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A B S T R A C T

Background

Encephalitis is a syndrome of neurological dysfunction due to inflammation of the brain parenchyma, caused by an infection or an

exaggerated host immune response, or both. Attenuation of brain inflammation through modulation of the immune response could

improve patient outcomes. Biological agents such as immunoglobulin that have both anti-inflammatory and immunomodulatory

properties may therefore be useful as adjunctive therapies for people with encephalitis.

Objectives

To assess the efficacy and safety of intravenous immunoglobulin (IVIG) as add-on treatment for children with encephalitis.

Search methods

The Cochrane Multiple Sclerosis and Rare Diseases of the CNS group’s Information Specialist searched the following databases up

to 30 September 2016: CENTRAL, MEDLINE, Embase, CINAHL, ClinicalTrials.gov, and the WHO ICTRP Search Portal. In

addition, two review authors searched Science Citation Index Expanded (SCI-EXPANDED) & Conference Proceedings Citation Index

- Science (CPCI-S) (Web of Science Core Collection, Thomson Reuters) (1945 to January 2016), Global Health Library (Virtual

Health Library), and Database of Abstracts of Reviews of Effects (DARE).

Selection criteria

Randomised controlled trials (RCTs) comparing IVIG in addition to standard care versus standard care alone or placebo.

Data collection and analysis

Two review authors independently selected articles for inclusion, extracted relevant data, and assessed quality of trials. We resolved

disagreements by discussion among the review authors. Where possible, we contacted authors of included studies for additional

information. We presented results as risk ratios (RR) or mean differences (MD) with 95% confidence intervals (CI).
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Main results

The search identified three RCTs with 138 participants. All three trials included only children with viral encephalitis, one of these

included only children with Japanese encephalitis, a specific form of viral encephalitis. Only the trial of Japanese encephalitis (22

children) contributed to the primary outcome of this review and follow-up in that study was for three to six months after hospital

discharge. There was no follow-up of participants in the other two studies. We identified one ongoing trial.

For the primary outcomes, the results showed no significant difference between IVIG and placebo when used in the treatment of

children with Japanese encephalitis: significant disability (RR 0.75, 95% CI 0.22 to 2.60; P = 0.65) and serious adverse events (RR

1.00, 95% CI 0.07 to 14.05; P = 1.00).

For the secondary outcomes, the study of Japanese encephalitis showed no significant difference between IVIG and placebo when

assessing significant disability at hospital discharge (RR 1.00, 95% CI 0.60 to 1.67). There was no significant difference (P = 0.53)

in Glasgow Coma Score at discharge between IVIG (median score 14; range 3 to 15) and placebo (median 14 score; range 7 to 15)

in the Japanese encephalitis study. The median length of hospital stay in the Japanese encephalitis study was similar for IVIG-treated

(median 13 days; range 9 to 21) and placebo-treated (median 12 days; range 6 to 18) children (P = 0.59).

Pooled analysis of the results of the other two studies resulted in a significantly lower mean length of hospital stay (MD -4.54 days,

95% CI -7.47 to -1.61; P = 0.002), time to resolution of fever (MD -0.97 days, 95% CI -1.25 to -0.69; P < 0.00001), time to stop

spasms (MD -1.49 days, 95% CI -1.97 to -1.01; P < 0.00001), time to regain consciousness (MD -1.10 days, 95% CI -1.48 to -0.72;

P < 0.00001), and time to resolution of neuropathic symptoms (MD -3.20 days, 95% CI -3.34 to -3.06; P < 0.00001) in favour of

IVIG when compared with standard care.

None of the included studies reported other outcomes of interest in this review including need for invasive ventilation, duration of

invasive ventilation, cognitive impairment, poor adaptive functioning, quality of life, number of seizures, and new diagnosis of epilepsy.

The quality of evidence was very low for all outcomes of this review.

Authors’ conclusions

The findings suggest a clinical benefit of adjunctive IVIG treatment for children with viral encephalitis for some clinical measures (i.e.

mean length of hospital stay, time (days) to stop spasms, time to regain consciousness, and time to resolution of neuropathic symptoms

and fever. For children with Japanese encephalitis, IVIG had a similar effect to placebo when assessing significant disability and serious

adverse events.

Despite these findings, the risk of bias in the included studies and quality of the evidence make it impossible to reach any firm conclusions

on the efficacy and safety of IVIG as add-on treatment for children with encephalitis. Furthermore, the included studies involved only

children with viral encephalitis, therefore findings of this review cannot be generalised to all forms of encephalitis. Future well-designed

RCTs are needed to assess the efficacy and safety of IVIG in the management of children with all forms of encephalitis. There is a need

for internationally agreed core outcome measures for clinical trials in childhood encephalitis.

P L A I N L A N G U A G E S U M M A R Y

An assessment of the effectiveness and safety of a treatment used for children with encephalitis

Background

At present, there is uncertainty among clinicians regarding the routine use of a treatment called intravenous immunoglobulin (IVIG)

in the management of children with some forms of encephalitis (inflammation of the brain). This study is important because it is the

first to evaluate through direct comparison whether adding IVIG to standard treatment has added beneficial effect in terms of clinical

effectiveness and safety in the management of children with encephalitis.

Study characteristics

We searched medical databases for studies in which neither participants nor researchers were told which treatment was given (called a

randomised double-blind trial). The effectiveness and safety of IVIG were considered in terms of the occurrence of significant disability

at six months after hospital discharge and the proportion of children experiencing at least one serious side effect.

Key results and quality of evidence
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Up to 30 September 2016, only three studies comprising 138 children met the criteria to be included in this review. All three studies

included only children with viral encephalitis. One study of Japanese encephalitis, a specific form of viral encephalitis, analysed both

effectiveness and safety, and concluded that IVIG treatment had no additional beneficial effects when compared with placebo (pretend)

treatment. The other two studies analysed other measurements, such as length of hospital stay, time to resolution of spasms, symptoms

arising due to nerve damage, and time to regain consciousness and concluded that adding IVIG treatment was more effective than

standard care alone when these outcomes were considered. The quality of the evidence was very low due to the small number of children

and studies.

Conclusions

The quality of evidence in the included studies was very low, making it impossible to draw any firm and definite conclusions on the

clinical efficacy and safety of IVIG treatment for children with encephalitis.

Furthermore, there was no information on funding while, for one study, the main authors’ group was affiliated to the funding body:

this is a well-known potential source of conflict of interest and thus of bias.
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S U M M A R Y O F F I N D I N G S F O R T H E M A I N C O M P A R I S O N [Explanation]

Intravenous immunoglobulin ± standard care compared with standard care alone or placebo for children with acute encephalitis

Patient or population: children with acute encephalit is

Settings: secondary and tert iary care

Intervention: intravenous immunoglobulin

Comparison: placebo or standard care

Outcomes Illustrative comparative risks* (95% CI) Relative effect

(95% CI)

No of participants

(studies)

Quality of the evidence

(GRADE)

Comments

Assumed risk (control) Corresponding risk (in-

tervention)

Standard care or

placebo

IVIG (± standard care)

Significant disability

assessed using Liver-

pool Outcome Score

RR (M-H, random-ef -

fects analysis, 95% CI)

Follow-up: 3-6 months

364 per 1000 273 per 1000

(80 to 945)

RR 0.75

(0.22 to 2.60)

22

(1 RCT)

⊕©©©

Very lowa,b,c,d,e

Unclear risk of de-

tect ion bias and high

risk of publicat ion bias.

Small sample size.

Study not powered on

primary outcome

≥ 1 serious adverse

event

RR (M-H, random-ef -

fects analysis, 95% CI)

91 per 1000 91 per 1000

(6 to 1000)

RR 1.00

(0.07 to 14.05)

22

(1 RCT)

⊕©©©

Very lowa,b,c,d,e

Unclear risk of de-

tect ion bias and high

risk of publicat ion bias.

Small sample size.

Study not powered on

primary outcome

Length of hospital stay

(MD, random-ef fects

analysis, 95% CI)

The mean length of hos-

pital stay was 13.26

MD 4.54 lower (7.47 to

1.61 lower)

- 116

(2 RCTs)

⊕©©©

Very lowd,f,g,h,i

Unclear risk of selec-

t ion bias in 1 study

contribut ing to this out-

come assessment. Un-

clear risk of alloca-
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t ion concealment, per-

formance and detec-

t ion bias in both studies

* The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% conf idence interval) is

based on the assumed risk in the comparison group and the relative effect of the intervent ion (and its 95%CI).

CI: conf idence interval; IVIG: intravenous immunoglobulin; M-H: Mantel-Haenszel; MD: mean dif ference; RCT: randomised controlled trial; RR: risk rat io.

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our conf idence in the est imate of ef fect.

Moderate quality: Further research is likely to have an important impact on our conf idence in the est imate of ef fect and may change the est imate.

Low quality: Further research is very likely to have an important impact on our conf idence in the est imate of ef fect and is likely to change the est imate.

Very low quality: We are very uncertain about the est imate.

aUnclear risk of detect ion bias.
bConf licts of interest could not be excluded.
cStudy of Japanese encephalit is, therefore, results not generalisable to other forms of encephalit is.
dSmall sample size in studies contribut ing to this outcome.
eSome predef ined outcomes were not reported.
fUnclear risk of performance and detect ion bias in both studies contribut ing to this outcome.
gUnclear risk of select ion bias in one study contribut ing to this outcome assessment.
hHigh proport ion of variat ion in point est imates.
iBoth studies included only children with viral encephalit is, therefore, results not generalisable to other forms of encephalit is.
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B A C K G R O U N D

Description of the condition

Encephalitis is a syndrome of neurological dysfunction that re-

sults from inflammation of the brain parenchyma. The worldwide

annual incidence ranges from 3.5 to 7.4 per 100,000, rising to

16 per 100,000 in children, with the highest incidence in infants

under one year of age (Thompson 2012). In England, the inci-

dence of childhood encephalitis is 4.02 per 100,000 per year (Iro

2017). Encephalitis could result from an infection of the brain (in-

fectious encephalitis) or from autoantibodies that affect the brain

(immune-mediated encephalitis), or both (Zuliani 2012).

Infections have been considered the major cause of encephalitis

and more than 100 different causative pathogens have been recog-

nised. Viruses are the most common pathogens known to cause

encephalitis. However, a host of other pathogens including bacte-

ria and protozoa have also been implicated.

Immune-mediated disorders, such as acute disseminated en-

cephalomyelitis, are now recognised to contribute to a significant

proportion of cases where no infective cause is identified (Granerod

2010). More recently, several well-characterised immunological

syndromes that are mediated by antibodies against central nervous

system surface proteins such as the N-methyl-D-aspartate recep-

tor and the voltage-gated potassium channel-complex and its as-

sociated proteins, have been identified in people with encephalitis

(Hacohen 2013; Hacohen 2014), and these account for 4% and

7% of overall cases (Granerod 2010). However, despite routine

investigations, no aetiology is found in up to 60% of cases of en-

cephalitis (Davison 2003; Granerod 2010).

There is a high rate of mortality and morbidity from encephalitis,

despite current standard of care. An exaggerated host immune

response has been implicated in the pathogenesis of encephalitis

and this has been shown to play a part in the disease pathogenesis

(Cervantes-Barragán 2012; de Aquino 2013; Lundberg 2008;

Ramakrishna 2013).

While a mortality rate of up to 20% has been reported (Granerod

2010; Ramakrishna 2013), incomplete recovery after childhood

encephalitis is common with persisting symptoms in up to 60%

of affected children (Aygun 2001; Fowler 2010). One 12-year

prospective study of children with herpes simplex virus encephali-

tis demonstrated that neurological sequelae occurred in 63% of

cases, including seizures in 44% and developmental delay in 25%

(Fowler 2008). Long-term complications such as severe physical

impairment and behavioural, psychosocial, and educational diffi-

culties have also been reported (Dowell 2000).

Encephalitis imposes a substantial economic and healthcare re-

source burden. Health, social, and economic costs are also ex-

tended where families are left bereaved or with a child who has

sustained disability. One 12-year US review reported an encephali-

tis-associated hospitalisation rate of 6.9 per 100,000 people. The

death rate in the same study was 5.8% of all hospitalisations (Vora

2014). In one ten year review of encephalitis admissions to paedi-

atric intensive care unit (ICU) in the England and Wales, 80% of

admitted children required invasive ventilation, 19% required car-

diovascular support and 6% required renal dialysis and the mean

length of stay on ICU was 4.6 days (UK Trialists). One US study

reported approximately 19,000 hospitalisations (7.3 hospitalisa-

tions per 100,000 population) and 230,000 hospital days from

encephalitis over a 10-year period, with an estimated cost from

encephalitis-associated hospitalisations of USD28,000 leading to

an annual national cost of USD650 million (Khetsuriani 2002).

