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‘E”'C%ngeyyz?ﬁ?cgfv”;‘;;‘; Vibrio parahaemolyticus is an important seafood borne human pathogen worldwide
Centre, Institute for Marine due to it occurrence, prevalence and ability to cause gastrointestinal infections. This
and Antarctic Studies, current study aim at investigating the incidence and prevalence of V. parahaemo-
University of Tasmania, Iyticus in seafood using systematic review-meta-analysis by exploring heterogeneity
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among primary studies. A comprehensive systematic review and meta-analysis of peer

reviewed primary studies reported between 2003 and 2015 for the occurrence and

"o

prevalence of V. parahaemolyticus in seafood was conducted using “isolation’, “detec-
tion’,“prevalence’, “incidence’, “occurrence” or “enumeration”and V. parahaemolyticus

as search algorithms in Web of Science (Science Direct) and ProQuest of electronic
bibliographic databases. Data extracted from the primary studies were then analyzed
with fixed effect meta-analysis model for effect rate to explore heterogeneity between
the primary studies. Publication bias was evaluated using funnel plot. A total of 10,819
articles were retrieved from the data bases of which 48 studies met inclusion crite-

ria. V. parahaemolyticus could only be isolated from 2761 (47.5 %) samples of 5811
seafood investigated. The result of this study shows that incidence of V. parahaemo-
Iyticus was more prevalent in oysters with overall prevalence rate of 63.4 % (95 % Cl
0.592-0.674) than other seafood. Overall prevalence rate of clams was 52.9 % (95 % Cl
0.490-0.568); fish 51.0 % (95 % Cl 0.476-0.544); shrimps 48.3 % (95 % Cl 0.454-0.512)
and mussels, scallop and periwinkle: 28.0 % (95 % Cl 0.255-0.307). High heterogeneity
(p value <0.001; /> = 95.291) was observed mussel compared to oysters (P =91.024).
It could be observed from this study that oysters harbor V. parahaemolyticus based on
the prevalence rate than other seafood investigated. The occurrence and prevalence
of V. parahaemolyticus is of public health importance, hence, more studies involving
seafood such as mussels need to be investigated.

Keywords: Seafood safety and quality, Prevalence, Reservoir, V. parahaemolyticus,
Shellfish

Background

Vibrio parahaemolyticus is a non-sucrose fermenting halophilic bacterium that grows
between 10 and 44 °C and optimum temperature of 35-37 °C (Zamora-Pantoja et al.
2013; Wagley et al. 2009). The first outbreak of seafood borne disease due to consump-
tion of V. parahaemolyticus contaminated sardine was reported in Japan in 1950 (Levin
2006). In this outbreak, 20 people were reported dead while over 270 people were
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likewise hospitalized. More outbreaks involving consumption of contaminated raw or
undercooked seafood like oyster has been reported in United States (Iwamoto et al.
2010; McLaughlin et al. 2005; Drake et al. 2007), China (Liu et al. 2004), Taiwan (Chiou
et al. 2000), Spain (Lozano-Leon et al. 2003), Italy (Ottaviani et al. 2008), Chile (Garcia
et al. 2009), Peru (Gil et al. 2007) and (Leal et al. 2008) V. parahaemolyticus infection is
characterized with vomiting, acute abdominal pain, abdominal pain, vomiting, watery or
bloody diarrhea and gastroenteritis as result of production of thermostable direct hemo-
lysin (TDH) and TDH-related hemolysin (TRH) toxins respectively (Jahangir Alam et al.
2002; Wagley et al. 2009) with an incubation period of 4—96 h (Levin 2006) however,
non-pathogenic V. parahaemolyticus strains do not cause any infection. Several stud-
ies have been conducted globally regarding occurrence and prevalence of total or path-
ogenic V. parahaemolyticus in seafood yet there exist variability among the studies in
terms of incidence and prevalence.

Meta-analysis is a quantitative statistical summarizing techniques aimed at extracting
and combining scientific results from multiple primary studies that have investigated the
same research question (Gonzales-Barron et al. 2013). Meta-analysis explains possible
differences in outcomes of primary studies by extracting and encoding study character-
istics such as research design features, data collection procedures, type of samples and
year of study (DerSimonian and Laird 1986). This involves several steps like systematic
review of literatures, data extraction of both qualitative and quantitative information
from relevant primary studies, selection of effect size as described from each study, esti-
mation of overall effect size of all the primary studies, assessment of heterogeneity of
studies and presentation of meta-analysis using numerical (odd ratios, fixed effects size,
p values, publication bias, meta regression, and random effect) and or graphical meth-
ods forest plot, funnel plot and others (Gonzales-Barron et al. 2013). Method of data
generation differs from one study to another. Hence, researchers can either perform
experiment to generate data or utilize available data from previous study (primary study)
without experimental work (den Besten and Zwietering 2012). It was recently that food
safety researchers stated conducting meta analytical studies as most meta-analytical
study are conducted only in medical and social sciences (Gonzales Barron et al. 2008;
Gonzales-Barron and Butler 2011; Patil et al. 2004). Meta-analytical studies could be
carried out in food safety research in order to help answer various research questions
involving prevalence pathogens in foods, treatment interventions, predictive modelling,
microbial risk assessement, food safety knowledge, attitude and practices (Xavier et al.
2014).

