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ABSTRACT

Objectives: South Asia remains home to foodborne diseases caused by the Vibrio species. We aimed to
compile and update information on the epidemiology of vibriosis in South Asia.

Methods: For this systematic review and meta-analysis, we searched PubMed, Web of Science, EMBASE,
and Google Scholar for studies related to vibriosis in South Asia published up to May 2023. A random-
effects meta-analysis was used to estimate the pooled isolation rate of non-cholera-causing Vibrio species.
Results: In total, 38 studies were included. Seven of these were case reports and 22 were included in
the meta-analysis. The reported vibriosis cases were caused by non-O1/non-0139 V. cholerae, V. para-
haemolyticus, V. fluvialis, and V. vulnificus. The overall pooled isolation rate was 4.0% (95% confidence in-
terval [CI] 3.0-5.0%) in patients with diarrhea. Heterogeneity was high (12 = 98.0%). The isolation rate of
non-01/non-0139 V. cholerae, V. parahaemolyticus, and V. fluvialis were 9.0 (95% CI 7.0-10.0%), 1.0 (95%
CI 1.0-2.0%), and 2.0 (95% CI: 1.0-3.0%), respectively. Regarding V. parahaemolyticus, 03:K6 was the most
frequently isolated serotype. Cases peaked during summer. Several studies reported antibiotic-resistant
strains and those harboring extended-spectrum beta-lactamases genes.

Conclusions: This study demonstrates a high burden of infections caused by non-cholera-causing Vibrio

species in South Asia.

© 2024 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious

Diseases.

This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)

Introduction

Despite efforts to control vibriosis, reported cases are on the
rise [1,2]. Vibriosis is a bacterial ailment caused by pathogenic
strains of non-cholera Vibrio species [2,3]. The species most known
to cause vibriosis include non-O1/non-0139 V. cholerae, V. vulnifi-
cus, V. parahaemolyticus, V. fluvialis, V. mimicus, and V. alginolyticus
[3,4]. Of these, V. vulnificus and V. parahaemolyticus are the most
common Vibrio species that are known to cause seafood-related
food poisoning [5]. Research has demonstrated that the majority of
vibriosis cases are associated with tropical or subtropical locations
[6] and have spread worldwide. These bacteria have been associ-
ated with sporadic foodborne illnesses worldwide, including areas
where they have not previously been reported [1,7]. The ailment is
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a serious public health threat in several countries, such as in Euro-
pean [8] and Asian countries [9], and in the United States [10]. For
instance, in the United States, the incidence of vibriosis increased
from 1996 to 2010 (0.09-0.28 per 100 000 habitants) [10]. Non-
cholera Vibrio species cause about 80,000 illnesses each year in the
United States, of which in approximately 52,000 cases, contami-
nated food is hypothesized to be the cause of the illness [7,11]. In
the United States, vibriosis related to seafood is estimated to cost
upwards of $350 million [12].

Depending on the etiologic agents, the most typical symptoms
of vibriosis generally include symptoms of gastroenteritis (e.g., di-
arrhea), wound infections, and septicemia in severe cases [2,6,13-
15]. Specifically, non-01/non-0139 V. cholerae, V. parahaemolyticus,
V. fluvialis, and V. mimicus often cause gastroenteritis, whereas V.
vulnificus causes wound infections or even septicemia [2,16].

South Asian countries, such as India, are considered hotspots
for Vibrio species transmission and an attractive destination for
tourism. To date, there have been no systematic review on vibrio-
sis in South Asia. Therefore, we conducted a systematic review to
provide updates of vibriosis in South Asia and understand its cur-
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rent epidemiology because it is vital for surveillance efforts and in
guiding preventive measures.

Material and methods
Study design

We conducted a systematic review and meta-analysis in accor-
dance with the Preferred Reporting Items for a Systematic review
and Meta-analysis (PRISMA) guidelines [17]. This systematic review
is registered with PROSPERO: number CRD42023432160.

Definitions

We defined non-cholera Vibrio strains as Vibrio strains that ex-
clude V. cholerae O1 and 0139 strains. In addition, we defined “iso-
lation rate” of non-cholera Vibrio strains as the number of partici-
pants testing positive for non-cholerae Vibrio strains divided by the
total number of participants.

South Asian countries include Afghanistan, Bangladesh, Bhutan,
India, the Maldives, Nepal, Pakistan, and Sri Lanka [18].

Search strategy and data sources

For this systematic review, we performed searches (up to May
2023) for relevant studies in four electronic databases (PubMed,
EMBASE, Web of Science, and Google Scholar). The search terms
are listed in Box 1. Language restrictions were not applied. Our
search was supplemented by manually searching the reference lists
of selected studies to identify additional relevant studies. The re-
trieved studies were exported to ENDNOTE software X9 (Clarivate,
Philadelphia, PA, USA), and duplicates were removed.

Study selection

Population, exposure, comparison, outcomes, and study de-
sign were used to determine study eligibility. Cohort, case-control,
cross-sectional, or case reports published in peer-reviewed journals
were eligible for inclusion. Two authors (MBA and KK) reviewed
all titles and abstracts retrieved from the search. Subsequently, the
two authors reviewed the full texts of relevant articles based on

Box 1
Keywords and search terms used to identify studies on vibriosis in South Asia.
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the inclusion and exclusion criteria (Box 2). The full texts of all
potentially relevant articles were shortlisted and reviewed, and a
second screening was conducted. We used a blind review process,
which ensured that each reviewer was unaware of the other’s se-
lections. The reasons for exclusion were recorded, and disagree-
ments were resolved through discussion and review of the full text.
Whenever a consensus was not reached, a third reviewer (JK) was
consulted.

Extraction of data and methodological assessment

The data from all included studies were extracted by BAM
and KK and entered into a structured data extraction sheet us-
ing Microsoft Excel 2019 (Version 2204, Microsoft Corp., Albu-
querque, NM, USA). The extracted data included study character-
istics, laboratory methods of Vibrio species confirmation, expo-
sure source, information regarding antibiotic resistance, evidence
of co-pathogens, number of participants testing positive for non-
cholerae Vibrio species and the total number of participants that
were tested, and serotypes (where applicable).

Two reviewers (BAM and KK) independently assessed the
methodological quality of each included study using a modified
Joanna Briggs Institute prevalence critical appraisal tool [19] (for
cross-sectional studies), and a tool designed to evaluate the
methodological quality of case reports and case series [20] (for
case reports). Disagreements were addressed through consensus.

Data analysis and synthesis

Considering the potential sources of heterogeneity, random-
effects models were used in the meta-analyses. When there were
little data to conduct meta-analyses, the results were synthesized
narratively. The case series results are presented descriptively. Het-
erogeneity was assessed using the I2 statistics [21,22]. 12 values
greater than 50% were considered to indicate substantial hetero-
geneity [22]. We used a funnel plot to determine whether there
was a potential publication bias and Egger linear regression test to
determine whether there was evidence of small-study effects [23].
All statistical analyses were conducted using Stata software (ver-
sion 18, StataCorp LP, College Station, TX, USA) using the metaprop
command [24].

For vibriosis, we used the following keywords: “Vibriosis” [MeSH Terms] OR “Vibrioses” [MeSH Terms].

We combined these keywords with the names of the eight South Asian countries: (“Vibriosis or vibrioses” and “South Asia” and (“Afghanistan” and “Bangladesh”
and “Bhutan” and “India” and “Maldives” and “Nepal” and “Pakistan” and “Sri Lanka”)).

We further narrowed searches by including the following names for most common non-cholera Vibrio species that can cause illness in humans: (“Vibriosis” [MeSH]
OR “Vibrioses” [MeSH] OR “Vibrio parahaemolyticus” [MeSH]) OR “Vibrio vulnificus” [MeSH]) OR “Vibrio mimicus” [MeSH]) OR “Vibrio fluvialis” [MeSH]) OR
“non-01/non-0139 Vibrio cholerae” [MeSH]| OR “nonagglutinating vibrios” [MeSH] AND (“South Asia” [MeSH] OR “Afghanistan” [MeSH]| OR “Bangladesh” [MeSH] OR
“Bhutan” [MeSH] OR “India” [MeSH] OR “Maldives” [MeSH] OR “Nepal” [MeSH] OR “Pakistan” [MeSH] OR “Sri Lanka” [MeSH]). Limit: Humans

Box 2
Inclusion and exclusion criteria used to identify studies on vibriosis in South Asia.

Inclusion criteria:

B Population: individuals infected with non-cholera Vibrio spp. and residing in South Asia;
B Exposure: detection of non-cholera Vibrio spp. in blood, tissue, or stool using culture or polymerase chain Ireaction (PCR), or both culture and PCR;

B Comparison: the study was conducted without a mandatory comparison group;

B Outcomes: the study provides information on the number of participants who tested positive for non-cholera Vibrio spp. or on the non-cholera Vibrio spp.

serotype.
Exclusion criteria:

B Studies not performed in South Asia;
B Studies including only cholera patients;

B Non-clinical studies (studies consisting only of water samples, fish, and shellfish, to name a few);
B Studies that were only available as abstracts, reviews, commentaries, and editorials.
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Figure 1. Study selection process.
Results eligibility criteria. The included studies were published between

Search results

Our search of electronic databases and manual searches yielded
a total of 1576 citations (Figure 1). After scanning the citations for
duplicates, 438 studies were removed. Then, the remaining 1138
studies were screened based on the titles and abstracts. We addi-
tionally removed 1087 studies because we deemed that they were
not relevant based on the titles and abstracts, leaving 51 articles
for full article review. After scrutinizing the full texts of the 51 re-
maining studies, we removed 13 studies for reasons listed in Sup-
plementary Table S1. Thus, 38 studies with 2609 vibriosis cases
from four South Asian countries met the inclusion criteria and
were used in this systematic review. Of these, 22 were used in the
meta-analysis.

