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ABSTRACT

With the trend to organic production and concerns about using antibiotic feed additives, the control of infections
with Eimeria spp. in broiler flocks has become more difficult. Vaccination against coccidia is an alternative, but
there are concerns that the live vaccines used might have negative effects on production parameters and in-
testinal health. Reports of experiments directly comparing anticoccidial drugs and anticoccidial vaccines are
rare. This network meta-analysis (NMA) identified and analyzed 61 articles reporting 63 experiments testing
anticoccidial drugs and anticoccidial vaccines under conditions resembling commercial broiler production. The
effect sizes were mean differences in body weight/body weight gain (BW/BWG) and feed conversion rate (FCR)
between the 175 included groups. The results show that groups vaccinated against coccidia have a similar BW/
BWG and FCR at processing age compared to groups given anticoccidial drugs. However, the results tended to be
more favorable for anticoccidial drugs than for vaccines. The analysis of eight subsets, containing only groups (1)
groups that had not received an AGP in addition to an anticoccidial drug, (2) groups that had not received
ionophores, (3) groups that had not received chemicals, (4) groups that had not received an attenuated vaccine,
(5) groups that had not received a fully virulent vaccine, (6) groups that were not additionally challenged with
bacteria or not challenged, (7) groups that had received a severe challenge as defined by a total infection dose of
more than 100,000 oocysts or were not challenged, (8) groups that were challenged on day 15 or earlier or not
challenged brought similar results and confirmed the robustness of the NMA. In addition, the analysis exposes
unnecessary, as well as inherent, problems with data quality, which every researcher working with coccidia
should carefully consider, and identifies under-researched areas that should be addressed in future research.

1. Introduction

growers have relied for decades to improve intestinal health and weight
gains, and with the trend to organic production and concerns about

At least seven recognized Eimeria spp. can infect chickens causing
coccidiosis. Depending on the Eimeria spp., the infection dose and the
immune status of the host, coccidiosis can impair body weight (BW) or
body weight gain (BWG) and feed conversion rate (FCR) and cause
clinical disease and mild to severe gross lesions (Cervantes et al., 2020).
In addition, Eimeria maxima predisposes chickens to Necrotic Enteritis
(NE) caused by some strains of Clostridium perfringens. Coccidiosis and
NE are considered the first and second most important diseases of
broilers (USAHA Committee, 2019).

Without antibacterial growth promoters (AGPs), on which poultry

using antibiotic feed additives, the control of coccidiosis has become
more difficult. Vaccination against coccidia is an alternative, but there
are concerns that the live vaccines used might have negative effects on
BWG, FCR and intestinal health and predispose the vaccinated birds to
NE (Prescott et al., 2016). This is more of a concern with
first-generation, fully virulent vaccines, but even second-generation,
attenuated vaccines can have negative side effects (Shojadoost et al.,
2013). In addition, attenuated vaccines are not available in all countries.

Williams (Williams, 2002) reviewed literature and information on
vaccination of broilers against Eimeria spp. in 2002. Summarizing

Abbreviations: AGP, antibacterial growth promotor; BW, body weight; BWG, body weight gain; CV, coefficient of variation; FCR, feed conversion rate; NE, necrotic

enteritis; NMA, network meta-analysis; SD, standard deviation; SE, standard error.
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reports comparing the performances of broilers, either vaccinated or
treated with anticoccidial drugs, he concluded that there were few
consistent differences. However, concerns persist, and reliable infor-
mation is now even more necessary than 18 years ago, while reports of
experiments directly comparing anticoccidial drugs and anticoccidial
vaccines are rare.

Network meta-analysis (NMA) is a method used to compare the ef-
fects of multiple treatments on a health outcome. It allows for a quan-
titative synthesis of the network by combining direct evidence from
comparisons of treatments within experiments and indirect evidence
experiments on the basis of a common comparator (Lu and Ades, 2004;
Lumley, 2002; Tonin et al., 2017). The aim of the NMA was to compare
how anticoccidial drugs and anticoccidial vaccines influenced final body
weight (BW) and FCR in broilers, either unchallenged or challenged with
Eimeria spp.

