may be induced by reducing antimicrobial usage with age. It is difficult to
assess the nature of the selective pressure for specific AMR genes during therapeutic use, but we predict

that selection would reduce as children mature.

Our study has limitations. First, the point prevalence of phenotypic and genotypic resistance could
identify non-causal associations with the variable assessed in the children. In addition, the interpreting of
resistance commensal E.coli should be in caution because E.coli we have detected from rectal swabs from
healthy children may either commensal or remained pathogenic E.coli that healthy children carried.
Second, we investigated associations between the carriage of various AMR genes and a wide range of
heterogeneous epidemiological variables among a healthy population, which may explain the limited
number of significant epidemiological associations. Furthermore, by screening for the presence of PMQR
and B-lactamase genes directly from rectal swabs using conventional PCRs we were unable to assess the
direct association between resistant phenotypes and associated genotypes. Notwithstanding these
limitations, these results from this first of its type study in Vietnam will provide an important step in

understanding the role of the microbiome in maintaining AMR genes in the community.

We conclude that there is a high prevalence of commensal E. coli in children aged under five years in an
urban setting within Vietnam exhibiting resistance against fluoroquinolones and third generation
cephalosporins. In addition, we have determined the prevalence of PMQR and B-lactamase encoding
genes is extremely high among healthy children. We highlight high weight to height z-scores as a major
risk for carrying gnr genes and that younger children we more likely to carry CTX-M genes in

combination with gnr. We advocate future longitudinal studies in Asia assess the maturating of AMR
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336  component of the human microbiome. These data are imperative for understating the ecology of AMR
337  gene carriage and transmission within human. Our work emphasizes the role of the commensal bacteria,
338  especially among children, as being key for the transmission and maintenance of AMR organisms/genes.
339
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Table 1. Baseline characteristics of the 498 study participants

Characteristics Freq y (%) or Median (IQR)
Male 269 (54.0%)
Age at visit (month) 46.4 (35.6,52.5)
Preterm at birth 64 (12.9%)
Low birth weight 20 (4.0%)
Caesarean section 211 (42.4%)
The only child in the family 271 (54.4%)
Early breastfeeding at birth 340 (68.3%)
Feeding at birth
Only formula 42 (8.4%)
Exclusive breastfeeding 20 (4.0%)
Breast milk plus formula 436 (87.6%)
Breastfeeding duration (month) 4.0 (3.0,6.0)
Breastfeeding up to 12 month 60 (12.0%)
Attending school 338 (67.9%)
Nutritional status *
Underweight (weight for age) 2 (0.4%)
Stunting (height for age) 10 (2.0%)
Overweight (weight for height) 137 (27.5%)
Wasting (weight for height) 1(0.2%)
Probiotic using prior 6 months 134 (26.9%)
Antimicrobials using prior 6 months 213 (42.8%)
Oral vitamin A supplementation prior 6 months 145 (29.1%)
Food consumption prior 3 days
Pork 446 (89.6%)
Beef 378 (75.9%)
Shrimp 424 (85.1%)
Fish 339 (68.1%)
Egg 387 (77.7%)
Shellfish 108 (21.7%)
Pate (made from live liver) 53 (10.6%)
Current sickness 136 (27.3%)
Hospital admission prior 6 months 19 (3.8%)
Low maternal education (< = 9yrs) 302 (60.6%)
In-paid employment mothers 342 (68.7%)
Household crowding ** 348 (69.9%)
Main water use at home
Pipped to residence 331 (66.5%)
Bottled water 163 (32.7%)
Others 4 (0.8%)
Ice using at home 82 (16.5%)
Exposure to flooding 107 (21.5%)
Exposure to animal around home 300 (60.2%)
Presence of toilet soap at home 498 (100.0%)
Handwashing behavior after toilet
Always 269 (54.0%)
Sometimes 227 (45.6%)
Never 2 (0.4%)
Handwashing after handling diaper
Always 420 (84.3%)
Sometimes 78 (15.7%)
Never 0 (0.0%)

" Based on the WHO Child Growth Standards: Underweight: weight for age < -2 standard deviations (SD); Stunting: height for age < - 2SD; Wasting:
weight for height < - 2SD; Overweight: weight for height >+2SD; ““Two or more people per room
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Table 2. Associations between the presence of gnr genes and characteristics of the study participants