Study characteristics

The characteristics of the included studies are summarized in
Tables 1 and 2. Supplementary Tables 2 and 3 provide further de-
tails regarding the included studies. Regarding study design, there
were 31 cross-sectional studies [25-55] (Table 1); however, one
study used data from a randomized controlled trial [44] and four
studies were outbreak or epidemic investigations [25,31,46,48]. In
addition, seven studies were case reports [56-62] (Table 2). Of the
included studies, 27 were conducted in India, three in Bangladesh,
and one in Pakistan (Figure 2). Furthermore, case reports were
from two countries: six from India and one from Sri Lanka. No
study from Afghanistan, Bhutan, the Maldives, and Nepal met the

1989 and 2023. Most case reports (6 of 7, 85.7%) were published
between 2011 and 2023.

In cross-sectional studies, the sample sizes ranged from 11 to
29,196. In five studies (5 of 31, 16.1%), only the number of patients
with vibriosis were reported [26,29,32,51,53].

Regarding participants’ ages in cross-sectional studies, most
studies (18 of 31, 58.0%) evaluated mixed groups of adults and chil-
dren (without separating the data). However, in two studies (2 of
31, 6.5%), only children were included, whereas eleven (11 of 31,
35.5%) did not disclose the age of the study participants. Particu-
larly, in India, young children were reported to be the age group
most affected by V. cholerae non-01/0139 serogroups [34].

For vibriosis case reports, all patients (n = 8) were from In-
dia, of whom six were adults, whereas two were children. Of the
patients from case reports with reported residential areas (7 of 8,
87.5.0%), all were from the coastal or fisherfolk community [56-
60]. In terms of setting (in cross-sectional studies), the majority
(23 of 31, 74.2.0%) of the studies were conducted in areas close to
coastal regions [25-33,36-41,43,44,46-50,54,55].

As for peak season, vibriosis cases were more prevalent during
summer than other seasons [40,52,54,56]. Some vibriosis outbreaks
particularly arose after natural disasters. For instance, in India, V.
fluvialis epidemic [25], and vibriosis cases caused by non-01/0139
V. cholerae were reported after a cyclone [46].

The most reported non-cholera Vibrio species causing illnesses
in South Asia are V. fluvialis, V. parahaemolyticus, non-01/non-0139
V. cholerae (Table 1), and V. vulnificus (Table 2). Most patients
from case reports had underlying medical conditions, such as di-
abetes [56,57], liver disease [56,62], and malnutrition [58,60]. The
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Characteristics of reviewed studies (n

= 31).
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Author (year) [Reference] Years of data Study design Species Age of patients  Other pathogens Prevalence or number of
collection cases
India
Bhattacharjee et al. [25] 2009 Cross-sectional V. fluvialis All ages E. coli; V. cholerae O1 5/100 (0.05%)
Chakraborty et al. [26] 1998 to 2000 Cross-sectional V. fluvialis Children Mixed infection with 11 cases
V. cholerae or V.
parahaemolyticus
Chandrasekhar et al. [27] 2000 to 2004 Cross-sectional Non-0O1/non-0139 All ages Mixed infection with 66/256 (26%)
V. cholerae V. cholerae 01 (11/66;
16.7%)
Chatterjee et al. [28] 2003 Cross-sectional Non-O1/non-0139  All ages Mixed infection with 54/197 (27.4%) of V.
V. cholerae V. cholerae O1 and cholerae
0139 (137/197; 69.5%)
Chowdhury et al. [29] 2009 Cross-sectional V. fluvialis NR NR 12 cases
Chowdhury et al. [30] 2002 to 2009 Cross-sectional V. fluvialis All ages 88/131 (67.2%) were 131/11909 (1.1%)
mixed infection (with
V. cholerae; V.
parahaemolyticus; E.
coli; Shigella spp.;
parasites; or enteric
viruses). 269 strains
were V. cholerae
strains.
Chowdhury et al. [31] 2011 Cross-sectional V. parahaemolyticus  All ages NR 3/44 (6.8%)
Chowdhury et al. [32] 2009 to 2013 Cross-sectional V. fluvialis NR 14/27 (52.0%) were 115 cases
mixed infections (with
Shigella spp.;
diarrheagenic E. coli;
Salmonella spp.;
rotavirus; Giardia
lamblia; and
Campylobacter spp.)
Chowdhury et al. [33] 2014 to 2015 Cross-sectional V. fluvialis All ages Mixed infection in 46%  48/2308 (2.0%)
(13/28)
Cruz et al. [34] 1992 to 2014 Cross-sectional Non-01/non-0139 All ages NR 114/1401 (8.1%)
V. cholerae
Das and Gupta [35] 1992 to 2000 Cross-sectional Non-O1/non-0139 All ages NR 696/29196 (2.4%)
V. cholerae
Dua et al. [36] 2013 Cross-sectional Non-O1/non-0139 NR NR 78/147 (53.0%)
V. cholerae
Dutta et al. [37] 2002 to 2010 Cross-sectional Non-O1/non-0139  All ages Mixed infection in 281/12719 (2.2%)
V. cholerae 0.8% (106/12719)
Garg et al. [38] 1992 to 1997 Cross-sectional Non-O1/non-0139 All ages NR 200/840 (23.8) of V.
V. cholerae cholerae strains.
Guin et al. [39] 2008 to 2011 Cross-sectional V. parahaemolyticus NR NR 29/2603 (1.1%)
Kanungo et al. [40] 2007 to 2010 Cross-sectional V. parahaemolyticus  All ages V. cholerae 137/18087 (0.8%)
Matsumoto et al. [41] 1994 to 1996 Cross-sectional V. parahaemolyticus NR NR NR
Mohanty et al. [42] 1998 to 2002 Cross-sectional Non-0O1/non-0139 NR NR 6/3213 (0.2%)
V. cholerae
Nair et al. [43] 2007 to 2009 Cross-sectional Non-01/non-0139 All ages Mixed infection in 55/2519 (2.2%)
V. cholerae 29.2%. At least 2
pathogens in 72%
V. fluvialis All ages Mixed infection in 55/2519 (2.2%)
29.2%. At least 2
pathogens in 72%
V. parahaemolyticus  All ages Mixed infection in 74/2519 (2.9%)
29.2%. At least 2
pathogens in 72%
Nair et al. [44] 2007 to 2008 Randomized V. mimicus Children Campylobacter spp. 70/133 (52.6%) of V.
controlled trial (38/133; 54.3%) cholerae /mimicus
Narang et al. [45] 1990 to 2005 Cross-sectional Non-O1/non-0139  All ages NR 22/10406 (0.21%)
V. cholerae
Panda et al. [46] 2009 Cross-sectional Non-O1/non-0139 All ages V. cholerae O1 in 21/39  4/39 (10.2%) of V. cholerae
V. cholerae (54%) patients cases
Pazhani et al. [55] 2001 to 2012 Cross-sectional V. parahaemolyticus  All ages NR 178/13607 (1.3%)
Ramamurthy et al. [47] 1989 to 1991 Cross-sectional Non-O1 V. cholerae  All ages V. cholerae O1 in 10/28 28/591 (4.7%)
(36%)
Sen et al. [48] 2003 Cross-sectional V. parahaemolyticus NR E. coli (non-pathogenic 5/21 (24.0%)
strain)
Sinha et al. [49] NR Cross-sectional V. parahaemolyticus NR V. cholerae; Using culture: 9/68 (13.2%)

(archived stool
samples were
used)

campylobacter spp.;
Shigella spp.; and
diarrhoeagenic E. coli

for single infection and
2/68 (2.9%) for mixed
infection. Using PCR: 3/68
(4.4%) for single infection
and 27/68 (39.7%) for
mixed infection

(continued on next page)
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Author (year) [Reference] Years of data Study design Species Age of patients  Other pathogens Prevalence or number of

collection cases

Srinivasan et al. [50] 1998 to 2002 Cross-sectional V. fluvialis NR NR 19 strains

Bangladesh

Bhuiyan et al. [51] 1998 to 2000 Cross-sectional V. parahaemolyticus  NR NR 66 cases

Klontz et al. [52] 1996 to 2001 Cross-sectional V. parahaemolyticus  All ages NR 126/13970 (0.9%)

Matsumoto et al. [41] 1977 to 1998 Cross-sectional V. parahaemolyticus NR NR NR

Qadri et al. [53] 2000 to 2001 Cross-sectional V. parahaemolyticus  All ages Two patients had 28 cases

Ascaris lumbricoides,
and one patient had
both Giardia and
Entamoeba histolytica.
Pakistan
Irfan et al. [54] 1999 to 2012 Cross-sectional Non-01/non-0139 All ages NC 233/20124 (1.2%)
V. cholerae
NR = not reported; NC = not clear; M = male; V = Vibrio; E = Escherichia; PCR = polymerase chain reaction; icddr,b = International Centre for Diarrheal Disease Research,
Bangladesh.
Table 2
Characteristics of reviewed case reports (n= 7).