2. Materials and methods
2.1. Literature search, inclusion criteria and study selection

Preferred Reporting Items of Systematic reviews and Meta-Analyses
(PRISMA) recommendations (Moher et al., 2009) were followed for
literature search, study selection and data extraction. All steps were
done independently by two reviewers, and discrepancies were decided
by the senior author after revisiting the articles.

Pubmed and Web of Science were searched on February 06, 2020
using the term “(Coccidia OR Eimeria) AND (broiler OR broilers)” for
articles published from 2000 to 2019. Additional articles were identified
by the reference list of Kipper et al. (Kipper et al., 2013), a previous
meta-analysis about experimental infections of chickens with Eimeria
spp. No language restrictions were set. After removal of duplicates, the
list included 1073 articles. In the first step, title and abstract of all ar-
ticles were screened, and in the second step, full texts were evaluated to
determine whether experiments met the inclusion criteria for experi-
ments and groups (supplemental document 1).

Inclusion criteria for experiments were:

e Use of commercial broilers, no layer-type chickens or traditional
breeds

e Floor-pen experiments on litter, no experiments in cages or field
studies

e Duration of at least 40 days

e BW/BWG or FCR for days 1 through days 40-50, the common mar-
keting age in many countries, reported

o At least two groups meeting the inclusion criterion for groups

The inclusion criterion for groups was that the birds were either left
untreated, given a commercial anticoccidial drug or a single dose of a
commercial vaccine against coccidia; birds given multiple doses were
regarded as challenged, not vaccinated. Birds had not received any
experimental treatment like plant extracts or probiotics; groups
receiving a commercial antibacterial growth promoter were included
because this was not considered an experimental treatment but a
treatment representing production practices.

Acceptance for publication was taken as criterion for the methodo-
logical quality of the experiments.

2.2. Data extraction and data preparation
The following variables were extracted from the selected articles:

e Year published

e Continent on which the experiment was conducted
e Number of replicate pens per group

e Sex of birds
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Treatment of groups: untreated, given an anticoccidial drug or
vaccinated and challenged with coccidia or unchallenged
Challenge with coccidia for challenged groups:

- Route of infection

- Age at challenge

- Challenge species and doses

- Additional challenge with bacteria

Anticoccidial drug or anticoccidial drug combination and dose for
groups given an anticoccidial drug

If a fully virulent or an attenuated vaccine was used

Duration of experiment in days; if birds were grown for more than 50
days, but BW/BWG and FCR were determined on any day between
day 40 and 50, this day was regarded as the end of the experiment.
o BW/BWG from day 1 to the end of the experiment; BW and BWG
were not differentiated for the analysis because of the small differ-
ence. If both were given, BWG was used for the analysis, removing
potential differences in the starting weight of the groups of one
experiment.

FCR from day 1 to the end of the experiment; In some cases, FCR was
missing but could be calculated from BW/BWG and feed intake.
Standard error (SE), standard deviation (SD) or coefficient of varia-
tion (CV). SD or CV were converted into SE assuming that the birds
were weighed by pen unless stated otherwise in the article. In one
case, SD was estimated from the interquartile range by multiplying
the difference with 1.35 (Higgins and Green, 2011). If BW/BWG or
FCR were given only for partial periods but not for the full duration
of the experiment, but total BW/BWG and FCR could be calculated,
the measure of variance for the last period was used as approxima-
tion. If only pooled SE, SD or CV were reported, these were used as
approximation for all groups.

If necessary, data were extracted from graphs using ImageJ
(Schneider et al., 2012). When an article gave the results of several in-
dependent experiments with differing designs, each experiment was
included individually. If an article gave the results of several experi-
ments with identical design, the means of each group with the same
treatment were calculated and used in the analysis to avoid pseudo
replication.

2.3. Imputation of SE of BW/BWG and FCR

SE of BW/BWG and FCR were imputed for groups for which no
measure of variation was given. It is reasonable to assume the missing
values were missing completely at random as they were independent
studies with different experimental designs and authors. Imputation was
done in R version 3.6.3 using the missForest() package. A random forest
was trained on complete mixed type data to impute missing values
nonparametrically (Stekhoven and Biihlmann, 2012). Bootstrap sam-
pling was performed when building the training set between iterations.
Imputation was done separately for FCR and BW/BWG.