Presence of any gnr gene Univariate analysis Multivariable analysis
Characteristic
Yes (N=418) No (N=80) OR 95% CI) p value OR 95% CI) p value
Low maternal education 249 (59.6%) 53 (66.2%) 0.75 (0.45,1.23) 0.259 0.77 (0.45, 1.29) 0.320
In-paid employment mother 286 (68.4%) 56 (70.0%) 0.93 (0.54, 1.55) 0.780 0.74 (0.42, 1.29) 0.292
Male 229 (54.8%) 40 (50.0%) 1.21 (0.75, 1.96) 0.432 1.10 (0.66, 1.83) 0.700
Age " (month) 46.4 (35.6,52.4) 47.2 (35.8,53.1) 0.99 (0.96, 1.02) 0.512 0.99 (0.96, 1.02) 0419
Preterm at birth 54 (12.9%) 10 (12.5%) 1.04 (0.52, 2.25) 0918 0.99 (0.49, 2.20) 0.988
Caesarean section 184 (44.0%) 27 (33.8%) 1.54 (0.94,2.58) 0.086 1.48 (0.88,2.53) 0.138
Breastfeeding duration ~(month) 4.0 (3.0,6.0) 4.0(2.8,6.0) 1.04 (0.99, 1.09) 0.162 1.04 (0.99, 1.10) 0.117
Weight-for-height z score * 1.0 (-0.1, 2.3) 0.4 (-0.4, 1.5) 1.22 (1.04, 1.44) 0.012 1.24 (1.05, 1.48) 0.011
Antimicrobials use in the prior 6 months 180 (43.1%) 33 (41.2%) 1.08 (0.67, 1.76) 0.764 0.92 (0.54,1.57) 0.753
Probiotic use in the prior 6 months 116 (27.8%) 18 (22.5%) 1.32 (0.76, 2.39) 0.324 1.30 (0.72,2.41) 0.388
Pork or beef consumption in the prior 3 days 412 (98.6%) 79 (98.8%) 0.87 (0.05,5.18) 0.896 0.90 (0.05, 6.13) 0.929
Poultry or egg consumption in the prior 3 days 385 (92.1%) 70 (87.5%) 1.67 (0.75, 3.42) 0.200 1.72 (0.75, 3.68) 0.193
Ice using in the prior 6 months 65 (15.6%) 17 (21.2%) 0.68 (0.38, 1.27) 0.221 0.69 (0.37,1.32) 0.250
Piped water to residence 278 (66.5%) 53 (66.2%) 1.01 (0.60, 1.66) 0.964 0.92 (0.53, 1.58) 0.769
Exposure to flooding 89 (21.3%) 18 (22.5%) 0.93 (0.53, 1.69) 0.810 091 (0.50, 1.72) 0.773
Exposure to animal 251 (60.0%) 49 (61.3%) 0.95 (0.58, 1.55) 0.840 1.03 (0.61, 1.72) 0917
Attending school 286 (68.4%) 52 (65.0%) 1.17 (0.70, 1.92) 0.551 1.30 (0.72, 2.30) 0.383
Household crowding 293 (70.1%) 55 (68.8%) 1.07 (0.63, 1.77) 0.811 1.03 (0.59, 1.75) 0.922
Hospital admission in the prior 6 months 18 (4.3%) 1 (1.2%) 3.55 (0.72, 64.42) 0.139 347 (0.66, 64.31) 0.165
Current sickness 117 (28.0%) 19 (23.8%) 1.25 (0.73, 2.23) 0.430 0.99 (0.54, 1.85) 0.970

"Median (IQR); OR: odds ratio of presence of any gnr gene; CI: confidence interval
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Table 3. Associations between the presence of CTX-M genes and characteristics of the study participants

Presence of any CTX-M resistant genes

Univariate analysis

Multivariable analysis

Characteristic
Any CTX-M genes(N=374) None CTX_M genes (N=124) OR 95% CI) p value OR 95% CI) p value
Low maternal education 224 (59.9%) 78 (62.9%) 0.88 (0.58, 1.33) 0.551 0.92 (0.59, 1.42) 0.694
In-paid employment mother 259 (69.3%) 83 (66.9%) 1.11 (0.72, 1.71) 0.631 112 (0.70, 1.77) 0.643
Male 204 (54.5%) 65 (52.4%) 1.09 (0.72, 1.64) 0.681 1.07 (0.70, 1.64) 0.749
Age * (month) 41.8 (35.6, 52.3) 47.3 (36.0, 53.3) 0.97 (0.94, 0.99) 0.006 0.97 (0.94, 0.99) 0.014
Preterm at birth 45 (12.0%) 19 (15.3%) 0.76 (0.43, 1.38) 0.351 0.70 (0.39, 1.30) 0.253
Caesarean section 158 (42.2%) 53 (42.7%) 0.98 (0.65, 1.48) 0.923 0.98 (0.64, 1.51) 0.937
Breastfeeding duration *(month) 4.0 (2.0,6.0) 4.0 (3.0, 6.0) 1.01 (0.98, 1.06) 0.499 1.01 (0.97, 1.05) 0.704
Weight for height z - score 0.8 (-0.2,2.1) 1.0 (-0.2,2.2) 0.96 (0.85, 1.08) 0.480 0.95 (0.82, 1.09) 0.463
Antimicrobials use in the prior 6 months 167 (44.7%) 46 (37.1%) 1.37 (0.90, 2.09) 0.139 1.26 (0.81, 1.98) 0314
Probiotic use in the prior 6 months 102 (27.3%) 32 (25.8%) 1.08 (0.68, 1.73) 0.749 0.94 (0.58, 1.54) 0.789
Pork or beef consumption in the prior 3 days 369 (98.7%) 122 (98.4%) 1.21 (0.17, 5.69) 0.824 117 (0.16, 5.73) 0.854
Poultry or egg consumption in the prior 3 days 342 (91.4%) 113 (91.1%) 1.04 (0.49, 2.07) 0914 1.04 (0.48,2.13) 0914
Ice using in the prior 6 months 63 (16.8%) 19 (15.3%) 1.12 (0.65, 2.00) 0.690 1.18 (0.67, 2.15) 0.581
Piped water to residence 247 (66.0%) 84 (67.7%) 0.93 (0.60, 1.42) 0.728 0.85 (0.53, 1.33) 0473
Exposure to flooding 76 (20.3%) 31 (25.0%) 0.77 (0.48, 1.25) 0.277 0.70 (0.42,1.18) 0.181
Exposure to animal 225 (60.2%) 75 (60.5%) 0.99 (0.65, 1.49) 0.949 1.03 (0.67, 1.60) 0.883
Attending school 251 (67.1%) 87 (70.2%) 0.87 (0.55, 1.34) 0.527 0.97 (0.59, 1.59) 0.899
Household crowding 260 (69.5%) 88 (71.0%) 0.93 (0.59, 1.45) 0.760 0.93 (0.58, 1.47) 0.757
Hospital admission in the prior 6 months 16 (4.3%) 3(2.4%) 1.80 (0.59, 7.84) 0.326 1.48 (0.46, 6.67) 0.535
Current sickness 105 (28.1%) 31(25.0%) 1.17 (0.74, 1.88) 0.503 1.28 (0.76, 2.22) 0.354

"Median (IQR); OR: odds ratio of presence of any CTX-M gene; CI: confidence interval
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Figure legends

Figure 1. The prevalence of selected antimicrobial resistance genes in commensal E. coli in a cohort of 498 Vietnamese
children.
Bar charts showing the prevalence of plasmid mediated quinolone resistant (PMQR) genes (A) and B-lactamase genes (B)

in commensal E. coli isolated from faecal samples of Vietnamese children.