Currently, no meta-analysis has been conducted on estimation of overall incidence,
detection and prevalence of V. parahaemolyticus in seafood has been carried out in
order to gain insight to source(s) of reservoir for these bacterial pathogens. This study
therefore aim to systematically review and summarize primary studies describing inci-
dence and prevalence of V. parahaemolyticus in seafood worldwide.

Methods
Definition
For the purpose of this study, incidence is defined as occurrence (presence) of V. para-
haemolyticus in seafood samples analyzed in the primary studies while prevalence (p) is
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the number (n) of seafood that was positive for the presence of V. parahaemolyticus from
the total sample (N). Primary studies imply all the studies carried out by other research-
ers used in this study. Population of study is the type of seafood investigated in each
study. Seafood considered in this study are mollusks (oysters, clams, and mussels), fin-
fish (salmon and tuna) and crustaceans (shrimp, crab, and lobster) (Iwamoto et al. 2010).
In order to achieve the aim of this study, modified methods of Preferred Reporting Items
for Systematic Reviews and Meta-Analyses—PRIMA (Moher et al. 2009) and (Gonzales-
Barron and Butler 2011) were used. The steps consist of systematic review of literatures,
data extraction of both qualitative and quantitative information from relevant primary
studies, selection of effect size as described from each study, estimation of overall effect
size of all the primary studies, assessment of heterogeneity of studies and meta-analysis
representation of obtained result using numerical (odd ratios, fixed effects size, p values,
publication bias, meta regression, and random effect) and or graphical methods forest
plot, funnel plot and others).

Literature search, selection and relevance screening

This review was guided by a research question and problem statement. The research
question was how prevalent is V. parahaemolyticus in seafood? While a problem state-
ment describing the incidence and prevalence of V. parahaemolyticus in different sea-
food samples was formulated. Presence or absent of V. parahaemolyticus was considered
as possible outcome of each primary study. Thereafter, a comprehensive literature search
of electronic databases (ISI Web of science and ProQuest) and systematic review of
available primary studies aimed at producing summary of relevant, quality and initial
findings from such studies was carried out. The following search algorithms: “isolation”
and V. parahaemolyticus, “detection” and V. parahaemolyticus, “prevalence” and V. par-
ahaemolyticus, “incidence” and V. parahaemolyticus, “occurrence” and V. parahaemo-
lyticus and “enumeration” and V. parahaemolyticus were used. Preliminary screening
(Abstract-based relevance screening) of titles and abstracts of retrieved primary studies
was carried out for eligibility and relevance to this study. Relevance of each article was
screened using both inclusion and exclusion criteria. The inclusion criteria are: descrip-
tion of isolation method of V. parahaemolyticus from seafood using both conventional
method (use of Thiosulphate Citrate Bile Salt agar—TCBS) and or molecular methods
(Polymerase chain reaction—PCR). Full text and peer reviewed articles in English. The
total number (population) of samples studied and number of samples that are posi-
tive for presence of V. parahaemolyticus clearly stated in the study. The exclusion cri-
teria are: review articles, detection of V. parahaemolyticus in artificially contaminated
samples, non-peer reviewed articles such as thesis, opinion articles, non-food related
sources of V. parahaemolyticus such as clinical samples and conference abstract due to
lack of access to full articles. Thereafter, full text screening of eligible primary studies
were obtained from the databases. Articles that are not freely available were obtained via
the service of the University of Tasmania’s library. Citations identified were retrieved and
further checked for duplication using Endnote x7.1 software.
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Data extraction and assessment of quality
Based on the inclusion and exclusion criteria, first author, year of publication or study,
location, type of seafood studied, microbiological methods, number of sample positive

for presence of V. parahaemolyticus were extracted.

Statistical analysis of extracted data

The pooled estimates of prevalence of V. parahaemolyticus in seafood were obtained by
fixed effect meta-analysis model. The model was used to analyze combined extracted
data while variation of incidence and prevalence of V. parahaemolyticus between the
primary studies was evaluated using heterogeneity (I*). Heterogeneity of prevalence esti-
mates between the studies was investigated using Q statistic (Bangar et al. 2014) and
quantified by I? Index (Higgins et al. 2003) as shown in below equations.

