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Abstract
Background

Salmonella enterica serovar Paratyphi A (also known as S. Paratyphi A) is responsible for
over 2 million cases of enteric fever annually. There are no licensed vaccines against S.

Paratyphi A.

Methods

In a double-blind, randomized, placebo-controlled trial we evaluated an orally administered
live, attenuated vaccine (CVD 1902) using a controlled human infection model. Healthy U.K.
adults were assigned in a 1:1 ratio to receive two doses of CVD 1902 or placebo 14 days
apart. Twenty-eight days after the second dose, participants were challenged orally with S.
Paratyphi A. The primary end point was a diagnosis of S. Paratyphi A infection within 14

days after challenge. Secondary endpoints included safety and immunogenicity.

Results

A total of 72 participants underwent randomization, of whom 34 in the CVD 1902 group and
36 in the placebo group were challenge with S. Paratyphi A. The median age of the
participants was 32 years (range 20 to 54 years) and 46% were women. The number of
adverse events was generally similar in the two groups and no vaccine-related serious
adverse events were identified. CVD 1902 induced serum IgG and IgA responses to the O
antigen of S. Paratyphi A. No increases in serum IgG and IgA titres occurred in the placebo
group. In the intention-to-treat population, an S. Paratyphi A infection was diagnosed within
14 days after challenge in 21% of the participants in the CVD 1902 group and in and 75% of
those in the placebo group (p <0.001), resulting in a vaccine efficacy of 73% (95%
confidence interval [Cl] 46 to 86). The vaccine efficacy was 69% (95% CI, 42 to 84) in the

per-protocol analysis.

Conclusions

In healthy U.K. adults who were challenged with S. Paratyphi A in a controlled human
infection model, a two-dose series of CVD 1902 led to protection against S. Paratyphi A
infection without safety concerns. (Funded by the Medical Research Council; VASP ISRCTN
Registry number, 15485902).
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Introduction
Enteric fever is a systemic febrile illness caused by Salmonella enterica serovars Typhi and

Paratyphi (also known as S. Typhi and S. Paratyphi) A, B and C. The disease is a major
public health concern, causing more than 100,000 deaths and resulting in more than 8
million disability-adjusted life years annually (1). Control of enteric fever can be achieved by
providing safely managed drinking water (defined as water that is accessible on site,
available without interruption, and free of contaminants), but more than 2 billion persons
remain without safe water (2). Vaccination offers an alternative approach to control, and the
recent development and implementation of typhoid conjugate vaccines is a considerable
step towards achieving this goal (3). However, up to 30% of all cases of enteric fever, or
more than 2 million cases each year, are caused by S. Paratyphi A, for which there is no

licensed vaccine (1).

Several vaccines against S. Paratyphi A are in development (4). One vaccine candidate is
CVD 1902, an engineered orally administered live, attenuated vaccine developed at the
University of Maryland. This vaccine, which was constructed by deleting the guaBA
chromosomal operon and clpX gene from wild-type S. Paratyphi A reference strain ATCC
9150, was shown in a phase 1 trial to be safe and immunogenic (5). Evidence from a re-
challenge trial conducted in the United Kingdom showed that previous exposure to wild-type
S. Paratyphi A protects against infection after re-challenge, a finding that provides further
support for a live, attenuated vaccine (6). Orally administered vaccines also offer logistical
advantages over injectable vaccines, including ease of administration and less complicated

manufacturing processes (7).