Figure 2. The co-selection of specific antimicrobial resistant genes in commensal E. coli in a cohort of 498 Vietnamese
children.

(A) Heat-map showing prevalence of co-selection screened antimicrobial resistant genes; the greater the intensity the
more common the combination (see key). (B) Two-dimensional bar plots showing the prevalence of the co-existence of

various combinations gnr, AmpC, and CTX-M genes.
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Figure 1. The prevalence of selected antimicrobial resistance genes in commensal E. coli in a cohort of
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Bar charts showing the prevalence of plasmid mediated quinolone resistant (PMQR) genes (A) and -

lactamase genes (B) in commensal E. coli isolated from faecal samples of Vietnamese children.
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Figure 2. The co-selection of specific antimicrobial resistant genes in commensal E. coli in a cohort of
498 Vietnamese children.

(A) Heat-map showing prevalence of co-selection screened antimicrobial resistant genes; the greater the
intensity the more common the combination (see key). (B) Two-dimensional bar plots showing the

prevalence of the co-existence of various combinations gnr, AmpC, and CTX-M genes.
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Abstract

Background: Shigella spp. are one of the most common causes of paediatric dysentery globally, responsible for a
substantial proportion of diarrhoeal disease morbidity and mortality, particularly in industrialising regions. Alarming
levels of antimicrobial resistance are now reported in S. flexneri and S. sonnei, hampering treatment options. Little is
known, however, about the burden of infection and disease due to Shigella spp. in the community.

Methods/Design: In order to estimate the incidence of this bacterial infection in the community in Ho Chi Minh
City, Vietnam we have designed a longitudinal cohort to follow up approximately 700 children aged 12-60 months
for two years with active and passive surveillance for diarrhoeal disease. Children will be seen at 6 month intervals
for health checks where blood and stool samples will be collected. Families will also be contacted every two weeks
for information on presence of diarrhoea in the child. Upon report of a diarrhoeal disease episode, study nurses will
either travel to the family home to perform an evaluation or the family will attend a study hospital at a reduced
cost, where a stool sample will also be collected. Case report forms collected at this time will detail information
regarding disease history, risk factors and presence of disease in the household.

Outcomes will include (i) age-specific incidence of Shigella spp. and other agents of diarrhoeal disease in the
community, (ii) risk factors for identified aetiologies, (iii) rates of seroconversion to a host of gastrointestinal
pathogens in the first few years of life. Further work regarding the longitudinal immune response to a variety of
Shigella antigens, host genetics and candidate vaccine/diagnostic proteins will also be conducted.

Discussion: This is the largest longitudinal cohort with active surveillance designed specifically to investigate

Shigella infection and disease. The study is strengthened by the active surveillance component, which will likely
capture a substantial proportion of episodes not normally identified through passive or hospital-based surveillance. It is
hoped that information from this study will aid in the design and implementation of Shigella vaccine trials in the future.
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Background

Diarrhoea remains a major cause of childhood morbid-
ity and mortality globally [1,2], with the vast majority
of the 1.7 billion annual infections and 0.7 million
deaths occurring in low and middle-income countries
[3]. The four species of the Gram-negative bacterial
genus Shigella (S. flexneri, S. sonnei, S. boydii and S. dysen-
teriae) are amongst the most common causes of dysen-
teric diarrhoea worldwide, with >164 million infections
estimated annually in 1999 [4]. There is a growing neces-
sity to prevent and control Shigella infections due to a
dramatic emergence of highly resistant strains in not only
southeast Asia [5-7], but in many other countries in both
high and low income settings [8-16]. There are also exten-
sive knowledge gaps regarding the distribution, incidence
and exposure to Shigella spp., including a paucity of infor-
mation on age-specific incidence, which is essential for
assessing disease burden and evaluating the benefits of
any future vaccines.

To address the outstanding epidemiological questions
related to Shigella infections, we are conducting a longi-
tudinal cohort study focusing on diarrhoeal disease with
both routine and active surveillance components in Ho
Chi Minh City (HCMC) in southern Vietnam. HCMC is
a densely populated, rapidly urbanizing setting home to
over 7.5 million people with a per-capita annual income
of $1,220 [17]. The burden of Shigella infections is
known to be substantial in children in Vietnam [5,18]. A
previous cohort study conducted in the early 2000s in
the coastal province of Khanh Hoa in central Vietnam
estimated an incidence rate of 490/100,000/year in
children under the age of five years through passive
surveillance of diarrhoeal cases [19]. Although several
longitudinal, community-based cohorts in Southeast
Asia have been established within the last two decades
to investigate diarrhoeal disease, very few have included
an active disease surveillance component [19-24]. Active
surveillance is challenging for obvious reasons, including
the substantial cost, intensive staff and resource needs, dif-
ficulty in ascertainment and confusion on what is con-
sidered to be an ‘episode’ of diarrhoea by parents or
guardians.