2.4. Statistical analyses

The NMA was conducted using GeMTC version 0.8-4 and R 3.6.0
using a random-effects model in a Bayesian framework (R Core Team,
2019; Valkenhoef et al., 2012). The consistency of the NMA was tested
by node-splitting (van Valkenhoef et al., 2016). The code is given in
supplemental document 2.

The NMA was conducted for body weight BW/BWG and FCR for a
near-complete set of groups excluding groups for which no measure of
variation was given and for all groups using the imputed SEs. Because
NMA does not allow inclusion of more than one group with the same
treatment per experiment, groups had to be excluded from some ex-
periments for the “complete” analysis. This applied only to groups
treated with anticoccidial drugs. Preferentially, groups receiving less
than the recommended dose of an anticoccidial drug as well as groups
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receiving ionophores or combinations of anticoccidial drugs were
excluded (supplemental document 3).

Additionally, eight subsets were analyzed, namely (1) groups that
had not received an AGP in addition to an anticoccidial drug, (2) groups
that had not received ionophores, (3) groups that had not received
chemicals, (4) groups that had not received an attenuated vaccine, (5)
groups that had not received a fully virulent vaccine, (6) groups that
were not additionally challenged with bacteria or not challenged, (7)
groups that had received a severe challenge as defined by a total
infection dose of more than 100,000 oocysts or were not challenged, (8)
groups that were challenged on day 15 or earlier or not challenged
(Table 1).

3. Results
3.1. Descriptive analysis

Sixty-one articles describing experiments fulfilling the inclusion
criteria were identified. Forty-four of these were published after 2010,
and 14 in 2019 alone. Nineteen were from North America, 17 from
South America, 15 from Asia, nine from Europe and one from Africa.
Sixty-nine experiments were described; after combining identical ex-
periments, 64 experiments were analyzed.

The numbers of replicate pens per group ranged between 1 and 12 in
individual experiments with a mean of 5.4 and a median of 5. Thirty-one
experiments used male birds and 33 experiments birds of mixed sex,
either unsexed or equal numbers of male and female birds. In 57 ex-
periments, one or more groups were infected with Eimeria spp. Indi-
vidual infection by gavage into the crop was the most common route of
infection with 33 experiments, followed by using contaminated litter in
11 experiments, contaminating feed with oocysts in seven experiments,
and giving a ten-fold dose of a commercial vaccine by spray in one
experiment. In five experiments, birds were infected by natural intro-
duction or presence of Eimeria spp. in the broiler houses without the
authors knowing or describing their introduction but reporting their
presence later in the experiment. Individual challenge or infection via
feed was mostly done between 10 and 20 days of age, with seven ex-
periments challenging birds older than that and one experiment

Table 1
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individually dosing one-day-old chicks. In two experiments, birds were
challenged multiple times. Birds were placed on contaminated litter
when one day old in 8 experiments, or when 14 days old in three ex-
periments. Overall, median and mode of age at challenge were 14 days.

In eight experiments, birds were challenged with a single Eimeria sp.,
namely E. maxima in four experiments, E. tenella in three and
E. acervulina in one experiment. In 39 experiments, birds were infected
with a combination of Eimeria spp.; these included E. acervulina in all
experiments, E. maxima in 38 experiments and E. tenella in 37 experi-
ments. Other Eimeria spp. in addition to the three mentioned species
were used in 12 or less experiments each. Infection doses were given for
26 experiments. For E. acervulina, they ranged between 8000 and
540,000 oocysts per bird, for E. maxima between 1000 and 80,000 oo-
cysts per bird and for E. tenella between 1000 and 100,000 oocysts per
bird. In seven experiments, birds were additionally infected with
C. perfringens and in one with Escherichia coli.