The assessment of efficacy in candidate S. Paratyphi A vaccines is problematic because a
large number of participants who would be needed for field trials owing to the relatively low
incidence of paratyphoid (also called paratyphoid fever) (8, 9). The World Health
Organization recently endorsed the use of vaccine efficacy data from controlled human
infection models (also known as human challenge studies) in combination with safety data
from field investigations, immunogenicity data, and results of postlicensure effectiveness
studies to support licensure of S. Paratyphi A vaccines(10, 11). In the current trial, we used a
controlled human infection model involving oral challenge with S. Paratyphi A to evaluate to
efficacy, safety and immunogenicity of CVD 1902 in healthy adult volunteers in the United

Kingdom.
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Methods
Trial Design and Oversight

We conducted this phase 2b, double-blind, randomized, placebo-controlled trial at six U.K.
research centres in Oxford, Birmingham, Southampton, Bristol, Sheffield and Liverpool.
Written informed consent was obtained from all participants, and the trial was conducted in

accordance with the principles of the Declaration of Helsinki.

The trial protocol (available with the full text of this article at NEJM.org) was approved by the
University of Oxford (which oversaw the trial), the Berkshire Ethics Committee and the
Medicines and Healthcare Products Regulatory Agency. An independent data and safety
monitoring committee provided safety oversight and had access to unblinded data
throughout. Full details about trial oversight can be found elsewhere (12), in the trial
protocol, and in the Supplementary Appendix. The authors vouch for the integrity and

accuracy of the data and for the fidelity of the trial to the protocol.

Participants

Healthy volunteers 18 and 55 years of age with no history of enteric fever were recruited.
Volunteers were asked to complete an online questionnaire and were interviewed by means
of a telephone call to confirm their medical history. Those who were invited to attend an in-
person visit underwent an extensive evaluation to assess their eligibility for the trial. A full list

of inclusion and exclusion criteria is provided in the Supplementary Appendix.

Participants were recruited and followed up at their local site. All participants received

vaccination or placebo and were challenged with S. Paratyphi A at the Oxford site.

Trial procedures

On the day of enrolment, participants were assigned in a 1:1 ratio to receive CVD 1902 or
placebo. A randomization list using varying block sizes (2 and 4) was used. Preparation of
the vaccine was conducted by an unblinded laboratory team. Randomization of participants
and administration of vaccine or placebo were performed by an unblinded clinical team that
was not involved in outcome evaluation. During the trial, the investigators and participants
were unaware of the trial-group assignments. Unblinding of the assignments was scheduled

to occur when the last participant had completed their visit on day 28 after challenge.

The trial vaccine and placebo were given as a two-dose series with a 14-day interval
between doses. CVD 1902 was administered orally as a 30mL solution (minimum dose 2 x
10'° colony-forming units). Placebo was given orally as a 30-ml was sodium bicarbonate
solution (1.3% weight per volume). One minute before vaccine or placebo was administered,

participants ingested 120 ml of oral sodium bicarbonate solution to neutralize gastric acid.
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After each doses, participants were monitored for 30 minutes and recorded symptoms in an

electronic for 7 days (on days O to 6).

Approximately 4 weeks after the second dose (prespecified window, 23 to 60 days),
participants were challenged orally with 1x10° to 5x10° colony-forming units of wild-type S.
Paratyphi A strain NVGH308 (clinical isolate ED199). The strain was isolated in 2006 from a
patient in Nepal with acute paratyphoid and was manufactured by GeniBet
BioPharmaceuticals in accordance with Good Manufacturing Practices. One minute before
ingestion of the challenge inoculum, participants drank 120 ml of sodium bicarbonate
solution. After challenge, participants were monitored for 15 minutes and were asked to

record symptoms, including temperature twice per day, in an electronic diary for 21 days.

Symptoms were managed in the outpatient setting. Participants underwent clinical
assessment and had a blood culture obtained at recruitment sites daily for 14 days after
challenge. S. Paratyphi A infection was diagnosed on the basis of a prespecified composite
of an S. Paratyphi A-positive blood culture obtained more than 72 hours after challenge or a

fever (temperature > 38°C) that persisted for at least 12 hours.