The overall aim of this study is to describe the epi-
demiology of Shigella infections in HCMC to inform the
development and introduction of Shigella vaccines. The
primary objective of this study will be to define the age-
specific incidence and exposure of Shigella infection in
children < 60 months of age in the community in HCMC.
Secondary objectives include (1) determination of the age-
specific incidence of other agents of diarrhoeal infection
in the community (2) a description of risk factors for both
Shigella as well as other diarrhoeal aetiologies (3) evalu-
ation of seroconversion rate (presence of antibody) to
diarrhoeal pathogens at six month intervals in the first five
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years of life (4) exploration of the relationship between
maternal and infant IgG and protection against infection
and (5) an investigation into potential host genetic suscep-
tibilities for diarrhoeal disease.

Methods/Design

In order to achieve our objectives, we have designed a
longitudinal cohort study with routine and active sur-
veillance for diarrhoeal disease in district eight of HCHC
(Figure 1). This district is a densely populated district in
the center of the city with a large number of canals and
waterways and is known to contribute proportionally
more hospitalized pediatric shigellosis patients than any
of the other districts in the city [5].

Cohort population

Children enrolled into our cohort will be recruited from
an existing birth cohort conducted to investigate the in-
cidence of dengue and other viral infections across our
study site [24]. Briefly, pregnant mothers living in dis-
trict eight were enrolled prior to delivery at Hung Vuong
Hospital (HVH), a large obstetric hospital in HCMC de-
livering approximately 44,000 babies annually. Infants
were followed up routinely for the first 12 months of life
for the purposes of investigating the epidemiology, aeti-
ology and risk factors of a variety of viral infections in
infancy. Clinical samples were collected at routine visits
corresponding to Expanded Programme on Immunization
(EPI) visits at 0, 4, 9 and 12 months of age, including
throat and nasopharyngeal swabs as well as a small blood
sample. A subset of these children have been followed
beyond 12 months of age and are still undergoing rou-
tine follow up every six months.

Enrolment & routine follow up

Children who had been enrolled in the existing birth co-
hort will be approached for entry into the diarrhoeal dis-
ease cohort between 12—-36 months of age at a routine
birth cohort follow up visit. An enrolment questionnaire
will be administered, detailing information on demo-
graphic and socioeconomic characteristics of the house-
hold, with a particular focus on water sources, water
treatment and toilet practices. Once enrolled, children
are requested to attend HVH every six months for a
routine health check, as shown in Figure 2. A blood
sample (<2 ml), a nasopharyngeal swab and an anal swab
or stool sample (if available) is collected by study nurses
at these routine visits. Additionally, a questionnaire re-
garding growth and disease episodes of the child in the
preceding six months will be administered. Routine fol-
low up will take place for a total of two years for each
child.
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black. Waterways are shown in blue.

Figure 1 The location for the cohort study. Left panel: Location of Vietnam (dark grey) in Southeast Asia, with Ho Chi Minh City shown by the
red star. Right panel: A satellite map showing Ho Chi Minh City, with district 8 highlighted in red. The boundaries of other districts are shown in

Active & passive case detection

Parents/guardians will be contacted through a text mes-
sage or phone call on a regular basis to request informa-
tion on whether the enrolled child has had an episode of
diarrhoea in the preceding seven days. Diarrhoea is de-
fined according to the guidelines outlined by the World
Health Organization, which is three or more loose stools
in a 24 hour period or at least one bloody/mucoid stool
[25]. If the parent cannot be reached on the initial at-
tempt, the study nurse will make every effort to establish
contact to ensure complete data collection. Once a par-
ent alerts a study nurse to an episode of diarrhoea,
the nurse will travel to the participant’s home within
a 24-hour window. At the home visit, a stool sample
will be collected. If no fresh stool is available at the
time of the visit, a sterile stool collection pot will be
left with the parents/guardians with instructions for

sample collection. Stool pots left at the home will be
collected within 24 hours. Furthermore, a short case
report form (CRF) will be collected detailing clinical
details of the diarrhoeal episode and information on
any other known diarrhoeal infections in the house-
hold. The parents will also be given oral rehydration
packets, probiotics containing Lactobacillus acidoph-
ilus as well as zinc supplements for the child [26,27].
If at any point during follow up a parent feels that
their child requires medical attention for diarrhoeal dis-
ease and feels that a home visit by a nurse is insufficient,
they may attend the Hospital for Tropical Disease (HTD)
at a subsidised cost (Figure 2). Upon arrival at the hospital
the children will be escorted through registration pro-
cesses by a study nurse who will then lead them to the
gastrointestinal ward for clinical evaluation (both inpatient
and outpatients). A stool sample will be collected, and a

Routine follow up
Samples: stool, blood, NPS

Diarrhoeal disease episode
Samples: stool

examination. Stool will be collected during diarrhoeal episodes.

Every 6 months At hospital or home visit
] 1
£ ‘ ¢ g
5 5
I | | | 1 | €
g | 1 1 1 g
&

Active surveillance: parents/guardians contacted routinely

Figure 2 Flowchart of study design. Children are enroled at age 12-36 months with routine follow up visits (shown in blue bars) every

6 months. During enrolment and routine follow up visits, a stool sample, blood sample and nasopharyngeal swab (NPS) will be collected in
addition to a case report form detailing growth and health information. Follow up will continue for a total of two years for each child, meaning
they will exit the cohort at 36-60 months of age. Parents will be contacted on a regular basis to enquire whether their child has experience
diarrhoeal disease. When the child experiences an episode of diarrhoea (shown in red bars), study nurses can travel to the home of the
participant to a stool sample and a short case report form or the family can bring the child to the Hospital for Tropical Disease for clinical
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blood sample if clinically indicated. A detailed CRF will be
administered collecting clinical, laboratory and haemato-
logical information if available.