Q=Y {misi - p?} (1)

> ={(Q—df)/Q}% 2)

where df is the degree of freedom (N — 1), 3, is the pooled estimate, f5; is the estimate
of individual primary study. Presence of bias in the publications was determined using
funnel plots (odd of presence of V. parahaemolyticus in the samples) of standard error.
Forest plots were however used to estimate the event rate at 95 % confidence inter-
vals. Prevalence (p) and standard error (s.e.) were calculated by the following formulae:
p=n/Nands.e.= p (1 — p)/N: where n = number of positive samples and N = num-
ber of samples (Tadesse and Tessema 2014). Modified method of (Greig et al. 2012) was
used for the assessment of risk bias. Statistical analyses was carried out using Compre-
hensive Meta-Analysis (CMA) software. Statistical p values (p < 0.05) were considered as

statistically significant.

Results and discussion

Literature search

The numbers of studies on V. parahaemolyticus has increased over the years. This cur-
rent study is the first meta-analytical study to be carried out on incidence and preva-
lence of V. parahaemolyticus in seafood. Figure 1 shows results obtained from literature
search. Literature search yielded 10,819 primary studies. However, when the source of
articles was limited to peer review journals, 6876 articles were obtained. Further limit-
ing of the subject to full text academic journals, V. parahaemolyticus, seafood and or
shellfish, 149 articles were obtained. Abstract relevance screening of published articles
reduced the study to 86 while only 63 articles remained after de-duplication. Hence, only
few primary studies met the inclusion requirement of this meta-analysis. The primary
studies considered in this meta-analysis described standard method for isolation and
detection of V. parahaemolyticus from seafood samples. First author, year of publication
or study, location of study, type of seafood studied, microbiological methods and num-
ber of sample positive for presence of V. parahaemolyticus were extracted from the fol-
lowing 48 primary studies: (Abd-Elghany and Sallam 2013; Amin and Salem 2012; Anjay
et al. 2014; Bilung et al. 2005; Blanco-Abad et al. 2009; Chakraborty and Surendran 2008;
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10819 articles were identified from databases:
= Web of Science (Science Direct), ProQuest and
= other sources like Google scholar and University
E of Tasmania Library MegaSearch database.
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Fig. 1 Flow diagram of selected studies included in fixed effect meta-analysis

Changchai and Saunjit 2014; Chao et al. 2009; Cook et al. 2002; Copin et al. 2012; Deep-
anjali et al. 2005; DePaola et al. 2003; Di Pinto et al. 2008, 2012; Dileep et al. 2003; Duan
and Su 2005a, b; Eja et al. 2008; Fuenzalida et al. 2006, 2007; Han et al. 2007; Khouadja
et al. 2013; Kirs et al. 2011; Koralage et al. 2012; Lee et al. 2008; Lu et al. 2006; Luan et al.
2008; Marlina et al. 2007; Miwa et al. 2006; Nakaguchi 2013; Nelapati and Krishnaiah
2010; Normanno et al. 2006; Ottaviani et al. 2005; Pal and Das 2010; Parveen et al. 2008;
Paydar et al. 2013; Pereira et al. 2007; Raghunath et al. 2007; Ramos et al. 2014; Rizvi
and Bej 2010; Robert-Pillot et al. 2014; Rosec et al. 2012; Schérer et al. 2011; Sobrinho
Pde et al. 2011; Sobrinho et al. 2010; Sudha et al. 2012; Suffredini et al. 2014; Sun et al.
2012; Terzi et al. 2009; Vuddhakul et al. 2006; Xu et al. 2014; Yamamoto et al. 2008; Yang
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et al. 2008a, b; Yano et al. 2014; Zarei et al. 2012; Zhao et al. 2011; Zulkifli 2009). The
outcome of this study revealed that oysters are more contaminated with this pathogen
than other samples. It could be observed from this study that more studies have car-
ried out on oyster than other samples. Oysters are eaten either raw or undercooked.
This practice tend to increase the prevalence of outbreak of V. parahaemolyticus in oys-
ters especially in countries like United States, China and Japan. There are limitations in
meta-analysis study. Only studies that are published in English are used in this study.
There could be possibility that positive results involving incidence of V. parahaemolyti-
cus from other seafood are reported. This correlates with the publication bias observed
in the study which involve publication of study with significant results. Additionally, pri-
mary research studies involving clinical samples were not included in this study

Descriptive characteristics of eligible studies

As seen in Table 1, the studies were conducted and published between 2003 and 2015
from the following 24 countries: Brazil (3 studies); India (6 studies); Iran (1 study);
United Kingdom (1 study); China (5 studies); Thailand (4 studies); Vietnam (1 study);
Malaysia (3 studies); Indonesia (3 studies); Italy (5 studies); Japan (1 study); Chile (1
study); Egypt (2 studies); United States (3 studies); Turkey (1 study); France (3 studies);
Spain (1 study); Mexico (1 study); Korea (1 study); Sri Lanka (1 study); Nigeria (1 study);
Tunisia (1 study); New Zealand (1 study) and Switzerland (1 study). V. parahaemolyti-
cus was isolated from 2761 (47.5 %) of 5811 mussel, scallop and periwinkle (1670) in 15
studies, oyster (951) in 17 studies, clam and cockle (830) in 18 studies,, shrimps, prawn
and crab (1422) in 23 studies, fish, squid and cephalopod (998) in 20 studies of seafood
investigated.