Participants with a diagnosis of S. Paratyphi A infection were given ciprofloxacin for 7 or 14
days as first-line treatment; the duration of ciprofloxacin treatment was extended from 7 days
to 14 days during the trial owing to a small increase in the number of positive convalescent-
phase stool samples. Participants with a positive blood culture commenced treatment at the
time that gram-negative bacilli were identified in the blood culture, and confirmatory testing
was subsequently performed. Participants with a clinical diagnosis commenced treatment at
the time that a second fever was recorded. Participants without a diagnosis of S. Paratyphi A
infection were treated with a 7-day course of ciprofloxacin starting on day 14 after challenge.
Beginning at least 1 week after the completion of antibiotic therapy, three stool cultures were
obtained (with at least 48 hours between cultures) to confirm the clearance of S. Paratyphi A
from stool. Participants attended additional follow-up visits on days 28, 90, 180 and 365 after
challenge. Additional details about the trial design and procedures are provided in the

Supplementary Appendix.

End Points

The primary end point was a diagnosis of S. Paratyphi A infection according to the
prespecified composite criteria (an S. Paratyphi A-positive blood culture obtained more than
72 hours after challenge or a fever that persisted for at least 12 hours) within 14 days after
oral challenge with wild-type S. Paratyphi A. Secondary end points included the safety,
immunogenicity and clinical and microbiologic end points after challenge. Safety was

assessed on the basis of solicited symptoms recorded by the participants in electronic
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diaries, adverse events that occurred within 90 days after challenge, and serious adverse
events that occurred within 365 days after challenge. Immunogenicity end points included
serum IgG and IgA antibody responses to S. Paratyphi A lipopolysaccharide and FIiC
(flagellin) antigens on days 14 and 42 after the first dose as assessed with an in-house
standardized indirect enzyme-linked immunosorbent assay (ELISA). Additional details about

the trial end points are provided in the Supplementary Appendix.

Statistical analysis

On the basis of data from the previous S. Paratyphi A challenge studies involving the same
controlled human infection model and strain, we estimated that a diagnosis of S. Paratyphi A
infection within 14 days after challenge would occur in approximately 58% of the participants
in the placebo group (6, 13). Using this estimate, we calculated that 33 participants per
group would be needed to provide the trial with 90% power to show a protective effect of
70% with CVD 1902 as compared with placebo at a two-sided significance level of 0.05.

The between-group difference in the percentage of participants with a diagnosis of S.
Paratyphi A infection within 14 days after challenge was assessed with the Pearson’s chi-
squared test. Vaccine efficacy was calculated as 1 minus the ratio of the percentage of
participants with a diagnosis of S. Paratyphi A infection in the vaccine group as compared
with the placebo group. Vaccine efficacy was analyzed separately in the intention-to-treat
and per-protocol populations, and all immunogenicity end points were analyzed on an
intention-to-treat basis. The intention-to-treat population included all the participants who
underwent randomization, received two doses of vaccine or placebo regardless of trial-group
assignment, and were successfully challenged in the controlled human infection model. The
per-protocol population included all the participants who underwent randomization, received
two doses of the assigned oral solution (vaccine and placebo), and were successfully
challenged in the controlled human infection model; participants were assessed according to
the oral solution received. The safety population included all the participants who received at
least one dose of vaccine or placebo and provided data on solicited symptoms after each

dose, provided at least one stool sample, or both.

Between-group comparisons of antibody titres were assessed as geometric mean ratios with
95% confidence intervals. Logistic regression was performed to analyze the association
between antibody levels on the day of challenge and the risk of a diagnosis of S. Paratyphi A
infection. During the immunogenicity analyses, we identified labelling errors in baseline
samples obtained from two participants. We therefore conducted a sensitivity analysis of
immunogenicity end points that excluded data for these two participants., Subgroup analysis

of vaccine efficacy were performed according to baseline anti-O 1gG titer (<148.5 vs > 148.5
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EU per milliliter and <802.2 vs > 802.2 EU per millilieter) and the interval between second
dose and challenge (<28 days vs. > 28 days). The 95% confidence intervals for secondary
end-point analyses were not adjusted for multiplicity and may not be used in the place of

hypothesis testing. Data were analyzed with R software, version 4.3.2.