Given this huge burden from encephalitis despite current standard

of care, there is the need to identify other adjunctive treatment

option that could be used in the management of children with

encephalitis.

Irrespective of aetiology, the underlying pathogenesis in encephali-

tis is brain inflammation. The degree of brain inflammation seen

in some forms of encephalitis correlates with clinical outcomes

(Ramakrishna 2013). Attenuation of such inflammation either as

a direct effect or through modulation of the immune response may

therefore be key to improving clinical outcomes. Biological agents

that possess anti-inflammatory or immunomodulatory (or both)

properties may therefore be useful as adjunctive therapies and

could improve outcomes (Ramakrishna 2013; Rozenberg 2013).

Intravenous immunoglobulin (IVIG) is one such biological agent.

Description of the intervention

The aim of this review was to assess the role of add-on IVIG in

the treatment of children with all forms of acute encephalitis. In-

travenous aciclovir is used as first-line treatment for children with

infective encephalitis. In autoimmune encephalitis, corticosteroid

therapy is sometimes used. Therefore, we considered both treat-

ments in this review. Plasmapheresis is not universally available

and was not considered in this review, likewise the use of experi-

mental therapies.

Intravenous immunoglobulin

IVIG is a blood product made from pooled collections of hu-

man plasma collected from thousands of blood donors. It comes

as a ready-to-use liquid formulation for intravenous administra-

tion. It has a half-life of three to four weeks. IVIG is being used

increasingly in the management of a wide range of neurological

conditions and its efficacy has been established in a few of these

(Hughes 2009). Licensed indications include as replacement ther-

apy for people with primary and secondary antibody deficiency

states, Kawasaki disease, haematological conditions (idiopathic

immune thrombocytopenic purpura, B-cell chronic lymphocytic

leukaemia), and neurological conditions (myasthenia gravis, mul-

tifocal motor neuropathy, Guillain-Barré syndrome, and chronic

demyelinating polyneuropathy) (FDA 2013). IVIG is sometimes

also used off-label for the treatment of children with encephalitis.
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The dose of IVIG for each indication varies. For primary and

secondary antibody deficiency states, the starting dose is between

0.4 g/kg and 0.6 g/kg of bodyweight and needs to be adjusted

based on clinical outcome. For neurological diseases, two doses of

2 g/kg of bodyweight over five days and given six weeks apart. For

haematological conditions, a dose of 0.8 g/kg to 1 g/kg is used.

IVIG treatment is safe; however, adverse events such as chills,

headache, fever, vomiting, allergic reaction, nausea, arthralgia, low

blood pressure, and low back pain may occur. Rarely, sudden fall

in blood pressure, anaphylactic shock, and thromboembolic reac-

tions could occur. Cases of reversible aseptic meningitis and iso-

lated cases of haemolytic anaemia have been observed as well as

acute renal failure. Since IVIG is a blood product, there is the risk

of transmission of infectious agents such as HIV and viral hepatitis

by contaminated products (Looney 2006).

Aciclovir

Aciclovir is widely used in the treatment of herpesvirus infections,

particularly herpes simplex and varicella-zoster virus. It is a syn-

thetic nucleoside analogue with in vitro and in vivo inhibitory

activity against herpes simplex virus types 1 and 2 as well as vari-

cella-zoster virus (Elion 1983). Aciclovir is available in oral, topi-

cal, and intravenous forms. It is poorly water soluble and has poor

oral bioavailability hence intravenous administration is necessary

if high concentrations are required, such as in serious infections.

The intravenous form is used in the treatment of herpes simplex

and varicella-zoster virus encephalitis and the dose is based on

weight and varies with age:

• neonate (20 mg/kg);

• child one to three months (10 mg/kg to 20 mg/kg);

• child three months to 12 years (500 mg/m2 every eight

hours);

• child 12 years to 18 years (10 mg/kg every eight hours).

Duration of treatment for encephalitis is 14 to 21 days (BNF

Publications).

Adverse effects such as nausea, vomiting, diarrhoea, abdominal

pain, hepatitis, and renal dysfunction have been reported with aci-

clovir use. Interactions have also been reported with ciclosporin

(increased risk of toxicity), mycophenolate (increased plasma con-

centration of aciclovir and inactive metabolite of mycopheno-

late), probenecid (reduced excretion of aciclovir and increased

plasma concentration), tacrolimus (increased risk of nephrotox-

icity), and theophylline (increase plasma concentration of theo-

phylline) (BNF Publications).

Corticosteroids

The role of corticosteroid in the treatment of encephalitis is not

yet established. Although not routinely used in herpes simplex

virus encephalitis (HSVE), corticosteroids are often used in people

with HSVE with marked cerebral oedema, brain shift, or raised

intracranial pressure. Information from experimental animal re-

search (Sellner 2005; Thompson 2000), and from clinical obser-

vations (Kamei 2005; Lizarraga 2013; Ramos-Estebanez 2014),

indicate a substantial benefit in outcomes for people with HSVE

treated with adjuvant dexamethasone. Corticosteroids are potent

anti-inflammatory agents. Their clinical use along with antiviral

therapy has been advocated in people with HSVE and cerebral

oedema where they reduce brain swelling. Results of a prospective

randomised controlled trial (RCT) on the use of adjunctive corti-

costeroid therapy in HSVE are awaited (Martinez-Torres 2008).

How the intervention might work

Intravenous immunoglobulin

IVIG has multiple actions which may operate in concert with

each other. For a particular disease, there may be one predominant

mechanism of action depending on the underlying disease patho-

genesis. The most relevant actions of IVIG include the following:

• inhibition of complement binding and prevention of

membrane attack complex formation (Basta 1996; Basta 2003;

Lutz 1996; Mollnes 1995);

• neutralisation of certain pathogenic cytokines (Crow 2007;

Stangel 1997);

• regulation of autoantibodies or cytokines by anti-idiotypic

or anticytokine antibodies (Dietrich 1990; Rossi 1988);

• blockade of Fc gamma receptors on macrophages (Dalakas

2004; Kazatchkine 2001);

• modulation of T-cell function and antigen recognition

(Caramello 2006; Dalakas 1998; Ramakrishna 2013; Tha-In

2008; Trinath 2013).

Additional actions include the effect of IVIG on superantigens and

enhancement of remyelination (Dalakas 1998). Antiviral func-

tions of IVIG and its potential to inhibit viral infection has been

demonstrated in vitro (Frenzel 2012; Kishimoto 2004; Krause

2002).

Aciclovir

The inhibitory activity of aciclovir is highly selective due to its

affinity for the enzyme thymidine kinase encoded by herpes sim-

plex and varicella-zoster virus. This viral enzyme converts aci-

clovir into aciclovir monophosphate, a nucleotide analogue. The

monophosphate is further converted into diphosphate by cellular

guanylate kinase and into triphosphate by a number of cellular en-

zymes. In vitro, aciclovir triphosphate stops replication of herpes

viral DNA. This is accomplished in three ways:

1. competitive inhibition of viral DNA polymerase;

2. incorporation into and termination of the growing viral

DNA chain; and
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3. inactivation of the viral DNA polymerase (Elion 1983;

Elion 1993; Kerpel-Fronius 1983).

Corticosteroids

Corticosteroids are powerful endogenous immunosuppressors, es-

pecially for the innate immune response and the subsequent in-

flammatory reaction (Esposito 2012; McKay 1999). Experimen-

tal data indicate that they may attenuate central nervous system

damage by reducing cytokine and prostaglandin production, and

limiting the nitric oxide concentration induced by the increased

expression of immunological nitric oxide synthase (McKay 1999;

Meyding-Lamadé 2002). Dexamethasone represses lipopolysac-

charide-induced nuclear factor kappa-light-chain-enhancer of ac-

tivated B cells (NF-κB) activation in the brain (Glezer 2003); corti-

sol can abolish stimulated interleukin (IL)-1β; and tumour necro-

sis factor (TNF)-α gene expression in microglial cells. Ultimately,

the effects of corticosteroids lead to a decrease in proinflamma-

tory signal transduction pathways and gene expression, which is

an essential endogenic mechanism to avoid exaggerated responses

during immunogenic challenges (Sergerie 2007).

Why it is important to do this review

There remains significant mortality and morbidity from childhood

encephalitis despite standard treatment. Effective immunomodu-

latory strategies could improve outcomes in terms of reduce mor-

tality and morbidity. Several previous reports point to a possi-

ble beneficial effect of IVIG in different forms of encephalitis

(Caramello 2006; Hacohen 2013; Titulaer 2013; Wang 2006). In

one paediatric cohort study, IVIG was used in only 35% (17/48) of

participants presenting with probable autoimmune encephalopa-

thy (Dalakas 1998; Hacohen 2013); whilst in one prospective

surveillance study, only 15% (6/40) of children with acute dissem-

inated encephalomyelitis received IVIG (Absoud 2013; Marchioni

2013).

However, there remains a lack of consensus amongst clinicians

on the use of IVIG in childhood encephalitis and practice varies

widely. This review therefore aims to provide a detailed analysis

of existing data on the use of IVIG in the treatment of children

with encephalitis and may provide additional supportive evidence

to inform on its routine use in clinical practice.

O B J E C T I V E S

To assess the efficacy and safety of intravenous immunoglobulin

(IVIG) as add-on treatment for children with encephalitis.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included only RCTs and excluded uncontrolled or non-ran-

domised trials.

Types of participants

Inclusion criteria

Children aged six weeks to 17 years with a clinical diagnosis of

acute (symptoms present within 24 hours prior to hospitalisation)

or subacute (symptoms present between 24 hours and four weeks

prior to hospitalisation) encephalitis as defined by the trial investi-

gators. Since there is the likelihood of variation in how encephali-

tis is diagnosed, where the eligibility of participants in an identi-

fied study (in terms of the diagnosis of encephalitis) was in doubt,

we planned to apply predefined diagnostic criteria adapted from

the Consensus Statement of the International Encephalitis Con-

sortium (Venkatesan 2013) to ascertain eligibility. We planned

to agree a diagnosis of encephalitis if the following features were

present.

• Altered mental state (reduced or altered conscious level,

irritability, altered personality or behaviour, lethargy), and any

two of the following:

◦ brain imaging evidence consistent with encephalitis or

immune-mediated encephalopathy that appears acute in onset;

◦ cerebrospinal fluid (CSF) pleocytosis: CSF white

blood count of 5 cells/mm3 or greater;

◦ presence of autoantibodies such as N-methyl D-

aspartate receptor antibodies, and voltage-gated potassium

channel antibodies, in CSF or blood (or both);

◦ generalised or partial seizures not fully attributable to a

pre-existing seizure disorder;

◦ new-onset focal neurological signs (including

movement disorders);

◦ abnormality on electroencephalogram (EEG) or

cerebral function analysis monitor that is consistent with

encephalitis and not attributable to another cause;

◦ fever 38 ºC or greater within 72 hours before or after

presentation to hospital.

Exclusion criteria

Children with chronic encephalitis (i.e. where presenting symp-

toms had lasted longer than four weeks).

Children with known hypersensitivity to IVIG.
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Types of interventions

• For experimental trials, the intervention group was IVIG

(regardless of dose, time of commencement, and duration of

treatment) used either alone or in combination with standard

care. The control group was standard care alone or in

combination with placebo. Standard care was defined as

intravenous aciclovir or corticosteroid therapy

(methylprednisolone, prednisone, prednisolone, or

dexamethasone), or both.

• For cohort and case-control studies, intervention was any

treatment regimen that included IVIG while the control group

was any treatment regimen without IVIG.

Types of outcome measures

Primary outcomes

• Proportion of participants with significant disability (=

’poor outcome’) at six months after treatment.

◦ Significant disability using any validated disability

assessment scale such as (but not limited to) the Glasgow

Outcome Scale Extended (score of 2 or less) (Beers 2012),

Liverpool Outcome Score (score of 2 or less) (Lewthwaite 2010),

or the modified Rankin Scale (score of 4 or more) (van Swieten

1988).

• Proportion of participants with at least one serious adverse

event as defined in the trial.

Where the definition of a serious adverse event was not clearly

defined, we used the definition from the International Confer-

ence on Harmonisation (ICH) Harmonised Tripartite Guideline

(ICH 1994), which defines a serious adverse event as any adverse

event that results in any of the following outcomes: is life-threat-

ening, results in death, requires prolongation of hospital stay, re-

sults in persistent or significant disability/incapacity, congenital

abnormality. Mortality was reported separately.

Secondary outcomes

Short term (during hospital admission)

• Proportion of participants with significant disability at

discharge.

• Glasgow Outcome Score at discharge (either as continuous

or categorised data, as reported in the trial).

• Length of hospital stay (either as continuous or categorised

data, as reported in the trial).

• Proportion of participants requiring invasive ventilation

and duration (either as continuous or categorised data, as

reported in the trial).