Clinical and laboratory investigations

All samples will be labeled with a study number to en-
sure anonymity and transported to the microbiology la-
boratory at the Oxford University Clinical Research Unit
(OUCRU) for analysis and storage on the same day as
collection. Samples from disease episodes will undergo
microscopy for blood cells and parasites (Giardia lamblia,
Entamoeba histolytica and Cryptosporidium) as well as
microbiology culture for Shigella spp., Salmonella spp.,
Campylobacter spp. and Escherichia coli. Antimicrobial
susceptibility testing of the cultured and identified bacter-
ial pathogens will be performed by the disc diffusion
method using the guidelines of the Clinical and Labora-
tory Standards Institute (CLSI) [28]. Results will be re-
ported back to the treating clinician as soon as they are
available.

Aliquots of stool from both healthy routine visits and
from disease episodes will be stored at —80°C. Total nu-
cleic acid will be extracted from faecal specimens using
the QIAamp viral RNA Mini kit (QIAGEN, Hilden,
Germany) or using the Roche MagNA pure 96 auto-
mated nucleic acid extraction machine (Roche). RNA
will be converted to complementary DNA (cDNA) by
reverse transcription (RT) and an aliquot of RNA will be
stored —80°C. For RT, extracted RNA will be reverse-
transcribed by SuperScript Reverse Transcriptase III and
RNAse Inhibitor (Invitrogen) combined with a random
hexamer (Roche Diagnostics, UK) according to manufac-
turer’s instructions. The resulting cDNA will be stored
at —80°C. Bacterial PCR will be performed on extracted
nucleic acids to potentially increase the diagnosis rate of
Shigella spp., Salmonella spp. and Campylobacter spp.
Viral pathogens will be identified through batch multi-
plex realtime PCR procedures to identify rotavirus and
norovirus [29]. Additionally, blood samples will be sepa-
rated into plasma for serology purposes and cells will be
stored for future host genetics studies. Specifically, ELI-
SAs will be used to measure IgA, IgM and IgG subtypes
to S. sommei O-antigen to evaluate seroconversion
rates [30].

Sample size

We estimate that we will enroll between 650-750 chil-
dren based on the available population and current attri-
tion rates from the original birth cohort [24]. It is
known that the median age of hospitalized Shigella infec-
tions in HCMC is 24 months [5]. Additionally, the annual
incidence of diarrhoea in Vietnam in children under five
years of age is 1.5 events/child/year [19]. Therefore, we es-
timate that we will have 2,100 diarrhoeal episodes in our
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cohort during two years of follow up. From a cohort study
in Hanoi, the Shigella positivity rate is approximately 6%
of passively detected diarrhoeal cases in children under
5 years [20]. Therefore, we conservatively estimate that we
will detect approximately 125 Shigella diarrheal episodes
over the study period through both passive and active sur-
veillance activities.

Data management

Each patient will have a unique identifying study code
such that sample and documents will not be labeled with
any identifying information. Data will be collected elec-
tronically whenever possible, including on laptops and
on handheld tablets provided to the study nurses and
hospital wards. Electronic data entry devices will be
password protected and accessible only by authorised
users. Paper CRFs will be used in the event of power
failure or technical difficulty. A central database has
been developed to ensure secure and confidential data
management.

Ethical approval & ethical considerations

Ethical approval for this study has been obtained from
the Oxford University Tropical Research Ethics Commit-
tee (OXTREC approval 1058-13) as well as from local
partners including the Institutional Review Board (IRB)
at the Hospital for Tropical Diseases (HTD) and the IRB
at Hung Vuong Hospital (HVH). Written informed con-
sent will be obtained from parents/guardians of children
at the time of enrolment for both participation as well as
storage and future use of pathogenic and human sam-
ples. Parents/guardians will be assured that all informa-
tion generated in this study will remain confidential.
Participant families are reimbursed for travel costs to
our study sites for routine or disease visits as well as
tests involved in the standard of care (full blood count,
stool microscopy and microbiology) of diarrhoeal disease
at HTD. Furthermore, parents/guardians are free to
withdraw their consent for their child at any time and
request that study samples not be stored for further
testing.

Discussion

In this work we have described a longitudinal cohort
designed to estimate the incidence of diarrhoea due to
Shigella in the community in HCMC, Vietnam. This
study will follow an estimated 650—750 children under
the age of five for two years each, collecting informa-
tion at routine follow up visits and during diarrhoeal
disease events through both passive and active surveil-
lance. We aim not only to estimate the incidence of
Shigella but also to examine the immune response and
risk factors for infection and disease.
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Study strengths

The burden of diarrhoeal disease is difficult to accur-
ately estimate [31], and hospitalized illness is generally
not representative of infection and disease in the com-
munity [32]. Therefore, the most important strength of
the study is the active surveillance component as we
will be able to estimate the true burden of diarrhoea
due not only to Shigella, but due to a variety of other
diarrheal aetiologies in the community as well. Longitu-
dinal blood samples will also provide for the ability to esti-
mate rates seroconversion to Shigella sonnei O-antigen
[33], which will capture potential Shigella infections that
we do not identify through our active and passive surveil-
lance. An additional strength of this study is the collabor-
ation with the existing birth cohort established at OUCRU
[24]. Such a partnership will allow for data and sample
sharing for all participants from birth through at least the
first three years of life, providing for the opportunity to
explore dynamics of infection and immunity from infancy.