Results

Participants

From April 2022 through November 2023, a total of 1589 volunteers were assessed for
eligibility. Of the 171 volunteers who were screened in-person, 72 were enrolled and
underwent randomization to the CVD 1902 group (35 participants) or the placebo group (37

participants). Baseline characteristics were similar in the two groups (Table 1).

One participant in the vaccine group withdrew after the first dose, and one participants in the
placebo group was withdrawn by the investigator after the first dose. A total of 70
participants received two doses of vaccine or placebo and were included in the per-protocol
and intention-to-treat analyses (Fig. 1). One participant assigned to the placebo group
received two doses of vaccine; this participant was included in the placebo group in the

intention-to-treat analysis and in the CVD 1902 group in the per-protocol analysis.
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Figure 1. Screening, Randomization, and Challenge

The intention-to-treat analysis included all the participants who underwent randomization, received
two doses of vaccine or placebo regardless of trial-group assignment, and were successfully
challenged in the controlled human infection model. One participant who was assigned to the placebo
group received two doses of vaccine; this participant was included in the placebo group in the

intention-to-treat analysis.

Table 1 - Characteristics of the Participants at Baseline*

Characteristic CVD 1902 Placebo group Total
group (n= 35) (n =37) (n=72)
Median age (range) 28 (20-54) 33 (20-53) 31.5 (20-54)
Median body-mass index 24.5 (19.1- 33.2) 26.6 (20.5 - 38.4) 25.4 (19.1-
(range)** 38.4)
Sex at birth - no (%)
Female 15 (43%) 18 (49%) 33 (46%)
Male 20 (57%) 19 (51%) 39 (54%)
Race or ethnic group*** - no (%)
White British 25 (71%) 26 (70%) 51 (71%)
White other 2 (6%) 7 (19%) 9 (13%)
Asian 2 (6%) 1 (3%) 3 (4%)
Mixed 4 (11%) 2 (5%) 6 (8%)
Other 2 (6%) 1 (3%) 3 (4%)
Site enrolled - no (%)
Oxford 25 (71%) 24 (65%) 49 (68%)
Liverpool 4 (11%) 4 (11%) 8 (11%)
Birmingham 3 (9%) 3 (8%) 6 (8%)
Southampton 1 (3%) 3 (8%) 4 (6%)
Bristol 1 (3%) 1 (3%) 2 (3%)
Sheffield 1 (3%) 2 (5%) 3 (4%)

*Percentages may not sum to 100 because of rounding.

** The body-mass index is the weight in kilograms divided by the square of the height in metres.

*** Race and ethnic group were reported by the participant.

10
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Vaccine safety
After the first dose, nausea or vomiting and feeling generally unwell were reported more

commonly in the vaccine group than in the placebo group (Fig. 2). The majority of the
solicited symptoms were reported by the participants as being mild to moderate in severity
(Fig. 2 and Table S1 in the Supplementary Appendix). The percentage of participants with
abnormal biochemical and hematologic markers on day 7 after the first dose of vaccine or
placebo were also generally similar in the two groups, as were markers on day 7 after the
second dose (Tables S2 and S3).

Four serious adverse events were reported during the trial (two in vaccine participants and
two in placebo participants). None of the serious adverse events were assessed by the
investigators to be related to the vaccine or placebo (Table S4). Unsolicited adverse events

were similar in the two groups (Table S5).

11
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Figure 2. Severity of Solicited Symptoms after Receipt of Vaccine or Placebo.

Shown is the severity of solicited symptoms that occurred between days 0 and 6 after the first dose of
vaccine of placebo (Panel A) and between days 0 and 6 after the second dose (Panel B) as reported
by the participants in electronic diaries. Data are for the safety analysis population, which included all
the participants who received at least one dose of vaccine or placebo and provided data on solicited
symptoms after each dose, provided at least one stool sample, or both. For each solicited symptom,
the maximum severity reported by the participant across days 0 through 6 is shown. The criteria used
by the participants in the assessment of symptom severity are provided in the Supplementary

Appendix.