For 63 experiments, BW or BWG were reported; FCR was not given
and could not be calculated for six experiments. For 33 experiments,
only the pooled SE was reported and for four experiments only the
pooled CV, for one experiment both values were given and for two ex-
periments pooled and individual SEs for each group were reported. SEs
of each group were given for nine experiments and SDs for each group
for five experiments; for one of these the SDs were given only for BW, but
median and interquartile range for FCR. For four experiments values for
each group were given without specifying if these were SE, SD or CV;
based on their value, it was deemed most plausible that they were SEs.
For one experiment, CV and one other measure of variation, presumably
the SE, were given for each group and for five experiments no measure of
variation was given.

In 17 experiments, vaccinated groups were included. In nine of these
a fully virulent vaccine was used, in seven an attenuated vaccine and in
one case (Alfaro et al., 2007) the name of the used vaccine was not given.

The experiments included 175 groups (supplemental document 3).
Fifty-one infected and 14 uninfected groups were given anticoccidial
drugs. Forty groups received only ionophores, fifteen only chemicals,
four a mixture of chemical and ionophore and five groups an ionophore
and a chemical in different feeding phases. For one group, the article
(Hady and Zaki, 2012) failed to mention which anticoccidial drug was

Group sets tested by network meta-analysis (NMA) and number of groups included in each subset.

Subset Number of groups included
Unchallenged Challenged Total
Untreated  Anticoccidial Vaccinated  Untreated  Anticoccidial Vaccinated
drug drug
Complete — all groups’ 35/32” 9/9 6/6 49/44 37/33 11/9 147/
133
No AGP - exclusion” of groups treated with an antibacterial growth 34 7 6 46 32 11 136
promotor (APG) in addition to the anticoccidial drug
No ionophore — exclusion® of groups treated with an ionophore 34 1 6 35 7 8 91
No chemical — exclusion® of groups treated with a chemical 35 7 6 43 26 11 128
No attenuated vaccine — exclusion® of groups given an attenuated or 32 9 2 49 37 7 136
unknown vaccine
No fully virulent vaccine— exclusion® of groups given a fully virulent or ~ 35 9 3 48 34 4 133
unknown vaccine
No bacteria — exclusion® of groups challenged with C. perfringens or 28 9 5 42 37 10 131
E. coli in addition to the coccidia.
Severe challenge — exclusion® of groups challenged with a total of less 17 9 5 14 12 5 62
than 100,000 oocysts or with an unknown infection dose
Early challenge — exclusion® of groups challenged on day 16 of age or 26 9 6 33 25 8 107

later or at an unknown age

! NMA does not allow inclusion of more than one group with the same treatment per experiment. Therefore, groups had to be excluded from some experiments for

the “complete” analysis, see supplemental document 3.

2 Number of groups included in the analysis of body weight/body weight gain and number of groups included in the analysis of FCR; in the subsets only body weight/

body weight gain was analyzed.

3 All groups included in NMA have to be from experiments with at least two treatments. Therefore, in most cases exclusion of one group resulted in the exclusion of

the whole experiment.
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given to the birds.

3.2. Meta-analysis results of complete set

A preliminary comparison showed that there were no substantial
differences between the analysis of the data set excluding groups for
which no measure of variation was available and analysis of the data
using imputed SEs for these groups (results not shown). The following
analyses were all conducted with data sets excluding groups for which
no measure of variation was available.

Analysis of the complete set was based on 124 pairwise comparisons
for BW/BWG and 114 pairwise comparisons for FCR (Fig. 1). Direct,
indirect and network analysis differences in effect size were generally in
good agreement with each other and between analysis of BW/BWG and
FCR (Fig. 2). I? statistics as measure of heterogeneity was 4% for analysis
of BW/BWG and 6% for analysis of FCR.

Compared to unchallenged/untreated groups, challenged/untreated
groups had a significantly lower mean difference in BW/BWG and
higher mean difference in FCR. In addition, challenged/vaccinated
groups had a significantly higher mean difference in FCR. Other groups’
mean differences in BW/BWG and FCR were not significantly different
from the unchallenged/untreated groups (Fig. 3). For BW/BWG, un-
challenged/treated with anticoccidial drugs was ranked as the best
treatment, followed by unchallenged/untreated, unchallenged/vacci-
nated, challenged/treated with anticoccidial drugs, challenged/vacci-
nated, and lastly challenged/untreated. The probable ranking order for
FCR differed in that challenged/treated with anticoccidial drugs was
ranked better than unchallenged/vaccinated (Table 2 ).

