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Summary
Background Nipah virus was first detected in the 1998–1999 Malaysia outbreak and remains a significant public 
health concern due to its high epidemic potential and recurrent outbreaks in South Asia. Incidence patterns of post-
acute sequelae, characterised by persistence or delayed onset after the acute phase of an infection, are not well 
documented after infectious disease outbreaks. We aimed to address this knowledge gap.

Methods We conducted a systematic review and meta-analysis on the prevalence, incidence, duration, and 
characteristics of post-acute sequelae in survivors of Nipah virus infection. We searched PubMed and Web of 
Science for studies published in English between database inception and Nov 17, 2025. Articles were eligible for 
inclusion if they were peer-reviewed and reported primary data on post-acute sequelae in survivors of Nipah 
virus infection. Risk of bias was assessed using Joanna Briggs Institute critical appraisal tools. We conducted 
random-effects meta-analysis for all outcomes reported in at least two studies, and assessed heterogeneity 
qualitatively and using the I 2 statistic. This review was registered with PROSPERO CRD42024616198.

Findings Our search identified 1091 articles after deduplication, of which eight were eligible for inclusion in the 
systematic review and six in the meta-analysis. Study populations included hospitalised Nipah encephalitis survivors 
and total survivors of Nipah virus infection in three and five articles, respectively. Only one study included a healthy 
control group. Three articles were of high, four of moderate and one of low quality. We extracted prevalence for 34 
potential neurological, psychiatric or non-specific post-acute sequelae. The pooled prevalence of total residual 
neurological deficits was 24% (95% CI 9–49; I 2 = 0%) among total survivors of Nipah infection (3 studies; 80 
participants), and 45% (95% CI 11–85; I 2 = 64%) among the subset of survivors with acute Nipah encephalitis (3 
studies; 87 participants). Publication bias could not be meaningfully assessed due to the small number of studies 
in the meta-analysis. In the single controlled study, total residual neurological deficits, fatigue and daytime 
somnolence were significantly more prevalent in Nipah infection survivors than household controls. We 
estimated that 10% (95% CI 4–20; I 2 = 0%) of Nipah infection survivors experience late-onset or relapsing 
neurological symptoms after initial recovery (3 studies; 291 participants).

Interpretation These findings demonstrate a substantial long-term disease burden following Nipah virus infection, 
which should be accounted for in mathematical modelling studies. However, estimates were based on very limited 
data mainly from the Malaysia/Singapore outbreak. Additional limitations relate to subjective outcome assessment 
and heterogeneous populations of total Nipah infection survivors, which could have biased our estimates or affected 
their generalisability. Further research is needed in the Bangladeshi and Indian setting, where current outbreaks 
occur and are caused by a different viral strain.
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Introduction
The COVID-19 pandemic has highlighted the signifi-
cant long-term disease burden that can follow infec-
tious disease outbreaks, affecting survivors for months

or years after the initial infection. 1 A fifth of patients 
were estimated to still experience at least one unre-
solved symptom 3 years after the acute SARS-CoV-2 
infection, such as dyspnoea or fatigue. 2 Such post-acute
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sequelae or post-acute infection syndromes can also be 
triggered by other infectious diseases, can affect various 
organ systems, and include a broad range of persistent 
or newly emerging symptoms. 1,3 Waves of post-acute 
sequelae after several major historical outbreaks have 
been described in the literature. 1 However, due to their 
often heterogeneous and non-specific nature and the 
lack of objective diagnostic criteria, the extent and simi-
larities in post-acute sequelae following different epi-
demics have not been systematically documented.

In the World Health Organisation (WHO) 2018 
R&D Blueprint, Nipah virus was identified as one of 
nine priority pathogens with high epidemic potential, 
high case fatality rate and a lack of approved vaccines 
and therapeutics. 4 Nipah virus is a zoonotic virus 
belonging to the genus Henipavirus and was first 
detected in Peninsular Malaysia in September 1998. 5,6 

The 1998–1999 outbreak resulted from transmission 
from infected pigs and caused 283 symptomatic cases 
and 109 deaths, and also spread to slaughterhouse 
workers in Singapore in 1999. 6 Since then, recurrent 
outbreaks have occurred in Bangladesh and India. 7 The 
typically small clusters mainly result from consumption 
of raw date palm sap contaminated by infected Pteropus 
bats, the reservoir of Nipah virus. However, human-to-
human transmission has also contributed to these 
outbreaks, particularly in the healthcare setting. 8 The 
bat reservoir has a broad geographical distribution, 
making new spillover events in other areas likely. 6,9 

The majority of Nipah virus infections are thought to 
be symptomatic, with the proportion of asymptomatic or 
mild infections estimated at less than 15%. 10,11 The main 
clinical features are acute encephalitis and respiratory 
disease, with differences between the viral strain origi-
nating in Malaysia (Nipah virus-Malaysia strain; NiV-M)

and that in South Asia (Nipah virus-Bangladesh strain; 
NiV-B). While neurological symptoms predominated in 
the Malaysia/Singapore outbreak, respiratory involvement 
has more commonly occurred in India and 
Bangladesh. 6,12,13 Symptomatic Nipah virus infections 
usually begin with fever, headache, dizziness and vomit-
ing. 5 After development of encephalitis, patients can 
deteriorate to coma and death within days, 6 with a high 
case fatality rate of around 61% which varies by country. 14 

Among survivors, instances of neurological relapse and 
residual neurological deficits after the acute infection have 
been reported since the first patient descriptions. 15 

Synthesising information on pathogen epidemi-
ology is critical for epidemic preparedness, and a better 
definition of disease burden has been identified as a 
strategic goal among key research priorities for the 
development of Nipah virus medical countermeasures. 9 

Estimates of key transmission and disease parameters 
can inform parameterisation of mathematical models 
for future outbreak response and intervention evalua-
tion; a collection of systematic reviews on the epide-
miology of the 2018 WHO priority pathogens is 
ongoing. 16–19 Here, we complement this by synthesising 
the currently fragmented evidence base on the potential 
long-term health effects of Nipah virus infection. We 
aimed to systematically review and quantify the preva-
lence, incidence, duration and other characteristics of 
post-acute sequelae in Nipah virus infection survivors.

Methods
Study design and ethics
This systematic review and meta-analysis was con-
ducted according to the PRISMA guidelines 20 and 
registered with PROSPERO (CRD42024616198). No

Research in context

Evidence before this study
Reports of the first Nipah virus outbreak in Malaysia in 
1998–1999 describe persistent neurological complications 
among survivors. We searched PubMed for reviews on post-
acute sequelae after Nipah virus infection from database 
inception to 1 May 2024, using the following search terms: 
“(“Nipah virus” OR henipa*) AND (chroni* OR post* OR 
sequel*) AND review”. Among 30 results, we could not 
identify any type of review on this topic. We aimed to 
address this knowledge gap by synthesising the fragmented 
evidence base on the potential long-term health effects of 
Nipah virus.