• Time to fever resolution (either as continuous or

categorised data, as reported in the trial).

• Time to stop spasms (either as continuous or categorised

data, as reported in the trial).

• Time to regain consciousness (either as continuous or

categorised data, as reported in the trial).

• Time to resolution of neuropathic symptoms (either as

continuous or categorised data, as reported in the trial).

Long term (at six months’ postdischarge from hospital)

• Any cognitive impairment as defined in the trial (binary:

yes/no), major cognitive disability as defined by in the trial

(binary: yes/no), and mean cognitive scores using any validated

age-appropriate psychometric instrument.

◦ Bayley Scales of Infant Development (Bayley 2006).

◦ Wechsler Preschool and Primary Scale of Intelligence

(Wechsler 2002).

◦ Wechsler Intelligence Scale for Children (Wechsler

2003).

• Poor adaptive functioning as defined in the trial (binary:

yes/no) or adaptive behaviour scores less than two standard

deviations from the mean, using any validated age-appropriate

scale.

◦ Vineland Adaptive Behaviour Scales (Sparrow 1986;

Sparrow 1993).

◦ Adaptive Behaviour Assessment System (Harrison

2003).

◦ Behavior Assessment System for Children Parent

Rating Scales (Reynolds 2004).

• Quality of life assessment scores obtained using any

validated age-appropriate tool.

◦ Pediatric Quality of Life Inventory (PedsQL) (Varni

1999).

◦ Health-related quality of life (Matza 2004).

• Number of seizures per participant and the proportion of

participants with new diagnosis of epilepsy.

Search methods for identification of studies

Electronic searches

We conducted a systematic search without language restrictions

to identify all relevant published and unpublished RCTs using the

optimally sensitive strategy developed for Cochrane for the identi-

fication of RCTs (Lefebvre 2011). The Trials Search Co-ordinator

of the Cochrane Multiple Sclerosis and Rare Diseases of the Cen-

tral Nervous System Group ran the initial searches for all prospec-

tively registered and ongoing trials in the following databases:
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• Cochrane Central Register of Controlled Trials

(CENTRAL 2016, Issue 9);

• MEDLINE (PubMed) (1966 to 30 September 2016);

• Embase (Embase.com) (1974 to 30 September 2016);

• Cumulative Index to Nursing and Allied Health Literature

(CINAHL) (EBSCO host) (1981 to 30 September 2016);

• ClinicalTrials.gov (clinicaltrials.gov);

• World Health Organization (WHO) International Clinical

Trials Registry Portal (ICTRP) search portal (apps.who.int/

trialsearch/).

The keywords used to search for trials for this review are listed in

Appendix 1.

In addition, two review authors (MI, NGM) searched

the Global Health Library (Virtual Health Library) (

www.globalhealthlibrary.net/php/index.php) and Science Cita-

tion Index Expanded (SCI-EXPANDED) & Conference Proceed-

ings Citation Index-Science (CPCI-S) (Web of Science) (1945 to

date) using a combination of free-text and MeSH terms to de-

scribe the population and intervention as illustrated in Appendix

1. We applied the search filter ’Cochrane Highly Sensitive Search

Strategy for identifying randomised trials in MEDLINE: sensitiv-

ity- and precision-maximizing version (2008 revision); PubMed

format’ to MEDLINE and adaptations of it to the other databases

except CENTRAL (Higgins 2011). We applied no language or

date limits to our search. We identified non-RCTs using the same

search strategy, without the RCT/controlled clinical trial filters.

Searching other resources

We screened reference lists of included studies and related reviews

for additional trials. In addition, we contacted experts working in

this field to enquire about any ongoing trials or unpublished data.

Data collection and analysis

Selection of studies

Two review authors (MI, NGM) independently assessed the eli-

gibility of studies to be included in this review using an eligibility

form. We performed screening at two levels. Level one screening

involved a broad screen of title or abstracts (or both), as available.

In all instances where the title or abstract (or both) suggested that

the report related to a trial reporting on the use of IVIG in the treat-

ment of encephalitis in a group of children, we retrieved the full-

text article for further assessment. Level two screening involved a

comprehensive assessment of the full text of retrieved articles to as-

certain eligibility. We compared multiple reports of the same study,

and used the most comprehensive report. We linked multiple pub-

lications together as companion reports, but excluded true dupli-

cates. We documented the exclusion of any study from the review,

and have described the reasons for exclusion in the Characteristics

of excluded studies table. We resolved any disagreements by dis-

cussion between the two review authors (MI and NGM) without

the need to consult the other coauthors (MA, AJP).

Data extraction and management

Two review authors (MI and NGM) extracted the data from stud-

ies independently using a standardised data extraction sheet, ac-

companied by a data extraction guideline that was developed af-

ter piloting the data extraction form. The data extraction form

included information on outcomes as listed in the primary and

secondary objectives of the review as well as data related to the

study characteristics, participant characteristics, interventions and

comparators, follow-up details, declaration of interest for the pri-

mary investigators, and source of funding for each study. Where

the relevant data were unclear or missing, we contacted the pub-

lication author to clarify this or provide the missing data. We re-

solved disagreements by discussion between two review authors

(MI and NGM). We managed and analysed all data using Review

Manager 5 software (RevMan 2014).

Assessment of risk of bias in included studies

Experimental studies

Randomised controlled trials

Two review authors (MI and NGM) assessed the risk of bias in the

included trials using Cochrane’s tool for assessing risk of bias to

evaluate the internal validity of the design and conduct of included

studies (Higgins 2011). This tool describes a number of domains

to be judged on the adequacy of each study: selection bias (se-

quence generation and allocation concealment), performance bias

(blinding of participants and personnel), detection bias (blinding

of outcome assessors for each outcome separately), attrition bias

(incomplete outcome data for each outcome separately), reporting

bias (selective outcome reporting), and other bias.

To classify the methodological quality of studies, we considered

bias for selection, detection, and attrition. We judged a study as

having a high risk of attrition bias based on either the reasons for

missing data or the difference between the percentage of partici-

pants missing in the control and treatment groups. We used the

summary quality assessment at the analysis stage as a means of

interpreting the results. For each domain and for the summary

assessment, we assigned the risk of bias categories as: low risk of

bias, plausible bias unlikely to seriously alter the results; unclear

risk of bias, plausible bias that raises some doubt about the results;

and high risk of bias, plausible bias that seriously weakens confi-

dence in the results (Higgins 2011). We rated a study as ’low risk

of bias’ when none of the three domains was affected, ’high risk

of bias’ when at least one of the three domains was affected and

’unclear risk of bias’ in all other cases. We considered the risk of
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bias in included studies when we interpreted the review’s results.

We compared the outcomes listed in the study protocol, where

this was accessible in the public domain, with the outcomes re-

ported in the published manuscript. There was no disagreement

in assessing the risk of bias between review authors.

Controlled clinical trials, case-control studies, and cohort

studies

We did not include case-control or cohort studies in this review.

We planned to evaluate the quality of case-control and cohort

studies (prospective and retrospective) using the appropriate New-

castle-Ottawa Scales and considering the risk of bias in the fol-

lowing domains: selection: case and control (case-control studies)

or exposed and non-exposed (cohort studies), comparability, and

assessment of exposure (case- control studies) or outcome (cohort

studies) (Appendix 2; Appendix 3). To assess the methodological

quality of non-RCTs, we planned to consider the risk of bias in

all three domains listed above and to rate a study as ’high risk of

bias’ if a least one of the three domains was affected and ’low risk

of bias’ where none of the domains was affected and ’unclear risk

of bias’ in all other cases. We planned to assess the quality of non-

randomised studies in relation to the presence of potential con-

founders that could make interpretation of the results difficult.

Criteria for assessing quality of safety data for all studies

We assessed the risk of bias for serious adverse events by considering

specific factors that may have had a large influence on the adverse

events data. We evaluated methods for monitoring and detecting

a serious adverse event for each study as below.

• Did the researchers actively monitor for serious adverse

events (low risk of bias), or did they simply provide spontaneous

reporting of serious adverse events that arose (high risk of bias)?

• Did the authors define serious adverse events according to

an accepted international classification and report the number of

serious adverse events?

Measures of treatment effect

We carried out statistical analyses using Review Manager 5 soft-

ware (RevMan 2014). For dichotomous data (e.g. mortality), we

calculated the risk ratio (RR) with 95% confidence intervals (CIs)

to express the effect size. We planned to calculate the number

needed to treat for an additional beneficial outcome (NNTB) and

additional harmful outcome (NNTH). However, this was not cal-

culated because the findings of the meta-analysis for mortality did

not show a statistically significant reduction or increase in risk

difference (RD) between the study groups. Only one of the in-

cluded studies reported on mortality as a binary outcome (num-

ber of deaths/total number of participants in each group), with

no survival data presented. Therefore, we were unable to analyse

mortality as a hazard ratio as planned. For continuous data (e.g.

length of hospital stay), we calculated mean differences (MD) with

95% CIs. For both individual and pooled data, we reported effect

estimates from both continuous and dichotomous data as P values

and 95% CI.

Unit of analysis issues

In all studies, we used the individual participant as the unit of

analysis. We found no cross-over trials.

Dealing with missing data

Where contact details were available, we contacted the main au-

thors to obtain additional data not reported in the published arti-

cles. We planned to perform an intention-to-treat analysis if this

was necessary and possible.

Assessment of heterogeneity

We tested the results from the studies for heterogeneity using the

Chi2 test (Higgins 2003). We assessed statistical heterogeneity by

visually inspecting forest plots and by using the Chi2 test for het-

erogeneity (with a P < 0.10 for significance). We used the I2 statis-

tic as a measure of inconsistency across studies. We evaluated the

degree of heterogeneity according to the following I2 thresholds:

• 0% to 40%: might not be important;

• 30% to 60%: may represent moderate heterogeneity;

• 50% to 90%: may represent substantial heterogeneity;

• 75% to 100%: considerable heterogeneity.

If substantial statistical heterogeneity was found to be present ac-

cording to the Chi2 test for heterogeneity or I2 statistic, we per-

formed meta-analysis with a random-effects model rather than a

fixed-effect model.

Assessment of reporting biases

The process of reporting bias is described in the Assessment of risk

of bias in included studies section. We assessed studies for report-

ing bias by analysing inclusion and exclusion criteria and blinding

of participants and observers. We also analysed primary and sec-

ondary outcomes for any reporting biases. We planned to assess

reporting bias by visually inspecting the funnel plot to detect the

presence of asymmetry if more than 10 studies were found. We

did not perform this since the number of studies included did not

reach the prespecified threshold and as such the power of the test

was too low.

Data synthesis

Meta-analysis

When more than one study reported continuous or dichotomous

data, we pooled the results. We pooled estimates using a fixed-
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effect model meta-analysis where trials were sufficiently homoge-

nous (I2 < 50%). In contrast, we used a random-effects model

where there was sufficient heterogeneity to suggest that treatment

effects might differ between trials (I2 > 50%). If data for an out-

come were reported using different measurement scales or defined

threshold values that could not be adjusted to a uniform scale/

statistic (e.g. mean and median for length of hospital stay), we

performed a pooled analysis of only those data that had been re-

ported in a similar way and a qualitative description of the results

of the other studies not included in the meta-analysis in the text.

Where trials reported binary outcomes such as disability (’poor

outcome’), cognitive impairment, or major cognitive disability us-

ing different measurement scales or threshold value definitions, or

both, we performed only a qualitative description of results. For

studies with multiple intervention groups, we performed separate

meta-analyses synthesising each of the different comparisons of

interventions for each of the different outcomes.

Subgroup analysis and investigation of heterogeneity

Since clinical outcomes for encephalitis may vary depending on

factors such as aetiology, baseline immune status, dose, and timing

of IVIG administration as well as timing of standard therapy given,

we planned to compare the following possible subgroups:

• different encephalitis types (infective, immune mediated

and unknown aetiology);

• primary or secondary immunodeficiency versus

immunocompetent people;

• low dose IVIG (less than 1 g/kg) versus high dose (1 g/kg or

greater);

• early (within five days of hospital admission) versus late

(beyond five days of hospital admission) IVIG treatment;

• early (within 48 hours of admission) versus late (beyond 48

hours of admission) institution of standard therapy.

However, because of limited available data subgroup analyses were

not performed.

Sensitivity analysis

We planned to perform sensitivity analysis to assess whether the

effect of IVIG varied with the exclusion of studies rated as high or

unclear risk of bias. If the results observed remain unchanged, we

planned to consider the evidence to be robust. We did not perform

a sensitivity analysis because the risk of bias among the included

studies was highly diverse and none of the included studies was of

adequate methodological quality based on our prespecified defi-

nition.