Meta-analysis of prevalence of V. parahaemolyticus in mussel, scallop, and periwinkle
Meta-analysis of incidence and prevalence of V. parahaemolyticus in mussel, scallop,
and periwinkle was carried out using data of 1670 samples from 15 studies. The results
of estimates of prevalence are summarised in Table 2. The pooled prevalence estimate of
V. parahaemolyticus was found to be 28.0 % (95 % CI 0.255-0.307) as shown in Table 2.
The studies included in this meta-analysis were found to be of significant heterogene-
ity (Q = 297.293, df = 14, p < 0.001) between 15 studies. Heterogeneity quantified by I*
index was observed as 95.291 % as shown in the forest plot in Fig. 2. Squares represent
effect estimates of individual studies with their 95 % confidence intervals of prevalence
with size of squares proportional to the weight assigned to the study in the meta-analysis
(Fig. 3).

Meta-analysis of prevalence of V. parahaemolyticus in shrimp, prawn and crab

Meta-analysis of incidence and prevalence of V. parahaemolyticus in shrimp, prawn and
crab was carried out using data of 1422 samples from 24 studies. The pooled prevalence
estimate of V. parahaemolyticus was found to be 48.3 % (95 % CI 0.454—0.512). The pri-
mary studies included in this meta-analysis were found to be of significant heterogene-
ity (Q = 232.099, df = 22, p > 0.001) between 24 studies. Heterogeneity quantified by /*
index was observed as 90.521 % as shown in the forest plot in Fig. 4. Squares represent
effect estimates of individual studies with their 95 % confidence intervals of prevalence
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Table 1 Descriptive characteristic of eligible studies in meta-analysis

Sn Sr Ls Yp Ts M N n P (%)
1 Sobrinho Pde et al. (2011) Brazil 2011 Oyster TCBS/PCR™ 74 74 100
2 Sudha et al. (2012) India 2012 Finfish TCBS/PCR 182 82 451
3 Zarei et al. (2012) Iran 2012 Shrimps TCBS/PCR 300 146 439
4 Wagley et al. (2009) England 2009 Crabs TCBS/PCR 2222 100
5 Zhao et al. (2011) China® 2011 Qyster TCBS/PCR 80 39 488
Clam TCBS/PCR 72 46 638

Scallop TCBS/PCR 70 42 600

Mussel TCBS/PCR 76 45 592

6 Nakaguchi (2013) Thailand 2013 Cockle TCBS/PCR 109 76 694
Mussel TCBS/PCR 73 54 745

Oyster TCBS/PCR 32 27 833

Clam TCBS/PCR 86 52 600

Vietnam Fish TCBS/PCR 16 10 625

Shrimp TCBS/PCR 18 13 732

Squid TCBS/PCR 7 2 286

Crab TCBS/PCR 5 2 400

Malaysia Fish TCBS/PCR 1 6 545

Squid TCBS/PCR 11 6 545

Indonesia Shrimp TCBS/PCR 37 23 621

Squid TCBS/PCR 29 4 138

7 Di Pinto et al. (2008) Italy 2008 Mussel TCBS/PCR 144 47 326
8  Yamamoto et al. (2008) Thailand® 2008 Clams MPN¥/PCR 3232 100
9 Miwa et al. (2006) Japan 2006 Fish MPN/PCR 30 4 133
Shrimp MPN/PCR 20 11 550

Cockle MPN/PCR 10 9 9

10 Fuenzalida et al. (2006) Chile 2006 Mussel TCBS/PCR 35 9 257

Clam TCBS/PCR 8 2 25

Oyster TCBS/PCR 5 1 20

11 Anjayetal. (2014) India 2014 Fish TCBS/PCR 182 140 769
Prawn TCBS/PCR 42 31 738

12 Abd-Elghany and Sallam (2013) Egypt 2013 Shrimp TCBS/PCR 40 9 225
Crab TCBS/PCR 40 8 20

Cockle TCBS/PCR 40 3 75

13 Changchaiand Saunjit (2014)  Thailand 2014 Raw oysters' MPN/PCR 240 219 91
14 Ramos et al. (2014) Brazil 2014 Oyster MPN/PCR 60 29 483
15 Chakraborty and Surendran India 2008 Finfish TCBS/MPN 12 8 66.6

(2008)

