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ABSTRACT

The immunogenicity and efficacy of Fasciola DNA vaccines have not yet been comprehensively summarised in
the form of a systematic review and meta-analysis. Though multiple vaccine studies with respect to Fasciola
vaccines exist, the variance in the experimental parameters has made comparison difficult.

We conducted a bibliographic database search in Scopus, PubMed, Science Direct, Cochrane Library, EMBASE
and Web of Science databases, limited to publications from 1998 to 2017. The key words: Liver fluke, Fasciola
hepatica, Fasciola gigantica, DNA vaccination, and immunogenicity were used in combination to form search
strings. A total of 4760 studies were identified after initial screening, of which 14 qualified for systematic review
and 7 for meta-analysis. The mean Odds Ratio (OR) for all studies was 0.565 (95% confidence interval (CI) of
0.293 to 1.087), which means the percentage of protection in terms of decreased fluke burden in animals
vaccinated with DNA vaccines was 43.5%. A moderate protective efficacy was observed for cysteine protease
and phosphoglycerate kinase vaccine antigen candidates (pooled OR and 95% CI, [0.542; 0.179-1.721] and
[0.616; 0.219-1.735], respectively). Vaccine effectiveness was observed in individual studies and cohorts;
however, the overall pooled efficacy for all vaccine candidates was found to be non-significant.

Despite multiple individual studies showing promising results for various DNA vaccine candidates against
fascioliasis, the pooled studies showed the non-significant effect of the vaccine formulations against fluke
burden, and displayed minimal protective efficacy against Fasciola infection. Though promising results are ob-
served in isolated studies, further animal trials with standardised experimental parameters are required to de-
velop new vaccine candidates effective against Fasciola.

1. Introduction

Helminth parasites cause > 55% of all farm animal diseases in
Europe, necessitating strategies for effective disease control, to increase
the sustainability of the livestock industry (Morgan et al., 2013;
Murphy et al., 2006; Nieuwhof and Bishop, 2005). Particularly, during
major seasonal fluke outbreaks, many animal fatalities occur, leading to
significant losses (Piedrafita et al., 2010). The losses to the livestock
industry as a result of parasitic helminths are multiplied due to the cost
and effort of handling helminth infections with regular chemical
treatments. In Europe alone, an annual spend of €400 million occurs as
a result of trying to control these infections in livestock (Morgan et al.,
2013). In particular, fascioliasis, an infection of ruminants and humans
caused by digenetic trematodes Fasciola hepatica and Fasciola gigantica

leads to tremendous financial losses all over the world. The global
losses incurred due to F. hepatica infection, in particular, are estimated
to be around US $3 billion (Mas-Coma, 2005; Piedrafita et al., 2010;
Spithill and Dalton, 1998). An issue that compounds this problem is
resistance towards anti-parasitic drugs that has developed and spread
among liver fluke to the extent that it is now a global concern for an-
imal health and welfare (Dalton et al., 2013; Fairweather, 2011).
Therefore, there is a major push towards the development of vaccines
for fascioliasis. This need for research towards vaccination against
fascioliasis has been highlighted since 1998, but to date, there are no
functional commercially available vaccines providing sufficient pro-
tective efficacy against liver fluke infestation (Spithill and Dalton,
1998).

A series of purified, native and recombinant antigens have been
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shown to have immunoprophylactic potential against fascioliasis, in-
cluding fatty acid binding proteins (FABP), glutathione S transferases
(GST), cysteine proteases, cathepsin B (catB) and L (catL) proteases,
haemoglobin, leucine aminopeptidase (LAP) and a saposin-like protein
denoted SAP-2 as reviewed by Spithill and Dalton (Spithill and Dalton,
1998)

DNA vaccinations have been progressively used as a more attractive
vaccine approach because they are capable of directly transfecting
dendritic cells, and can stimulate both humoral and cellular immunity.
However, the generated specific antibody titres of DNA vaccination are
generally observed to be far less than those induced by protein vacci-
nation. DNA vaccinations with Fasciola antigens have shown effec-
tiveness of such vaccines in evoking immune responses (Jayaraj et al.,
2012).

Previous reviews and studies examining the immunogenicity of in-
dividual protein and DNA vaccineshave been undertaken (Hillyer,
2005; Knox et al., 2001; Smooker et al., 2004), but a comprehensive
systematic review and meta-analysis that examines and compares the
efficacy of multiple DNA vaccines has not been reported.

