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Abstract

Background Duck hepatitis A virus (DHAV) is a single-stranded, positive-strand small RNA virus that causes a very
high mortality rate in ducklings. The DHAV-3 subtype incidence rate has recently increased in China, causing great
economic losses to the waterfowl breeding industry. We analyzed the protection rate of DHAV vaccines used in
mainland China from 2009 to 2021 and evaluated the effectiveness of vaccine prevention and control to reduce the
economic losses caused by DHAV to the waterfowl breeding industry. We screened five electronic research databases
and obtained 14 studies and patents on the protection efficiency of DHAV-1 and DHAV-3 vaccines.

Results Meta-analysis demonstrated that immunized ducklings produced higher antibody levels and had a
significantly higher survival rate than non-immunized ducklings [relative risk (RR)=12, 95% confidence interval (Cl)
6-26, P<0.01]. The age of the ducks and vaccine valence did not affect protection efficiency. Data source analysis

of the vaccine protection rate demonstrated that the vaccines conferred immune protection for ducklings in both
small-scale experiments and large-scale clinical conditions. The analysis results revealed that although the vaccines
conferred protection, the immune protective effect differed between small-scale experimental conditions and large-
scale clinical conditions. This might have been due to non-standard vaccination and environmental factors.

Conclusions Domestic DHAV vaccines can protect ducklings effectively. The subjects immunized (breeding ducks
or ducklings) and vaccine valence had no effect on the protective effect. Both small-scale experiments and large-
scale clinical conditions conferred immune protection on ducklings, but vaccine immunization under small-scale
experimental conditions had slightly better protective effects than large-scale clinical immunization.
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Background

Duck viral hepatitis (DVH) is an acute, highly contagious,
and often fatal disease of young ducklings (<4 weeks old).
DVH is caused by duck hepatitis virus (DHV), is charac-
terized by bleeding in the liver, and is often accompanied
by neurological symptoms. The clinical manifestations
are depressed mood, appetite loss, and often, head and
neck inversion, lying on the ground; the mortality rate is
very high. Post-mortem examination reveals that the liver
is enlarged, greenish, displays distinct ecchymotic hem-
orrhages, and has a brittle texture. Kidney and splenic
swelling may also be evident. Cutaneous hemorrhage is
often noted [1].

DHYV is the general name of many viruses that can
cause DVH. In 2009, the International Committee on
Taxonomy of Viruses divided DHV into the small RNA
virus, astrovirus, and hepatotropic DNA virus families
[2]. Small RNA virus family DHVs are termed duck hepa-
titis A virus (DHAV) and include DHAV type 1 (DHAV-
1), which was first isolated in the United States in the
1950s, the DHAV-2 strain isolated in Taiwan, and DHAV-
3, which was identified in China and South Korea [3-6].
The family Astroviridae includes duck astrovirus type 1
(DAst-V1) and DAst-V2 [7, 8]. In China, DVH is mainly
caused by DHAV-1, DHAV-3, and DAst-V1. DHAV-2 has
not been isolated in mainland China. In the aforemen-
tioned regions, many ducks were co-infected with mul-
tiple serotypes, usually involving DHAV-1 and DHAV-3
[9, 10].

In addition to biosafety measures, many scientists in
mainland China have focused on DHAYV vaccine research
for many years and have made progress. Live attenuated
vaccines for DHAV-1 are commercially available. The
A66 attenuated vaccine developed by the Jiangsu Acad-
emy of Agricultural Sciences and the CH60 attenuated
vaccine developed by the School of Veterinary Medi-
cine of Sichuan Agricultural University have obtained
the new veterinary drug registration certificates, and
experiments have proved that the vaccines provide good
DHAV-1 immune protection for ducks [11, 12]. Zhu [13]
injected 2000 LD50 DHAV-3 into ducks immunized with
DHAV-1 vaccine under experimental conditions and
reported that the DHAV-1 vaccine did not confer protec-
tion against DHAV-3. Many researchers have performed
DHAV-3 vaccine research and development and have
made significant research progress, yielding commercial
bivalent vaccines that are a combination of type 1 and 3
vaccines: Li et al. [14] developed a live attenuated vaccine
with good immunogenicity after continuous passage of
the DHAV-3 YDF strain for 110 generations in chicken
embryos. Song et al. [15] constructed a recombinant Lac-
tococcus lactis named NZ3900-VP1 that could express
the DHAV-3 VP1 protein. Oral vaccination with L. lac-
tis NZ3900-VP1 significantly induced specific anti-VP1
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immunoglobulin G (IgG) antibodies and mucosal secre-
tory IgA (sIgA) of DHAV-3 in mice and ducklings. The
ducklings vaccinated with L. lactis NZ3900-VP1 were
effectively protected when encountering natural DHAV-3
infection. Niu et al. [16] constructed a bivalent vaccine
against duck enteritis hepatitis by inserting the DHAV-1
VPO gene into duck enteritis virus vector.