Added value of this study
This systematic review and meta-analysis synthesised 
evidence from eight articles, all but one of which focused on 
survivors of the Malaysia/Singapore outbreak. Across five 
articles, the pooled prevalence of total residual neurological

deficits was estimated at 45% (95% CI 11–85) among Nipah 
encephalitis survivors, and 24% (95% CI 9–49) among total 
survivors of Nipah infection. The included studies reported 
34 different potential post-acute sequelae, but only three 
were found to be significantly more prevalent in Nipah 
infection survivors compared to healthy controls in the single 
controlled study. There is also a risk of experiencing late-
onset or relapsing neurological symptoms after initial 
recovery in around 10% of survivors.

Implications of all the available evidence
The available studies indicate that a substantial proportion of 
Nipah survivors may experience long-term neurological 
deficits and fatigue, but the overall evidence on post-acute 
sequelae was limited and uncertain. Further research is 
needed in Bangladesh and India, where current Nipah virus 
outbreaks are focused. Estimates from this study may not be 
generalisable to this different clinical setting and viral strain.
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ethical approval or informed consent from participants 
was required for this study, given it is based on pub-
lished data.

Search strategy and selection criteria
A systematic search was conducted in the PubMed and 
Web of Science databases to identify all available arti-
cles on post-acute sequelae associated with Nipah virus, 
published from database inception to 17 November 
2025. The keywords were: (“Nipah virus” OR henipa*) 
AND (chroni* OR long-term* OR long-standing* OR 
enduring* OR post* OR sequel* OR surviv* OR recov* 
OR convalescen* OR disability OR morbidity OR 
persist* OR rehabilitat* OR complicat* OR aftermath 
OR residual* OR late-onset OR delayed OR relaps*). 
The retrieved citations were imported into Covidence 
software and duplicates were removed. 21 Articles were 
screened independently by two reviewers, and 
discrepant classifications were resolved through dis-
cussion with the third author.

Articles were eligible for inclusion if they reported 
primary data on post-acute sequelae in survivors of 
Nipah virus infection, without restrictions on study 
design. Our definition of post-acute sequelae included 
(a) symptoms persisting for at least 3 months after the 
initial infection, (b) new symptoms developing after the 
acute phase of the infection (late-onset symptoms), or 
(c) recurring symptoms after the acute phase of the 
infection following a period of remission (relapsing 
symptoms). To meet inclusion criteria, an article 
therefore needed a minimum follow-up period of 3 
months after acute infection, report late-onset or re-
lapsing symptoms occurring after recovery, or both. We 
included study populations with clinical Nipah virus 
infection as well as based on seropositivity alone. 
Exclusion criteria were articles in languages other 
than English, non-peer-reviewed publication types (e.g., 
conference proceedings), non-primary research 
(e.g., reviews), studies on functional outcomes alone 
(e.g., disability scales), and case reports.

Data extraction
A data extraction template was designed and piloted. 
Two reviewers independently extracted data on study 
design, study population, recruitment, methods for 
diagnosis of infection and sequelae, sample size, 
participant characteristics, the time at measurement of 
post-acute sequelae since the acute infection, preva-
lence and incidence of all post-acute sequelae among 
Nipah virus survivors and of the same symptoms 
among controls (where applicable), characteristics of 
post-acute sequelae (e.g., duration), and risk factors. For 
the latter, we extracted any information on statistical 
comparisons of survivors with and without sequelae.

Risk of bias assessment was conducted using Joanna 
Briggs Institute (JBI) critical appraisal tools. 22,23 To

reflect the variety of study designs in this review, the 
tools for prevalence studies, cohort and case-control 
studies were combined and adapted to include all 
relevant quality criteria (Supplementary Table S1). The 
quality assessment was conducted by two reviewers, 
and disagreements were resolved through discussion.

Statistical analysis
All analyses were conducted in R version 4.2.2. 24 Ana-
lysed outcomes included the prevalence of and risk 
factors for overall post-acute neurological deficits in 
Nipah survivors, the prevalence of other post-acute 
sequelae, the association between Nipah virus infec-
tion and development of post-acute sequelae, and the 
incidence of late-onset or relapsing symptoms. Indi-
vidual post-acute sequelae were renamed for analysis if 
they formed part of a group of symptoms reported in 
multiple studies (e.g., dysmetria is a type of ataxia). 
They were also broadly categorised into neurological 
symptoms (cognitive dysfunction, motor or sensory 
dysfunction, and other), psychiatric symptoms, or sys-
temic and other symptoms.

Random-effects meta-analysis was considered for all 
outcomes reported in at least two studies. We aimed to 
estimate outcomes in all survivors of Nipah virus 
infection, but several included studies only focused on 
patients hospitalised with acute Nipah encephalitis. We 
therefore conducted subgroup analyses for these 
different study populations. Where available, pooled 
estimates were calculated for (a) total survivors of Nipah 
infection (regardless of the presentation during acute 
infection), (b) survivors of Nipah encephalitis, who 
experienced encephalitis symptoms during acute 
infection and represent a subset of total survivors of 
Nipah infection, and (c) survivors of late-onset or 
relapsed Nipah encephalitis. The latter includes pa-
tients who survived both the initial Nipah virus infec-
tion (with or without encephalitis) and a subsequent 
episode of late-onset or relapsed encephalitis. 

Meta-analysis was conducted using the meta package 
version 8.0–2. 25 For meta-analysis of proportions, a logit 
transformation was applied and estimates were pooled 
using a random intercept logistic regression model. 26,27 

The maximum likelihood estimator was used to calcu-
late the absolute between-study variance τ 2 . Publication 
bias for the prevalence of neurological deficit was 
assessed qualitatively using a funnel plot. Multiple ar-
ticles included in the systematic review followed the 
same or overlapping patient populations 
(Supplementary Fig. S1). To avoid inclusion of over-
lapping data in pooled prevalence estimates among 
Nipah encephalitis survivors, we only included one of 
the articles in the primary meta-analysis and investi-
gated the effect of including alternative articles in 
sensitivity analyses. The decision on article inclusion 
was based on larger sample size in the Malaysian
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studies, and on alignment with other studies on the 
definition of residual neurological deficits in the Sin-
gaporean studies.

To further investigate encephalitis during acute 
infection as a risk factor for post-acute sequelae among 
Nipah survivors, we conducted a random-effects meta-
analysis of prevalence ratios using the generic inverse 
variance method and the restricted maximum likeli-
hood between-study variance estimator. A continuity 
correction of 0.5 was used in cases of zero counts to 
estimate the log prevalence ratio.