Previous vaccine efficacy studies have been conducted with DNA
vaccines based on various antigens obtained from both Fasciola species.
This heterogeneity between studies, due to the difference in species,
vaccine antigen and other study parameters such as animal models,
duration of study and initial fluke burden makes comparisons across
studies, as well as overall comprehensive inferences from these studies
difficult. This also negatively impacts the utility of study data for suc-
cessful commercial vaccine formulation and testing. Multiple studies on
DNA vaccination of animal models with Fasciola vaccine candidates
have provided highly variable preliminary results. This variability is
due in part to the heterogeneity between studies, primarily caused by
the differences in the study parameters of the animal studies conducted
so far, with the heterogeneity arising from variations in antigenic di-
versity, dose, frequency, route of administration and testing period of
the vaccinated animals. These differences complicate the assessment of
the potential effectiveness of vaccination under laboratory conditions,
as well as the extrapolation of these results to the clinical sphere.

This study, a systematic review and meta-analysis assessing the
protective efficacy of Fasciola DNA vaccine candidates in animal
models, combines multiple experimental animal studies from the
available literature and aims to identify the predictive factors for in-
ducing protective immune responses via DNA vaccination. Subgroup
analysis was performed based on available experimental data with re-
gards to vaccine candidates.

The findings of this systematic review and meta-analysis may yield a
reduction in unnecessary duplication of experimental vaccine studies
and may also help to overcome the limitations of the existing knowl-
edge base with regards to Fasciola DNA vaccines. It could also assist in
understanding the immunoprophylactic response of DNA vaccination in
controlling Fasciola infection in animal models and may ultimately help
guide future attempts at novel Fasciola vaccine development.

2. Materials and methods

This systematic review and meta-analysis was conducted according
to Preferred Reporting Items for Systematic review and Meta-Analysis
(PRISMA) guidelines (Moher et al., 2009). The protocol for this sys-
tematic review and meta-analysis study was previously published
(Jayaraj et al., 2018). Two investigators independently performed all
the steps involved in the database search, study selection assessment of
quality, and data extraction. The identification of articles for analysis
was resolved through discussion and consensus to avoid bias and dis-
agreement.

2.1. Search strategy

Literature searches were conducted to identify studies describing
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Fasciola DNA vaccines in Scopus, PubMed, Science Direct, Cochrane
Library, EMBASE and Web of Science databases (Supplementary
Table 1). The searches were conducted for papers published between
1998 to 2017. Numerous searches were carried out to identify the
broadest range of manuscripts using one of several terms for Fasciola
DNA vaccination (Liver fluke, Fasciola hepatica, Fasciola gigantica, DNA
Vaccination, and Immunogenicity). The search strategy used the ‘AND’
and ‘OR’ operators to combine the keywords into relevant search
strings. Supplementary Table 1 shows the search strings that were
constructed and used for the study search in the bibliographic data-
bases. The studies identified via performing the search were then
screened using the titles and abstracts by two reviewers independently.
No articles were rejected based on study parameters in the initial
screening. The initial screening was used to screen-out literature re-
views, studies with no clinical data, non-English manuscripts with no
official English translations and studies whose focus was not on DNA
vaccines and fascioliasis. The citation files of the selected articles were
extracted and imported into EndNote to form an initial list of suitable
studies, following which duplicates were removed. Though review ar-
ticles were not selected, the reference lists of review articles, as well as
the screened in studies, were thoroughly searched to identify any ad-
ditional studies suitable for inclusion in the study.

2.2. Eligibility criteria

The following carefully designed eligibility criteria were used for
the inclusion or exclusion of identified studies for final analysis.

2.2.1. Inclusion criteria

1 Primary research study that was based on a DNA vaccine encoding
Fasciola vaccine candidates

2 Studies that provided a detailed description of vaccination such as
delivery, dose, animal model, schedule, and timelines

3 Studies that evaluated immune/antibody responses to administra-
tion of DNA vaccine

4 Studies that reported vaccine protective immune responses in the
form of fluke burden and liver damage

5 Studies that assessed haematological responses against the vaccines

2.2.2. Exclusion criteria

1 Lack of vaccination data regarding time intervals after meta-
cercariae challenge infection

2 Uncertainty regarding the time of vaccination as well as booster
doses

3 Vaccination results available in reviews

4 Studies containing insufficient data on the animal models, the an-
tigen, the species of liver fluke used, route of administration and
other study parameters.

2.2.3. Study selection

The full-text articles of all viable studies that were identified during
the initial search were obtained and arranged in the form of a database.
These full text articles underwent two phases of screening by two re-
viewers (co-authors JR and CK working independently in parallel),
blinded to each other’s selection process, using the predefined set of
inclusion and exclusion criteria. All articles selected strictly adhered to
the selection criteria. After inspection of all studies by both co-authors,
any discrepancies and disagreements with regards to the selection of
studies were settled by a mutual discussion facilitated by the involve-
ment of a third reviewer. The articles were included as part of the
systematic review and meta-analysis only after complete agreement.
The entire selection process has been highlighted in the form of a
flowchart (Fig. 1).
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Fig. 1. Flow chart of studies identified for evaluation of the effect of Fasciola
DNA vaccines. A comprehensive literature search for relevant studies using five
online scientific databases (EMBASE, PubMed, Science Direct, Scopus, and Web
of Science) was performed to identify studies of interest.