A recombinant protein vaccine was successfully con-
structed by inserting the structural polyprotein precursor
gene P1 and the protease gene 3CD into the baculovirus
expression system and expressing them in insect cells
[17]. Kang et al. [18] developed bivalent live attenu-
ated vaccines (DHV-HSBP100 and AP-04203P100) for
DHAV-1 and DHAV-3 and reported that immunized
ducklings were protected effectively and rapidly against
virulent DHAV-1 and DHAV-3 at 2 or 3 days post-vac-
cination. These studies presented the possibility for the
commercialization of DHAV vaccines with higher pro-
tection rates in the future.

China is the world’s largest duck meat producer, where
duck breeding areas are spread across several provinces
such as Jiangsu, Jiangxi, and Zhejiang. According to the
Food and Agriculture Organization of the United Nations
Statistical Database (FAO Stat), there were 4.855 billion
commercial meat ducks in mainland China in 2020.

Many scholars have made progress in virus strain iden-
tification and vaccine research and development, but
DHAY remains widespread in mainland China, seriously
inhibiting waterfowl breeding industry development
and causing great economic losses. In this paper, meta-
analysis was used to analyze the protection efficiency of
recently developed DHAV vaccines in mainland China,
evaluate the DHAV vaccine effectiveness, and explore the
factors that affected DHAV prevalence to provide helpful
information for preventing and controlling DHAV.

Results

Selection process

We obtained and screened 346 articles. The title, abstract,
contents, and exclusion conditions were screened based
on the Cochrane manual literature screening process.
Eventually, 14 studies were included 13 Chinese stud-
ies and one English study [19-32] for meta-analysis of
DHAYV vaccine protection efficiency. The studies involved
a total 950 samples (from experimental and control
groups). Figure 1 depicts the flow diagram of the screen-
ing and results.

Data extraction and quality evaluation

The first author, publication year, article category, patent
number, outcome index, vaccine serotype, and vaccine
strain name were extracted from the studies. Table 1 lists
the results while Table 2 presents the specific experimen-
tal data. The quality of each article was evaluated (Fig. 2)
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Fig. 1 Flow diagram of literature search and selection

and depicted with the evaluation score [green, low risk
(2 points); yellow, uncertain (1 point); red, high risk (0
points)]. The evaluation revealed that the 14 articles met
the quality requirements and were included in the statis-
tical analysis.

Data synthesis and analysis
Among the 14 studies, the cohort studies were divided
into the control (unvaccinated) and test (vaccinated
with the DHAV vaccine) groups (Table 2). The relative
risk (RR) was used as the effect scale. The included data
were used to test the vaccine protection risk heterogene-
ity, where I*=85.8%, which indicated large heterogeneity.
Accordingly, the possible sources of heterogeneity were
analyzed with the random-effects model. The forest map
results of the meta-analysis demonstrated that RR=12.19
(95% CI 5.73-25.95, P<0.01), where the CI fell on the
right side of the invalid line (Fig. 3). The test group had a
significantly higher survival rate than the control group.
The vaccine was divided into three groups based on
the immune target (ducklings and adult ducks), immune
potency (univalent and bivalent), and data source

(clinical data and patent laboratory data) for subgroup
regression analysis of the reasons for the heterogeneity of
DHAYV vaccine protection efficiency. The results demon-
strated that the regression values of all three groups were
P>0.05, which indicated no statistical difference.

The immune target subgroups were divided into immu-
nized duckling and immunized breeding duck groups.
The forest map demonstrated that the CIs of the test
groups in the two subgroups fell on the right side of the
ineffective line, indicating that the immunized ducklings
and breeding ducks had significantly lower RR than the
control groups (immunized duckling group: RR=14.65,
95% CI 9.11-23.57, P<0.01; immunized breeding duck
group: RR=6.96, 95% CI 2.34-20.74, P<0.01) (Fig. 4,
top).