Limitations

The major, predicted limitations of this study are loss to
follow up and incomplete diarrhoeal disease ascertain-
ment. Differential loss to follow up would introduce bias
into the results as participants who remain are likely dif-
ferent than those who were lost. Therefore, we will ensure
that the rapport between study nurses and participants re-
mains strong through continuous training and mainten-
ance of motivation of the nurses. We have made a
significant effort to provide the families with a high
level of comprehensive care for diarrhoeal disease in
hopes that they will value the overall research programme
and continue to participate through the follow up period.
Additionally, we are investing heavily in terms of time and
personnel to ensure that we capture as many diarrhoeal
disease episodes as possible through intensive active sur-
veillance and follow up.

Future work

The humoral immune response to Shigella is partly in-
duced by the O-antigen and is thought to be serotype
specific [34,35]. However, the immune response to the
O-antigen as well as other non-polysaccharide Shigella
antigens in children in endemic areas after symptomatic
infection or exposure is extremely ill-defined [36]. We
will explore the longitudinal immune response to a
range of Shigella antigens in infected individuals in an
endemic setting with a view of identifying novel vaccine
and diagnostic candidates and their serological relation-
ship to the O-antigen. To interrogate the diversity, spe-
cificity and longevity of the humoral immune response a
range of Shigella antigens, a Shigella antigen-array will
be constructed in collaboration with the Wellcome Trust
Sanger Institute. Similar approaches have been used for
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development of other bacterial vaccines and diagnostics
such as Salmonella and Brucella melitensis [37,38].

Additionally, we hope to explore the relationship be-
tween genetic variation and disease susceptibility through
genetic association, candidate gene and genome wide as-
sociation studies in the future. Host DNA samples will be
stored and used for genotyping to investigate potential
genetic associations with diarrhoeal disease. Additionally,
the development of gastrointestinal and respiratory tract
flora will be measured by performing metagenomic ana-
lysis from the anal and nasopharyngeal swabs.

Conclusions

In conclusion, we have designed one of the largest longi-
tudinal, active surveillance cohort studies to study Shi-
gella infection and disease in children in Southeast
Asia. Through this study, we will be able to estimate
an incidence of Shigella infection and disease and de-
fine the epidemiology of the bacteria in this commu-
nity, which is representative of many densely crowded,
industrializing cities globally. We also hope to eventu-
ally more clearly define the longitudinal immune re-
sponse to this emergent, highly antimicrobial resistant
pathogen [12], as well as begin exploration into host
susceptibility to infection. Samples, data and analyses
from this work are hoped to be a valuable resource to
international as well as local medical and public health
communities for informing the development and de-
ployment of a Shigella vaccine in the future.

Abbreviations

CLSI: Clinical laboratory standards institute; CRF: Case report form;

EPI: Extended programme on immunization; HCMC: Ho Chi Minh City;
HTD: Hospital for tropical disease; HVH: Hung Vuong Hospital;

NPS: Nasopharyngeal swab; OUCRU: Oxford university clinical research unit;
RT: Reverse-transcribed.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

Designed the study: CNT, KLA, CS, SB, NWC, GT. Microbiology and laboratory
support: HTT, PVM, LTPT, TDHN, JIP. Coordination of study at OUCRU and
study sites: LTQN, VTD, LLV, NTVT, HNT. Study nurse: NTTN, TTTL. Wrote the
manuscript: CNT, SB. All authors read and approved the final manuscript.

Acknowledgements & funding

We would like to thank our study nurses at Hung Vuong Hospital (Ms
Nguyen Thi En, Ms Le Thi Hanh, Ms Nguyen Thi Tuyet Hanh, Ms Hoang Thi
Sen and Ms Nguyen Thi Hong Nhat) for their continued dedication and hard
work. We would also like to extend thanks to the Clinical Trials Unit at
OUCRU for their help in study governance and initiation. This work is funded
by a Sir Henry Dale Fellowship to awarded to Stephen Baker, jointly funded
by the Wellcome Trust and the Royal Society (100087/2/12/Z).

Author details

'Oxford University Clinical Research Unit, Wellcome Trust Major Overseas
Programme, Ho Chi Minh City, Vietnam. “Centre for Tropical Medicine,
Nuffield Department of Medicine, University of Oxford, Oxford, UK. *The
London School of Hygiene & Tropical Medicine, London, UK. "Depanment of
Epidemiology and Preventive Medicine, Monash University, Melbourne,
Australia. "Hospital for Tropical Disease, Ho Chi Minh City, Vietnam. ®Hung



Thompson et al. BMC Public Health 2014, 14:1289
http://www.biomedcentral.com/1471-2458/14/1289

Vuong Hospital, Ho Chi Minh City, Vietnam. “Department of Microbiology &
Immunology, University of Melbourne, Melbourne, Australia.

Received: 20 October 2014 Accepted: 12 December 2014
Published: 17 December 2014

References

1.

Thapar N, Sanderson IR: Diarrhoea in children: an interface between
developing and developed countries. Lancet 2004, 363:641-653.

WHO, UNICEF: Diarrhoea: Why Children Are Still Dying and What Can Be
Done. 2009.

Walker CLF, Rudan |, Liu L, Nair H, Theodoratou E, Bhutta ZA, O'Brien KL,
Campbell H, Black RE: Global burden of childhood pneumonia and
diarrhoea. Lancet 2013, 381:1405-1416.

Kotloff K, Winickoff J, vanoff B, Clemens J, Swerdlow D, Sansonetti P, Adak G,
Levine M: Global burden of Shigella infections: implications for vaccine
development and implementation of control strategies. Bull World Health
Organ 1999, 77:651-666.