2.3. Data collection

Five reviewers were involved in data extraction. A master Excel
spreadsheet was prepared and filled to standardise the data extraction
process and to avoid duplication. Details of vaccination, study char-
acteristics, experimental parameters and results were extracted from all
selected studies.

2.3.1. Vaccine data items
Collected data included the following characteristics

1 Study characteristics (author, publication year, research period,
type of study (vaccine efficacy with challenge infection or without
experimental infection) and country

2 Vaccine characteristics (Fasciola strain, vaccine candidate, design,
formulation, route of delivery, vaccine dose, scheduled timeline)

3 Subject characteristics (animal type, age, sex, total number and total
group size for vaccinated and control)

4 Characteristics of challenge infection and necropsy (total number of
metacercariae, snail information, route of challenge infection, type
of euthanasia and necropsy, and the period between challenge in-
fection and autopsy)

5 Characteristics of vaccine efficacy based on parasitological and pa-
thological parameters (fluke burden and liver damage)

6 Characteristics of blood cell responses during vaccination and in-
fection based on haematological parameters (leukocyte profile:
white blood cell, neutrophil, eosinophil and monocyte counts)

7 Characteristics of humoral responses based on antibody parameters
(total IgG, IgG subtypes, and IgE) (Jayaraj et al., 2018)

2.4. Outcomes

This study has assessed several outcomes to evaluate the efficacy of
Fasciola DNA vaccination. The data of the study groups are pooled
across different antigens for vaccinated and control groups.

The primary outcome measure was the OR of vaccine efficacy after
challenge infection, as defined by fluke number and adult fluke estab-
lishment in the bile duct. In addition, this study also examined the
association between Fasciola DNA vaccination and liver damage score
due to challenge infection in vaccinated and control groups. The out-
comes were also assessed in the form of percentage of protection, where
secondary outcomes aimed to examine the relative effects of variables
such as, vaccine antigen, dose, route of administration, and animal
model on overall vaccine efficacy.
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2.5. Quality Assessment and risk of bias

The quality assessment of the selected studies was performed in-
dependently by two authors using the ARRIVE quality guidelines to
assess the in vivo studies (animal studies) included in the systematic
review and meta-analysis (Kilkenny et al., 2012). The quality assess-
ment was based on 20 items described in the ARRIVE guidelines that all
scientific publications using animals should include. The parameters
included,

1 Species, strain, gender and genetic background of the animal model
2 Number and groups of animals used

3 Descriptive details of housing and husbandry

4 Experimental, statistical and analytical methods used.

All the studies included conformed to the ARRIVE checklist’s
guidelines and were considered high-quality studies providing reliable
experimental results. All necessary criteria had to be either mentioned
in the study or later represented by the corresponding author, otherwise
the study was excluded from the systematic review. This quality as-
sessment also served to reduce the risk of bias and improve the quality
of the systematic review and meta-analysis, by validating the studies
included.

2.6. Statistical analysis

The protective efficacy of vaccine candidates in each vaccine study
was extracted from individual studies as a metric of the fluke burden
between the vaccinated and unvaccinated (control) groups (Jayaraj
et al., 2009). This data was used to obtain the OR of protective efficacy
from summary statistics as an effect size metric using Comprehensive
Meta-analysis (CMA) software and was used to generate forest plots
depicting pooled OR across all studies.

Results were presented in forest plots as pooled OR and corre-
sponding 95% confidence intervals (CI). A random or fixed-effects
model was used to compare the OR between the individual studies
depending on between-study heterogeneity (Hooijmans et al., 2014).
Heterogeneity between the studies was assessed using the I? statistic.
The numerical value of the Higgins I? statistic was used to categorise
between-study heterogeneity into unimportant (0-40%), moderate
(30-60%), considerable (50-90%) and substantial (75-100%) levels of
heterogeneity (Deeks et al., 2008). The 12 statistic was used as an in-
dicator of inconsistency in study findings or outcomes and indicated the
amount of overlap of the CI between the outcomes of the individual
studies (Higgins et al., 2003). The Q value revealed the observed
variability within and between vaccine trials (Delgado, 2010). A P
value of < 0.01 was considered as statistically significant for the Q test.
The z-test was also included in the meta-analysis to indicate the number
of standard deviations from the study mean that each study deviated by
(Deeks et al., 2008; Hooijmans et al., 2014). Publication bias was es-
timated visually by the symmetry of funnel plots (constructed using log
[OR] and Standard Error), generated using CMA software. Quantitative
analysis of publication bias was undertaken using the Egger’s bias in-
dicator test, which goes the degree of funnel plot asymmetry as mea-
sured by the intercept from a regression standard normal which de-
viates against precision (Sabarimurugan et al., 2018). Both the classic
fail safe and Orwin’s fail safe N-test were applied to calculate studies
that are missing from the systematic review and meta-analysis
(Sabarimurugan et al., 2018). Kendall’s Tau-b was to estimate rank
order correlation between the vaccine effect and the standard error
(Sabarimurugan et al., 2018). The heterogeneity observed between
animal studies is caused by differences in vaccine study characteristics
and the protective efficacy of the individual vaccine candidates, as
evaluated in experimental study groups (Hooijmans et al., 2014).