The immune valence subgroups were divided into
monovalent or bivalent immunization against DHAV-1
or DHAV-3 groups. The forest map demonstrated that
the ClIs of the test group in the two subgroups fell on the
right side of the invalid line, suggesting that the chal-
lenged ducklings immunized with the monovalent and
bivalent vaccines had significantly lower RR than the
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Table 1 Baseline data of the included studies
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Author(year) article category patent number

Outcome index vaccine serotype vaccine strain

Qingxiong He(2010) Paper N
Xiaofei Zhang (2010) Paper N
Xuke Zhang (2010) Patent 201010273200.6

Shucai Fan (2012) Patent 201210414017.2
Anchun Cheng (2013) Patent 2013100118723
Wenjun Liu (2014) Patent 201410834435.6
Xiaofei Zhang (2015) Patent 201510006646.5
Yang Song (2016) Patent 2016107815125
Siyuan Wei (2016) Patent 201610285099.3
Jingling Su (2017) Patent 201710825604.3
Jingiang Zhang (2018) Paper N

Xingjian Wen (2019) Patent 201910551095.9
Shenglei Chen (2020) Patent 202011299990.5
Fengyao Wu(2020) Paper N

Protection efficiency/ 1 XC-1
serum antibody titer

Protection efficiency/ 1 A66
serum antibody titer

Protection efficiency/ 1 YC
serum antibody titer

Protection efficiency/ 13 YB3,GD
serum antibody titer

Protection efficiency/ 1 CHe60
serum antibody titer

Protection efficiency/ 13 SH,FS
serum antibody titer

Protection efficiency 13 HuB60,A66
Protection efficiency/ 13 SD,JS
serum antibody titer

Protection efficiency Unstated* GS14
Protection efficiency 3 HB8O
Protection efficiency 13 YB3,GD
Protection efficiency 3 ISA-A117C-C4334A
Protection efficiency 13 LSE/QZE
Protection efficiency 3 SD70

*: Monovalent, but specific vaccine serotype is unstated

Table 2 Detailed data of included studies

Author (year) Vaccine serotype  Datasource  Animalimmunized Test Group Control Group
Deaths Survival Total Deaths Survival Total

Qingxiong He(2010) 1 0] ©) 7 3 10 5 0 5
Qingxiong He(2010) 1 O] ® 1 9 10 5 0 5
Xiaofei Zhang (2010) 1 ® ® 6 94 100 44 6 50
Xuke Zhang (2010) 1 ® ® 0 30 30 10 0 10
Xuke Zhang(2010) 1 0] ©} 2 28 30 10 0 10
Shucai Fan (2012) 13 ® ® 20 80 100 10 0 10
Anchun Cheng (2013) 1 0] ® 0 30 30 30 0 30
Wenjun Liu(2014) 13 ©) @ 2 18 20 20 0 20
Xiaofei Zhang (2015) 3 ® ® 2 48 50 4 6 10
Yang Song (2016) 13 0] ©} 0 30 30 10 0 10
Siyuan Wei(2016) unstated @ ® 0 80 80 15 5 20
Jingling Su (2017) 3 ® ® 1 14 15 13 2 15
Jingiang Zhang (2018) 1,3 O] @ 8 52 60 43 17 60
Xingjian Wen (2019) 3 ® ©) 0 10 10 6 4 10
Shenglei Chen (2020) 13 @) @) 1 59 60 20 0 20
Fengyao Wu(2020) 3 O] ©) 0 20 20 9 1 10

Animal immunized: ®: breeding ducks; @: ducklings.
Data source @: Clinical trial; @: patent laboratory trial.

non-immunized control group (monovalent immuniza-
tion group: RR=14.85, 95% CI 4.04—54.58, P<0.01; biva-
lent immunization group: RR=8.99, 95% CI 3.92-20.68,
P<0.01) (Fig. 4, middle).

The data source subgroups were divided into clinical
trial with large sample size and patent laboratory trial
with small sample size groups. The forest map demon-
strated that the CIs of the trial groups using vaccines in
the two subgroups fell on the right side of the invalid line,

suggesting that the ducklings in both trial groups had
significantly lower RR than that of the non-immunized
control group (clinical trial group: RR=1.11, 95% CI
4.96-22.06, P<0.01; patent trial group: RR=16.68, 95%
C17.53-36.92, P<0.01) (Fig. 4, bottom).