Immunogenicity
Levels of serum IgG and IgA antibodies to the O antigen of S. Paratyphi A on days 14 and

42 after the first vaccine dose were higher than that at baseline (Fig. 3 and Table S7). The
geometric mean anti-O IgG titre increased from 126 ELISA units (EU) per milliliter (95%

Maximum severity of solicited symptom experienced by participants following second vaccination
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confidence interval [Cl] 66 to 241) at baseline to 314 EU per milliliter (95% CI 167to 590) on
day 14 after the first vaccine dose, and the geometric mean IgA titer increased from 20 EU
per milliliter (95% CI 16 to 26) to 70 EU per milliliter (95% CI 49 to 99) on day 14. On day 42

after the first vaccine dose (28 days after the second dose), the geometric mean anti-O IgG
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titer was similar to that on day 14 (292 EU per milliliter; 95% CI 158 to 539) whereas the
geometric mean anti-O IgA titer was lower than that on day 14 (33 EU per milliliter; 95% CI
24 to 45) but remained higher than at baseline. In the placebo group, the geometric mean
anti-O IgG and IgA antibody titers on day 14 and 42 were similar to those at baseline. No
IgG or IgA response to the S. Paratyphi A FliC antigen occurred after the receipt of vaccine
or placebo (Fig. S4). In the sensitivity analysis conducted without data from the two
participants with labelling errors, results were generally similar to those in the primary

immunogenicity analysis (Table S8).

Anti-O IgG and IgA titers and anti-FIiC IgG and IgA titers that were measured immediately
before challenge on day 42, were generally similar among the participants who went on to
have S. Paratyphi A infection and those who did not (Fig. S5). No clear association between
the anti-O IgG titer and the risk of diagnosis was detected, but the risk among participants
with higher anti-O IgA titers appeared to be lower than the risk among those with lower anti-
O IgA titres (Fig. S6).

14
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Figure 3. Anti-O IgG and IgA Antibody Responses.

Levels of serum IgG (Panel A) and IgA (Panel B) against the O antigens of Salmonella enterica
serovar Paratyphi A at baseline, 14 days after the first dose of vaccine or placebo, and 42 days after
the first dose (28 days after the second dose) are shown. Antibody titres were assessed with an in-
house standardized enzyme-linked immunosorbent assay (ELISA). Individual dots represent
individual participant values and error bars represent the mean geometric mean titres and 95%

confidence interval for each timepoint.

Vaccine efficacy
An S. Paratyphi A infection was diagnosed according to the prespecified composite criteria

within 14 days after challenge (primary end point) in 7 participants (21%) in the CVD 1902
group and 27 (75%) in the placebo group (p <0.001). The vaccine efficacy was 73% (95%
Cl, 46 to 86) in the intention-to-treat analysis and 69% (95% CI, 42 to - 84) in the per-

protocol analysis (Table S9).

The median time between the second dose of vaccine or placebo and challenge was 28
days (range, 26 to 85). A total of 68 participants underwent challenge within the prespecified
window (23 to 60 days after the second dose). Two patrticipants underwent challenge 85
days after the second dose; vaccine efficacy was 72% (95% ClI, 44 to 86) after exclusion of

these two participants from the analysis.

Subgroup analyses were performed according to baseline anti-O IgG titer and the interval
between the second dose and challenge. Vaccine efficacy was similar across subgroups
(Table S10).

Among the 34 participants with a primary end-point event, S. Paratyphi A infection was
diagnosed in 32 (94%) on the basis of a positive blood culture obtained more than 72 hours
after challenge. In two participants (both in the placebo group), S. Paratyphi A infection was
initially diagnosed because of a persistent fever, but both participants were later found to

also have a positive blood culture.