’Summary of findings’ table

We created a ’Summary of findings’ table using the following pre-

specified outcomes:

• significant disability;

• at least one serious adverse event;

• length of hospital stay.

We used the five (GRADE) considerations (study limitations, con-

sistency of effect, imprecision, indirectness, and publication bias)

to assess the quality of a body of evidence as it related to the stud-

ies that contributed data to the meta-analyses for the prespeci-

fied outcomes. We used methods and recommendations described

in the Cochrane Handbook for Systematic Reviews of Interventions
(Higgins 2011), using GRADEpro software (GRADEpro 2014).

We justified all decisions to downgrade or upgrade the quality of

studies using footnotes and we made comments to aid reader’s

understanding of the review where necessary.

We planned to include the following prespecified outcomes in the

’Summary of findings’ table:

• need for and duration of invasive ventilation;

• cognition;

• poor adaptive function;

• quality of life;

• new-onset epilepsy.

However, none of the included studies reported on these outcomes.

R E S U L T S

Description of studies

Results of the search

The process of study identification and selection is shown in Figure

1. The search strategy retrieved 822 titles (MEDLINE (160), Em-

base (433), the Cochrane Library (11), CINAHL (57) Clinicaltri-

als.gov (one), Web of Science (23), Global Health Library (135),

and DARE (two). One additional record was retrieved through

Google search. Of the 681 articles remaining after removal of du-

plicates, 668 were excluded following level one screening because

the titles/abstracts of the articles did not suggest that the report

related to a trial reporting on the use of IVIG in the treatment of

encephalitis in a child or group of children. Therefore, 13 articles

had the potential to be included in this review. We retrieved the full

article for all 13 papers and after reading the full text, considered

three articles of three trials to be eligible for inclusion. We found

one ongoing trial in the UK of IVIG in childhood encephalitis but

this was not included since results of the study are not yet available

(NCT02308982). One trial is awaiting classification (Fan 2010).

This is a study of high-dose immunoglobulin in severe viral en-

cephalitis and included both children and adults. The findings

were presented as aggregate data and the results for children only

were not presented separately. We attempted to contact the au-

thors for this study but no contact details have been found so
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far. We contacted the main author of one of the included studies

(Rayamajhi 2015), but we were unable to obtain the information

required.

Figure 1. Study flow diagram. RCT: randomised controlled trial.
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Included studies

Three studies met the criteria to be included. See Characteristics

of included studies table.

Chen 2006 was an RCT of IVIG in addition to standard treat-

ment in children with viral encephalitis. Between February 2000

to October 2004, 62 children aged seven months to 12 years with

a diagnosis of viral encephalitis defined according to the guidelines

and symptoms described in “Applied Pediatrics” sixth edition were

enrolled and randomly split into an observation group (32 chil-

dren) and a control group (30 children). The proportion of en-

rolled boys was 58.1%. The mean (± standard deviation (SD) ages

for children in the observation were 6.16 ± 2.38 years and for chil-

dren in the control group were 5.88 ± 2.46 years. Baseline charac-

teristics between both groups (gender, age, clinical symptoms and

signs, severity of disease, and duration of hospital stay) did not dif-

fer significantly. Both groups underwent conventional treatment

which included fever and spasm reductions, reduction of intracra-

nial pressure, maintenance of hydration, electrolyte, and acid-base

balance, application of hormones and antivirals, prevention and

treatment of infections, and upkeep of morale. In addition, the

observation group received IVIG 400 mg/kg/day for three to five

days. Outcome measures included time taken for fever reduction,

length of seizures, time taken to regain consciousness, and dura-

tion of stay in hospital. The authors concluded that children who

received IVIG treatment had significantly quicker recovery time

in terms of days to reduction of fever, regaining of consciousness

level, and resolution of spasms. Additionally, the authors reported

a significantly shorter duration of hospital stay in the observation

compared with the control group.

Rayamajhi 2015 was a pilot feasibility RCT conducted at two cen-

tres in Nepal from May to June 2009. Children were aged one

to 14 years with clinically diagnosed acute encephalitis syndrome

using predefined diagnostic criteria (history of fever that lasted

less than 14 days, altered consciousness defined as Glasgow Coma

Score less than 15 with or without a history of seizures, and con-

sistent CSF findings, i.e. white cell count less than 1000 cells/mm
3 with no organisms on Gram stain and CSF:plasma glucose ratio

greater than 40%) and suspected to have Japanese encephalitis.

Children were excluded if they had a single seizure lasting less than

15 minutes with full recovery of consciousness within 60 minutes

(as these were assumed to have had a febrile convulsion); positive

blood slide or rapid antigen test for Plasmodium falciparum para-

sites, clinical or laboratory (or both) features suggestive of bacte-

rial meningitis where antibiotic treatment had already been com-

menced (for referred children); and a GCS less than 3 (out of 15)

and were receiving artificial ventilation without signs of sponta-

neous respiration, and with absent oculocephalic reflex (as prior

studies have shown an extremely low chance of meaningful recov-

ery). Ethical approval and informed consent were obtained. En-

rolled children were randomly allocated to receive either IVIG 400

mg/kg/day or an equivalent volume of 0.9% saline (placebo) for

five days. Randomisation was stratified by centre using a variable

block size of four, six, or eight, selected on a random basis. Par-

ticipants were assessed at discharge and after three to six months.

The reported primary objective was to assess the feasibility of a

multicentre placebo-controlled RCT of IVIG in a resource-poor

setting. Reported secondary outcomes were death or neurological

sequelae at discharge or follow-up, and adverse events. In addition,

anti-Japanese encephalitis virus (anti-JEV) antibody titres were

compared between children treated and not treated with IVIG. A

total of 23 children were screened, 22 met the eligibility criteria

and were enrolled. One child was not enrolled due to meeting an

exclusion criterion. The proportion of enrolled boys was 54.5%.

With the exception of CSF protein levels which were significantly

higher in the IVIG group, baseline characteristics of the two study

groups were comparable; the median age for both groups did not

differ statistically and was five years for the IVIG group and seven

years for the placebo (saline) group. No protocol breaches were

reported. The authors reported that a trial of IVIG in Japanese

encephalitis in Nepal is feasible and that IVIG may augment the

development of neutralising antibodies in JEV-positive people.

Wu 2014 was an RCT comparing the clinical efficacy of gamma

globulin in the treatment of hand, foot, and mouth disease

(HFMD) complicated by viral encephalitis in children admitted

to a general hospital in China between January 2009 and January

2013. The diagnosis of HFMD was based on published definition

guidelines by the Chinese Department of Ministry of Health. Eth-

ical approval and consent were obtained. Eighty children (aged one

to six years) were enrolled and randomly assigned to three groups:

experimental group one (Ex1; 27 children), experimental group

two (Ex2; 26 children), and control group (CG; 27 children);

according to a random-sampling table. There was no statistically

significant difference between the groups in age, gender, and du-

ration of illness. The CG was given conventional comprehensive

treatment including dehydration, reduction of intracranial pres-

sure, nutritional support, anti-infection treatment, keeping the

skin clean, and general precautions to prevent infection. Children

in Ex1, were given intravenous injection of human blood gamma

globulin at 400 mg/kg/day for three consecutive days, in addition

to the comprehensive treatment. Children in Ex2 received a spray

of human interferon alfa-2h, one or two sprays per time, three

times per day on three consecutive days, in addition to the compre-

hensive treatment. Children with underlying immune problems
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and who were unconscious were excluded. The outcomes mea-

sured included time for fever to subside, convulsions to be under

control, rashes to subside, neuropathic symptoms to subside, and

mean stay in hospital. Adverse events occurring in children in the

two experimental groups were compared. The authors concluded

that the treatment of children with HFMD complicated by en-

cephalitis with gamma globulin and human interferon can relieve

clinical symptoms, improve prognosis, and reduce sequelae.

Excluded studies

We excluded eight studies at level two screening due to their study

design. More details about excluded studies are detailed in the

Characteristics of excluded studies table.

Ongoing studies

We iden-

tified one ongoing multicentre, double-blind, placebo-controlled

RCT of IVIG in childhood encephalitis (NCT02308982). In the

trial, 308 children aged six weeks to 16 years with encephalitis are

planned to be recruited and randomised 1:1 to receive two doses

(1 g/kg/dose) of either IVIG or matching placebo in addition to

standard treatment. Follow-up is for 12 months’ post randomisa-

tion and the primary outcome will be assessed using the Glasgow

Outcome Score Extended - Pediatric version at 12 months’ post

randomisation.

Risk of bias in included studies

We extracted information from the published papers and by con-

tacting the primary authors of the included papers, where this was

possible. Overall results of all the risk of bias assessments are sum-

marised in the Figure 2 and Figure 3 and ’Risk of bias’ table. We

resolved disagreements between the two review authors.

Figure 2. Risk of bias graph: review authors’ judgements about each risk of bias item presented as

percentages across all included studies.
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Figure 3. Risk of bias summary: review authors’ judgements about each risk of bias item for each included

study.
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Allocation

Random sequence generation

All three studies were described as RCTs (Chen 2006; Rayamajhi

2015; Wu 2014). However only two of these described the method

of randomisation used, which we judged appropriate (Rayamajhi

2015; Wu 2014). We judged the risk of selection bias for both

studies as low. We judged the risk of selection bias for Chen 2006 as

unclear since the exact method of randomisation was not reported.

Allocation concealment

Only one study reported the method of allocation concealment

(Rayamajhi 2015). The randomisation code for each participant

in the study was kept in a sealed envelope and was opened by

independent investigators. Technicians who were not otherwise

connected to the study opened the envelopes containing partici-

pant allocation, drew up the study drug, and covered the syringe

in opaque tape (because of the subtle differences in colour and vis-

cosity of IVIG and 0.9% saline) before giving it to the nurses for

administration. It was unclear whether masking was also applied

to the infusion equipment. In addition, empty vials of the study

drug were concealed in paper bags. We judged this to be adequate

and therefore gave a grade of low risk of bias. We gave two studies a

grade of unclear risk of bias for method of allocation concealment

since this information was not provided (Chen 2006; Wu 2014).

Blinding

Rayamajhi 2015 was described as a double-blind study. All inves-

tigators, care providers, and participants were blind to the treat-

ment allocation. However, it is unclear whether the investigators

who performed the outcome assessment were also blind to the

treatment allocation. Therefore, we rated this study at low risk for

performance bias and unclear risk for detection bias. Neither of

the other two studies gave information on blinding and we judged

the risk of performance and detection bias for both studies to be

unclear (Chen 2006; Wu 2014).

Incomplete outcome data

Only one study followed up participants beyond the hospitalisa-

tion period (Rayamajhi 2015). The number of participants lost

to follow-up in each group was carefully reported in using a flow

chart and this was equal for both study groups. Fewer participants

in the IVIG group compared with the placebo group were in-

cluded in the assessment of the additional outcomes of the study:

difference in anti-JEV neutralising antibody titres and cytokine

abundance and the reason for missing data was clearly provided.

Therefore, we rated the risk of attrition bias for Rayamajhi 2015

as low. Review of data presented in Chen 2006 and Wu 2014 did

not suggest any loss to follow-up at the time of discharge, thus we

rated the risk of attrition bias for both studies as low.

Selective reporting

All three studies identified clinically relevant outcomes (Chen

2006; Rayamajhi 2015; Wu 2014). However, only one study re-

ported on outcomes beyond the hospitalisation period (Rayamajhi

2015). Only one study reported on neurological outcomes (

Rayamajhi 2015), which are of crucial clinical relevance in en-

cephalitis with only one study using a validated assessment scale

for assessment of this outcome (Rayamajhi 2015). We identified

the protocol for only one of the included studies (Rayamajhi 2015)

and some a priori identified endpoints were not reported. Details

of participant death were also only provided for the IVIG and not

the placebo group. Therefore, we rated the risk of reporting bias as

high. The protocols for the other included studies were not pub-

licly available thus we were unable to check whether all predefined

outcomes were reported (Chen 2006; Wu 2014). Therefore, we

rated the risk of reporting bias for the two studies as unclear.

Other potential sources of bias

The sample size for Rayamajhi 2015 was calculated to detect dif-

ferences in the study groups for a tertiary outcome. Therefore,

it is unclear whether the study was adequately powered to detect

any differences between the study groups for either the primary

or secondary outcomes. There was some discrepancy in the re-

ported recruitment period. Key information such as the split in

the number of participants admitted to ICU was not reported, this

information is important since admission to ICU is a surrogate

for disease severity. There was also an imbalance with the number

of participants in both study groups who received corticosteroid

therapy, which is a potential confounder and this was not consid-

ered in the analysis. The main authors’ group provided funding

for the study hence conflict of interests could not be excluded.

Therefore, we rated Rayamajhi 2015 as having high risk for other

bias. The sample sizes for Chen 2006 and Wu 2014 were small and

information on sample size calculation for both studies was not

provided. Therefore, it is unclear whether these studies were suf-

ficiently powered to detect differences between the study groups.