All meta-analyses included few studies per sub-
group, which is associated with imprecise estimates of 
between-study variance. 28 We therefore compared 95% 
confidence intervals around the pooled estimate derived 
using the Hartung-Knapp adjustment and the DerSi-
monian and Laird method. We used the Hartung-
Knapp method for calculation of confidence intervals 
unless this led to non-informative estimates. 28 Between-
study heterogeneity in the meta-analyses was assessed 
qualitatively through visual inspection of the forest 
plots. We also calculated τ 2 , I 2 and 95% prediction in-
tervals. Prediction intervals were based on the t-distri-
bution with k-1 degrees of freedom and reduce to the 
confidence interval if τ 2 is 0. 29 Due to the small number 
of studies, it was not possible to further investigate 
potential sources of heterogeneity.

Prevalence estimates for post-acute sequelae only 
reported in one study were summarised descriptively, 
with 95% confidence intervals calculated using the 
Clopper-Pearson method. For one study comparing 
Nipah survivors with a control group, we assessed the 
association between post-acute sequelae and Nipah vi-
rus infection using Fisher’s exact test due to the small 
sample size. For all other outcomes, descriptive statis-
tics and narrative synthesis are presented.

Role of the funding source
No funding was received for this specific work.

Results
Our search identified 1091 articles after deduplication, 
of which 1017 were excluded in title-and-abstract 
screening (Fig. 1). For 66 articles excluded in full-text 
screening, the most common exclusion reason was 
not reporting on post-acute sequelae. Two of the 
excluded studies described residual neurological defi-
cits, but had a too short follow-up period to meet our 
case definition (Supplementary Materials p.4). 30,31

Description of studies
We included eight articles in the systematic review and 
six articles in the meta-analysis. 15,32–38 Of note, seven 
articles followed Nipah survivors of the 1998–1999 
outbreak in Malaysia and Singapore, while only one was 
set in Bangladesh and none in India (Table 1). Most

studies employed prospective longitudinal designs, 
with follow-up periods ranging from 3 months to 25 
years after acute infection. The main outcomes were 
neurological sequelae, and some studies also investi-
gated general clinical features; assessment methods 
included physical/neurological examination, symptom 
questionnaires, psychiatric evaluation, and neuropsy-
chological testing. In three articles (38%) the study 
population consisted of hospitalised Nipah encephalitis 
survivors, while the other five articles (62%) included 
survivors of Nipah virus infection more broadly (with 
encephalitic, non-encephalitic, and asymptomatic acute 
infection). Only one study included a healthy control 
group, consisting of household members of Nipah 
infection survivors who were asymptomatic during the 
outbreak and seronegative for IgM and IgG antibodies. 
Sample sizes of Nipah survivors in each article ranged 
from 9 to 249, though some of these represent the same 
participants (Supplementary Materials p.3).

Three studies (38%) met at least 75% of risk of bias 
assessment criteria (high quality) and an additional four 
(50%) met at least 50% of criteria (moderate quality) 
(Supplementary Table S2). Risk of bias mainly resulted 
from lack of valid, standard and/or reliable measure-
ment methods for post-acute sequelae (n = 5, 63%), lack 
of confirmation of absence of post-acute symptoms 
before infection (n = 5, 63%), inappropriate sampling 
(n = 4, 50%) and unspecified response rates (n = 4, 
50%). In Goh et al., 2000, outcomes and the follow-up 
duration were not clearly reported, resulting in ambi-
guities in the data extraction. Prevalence estimates from 
this study were excluded from the primary prevalence 
meta-analyses as alignment with our case definition for 
post-acute sequelae (minimum 3 months persistence) 
could not be confirmed.

Prevalence of and risk factors for residual 
neurological deficits after Nipah infection
Four independent studies published across six articles 
reported the prevalence of total residual neurological 
deficits. The pooled prevalence among total survivors of 
Nipah infection was estimated at 24% (95% CI 9–49; 
I 2 = 0%). In comparison, the prevalence among the 
subset of Nipah encephalitis survivors was higher 
(p = 0.007), at 45% (95% CI 11–85; I 2 = 64%) (Fig. 2). 
The prevalence of residual neurological deficits in a 
single study on survivors of relapsed or late-onset en-
cephalitis was similar to the latter at 61% (95% CI 
36–83). Data among encephalitis survivors displayed 
heterogeneity, while the prevalence among total Nipah 
infection survivors was relatively consistent between 
studies. Nevertheless, the underlying study populations 
of total Nipah infection survivors were highly hetero-
geneous, with the percentage of the population with 
acute encephalitis ranging from 31 to 81%. The funnel 
plot was largely symmetrical but suggests the possibility 
of small studies with low prevalence not being
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published or having different findings from larger 
studies (Supplementary Fig. S2). However, the number 
of included studies was too small to accurately assess 
publication bias.

In sensitivity analyses varying the included studies 
with overlap in study populations (for Nipah encepha-
litis survivors), results were similar overall 
(Supplementary Fig. S3). The pooled point prevalence 
of neurological deficit in Nipah encephalitis survivors 
ranged from 35% to 59%, but confidence intervals were 
wide and overlapped in all analyses. When including 
the study with an unclear follow-up period, the pooled 
prevalence was 38% (95% CI 15–68) (Supplementary 
Fig. S4).

All cases of residual neurological deficits among 
total Nipah infection survivors occurred among en-
cephalitis patients. Based on three studies, 34,36,38 survi-
vors who experienced acute Nipah encephalitis had a 
numerically higher prevalence of persistent

neurological deficit than those with non-encephalitic 
acute infection [pooled prevalence ratio 10.0 (95% CI 
0.5–183.7; I 2 = 0%)] (Supplementary Fig. S5). Study-
specific prevalence ratios ranged from 3.9 to 37.4, but 
only the study with the largest sample size found a 
significantly higher prevalence among encephalitis 
compared to non-encephalitic infection survivors. Sej-
var et al., 2007 further identified empiric therapy during 
acute infection as a statistically significant risk factor for 
residual neurological deficits among survivors. 38

Prevalence of other post-acute sequelae after 
Nipah infection
One study estimated the combined prevalence of any 
post-acute sequelae persisting more than 1 year after 
the acute infection at 24% (95% CI 9–45) of 25 Nipah 
infection survivors (including lethargy, impaired vision, 
paralysis and seizures). 37 Of 34 individually reported 
symptoms in the included studies, the majority (n = 24,

Records identified from:
Databases (n = 1350)

Records removed before screening:
Duplicate records removed 
(n = 259)

Records screened
(n = 1091)

Records excluded 
(n = 1017)

Reports sought for retrieval
(n = 74)

Reports not retrieved 
(n = 0)

Reports assessed for eligibility
(n = 74)

Reports excluded:
Wrong outcome (n = 39)
Wrong article type (n = 15)
Wrong exposure (n = 4)
Not meeting case definition (n = 4) 
Duplicate data (n = 2)
Case report (n = 2)

Studies included in review
(n = 8)

Identification of studies via databases and registers
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Fig. 1: PRISMA flowchart.