Author (year) Years of data ~ Study design  Species Age of patient Route of Other diagnosis Underlying medical Outcome

[reference] collection (year) and gender exposure condition

India

Bhat et al. [56] 2017 Case report 52; M Necrotizing Diabetes and Died from

V. vulnificus Not explored fasciitis alcoholic liver septic shock
disease

D'Souza et al. [57] 2017 Case report V. vulnificus 67; F No history of Increased Diabetes
seafood intake  erythrocyte Discharged
or exposure to  sedimentation after recovery
seawater rate (84 mm/h)

D'Souza et al. [57] 2017 Case report V. vulnificus 63; M No history of NR Diabetes Not available
seafood intake (ambulatory
or exposure to care)
seawater

De and Mathur 2007 Case report V. vulnificus 1.5; M Klebsiella Malnutrition

[58] No history of pneumoniae Discharged
seafood intake. and after recovery
The source of Acinetobacter
infection could from
not be traced. endotracheal

secretions

Madiyal et al. [62] NR Case report V. vulnificus 52; M No history of Necrotizing Alcoholic liver
seafood intake  fasciitis disease Discharged
or exposure to without
seawater. But complete
he lived in the recovery
coastal area.

Narendrakumar NR Case report V. vulnificus 55; M No history of Lower limb None except

et al. [59] seafood intake  Necrotizing dyslipidemia Died from
or exposure to fasciitis septic shock
seawater. The progressing to and
source of cellulitis and multi-organ
infection could septicemia failure on the
not be traced day of

admission

Saraswathi et al. NR Case report V. vulnificus 6; M History of Septicemia Malnutrition Discharged

[60] contact with after recovery
sea water

Sri Lanka

Abeyagunawardena NR Case report V. vulnificus 46; M Occupational Consolidation The patient was

and Priyankara
[61]

exposure to
seawater and
seafood

of the lung

not immunocom-
promised

Discharged
after full
recovery

NR = not reported; M = male; F = female; V = Vibrio.

outcomes for the eight case reports were as follows: half (4 of
8, 50.0%) were discharged after complete recovery [57,58,60,61],
two died from septic shock (2 of 8, 25.0%) [56,59], one (1 of
8, 12.5%) was discharged without complete recovery [62], and
one (1 of 8, 12.5%) was on ambulatory care without a recorded
outcome [57].

Only eight cross-sectional studies (8 of 31, 26.0%) reported the
exposure routes, namely, contaminated water [25,30,39,40,46,54],

consumption of contaminated fish [39], ingestion of contaminated
food [31,48], contaminated fish at a fish market, and contaminated
food in the kitchen [40]. In the case reports, history of contact with
sea water [60] and occupational exposure to seawater and seafood
[61] were reported to be exposure routes, along with living close
to coastal regions [56-60].

Several reviewed studies reported the presence of non-cholera
Vibrio species that were multidrug-resistant (MDR) against first-
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[ India (27 studies and 7 case reports)

[] Bangladesh (3 studies)

[ Pakistan (1 study)

[ Sri Lanka (1 case report)

[ Afghanistan, Bhutan, Maldives, Nepal
(no studies)

Figure 2. Number of studies conducted in each country.

and second-line antibiotics [25-30,32,33,36,38,42,47,50,53-55], in-
cluding strains harboring extended-spectrum beta-lactamase genes
[29,33], New Delhi metallo-beta-lactamase-1 genes [32], or genes
encoding hemolysin and metalloprotease [30].

One study performed in an urban slum in Kolkata (India) re-
ported the existence of asymptomatic carriers of V. cholerae and V.
mimicus (70 of 133, 52.6%) in healthy children aged 1 to 5 years
old [44]. In these asymptomatic carriers, V. mimicus could not be
distinguished from non-O1/non-0139 V. cholerae [44].

A total of 16 studies (16 of 31, 51.6%) reported mixed infec-
tions with enteric pathogens in the stool samples of the par-
ticipants. The most reported pattern of mixed enteric pathogens
was the co-occurrence of non-O1/non-0139 V. cholerae with V.
cholerae O1 [25-28,30,40,46,47,49]. In addition, V. parahaemolyticus
was mixed with V. fluvialis [26,30]. Other enteric pathogens that
were mixed with non-cholera Vibrio spp. included Campylobacter
spp. [32,44,49], rotavirus [44], Escherichia coli [25,48], Enterotoxi-
genic Escherichia coli [32,44,49], Enterohemorrhagic Escherichia coli
[44], V. parahaemolyticus mixed with V. fluvialis [26,30], Shigella
spp. [30,32,49], Salmonella spp. [32], rotavirus [32], and Giardia
lamblia [32,53].

Of note, the majority of V. parahaemolyticus strains belonged
to serotype 03:K6 [39,41,48,51,53,55]. The other V. parahaemolyti-
cus serotypes were the 04:K8 serotype [31,41,55], 04:K68 serotype
[41,51], O3:KUT serotype [39,55], 01:K25 and 02:K3 serotypes
[55], 02:K4 and 08:K21 serotypes [39], O1:KUT serotype [41,51],
01:K25 serotype [53], and multiple non-classified serotypes from
multiple Asian countries [41].

Methodological assessment

The results of the quality assessments (graphic and tabular
summaries) are available in the supplementary materials (Supple-
mentary Figure 1 and Supplementary Table 4). Of the 31 studies
that were evaluated using the Joanna Briggs Institute assessments,
the scores for individual studies ranged from 3 to 9. We did not
exclude studies because of the methodological flaws in the quality
of their reporting.

Meta-analysis

A total of 22 studies (with 24 data points and a sample size
of 117,986) reported data on the isolation rates of non-cholerae

Vibrio species and were included in the meta-analysis of preva-
lence of vibriosis in South Asia. Table 3 shows the random-effect
model estimates for the pooled isolation rates of non-cholerae Vib-
rio species. The overall pooled isolation rate was 4.0% (95% confi-
dence interval [CI] 3.0-5.0%) with high heterogeneity (12 = 98.0%).

Subgroup analysis

Subgroup analyses showed that the isolation rate of non-
01/non-0139 V. cholerae, V. parahaemolyticus, and V. fluvialis were
9.0 (95% CI 7.0-10.0%), 1.0 (95% CI 1.0-2.0%), and 2.0 (95% CI 1.0-
3.0%), respectively (Table 3).

Removing outliers

The sensitivity analysis did not affect the robustness of the
overall pooled estimate (4.0%): after removing one study outlier
that reported an isolation rate of 53.0% [36], we found that the
overall pooled isolation rate remained unchanged (4.0%, 95% CI 3.0-
4.0%). Furthermore, we excluded five studies that reported an iso-
lation rate higher than 20.0% [27,28,36,38,48] and found that the
overall pooled isolation rate slightly dropped to 3.0% (95% CI 3.0-
4.0%).

The funnel plot (Supplementary Figure 2) was evidently asym-
metric (with less precise studies reporting higher isolation rates),
indicating that publication bias may exist. The Egger linear regres-
sion test was 2.72, with a slope betal of 3.54 (with a standard er-
ror of 1.29), and a P-value of 0.007, meaning that there was some
evidence of small-study effects.

Discussion

Herein, we document vibriosis in South Asia. We compiled 38
studies that described vibriosis in South Asia. Seven of these stud-
ies were case reports. The reported vibriosis cases were caused by
non-01/non-0139 V. cholerae, V. parahaemolyticus, V. fluvialis, and
V. vulnificus. In contrast to the United States, where V. alginolyti-
cus has been identified as one of the species contributing to an
increase in reported infections, V. alginolyticus was not reported
in the reviewed studies. In addition, V. fluvialis is not among the
species driving the increase in vibriosis in the United States [10].
Similarly, V. fluvialis and V. alginolyticus were not in the list of the
drivers of vibriosis in Europe [8]. Compared with the data from
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Table 3
Meta-analysis of isolation rate for non-cholera vibrio species in South Asia.
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Group and study Data points (Number Sample size Pooled isolation rate, % Heterogeneity
of studies) (95% confidence interval)

All studies [25,27,28,30,31,34-40,42,43,45-49,52,54,55] 24 (22) 117,986 4.0 (3.0-5.0) 2 = 98.0%;
Z =12.8; and P
<0.001

Vibrio species

Vibrio cholerae non-01/non-0139 13 (13) 52,539 9.0 (7.0-10.0) 12 = 98.2%;

[27,28,34-38,42,43,45-47,54] Z=113and P
<0.001

Vibrio parahaemolyticus [31,39,40,43,49,52,55] 8 (8) 50,919 1.0 (1.0-2.0) 12 =89.9%; Z = 6.7
and P <0.001

Vibrio fluvialis [25,30,43] 3(3) 14,528 2.0 (1.0-3.0) 2 = 87.1%;
Z=323and P
<0.001

Other

Removing 1 outlier study?® 23 (21) 117,839 4.0 (3.0-4.0) 12 = 97.8%;

[25,30,31,34,35,37,39,40,42,43,45-47,49,52,54,55] Z =12.3; and P
<0.001

Removing five outlier studies® 19 (17) 116,525 3.0 (2.0-3.0) 12 = 97.0%;

[25,30,31,34,35,37,39,40,42,43,45-47,49,52,54,55] Z =10.3; and P
<0.001

Vibrio cholerae non-01/non-0139 (using all patients with 7(7) 46829 6.0 (5.0-8.0) 2 = 97.8%;

diarrhea as the denominator) [27,34-37,43,47] Z=28.5;and P
<0.001

Vibrio cholerae non-01/non-0139 (using only the total 6 (6) 519 12.0 (6.0-17.0) 12 = 98.1%;

number of patients infected with Vibrio cholerae species Z=44; and P

as the denominator) [28,38,42,45,46,54] <0.001

2 We excluded one study that reported an isolation rate of 53.0% [36]
b We excluded five studies that reported isolation rate above 20% [27,28,36,38,48].