Vinh H, Nhu NTK, Nga TVT, Duy PT, Campbell JI, Hoang NV, Boni MF, My PVT,
Parry C, Nga TTT, Van Minh P, Thuy CT, Diep TS, Phuong LT, Chinh MT, Loan HT,
Tham NTH, Lanh MN, Mong BL, Anh VTC, Bay PVB, Chau NVV, Farrar J, Baker S:
A changing picture of shigellosis in southern Vietnam: shifting species
dominance, antimicrobial susceptibility and clinical presentation. BMC Infect
Dis 2009, 9:204.

Meng CY, Smith BL, Bodhidatta L, Richard SA, Vansith K, Thy B, Srijan A,
Serichantalergs O, Mason CJ: Etiology of Diarrhea in Young Children and
Patterns of Antibiotic Resistance in Cambodia. Pediatr Infect Dis J 2011,
30:331-335.

Chompook P, Samosornsuk S, von Seidlein L, Jitsanguansuk S, Sirima N,
Sudjai S, Mangjit P, Kim DR, Wheeler JG, Todd J, Lee H, Ali M, Clemens J,
Tapchaisri P, Chaicumpa W: Estimating the burden of shigellosis in
Thailand: 36-month population-based surveillance study. Bull World
Health Organ 2005, 83:739-746.

Zafar A, Hasan R, Nizami SQ, von Seidlein L, Soofi S, Ahsan T, Chandio S,
Habib A, Bhutto N, Siddiqui FJ, Rizvi A, Clemens JD, Bhutta ZA:
Frequency of isolation of various subtypes and antimicrobial
resistance of Shigella from urban slums of Karachi, Pakistan. Int J
Infect Dis 2009, 13:668-672.

Ashkenazi S, Levy |, Kazaronovski V, Samra Z: Growing antimicrobial
resistance of Shigella isolates. J Antimicrob Chemother 2003,
51:427-429.

Vinas MR, Tuduri E, Galar A, Yih K, Pichel M, Stelling J, Brengi SP, Della Gaspera A,
van der Ploeg C, Bruno S, Rogé A, Caffer MI, Kulldorff M, Galas M:
Laboratory-Based Prospective Surveillance for Community Outbreaks
of Shigella spp. in Argentina. PLoS Negl Trop Dis 2013, 7:2521.

Khatun F, Faruque A, Koeck J, Olliaro P, Millet P, Paris N, Malek M, Salam M,
Luby S: Changing species distribution and antimicrobial susceptibility
pattern of Shigella over a 29-year period (1980-2008). Epidemiol Infect
2011, 139:446-452.

Holt KE, Thieu Nga TV, Thanh DP, Vinh H, Kim DW, Vu Tra MP, Campbell JI,
Hoang NVM, Vinh NT, Minh PV, Thuy CT, Nga TTT, Thompson C, Dung
TTN, Nhu NTK, Vinh PV, Tuyet PTN, Phuc HL, Lien NTN, Phu BD, Ai NTT,
Tien NM, Dong N, Parry CM, Hien TT, Farrar JJ, Parkhill J, Dougan G,
Thomson NR, Baker S: Tracking the establishment of local endemic
populations of an emergent enteric pathogen. Proc Natl Acad Sci 2013,
201308632:1-6.

Vrints M, Mairiaux E, Van Meervenne E, Collard J-M, Bertrand S: Surveillance
of antibiotic susceptibility patterns among Shigella sonnei strains isolated
in Belgium during the 18-year period 1990 to 2007. J Clin Microbiol 2009,
47:1379-1385.

Toro CS, Farfan M, Contreras |, Flores O, Navarro N, Mora GC, Prado V:
Genetic analysis of antibiotic-resistance determinants in multidrug-
resistant Shigella strains isolated from Chilean children. £pidemiol Infect
2005, 133:81-86.

Wang X, Tao F, Xiao D, Lee H, Deen J, Gong J, Zhao Y, Zhou W, Li W, Shen B,
Song Y, Ma J, Li Z, Wang Z, Su P, Chang N, Xu J, Ouyang P, von Seidlein L,
Xu Z, Clemens JD: Trend and disease burden of bacillary dysentery in
China (1991-2000). Bull World Health Organ 2006, 84:561-568.

Replogle M, Fleming D, Cieslak P: Emergence of antimicrobial-resistant
shigellosis in Oregon. Clin Infect Dis 2000, 30:515-519.

20.

21.

22,

23

24,

25.

26.

27:

28.

25

30.

31

32,

33.

34,

35.

36.

37.

Page 6 of 7

Statistical Yearbook of Ho Chi Minh City 2011. Ho Chi Minh City: Ho Chi Minh
City Statistical Office; 2012.

Kelly-Hope LA, Alonso WJ, Thiem VD, Canh DG, Anh DD, Lee H, Miller MA:
Enteric Diseases in Vietnam, 1991-2001. Environ Health Perspect 2008,
116:7-12.

Von Seidlein L, Kim DR, Ali M, Lee H, Wang X, Thiem VD, Canh DG,
Chaicumpa W, Agtini MD, Hossain A, Bhutta ZA, Mason C, Sethabutr O,
Talukder K, Nair GB, Deen JL, Kotloff K, Clemens J: A multicentre study of
Shigella diarrhoea in six Asian countries: disease burden, clinical
manifestations, and microbiology. PLoS Med 2006, 3:e353.