Articles

www.thelancet.com Vol 94 April, 2026 5

http://www.thelancet.com


71%) were neurological, with 18 classified as motor or 
sensory dysfunction, two as cognitive dysfunction and 
four as other neurological (Fig. 3). Motor and sensory 
dysfunction symptoms affected the limbs, face, eyes, 
hands, or whole body. The remaining symptoms were 
categorised as either psychiatric (n = 3, 9%) or sys-
temic/other (n = 7, 20%). Prevalence for eight sequelae 
(24%) was reported in more than one study, namely 
cognitive impairment, ataxia, cranial nerve palsy, 
nystagmus, monoparesis, dysarthria, focal weakness, 
and fatigue (Supplementary Table S4). The symptoms

affecting most patients were fatigue for total Nipah 
infection survivors [48% (95% CI 23–74) across two 
studies] and cognitive impairment for Nipah encepha-
litis survivors [46% (95% CI 14–82) across 2 studies]. 
However, heterogeneity in these studies was high 
(Supplementary Table S4). Other frequent neurological 
symptoms included memory/concentration impair-
ment, nystagmus, bradykinesia, seizures/epilepsy and 
myoclonus (Fig. 3, Supplementary Table S5). Three 
studies additionally reported the symptom distribution 
by patient. Of 27 patients with post-acute sequelae, 67%

First author 
(year)

Location Study/
recruitment
period

Study design Patient population Time at 
measurement 
after acute 
infection/ 
follow-up

Sample 
size a

Age a Sex a Control group

1998–1999 outbreak in Malaysia and Singapore
Goh (2000) Malaysia 1999 Prospective 

uncontrolled 
cohort study

Nipah virus encephalitis 
survivors hospitalised at 
the University of Malaya 
Medical Centre 
(consecutive 
recruitment)

Unclear (known 
follow-up until 
11 weeks)

64 Mean 35 years 82% male in 
total patient 
cohort

/

Chong (2002) Malaysia 1998–1999 Retrospective 
uncontrolled 
cohort study 

All Nipah encephalitis 
survivors treated in 
Seremban Hospital 

5 months 61 Mean 38 years (SD 14, 
range 4–75) in total 
patient cohort

88% male in 
total patient 
cohort

/

Tan (2002) Malaysia 1998–1999 Prospective 
uncontrolled 
cohort study

Nipah virus infection 
survivors followed up at 
various treatment 
centres in Malaysia

2 years 249 Mean 29 years (range 
9–55) in patient 
cohort with late-onset 
or relapsed 
encephalitis

64% male in 
patient cohort 
with late-onset 
or relapsed
encephalitis 

/

Lim (2003) Singapore 1998–1999 Prospective 
uncontrolled 
cohort study

All Nipah encephalitis 
survivors of the 
Singapore outbreak, and 
serologically confirmed 
abattoir workers with 
asymptomatic Nipah 
virus infection

1.5 years 21 Mean 43 years (range 
24–65) in encephalitis 
survivors, mean 50 
years in asymptomatic 
survivors

95% male /

Ng (2004) Singapore 1998–1999 Prospective 
uncontrolled 
cohort study 

All Nipah encephalitis 
survivors of the 
Singapore outbreak 

2 years 9 Mean 41 years
(SD 11, range 24–55)

89% male /

Siva (2009) Malaysia 2008–2009 Retrospective 
cohort/cross-
sectional 
study

Serologically confirmed 
Nipah virus infection 
survivors identified 
during the outbreak by 
the University of Malaya, 
Kuala Lumpur

10 years 39 Mean 46 years (SD 2) 79% male 31 
seronegative 
household 
members of 
Nipah infection 
survivors

Ong (2025) Malaysia 2023 Retrospective 
cohort/cross-
sectional 
study

Survivors with a clinical 
history of Nipah virus 
infection during the 
1998 outbreak from 
Kampung Sungai Nipah

25 years 25 Mean 39 years
(SD 12, range 14–64)

80% male /

Other outbreaks 
Sejvar (2007) Bangladesh 2005–2006 Retrospective 

uncontrolled 
cohort/cross-
sectional 
study

All serologically 
confirmed symptomatic 
Nipah virus infection 
survivors identified 
during outbreaks in 
2003, 2004 and 2005 in 
Bangladesh

May 2006 
(around 23 
months after 
acute infection 
on average)

22 Median 15 years 
(range 6–50)

55% male /

a Applies to Nipah survivors unless otherwise specified.

Table 1: Characteristics of included studies.
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experienced at least two symptoms, with the maximum 
number of symptoms reported for one patient being 
five, and 41% experienced symptoms in multiple 
categories.

Association of post-acute sequelae with Nipah 
virus
Only one article compared the prevalence of post-acute 
sequelae among survivors of Nipah infection with a 
healthy control group, at 10 years after the acute 
infection. 36 Residual neurological deficits, fatigue and 
daytime somnolence were more common in 39 Nipah 
survivors than the 31 household controls, but there was 
no evidence for a statistically significant difference for 
11 other symptoms (Supplementary Fig. S6).

Symptom prevalence over time and duration of 
post-acute sequelae
Persistent neurological and psychiatric symptoms were 
reported from within 6 months after acute infection 32 to 
as late as 10 years after the acute infection. 38 There were 
differences in prevalence between studies estimating 
this at different time points after acute infection 
(Fig. 4). Among total survivors of Nipah infection, the 
median prevalence for all individual neurological and 
psychiatric symptoms was lower when measured at 10 
years [3% (range 3–8%)] compared to earlier timepoints 
[5% (range 5–23%) at 1–1.5 and 14% (5–24%) at 1.5–2 
years]. Among survivors of Nipah encephalitis, the 
median prevalence was also highest at 1.5–2 years after 
acute infection [11% (range 5–75%)], and similar at 
0.25–0.5, 1–1.5 and 10 years after acute infection [4% 
(range 2–11%), 5% (range 5–18%) and 3% (3–8%), 
respectively]. Systemic/other symptoms were only re-
ported at 0.25–0.5 and 10 years after acute infection.

In Ong et al., 2025, 33% of 9 Nipah infection sur-
vivors with post-acute sequelae recovered within 1 year 
of the acute infection. 37 In other studies, there was no 
change in individual symptom prevalence between 14 
and 23 months 38 and between 18 and 24 months. 34,35 

The prevalence of fatigue among survivors of Nipah 
infection in Sejvar et al., 2007 was strongly dependent 
on time at measurement, declining from 68% at 6 
months to 14% at 2 years. 38 For those recovering within
2 years, the median duration of fatigue was 5 months 
(range 8 days to 8 months).