African countries, non-01/non-0139 V. cholerae, V. parahaemolyti-
cus, V. fluvialis, and V. vulnificus are present in water bodies [63,64].
In other Asian countries, such as in Malaysia, V. parahaemolyticus
has been reported to be the main species driving vibriosis [65].

Worldwide, vibriosis cases seem to be on the rise [1,66]. Con-
sistent with this observation, overall, the data from the reviewed
studies are unequivocal, indicating that vibriosis is an emerging
public health problem of serious concern in South Asia that re-
quires increased attention because exposure to Vibrio species can
have severe health consequences for individuals and the public
and threatens food security. Health authorities should be aware
of these emerging human pathogens to design control measures,
support new research on vibriosis, and educate the local com-
munity and visitors to coastal areas because the reviewed stud-
ies showed that most of the infections occurred in people living
close to coastal areas. Travelers to South Asia should also be aware
of these emerging human pathogens for better preparedness, such
as avoiding consuming undercooked or raw seafood (e.g., oysters,
clams, mussels, crabs, shrimp, and prawns) or potentially contam-
inated seafood such as ready-to-eat foods [67]. This is because the
following reasons: first, vibriosis can be acquired through the con-
sumption of contaminated raw or insufficiently cooked seafood,
and contamination of sea food occurs frequently in Asia [68-70];
raw seafood consumption in Asia is on the rise [68], and Asia is a
setting where aquaculture production demand is rising [1]. Second,
vibriosis is generally self-limited and short-lived; however, the dis-
ease can be fatal for young children, people with underlying con-
ditions such as diabetes and liver or renal diseases, and those with
impaired immune functions. Prompt diagnosis and treatment are
vital to reduce the risk of death in these high-risk groups. Third,
vibriosis caused by V. vulnificus may require intensive care or am-
putation of the affected limb because the outcome can be fatal [3].
For instance, it is projected that deaths due to V. vulnificus will cost
billions of dollars in the United States [5].

The reviewed studies showed that vibriosis cases peaked
throughout the summer months, as seen for infectious diseases

showing seasonal dynamics such as shigellosis [18,71] and cholera
outbreaks in India [72]. One plausible explanation is that most bac-
teria, including the Vibrio species, multiply and grow faster during
hot seasons [66,73]. For instance, V. parahaemolyticus and V. vul-
nificus grow extremely well above 15°C [1]. Indeed, in the sum-
mer, when the water is warmer, individuals are more likely to
visit coastal areas for recreation, which increase the risk of being
in contact with the Vibrio species. It has also been reported that
hot temperatures provide a better environment for Vibrio species
to colonize hosts, such as crustaceans and fish [74], and increase
the risk of disease in humans.

Moreover, some reviewed studies reported the possible emer-
gence of MDR strains of non-cholera-causing Vibrio species. Al-
though this may be of interest, it is worthwhile considering the
overall clinical implications of MDR strains, given that mild vib-
riosis cases may not require hospitalization or antibiotic treat-
ment. The misuse of antibiotics could be one of the reasons for
the possible emergence of MDR strains. This observation sug-
gests that continuous monitoring is necessary, including enforce-
ment of regulations for the misuse of antibiotics. This is be-
cause antimicrobial resistance can lead to difficult-to-treat infec-
tions, prolonged hospital stay, increased health care costs, and in-
creased risk of death [75]. In our review, most strains reported
as MDR originated from India, a country where the use of an-
tibiotics is widespread but unregulated [33]. Environmental MDR
Vibrio strains that are potentially harmful to human health have
also been reported in various regions of the world [76], including
Africa [77], Europe [78], the Americas [79], and other parts of Asia
[80-84].

The overall isolation rate of Vibrio species (non-01/non-0139 V.
cholerae, V. parahaemolyticus, and V. fluvialis) in South Asian coun-
tries is estimated to be 4% in symptomatic patients. This pooled
prevalence is underestimated because vibriosis is often underdiag-
nosed, underreported, and understudied [2]. This is evidenced by
the fact that only four South Asian countries had studies that were
eligible for inclusion in this review. The lack of laboratory diagnos-
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tic resources in low-resource settings and lack of constraints on
reporting vibriosis cases, as well as poor surveillance may explain,
at least in part, this underreporting. For instance, access to various
diagnostic tests may not always be available in remote settings. As
a result, vibriosis cases may be underdiagnosed and treatment may
be incorrect, particularly, when health professionals are not ex-
pecting vibriosis to occur. Furthermore, the studies were heteroge-
nous. Several factors could account for this heterogeneity, including
the variability in the study designs and data analysis methods. For
instance, the studies that used the total number of patients with
Vibrio infection as a denominator reported a higher isolation rate
than those that used all patients with diarrhea as a denominator
(Table 3).

When considering the V. parahaemolyticus serotypes, we ob-
served that the 03:K6 serotype was predominant. Our observation
is in line with findings from other countries. For instance, a study
showed that V. parahaemolyticus serotype 03:K6 was predominant
in Shenzen Province in China between 2007 and 2012 [85]. In an-
other study conducted in China in 2019, 03:K6 was also found to
be predominant [86]. The serotype 03:K6 has also caused vibriosis
in several countries, including France [87], Mozambique [88], and
in the Americas [89]. Thus, this 03:K6 serotype has been identified
as a pandemic serotype that has been associated with foodborne
outbreaks as well as sporadic cases in almost all continents [2,14].
Of note, V. parahaemolyticus pandemic serotype 03:K6 is believed
to have originated from the Bay of Bengal in Asia before spread-
ing to other part of Asia and the world [2,89]. Shellfish transport
and ballast water dumping (which displace organisms and hence
alter marine microbial ecosystems), movement of marine waters,
and seawater temperature and salinity have been hypothesized to
contribute to the international spread of V. parahaemolyticus 03:K6
serotype [2,90,91]. Other environmental factors associated with in-
ternational spread of 03:K6 remain elusive. Because most pan-
demic V. parahaemolyticus belong to the 03:K6 serotype, a poten-
tial future vaccine against V. parahaemolyticus infection should in-
clude at least the pandemic serotype O3:K6. It is important to note
that recently, V. parahaemolyticus serotype 010:K4 (which might be
a clone of 03:K6 [92]) has been reported in China [70,86,92,93]
and Thailand [94].

Although, to the best of our knowledge, this is the first meta-
analysis on vibriosis in South Asia that might provide insights for
policymakers in planning surveillance efforts for Vibrio species, our
study has limitations.

First, we were limited by the lack of studies conducted in
Afghanistan, Bhutan, the Maldives, and Nepal. Therefore, our
pooled estimates may potentially be biased and may not neces-
sarily be applicable to other South Asian countries. However, the
lack of studies in these countries should not be interpreted to
mean that exposure to Vibrio species is not an issue. Vibriosis in
the Maldives and Nepal might also be an underdiagnosed and un-
derreported health issue because of the potential contamination of
seafood and global warming owing to climate change. For instance,
V. parahaemolyticus has been isolated at Osaka Airport from pa-
tients with traveler’s diarrhea who had visited the Maldives [95].
In addition, V. parahaemolyticus, V. fluvialis, and V. vulnificus had
been isolated in the sewage in Nepal [96].

Second, despite a thorough literature search, it is possible that
some studies could not be retrieved. We were unable to identify
publications in languages other than English or unpublished arti-
cles that could have met our inclusion criteria. This highlights the
problem of publication bias toward studies that yield negative out-
comes. Indeed, there was some evidence of publication bias. Nev-
ertheless, this limitation is partially tempered by the large sam-
ple size of 117,986 participants that was used in the meta-analysis.
Thus, our pooled estimate of a 4% isolation rate helps to obtain an
overview of vibriosis in South Asia.

International Journal of Infectious Diseases 141 (2024) 106955
Conclusion

In conclusion, we conducted this study to provide an overview
of the epidemiology of vibriosis in South Asia, an area in which
the Vibrio species have been identified as the leading cause of
foodborne diseases. Our analysis confirms that infections caused by
non-cholera-causing Vibrio species are prevalent in South Asia and
are significant diarrheal pathogens. Therefore, we highlight the im-
portance of these species in the differential diagnosis of gastroen-
teritis in endemic regions, such as South Asia.