Shellfish TCBS/MPN 25 21 840

Cephalopods ~ TCBS/MPN 5 4 80

16  Bilung et al. (2005) Malaysia 2005 Cockle MPN/PCR 100 62 62
17 Rosecetal. (2012) France 2012 Qyster TCBS/C/PCR 60 19 316
Clams/mussel  TCBS/C/PCR 9 1T 11

18  Terzietal. (2009) Turkey 2009 Fish TCBS/PCR 30 9 30
Mussel TCBS/PCR 60 35 583

19  Suffredini et al. (2014) Italy 2014 Mussel TCBS/PCR 75 31 413
Clams TCBS/PCR 51 22 431

20 Sunetal . (2012) China 2012 Oyster TCBS/LAMP 10 2 20
Clam TCBS/LAMP 16 2 125

21 Parveen et al. (2008) us 2008 Oyster TCBS/DCH/PCR 33 22 67
22 DiPintoetal. (2012) [taly 2012 Mussel PCR/ELISA 195 26 133

Page 7 of 17
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Table 1 continued

Sn Sr Ls Yp Ts M N n P (%)
23 Rizvi and Bej (2010) Mexico 2010 Oyster SYBR/PCR 24 14 583
24 Blanco-Abad et al. (2009) Spain 2009 Mussel TCBS/PCR 48 5 104
25  Marlina et al. (2007) Indonesia 2007 Clam RAPD/PCR 35 13 371
26 Luanetal. (2008) China 2008  Shrimp MPN/PCR 80 66 825
Crab MPN/PCR 15 14 933
Clam MPN/PCR 100 64 64
Fish MPN/PCR 10 10 100
Scallop MPN/PCR 20 11 55
27 Luetal. (2006) us 2006 Oyster RAPD/PCR 13 9 69
Mussel RAPD/PCR 22 7 32
Clam RAPD/PCR 48 13 27
28  Robert-Pillot et al. (2014) France 2014 Fish RT/PCR 27 5 185
Mussel/Scallop RT/PCR 10 1 10
29 Zulkifli (2009) Indonesia 2009 Cockle C/PCR 50 25 50
30 Nelapati and Krishnaiah (2010)  India 2010 Fish TCBS/PCR 105 69 657
31 Yanoetal (2014) Thailand 2014 Shrimp MPN/PCR 16 6 375
32 Duanand Su (2005a) us 2005 Oyster TCBS/PCR 74 31 419
33 Copinetal (2012) France 2012 Shrimp MPN/PCR 36 28 778
34 Yang etal. (2008a) China 2008  Fish RADP/PCR 197 58 297
Crab RADP/PCR 49 22 449
Shrimp RADP/PCR 71 28 394
35  Ottaviani et al. (2005) [taly 2005 Mussel TCBS/PCR 144 35 243
36  Sobrinho et al. (2010) Brazil 2010 Oyster MPN/PCR 123 122 992
37 Xuetal. (2014) China 2014 Shrimp TCBS/PCR 273 103 377
38 Leeetal (2008) Korea 2008 Oyster TCBS/PCR 72 48 66.7
39 Amin and Salem (2012) Egypt 2012 Shrimp TCBS/PCR 200 4 20
Crab TCBS/PCR 200 6 30
40  Koralage et al. (2012) Sri Lanka 2012 Shrimp TCBS/PCR 170 155 912
41 Schareretal. (2011) Switzerland 2011 Squid TCBS/PCR 2 2 100
42 Paydaretal. (2013) Malaysia 2013 Fish TCBS/mPCR 27 21 778
Squid TCBS/PCR 7 4 571
Cockle TCBS/PCR 5 3 60
Shrimp TCBS/PCR 11 9 818
Clam TCBS/PCR 3 2 667
Prawn TCBS/PCR 7 5 714
Oyster TCBS/PCR 9 6 667
43 Dileep et al. (2003) India 2003 Finfish TCBS/PCR 18 4 222
Shrimp TCBS/PCR 10 3 30
44 Ejaetal. (2008) Nigeria 2008 Shrimp TCBS/Biotyping 120 26 21.7
Clam TCBS/Biotyping 90 7 77
Periwinkle TCBS/Biotyping 98 9 92
45  Khouadja et al. (2013) Tunisia 2013 Oyster TCBS/PCR 20 2 100
Mussel TCBS/PCR 20 T 50
46 Kirsetal. (2011) New Zealand 2011 Oyster TCBS/RT/PCR 58 55 948
47 Normanno et al. (2006) Italy 2006 Mussel TCBS/API 600 47 783
48  Paland Das (2010) India 2010 Fish TCBS/PCR 90 60 66.7

i, shucked oyster; tb, Tillamook Bay; yb, Yaquina Bay; S, Selangor; pj, Padang and Jakarta; m, use of any molecular method
like specie specific genes etc, k; mpn chrom agar; a, coastal province Jiangsu; China b, eastern coast of China. Sn = study
number; Sr = study reference; Ls = location of study; Yp = year of publication; Ts = type of seafood; M = microbiological
method(s); N = total sample; n = number of positive samples