Incidence of late-onset or relapsing neurological 
sequelae
Three articles estimated the cumulative incidence of 
late-onset or relapsing neurological symptoms (neuro-
logical deficits or encephalitis) after the initial Nipah 
infection over follow-up periods of 1.5–2 years. In a 
meta-analysis, there was no significant difference in 
cumulative risk between overall infection and encepha-
litis survivors, with estimates of 10% (95% CI 4–20; 
I 2 = 0%) and 12% (95% CI 2–49; I 2 = 60%), respectively 
(Fig. 5). There was evidence for between-study hetero-
geneity among Nipah encephalitis survivors, with a 
potentially lower risk of late-onset or recurring enceph-
alitis than neurological deficits. In Tan et al., 2002, 54% 
of late-onset or relapsing Nipah encephalitis patients had 
encephalitis during the acute infection, 23% had symp-
tomatic non-encephalitic acute infection, and 23% had 
asymptomatic acute infection. 33 In Sejvar et al., 2007, 
100% of delayed-onset neurological abnormalities were 
among encephalitis survivors. 38 Goh et al., 2000 also re-
ported 4 cases of delayed-onset sequelae or relapse in 
initially asymptomatic or non-encephalitic survivors, 
though the denominator was not known. 15

Fig. 2: Random-effects meta-analysis for the prevalence of residual neurological deficits after infection with Nipah virus. Prevalence 
estimates are shown for total survivors of Nipah infection, survivors of Nipah encephalitis, and survivors of late-onset or relapsed Nipah 
encephalitis (one study). The latter two groups represent a subset of all survivors of Nipah infection. Among Nipah encephalitis survivors, Ng 
et al., 2004 was included over Lim et al., 2003 due to the inclusion of cognitive impairments among neurological deficits (consistent with the 
other studies). Chong et al., 2000 was included over Siva et al., 2009 due to a larger sample size. Extraction decisions are detailed in 
Supplementary Table S3.
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All cases of delayed neurological symptom onset 
with known timing occurred within one year of acute 
infection (Supplementary Fig. S7). For late-onset or 
relapsing encephalitis, 50% of 22 patients experi-
enced the first episode by 8.4 months after acute 
infection, and 14% experienced an additional second 
episode on average 7.6 months after the first. 33 For 
other symptoms, 2 of 5 cases of major depressive 
disorder had a delayed onset around 1 year after the 
acute infection. 35

Discussion
In this systematic review and meta-analysis, we identi-
fied eight studies on post-acute sequelae after Nipah 
virus infection. A total of 34 individual persistent 
symptoms were reported among Nipah survivors, 
mostly systemic (e.g., fatigue) or affecting the nervous 
system. The results indicate that most Nipah survivors 
recover without long-term neurological dysfunction. 
Nevertheless, the pooled prevalence of total residual 
neurological deficits was substantial and higher among

Fig. 3: Prevalence for all individual post-acute sequelae reported among total Nipah infection survivors and Nipah encephalitis sur-
vivors. The top 22 symptoms form part of the aggregated residual neurological deficits estimate. For symptoms reported in at least two 
independent studies, prevalence represents the weighted percentage from random-effects meta-analysis (for cognitive impairment, ataxia, 
cranial nerve palsy, nystagmus, monoparesis, dysarthria, focal weakness, and fatigue). Prevalence for symptoms reported in only one study is 
shown as extracted or represents the mean of estimates reported in two non-independent articles, with Clopper-Pearson 95% confidence 
intervals. Fatigue includes symptoms described as “fatigue/lethargy”, “disabling fatigue lasting more than 6 months” and “chronic fatigue 
syndrome”. Focal weakness includes facial and finger weakness.
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patients with encephalitis during the acute infection, at 
45% (95% CI 11–85), than among Nipah survivors 
overall, at 24% (95% CI 9–49). Total residual neuro-
logical deficits, fatigue and daytime somnolence were 
the only sequelae found to have significantly higher 
prevalence in Nipah survivors compared to household 
controls, but we only identified one study with a control 
group. Further, the results highlight the possibility of 
late-onset and relapsing symptoms after Nipah infec-
tion, with around 10% of survivors estimated to develop 
new neurological symptoms after recovery from acute 
infection.

Of note, seven of the eight included articles focused 
on the Malaysia/Singapore outbreak, highlighting a 
lack of published research on sequelae for the Nipah 
virus-Bangladesh strain that causes current and, likely, 
future outbreaks. Our estimates may therefore not be 
generalisable to this strain and the South Asian setting, 
with known differences in acute clinical presentation

and case fatality ratio compared to cases in Malaysia 
and Singapore.

Central nervous system infection is the hallmark 
complication of acute Nipah virus infection and asso-
ciated with high mortality. 6 Neurological sequelae may 
result from permanent neuronal damage induced by 
viral infection of the brain or from immune-mediated 
injury. 34,35 Cognitive impairment and motor and sen-
sory dysfunction mimic the sequelae seen after other 
causes of viral encephalitis, 39 with particularly severe 
neurological deficits known to occur in Japanese en-
cephalitis survivors. 40 The observed neurological deficits 
after Nipah virus infection include many different 
outcomes of varying severity, from potentially milder 
symptoms like numbness to being in a vegetative state. 
The associated functional impairment was generally 
described as mild, though most patients had some de-
gree of disability (see summary in Supplementary 
Table S6). The proportion of Nipah encephalitis

Fig. 4: Boxplot of persistent neurological and psychiatric symptom prevalence over time. The boxplot shows the median, 25th and 75th 
percentile of prevalence datapoints, with whiskers representing the smallest and largest values up to 1.5 times the interquartile range from 

the respective quartile. Points show the individual symptom prevalence datapoints. The plot includes estimates from overlapping study 
populations if they were measured in different time categories.

Fig. 5: Random-effects meta-analysis for the cumulative risk of late-onset or relapsing neurological sequelae after infection with Nipah 
virus. Estimates are shown for two subgroups: total survivors of Nipah infection and survivors of Nipah encephalitis (a subset of all survivors 
of Nipah infection).
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survivors with neurological deficits requiring caregiver 
assistance within 5 months of the acute infection was 
15% and 50%, 15,32 and remained at 15% 10 years after 
the acute infection. 36 This suggests that Nipah virus 
outbreaks may not just incur a high case-fatality rate, 
but also long-term disability in a subset of patients. 
Incorporating this in mathematical modelling studies is 
essential for public health risk assessment and health 
economic analyses of potential interventions, though 
estimating the associated health loss is challenging. 
The disability weight for mild motor plus cognitive 
impairments (0.054) in the Global Burden of Disease 
study may reflect some of the less severe outcomes 
observed in survivors. 41

A further notable sequela reported in three studies 
was the high prevalence of fatigue (up to 48% in meta-
analyses) both in Malaysian and Bangladeshi survivors. 
Fatigue was generally characterised as severe and 
disabling, and found to be significantly more frequent 
among Nipah infection survivors than population-based 
controls 10 years after the acute infection. 36 Severe fa-
tigue is recognised as a common post-infectious 
sequela after viral and other infections such as SARS-
CoV-2 and dengue, which may originate from im-
mune dysregulation triggered by the acute infection. 1,3 

Sejvar et al., 2007 noted that all patients with fatigue 
were unable to resume daily activities for months, 
highlighting its significant impact on livelihoods and 
quality of life. However, fatigue appears to resolve 
within 8 months of infection in the majority of affected 
patients, persisting long-term only in a smaller subset 
of survivors. 38 In contrast, significant neurological def-
icits were still detected in a similar proportion of Nipah 
infection survivors at 10 years after acute infection as at 
earlier timepoints.