Declaration of competing interest
The authors have no competing interest to declare.
Funding

This work was supported by the Program of the Japan
Initiative for Global Research Network on Infectious Diseases,
JP23wm0125004, from the Ministry of Education, Culture, Sports,
Science and Technology in Japan, and Japan Agency for Medical Re-
search and Development.

Institutional review board statement

No ethical approval was necessary for this study because it is a
review.

Acknowledgments

The authors thank Mansongi Biyela Carine and Rohdof Lactem
Yengeh for their suggestions regarding the first draft of this
manuscript.

Author contributions

All authors contributed significantly to this study. BAM, KK,
and SIM: study conception and its design; BAM and KK: literature
search, data collection, analysis, and interpretation; BAM: wrote
the first draft of the manuscript; KK and JK: commented on the
early version of the manuscript; KK, AO, JK, SD, and SIM: revised
the manuscript for important academic content; and SIM: super-
vised the study.

Informed consent statement
Not applicable for this study because this study is a review.
Data availability statement

All relevant data are included in the manuscript and its sup-
porting information files.

Supplementary materials

Supplementary material associated with this article can be
found, in the online version, at doi:10.1016/.ijid.2024.01.022.

References

[1] Food and Agriculture Organization of the United Nations and World Health
Organization. Advances in science and risk assessment tools for Vibrio para-
haemolyticus and V. vulnificus associated with seafood. Meeting Report. 2021.
Microbiological risk assessment series No. 35, https://www.fao.org/documents/
card/en/c/cb5834en; 2021 [accessed 15 September 2023].

[2] Baker-Austin C, Oliver D, Alam M, Ali A, Waldor MK, Qadri F, et al. Vibrio spp.
infections. Nat Rev Dis Primers 2018;4:8. doi:10.1038/s41572-018-0005-8.

[3] Bell A, Bott M. Vibriosis:: what You and your patients need to know. Dela |
Public Health 2021;7:14-21. doi:10.32481/djph.2021.001.005.


https://doi.org/10.1016/j.ijid.2024.01.022
https://www.fao.org/documents/card/en/c/cb5834en
https://doi.org/10.1038/s41572-018-0005-8
https://doi.org/10.32481/djph.2021.001.005

B.A. Muzembo, K. Kitahara, A. Ohno et al.

[4] Vinothkumar K, Bhardwaj AK, Ramamurthy T, Niyogi SK. Triplex PCR assay for
the rapid identification of 3 major Vibrio species, Vibrio cholerae, Vibrio para-
haemolyticus, and Vibrio fluvialis. Diagn Microbiol Infect Dis 2013;76:526-8.
doi:10.1016/j.diagmicrobio.2013.04.005.

[5] Sheahan M, Gould CA, Neumann JE, Kinney PL, Hoffmann S, Fant C, et al. Ex-
amining the relationship between climate change and vibriosis in the United
States: projected health and economic impacts for the 21st Century. Environ
Health Perspect 2022;130:87007. doi:10.1289/EHP9999a.

[6] Horseman MA, Surani S. A comprehensive review of Vibrio vulnificus: an im-
portant cause of severe sepsis and skin and soft-tissue infection. Int J Infect Dis
2011;15:e157-66. doi:10.1016/j.ijid.2010.11.003.

[7] Ceccarelli D, Amaro C, Romalde JL, Suffredini E, Vezzulli L. Vibrio species. In:
Doyle MP, Diez-Gonzalez F, Hill C, editors. Food Microbiology: Fundamentals and
Frontiers. Wiley; 2019. p. 347-88.

[8] Le Roux F, Wegner KM, Baker-Austin C, Vezzulli L, Osorio CR, Amaro C, et al.

The emergence of Vibrio pathogens in Europe: ecology, evolution, and patho-

genesis (Paris, 11-12th March 2015). Front Microbiol 2015;6:830. doi:10.3389/

fmicb.2015.00830.

Zhao Q, Guo Y, Ye T, Gasparrini A, Tong S, Overcenco A, et al. Global, re-

gional, and national burden of mortality associated with non-optimal ambient

temperatures from 2000 to 2019: a three-stage modelling study. Lancet Planet

Health 2021;5:e415-25. doi:10.1016/S2542-5196(21)00081-4.

[10] Newton A, Kendall M, Vugia D], Henao OL, Mahon BE. Increasing rates of vib-
riosis in the United States, 1996-2010: review of surveillance data from 2 sys-
tems. Clin Infect Dis 2012;54:5391-5. doi:10.1093/cid/cis243.

[11] Centers for Disease Control and Prevention. Vibrio species Causing vibriosis,
https://www.cdc.gov/vibrio/faq.html; 2023 (accessed 8 July 2023).

[12] Heng SP, Letchumanan V, Deng CY, Ab Mutalib NS, Khan TM, Chuah LH,
et al. Vibrio vulnificus: an Environmental and Clinical Burden. Front Microbiol
2017;8:997. doi:10.3389/fmicb.2017.00997.

[13] Igere BE, Okoh Al, Nwodo UU. Non-serogroup 01/0139 agglutinable Vibrio
cholerae: a phylogenetically and genealogically neglected yet emerging poten-
tial pathogen of clinical relevance. Arch Microbiol 2022;204:323. doi:10.1007/
500203-022-02866-1.

[14] Nair GB, Ramamurthy T, Bhattacharya SK, Dutta B, Takeda Y, Sack DA. Global
dissemination of Vibrio parahaemolyticus serotype 03:K6 and its serovariants.
Clin Microbiol Rev 2007;20:39-48. doi:10.1128/CMR.00025-06.

[15] Miyoshi SI, Toko N, Dodo T, Nanko A, Mizuno T. Second extracellular protease
mediating maturation of Vibrio mimicus hemolysin. World ] Microbiol Biotech-
nol 2022;38:241. doi:10.1007/s11274-022-03436-9.

[16] Iwamoto M, Ayers T, Mahon BE, Swerdlow DL. Epidemiology of seafood-
associated infections in the United States. Clin Microbiol Rev 2010;23:399-411.
doi:10.1128/CMR.00059-09.

[17] Page M], McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al.
The PRISMA 2020 statement: an updated guideline for reporting systematic
reviews. BMJ 2021;372:n71. doi:10.1136/bmj.n71.

[18] Muzembo BA, Kitahara K, Mitra D, Ohno A, Khatiwada ], Dutta S, et al. Burden
of Shigella in South Asia: a systematic review and meta-analysis. J Travel Med
2023;30:taac132. doi:10.1093/jtm/taac132.

[19] Munn Z, Moola S, Riitano D, Lisy K. The development of a critical appraisal tool
for use in systematic reviews addressing questions of prevalence. Int | Health
Policy Manag 2014;3:123-8. doi:10.15171/ijhpm.2014.71.

[20] Murad MH, Sultan S, Haffar S, Bazerbachi F. Methodological quality and syn-
thesis of case series and case reports. BMJ Evid Based Med 2018;23:60-3.
doi:10.1136/bmjebm-2017-110853.

[21] Higgins JPT, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in
meta-analyses. BMJ 2003;327:557-60. doi:10.1136/bmj.327.7414.557.

[22] Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat
Med 2002;21:1539-58. doi:10.1002/sim.1186.

[23] Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis de-
tected by a simple, graphical test. BMJ 1997;315:629-34. doi:10.1136/bmj.315.
7109.629.

[24] Fisher DJ, Zwahlen M, Egger M, Higgins JPT. Meta-analysis in Stata. In: Eg-
ger M, Higgins JPT, Davey Smith G, editors. Systematic reviews in health re-
search; 2022. p. 481-509 https://doi.org/10.1002/9781119099369.ch25.

[25] Bhattacharjee S, Bhattacharjee S, Bal B, Pal R, Niyogi SK, Sarkar K. Is Vibrio
fluvialis emerging as a pathogen with epidemic potential in coastal region
of eastern India following cyclone Aila? | Health Popul Nutr 2010;28:311-17.
doi:10.3329/jhpn.v28i4.6036.

[26] Chakraborty R, Chakraborty S, De K, Sinha S, Mukhopadhyay AK, Khanam J,
et al. Cytotoxic and cell vacuolating activity of Vibrio fluvialis isolated from
paediatric patients with diarrhoea. ] Med Microbiol 2005;54:707-16. doi:10.
1099/jmm.0.45820-0.

[27] Chandrasekhar MR, Krishna BV, Patil AB. Changing characteristics of Vib-
rio cholerae: emergence of multidrug resistance and non-O1, non-0139
serogroups. Southeast Asian | Trop Med Public Health 2008;39:1092-7.

[28] Chatterjee S, Ghosh K, Raychoudhuri A, Chowdhury G, Bhattacharya MK,
Mukhopadhyay AK, et al. Incidence, virulence factors, and clonality among
clinical strains of non-O1, non-0139 Vibrio cholerae isolates from hospital-
ized diarrheal patients in Kolkata, India. J Clin Microbiol 2009;47:1087-95.
doi:10.1128/JCM.02026-08.