3.3. Analysis of further sets

12 as measure of heterogeneity were between 3% and 5% for all
subsets. Compared to unchallenged/untreated groups, challenged/un-
treated groups had a significantly lower mean difference in BW/BWG in
all subsets. In addition, challenged groups treated with an anticoccidial
drug also had a significantly lower mean difference in BW/BWG
compared the unchallenged/untreated groups in the no chemicals sub-
set, the no bacterial challenge subset and the severe challenge subset.
Interestingly, there was also a non-significant trend for the unchallenged
groups given an anticoccidial drug having a higher body weight than the
untreated/unchallenged groups, except in the no-ionophore subset
(Fig. 4).

Unchallenged groups Challenged groups

©

Treated with anticoccidials

7/7 34/31
16/15 6/6

29/26

Untreated @ @

8/6

4/4

5/5 7/6

2/2

® " ®

Fig. 1. Geometry of the analyzed network. Nodes represent the treatments (A —
challenged/untreated; B - challenged/anticoccidial drug; C — unchallenged/
anticoccidial drug; D - unchallenged/untreated; E — unchallenged/vaccinated;
F - challenged/vaccinated). Numbers are counts of pairwise comparison of the
analysis of the complete set for body weight or body weight gain / feed con-
version rate.

Vaccinated

Veterinary Parasitology 291 (2021) 109387
4. Discussion

The aim of the NMA was to compare how anticoccidial drugs and
anticoccidial vaccines influenced BW/BWG and FCR in broilers. The
analyzed experiments were mainly conducted in North America, South
America and Asia, and to a lesser extent in Europe. Because broilers are
reared commercially for a shorter period in Europe than on other con-
tinents, several experiments from European researchers ended after 35
days and had to be excluded from this analysis. However, a larger age
interval, e.g. 30-50 days, would have introduced more heterogeneity
because the time after challenge has a major impact on the result,
allowing for more or less compensatory growth (Henken et al., 1994;
Voeten et al., 1988). The Americas, Asia and Europe cover most of the
worldwide commercial broiler production. Furthermore, a similar
number of experiments used attenuated and non-attenuated vaccines, so
the findings of this analysis will be widely applicable. A disproportion-
ately high number of articles was from more recent years, demonstrating
the increasing interest in this topic and the timeliness of the NMA, but
making the analysis also more current.

In contrast to a previous meta-analysis investigating the performance
variation of broilers experimentally infected with Eimeria spp. (Kipper
et al., 2013), the inclusion criteria for experiments were chosen to
closely resemble field conditions, including that commercial broilers
had to be reared in floor pens and for 40-50 days. In their meta-analysis,
Kipper at al. (Kipper et al., 2013) found that the magnitude of decreased
BWG after experimental infection with coccidia varied with Eimeria
species as well as age, sex, and genetic line of the birds. Of these factors,
the genetic line of birds in a broad sense, i.e. commercial broilers, was
one of the inclusion criteria. Additionally, age at the end of the experi-
ment was one of the inclusion criteria. However, age at infection and
time between infection and end of the experiment is likely to be more
relevant than age at the end of the experiment, because birds can show
compensatory growth (Henken et al., 1994; Voeten et al., 1988). Almost
all challenged groups were infected when younger than 20 days, which
also reflects field conditions, where birds are commonly infected at a
young age by coccidia in litter. Analysis of the early-challenge subset did
not alter the results. Sex was not an inclusion criterion, but because no
experiment had used exclusively female birds, there was limited vari-
ability of this parameter. What varied widely were the challenge models,
even though in most experiments, birds were infected with E. acervulina,
E. maxima and E. tenella. However, despite the different challenge
models and likely due to the stringent inclusion criteria and other sim-
ilarities mentioned, heterogeneity was low, indicating a good agreement
between all included experiments.