Page 8 of 17
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Table 2 Prevalence and meta-analysis statistics of V. parahaemolyticus in seafood investi-
gated in the primary studies

df Sample Effect size 95% Cl  Heterogeneity Standard  Variance
error

Qvalue pvalue P

14 Mussel, scallop, and peri- 28.0 (0.255-0.307) 297293 0.0000 95291  0.660 0436
winkle

22 Shrimp, prawn and crab 483 (0.454-0.512) 232099 0.2590 90.521 0484 0.2345

19  Fish, squid and cephalopod  51.0 (0.476-0.544) 159368  0.557 88.078 0.460 0.212

17 Clam and cockle 52.9 (0.490-0.568) 132490  0.145 87.169 0429 0.184

16 Oyster 63.4 (0.592-0.674) 178.260  0.0000 91.024 0.765 0.586

Q, Cochran’s test; I, inverse variance index; df, degree of freedom

Studyname  Statistics for each study Event rate and 95% CI
Event Lower Upper

Molluscs  “ e limit limit Z-Value p-Value

Mussel (5) 0.592 0479 0696 1597 0110 .-

Mussel (6) 0740 0.628 0827 3916 0.000 -

Mussel (7) 0326 0255 0407 -4.077 0.000
Mussel (10)0.257 0140 0425 -2743 0.006
Mussel (18)0.583 0456 0701 1285 0.199
Mussel (19)0.413 0308 0527 -14893 0135
Mussel (22)0.133 0092 0.189 -8.885 0.000
Mussel (24)0104 0.044 0227 -4.554 0.000
Mussel (27)0.318 0160 0534 -1665 0.0%
Mussel (35)0.243 0180 0,320 -5.847 0.000
Mussel (45)0050 0007 0282 -2870 0.004
Mussel (47)0.078 0059 0.103 <16.225 0.000
Periwinkle (44).082 0.048 0,167 -6.551 0.000
Scallop (5)0600 0482 0708 1662 0097
Scallop (280100 0.014 0487 -2.084 0037

0280 0255 0.307 14,380 0.000

-1 ’.T"'l"t.'f'

-1.00 -0.50 0.00 050 1.00

Fig. 2 Forest plots of prevalence of V. parahaemolyticus in mussel, scallop and periwinkle for fixed effects
meta-analyses. (Squares represent effect estimates of individual studies with their 95 % confidence intervals
of prevalence with size of squares proportional to the weight assigned to the study in the meta-analysis)

with size of squares proportional to the weight assigned to the study in the meta-analysis
(Fig. 5).

Meta-analysis of prevalence of V. parahaemolyticus in fish, squid and cephalopod

Meta-analysis of incidence and prevalence of V. parahaemolyticus in fish, squid and
cephalopod was carried out using data of 998 samples from 20 studies. The pooled prev-
alence estimate of V. parahaemolyticus was found to be 51.0 % (95 % CI 0.476—0.544).
The studies included in this meta-analysis were has found to be significant heterogene-
ity (Q = 159.368, df = 19, p > 0.001) between 20 studies. Heterogeneity quantified by I?
index was observed as 88.078 % as shown in the forest plot in Fig. 6. Squares represent
effect estimates of individual studies with their 95 % confidence intervals of prevalence

Page 9 of 17
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Fig. 3 Funnel plot of prevalence of V. parahaemolyticus in mussel, scallop and periwinkle. Solid vertical line
represents the summary prevalence rate derived from fixed-effect meta-analysis while the diagonal lines
represent 95 % confidence interval

Study name Statistics for each study Event rate and 95% CI

Event Lower Upper
rate limit limit Z-Value p-Value

Shrimp (3) 0.487 0.431 0.543 -0.462 0.644 ]
Shrimp(6a)0.722 0.481 0.879 1.816 0.069 | e
Shrimp (6bp.622 0.458 0.761 1.465 0.143 T
Shrimp (9) 0.550 0.336 0.747 0.446 0.655 _—
Shrimp(12)0.225 0.121 0.379 -3.266 0.001 ——
Shrimp(26)0.825 0.726 0.894 5.270 0.000 —
Shrimp(31)0.375 0.179 0.623 -0.989 0.323
Shrimp(33)0.778 0.615 0.885 3.125 0.002 —_—
Shrimp(34)0.394 0.288 0.512 -1.767 0.077 —a—
Shrimp(37)0.377 0.322 0.436 -4.013 0.000 =
Shrimp(39)0.200 0.077 0.428 -2.480 0.013 ———
——
-