Veterinary Parasitology 267 (2019) 90-98

R. Jayaraj, et al.

(28pd 1x2u UO panunU0)

Qo1
(0T pIo >/q1Ive porad [euLapenur 0ZOTYA  Sseidjsuen § (6661)
e/U B/U ON e/U 5-€):(¢)D SYoaM §-9 Sreurdg Joom g1 ‘sowy 4 bull IeTNOSNUIRIIU] PBN %6°0 ‘Tw/Swr T ‘TIOTYA suorpeIny  voppday f  Te 19 IOOWS
(o Syoam
Z1) ofewdy  syey Aopme( aurfes + aumdeardnq a asesjord (0002)
IdM Z S S9X 8¢ g G1 /orew GT -andeadg asop or3urs 3rog Iemosnurenuy %S0°0 - VN@>d JuraIskn ponpday ‘Te 19 eyyoy|
B
Qo1 [euLIspenu| ponpday
Auo (yoed pIo >/dTvd syPaM £(8o01) [euLISpeIUI §TD Y 1- usdoyped  ‘popupdi8 (1002)
ordures pasfg e/U ON B/U NI G) : (¢)D SYooM §-9 drewaq 0€0Z°ST0T‘S0 Ienosnurenuy {Ienosnwenup 98N %6°0 ‘Tu/3uw T ‘davi 81 ‘dgvd ol ‘Te 19 Iayoows
dxa jo syoam
g:gdxe (zdxa pue (€002)
dxa jo skep 1 dxo)(requnu pIo syey Aopmeq ded unoafodif aseajoxd e 319
v : 1 dxe [+14 S9K B/U uo e/u) $g syjuour ¢ -ondeids sypam ¢ 1 sesop g 8 og + 8rog [eseuenuy B/U VNA 2dD QuaIsAD) pouDpday W] ZIIMOUDAIPI
Qo1
pIo 2/4TvVd Syoom SnoldaueINdqNS urajoxd (S002)
IdM 8T B/U ON I O (YOS 0T) : DY SYoOMm 8-9 Sreudg € pue syaam 3rog ‘emosnwenu]  [DeN %6°0 urfw/Sw i g- gysyd o1 ursodes  voupday ‘Te 32 ourdsg
o1t oulqry
SSIMS
sjiqqer (yoea yoed ‘sj1qqey
0¢ 01) < =95¢ 3 00v-00€ AMYM
Auo fooTII g (yoes o p[o pueesz sded 81 05-52 aednfuod DONUDSIY (6002)
ordures pas[g 00T S9K ob 0I) < =DF:N SYooMm 9 :IN MIN oM ¢ sasop N 81 00T ¥ Ienosnuresjuy B/U 1ad davia I ‘Te 30 eurey
[eseuenuy umyy 399fug
31 001-1 :€D ‘snoadeuRIND :€D 9 ouadnyg MOJUHI  MA/Aw aseuny
(19 pIo 310g-1 2D -qns 179 dureseardng /ANDd 91e1ad]43 (0102)
1dM 6 se SOX W gL /IN9) DSY :DE  sypuow ¢ syey s[eAruL YoM ¢ 81l QG-T 1D ‘Teosnurenuy %S0°0 1D /MOdYA -oydsoyq ~ pompday 'y °[e 39 soxef
1935009
davd urejoxd
(VNa 3urpuiq
Auo ?01W ouIlq[y 31 09 1915009 asouueur proe Anej DIRUDSS (0102)
ordures pas|g B/U ON omr 0  (Yoea Q1) :DS  PIO SYoIm 9 SSIMS de3 yoom ¢ 31l og d1sRg Tesuoytrad-enuy 9s0on[3 %S 14d) DONUDSIS o ‘Te 30 eyruis
S9S0p € “Hyoam 3roor1
a pIo Qor C1 :¢D sasop €D [onuon sdad 2dvsyd (0102)
19)Je) sAep G Jw g S9K oM O A(Ydes 01) Db syeam QT 2/4Tvd ¢ ‘de8yoam z:1n :zH 8Mog 1D JIe[nosnurenuy urres ur Jur/Suwr -VNa? ZdVSud ponDday ‘Te 10 ourdsyg
zged
VLD ‘Td
18D €dDIN
cd ¥ed
0COTIA
(01°8°9%:M) pIo ERILY ‘Td 1D (¢102)
ordures pasrg B/U ON e/U g SyoaM §-9 2/4Tvd syeaM ($°2°0) 3001 JIenosnurenup UOTIN|OS BUI[ES %6°0 ZI0TIA g uisdoyyed  pompday f  °[e 10 [ereder
(€102)
(yoes 48 pIo syey Aspmeq ANDd aseajord e
IdM 6 (1S S9K Sy ‘N8) < = D¢ syjuowr ¢ -ondeidg [EAIDIUT YoM } (81os + 02) Ienosnurenup aureseardng 9%50°0 /IMIdYd Qura1s4d DoUDdaY W]  BSMOJOSIA
(yoea
N8 < =9
BI2W 0ST 'S (yoes 49 doays ‘s1ey (31 001) :dodys AWDd aseun] (9102)
:S ‘eow 91 ‘N9) < =5 Asmeq (8rlos + s2) /A9dyd 91e1d[43 TR
IdM 21 ge S9X Sigy g N /U -ongeidg TeAIIUT Y9M § s1ey Je[nosnurenuy aureoeardng 9,50°0 VN -oydsoyq vonpday BYSMOJOSIM
SBLIEDIDD
BJOW JO
Asdony Joquunu uonddJUl  IIqUINU UONRULIOJUT sypuour uisop 9)epIpued Ny
/eistueying el a8uaqreyd eoL sdnoi8 rewrruy [ewuy s[ewrruy /SAep pa[npayds  9SOp SUIDBA amnoy UOTIB[NULIOJ SUIIDBA QumdeA QumdeA IDATT Joyny