Analysis of BW/BWG showed that as expected challenged/untreated
groups did worse than unchallenged/untreated groups. In contrast all
other treatments were not significantly different from the unchallenged/
untreated groups. However, the 95% confidence intervals of BW/BWG
of the vaccinated groups overlapped with the 95% confidence intervals
of the untreated/challenged groups, which was partially attributable to
a larger 95% confidence interval of the vaccinated groups. This was not
only observed in the complete set, but also in the two subsets containing
only one type of vaccine. Another potential reason of the variability
beyond the different vaccine types might be different application
methods. Just using different vaccine diluents for spray vaccination in
the hatchery resulted in vaccine takes between 15%-75% percent of
birds (Albanese et al., 2018), and further application routes including
drinking water and crop gavage were used in the analyzed experiments.
Knowing the reasons for the higher variability would help to use vac-
cines more efficiently with more consistent results.

Analysis of FCR brought similar results. However, challenged/
vaccinated groups had a worse FCR than the unchallenged/untreated
groups. Taken together, the results show that anticoccidial drugs and
vaccines were almost equally effective in preventing reduced BW/BWG
and increased FCR with a slight advantage for the anticoccidial drugs.
This was confirmed by the ranking probabilities, which ranked
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Fig. 2. Direct, indirect, and network analysis of differences in ef-
fect size of all pairwise comparisons for body weight/body weight
gain (A) and feed conversion rate (B) for the complete set. Bars
indicate mean differences and 95% confidence intervals. Note that
for body weight, a positive difference indicates a better outcome
and for feed conversion rate, a negative difference indicates a
better outcome. Treatments are A - challenged/untreated; B —
challenged/anticoccidial drug; C - unchallenged/anticoccidial
drug; D - unchallenged/untreated; E — unchallenged/vaccinated; F
— challenged/vaccinated.

-500 0 600 -0.3 0

Compared with D
A —o— ——
. S
— —0
_ 5 S
-
T 1 T T 1
0 0.2

T
-300 0 200 -0.09
A B

MmO

Fig. 3. Forest plots comparing body weight (A) and feed conversion rate (B) of
unchallenged, untreated groups (treatment D) against the other treatments for
the complete set (A - challenged/untreated; B — challenged/anticoccidial drug;
C - unchallenged/anticoccidial drug; E - unchallenged/vaccinated; F — chal-
lenged/vaccinated). Bars indicate mean difference and 95% confidence inter-
val. Note that for body weight, a positive difference indicates a better outcome
and for feed conversion rate, a negative difference indicates a better outcome.

treatment with anticoccidial drugs higher than vaccination. These re-
sults are plausible, because anticoccidial vaccines are live vaccines and
thus do cause a low level of damage to intestinal health, regardless if
they are attenuated or fully virulent (Williams, 2002).