Also, no funding information was provided for both studies. Spe-

cific information on the eligibility criteria used to identify partici-

pants in Wu 2014 was not provided which makes it impossible to

ascertain how well the study population truly represents children

with viral encephalitis. Therefore, we judged the risk of other bias

for both studies as unclear (Chen 2006; Wu 2014). Due to the

17Intravenous immunoglobulin for the treatment of childhood encephalitis (Review)

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



limited number of included studies (fewer than 10), we were un-

able to investigate potential publication bias using a funnel plot.

Risk of bias for adverse events

Based on our predefined criteria, we rated Rayamajhi 2015 as

having a low risk of bias for adverse events and the other two studies

as having unclear risk of bias (Chen 2006; Wu 2014). Further

information is provided in Table 1.

Effects of interventions

See: Summary of findings for the main comparison Intravenous

immunoglobulin with or without standard care compared with

standard care alone or placebo for children with acute encephalitis

Primary outcomes

Proportion of participants with significant disability (= ’poor

outcome’) assessed at six months after treatment

Only one study reported proportion of participants with signif-

icant disability (Rayamajhi 2015). Rayamajhi 2015 assessed dis-

ability at three to six months’ follow-up using a validated assess-

ment tool, the Liverpool Outcome Score. Based on the predefined

definitions for this review (significant disability = Liverpool Out-

come Score of 2 or less), 3/11 (27.3%) participants in the IVIG

group versus 4/11 (36.4%) participants in the placebo group had

significant disability at three to six months (RR 0.75, 95% CI 0.22

to 2.60; P = 0.65) (Analysis 1.1).

Proportion of participants with at least one serious adverse

event

All three studies reported on adverse events. Only one study pro-

vided information on the criteria used to categorise adverse events

where adverse events were graded using the WHO recommenda-

tions (Rayamajhi 2015). Reported serious adverse events included

death, melaena, and hypotension. For the other included studies

for which a clear definition of serious adverse event was not pro-

vided (Chen 2006; Wu 2014), we used the ICH Tripartite Guide-

line to determine which reported adverse events were serious, based

on available information reported in the paper. Adverse events re-

ported by Chen 2006 included flushing and itchy skin while Wu

2014 reported on nausea, palpitations, and chest tightness. We

did not consider any of these adverse events to meet the serious

adverse event criteria. Therefore, information on serious adverse

events was only available from one study (Rayamajhi 2015). The

number of participants experiencing at least one significant ad-

verse event was 1/11 in the IVIG group and 1/11 in the placebo

group (RR 1.00, 95% CI 0.07 to 14.05; P = 1.00) (Analysis 2.1).

In Rayamajhi 2015, the proportion of deaths in the IVIG group

was 1/11 versus 2/11 in the placebo group (RR 0.50, 95% CI 0.05

to 4.75; P = 0.55) (Analysis 2.2). Rayamajhi 2015 reported no

significant difference in the number of participants experiencing

either hypotension or melaena in either group (RR 1.00, 95% CI

0.07 to 14.05; P = 1.00) (Analysis 2.3; Analysis 2.4).

Secondary outcomes

Proportion of participants with significant disability at

discharge

Only one of the included studies assessed disability at the time of

discharge and reported 8/11 participants in each group as having

significant disability at discharge (RR 1.00, 95% CI 0.60 to 1.67;

P = 1.00). (Analysis 3.1) (Rayamajhi 2015).

Glasgow Coma Score at discharge

Only one included study assessed Glasgow Coma Score at dis-

charge and reported a no significant difference between the IVIG

and placebo groups (IVIG: median score 14, range 3 to 15;

placebo: median score 14, range 7-15; P = 0.53) (Rayamajhi 2015).

Length of hospital stay

All three studies reported length of hospital stay. Two studies re-

ported length of stay as mean and SDs (Chen 2006; Wu 2014),

while one study reported length of hospital stay as median and

range (Rayamajhi 2015). Pooled analysis of two studies found a

significant difference in favour of the IVIG group (MD -4.54 days,

95% CI -7.47 to -1.61; P = 0.002) (Analysis 4.1) (Chen 2006; Wu

2014). Rayamajhi 2015 found no significant difference between

groups (IVIG: median 13 days; range 9 to 21; placebo: median 12

days; range 6 to 18; P value 0.59). Wu 2014 also compared mean

length of stay between participants receiving IVIG or interferon

in addition to standard care and reported a significant difference

in favour of IVIG (MD -0.57, 95% CI -0.99 to -0.15; P = 0.008)

(Analysis 4.2).

Proportion of participants requiring invasive ventilation and

duration

None of the included studies reported the proportion of partici-

pants requiring invasive ventilation and duration of ventilation.

Time to fever resolution

Two of the included studies reported on days to fever resolution

as mean and SDs (Chen 2006; Wu 2014). Pooled analysis showed

a significant difference in favour of IVIG (MD -0.97 days, 95%

CI -1.25 to -0.69; P < 0.00001) (Analysis 5.1). Wu 2014 also

compared days to fever resolution between participants receiving
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IVIG or interferon in addition to standard care and reported a

statistically significant difference in favour of IVIG (MD -0.27

days, 95% CI -0.42 to -0.12; P = 0.0006) (Analysis 5.2).

Time to stop spasms

Two of the included studies reported on days to stop convulsions/

spasms as mean and SDs (Chen 2006; Wu 2014). Pooled analysis

showed a significant difference in favour of IVIG (MD -1.49 days,

95% CI -1.97 to -1.01; P < 0.00001) (Analysis 6.1). Wu 2014 also

compared time to stop spasms between the IVIG and interferon

group and reported no significant difference between groups (MD

-0.17, 95% CI -0.34 to 0.00; P = 0.06) (Analysis 6.2).

Time to regain consciousness

Only one study reported time to regain consciousness as mean and

SDs and found a statistically significant difference in favour of the

IVIG group (MD -1.10, 95% CI -1.48 to -0.72; P < 0.00001)

(Analysis 7.1) (Chen 2006).

Time to resolution of neuropathic symptoms

Wu 2014 reported time to resolution of neuropathic symptoms

as mean and SDs and found a statistically significant difference

in favour of the IVIG group when compared with standard care

(MD -3.20 days, 95% CI -3.34 to -3.06; P < 0.00001) (Analysis

8.1). There was a statistically significant difference in favour of

the IVIG group when compared with interferon (MD -0.49 days,

95% CI -0.70 to -0.28; P < 0.00001) (Analysis 8.2).

Cognitive impairment

None of the included studies reported cognitive impairment.

Poor adaptive functioning

None of the included studies reported poor adaptive functioning.

Quality of life assessment

None of the included studies reported quality of life.

Number of seizures and proportion of participants with new

diagnosis of epilepsy

None of the included studies reported number of seizures and

proportion of participants with new diagnosis of epilepsy.

D I S C U S S I O N

Summary of main results

The purpose of this review was to evaluate whether treatment with

IVIG in addition to standard care for children with encephali-

tis was different in terms of efficacy and safety when compared

with standard care alone or placebo. We did this by performing

a systematic review of RCTs reporting head-to-head comparison

of these treatments. Three RCTs involving 138 participants (70

participants treated with IVIG either alone or in addition to stan-

dard care and 68 participants treated with either standard care

or placebo) were included and contributed to this review data.

However, not all the included studies contributed to the data for

the different outcomes assessed with only 22 participants (11 par-

ticipants in each group) from one study of Japanese encephalitis

(Rayamajhi 2015) contributing to the primary outcomes of this

review. Only one study followed up participants beyond hospital

discharge, for three to six months (Rayamajhi 2015).

The main conclusion based on the findings of one study in chil-

dren with Japanese encephalitis was that IVIG treatment did not

offer additional benefit over placebo when clinical efficacy (pro-

portion of participants with significant disability) and safety (pro-

portion of participants with at least one serious adverse event)

were considered. Similarly, the median length of hospital stay and

Glasgow Coma Score at the time of hospital discharge were similar

for children with Japanese encephalitis who received IVIG treat-

ment and those who received placebo. Based on the findings of

two other studies of viral encephalitis, adjunctive IVIG treatment

was more effective than standard care alone in reducing the mean

length of hospital stay, time to resolution of spasms, neuropathic

symptom, time to regain consciousness, and time to resolution

of fever. Methodological issues in the included studies have been

highlighted.

The quality of evidence was judged as very low (Summary of

findings for the main comparison).

Overall completeness and applicability of
evidence

The studies included in this review were heterogeneous in terms of

the type of encephalitis that participants had. None of the studies

included participants with non-viral or immune-mediated forms

of encephalitis. The dose of IVIG used in all three studies was

similar.

The objective of this review was achieved allowing comparison

between IVIG and standard care or placebo in terms of the main

clinical efficacy and safety outcomes; however, only one study con-

tributed data to the primary outcome analysis. For this review, we

selected outcome measures that are thought to be clinically rele-

vant in encephalitis after consulting with specialists in the field.
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Several predefined secondary outcomes such as cognitive function-

ing, adaptive functioning, and quality of life were not reported

in the included studies which impaired comparison of these out-

comes. Assessment of long-term outcomes is extremely important

in the management of people with encephalitis since up to 60% of

affected people can experience long-term morbidity. Participants

were not followed up in two of the included studies (Chen 2006;

Wu 2014), and follow-up was short (three to six months) in the

only study where participants were followed up (Rayamajhi 2015).

The main limitations of the findings of this review included the

small number of identified studies contributing to the meta-anal-

ysis, the small sample size in each of the included studies, the short

follow-up period, and the inherent methodological limitations in

each of the included studies which might have a role in the final

assessment of efficacy and safety of IVIG treatment. In addition,

the quality of evidence was very low for the prespecified outcomes

reported in the included studies (Summary of findings for the

main comparison). Furthermore, there was heterogeneity in terms

of the type of encephalitis studied and the eligibility criteria used

limits generalisability of the findings. All included studies were

conducted in lower middle-income countries: Nepal (Rayamajhi

2015) and China (Chen 2006; Wu 2014), which further limits

the extent to which the findings could be applied to other settings

such as high middle-income countries. Therefore, it is not possi-

ble to draw any definite conclusions on the safety and efficacy of

IVIG in the treatment of childhood encephalitis from these data.

This highlights the need for a well-designed RCT of a large sample

size in which participants are followed up for a longer time and

clinically relevant outcomes such as adaptive and cognitive func-

tioning are assessed. The identified ongoing trial looks promis-

ing and could be key to addressing the objectives of this review

(NCT02308982).

Quality of the evidence

We included three RCTs but not all contributed to the analyses

for the different outcomes with only one study contributing data

for the primary outcome. Where two studies reported on the same

efficacy outcome, there was no heterogeneity of results. The body

of evidence was judged to be of very low quality (Summary of

findings for the main comparison).

Potential biases in the review process

The review authors declared no conflicts of interest in this review.

We undertook an extensive and comprehensive search to minimise

bias in the review process. The trial search strategy and contacts

initiated with the main investigators suggested the likelihood that

all relevant studies were identified and as far as possible, all relevant

data were obtained. Two review authors independently screened

trials identified by the search, extracted the data, and assessed the

quality of included trials to minimise potential biases.

Agreements and disagreements with other
studies or reviews

To our knowledge this is the first meta-analysis of IVIG treatment

for childhood encephalitis published. One recently published sys-

tematic review of IVIG use in paediatric neurology and neurode-

velopmental disorders concluded that it is possible that IVIG im-

proves recovery in acute disseminated encephalomyelitis and that

IVIG with or without additional immunotherapy is associated

with significant or full recovery in N-methyl-D-aspartate receptor

antibody encephalitis (Gadian 2017). Of note, the conclusions of

the review were based on qualitative synthesis without fully con-

sidering the potential influences of bias on the internal validity of

the results.

A U T H O R S ’ C O N C L U S I O N S

Implications for practice

Evidence of very low quality suggests a beneficial effect of intra-

venous immunoglobulin (IVIG) in reducing length of hospital

stay, time to resolution of fever, spasms, neuropathic symptoms,

and time to regain consciousness and a lack of benefit in terms

of mortality and significant disability. However, due to the lim-

itations of the included studies, we are unable to draw definite

conclusions from the presented evidence on the safety and efficacy

of IVIG treatment for childhood encephalitis.