Acute disease severity is a known risk factor for the 
development of post-acute sequelae after SARS-CoV-2 
infection. 42 While direct evidence on an association 
was limited by small sample sizes, the combined find-
ings suggest that survivors of acute Nipah encephalitis 
may also be at higher risk of persistent neurological 
deficits than those with milder acute infection. In the 
included studies, no significant persistent neurological 
deficits were detected among a total of 41 asymptomatic 
or non-encephalitic febrile survivors. Nevertheless, 
similar brain lesions seen in asymptomatic and en-
cephalitis survivors could indicate the potential for 
subclinical brain infection by the Nipah virus even in 
the absence of encephalitis. 34 Findings from one study 
also point to the possibility that empiric treatment 
during the acute infection, rather than the infection 
itself, may contribute to the development of persistent 
neurological deficits. 38 However, this included highly 
variable therapies (the antiviral acyclovir, antibiotics 
and corticosteroids). Based on two articles, more than 
half of Malaysian patients received the antiviral riba-
virin during hospitalisation, but the relationship to

persistent neurological deficits was not investigated. 15,32 

The Singaporean studies did not describe treatment 
during the acute infection. We identified no other in-
formation on risk factors for developing post-acute 
sequelae among survivors.

Our findings confirm the potential for late-onset or 
relapsing neurological sequelae as a characteristic 
feature of Nipah virus infection. Most of these episodes 
appear to develop within a year of acute infection 
(though follow-up in the included studies was limited to 
2 years), and they may also occur after mild or asymp-
tomatic acute infections. A few case reports of potential 
late-onset encephalitis with much longer delays (up to 
11 years after the outbreak) have also been pub-
lished. 43,44 Similar delayed-onset neurological illness has 
been observed years after the initial infection with other 
paramyxoviruses like Hendra virus and measles. 45,46 

Subacute sclerosing panencephalitis is a rare compli-
cation due to persistent brain infection with the mea-
sles virus, 46 but there is no direct evidence for Nipah 
virus persistence in the human central nervous system 
to date. 33,47

Important knowledge gaps remain about post-acute 
sequelae after Nipah virus infection. Firstly, all but one 
of the included studies related to the Malaysian strain of 
Nipah virus. We could not identify any published data 
on patients in India or recent cases in Bangladesh (the 
included study covered survivors infected in 2003– 
2005). The prevalence of residual neurological deficits 
in the study set in Bangladesh was not noticeably 
different from other estimates, 38 but the clinical pre-
sentation during acute infection and the case fatality 
ratio is known to differ by country. The available evi-
dence was insufficient to gain strain-specific insights, 
and so it is not possible to conclude whether post-acute 
sequelae in Bangladesh and India include respiratory 
manifestations or otherwise differ from those seen after 
the Malaysia outbreak. Further, data were not sufficient 
to estimate the average duration of sequelae, and re-
covery trajectories remain incompletely characterised. 
There were also significant methodological limitations 
in the included studies, as all but one were uncon-
trolled. The controlled study used household controls, 
which may not provide a representative estimate of 
sequelae prevalence in the general population. 
Outcome assessment methods were also heterogeneous 
across studies and often subjective, resulting in signif-
icant potential for bias in our estimates. However, 
improving the accuracy and precision of estimates 
through further research is challenging due to the small 
numbers of known Nipah virus cases: as of May 2024, 
there were an estimated 754 reported symptomatic 
cases, of which 319 survivors, globally. 48 Almost all of 
these survivors have been identified in Malaysia (174) 
and Bangladesh (99). In comparison, our prevalence 
estimate for encephalitis survivors included 87 in-
dividuals (of which 61 from Malaysia).
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Our study had several additional limitations. Firstly, 
our pooled prevalence estimates of residual neurolog-
ical deficits were highly uncertain due to the modest 
number of included studies, mostly with small sample 
sizes, as well as heterogeneity between studies. Esti-
mates should be interpreted with caution because of 
variations in case definitions across studies. Siva et al., 
2009 and Sejvar et al., 2007 specifically focused on 
“significant” and “moderate-to-severe” cases, while Lim 
et al., 2003 did not assess for cognitive impairment in 
their estimate. Some extracted numbers may also be 
inaccurate or misinterpreted due to unclear reporting 
(see Supplementary Table S3). Additionally, our esti-
mate in total Nipah infection survivors is likely less 
reliable than that in Nipah encephalitis survivors, as it 
is not clear how representative the included participants 
were. This depends, among other factors, on the setting-
specific extent of surveillance for mild and asymptom-
atic infections, treatment standards and healthcare access. 
While Lim et al., 2003 included almost all Nipah survivors 
identified in mass serological screening in the Singapore 
outbreak, sampling in the other two studies was not 
clearly described. The percentage of total Nipah infection 
survivors with acute encephalitis varied widely from 31% 
to 81% in the three studies, indicating highly heteroge-
neous populations. 34,36,38 Secondly, exclusion of grey liter-
ature and non-English-language articles could have 
introduced publication and language bias in our review. 
Thirdly, the type of identified post-acute sequelae may be 
affected by reporting bias, as most studies were conducted 
by neurologists and focused on neurological outcomes. 
Lastly, our study-specific definition of post-acute sequelae, 
with a minimum 3-month persistence, means that some 
data may have been excluded because follow-up time was 
not clearly reported or slightly too short.

Despite these limitations, this systematic review and 
meta-analysis provides the first comprehensive assess-
ment of post-acute sequelae after Nipah virus infection. 
We found that a substantial proportion of survivors 
experience long-term neurological deficits and fatigue, 
particularly after Nipah encephalitis. The existing evi-
dence base further suggests that patients recovering 
from Nipah virus infection should be monitored for the 
development of late-onset or relapsing neurological 
symptoms for at least a year, irrespective of their initial 
presentation. Our estimates and their associated uncer-
tainty should be considered for inclusion in modelling 
projections of public health risk. However, they need to 
be interpreted within the context of methodological 
concerns around subjective, non-standardised outcome 
assessment, potentially non-representative populations 
of total Nipah infection survivors, and unknown gen-
eralisability to Nipah virus outbreaks in South Asia.