Similar results in all sets confirmed the robustness of the analysis.
One notable difference between subsets was that in the no-chemical
subset the challenged groups given anticoccidial drugs, i.e. only iono-
phores, had a lower BW/BWG than the unchallenged/untreated groups,
while in the no-ionophore subset the challenged groups given anti-
coccidial drugs, i.e. only chemicals, did not do worse than the unchal-
lenged/untreated groups. Ionophores only reduce but do not fully
prevent replication of coccidia, in contrast to chemicals, most of which
are coccidiocidal (Conway and McKenzie, 2007a). However, even
though not significant, there was an opposite trend in unchallenged
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Table 2
Ranking probability for analysis of body weight/body weight gain (BW/BWG) and feed conversion rate (FCR). Highest probabilities for each rank are highlighted.
BW/BWG FCR
Rank 1 2 3 4 5 6 1 2 3 4 5 6
Unchallenged/anticoccidial drug 0.824 0.126 0.039 0.009 0.003 0.000 0.689 0.167 0.101 0.037 0.006 0.000
Unchallenged/untreated 0.094 0.610 0.257 0.034 0.004 0.000 0.149 0.444 0.323 0.080 0.004 0.000
Unchallenged/vaccinated 0.070 0.187 0.280 0.199 0.247 0.018 0.081 0.128 0.149 0.447 0.154 0.040
Challenged,/anticoccidial drug 0.002 0.028 0.273 0.455 0.242 0.000 0.077 0.252 0.405 0.250 0.016 0.000
Challenged/vaccinated 0.010 0.050 0.151 0.303 0.476 0.011 0.004 0.008 0.023 0.170 0.604 0.191
Challenged/untreated 0.000 0.000 0.000 0.001 0.028 0.971 0.000 0.000 0.000 0.015 0.216 0.768
or CV to SE unreliable. Reporting guidelines supported by professional
Compared with D organizations similar to the protocols by Conway and Mckenzie (Con-
—o0— —o— . .
B o ol way and McKenzie, 2007b, p. 200) should be published and then fol-
c T — 1 lowed by authors and enforced by reviewers.
E — —or— ) . )
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I 1 I . . .
-300 0 200 600 0 300 calculated on a per-pen basis and pens need a certain number of birds to
A B simulate commercial conditions. Thus, and in spite of the numerically
large number of birds, the number of replicates in these studies is low; in
Compared with D D the analyzed dataset, the median was 5. Weighing birds individually can
—o— —o— increase power for the analysis of bodyweights, only slightly reduced by
B —-O0— —O0— . . o, . . .
P [ N PN them being pseudoreplicates. Additionally, for some infection models, it
E 1T N is not possible to provide an infection dose, most notably when birds are
0 0 200 o ! v infected using contaminated litter, a method which otherwise has the
c b advantage to most closely simulate natural infection. However, not
knowing the infection dose makes comparisons across different experi-
ments difficult.
Compared with D The NMA also exposed under-researched areas. There was a relative
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B —o —o— shortage of experiments investigating the effect of anticoccidial vac-
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F —o— —o antibiotic-free and organic broiler production is likely to become more
I 1 I 1 1 . . .
-300 0 200 400 0 200 common in the future. Surprisingly, there was also a shortage of ex-
E periments including treatment with chemicals. One likely reason is that

Fig. 4. Forest plots comparing body weight/body weight gain of unchallenged,
untreated groups (treatment D) against the other treatments (A - challenged/
untreated; B — challenged/anticoccidial drug; C — unchallenged/anticoccidial
drug; E — unchallenged/vaccinated; F — challenged/vaccinated). Bars indicate
mean difference and 95% confidence interval. A: no AGP subset; B: no iono-
phore subset; C: no chemicals subset; D: no attenuated vaccine subset; E: no
fully virulent vaccine subset; F: no bacterial challenge subset; G: severe chal-
lenge subset; H: early challenge subset.

birds with treatment with chemicals numerically decreasing BW/BWG
and treatment with ionophore numerically increasing it, indicating the
growth-promoting activity of ionophore antibiotics, which results from
their broader action against Gram-positive bacteria (Butaye et al.,
2003).

The results of any analysis can only be as good as the data being
analyzed, and the underlying data of the present analyses are not per-
fect. The imperfection of the data falls into three broad categories. The
first category is lacking information in articles that should have been
given, the second category is inherent to this type of experiment and the
third category is under-researched areas.

Crass examples of lacking information that should have been given
are failing to state which anticoccidial drug was used (Hady and Zaki,
2012) or mentioning the challenge of birds only in the abstract but not in
the Materials and Methods section (Koli et al., 2018). Six articles failed
to give a measure of variation, and three articles reported measures of
variation without saying which they were. In contrast to these sporadic
failings, it is common practice to report only pooled SE or CV.
Thirty-seven articles did this. The pooled values had to be used as an
approximation for the SE of individual groups but using the values for
individual groups would have resulted in more accurate results of the
present analysis. Some articles failed to provide information if birds had
been weighed individually or pen-wise, making the conversion from SD

these are very time-honored treatments, and a review of older literature
might have provided more information. However, this NMA was
restricted to the last 19 years as to best reflect contemporary manage-
ment practices and bird genetics. As chemicals might increase in their
importance because they are not antibiotics, research investigating as-
pects of their use under current management practices would be timely.

In conclusion, the results of this NMA show that vaccination against
coccidia gives results that are comparable to the use of anticoccidial
drugs. In addition, the analysis exposes unnecessary, as well as inherent,
problems with data quality, which every researcher working with
coccidia should be careful to address and identifies under-researched
areas that should be addressed in future research.
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