These results indicated domestic DHAV vaccines
can protect ducklings effectively. The subjects immu-
nized (breeding ducks or ducklings) and vaccine valence
had no effect on the protective effect. Both small-scale
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Author (year) RR (95% CI) Weight (%) Random effect model (95% CI)
Qingzdong He (2010) 1.34 (0.84, 2.15) 8.84 i !
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Anchim Cheng (2013) 61.00 (3.90, 853.95) 4.14 ; <+
Wenfumn Lin (2014) 8.20 (2.56, 26.30) 752 —_—
Maofei Zhang (2015) 10.00 (2.11, 47.38) 6.59 —_——
Yang Song (2016) 59.18 (3.77, 827.97) 413 : > g
Styuan Wei (2016) 118.57 (7.46, 1917.68) 410 - -
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Fengyao W (2020) 38.27 (2.32, 566.64) 414 L _»
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I
1 1918

Fig. 3 Summary forest plot of protection efficiency of DHAV vaccine
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Author (year) RR (95%CI) Weight (%)  Random effect model (95% CI)
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Xuke Zhang (2010) 11.84 (3.58, 30.12) 7.45 —
Shucai Fan (2012) 4.70 (2.13,7.07) 8.02 - !
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Siyuan Wei (2016) 110.57 (7.46, 1017.68) 4.10 e
Jingliang Su (2017) 12.00 (1.04, 87.25) 579 —_—
Xingjian Wen (2019) 12.00 (0.83,203.83)  4.13 —:I—
Shenglei Chen (2020) 30.70(8.16. 103.10)  6.53 -——
Fengyno Wu (2020) 36.27(232.566.64)  4.14 —_——
Subtotal (I-squared = 0.0%, p=0.551) 14.65 (9.1, 23.57) 57.08 8
Overall (l-squared = 85.8%, p=0.000) 12.10 (5.73. 25.95) 100.00
I
1 1918
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Fig.4 Forest plot of protection efficiency of DHAV vaccine subgroups. Top: immune target groups; middle: vaccine valence groups; C: data source groups
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experiments and large-scale clinical conditions conferred
immune protection on ducklings, but vaccine immuni-
zation under small-scale experimental conditions had
slightly better protective effects than large-scale clinical
immunization.

Publication bias and sensitivity analyses

Potential publication bias was analyzed with Egger’s test,
where P<0.01 indicated possible publication bias in the
results (Fig. 5). The sensitivity analysis demonstrated that
all effect values fell within the 95% CI of the final effect
value, which proved that the stability was good and that
the test results exerted little influence on the final conclu-
sion (Fig. 6).

Discussion

We comprehensively evaluated the protective effect
of vaccines developed in China in recent years against
DHAV in ducks. The 14 articles included revealed a sig-
nificantly lower risk ratio of DHAV in ducks post-vacci-
nation than in unvaccinated ducks (P<0.01), indicating
that the vaccines protected ducks effectively.

SND of effect estimate

Page 7 of 11

As DHAV has been reported in China, Chinese
researchers have made produced achievements regarding
DHAYV vaccines. For example, Yin et al. [33] inoculated
duck embryos with type 1 and type 3 DHAV-SH and
DHAV-ES strains. After five generations, the embryos
were inactivated with formaldehyde to produce biva-
lent inactivated vaccines. One-day-old ducklings were
immunized and 90~100% of the ducklings were pro-
tected after 2—3 weeks. Cheng et al. [19] used a DHAV
chicken embryo attenuated virus strain (QL79) and duck
plague virus strain to construct a bivalent attenuated vac-
cine. At 72 h after injection, the neutralization antibody
titer against DHAV in the serum was 26.3. Zou et al. [34]
constructed a recombinant duck enteritis virus (rC-KCE-
2VP1) containing VP1 from DHAV-1 (VP1/DHAV-1)
and a VP1 genetically engineered vaccine from DHAV-3
(VP1/DHAV-3). One week after vaccination, virus repli-
cation in the ducks was blocked.