Contributors
NS conceptualised the study. TZ and QW conducted the search and 
study selection. TZ and NS extracted data and conducted the risk of bias

assessment. TZ and NS accessed and verified the underlying data. NS 
analysed the data and wrote the first draft of the manuscript. All authors 
were responsible for the methodology, data interpretation, review, and 
editing of the manuscript, and approved the final version of the 
manuscript. All authors had full access to all the data in the study and 
had final responsibility for the decision to submit for publication.

Data sharing statement
Most extracted data from the included studies can be found in the 
manuscript and supplement; any additional data are available upon 
request to the corresponding author.

Declaration of interests
NS declares a Gavi malaria research grant paid to their institution. All 
other authors declare no competing interests.

Acknowledgements
No funding was received for this specific work. NS was supported by 
funding from the MRC Centre for Global Infectious Disease Analysis 
(reference MR/X020258/1), funded by the UK Medical Research 
Council (MRC). This UK funded award is cars Global Health EDCTP3 
Joint Undertaking. NS was also supported by funding from Wellcome 
Trust (220900/Z/20/Z). These funders had no role in study design, data 
collection, data analysis, data interpretation, or writing of the report.

Appendix A. Supplementary data
Supplementary data related to this article can be found at https://doi. 
org/10.1016/j.eclinm.2026.103878.

References
1 Miller CM, Moen JK, Iwasaki A. The lingering shadow of 

epidemics: post-acute sequelae across history. Trends Immunol. 
2025;47(1):9–18.

2 Rahmati M, Udeh R, Kang J, et al. Long-term sequelae of COVID-
19: a systematic review and meta-analysis of symptoms 3 years 
Post-SARS-CoV-2 infection. J Med Virol. 2025;97(6):e70429.

3 Choutka J, Jansari V, Hornig M, Iwasaki A. Unexplained post-
acute infection syndromes. Nat Med. 2022;28(5):911–923.

4 World Health Organization. Pathogens prioritization: a scientific 
framework for epidemic and pandemic research preparedness. 
Geneva: World Health Organization; 2024.

5 Chua KB. Nipah virus outbreak in Malaysia. J Clin Virol. 
2003;26(3):265–275.

6 Aditi, Shariff M. Nipah virus infection: a review. Epidemiol Infect. 
2019;147:e95.

7 Devnath P, Wajed S, Chandra Das R, Kar S, Islam I, Masud H. The 
pathogenesis of Nipah virus: a review. Microb Pathog. 2022;170: 
105693.

8 Branda F, Ceccarelli G, Giovanetti M, et al. Nipah virus: a zoonotic 
threat re-emerging in the wake of global public health challenges. 
Microorganisms. 2025;13(1).

9 Moore KA, Mehr AJ, Ostrowsky JT, et al. Measures to prevent and 
treat Nipah virus disease: research priorities for 2024-29. Lancet 
Infect Dis. 2024;24(11):e707–e717. 

10 Parashar UD, Sunn LM, Ong F, et al. Case-control study of risk 
factors for human infection with a new zoonotic paramyxovirus, 
Nipah virus, during a 1998-1999 outbreak of severe encephalitis 
in Malaysia. J Infect Dis. 2000;181(5):1755–1759. 

11 Kumar CPG, Sugunan AP, Yadav P, et al. Infections among 
contacts of patients with Nipah virus, India. Emerg Infect Dis. 
2019;25(5):1007–1010. 

12 Hossain MJ, Gurley ES, Montgomery JM, et al. Clinical 
presentation of nipah virus infection in Bangladesh. Clin Infect
Dis. 2008;46(7):977–984.

13 Sun Y-Q, Zhang Y-Y, Liu M-C, et al. Mapping the distribution of 
Nipah virus infections: a geospatial modelling analysis. Lancet 
Planet Health. 2024;8(7):e463–e475.

14 Kenmoe S, Demanou M, Bigna JJ, et al. Case fatality rate and risk 
factors for Nipah virus encephalitis: a systematic review and meta-
analysis. J Clin Virol. 2019;117:19–26.

15 Goh KJ, Tan CT, Chew NK, et al. Clinical features of Nipah virus 
encephalitis among pig farmers in Malaysia. N Engl J Med. 
2000;342(17):1229–1235.

Articles

www.thelancet.com Vol 94 April, 2026 11

https://doi.org/10.1016/j.eclinm.2026.103878
https://doi.org/10.1016/j.eclinm.2026.103878
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref1
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref1
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref1
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref2
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref2
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref2
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref3
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref3
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref4
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref4
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref4
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref5
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref5
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref6
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref6
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref7
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref7
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref7
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref8
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref8
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref8
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref9
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref9
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref9
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref10
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref10
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref10
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref10
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref11
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref11
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref11
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref12
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref12
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref12
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref13
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref13
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref13
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref14
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref14
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref14
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref15
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref15
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref15
http://www.thelancet.com


16 Doohan P, Jorgensen D, Naidoo TM, et al. Lassa fever outbreaks, 
mathematical models, and disease parameters: a systematic 
review and meta-analysis. Lancet Glob Health. 
2024;12(12):e1962–e1972. 

17 Cuomo-Dannenburg G, McCain K, McCabe R, et al. Marburg virus 
disease outbreaks, mathematical models, and disease parameters: 
a systematic review. Lancet Infect Dis. 2024;24(5):e307–e317. 

18 Nash RK, Bhatia S, Morgenstern C, et al. Ebola virus disease 
mathematical models and epidemiological parameters: a 
systematic review. Lancet Infect Dis. 2024;24(12):e762–e773. 

19 Morgenstern C, Rawson T, Routledge I, et al. Severe acute 
respiratory syndrome (SARS) mathematical models and disease 
parameters: a systematic review. Lancet Microbe. 2025;6(9):101144. 

20 Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 
statement: an updated guideline for reporting systematic reviews. 
BMJ. 2021;372:n71. 

21 Covidence. Systematic review software; 2025. www.covidence.org. 
Accessed May 23, 2025. 

22 Munn Z, Moola S, Lisy K, Riitano D, Tufanaru C. Methodological 
guidance for systematic reviews of observational epidemiological 
studies reporting prevalence and cumulative incidence data. Int J 
Evid Based Healthc. 2015;13(3):147–153. 

23 Moola S, Munn Z, Tufanaru C, et al. Systematic reviews of etiology 
and risk. In: Aromataris E, Lockwood C, Porritt K, Pilla B, 
Jordan Z, eds. JBI Manual for Evidence Synthesis. 2024. 

24 R Core Team. R: a language and environment for statistical 
computing; 2025. https://www.R-project.org/. 

25 Balduzzi S, Rücker G, Schwarzer G. How to perform a meta-analysis 
with R: a practical tutorial. BMJ Mental Health. 2019;22(4):153–160. 