16



1 Figure 4 — Time to Diagnosis of S. Paratyphi A Infection.
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Figure 4. Time to Diagnosis of S. Paratyphi A Infection.

Shown are Kaplan-Meier curves for a diagnosis after challenge with S. Paratyphi A in a controlled
human infection model. An S. Paratyphi A infection was diagnosed within 14 days after challenge
(primary end point) in 21% of the participants in the vaccine group and 75% of those in the placebo
group (P <0.001 by the Pearson chi-square test). Diagnosis was based on a prespecified composite
of an S. Paratyphi A-positive blood culture obtained more than 72 hours after challenge or a fever
(temperature, = 38°C) that persisted for at least 12 hours. Shaded areas indicate 95% confidence
intervals, which were calculated with the log-transformation method. Tick marks indicate censored
data.

Clinical and microbiological endpoints
Among the participants with a diagnosis, clinical manifestations of S. Paratyphi A infection

were similar in the trial groups. Fever (temperature, = 38°C) associated with S. Paratyphi A
infection occurred in 29% of the participants in the CVD 1902 group and 19% of those in the
placebo group. No participants in either group received a diagnosis of severe enteric fever

as defined according to prespecified criteria (Fig. S1 and Table S6).

The median time between challenge and diagnosis was 7.0 days in the CVD 1902 group and
6.1 days in the placebo group. The median time between the first occurrence of persistently
negative blood cultures was also similar in the groups (3.0 days with CVD 1902 and 2.7 days
with placebo (Fig. S2). The number of participants with a positive stool culture more than 72
hours after challenge was lower with CVD 1902 (in 8 of 34 participants, 24%) than with
placebo(in 18 of 36, 50%) (Fig. S3).

Three participants in the placebo group had a relapse (defined as recurrence of S. Paratyphi
A bacteraemia after previous successful treatment) after completing antibiotic therapy, and 7
participants (3 in the vaccine group and 4 in the placebo group) had a stool culture positive
for S. Paratyphi A at least 1 week after completing antibiotic therapy. All these participants
were treated again with antibiotics and had three consecutive negative stool cultures by the

end of the trial.

Discussion
In this randomized, placebo- controlled trial, we evaluated the efficacy of a candidate S.

Paratyphi A vaccine using a controlled human infection model. In the intention-to-treat
analysis, the risk of a diagnosis of S. Paratyphi A infection was 73% (95% CI, 46 -86) lower
in the CVD 1902 group than in the placebo group.

There are currently no licensed vaccines against S. Paratyphi A. FIliC and O:2
lipopolysaccharide are thought to be the antigens that are most likely to induce a protective

immune response because they have been shown to correlate with protection against other
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enteric pathogens (14). The current trial showed that CVD 1902 induced serologic IgG and
IgA responses to the O antigen of S. Paratyphi A. However, levels of these anti- bodies
before challenge did not correlate with protection against a diagnosis, although there was a
trend toward a correlation between higher levels of anti-O antibodies and protection,

particularly with IgA.

Trials of intramuscular vaccines against S. Typhi showed that IgA and 1gG responses to the
capsular polysaccharide Vi antigen correlated with protection from infection (15, 16).
Correlates of protection with orally administered live, attenuated S. Typhi vaccines have
been more difficult to elucidate than those with intramuscularly administered S. Typhi
vaccines (17). In a human challenge study involving two orally administered live, attenuated
vaccines against S. Typhi, Ty21la and M01ZHO09, antibody responses to lipopolysaccharide
did not correlate with protection from infection (18). Protection against typhoidal salmonella
after receipt of a live, attenuated vaccine might be driven by an immune response involving
multiple antigens and potentially not by serum antibodies alone. Indeed, orally administered
vaccines against S. Paratyphi A and S. Typhi have previously been shown to elicit strong

cell-mediated immune responses (5, 19).