Isenbarger DW, Hien BT, Ha HT, Ha TT, Bodhidatta L, Pang LW, Cam PD:
Prospective study of the incidence of diarrhoea and prevalence of
bacterial pathogens in a cohort of Vietnamese children along the Red
River. Epidemiol Infect 2001, 127:229-236.

Sripaipan T, Schroeder DG, Marsh DR, Pachén H, Dearden KA, Ha TT, Lang TT:
Effect of an integrated nutrition program on child morbidity due to
respiratory infection and diarrhea in northern Viet Nam. Food Nutr Bull 2002,
23:67-74.

Brown J, Sobsey MD, Loomis D: Local Drinking Water Filters Reduce
Diarrheal Disease in Cambodia: A Randomized, Controlled Trial of the
Ceramic Water Purifier. Am J Trop Med Hyg 2008, 79:394-400.

Sima LC, Desai MM, Mccarty KM, Elimelech M: Relationship between
Use of Water from Community-Scale Water Treatment Refill Kiosks
and Childhood Diarrhea in Jakarta. Am J Trop Med Hyg 2012,
87:979-984.

Anders KL, Nguyen NM, Van Thuy NT, Hieu NT, Nguyen HL, Thi N,
Tham H, Thi P, Ha T, Lien LB, Chau NVV, Simmons CP: A birth cohort
study of viral infections in Vietnamese infants and children: study
design, methods and characteristics of the cohort. BMC Public Health
2013, 13:937-946.

World Health Organization: Treatment of Diarrhoea: A Manual for Physicians
and Other Senior Health Workers. Geneva: 2005.

Allen S, Martinez E, Gregorio G, Dans L: Probiotics for treating acute
infectious diarrhoea. Cochrane Database Syst Rev 2010, 10:CD003048.
Lazzerini M, Ronfani L: Oral zinc for treating diarrhoea in children.
Cochrane Database Syst Rev 2013, 31:CD005436.

Clinical and Laboratory Standards Institute: Performance Standards for
Antimicrobials Disk Susceptibility Test. Wayne, PA: 2006.

Dung TTN, Phat W, Nga TVT, My PVT, Duy PT, Campbell JI, Thuy CT,
Hoang NVM, Van Minh P, Le Phuc H, Tuyet PTN, Vinh H, Kien DTH, Huy HLA,
Vinh NT, Nga TTT, Hau NTT, Chinh NT, Thuong TC, Tuan HM, Simmons C,
Farrar JJ, Baker S: The validation and utility of a quantitative one-step
multiplex RT real-time PCR targeting rotavirus A and norovirus. J Viro/
Methods 2013, 187:138-143.

Cohen D, Block C, Green M, Lowell G, Ofek I: Immunoglobulin M, A, and G
antibody response to lipopolysaccharide O antigen in symptomatic and
asymptomatic Shigella infections. J Clin Microbiol 1989, 27:162-167.
Schmidt W-P, Arnold BF, Boisson S, Genser B, Luby SP, Barreto ML, Clasen T,
Cairncross S: Epidemiological methods in diarrhoea studies-an update.
Int J Epidemiol 2011, 40:1678-1692.

Metzger KB, Hajat A, Crawford M, Mostashari F: How many illnesses does
one emergency department visit represent? Using a population-based
telephone survey to estimate the syndromic multiplier. Morb Mortal Wkly
Rep 2004, 53(Suppl):106-111.

Cohen D, Green MS, Block C, Rouach T, Ofek I: Serum Antibodies to
Lipopolysaccharide and Natural Immunity to Shigellosis in an Israli
Military Population. J Infect Dis 1988, 157:1068-1071.

Formal S, Oaks E, Olsen R, Wingfield-Eggleston M, Snoy P, Cogan J: Effect of
prior infection with virulent Shigella flexneri 2a on the resistance of
monkeys to subsequent infection with Shigella sonnei. J Infect Dis 1991,
164:533-537.

Ferreccio C, Prado V, Ojeda A, Cayyazo M, Abrego P, Guers L, Levine M:
Epidemiologic patterns of acute diarrhea and endemic Shigella
infections in children in a poor periurban setting in Santiago, Chile. Am J
Epidemiol 1991, 134:614-627.

Levine MM, Kotloff KL, Barry EM, Pasetti MF, Sztein MB: Clinical trials of
Shigella vaccines: two steps forward and one step back on a long, hard
road. Nat Rev Microbiol 2007, 5:540-553.

Lee S-J, Liang L, Juarez S, Nanton MR, Gondwe EN, Msefula CL, Kayala MA,
Necchi F, Heath JN, Hart P, Tsolis RM, Heyderman RS, MacLennan CA,
Felgner PL, Davies DH, McSorley SJ: Identification of a common immune



Thompson et al. BMC Public Health 2014, 14:1289 Page 7 of 7
http://www.biomedcentral.com/1471-2458/14/1289

signature in murine and human systemic Salmonellosis. Proc Nat/ Acad
Sci 2012, 109:4998-5003.

38. Cannella AP, Lin JC, Liang L, Atluri V, Gotuzzo E, Felgner PL, Tsolis RM, Vinetz JM:
Serial Kinetics of the Antibody Response against the Complete Brucella
melitensis ORFeome in Focal Vertebral Brucellosis. J Clin Microbiol 2012,
50:922-926.

doi:10.1186/1471-2458-14-1289

Cite this article as: Thompson et al: A cohort study to define the
age-specific incidence and risk factors of Shigella diarrhoeal
infections in Vietnamese children: a study protocol. BMC Public
Health 2014 14:1289.

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

* Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

¢ Research which is freely available for redistribution

Submit your manuscript at () BioMed Central

www.biomedcentral.com/submit




367