*S9IPNIS SUIDDBA YN( B[OIISB PIPNIUI Y} JO SONSLIDIIRIRYD

I 3lqeL

93



R. Jayaraj, et al.

Table 1 (continued)

Challenge Total Euthanisia/

Animal Animal groups Total
number

information

Animals

Vaccine dose  Scheduled days/

Route

Vaccine formulation

Liver Vaccine Vaccine
candidate

fluke

Author

Autopsy

number

infection

months

design

of meta
cercariae

n/a Seva samples

No

3 month old  7(G) : (5 sheep

Merino
crossbreed

500 pg 0,4,8 weeks

Intramuscular

Quil A (100 pg) + PBS

Fh CatB

Pro
cathepsin B

Kennedy (2006) F. hepatica

only

sheep

each)

(2mL)

wethers
(sheep)

n/a 10 WPI

No

n/a

n/a n/a

50 ug 2 times; 3 week Rats

Intramuscular

n/a

Glutathione ~ GST ¢cDNA

S transferase

F. hepatica

Wedrychowicz

interval

(2002)
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3. Results

The databases were searched for publications from 1998 to 2017. A
total of 4760 studies were identified after initial screening, of which 14
fulfilled the selection criteria. After critical screening, the 14 studies
investigating the protective efficacy of various DNA vaccine candidates
against liver fluke infestation were considered suitable for the sys-
tematic review and meta-analysis. Of the 14 studies, 11 studies used F.
hepatica as the model for infection, two studies used F. gigantica, and
one study used both F. gigantica as well as F. hepatica. Multiple antigens
were tested for their protective efficacy in the form of DNA vaccine
formulations, such as, phosphoglycerate kinase (studies n = 2), cy-
steine protease (n = 3), saposin-like protein (n = 2), glutathione S-
transferase (n = 2), fatty acid binding p-rotein (n = 3), cathepsin-B
(n = 2) and cathepsin-L (n = 1). There were also differences in the host
species used in each of these studies, with BALB/c mice (n = 5),
Sprague-Dawley rats (n = 4) and Swiss albino mice (n = 2) being most
commonly used across all included studies. Only a single study reported
using New Zealand white rabbits as the animal model while another
study reported using Merino crossbreed weathers (Sheep). Of the 11
studies 2 studies reported using Rats as an animal model but did not
specify the breed, and 1 study reported using sheep, but similarly did
not report any particular breed. The studies also varied in the dosage
and delivery of the vaccine formulations, the frequency of booster doses
as well as the observation period after metacercariae infection. The
dosage of the antigen varied from 50 to 500 pg, with the frequency of
booster doses varying from none (single shot) up to a maximum of three
weeks between doses. The test periods also ranged from 3 to 30 weeks.
The dosage delivery, however, was relatively consistent among the
studies with 11 of the 14 studies opting solely for an intramuscular
route of vaccine delivery, with three studies opting for a mix of in-
tramuscular, subcutaneous and intranasal routes of vaccine delivery,
while intranasal and intraperitoneal delivery were utilized in a single
study. The studies were also consistent in their methods of im-
munological analysis with 6 studies using ELISA as the exclusive
method of analysis, 2 studies used Western Blotting as the only method
of analysis, 3 studies used combined Western Blotting and ELISA, 1
study used combined ELISA and Flow Cytometry and 1 study used Flow
Cytometry for analysis. The combined comprehensive study data can be
found in Table 1 (Espino et al., 2010, 2005; Jaros et al., 2010; Jayaraj
et al., 2012; Kennedy et al., 2006; Kofta et al., 2000; Raina et al., 2009;
Smitha et al., 2010; Smooker et al., 2001, 1999; Wedrychowicz et al.,
2003, 2002; Wesolowska et al., 2013, 2016).