Locally produced mucosal antibodies in the form of secretory IgA probably play an important
role in protection from S. Paratyphi A, as they do with other enteric pathogens, such as
Vibrio cholerae and respiratory viruses (20, 21). In the current trial, clinical end points
among infected participants were generally similar in the two groups, as were microbiologic
end points. These findings suggest that the mechanism of the protection conferred by CVD
1902 may be at the mucosal level. Secretory IgA may facilitate protection by directly blocking
pathogen attachment to epithelial cells or by means of immune exclusion (e.g., trapping
pathogens in mucus or clearing them by means of peristalsis) and antibody-mediated
agglutination, as has been shown to occur with S. enterica serovar Typhimurium in vitro (22).
Future work to illuminate the mucosal response after vaccination, as well as additional
humoral and cellular aspects of immunity, is needed to establish a correlate of protection
against S. Paratyphi A. Knowledge of such a correlate would accelerate vaccine

development, evaluation, and potentially licensure.

The vaccine efficacy shown in the current trial was higher than that of three licensed S.
Typhi vaccines that were assessed in an S. Typhi controlled human infection model: Ty21a
(vaccine efficacy, 35%; 95% CI, =5 to 60) and the intra- muscularly administered Vi—tetanus
toxoid conjugate vaccine (54.6%; 95% CI, 26.8 to 71.8) and Vi nonconjugate vaccine
(52.0%; 95% ClI, 23.2 to 70.0) (15, 18). All three vaccines have shown higher efficacy in
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phase 3 trials performed in regions where S. Typhi is endemic (23). However, the S.
Paratyphi A controlled human infection model uses a smaller challenge dose than the S.
Typhi model and leads to fewer or less-severe symptoms, with a lower incidence of fever
among participants despite a similar incidence of bacteremia (13). One hypothesis for these
differences is that S. Paratyphi A causes a substantially greater number of asymptomatic
infections and paucisymptomatic infections than S. Typhi, which drives ongoing S. Paratyphi
A transmission by means of asymptomatic stool shedding without resulting in hospitalization.
The current trial showed that vaccination may reduce the incidence of stool shedding among
persons exposed to the pathogen, potentially interrupting the transmission cycle or

decreasing the risk of transmission.

Limitations of the current trial include the artificial nature of the controlled human infection
model and the enroliment of healthy U.K. adults as compared with persons in the target
population of school-age children in areas where S. Paratyphi A is endemic (Table S11).
Future field trials involving children in such areas are needed. Use of a controlled human
infection model to assess CVD 1902 in an area where the pathogen is endemic would also
be a useful intermediate step to evaluate the effect of preexisting immunity on vaccine
response; such an investigation is currently in development. However, other controlled
human infection models that have been used in vaccine development have shown efficacies
similar to those in field trials, including the Vi polysaccharide—tetanus toxoid conjugate
vaccine, the R21/Matrix-M malaria vaccine, and the killed, whole-cell monovalent cholera

toxin B subunit vaccine (24-29).

A bivalent vaccine targeting S. Paratyphi A and S. Typhi is the most likely path to licensure
for an S. Paratyphi A vaccine because such a vaccine offers a comprehensive approach to
preventing enteric fever. The current formulation of CVD 1902 requires same-day
preparation; as a result, a formulation suitable for clinical use is necessary to proceed toward
licensing. Such a formulation could include an orally administered live, attenuated typhoid
vaccine. Intramuscularly administered bivalent conjugate vaccines that combine an S.
Paratyphi A O:2 conjugate vaccine with a typhoid conjugate vaccine are an alternative
option. Two bivalent conjugate vaccine candidates have undergone phase 1 testing, but

neither has undergone efficacy assessment, although studies are planned (30, 31).

In the current trial, CVD 1902 showed efficacy against S. Paratyphi A in a controlled human

infection model. These findings are a step toward a much-needed S. Paratyphi A vaccine.
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