Subcutaneous injection of ducklings with the DHAV-1
A66 attenuated strain vaccine for 2—3 days and eye drops
for 5 days conferred effective protection against DHAV.
After 60 days, the serum neutralization protection
titer remained at 26.3. Breeding ducks were generally

1 I I

0 1 2

| I I

3 4 5)

Precision

@ Study

F———- 95% ClI for intercept

regression line

Fig. 5 Egger’s test of DHAV vaccine protection efficiency
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Fig. 6 Sensitivity analysis of DHAV vaccine protection efficiency

immunized twice, with a 2-3 week interval. Six months
after the second immunization, the antibody neutraliza-
tion level titer in the serum of the offspring ducklings
was 24.8, and their offspring effectively obtained disease
resistance [28]. Subgroup analysis demonstrated that
regardless of whether the immunized object was breed-
ing ducks or ducklings, immunization based on the stan-
dard procedure yielded adequate antibody levels in the
ducklings.

The vaccine valence subgroup analysis demonstrated
that the ducks injected with DHAV-1 or DHAV-3 uni-
valent vaccine and bivalent vaccine had a significantly
lower risk ratio than unvaccinated ducks, indicating
good protection efficiency (P<0.01). There was no dif-
ference in protection efficiency between the univalent
and bivalent vaccines, which proved that vaccine valence
was not the key factor affecting protection efficiency.
The data source subgroup analysis demonstrated that in
either small-scale trial or large-scale clinical conditions,
the vaccinated group exposed to the virus environment
had lower risk than the unvaccinated group (P<0.01).
Nevertheless, the forest map demonstrated that immuni-
zation in small-scale tests had significantly lower risk of
protective effects than large-scale clinical immunization.
It is suggested that the actual clinical application of the
developed vaccine differs from the results of small-scale

OEstimate
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| Upper CI Limit

1
34.12

trials. The vaccines for DHAV-3 prevention are actu-
ally limited to the lab setting, and there is currently no
licensed vaccine for the mass market [32, 35]. So efforts
should be taken to develop novel DHAV-3 vaccines [36].
Meanwhile, clinical mass samples should be expanded to
test the protective effect of DHAV in clinical cases more
objectively and effectively.

Previous studies have shown that variant strains are
a factor in the prevalence of DHAV in mainland China.
Xiang Meng et al. [37] sequenced and analyzed the
entire genome of four isolated DHAV-C strains, and the
results suggested that the DHAV-C genome, which has
been prevalent in Sichuan in recent years, may genetic
recombination of multiple virus strains. Tao Haijing et
al. [38] conducted immune protection tests on the iso-
lated wild duck hepatitis virus strain (LY strain) in some
areas where immunization against duck hepatitis has
failed. The results showed that the antigenicity of some
wild DHAV strains in the epidemic area has changed.
The DHAV-3 strain DHAV-3 JS found in a duck farm in
Jiangsu showed strong virulence [39]. Recent studies have
shown that the virulence of DHAV essentially regulates
liver damage, and the virulent DHAV may be able to rep-
licate stably in its natural host, while attenuated DHAV
cannot [32].
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Since 2013, DHAV-3 has gradually become prevalent,
and co-infection of these two genotypes is often observed
in ducks in mainland China [40, 41]. To prevent DHAV
in ducklings, further optimization of the vaccination
regimes is needed. The emerging features of DHAV epi-
demiology should be taken into account in the preven-
tion of the disease. Adult ducks are generally resistant
to DHAV, and do not display overt clinical signs after
infection [42]. Zhang Yang et al. [43] found DHAV may
vertically transmit from breeding ducks to ducklings.
Moreover, an epidemiological investigation revealed that
many farmers are breeding ducks free-range and lack sci-
entific biosafety measures and appropriate vaccination
programmes [44, 45]. Therefore, vaccination programmes
should be updated based on the in the disease situation
and strain. For example, breeder ducks should be boosted
prior to laying, which may decrease virus shedding and
vertical transmission. Intramuscular vaccination of duck-
lings may be considered as effective preventive measure,
especially in prevalent areas.