3.1. Meta-analysis of Fasciola DNA vaccines

Out of the 14 studies, 7 studies were found suitable, providing
sufficient experimental data for statistical analysis and were thus in-
cluded for meta-analysis (Fig. 2). These7 studies investigated a total of
17 different cohorts within the individual studies, based on multiple
different factors including group size, antigen, dose, liver fluke species
and animal model, and were considered as distinct test cohorts for the
meta-analysis. The studies included in the analysis were sampled from
the pool of possible studies defined by the inclusion or exclusion criteria
as outlined in the methods. For the above reasons, the random-effects
model was used for this analysis.

3.2. Methods

The ORs were also calculated from the data obtained from studies in
the form of fluke burden differences between vaccinated and control
groups. The calculations were assisted in part using CMA Software. The
effect size is the OR, and the calculated ORs were then pooled to assess
the overall protective efficacy of the antigens against challenge infec-
tion.
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Studyname Statistics for each study Odds ratio and 95% Cl

Odds Lower Upper Relative

rafio limit limt ZValue p-Value veight
Wesolowska (2016) [CPprotein Raf] 0759 0097 5%4 0263 0793 j: 1012
Wesolowska (2016) [CPprotein Sheep] 0889 0125 6314 0118 0906 1115
Espino (2010) [FhSAP2] 0139 0008 2578 -1.324 0186 & 5.04
Espino (2010) [cDNAFhSAP2] 0050 0001 1893 -1616 0.106 & 324
Jaros (2010) [FRPGKipCMV/myc/ER (intramuscular]] 0618 0022 1745 0282 0.778 & 3.84
Jaros (2010) [FhPGK/pCMV/myc/ER (intranasal )] 0425 0064 2840 -083 0377 i 11.89
Jaros (2010) [fFhPGK (subcutaneous)] 0338 0008 14815 -0562 0574 & 3.00
Raina (2009) [Naked DNA (100pg dose]] 0808 0020 32946 0113 0910 & 312
Raina (2009) [PEI-DNA (100ug dose)] 1315 0046 37182 0160 0873 & 3.84
Raina (2009) [Naked DNA (2549 dose)] 1234 0097 15745 0162 0872 Il 6.61
Raina (2009) [PEI-DNA (25pg dose]] 0964 0067 13777 0027 0978 6.06
Wednchowicz (2003) [CPcDNA/lipofectin intranasal)] 0279 0007 10552 0688 0491 & 325
Wedrychowicz (2003) [CPprotein/CFA/IFA (inframuscular)] 0452 0019 10872 0490 0624 # 424
Wedrychowicz (2003) [CPprotein/CFA/IFA (intraperitoneal)] 0.394 0015 10608 055 0579 & 3%
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Fig. 2. Forest plot of the meta-analysis of the effect of Fasciola DNA vaccination.

The study names included in the analysis were shown on the left with their corresponding effect size (shaded diamond), 95% confidence interval (CI) denoted as
lower and upper limit and the relative weight to the overall meta-analysis. The dotted vertical line represents an odds ratio (OR) of 1. The overall effect size (0.565;

0.293-1.087) is shown at the bottom.

3.3. Does the DNA vaccination reduce the fluke burden?

The pooled ORs for all 17 cohorts was generated and evaluated after
the subsequent construction of a forest plot. The summarised ORs
(pooled OR) was 0.565, which means the percentage of protection in
terms of the overall decrease in fluke burden in animals vaccinated with
DNA vaccines was 43.5%. The 95% confidence interval for the OR is
0.293-1.087, which indicates the odds of occurrence of liver fluke in-
fection in vaccinated groups when compared to non-vaccinated groups
falls within the above mentioned range of probability (0.293-1.087).
Meta-analysis revealed that most antigenic DNA vaccine formulations
had a positive effect, leading to heightened protective efficacies among
the vaccinated groups when compared to the controls. Of 17 cohorts, 12
cohorts across four studies showed a positive impact upon the admin-
istration of the DNA vaccines, while 3cohorts across three studies
showed little to no impact on protective efficacy, with 2 cohorts across
the same three studies showing a negative impact upon administration
of the DNA vaccine trea.