Implications for research

Outcomes for childhood encephalitis are poor despite currently

available treatment, which highlights the need to identify other

treatment options. There is increasing evidence of a beneficial role

of IVIG in the treatment of encephalitis, yet robust trials assessing

this are lacking. Therefore, well-designed randomised controlled

trials are needed to investigate the role of IVIG in all forms of

encephalitis and to provide evidence to inform clinical practice

on the management of children with encephalitis. Future trials

should include a clear objective definition of encephalitis, which

is aligned with the published consensus definition for encephalitis

(Venkatesan 2013) to ensure a homogenous population. There re-

mains the need for internationally agreed core outcome measures

for clinical trials in childhood encephalitis. For future trials, con-

sideration should be given to clinically relevant outcomes includ-

ing disability, cognitive functioning, and adaptive skills and, where

possible, these should be assessed using validated tools. Long-term

follow-up (beyond the hospitalisation period) needs to be assessed.
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Consideration should be given to a large sample size with statisti-

cal power to detect clinically significant differences in these out-

comes and longer-term follow-up. Results of an ongoing trial will

be crucial in addressing this key question (NCT02308982).
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C H A R A C T E R I S T I C S O F S T U D I E S

Characteristics of included studies [ordered by study ID]

Chen 2006

Methods Randomised controlled trial.

Conducted in paediatric hospital in China.

62 children enrolled (observation group = 32, control group = 30)

Randomly split into study groups

Dose of IVIG/placebo used: 400 mg/kg/day for 3-5 days.

Outcome assessment done during period of hospitalisation.

Participants Inclusion criteria

• Aged 8 months to 12 years.

• Diagnosis of viral encephalitis as described in “Applied Pediatrics” 6th edition.

Exclusion criteria

• Not mentioned.

Interventions Control group: conventional treatment including fever and spasm reduction, reduction

of intracranial pressure, maintenance of hydration, electrolyte and acid-base balance,

antiviral treatment, treatment of infections

Observation group: conventional treatment as above + IVIG 400 mg/kg/day continu-

ously for 3-5 days

Outcomes Time for fever reduction.

Time taken to stop further spasms.

Time taken to regain consciousness.

Duration of hospital stay.

Notes No information on ethical approval or informed consent.

No information provided on funding.

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Random allocation but method of ran-

domisation not described.

Allocation concealment (selection bias) Unclear risk No information provided.

Blinding of participants and personnel

(performance bias)

All outcomes

Unclear risk No information provided.

Blinding of outcome assessment (detection

bias)

All outcomes

Unclear risk No information provided.
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Chen 2006 (Continued)

Incomplete outcome data (attrition bias)

All outcomes

Low risk No dropouts and all participants were in-

cluded in outcome assessment

Selective reporting (reporting bias) Unclear risk Study protocol not available in public do-

main.

Other bias Unclear risk Small sample size and no sample size calcu-

lation so unclear if sample size large enough

to detect significant differences between

study groups

No information on funding provided.

Rayamajhi 2015

Methods Pilot randomised, double-blind placebo-controlled trial.

Recruitment from 2 centres in Nepal: Kanthi Children’s Hospital in Kathmandu (ter-

tiary) and the Paediatric Department at BP Koirala Institute of Health Sciences in Dha-

ran, Nepal (large regional hospital)

23 children screened, 1 excluded due to meeting an exclusion criterion

22 children randomised.

Treatment duration: 5 days.

Follow-up: assessed at discharge and at 3-6 months.

Participants Inclusion criteria

• Aged 1-14 years with a clinical diagnosis of acute encephalitis syndrome (history

of fever < 14 days, altered consciousness; GCS < 15, with or without history of

seizures, and consistent CSF findings (white cell count < 1000 cells/mm3 with no

organisms on Gram stain and CSF:plasma glucose ratio > 40%).

Exclusion criteria

• Presumed diagnosis of febrile convulsion (single seizure lasting < 15 minutes with

full recovery of consciousness within 60 minutes).

• Positive blood slide or rapid antigen for Plasmodium falciparum.

• Clinical/laboratory features suggestive of bacterial meningitis where antibiotics

had already been commenced.

• GCS < 3 and receiving artificial ventilation without signs of spontaneous

respiration and with absent oculocephalic reflex.

Interventions IVIG 400 mg/kg/day for 5 days.

Equivalent volume of 0.9% normal saline for 5 days.

Outcomes Primary outcome

• Assessment of study feasibility.

Secondary and other outcomes

• Death or neurological sequelae at discharge or follow-up.

• Adverse events.

Other outcomes

• Difference in anti-JEV antibody titres between children treated and not treated

with IVIG.
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Rayamajhi 2015 (Continued)

Notes Protocol approved by Nepal Health Research Council.

Ethical approval obtained from the ethics committees of BP Koirala Institute of Health

Sciences, Kanti Children’s Hospital, and the Liverpool School of Tropical Medicine

Written informed consent obtained.

Study was funded by the Liverpool Brain Infections Group.

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Random allocation, stratified by centre.

Allocation concealment (selection bias) Low risk Randomisation code concealed and opened

by independent investigators

Blinding of participants and personnel

(performance bias)

All outcomes

Low risk All investigators and care providers blind to

study drug.

Blinding of outcome assessment (detection

bias)

All outcomes

Unclear risk No information provided.

Incomplete outcome data (attrition bias)

All outcomes

Low risk Numbers and reasons for withdrawals pro-

vided, numbers lost to follow-up similar in

each group

Selective reporting (reporting bias) High risk Primary outcome in published paper was

different from that stated in the published

protocol in ClinicalTrials.gov

Authors have not reported on prespecified

adverse events such as infusion site reac-

tion, diarrhoea, rise in blood pressure, and

change in urinary output

Details of participant death provided for

treatment group but not placebo group

Other bias High risk Small sample size, calculation based on de-

termining difference in study groups for a

tertiary outcome

Authors’ group affiliated to funding body.

Information on the split in the number of

participants in both study groups admitted

to the intensive care unit not provided

Imbalance in number of participants who

received corticosteroid therapy

Recruitment period unclear, authors re-
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Rayamajhi 2015 (Continued)

ported 2 different recruitment periods:

May-June 2009 and May-September 2009

Wu 2014

Methods Randomised controlled trial.

Conducted in general hospital in China.

80 children enrolled (control group = 27, experimental group 1 = 27, experimental group

2 = 26)

Allocation using random sampling table.

Dose of IVIG/placebo: 400 mg/kg/day for 3 consecutive days.

Outcome assessment during period of hospitalisation.

Participants Inclusion criteria

• Aged 1-6 years.

• Diagnosis of hand, foot, and mouth (based on the Chinese Department of

Ministry of Health published guidelines) complicated by encephalitis.

Exclusion criteria

• Children with underlying immune problems and who were unconscious.

Interventions Control group: conventional comprehensive treatment including dehydration, reduction

of intracranial pressure, nutritional support, anti-infection treatment, keeping the skin

clean, and general precautions to prevent infection

Experimental group 1: intravenous injection of human blood gamma globulin*, 400

mg/kg a day for 3 consecutive days in addition to the comprehensive treatment

Experimental group 2: spray of human interferon alfa-2h, 1 or 2 sprays per time, 3 times/

day on 3 consecutive days

Outcomes Time for fever to subside.

Time to control convulsions.

Time to resolution of rashes.

Time for neuropathic symptoms to subside.

Mean stay in hospital.

Adverse events.

Notes Ethical approval obtained.

Informed consent obtained.

No information provided on funding.

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Random allocation using random sampling

table.

Allocation concealment (selection bias) Unclear risk No information.
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Wu 2014 (Continued)

Blinding of participants and personnel

(performance bias)

All outcomes

Unclear risk No information.

Blinding of outcome assessment (detection

bias)

All outcomes

Unclear risk No information.

Incomplete outcome data (attrition bias)

All outcomes

Low risk No dropouts and all participants included

in outcome assessment

Selective reporting (reporting bias) Unclear risk Study protocol not available in public do-

main.

Other bias Unclear risk Small sample size and no sample size calcu-

lation so unclear if sample size large enough

to detect significant differences between

study groups

No information on funding provided.

Diagnostic criteria used for encephalitis not

mentioned in paper

CSF: cerebrospinal fluid; GCS: Glasgow Coma Score; IVIG: intravenous immunoglobulin; JEV: Japanese encephalitis virus.

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Bhatt 2012 Not study design of interest. Quasi-controlled trial of IVIG compared with standard therapy in children with acute

encephalitis syndrome complicated by myocarditis. Not randomised study

Erol 2013 Not study design of interest. Case series of children with acute disseminated encephalomyelitis. Not randomised

study, no control group

Gelli 1974 Not study of interest. Single case report.

Girija 2010 Not study design of interest. Case series of children with acute disseminated encephalomyelitis. Not randomised

study, no control group

ncecik 2013 Not study design of interest. Case series of children with acute disseminated encephalomyelitis. Not randomised

study, no control group

R ek 2013 Not study design of interest. Single case report.
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(Continued)

Samileh 2007 Not study design of interest. Case series of children with acute disseminated encephalomyelitis. Not randomised

study, no control group

Unay 2004 Not study of interest. Single case report.

IVIG: intravenous immunoglobulin.

Characteristics of studies awaiting assessment [ordered by study ID]

Fan 2010

Methods Random allocation.

Participants 72 cases of children and adults.

Interventions IVIG 400 mg/kg/dose for 5 consecutive days + standard care vs standard care alone

Outcomes Length of hospital stay, time to reduce fever, time to reduce twitching, time to restore consciousness, time to recover

from paralysis, time to improvement in mental state

Notes Results presented as aggregate data and results for children aged < 17 years were not presented separately. We tried

to contact the authors but no contact details found to date

IVIG: intravenous immunoglobulin.

Characteristics of ongoing studies [ordered by study ID]

NCT02308982

Trial name or title Investigating the Role of Early Intravenous Immunoglobulin Treatment for Children with Encephalitis (Ig-

NiTE)

Methods Multicentre, double-blind, placebo-controlled, randomised controlled trial of IVIG versus placebo in addition

to standard care

Participants 308 children with encephalitis, aged 6 weeks to 16 years.

Interventions IVIG 1 g/kg/dose + standard care vs placebo + standard care for 2 days

Outcomes Primary outcome: good recovery (score ≤ 2) on the Glasgow Outcome Score Extended (Pediatric version)

Starting date January 2016.
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NCT02308982 (Continued)

Contact information mildred.iro@paediatrics.ox.ac.uk.

Trial name

Methods

Outcomes

Notes

IVIG: intravenous immunoglobulin.
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D A T A A N D A N A L Y S E S

Comparison 1. Significant disability at six months

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Significant disability at 3-6

months

1 22 Risk Ratio (M-H, Random, 95% CI) 0.75 [0.22, 2.60]

Comparison 2. Serious adverse events

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 ≥ 1 serious adverse event 1 22 Risk Ratio (M-H, Random, 95% CI) 1.0 [0.07, 14.05]

2 Mortality 1 22 Risk Ratio (M-H, Fixed, 95% CI) 0.5 [0.05, 4.75]

3 Hypotension 1 22 Risk Ratio (M-H, Fixed, 95% CI) 1.0 [0.07, 14.05]

4 Melaena 1 22 Risk Ratio (M-H, Fixed, 95% CI) 1.0 [0.07, 14.05]

Comparison 3. Significant disability at discharge

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Significant disability at discharge 1 22 Risk Ratio (M-H, Fixed, 95% CI) 1.0 [0.60, 1.67]

Comparison 4. Length of hospital stay

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Length of hospital stay:

intravenous immunoglobulin

(IVIG) vs standard care

2 116 Mean Difference (IV, Random, 95% CI) -4.54 [-7.47, -1.61]

2 Length of hospital stay IVIG vs

interferon

1 53 Mean Difference (IV, Fixed, 95% CI) -0.57 [-0.99, -0.15]
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Comparison 5. Time to fever resolution

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Days to fever resolution:

intravenous immunoglobulin

(IVIG) vs standard care

2 116 Mean Difference (IV, Random, 95% CI) -0.97 [-1.25, -0.69]

2 Days to fever resolution IVIG vs

interferon

1 53 Mean Difference (IV, Fixed, 95% CI) -0.27 [-0.42, -0.12]

Comparison 6. Time to stop spasms

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Time to stop spasms: intravenous

immunoglobulin (IVIG) vs

standard care

2 116 Mean Difference (IV, Random, 95% CI) -1.49 [-1.97, -1.01]

2 Time to stop spasms IVIG vs

interferon

1 53 Mean Difference (IV, Fixed, 95% CI) -0.17 [-0.34, 0.00]

Comparison 7. Time to regain consciousness

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Time to regain consciousness 1 62 Mean Difference (IV, Fixed, 95% CI) -1.10 [-1.48, -0.72]

Comparison 8. Time to resolution of neuropathic symptoms

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Time to resolution of

neuropathic symptoms:

intravenous immunoglobulin

(IVIG) vs standard care

1 54 Mean Difference (IV, Fixed, 95% CI) -3.20 [-3.34, -3.06]

2 Neuropathic symptoms IVIG vs

interferon

1 53 Mean Difference (IV, Fixed, 95% CI) -0.49 [-0.70, -0.28]

34Intravenous immunoglobulin for the treatment of childhood encephalitis (Review)

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Analysis 1.1. Comparison 1 Significant disability at six months, Outcome 1 Significant disability at 3-6

months.