Shrimp(40)0.912 0.859 0.946 8.637 0.000
Shrimp(42)0.818 0.493 0.954 1.924 0.054
Shrimp(43)0.300 0.100 0.624 -1.228 0.220
Shrimp(44)0.217 0.152 0.299 -5.800 0.000
Prawn (11)0.738 0.586 0.849 2952 0.003 —
Prawn(42) 0.714 0.327 0.928 1.095 0.273
Crab (4) 0978 0.732 0999 2662 0.008
Crab (6) 0.400 0.100 0.800 -0.444 0.657
Crab (12)0.200 0.103 0.352 -3.507 0.000
Crab (26) 0.933 0.648 0.991 2550 0.011
Crab (34) 0.449 0.317 0.589 -0.713 0.476
Crab (39) 0.300 0.141 0527 -1.736 0.082

0.483 0454 0512 -1.130 0.259
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Fig. 4 Forest plots of prevalence of V. parahaemolyticus in shrimp, prawn and crab for fixed effects meta-
analyses. (Squares represent effect estimates of individual studies with their 95 % confidence intervals of
prevalence with size of squares proportional to the weight assigned to the study in the meta-analysis)

with size of squares proportional to the weight assigned to the study in the meta-analysis
(Fig. 7).

Meta-analysis of prevalence of V. parahaemolyticus in clam and cockle

Meta-analysis of incidence and prevalence of V. parahaemolyticus in clam and cockle
was carried out using data of 830 samples from 18 studies. The pooled prevalence esti-
mate of V. parahaemolyticus was found to be 52.9 % (95 % CI 0.490-0.568). The stud-
ies included in this meta-analysis were has found to be significant heterogeneity
(Q = 132.490, df = 17, p > 0.001) between 18 studies. Heterogeneity quantified by />
index was observed as 87.169 % as shown in the forest plot in Fig. 8. Squares represent
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Fig. 5 Funnel plot of prevalence of V. parahaemolyticus in shrimp, prawn and crab. Solid vertical line repre-
sents the summary prevalence rate derived from fixed-effect meta-analysis while the diagonal lines represent
95 % confidence interval

Study name Statistics for each study Event rate and 95% Cl
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Fish  (6b) 0.545 0.268 0.797 0.301 0.763 e

Fish  (9) 0.133 0.051 0.306 -3.485 0.000 ——

Fish  (11) 0.769 0.702 0.825 6.843 0.000 L

Fish  (15) 0.667 0.376 0869 1.132 0.258 -T—

Fish  (18) 0.300 0.164 0.483 -2.127 0.033 ——

Fish  (26) 0.955 0.552 0997 2.103 0.035 —_—

Fish  (28) 0.185 0.079 0.375 -2.991 0.003 —

Fish  (30) 0.657 0.562 0.741 3.164 0.002 -

Fish  (34) 0.294 0.235 0.362 -5591 0.000 =

Fish  (42) 0.778 0.586 0.897 2706 0.007 —_—

Fish  (43) 0.222 0.086 0465 -2210 0.027 ——

Fish  (48) 0.667 0.563 0.756 3.100 0.002 -

Squid (6¢) 0.545 0.268 0.797 0.301 0.763 —_——

Squid  (6d) 0.286 0.072 0673 -1.095 0.273 —_—

Squid (6e) 0.138 0.053 0.315 -3.403 0.001 —-_—

Squid  (41) 0.833 0.194 0990 1.039 0.299

Squid (42) 0.571 0.230 0856 0.377 0.706 —_——

Cephalopod (15)0.800 0.309 0.973 1.240 0.215

0.510 0.476 0544 0.587 0.557 )
100 -0.50  0.00 0.50 1.00

Fig. 6 Forest plots of prevalence of V. parahaemolyticus in fish, squid and cephalopod for fixed effects meta-
analyses. (Squares represent effect estimates of individual studies with their 95 % confidence intervals of
prevalence with size of squares proportional to the weight assigned to the study in the meta-analysis)

effect estimates of individual studies with their 95 % confidence intervals of prevalence
with size of squares proportional to the weight assigned to the study in the meta-analysis
(Fig. 9).