3.4. Does the effect size of the percentage of protection vary across the
studies?

The Cochran Q test provides a test of the null hypothesis that all
Fasciola studies in the analysis share a common effect size, where, in
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this study, the effect size metric denotes the magnitude of the difference
between the effects (protective efficacy) observed in the vaccinated
group versus the non-vaccinated group. The effect size in this context is
the OR that provides the relative risk for challenge infection
(Kumarasamy et al., 2018). If all studies shared the same effect size, the
expected value of Q would be equal to degrees of freedom (the number
of studies minus 1). The Q value is 5.17 with 16 ° of freedom (df) and a
P value of 0.995. Therefore, we reject the null hypothesis that the true
effect size is identical in all the DNA vaccine studies.

Here I? = 0.00% tells us the observed variance in the selected stu-
dies reflects differences in true effect size rather than sampling errors.
The variance of the true effect size (T?) = 0.00 and the standard de-
viation of true effects (T) = 0.00.

3.5. Subgroup analysis - cysteine protease

Three studies comprising of six different cohorts assessed the ef-
fectiveness of DNA vaccine formulations containing cysteine protease as
the antigen of choice against liver fluke infestation and investigated the
protective efficacy of this antigen in controlling fluke burden. This
variance may be due to the difference in vaccine formulation, dose and
dosage frequency as shown in Fig. 3. The pooled OR for these cohorts
was 0.542, which means the fluke burden in the vaccinated group with
cysteine proteases decreased by 45.8%. The confidence interval for the
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Fig. 3. Subgroup analysis of the differences in vaccine formulation, dose and dosage frequency of cysteine proteases of the pooled DNA vaccine studies.

OR is 0.179 to 1.721. Analysis revealed that five of the six cohorts
across two studies showed a moderate protective effect against in-
festation when compared to control groups. Only a single cohort from a
single study showed the negligible impact of cysteine protease for-
mulations against challenge infestation, suggesting no difference be-
tween vaccinated and control groups. The Q value is 1.32 with df = 5
and P = 0.932. We can reject the null hypothesis that the true effect
size is identical in all the studies.

3.6. Subgroup analysis - phosphoglycerate kinase

Two studies comprising of five individual cohorts assessed the ef-
fectiveness of DNA vaccine formulations containing phosphoglycerate
kinase as the antigen of choice against liver fluke infestation and in-
vestigated the protective efficacy of this antigen. Meta-analysis showed
three of the five cohorts across single studies having a moderate pro-
tective effect, due to phosphoglycerate kinase, against infestation when
compared to control groups. Two cohorts from a single study showed
almost no effect of phosphoglycerate kinase formulations against in-
festation, suggesting no difference between vaccinated and un-
vaccinated groups. This variance may be due to the different experi-
mental differences as shown in Fig. 4. The summarised OR for these
cohorts was 0.616, which means the fluke burden in groups vaccinated
with phosphoglycerate kinase decreased by 38%. The confidence in-
terval for the OR is 0.219 to 1.735. The Q value is 0.41 with df = 4 and
P = 0.981. We can reject the null hypothesis that the true effect size is
identical in all the studies.

3.7. Publication bias of DNA vaccine studies

Publication bias was assessed for both the primary meta-analysis
and subsequent assessment of the symmetry of funnel plots, where the
funnel plots provide a visual representation of the sample size versus
the effect size metric (OR) of each included study. These funnel plots
are scatter plots that provide a representation of possible publication
bias, wherein a lack of symmetry indicates the presence of bias.
(Kumarasamy et al., 2018). As shown in Fig. 5, the funnel plot was
found to be relatively symmetric. This indicates a certain degree of

96

publication bias in the primary meta-analysis. However, considering
the paucity of literature in this field coupled with the high variance of
experimental and study parameters found between studies, the pre-
sence of bias is expected.

The classic fail-safe N is 0.00. There is no need to locate missing
studies that would nullify the effect. The Kendall’s tau addresses the
rank order correlation between vaccine effect and the standard error
due to sample size that is 0.323 with a one tailed P-value of 0.034 or 2
tailed P value of 0.069 indicating the non-significant correlation.
Egger’s regression intercept is -0.254, with 95% confidence interval
(-0.579 to 0.070). Using Trim and Fill method, the parameters suggests
no studies were missing.