[29] Chowdhury G, Pazhani GP, Nair GB, Ghosh A, Ramamurthy T. Transfer-
able plasmid-mediated quinolone resistance in association with extended-
spectrum S-lactamases and fluoroquinolone-acetylating aminoglycoside-6'-N-
acetyltransferase in clinical isolates of Vibrio fluvialis. Int | Antimicrob Agents
2011;38:169-73. doi:10.1016/j.ijantimicag.2011.04.013.

[9

International Journal of Infectious Diseases 141 (2024) 106955

[30] Chowdhury G, Pazhani GP, Dutta D, Guin S, Dutta S, Ghosh S, et al. Vibrio flu-
vialis in patients with diarrhea, Kolkata, India. Emerg Infect Dis 2012;18:1868-
71. doi:10.3201/eid1811.120520.

[31] Chowdhury G, Ghosh S, Pazhani GP, Paul BK, Maji D, Mukhopadhyay AK, et al.
Isolation and characterization of pandemic and nonpandemic strains of Vibrio
parahaemolyticus from an outbreak of diarrhea in North 24 Parganas, West
Bengal, India. Foodborne Pathog Dis 2013;10:338-42. doi:10.1089/fpd.2012.
1340.

[32] Chowdhury G, Pazhani GP, Sarkar A, Rajendran K, Mukhopadhyay AK,
Bhattacharya MK, et al. Carbapenem resistance in clonally distinct clinical
strains of Vibrio fluvialis isolated from diarrheal samples. Emerg Infect Dis
2016;22:1754-61. doi:10.3201/eid2210.151612.

[33] Chowdhury G, Ramamurthy T, Ghosh A, Dutta S, Takahashi E,
Mukhopadhyay AK. Emergence of azithromycin resistance mediated by
phosphotransferase-encoding mph(A) in diarrheagenic Vibrio fluvialis. mSphere
2019;4:e00215-19. doi:10.1128/mSphere.00215-19.

[34] Cruz MS, AlarconFalconi TM, Hartwick MA, Venkat A, Ehrlich HY, Anandan S,
et al. From hospitalization records to surveillance: the use of local patient
profiles to characterize cholera in Vellore, India. PLoS One 2017;12:e0182642.
doi:10.1371/journal.pone.0182642.

[35] Das S, Gupta S. Diversity of Vibrio cholerae strains isolated in Delhi, India, dur-
ing 1992-2000. J Health Popul Nutr 2005;23:44-51.

[36] Dua P, Karmakar A, Ghosh C. Virulence gene profiles, biofilm formation, and
antimicrobial resistance of Vibrio cholerae non-01/non-0139 bacteria isolated
from West Bengal. India. Heliyon 2018;4:e01040. doi:10.1016/j.heliyon.2018.
e01040.

[37] Dutta D, Chowdhury G, Pazhani GP, Guin S, Dutta S, Ghosh S, et al. Vibrio
cholerae non-01, non-0139 serogroups and cholera-like diarrhea, Kolkata, In-
dia. Emerg Infect Dis 2013;19:464-7. doi:10.3201/eid1903.121156.

[38] Garg P, Chakraborty S, Basu I, Datta S, Rajendran K, Bhattacharya T, et al. Ex-
panding multiple antibiotic resistance among clinical strains of Vibrio cholerae
isolated from 1992-7 in Calcutta. India. Epidemiol Infect 2000;124:393-9.
doi:10.1017/s0950268899003957.

[39] Guin S, Saravanan M, Anjay CG, Chowdhury GP, Pazhani GP, Ramamurthy T,
et al. Pathogenic Vibrio parahaemolyticus indiarrhoeal patients, fish and
aquatic environments and their potential for inter-source transmission. Heliyon
2019;5:e01743. doi:10.1016/j.heliyon.2019.e01743.

[40] Kanungo S, Sur D, Ali M, You YA, Pal D, Manna B, et al. Clinical, epidemi-
ological, and spatial characteristics of Vibrio parahaemolyticus diarrhea and
cholera in the urban slums of Kolkata, India. BMC Public Health 2012;12:830.
doi:10.1186/1471-2458-12-830.

[41] Matsumoto C, Okuda ], Ishibashi M, Iwanaga M, Garg P, Rammamurthy T, et al.
Pandemic spread of an 03:K6 clone of Vibrio parahaemolyticus and emergence
of related strains evidenced by arbitrarily primed PCR and toxRS sequence
analyses. ] Clin Microbiol 2000;38:578-85. doi:10.1128/JCM.38.2.578-585.2000.

[42] Mohanty S, Kapil A, Das BK. Seasonality and antimicrobial resistance pat-
tern of Vibrio cholerae in a tertiary care hospital of North India. Trop Doct
2004;34:249-51. doi:10.1177/004947550403400427.

[43] Nair GB, Ramamurthy T, Bhattacharya MK, Krishnan T, Ganguly S, Saha DR,
et al. Emerging trends in the etiology of enteric pathogens as evidenced from
an active surveillance of hospitalized diarrhoeal patients in Kolkata, India. Gut
Pathog 2010;2:4. doi:10.1186/1757-4749-2-4.

[44] Nair GB, Ramamurthy T, Sur D, Kurakawa T, Takahashi T, Nomoto K, et al. Vib-
rio cholerae/mimicus in fecal microbiota of healthy children in a cholera en-
demic urban slum setting in Kolkata. India. Microbiol Immunol 2012;56:789-
91. doi:10.1111/j.1348-0421.2012.00497.x.

[45] Narang P, Mendiratta DK, Deotale VS, Narang R. Changing patterns of Vib-
rio cholerae in sevagram between 1990 and 2005. Indian | Med Microbiol
2008;26:40-4. doi:10.4103/0255-0857.38856.

[46] Panda S, Pati KK, Bhattacharya MK, Koley H, Pahari S, Nair GB. Rapid situation
& response assessment of diarrhoea outbreak in a coastal district following
tropical cyclone AILA in India. Indian ] Med Res 2011;133:395-400.

[47] Ramamurthy T, Bag PK, Pal A, Bhattacharya SK, Bhattacharya MK, Shimada T,
et al. Virulence patterns of Vibrio cholerae non-O1 strains isolated from hos-
pitalised patients with acute diarrhoea in Calcutta, India. ] Med Microbiol
1993;39:310-17. doi:10.1099/00222615-39-4-310.

[48] Sen B, Dutta B, Chatterjee S, Bhattacharya MK, Nandy RK, Mukhopadhyay AK,
et al. The first outbreak of acute diarrhea due to a pandemic strain of Vib-
rio parahaemolyticus 03:K6 in Kolkata, India. Int J Infect Dis 2007;11:185-7.
doi:10.1016/j.ijid.2005.11.008.

[49] Sinha A, SenGupta S, Guin S, Dutta S, Ghosh S, Mukherjee P, et al. Culture-
independent real-time PCR reveals extensive polymicrobial infections in hospi-
talized diarrhoea cases in Kolkata, India. Clin Microbiol Infect 2013;19:173-80.
doi:10.1111/j.1469-0691.2011.03746.X.

[50] Srinivasan VB, Virk RK, Kaundal A, Chakraborty R, Datta B, Ramamurthy T,
et al. Mechanism of drug resistance in clonally related clinical isolates
of Vibrio fluvialis isolated in Kolkata, India. Antimicrob Agents Chemother
2006;50:2428-32. doi:10.1128/AAC.01561-05.

[51] Bhuiyan NA, Ansaruzzaman M, Kamruzzaman M, Alam K, Chowdhury NR,
Nishibuchi M, et al. Prevalence of the pandemic genotype of Vibrio para-
haemolyticus in Dhaka, Bangladesh, and significance of its distribution across
different serotypes. | Clin Microbiol 2002;40:284-6. doi:10.1128/JCM.40.1.
284-286.2002.

[52] Klontz EH, Faruque AS, Das SK, Malek MA, Islam Z, Luby SP, et al. Clinical
and epidemiologic features of diarrheal disease due to Aeromonas hydrophila
and Plesiomonas shigelloides infections compared with those due to Vibrio