Meta-analysis of prevalence of V. parahaemolyticus in oyster

Meta-analysis of incidence and prevalence of V. parahaemolyticus in oyster was carried
out using data of 951 samples from 17 studies. The pooled prevalence estimate of V. par-
ahaemolyticus was found to be 63.40 % (95 % CI 0.592-0.674). The studies included in
this meta-analysis were has found to be significant heterogeneity (Q = 178.260, df = 16,
p < 0.001) between 17 studies. Heterogeneity quantified by I* index was observed as
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Fig. 7 Funnel plot of prevalence of V. parahaemolyticus in fish, squid and cephalopod. Solid vertical line repre-
sents the summary prevalence rate derived from fixed-effect meta-analysis while the diagonal lines represent
95 % confidence interval
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rate  limit limit Z-Value p-Valug
Clam (5 0830 0522 0741 2325 0020 -
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Clam (2000125 0031 0388 -2574 0010 ——
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Clam [(28)0.840 D542 0728 2762 0006 =
Clam (27)0.271 D84 0412 -3.04% 0002 =
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Clam (44)0078 DO3E 0154 -6283 0000 -
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Cockke (1000200 0533 0986 2084 0037 —
Cockle (120075 0024 0208 4185 0.000 -—
Cockle (1€6)0.620 0521 0710 2376 0017 -
Cockle (28)0,375 D179 0623 -0989 0323 ——
Cockle (420600 D200 0900 0444 0857 —_—

0529 D480 0568 1458 0,145 »

400 050 000 050 1.00

Fig. 8 Forest plots of prevalence of V. parahaemolyticus in clam and cockle for fixed effects meta-analyses.
(Squares represent effect estimates of individual studies with their 95 % confidence intervals of prevalence
with size of squares proportional to the weight assigned to the study in the meta-analysis)

91.024 % as shown in the forest plot in Fig. 10. Squares represent effect estimates of indi-
vidual studies with their 95 % confidence intervals of prevalence with size of squares

proportional to the weight assigned to the study in the meta-analysis (Fig. 11).

Publication bias among the primary studies

Both publication bias and quality of primary studies are limiting factors in any meta-
analytical study (Noble Jr. 2006). In meta-analysis, publication bias is usually graphically
assessed using funnel plot (Soon et al. 2012; Gonzales-Barron and Butler 2011). This was
obtained by plotting of study size (usually standard error or precision) on the vertical
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Fig. 9 Funnel plot of prevalence of V. parahaemolyticus in clam and cockle. Solid vertical line represents the
summary prevalence rate derived from fixed-effect meta-analysis while the diagonal lines represent 95 %
confidence interval

Study name  Statistics for each study Event rate and 95% CI
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Oyster (1) 0.983 0.902 1.000 3.527 0.000 _‘_ -
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Oyster (6) 0.844 0675 0933 3464 0.001 —_—
Oyster (10)0.200 0.027 0.6%91 -1.240 0.215 ——
Oyster (13)0.913 0.870 0.942 10,263 0.000 [ |
Oyster (17)0.317 0.212 D444 2771 0.008 -
Oyster (2010.200 0.050 0.541 -1.754 0.080 ——
Oyster (21)0.667 0.492 0.805 1.877 0.081 —a—
Oyster (23)0.583 0.383 0.759 0.813 0.416 —u—
Oyster (27)0.692 0.409 0.880 1.349 0177 +——
Oyster (32)0.419 0.312 0.534 1,389 0.165 .
Oyster (36)0.992 0.945 0999 4784 0.000 9
Oyster (38)0.667 0.551 0.766 2.773 0.008 -
Oyster (42)0.667 0.333 0.889 0,980 0.327 -—
Oyster (45)0.100 0.025 0.324 2948 0.003 --—
Oyster (45)0.948 0.852 0.983 4.906 0.000 -=|
Oyster (23)0.583 0.383 0.759 0.813 0.416€ =
0.634 0.592 0674 6.062 0.000

1

.00 -0.50 0.00 050 1.00

Fig. 10 Forest plots of prevalence of V. parahaemolyticus in oyster for fixed effects meta-analyses. (Squares
represent effect estimates of individual studies with their 95 % confidence intervals of prevalence with size of
squares proportional to the weight assigned to the study in the meta-analysis)

axis as a function of effect size on the horizontal axis. In this current study, publica-
tion bias could be observed among the primary studies due to asymmetric nature of the
plots. Solid vertical line in the funnel plots represents the summary of prevalence rate
derived from fixed-effect meta-analysis while the diagonal lines represent 95 % confi-
dence interval. Studies with large samples appeared toward the top of the graph, and
tend to cluster near the mean effect size while studies with smaller samples appeared
toward the bottom of the graph. It should be noted that sampling variation in effect size
estimates in the studies with smaller seafood samples affects the plots.
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Fig. 11 Funnel plot of prevalence of V. parahaemolyticus in oyster. Solid vertical line represents the summary
prevalence rate derived from fixed-effect meta-analysis while the diagonal lines represent 95 % confidence
interval

Conclusion

In conclusion, higher prevalence rate of V. parahaemolyticus was observed in oysters
than other seafood investigated. The occurrence and prevalence of V. parahaemolyticus
is of public health importance, hence, more studies involving seafood such as mussels
need to be investigated. Additionally, the study is a trial to develop a new data analysis
tool. There is need to investigate prevalence of this pathogen in other seafood and also
intervention strategies to reduce V. parahaemolyticus in seafood.
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