4. Discussion

Due to the potential commercial benefits of endeavours to produce
effective DNA vaccines, it is possible that there may be recent advances
in the field of DNA vaccines against fascioliasis that may as yet be
undisclosed, possibly explaining the paucity of published research in
this field. However, the available pool of published research has high-
lighted some possible antigens for DNA vaccines which we have at-
tempted to verify and validate the significance of, in our systematic
review and meta-analysis. The studies in the meta-analysis were iden-
tified via an extensive bibliographic search using the inclusion and
exclusion criteria as per PRISMA guidelines. These seven studies in-
vestigated a total of 17 different DNA vaccines, based on multiple dif-
ferent factors including group size, antigen, dose, liver fluke species and
animal model, and were considered as distinct test cohorts for random
effects model of the meta-analysis. Though studies suggested phos-
phoglycerate kinase, cysteine protease, saposin-like protein, glu-
tathione s-transferase, fatty acid binding protein, cathepsin-B and ca-
thepsin-L as antigenic candidates for vaccine production, due to the
lack of literature, a meta-analysis could only be carried out for cysteine
protease and phosphoglycerate kinase due to the available experi-
mental data. Upon performing the meta-analysis, we observed that
cysteine protease and phosphoglycerate kinase exhibited moderate
protective effects on challenge infection when comparing the vacci-
nated and control groups. Despite the overall lack of effect, the results
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Fig. 4. Subgroup analysis of the effectiveness of DNA vaccine formulations containing phosphoglycerate kinase.

of individual studies themselves did suggest a moderate level of pro-
tective effect of the vaccine formulations against fascioliasis.

The Q statistic provides a test of the null hypothesis that all DNA
vaccine studies in the meta-analysis share a standard effect size. The
pooled OR provided sufficient evidence to reject the null hypothesis
that the true effect size is identical in all the meta-analysis and the
subgroup analyses. The I? value is calculated as a measure of hetero-
geneity and indicates what proportion of the observed variance reflects
the difference in true effect sizes rather than sampling error. I? in-
dicated a lack of heterogeneity between studies in the meta-analysis. In
total, we are confident in presenting the summary of the pooled studies
as a relatively reasonable estimate based on the limited available data.

4.1. Limitations

A certain degree of approximation was made during data extraction
from figures and graphs in particular, leading to a degree of variance in
the meta-analysis’ results.

A significant hurdle faced during the study, other than the lack of
quantitative data and published studies, was the high variance between
the experimental parameters in different studies. These experimental

Funnel Plot of Standard Error by Log odds ratio

parameters, including animal model, dosage, dose rate, observational
period weeks post infection and vaccine formulation, were different
between the studies and could have influenced the results of the meta-
analysis. Though not ideal, it was deemed necessary to compare the
studies regardless of the existence of variables, to provide a compre-
hensive summary of the available published literature.

4.2. Future directions

The data does support continued investigation into the highlighted
DNA vaccine candidates for Fasciola vaccination, especially for phos-
phoglycerate kinase and cysteine protease. However, looking at the
available data, it is observed that the other vaccine candidates indeed
require future studies evaluating their protective efficacies using in vivo
models. Future studies with comparable study characteristics are ne-
cessary to validate the effectiveness of the DNA vaccine candidates
analysed in this study. Indeed, trials in field settings and under natural
exposure to disease are also needed before proposing the vaccine can-
didates as sufficiently useful for commercial development. These field
trials should provide valuable information regarding vaccine perfor-
mance (e.g., potency and longevity) at a ‘herd’ level, due to variation in

Fig. 5. Funnel plot of protective efficacy and DNA vaccines.
This plot measured the study size of Fasciola DNA vaccines on

the vertical axis as a function of effect size on the horizontal
axis. Large studies appeared toward the top of the graph and
tend to cluster near the mean effect size. A smaller study (one)
appeared toward the bottom of the graph and dispersed across
a range of values. The published studies were distributed re-
latively symmetrically due to the combined effect size.
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infection rates between animals and will be able to verify the benefit of
vaccination (Molina-Hernandez et al., 2015).

5. Conclusions

Although the field of DNA vaccine development could greatly
benefit from evidence-based guidance indicating effective vaccine an-
tigen candidates, the available literature is too limited, hampering the
ability to provide robust and comprehensive evidence for fellow re-
searchers. However, based on our results, we would like to state that
there is potential for DNA vaccines against fascioliasis to be developed.
However, further in vivo studies, as well as field trials, are required
before considering commercial viability.

Appendix A. Supplementary data

Supplementary material related to this article can be found, in the
online version, at doi:https://doi.org/10.1016/j.vetpar.2019.01.010.
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