In areas where DHAV at a high level in mainland
China, sustained monitoring of duck flocks and the safety
of vaccines are also essential for disease control. As pre-
viously mentioned, the novel strain infection with high
virulence might significantly provide the vaccine fail-
ure in the commercial duck farm vaccinated with the
first developed strain (DHAV). Infected adult ducks can
shed virus and act as the source of infection. Monitor-
ing of duck flocks is recommended. Enough passages
of DHAVs in ECEs can lead to significant virus attenua-
tion, but the risk of virulence reversion cannot be totally
excluded, especially under the field conditions. Several
three attenuated vaccine strains for DHAV-1, including
H55, Q50 and C-MLV 85 have been reported to demon-
strate enhanced virulence when serially propagated in the
susceptible ducklings [46]. So continuous monitoring of
vaccine safety is essential.

This article is limited by the fact that, before the data
collection deadline, there were no licensed vaccines in
China that had been put into practical production and
application. The data used in this study was from certain-
scale clinical trials and patent disclosure data, resulting in
only 14 sets of data being included. Out of these 14 sets,
10 were from patents and lacked the mass market clinical
data.

Conclusion

In this paper, we analyzed the protection rate of DHAV
vaccines used in mainland China from 2009 to 2021
and evaluated the effectiveness of vaccine prevention.
Meta-analysis demonstrated that immunized ducklings
produced higher antibody levels and had a signifi-
cantly higher survival rate than non-immunized duck-
lings. The age of the ducks and vaccine valence did not
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affect protection efficiency. Data source analysis of the
vaccine protection rate demonstrated that the vaccines
conferred immune protection for ducklings in both
small-scale experiments and large-scale clinical condi-
tions. We suggest developing novel vaccines, updating
immunization programs, and continuously monitoring
viruses to prevent and control DHAV prevail in main-
land China.

Methods

Data sources and retrieval strategies

The study was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines. The PRISMA checklist
was used to ensure the inclusion of all relevant informa-
tion in the analysis (Supplementary Data 1). The CNKI,
Wanfang, PubMed, Web of Science, and Science Direct
databases were searched and the language was limited to
Chinese and English. The retrieval interval was from Jan-
uary 2009 to January 2021 and the references included in
the study were manually retrieved. The retrieval strategy
used a combination of subject words and free words. The
data were from the literature and patents. The Chinese
search formula was “DHAV” or “duck hepatitis virus’, and
“vaccine” while the English search formula was “DHAV”
or “duck hepatitis A virus’, and “vaccine”.

Study eligibility

The data were included if they met the following con-
ditions: (1) research object: DHAV vaccine; (2) sub-
jects: ducks or duck embryos; (3) test method was
a randomized controlled trial; (4) evaluation index
was mortality or the antibody level; (5) test sample
size>10; and (6) there were exact data on vaccine pro-
tection efficiency. If the results were inconsistent, they
were resolved by a third party or through negotiation
and discussion. Articles that did not meet the above
criteria were excluded.

Data extraction and quality evaluation

The extracted data were the first author, publication type
(patent or journal), publication year, patent number, out-
come index, vaccine serotype, and vaccine strain name.
Microsoft Excel 2016 was used for data management.
RevMan 5.3 was used for quality assessment in terms
of selection bias, performance bias, detection bias and
report bias [47]. The following five items were examined
and given a score based on a simple scale: 2 for “yes’; 1
for “unsure” or 0 for “no”(1) Were the research problems/
objectives clearly described and stated? (2) Were the
characteristics of the experimental animals clarified? (3)
Was the vaccine production method described in detail?
(4) Were the relevant index detection methods clearly
noted? (5) Was blinding adopted in the measurement?
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Studies with a total quality evaluation score<6 were not
included in the statistical analysis.

Statistical analyses

The screened research data were statistically analyzed
with Stata 15. Heterogeneity among the studies was
estimated by the I? test and then the effect model was
selected [48]. A random-effects model was selected if
significant heterogeneity among studies was observed
(P<0.1 and I*>50%) according to the Cochrane hand-
book. The source of heterogeneity was analyzed with
meta-regression [49]. Otherwise, a fixed-effects model
was used [50]. All effective quantities were expressed by
95% confidence intervals (CI). P<0.05 defined statistical
significance.

Bias and sensitivity tests

Egger’s test is commonly used to assess potential publi-
cation bias in a meta-analysis via funnel plot asymmetry.
P>0.05 indicates that the risk of publication bias is small
and P<0.05 indicates possible publication bias [51, 52].
Sensitivity analysis was performed to assess the consis-
tency and stability of our meta-analysis by systematically
excluding one study at a time and recalculating the com-
bined DHAYV vaccine risk.
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