Review: Intravenous immunoglobulin for the treatment of childhood encephalitis

Comparison: 1 Significant disability at six months

Outcome: 1 Significant disability at 3-6 months

Study or subgroup IVIG Placebo Risk Ratio Weight Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

Rayamajhi 2015 3/11 4/11 100.0 % 0.75 [ 0.22, 2.60 ]

Total (95% CI) 11 11 100.0 % 0.75 [ 0.22, 2.60 ]

Total events: 3 (IVIG), 4 (Placebo)

Heterogeneity: not applicable

Test for overall effect: Z = 0.45 (P = 0.65)

Test for subgroup differences: Not applicable

0.002 0.1 1 10 500

Favours IVIG Favours placebo

Analysis 2.1. Comparison 2 Serious adverse events, Outcome 1 ≥ 1 serious adverse event.

Review: Intravenous immunoglobulin for the treatment of childhood encephalitis

Comparison: 2 Serious adverse events

Outcome: 1 ≥ 1 serious adverse event

Study or subgroup IVIG Placebo Risk Ratio Weight Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

Rayamajhi 2015 1/11 1/11 100.0 % 1.00 [ 0.07, 14.05 ]

Total (95% CI) 11 11 100.0 % 1.00 [ 0.07, 14.05 ]

Total events: 1 (IVIG), 1 (Placebo)

Heterogeneity: not applicable

Test for overall effect: Z = 0.0 (P = 1.0)

Test for subgroup differences: Not applicable

0.002 0.1 1 10 500

Favours IVIG Favours placebo
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Analysis 2.2. Comparison 2 Serious adverse events, Outcome 2 Mortality.

Review: Intravenous immunoglobulin for the treatment of childhood encephalitis

Comparison: 2 Serious adverse events

Outcome: 2 Mortality

Study or subgroup IVIG Placebo Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Rayamajhi 2015 1/11 2/11 100.0 % 0.50 [ 0.05, 4.75 ]

Total (95% CI) 11 11 100.0 % 0.50 [ 0.05, 4.75 ]

Total events: 1 (IVIG), 2 (Placebo)

Heterogeneity: not applicable

Test for overall effect: Z = 0.60 (P = 0.55)

Test for subgroup differences: Not applicable

0.002 0.1 1 10 500

Favours IVIG Favours placebo

Analysis 2.3. Comparison 2 Serious adverse events, Outcome 3 Hypotension.

Review: Intravenous immunoglobulin for the treatment of childhood encephalitis

Comparison: 2 Serious adverse events

Outcome: 3 Hypotension

Study or subgroup IVIG

Placebo or
standard

care Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Rayamajhi 2015 1/11 1/11 100.0 % 1.00 [ 0.07, 14.05 ]

Total (95% CI) 11 11 100.0 % 1.00 [ 0.07, 14.05 ]

Total events: 1 (IVIG), 1 (Placebo or standard care)

Heterogeneity: not applicable

Test for overall effect: Z = 0.0 (P = 1.0)

Test for subgroup differences: Not applicable

0.002 0.1 1 10 500

Favours [IVIG] Favours pPlacebo or standard care
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Analysis 2.4. Comparison 2 Serious adverse events, Outcome 4 Melaena.

Review: Intravenous immunoglobulin for the treatment of childhood encephalitis

Comparison: 2 Serious adverse events

Outcome: 4 Melaena

Study or subgroup IVIG

Placebo or
standard

care Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Rayamajhi 2015 1/11 1/11 100.0 % 1.00 [ 0.07, 14.05 ]

Total (95% CI) 11 11 100.0 % 1.00 [ 0.07, 14.05 ]

Total events: 1 (IVIG), 1 (Placebo or standard care)

Heterogeneity: not applicable

Test for overall effect: Z = 0.0 (P = 1.0)

Test for subgroup differences: Not applicable

0.002 0.1 1 10 500

Favours IVIG Favours placebo or standard care

Analysis 3.1. Comparison 3 Significant disability at discharge, Outcome 1 Significant disability at discharge.

Review: Intravenous immunoglobulin for the treatment of childhood encephalitis

Comparison: 3 Significant disability at discharge

Outcome: 1 Significant disability at discharge

Study or subgroup IVIG Placebo Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Rayamajhi 2015 8/11 8/11 100.0 % 1.00 [ 0.60, 1.67 ]

Total (95% CI) 11 11 100.0 % 1.00 [ 0.60, 1.67 ]

Total events: 8 (IVIG), 8 (Placebo)

Heterogeneity: not applicable

Test for overall effect: Z = 0.0 (P = 1.0)

Test for subgroup differences: Not applicable

0.01 0.1 1 10 100

Favours IVIG Favours placebo
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Analysis 4.1. Comparison 4 Length of hospital stay, Outcome 1 Length of hospital stay: intravenous

immunoglobulin (IVIG) vs standard care.

Review: Intravenous immunoglobulin for the treatment of childhood encephalitis

Comparison: 4 Length of hospital stay

Outcome: 1 Length of hospital stay: intravenous immunoglobulin (IVIG) vs standard care

Study or subgroup IVIG Standard care
Mean

Difference Weight
Mean

Difference

N Mean(SD)[days] N Mean(SD)[days] IV,Random,95% CI IV,Random,95% CI

Wu 2014 27 7.53 (0.83) 27 13.43 (1.21) 54.6 % -5.90 [ -6.45, -5.35 ]

Chen 2006 32 10.2 (3.2) 30 13.1 (4.2) 45.4 % -2.90 [ -4.77, -1.03 ]

Total (95% CI) 59 57 100.0 % -4.54 [ -7.47, -1.61 ]

Heterogeneity: Tau2 = 4.01; Chi2 = 9.11, df = 1 (P = 0.003); I2 =89%

Test for overall effect: Z = 3.04 (P = 0.0024)

Test for subgroup differences: Not applicable

-20 -10 0 10 20

Favours IVIG Favours standard care

Analysis 4.2. Comparison 4 Length of hospital stay, Outcome 2 Length of hospital stay IVIG vs interferon.

Review: Intravenous immunoglobulin for the treatment of childhood encephalitis

Comparison: 4 Length of hospital stay

Outcome: 2 Length of hospital stay IVIG vs interferon

Study or subgroup IVIG Interferon
Mean

Difference Weight
Mean

Difference

N Mean(SD)[days] N Mean(SD)[days] IV,Fixed,95% CI IV,Fixed,95% CI

Wu 2014 27 7.53 (0.83) 26 8.1 (0.72) 100.0 % -0.57 [ -0.99, -0.15 ]

Total (95% CI) 27 26 100.0 % -0.57 [ -0.99, -0.15 ]

Heterogeneity: not applicable

Test for overall effect: Z = 2.67 (P = 0.0075)

Test for subgroup differences: Not applicable

-4 -2 0 2 4

Favours IVIG Favours interferon
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Analysis 5.1. Comparison 5 Time to fever resolution, Outcome 1 Days to fever resolution: intravenous

immunoglobulin (IVIG) vs standard care.

Review: Intravenous immunoglobulin for the treatment of childhood encephalitis

Comparison: 5 Time to fever resolution

Outcome: 1 Days to fever resolution: intravenous immunoglobulin (IVIG) vs standard care

Study or subgroup IVIG Standard care
Mean

Difference Weight
Mean

Difference

N Mean(SD)[days] N Mean(SD)[days] IV,Random,95% CI IV,Random,95% CI

Chen 2006 32 1.7 (0.6) 30 2.9 (1.1) 28.1 % -1.20 [ -1.65, -0.75 ]

Wu 2014 27 3.65 (0.28) 27 4.53 (0.32) 71.9 % -0.88 [ -1.04, -0.72 ]

Total (95% CI) 59 57 100.0 % -0.97 [ -1.25, -0.69 ]

Heterogeneity: Tau2 = 0.02; Chi2 = 1.76, df = 1 (P = 0.18); I2 =43%

Test for overall effect: Z = 6.74 (P < 0.00001)

Test for subgroup differences: Not applicable

-4 -2 0 2 4

Favours IVIG Favours standard care

Analysis 5.2. Comparison 5 Time to fever resolution, Outcome 2 Days to fever resolution IVIG vs interferon.

Review: Intravenous immunoglobulin for the treatment of childhood encephalitis

Comparison: 5 Time to fever resolution

Outcome: 2 Days to fever resolution IVIG vs interferon

Study or subgroup IVIG Interferon
Mean

Difference Weight
Mean

Difference

N Mean(SD)[days] N Mean(SD)[days] IV,Fixed,95% CI IV,Fixed,95% CI

Wu 2014 27 3.65 (0.28) 26 3.92 (0.29) 100.0 % -0.27 [ -0.42, -0.12 ]

Total (95% CI) 27 26 100.0 % -0.27 [ -0.42, -0.12 ]

Heterogeneity: not applicable

Test for overall effect: Z = 3.45 (P = 0.00057)

Test for subgroup differences: Not applicable

-2 -1 0 1 2

Favours IVIG Favours interferon
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Analysis 6.1. Comparison 6 Time to stop spasms, Outcome 1 Time to stop spasms: intravenous

immunoglobulin (IVIG) vs standard care.

Review: Intravenous immunoglobulin for the treatment of childhood encephalitis

Comparison: 6 Time to stop spasms

Outcome: 1 Time to stop spasms: intravenous immunoglobulin (IVIG) vs standard care

Study or subgroup IVIG Standard care
Mean

Difference Weight
Mean

Difference

N Mean(SD)[days] N Mean(SD)[days] IV,Random,95% CI IV,Random,95% CI

Chen 2006 32 1.4 (0.6) 30 2.6 (1.1) 41.6 % -1.20 [ -1.65, -0.75 ]

Wu 2014 27 4.04 (0.33) 27 5.74 (0.39) 58.4 % -1.70 [ -1.89, -1.51 ]

Total (95% CI) 59 57 100.0 % -1.49 [ -1.97, -1.01 ]

Heterogeneity: Tau2 = 0.09; Chi2 = 4.08, df = 1 (P = 0.04); I2 =75%

Test for overall effect: Z = 6.05 (P < 0.00001)

Test for subgroup differences: Not applicable

-2 -1 0 1 2

Favours IVIG Favours standard care

Analysis 6.2. Comparison 6 Time to stop spasms, Outcome 2 Time to stop spasms IVIG vs interferon.

Review: Intravenous immunoglobulin for the treatment of childhood encephalitis

Comparison: 6 Time to stop spasms

Outcome: 2 Time to stop spasms IVIG vs interferon

Study or subgroup IVIG Interferon
Mean

Difference Weight
Mean

Difference

N Mean(SD)[days] N Mean(SD)[days] IV,Fixed,95% CI IV,Fixed,95% CI

Wu 2014 27 4.04 (0.33) 26 4.21 (0.32) 100.0 % -0.17 [ -0.34, 0.00 ]

Total (95% CI) 27 26 100.0 % -0.17 [ -0.34, 0.00 ]

Heterogeneity: not applicable

Test for overall effect: Z = 1.90 (P = 0.057)

Test for subgroup differences: Not applicable

-2 -1 0 1 2

Favours IVIG Favours interferon
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Analysis 7.1. Comparison 7 Time to regain consciousness, Outcome 1 Time to regain consciousness.

Review: Intravenous immunoglobulin for the treatment of childhood encephalitis

Comparison: 7 Time to regain consciousness

Outcome: 1 Time to regain consciousness

Study or subgroup IVIG Standard care
Mean

Difference Weight
Mean

Difference

N Mean(SD)[days] N Mean(SD)[days] IV,Fixed,95% CI IV,Fixed,95% CI

Chen 2006 32 1.2 (0.4) 30 2.3 (1) 100.0 % -1.10 [ -1.48, -0.72 ]

Total (95% CI) 32 30 100.0 % -1.10 [ -1.48, -0.72 ]

Heterogeneity: not applicable

Test for overall effect: Z = 5.62 (P < 0.00001)

Test for subgroup differences: Not applicable

-10 -5 0 5 10

Favours IVIG Favours standard care

Analysis 8.1. Comparison 8 Time to resolution of neuropathic symptoms, Outcome 1 Time to resolution of

neuropathic symptoms: intravenous immunoglobulin (IVIG) vs standard care.