26 Warton DI, Hui FK. The arcsine is asinine: the analysis of 
proportions in ecology. Ecology. 2011;92(1):3–10. 

27 Schwarzer G, Chemaitelly H, Abu-Raddad LJ, Rücker G. Seriously 
misleading results using inverse of freeman-tukey double arcsine 
transformation in meta-analysis of single proportions. Res Synth 
Methods. 2019;10(3):476–483. 

28 Schulz A, Schürmann C, Skipka G, Bender R. Performing meta-
analyses with very few studies. In: Evangelou E, Veroniki AA, 
eds. Meta-research: Methods and protocols. 2022:91–102. 

29 Veroniki AA, Jackson D, Bender R, et al. Methods to calculate 
uncertainty in the estimated overall effect size from a random-
effects meta-analysis. Res Synth Methods. 2019;10(1):23–43. 

30 Ching PK, de los Reyes VC, Sucaldito MN, et al. Outbreak of 
henipavirus infection, Philippines, 2014. Emerg Infect Dis. 
2015;21(2):328–331. 

31 As AK, Sahay RR, Radhakrishnan C, et al. Clinico-epidemiological 
presentations and management of Nipah virus infection during 
the outbreak in Kozhikode district, Kerala state, India 2023. 
J Med Virol. 2024;96(3):e29559.

32 Chong HT, Kunjapan SR, Thayaparan T, et al. Nipah encephalitis 
outbreak in Malaysia, clinical features in patients from Seremban. 
Can J Neurol Sci. 2002;29(1):83–87. 

33 Tan CT, Goh KJ, Wong KT, et al. Relapsed and late-onset Nipah 
encephalitis. Ann Neurol. 2002;51(6):703–708. 

34 Lim CC, Lee WL, Leo YS, et al. Late clinical and magnetic 
resonance imaging follow up of Nipah virus infection. J Neurol 
Neurosurg Psychiatry. 2003;74(1):131–133. 

35 Ng BY, Lim CC, Yeoh A, Lee WL. Neuropsychiatric sequelae of 
Nipah virus encephalitis. J Neuropsychiatry Clin Neurosci. 
2004;16(4):500–504. 

36 Siva S, Chong H, Tan C. Ten year clinical and serological outcomes 
of Nipah virus infection. Neurol Asia. 2009;14(1). 

37 Ong HM, Ibrahim PAS, Chong CN, et al. Malaysia outbreak 
survivors retain detectable Nipah antibodies and memory B cells 
after 25 years. J Infect. 2025;90(2):106398. 

38 Sejvar JJ, Hossain J, Saha SK, et al. Long-term neurological and 
functional outcome in Nipah virus infection. Ann Neurol. 
2007;62(3):235–242. 

39 Mailles A, De Broucker T, Costanzo P, Martinez-Almoyna L, 
Vaillant V, Stahl JP. Long-term outcome of patients presenting 
with acute infectious encephalitis of various causes in France. 
Clin Infect Dis. 2012;54(10):1455–1464. 

40 Cheng Y, Tran Minh N, Tran Minh Q, Khandelwal S, 
Clapham HE. Estimates of Japanese encephalitis mortality and 
morbidity: a systematic review and modeling analysis. PLoS Negl 
Trop Dis. 2022;16(5):e0010361. 

41 Salomon JA, Vos T, Hogan DR, et al. Common values in assessing 
health outcomes from disease and injury: disability weights 
measurement study for the Global Burden of Disease Study 
2010. Lancet. 2012;380(9859):2129–2143. 

42 Cai M, Xie Y, Topol EJ, Al-Aly Z. Three-year outcomes of post-
acute sequelae of COVID-19. Nat Med. 2024;30(6):1564–1573. 

43 Chong HT, Tan CT. Relapsed and late-onset Nipah encephalitis, a 
report of three cases. Neurol J Southeast Asia. 2003;8(2):109–112. 

44 Abdullah S, Chang L-Y, Rahmat K, Goh KJ, Tan CT. Late-onset 
Nipah virus encephalitis 11 years after the initial outbreak: a case 
report. Neurol Asia. 2012;17(1). 

45 Wong KT, Robertson T, Ong BB, et al. Human hendra virus 
infection causes acute and relapsing encephalitis. Neuropathol 
Appl Neurobiol. 2009;35(3):296–305. 

46 Garg RK. Subacute sclerosing panencephalitis. J Neurol. 
2008;255(12):1861–1871. 

47 Liu J, Coffin KM, Johnston SC, et al. Nipah virus persists in the 
brains of nonhuman primate survivors. JCI Insight. 2019;4(14). 

48 Khan S, Akbar SMF, Mahtab MA, et al. Twenty-five years of Nipah 
outbreaks in Southeast Asia: a persistent threat to global health. 
IJID Reg. 2024;13:100434.

Articles

12 www.thelancet.com Vol 94 April, 2026

http://refhub.elsevier.com/S2589-5370(26)00125-2/sref16
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref16
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref16
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref16
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref17
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref17
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref17
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref18
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref18
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref18
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref19
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref19
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref19
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref20
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref20
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref20
http://www.covidence.org
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref22
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref22
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref22
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref22
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref23
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref23
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref23
https://www.R%2Dproject.org/
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref25
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref25
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref26
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref26
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref27
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref27
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref27
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref27
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref28
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref28
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref28
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref29
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref29
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref29
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref30
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref30
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref30
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref31
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref31
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref31
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref31
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref32
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref32
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref32
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref33
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref33
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref34
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref34
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref34
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref35
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref35
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref35
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref36
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref36
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref37
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref37
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref37
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref38
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref38
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref38
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref39
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref39
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref39
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref39
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref40
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref40
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref40
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref40
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref41
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref41
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref41
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref41
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref42
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref42
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref43
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref43
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref44
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref44
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref44
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref45
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref45
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref45
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref46
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref46
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref47
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref47
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref48
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref48
http://refhub.elsevier.com/S2589-5370(26)00125-2/sref48
http://www.thelancet.com

	Post-acute sequelae after Nipah virus infection: a systematic review and meta-analysis
	Introduction
	Methods
	Study design and ethics
	Search strategy and selection criteria
	Data extraction
	Statistical analysis
	Role of the funding source

	Results
	Description of studies
	Prevalence of and risk factors for residual neurological deficits after Nipah infection
	Prevalence of other post-acute sequelae after Nipah infection
	Association of post-acute sequelae with Nipah virus
	Symptom prevalence over time and duration of post-acute sequelae
	Incidence of late-onset or relapsing neurological sequelae

	Discussion
	Contributors
	Data sharing statement
	Declaration of interests
	Acknowledgements
	Appendix A. Supplementary data
	References