https://doi.org/10.1016/j.diagmicrobio.2013.04.005
https://doi.org/10.1289/EHP9999a
https://doi.org/10.1016/j.ijid.2010.11.003
http://refhub.elsevier.com/S1201-9712(24)00023-7/sbref0007
https://doi.org/10.3389/fmicb.2015.00830
https://doi.org/10.1016/S2542-5196(21)00081-4
https://doi.org/10.1093/cid/cis243
https://www.cdc.gov/vibrio/faq.html
https://doi.org/10.3389/fmicb.2017.00997
https://doi.org/10.1007/s00203-022-02866-1
https://doi.org/10.1128/CMR.00025-06
https://doi.org/10.1007/s11274-022-03436-9
https://doi.org/10.1128/CMR.00059-09
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1093/jtm/taac132
https://doi.org/10.15171/ijhpm.2014.71
https://doi.org/10.1136/bmjebm-2017-110853
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1002/sim.1186
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.1002/9781119099369.ch25
https://doi.org/10.3329/jhpn.v28i4.6036
https://doi.org/10.1099/jmm.0.45820-0
http://refhub.elsevier.com/S1201-9712(24)00023-7/sbref0027
https://doi.org/10.1128/JCM.02026-08
https://doi.org/10.1016/j.ijantimicag.2011.04.013
https://doi.org/10.3201/eid1811.120520
https://doi.org/10.1089/fpd.2012.1340
https://doi.org/10.3201/eid2210.151612
https://doi.org/10.1128/mSphere.00215-19
https://doi.org/10.1371/journal.pone.0182642
http://refhub.elsevier.com/S1201-9712(24)00023-7/sbref0035
https://doi.org/10.1016/j.heliyon.2018.e01040
https://doi.org/10.3201/eid1903.121156
https://doi.org/10.1017/s0950268899003957
https://doi.org/10.1016/j.heliyon.2019.e01743
https://doi.org/10.1186/1471-2458-12-830
https://doi.org/10.1128/JCM.38.2.578-585.2000
https://doi.org/10.1177/004947550403400427
https://doi.org/10.1186/1757-4749-2-4
https://doi.org/10.1111/j.1348-0421.2012.00497.x
https://doi.org/10.4103/0255-0857.38856
http://refhub.elsevier.com/S1201-9712(24)00023-7/sbref0046
https://doi.org/10.1099/00222615-39-4-310
https://doi.org/10.1016/j.ijid.2005.11.008
https://doi.org/10.1111/j.1469-0691.2011.03746.x
https://doi.org/10.1128/AAC.01561-05
https://doi.org/10.1128/JCM.40.1.284-286.2002

B.A. Muzembo, K. Kitahara, A. Ohno et al.

cholerae non-O1 and Vibrio parahaemolyticus in Bangladesh. ISRN Microbiol
2012;2012:654819. doi:10.5402/2012/654819.

[53] Qadri F, Alam MS, Nishibuchi M, Rahman T, Alam NH, Chisti ], et al. Adaptive

and inflammatory immune responses in patients infected with strains of Vibrio

parahaemolyticus. J Infect Dis 2003;187:1085-96. doi:10.1086/368257.

Irfan S, Fasih N, Ghanchi NK, Khan E. Isolation frequency and susceptibility

pattern of non-O1 and non-0139 Vibrio cholerae in a tertiary health care lab-

oratory, 1999-2012. East Mediterr Health ] 2016;22:142-7. doi:10.26719/2016.

22.2.142.

Pazhani GP, Bhowmik SK, Ghosh S, Guin S, Dutta S, Rajendran K, et al. Trends

in the epidemiology of pandemic and non-pandemic strains of Vibrio para-

haemolyticus isolated from diarrheal patients in Kolkata, India. PLoS Negl Trop

Dis 2014;8:e2815. doi:10.1371/journal.pntd.0002815.

Bhat P, Bhaskar M, Sistla S, Kadhiravan T. Fatal case of necrotising fasciitis due

to Vibrio vulnificus in a patient with alcoholic liver disease and diabetes mel-

litus. BMJ Case Rep 2019;12 bcr-2018-227851. doi:10.1136/bcr-2018-227851.

D’Souza C, Kumar BK, Kapinakadu S, Shetty R, Karunasagar I, Karunasagar I.

PCR-based evidence showing the presence of Vibrio vulnificus in wound infec-

tion cases in Mangaluru, India. Int J Infect Dis 2018;68:74-6. doi:10.1016/j.ijid.

2018.01.018.

[58] De A, Mathur M. Vibrio vulnificus diarrhea in a child with respiratory infec-
tion. J Glob Infect Dis 2011;3:300-2. doi:10.4103/0974-777X.83544.

[59] Narendrakumar L, Gopinathan A, Sreekrishnan TP, Asokan A, Kumar A, Ku-
mar G, et al. The bane of coastal marine environment: A fatal case of Vib-
rio vulnificus associated cellulitis and septicaemia. Indian | Med Microbiol
2021;39:386-8. doi:10.1016/j.ijmmb.2021.05.016.

[60] Saraswathi K, Barve SM, Deodhar LP. Septicaemia due to Vibrio vulnificus.
Trans R Soc Trop Med Hyg 1989;83:714. doi:10.1016/0035-9203(89)90406-9.

[61] Abeyagunawardena I, Priyankara D. Vibrio vulnificus pneumonia with mul-

tiorgan failure: a case report and review of the literature. ] Med Case Rep

2023;17:205. doi:10.1186/s13256-023-03943-9.

Madiyal M, Eshwara VK, Halim I, Stanley W, Prabhu M, Mukhopadhyay C. A

rare glimpse into the morbid world of necrotising fasciitis: flesh-eating bac-

teria Vibrio vulnificus. Indian | Med Microbiol 2016;34:384-6. doi:10.4103/

0255-0857.188361.

Ibangha II, Digwo DC, Ozochi CA, Enebe MC, Ateba CN, Chigor VN. A meta-

analysis on the distribution of pathogenic Vibrio species in water sources

and wastewater in Africa. Sci Total Environ 2023;881:163332. doi:10.1016/j.
scitotenv.2023.163332.

Igere BE, Okoh AI, Nwodo UU. Antibiotic susceptibility testing (AST) re-

ports: a basis for environmental/epidemiological surveillance and infection

control amongst environmental Vibrio cholerae. Int J Environ Res Public Health

2020;17. doi:10.3390/ijerph17165685.

Hassan M, Mohd Ali MR, Zamri HF, Nor Amdan NA, Azmai MNA, Maniam S,

et al. Distribution, prevalence, and antibiotic susceptibility profiles of infec-

tious noncholera Vibrio species in Malaysia. ] Trop Med 2023;2023:2716789.

doi:10.1155/2023/2716789.

Sampaio A, Silva V, Poeta P, Aonofriesei F. Vibrio spp.: life Strategies, Ecol-

ogy, and Risks in a Changing Environment. Diversity 2022;14:97. doi:10.3390/

d14020097.

[67] Xie T, Yu Q, Tang X, Zhao ], He X. Prevalence, antibiotic susceptibility and char-

acterization of Vibrio parahaemolyticus isolates in China. FEMS Microbiol Lett

2020;367. doi:10.1093/femsle/fnaa136.

Hara-Kudo Y, Kumagai S. Impact of seafood regulations for Vibrio para-

haemolyticus infection and verification by analyses of seafood contam-

ination and infection. Epidemiol Infect  2014;142:2237-47. doi:10.1017/

S0950268814001897.

Hara-Kudo Y, Saito S, Ohtsuka K, Yamasaki S, Yahiro S, Nishio T, et al. Charac-

teristics of a sharp decrease in Vibrio parahaemolyticus infections and seafood

contamination in Japan. Int | Food Microbiol 2012;157:95-101. doi:10.1016/j.
ijfoodmicro.2012.04.019.

Chen L, Wang J, Chen ], Zhang R, Zhang H, Qi X, et al. Epidemiological char-

acteristics of Vibrio parahaemolyticus outbreaks, Zhejiang, China, 2010-2022.

Front Microbiol 2023;14:1171350. doi:10.3389/fmicb.2023.1171350.

[71] Muzembo BA, Kitahara K, Mitra D, Ohno A, Khatiwada ], Dutta S, et al. Shigel-
losis in Southeast Asia: a systematic review and meta-analysis. Travel Med In-
fect Dis 2023;52:102554. doi:10.1016/j.tmaid.2023.102554.

[72] Muzembo BA, Kitahara K, Debnath A, Ohno A, Okamoto K, Miyoshi SI. Cholera
outbreaks in India, 2011-2020: a systematic review. Int J Environ Res Public
Health 2022;19. doi:10.3390/ijerph19095738.

[73] Halder M, Mookerjee S, Batabyal P, Palit A. Waterborne outbreaks in diarrhoea
endemic foci of India: a longitudinal exploration and its implications. Environ
Monit Assess 2018;190:172. doi:10.1007/s10661-017-6424-2.

[74] Sheikh HI, Najiah M, Fadhlina A, Laith AA, Nor MM, Jalal KCA, et al. Temper-
ature upshift mostly but not always enhances the growth of Vibrio species:
a systematic review. Front Mar Sci 2022;9:959830. doi:10.3389/fmars.2022.
959830.

(54]

(55]

(56]

[57]

(62]

(63]

[64]

(65]

[66]

[68]

(69]

[70]

10

International Journal of Infectious Diseases 141 (2024) 106955

[75] World Health Organization. Antibiotic resistance, Available from, https://www.
who.int/news-room/fact-sheets/detail/antibiotic-resistance; 2020 [accessed 12
October 2023].

[76] Elmahdi S, DaSilva LV, Parveen S. Antibiotic resistance of Vibrio parahaemolyti-
cus and Vibrio vulnificus in various countries: a review. Food Microbiol
2016;57:128-34. doi:10.1016/j.fm.2016.02.008.

[77] Adesiyan IM, Bisi-Johnson MA, Okoh Al Incidence of antibiotic resistance
genotypes of Vibrio species recovered from selected freshwaters in Southwest
Nigeria. Sci Rep 2022;12:18912. doi:10.1038/s41598-022-23479-0.