Review: Intravenous immunoglobulin for the treatment of childhood encephalitis

Comparison: 8 Time to resolution of neuropathic symptoms

Outcome: 1 Time to resolution of neuropathic symptoms: intravenous immunoglobulin (IVIG) vs standard care

Study or subgroup IVIG Standard care
Mean

Difference Weight
Mean

Difference

N Mean(SD)[days] N Mean(SD)[days] IV,Fixed,95% CI IV,Fixed,95% CI

Wu 2014 27 5.83 (0.36) 27 9.03 (0.1) 100.0 % -3.20 [ -3.34, -3.06 ]

Total (95% CI) 27 27 100.0 % -3.20 [ -3.34, -3.06 ]

Heterogeneity: not applicable

Test for overall effect: Z = 44.50 (P < 0.00001)

Test for subgroup differences: Not applicable

-4 -2 0 2 4

Favours IVIG Favours standard care
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Analysis 8.2. Comparison 8 Time to resolution of neuropathic symptoms, Outcome 2 Neuropathic

symptoms IVIG vs interferon.

Review: Intravenous immunoglobulin for the treatment of childhood encephalitis

Comparison: 8 Time to resolution of neuropathic symptoms

Outcome: 2 Neuropathic symptoms IVIG vs interferon

Study or subgroup IVIG Interferon
Mean

Difference Weight
Mean

Difference

N Mean(SD)[days] N Mean(SD)[days] IV,Fixed,95% CI IV,Fixed,95% CI

Wu 2014 27 5.83 (0.36) 26 6.32 (0.43) 100.0 % -0.49 [ -0.70, -0.28 ]

Total (95% CI) 27 26 100.0 % -0.49 [ -0.70, -0.28 ]

Heterogeneity: not applicable

Test for overall effect: Z = 4.49 (P < 0.00001)

Test for subgroup differences: Not applicable

-4 -2 0 2 4

Favours IVIG Favours interferon

A D D I T I O N A L T A B L E S

Table 1. Risk of bias (adverse events)

Study Risk of bias Did the researchers actively

monitor for AEs or did they

simply provide spontaneous

reporting of AEs that arose?

Risk of bias Did the authors define SAEs according to an

accepted international classification and re-

port the number of SAEs?

Chen 2006 Unclear Information not provided. Unclear Information not provided.

Rayamajhi 2015 Low The authors reported that par-

ticipants were monitored for

AEs from first day of com-

mencing treatment until death

or discharge

Low AEs graded using WHO recommendations and

reported to an independent data safety monitor-

ing committee. Information recorded on stan-

dardised proformas

Wu 2014 Unclear Information not provided. Unclear Information not provided.

AE: adverse events; SAE: serious adverse events; WHO: World Health Organisation.
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A P P E N D I C E S

Appendix 1. Search strategies

Source Search strategy

CENTRAL (the Cochrane Library) (2016, Issue 9) #1 encephalitis:ti,ab,kw (Word variations have been searched)

#2 meningoencephalitis:ti,ab,kw (Word variations have been

searched)

#3 ((brain or cerebral) near/2 (infection* or infectious or inflamm*

or swell*)):ti,ab,kw (Word variations have been searched)

#4 #1 or #2 or #3

#5 MeSH descriptor: [Immunoglobulins, Intravenous] explode

all trees

#6 ((intravenous or intra-venous) near/3 immunoglobulin*):ti,ab,

kw (Word variations have been searched)

#7 ivig or igiv:ti,ab,kw (Word variations have been searched)

#8 immunoglobulin* or immunotherap*:ti (Word variations have

been searched)

#9 #5 or #6 or #7 or #8

#10 #4 and #9

MEDLINE (PubMed) (1966 to 30 September 2016) 1 exp Encephalitis/

2 encephalitis.ti,ab.

3 meningoencephalitis.ti,ab.

4 ((brain or cerebral) adj2 (infection* or infectious or

inflamm* or swell*)).ti,ab.

5 1 or 2 or 3 or 4

6 adolescent/ or exp child/ or infant/ or infant, newborn/

7 (child* or preschool* or pre-school* or schoolchild* or

infant* or infancy or baby or babies or toddler* or teen*

or adolescen* or youth*).ti,ab.

8 6 or 7

9 Immunoglobulins, Intravenous/

10 ((intravenous or intra-venous) adj3

immunoglobulin*).ti,ab.

11 (ivig or igiv).ti,ab.

12 (immunoglobulin* or immunotherap*).ti.

13 9 or 10 or 11 or 12

14 5 and 8 and 13

15 limit 14 to “reviews (maximizes specificity)”

16 randomised controlled trial.pt.

17 controlled clinical trial.pt.

18 randomized.ab.

19 placebo.ab.

20 drug therapy.fs.

21 randomly.ab.

22 trial.ab.

23 groups.ab.
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(Continued)

24 16 or 17 or 18 or 19 or 20 or 21 or 22

or 23

25 exp animals/ not humans.sh.

26 24 not 25

27 14 and 26

Embase (embase.com) (1974 to 30 September 2016) 1 exp *Encephalitis/

2 encephalitis.ti,ab.

3 meningoencephalitis.ti,ab.

4 ((brain or cerebral) adj2 (infection* or infectious or

inflamm* or swell*)).ti,ab.

5 1 or 2 or 3 or 4

6 adolescent/ or child/ or boy/ or girl/ or infant/ or preschool

child/ or school child/ or toddler/

7 (child* or preschool* or pre-school* or schoolchild* or

infant* or infancy or baby or babies or toddler* or teen* or

adolescen* or youth*).ti,ab.

8 6 or 7

9 exp *immunoglobulin/ and intravenous drug administration/

10 exp *immunoglobulin/iv [Intravenous Drug Administration]

11 ((intravenous or intra-venous) adj3 immunoglobulin*).ti,ab

12 (ivig or igiv).ti,ab.

13 (immunoglobulin* or immunotherap*).ti.

14 9 or 10 or 11 or 12 or 13

15 5 and 8 and 14

16 limit 15 to “reviews (maximizes specificity)”

17 randomised controlled trial/

18 controlled clinical trial/

19 single blind procedure/ or double blind procedure/

20 crossover procedure/

21 random*.tw.

22 placebo*.tw.

23 ((singl* or doubl*) adj (blind* or mask*)).tw.

24 (crossover or cross over or factorial* or latin square).tw

25 (assign* or allocat* or volunteer*).tw.

26 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25

CINAHL (EBSCO host) (1981 to 30 September 2016) S1 AB randomised controlled trial or controlled clinical trial or

randomized or placebo or drug therapy or randomly or trial or

groups

S2 AB inflamm* or swell* or infection* or infectious or Im-

munoglobulins, Intravenous or intravenous or intra-venous or

immunoglobulin* or ivig or igiv or immunoglobulin* or im-

munotherap*

S3 MH Encephalitis OR AB ( encephalitis or meningoencephalitis

)

S4 S2 OR S3

S5 S1 AND S4

S6 AB randomised controlled trial or controlled clinical trial or
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(Continued)

randomized or placebo or drug therapy or randomly or trial or

groups

Limiters - Age Groups: Infant, Newborn: birth-1 month, Infant:

1-23 months, Child, Preschool: 2-5 years, Child: 6-12 years, Ado-

lescent: 13-18 years

ClinicalTrials.gov

(www.clinicaltrials.gov)

(encephalitis OR meningoencephalitis) AND (immunoglobulin

OR immunoglobulins OR ivig OR igiv OR immunotherapy)

ICTRP Search Portal (apps.who.int/trialsearch) (encephalitis OR meningoencephalitis) AND (immunoglobulin

OR immunoglobulins OR ivig OR igiv OR immunotherapy)

Science Citation Index Expanded (SCI-EXPANDED) & Confer-

ence Proceedings Citation Index- Science (CPCI-S) (Web of Sci-

ence Core Collection, Thomson Reuters) (1945 to 30 September

2016)

# 1 TOPIC: (encephalitis OR meningoencephalitis) OR TOPIC:

(((brain or cerebral) NEAR/2 (infection* or infectious or in-

flamm* or swell*)))

# 2 TOPIC: (child* or preschool* or pre-school* or schoolchild*

or infant* or infancy or baby or babies or toddler* or teen* or

adolescen* or youth*)

# 3 TOPIC: (((intravenous or intra-venous) NEAR/3 im-

munoglobulin*)) OR TOPIC: (ivig or igiv) OR TITLE: (im-

munoglobulin* or immunotherap*)

# 4 #3 AND #2 AND #1

# 5 TOPIC: (random* or blind* or allocat* or assign* or trial* or

placebo* or crossover* or cross-over*)

# 6 #5 AND #4

Global Health Library (Virtual Health Library) (

www.globalhealthlibrary.net/php/index.php)

(encephalitis OR meningoencephalitis) AND (immunoglobulin

OR immunoglobulins OR ivig OR igiv OR immunotherapy)

Database of Abstracts of Reviews of Effects (DARE) (encephalitis OR meningoencephalitis) AND (immunoglobulin

OR immunoglobulins OR ivig OR igiv OR immunotherapy)

Appendix 2. Newcastle Ottawa Scale (cohort studies)

Note: a study can be awarded a maximum of one star for each numbered item within the ’Selection’ and ’Outcome’ categories. A

maximum of two stars can be given for ’Comparability.’

Selection

1. Representativeness of the exposed cohort:

a) Truly representative (one star)
b) Somewhat representative (one star)
c) Selected group

d) No description of the derivation of the cohort

2. Selection of the non-exposed cohort:

a) Drawn from the same community as the exposed cohort (one star)
b) Drawn from a different source

c) No description of the derivation of the non-exposed cohort

3. Ascertainment of exposure:
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a) Secure record (e.g. surgical records) (one star)
b) Structured interview (one star)
c) Written self-report

d) No description

e) Other

4. Demonstration that outcome of interest was not present at start of study:

a) Yes (one star)
b) No

Comparability

1. Comparability of cohorts on the basis of the design or analysis:

a) The study controls for age, sex, and marital status (one star)
b) Study controls for any additional factors (list) (one star)
c) Cohorts are not comparable on the basis of the design or analysis controlled for confounders

Outcome

1. Assessment of outcome:

a) Independent blind assessment (one star)
b) Record linkage (one star)
c) Self-report

d) No description

e) Other

2. Was follow-up long enough for outcomes to occur:

a) Yes (one star)
b) No

Indicate the median duration of follow-up and a brief rationale for the assessment above:˙˙˙˙˙˙˙˙˙˙˙˙˙˙˙˙˙˙˙˙

3. Adequacy of follow-up of cohorts:

a) Complete follow-up - all subjects accounted for (one star)
b) Subjects lost to follow-up unlikely to introduce bias - number lost less than or equal to 20% or description of those lost suggested

no different from those followed (one star)
c) Follow up rate less than 80% and no description of those lost

d) No statement

Appendix 3. Newcastle Ottawa Scale (case-control studies)

Note: A study can be awarded a maximum of one star for each numbered item within the Selection and Exposure categories. A maximum

of two stars can be given for Comparability.

Selection

1. Is the case definition adequate?

a) Yes, with independent validation (one star)
b) Yes, e.g. record linkage or based on self-reports

c) No description

2. Representativeness of the cases:

a) Consecutive or obviously representative series of cases (one star)
b) Potential for selection biases or not stated

3. Selection of controls:

a) Community controls (one star)
b) Hospital controls
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c) No description

4. Definition of controls:

a) No history of disease (endpoint) (one star)
b) No description of source

Comparability

1. Comparability of cases and controls on the basis of the design or analysis

a) Study controls for ˙˙˙˙˙˙˙˙˙˙˙˙˙˙˙ (select the most important factor) (one star)
b) Study controls for any additional factor (one star) (This criterion could be modified to indicate specific control for a second important

factor)

Exposure

1. Ascertainment of exposure:

a) Secure record (e.g. surgical records) (one star)

b) Structured interview where blind to case/control status (one star)

c) Interview not blinded to case/control status

d) Written self-report or medical record only

e) No description

2. Same method of ascertainment for cases and controls:

a) Yes (one star)

b) No

3. Non-response rate:

a) Same rate for both groups (one star)

b) Non-respondents described

c) Rate different and no designation

C O N T R I B U T I O N S O F A U T H O R S

Protocol design: MAI.

Protocol review and approval: NGM, MA, and AJP.

Selection of studies for inclusion, data extraction, and assessment of risk of bias: MAI; verified by NGM.

Data analysis: MAI.

Initial draft and subsequent revisions to incorporate feedback and suggestions from other authors: MAI.

D E C L A R A T I O N S O F I N T E R E S T

MAI: none.

NGM: none.

MA: none.

AJP: none.
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S O U R C E S O F S U P P O R T

Internal sources

• None, Other.

No source of support received

External sources

• None, Other.

D I F F E R E N C E S B E T W E E N P R O T O C O L A N D R E V I E W

In addition to the outcomes specified in the protocol for this review, we included the following clinically relevant outcomes:

• time to fever resolution;

• time to stop spasms;

• time to regain consciousness;

• time to resolution of neuropathic symptoms.

We added ’Other bias’ to the Risk of bias table, which covered bias such as funding.
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