[78] Lopatek M, Wieczorek K, Osek ]. Antimicrobial resistance, virulence factors,

and genetic profiles of Vibrio parahaemolyticus from seafood. Appl Environ Mi-

crobiol 2018;84:€00537-18. doi:10.1128/AEM.00537-18.

Baker-Austin C, McArthur ]V, Tuckfield RC, Najarro M, Lindell AH, Gooch J, et al.

Antibiotic resistance in the shellfish pathogen Vibrio parahaemolyticus isolated

from the coastal water and sediment of Georgia and South Carolina, USA. J

Food Prot 2008;71:2552-8. d0i:10.4315/0362-028x-71.12.2552.

Kang CH, Shin Y, Jang S, Yu H, Kim S, An S, et al. Characterization of Vib-

rio parahaemolyticus isolated from oysters in Korea: resistance to various an-

tibiotics and prevalence of virulence genes. Mar Pollut Bull 2017;118:261-6.
doi:10.1016/j.marpolbul.2017.02.070.

Yu Q Niu M, Yu M, Liu Y, Wang D, Shi X. Prevalence and antimicrobial sus-

ceptibility of Vibrio parahaemolyticus isolated from retail shellfish in Shanghai.

Food Control 2016;60:263-8. doi:10.1016/j.foodcont.2015.08.005.

Changsen C, Likhitrattanapisal S, Lunha K, Chumpol W, Jiemsup S,

Prachumwat A, et al. Incidence, genetic diversity, and antimicrobial resistance

profiles of Vibrio parahaemolyticus in seafood in Bangkok and eastern Thai-

land. Peer] 2023;11:e15283. doi:10.7717/peerj.15283.

Li Y, Xie T, Pang R, Wu Q, Zhang J, Lei T, Xue L, et al. Food-borne Vibrio para-

haemolyticus in China: prevalence, antibiotic susceptibility, and genetic char-

acterization. Front Microbiol 2020;11:1670. doi:10.3389/fmicb.2020.01670.

Zheng H, Huang Y, Liu P, Yan L, Zhou Y, Yang C, et al. Population ge-

nomics of the food-borne pathogen Vibrio fluvialis reveals lineage associ-

ated pathogenicity-related genetic elements. Microb Genom 2022;8:000769.

doi:10.1099/mgen.0.000769.

Li Y, Xie X, Shi X, Lin Y, Qiu Y, Mou ], et al. Vibrio parahaemolyticus, Southern

Coastal Region of China, 2007-2012. Emerg Infect Dis 2014;20:685-8. doi:10.

3201/eid2004.130744.

[86] Huang Y, Du Y, Wang H, Tan D, Su A, Li X, et al. New variant of Vibrio para-
haemolyticus, sequence Type 3, Serotype 010:K4, China, 2020. Emerg Infect Dis
2022;28:1261-4. doi:10.3201/eid2806.211871.

[87] Quilici ML, Robert-Pillot A, Picart ], Fournier JM. Pandemic Vibrio para-

haemolyticus 03:K6 spread. France. Emerg Infect Dis 2005;11:1148-9. doi:10.

3201/eid1107.041008.

Ansaruzzaman M, Lucas M, Deen JL, Bhuiyan NA, Wang XY, Safa A, et al.

Pandemic serovars (03:K6 and 04:K68) of Vibrio parahaemolyticus associated

with diarrhea in Mozambique: spread of the pandemic into the African conti-

nent. J Clin Microbiol 2005;43:2559-62. doi:10.1128/JCM.43.6.2559-2562.2005.

Velazquez-Roman ], Leén-Sicairos N, de Jesus, Hernandez-Diaz L, Canizalez-

Roman A. Pandemic Vibrio parahaemolyticus 03:K6 on the American conti-

nent. Front Cell Infect Microbiol 2014;3:110. doi:10.3389/fcimb.2013.00110.

Velazquez-Roman J, Ledn-Sicairos N, Flores-Villasefior H, Villafafia-Rauda S,

Canizalez-Roman A. Association of pandemic Vibrio parahaemolyticus 03:K6

present in the coastal environment of Northwest Mexico with cases of recur-

rent diarrhea between 2004 and 2010. Appl Environ Microbiol 2012;78:1794-

803. doi:10.1128/AEM.06953-11.

Ansede-Bermejo ], Gavilan RG, Trifianes ], Espejo RT, Martinez-Urtaza ]. Ori-

gins and colonization history of pandemic Vibrio parahaemolyticus in South

America. Mol Ecol 2010;19:3924-37. doi:10.1111/j.1365-294X.2010.04782.x.

Zhang Y, Chen L, Jiang Y, Yang B, Chen ], Zhan L, et al. Epidemiological and

whole-genome sequencing analysis of a gastroenteritis outbreak caused by a

new emerging serotype of Vibrio parahaemolyticus in China. Foodborne Pathog

Dis 2022;19:550-7. doi:10.1089/fpd.2022.0002.

Zhang P, Wu X, Yuan R, Yan W, Xu D, Ji L, et al. Emergence and predominance

of a new serotype of Vibrio parahaemolyticus in Huzhou, China. Int J Infect Dis

2022;122:93-8. doi:10.1016/j.ijid.2022.05.023.

[94] Okada K, Roobthaisong A, Hearn SM, Okada PA, Doung-Ngern P, Wongboot W,

et al. Emergence of Vibrio parahaemolyticus serotype 010:K4 in Thailand. Mi-

crobiol Immunol 2023;67:201-3. doi:10.1111/1348-0421.13055.

Honda S, Goto I, Minematsu I, Ikeda N, Asano N, Ishibashi M, Kinoshita Y,

et al. [Vibrio parahaemolyticus infectious disease caused by Kanagawa

phenomenon-negative 03:K6 originated from Maldives]. Kansenshogaku Zasshi
1987;61:1070-8. doi: 10.11150/kansenshogakuzasshi1970.61.1070.

Rai KR, Rai SK, Bhatt DR, Kurokuwa M, Ono K, Magar DT. Study of medically

important vibrios in the sewage of Katmandu Valley, Nepal. Nepal Med Coll |

2012;14:212-15.

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[88]

[89]

[90]

[91]

[92]

[93]

[95]

[96]


https://doi.org/10.5402/2012/654819
https://doi.org/10.1086/368257
https://doi.org/10.26719/2016.22.2.142
https://doi.org/10.1371/journal.pntd.0002815
https://doi.org/10.1136/bcr-2018-227851
https://doi.org/10.1016/j.ijid.2018.01.018
https://doi.org/10.4103/0974-777X.83544
https://doi.org/10.1016/j.ijmmb.2021.05.016
https://doi.org/10.1016/0035-9203(89)90406-9
https://doi.org/10.1186/s13256-023-03943-9
https://doi.org/10.4103/0255-0857.188361
https://doi.org/10.1016/j.scitotenv.2023.163332
https://doi.org/10.3390/ijerph17165685
https://doi.org/10.1155/2023/2716789
https://doi.org/10.3390/d14020097
https://doi.org/10.1093/femsle/fnaa136
https://doi.org/10.1017/S0950268814001897
https://doi.org/10.1016/j.ijfoodmicro.2012.04.019
https://doi.org/10.3389/fmicb.2023.1171350
https://doi.org/10.1016/j.tmaid.2023.102554
https://doi.org/10.3390/ijerph19095738
https://doi.org/10.1007/s10661-017-6424-2
https://doi.org/10.3389/fmars.2022.959830
https://www.who.int/news-room/fact-sheets/detail/antibiotic-resistance
https://doi.org/10.1016/j.fm.2016.02.008
https://doi.org/10.1038/s41598-022-23479-0
https://doi.org/10.1128/AEM.00537-18
https://doi.org/10.4315/0362-028x-71.12.2552
https://doi.org/10.1016/j.marpolbul.2017.02.070
https://doi.org/10.1016/j.foodcont.2015.08.005
https://doi.org/10.7717/peerj.15283
https://doi.org/10.3389/fmicb.2020.01670
https://doi.org/10.1099/mgen.0.000769
https://doi.org/10.3201/eid2004.130744
https://doi.org/10.3201/eid2806.211871
https://doi.org/10.3201/eid1107.041008
https://doi.org/10.1128/JCM.43.6.2559-2562.2005
https://doi.org/10.3389/fcimb.2013.00110
https://doi.org/10.1128/AEM.06953-11
https://doi.org/10.1111/j.1365-294X.2010.04782.x
https://doi.org/10.1089/fpd.2022.0002
https://doi.org/10.1016/j.ijid.2022.05.023
https://doi.org/10.1111/1348-0421.13055
https://doi.org/10.11150/kansenshogakuzasshi1970.61.1070
http://refhub.elsevier.com/S1201-9712(24)00023-7/sbref0096

	Vibriosis in South Asia: A systematic review and meta-analysis
	Introduction
	Material and methods
	Study design
	Definitions
	Search strategy and data sources
	Study selection
	Extraction of data and methodological assessment
	Data analysis and synthesis

	Results
	Search results
	Study characteristics
	Methodological assessment
	Meta-analysis
	Subgroup analysis
	Removing outliers

	Discussion
	Conclusion
	Declaration of competing interest
	Funding
	Institutional review board statement
	Acknowledgments
	Author contributions
	Informed consent statement
	Data availability statement
	Supplementary materials
	References


