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Abstract

Objective: The aim of this meta-analysis was to identify the influence of route
of administration on antimicrobial resistance (AR) in animals and to identify the
influence of other possible factors that might be associated with it. A variety of studies
were searched in English and Spanish. Studies identified as potentially relevant were
assesses against eligibility criteria.

Methodology: Random-effects model was used to analyze whether the studies
found a positive influence of the route of antimicrobial administration and AR. A sub-
sequent meta-regression was conducted to assess the influence of the different factors
that may be associated with AR.

Results: 1806 articles were identified, but only five were considered eligible for
inclusion. The meta-analysis showed a significant pooled odds ratio of 4.57(95% confi-
dence interval 1.43 to 14.56). From the five variables extracted from the articles, four
were identified to have a positive association between the oral treatment group and
AR.

Conclusions: Using a set of studies we found that oral antimicrobial adminis-
tration has a higher risk of development of antibiotic resistance in comparison to the
injectable administration route. A subsequent meta-regression revealed that the type
of antibiotic, the animal species, the inoculated bacteria are important factors that
influence the risks of having AR in the oral administration group. The limited number
of studies on this topic call for more studies on the impact of oral administration on
AMR development and spread in animals and humans.

Keywords: Antibiotic resistance, Antibiotic usage, meta-analysis, random-effect
model.
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1 Introduction

Development of antibiotics has been one of the most important medical advance of the
past centuries. The introduction of antibiotics to treat infectious diseases has improved
tremendously human and animal health [14]. The ability of antibiotics to treat and cure
infections has led to a decrease in the fatality rate due to bacterial infections. At the same
time, the overuse and misuse of antibiotics in people and animals in the past years, has
produced that microorganisms such as bacteria, viruses, parasites and fungi develop genetic
mutations that affect the activity of the drug [15]. The resistance of this microorganisms is
a major public health problem, since this threats the capacity of the antibiotics in treating
common infectious diseases, resulting in prolonged illness, disability and death [16].

Recent reports suggest that the absolute number of infections due to resistant microor-
ganisms are increasing worldwide, with large variations between countries and bacterial
species. The hope of overcoming this problem by the development of new antibiotics, is
weakened by the probability that microorganisms will evolve to resistance to these new
antibiotics [18].

There are different factors that can influence the antimicrobial resistance (AR). Factors
related to antimicrobial usage like the amount of antibiotics used, the dosing regimen, the
type of antimicrobial agent and the administration route, have been seen to influence the
selection, spread and persistence of AR. The latter one, will be the main topic of this
thesis but oriented in the specific case of antibiotics used in animals. Oral administration
seems to have a higher selection pressure on the gastrointestinal microbiota in comparison
to parenteral treatment [17].

Previous studies performed with chickens and pigs have concluded that oral adminis-
tration of antimicrobial may increase the probability of AR in E. coli (Simoneti et al.2015;
Vieira et al., 2009). However, those studies compared treated versus untreated animals,
ignoring to analyze other routes of administration. While some articles have reviewed
AR specifically in oral administration, this review will not focus just on effect of oral ad-
ministration of antibiotics in farm animals, but also on the effect comparison of different
administration routes on resistance selection and spread.

The main goal with this thesis is to combine information of previously published data
from different studies to investigate the influence of route of antimicrobial administration
on resistance and also to examine which other factors can affect the resistance.

2 Methodology

2.1 Study selection and search strategy

A systematic literature search was conducted to identify randomized controlled trials that
investigated the difference between injectable and oral treatment on the fecal microbiota.
Sources were identified from MEDLINE, Scopus, SciELO, MEDES and PubMed databases
from 2000 to 2017, only animal studies. There were no language restrictions at screening.
Keywords used were "drug resistance, bacterial"[MeSH Terms| OR "drug resistance, micro-
bial" [Mesh Terms| AND ("injections, intramuscular"[MeSH Terms| OR (injections, intra-
venous" [MeSH Terms| AND "administration, oral"[MeSH Terms| AND "Microbiota/drug
effects*"[MeSH Terms| OR “Dose-Response Relationship, Drug” [MeSH Terms]|. Sensitivity
filter was used to limit studies to clinical trials. The reference lists of any studies meeting
inclusion criteria were reviewed manually to identify additional relevant publications. We
adhered to PRISMA (preferred reporting items for systematic reviews and meta-analyses)
recommendations where possible[19].
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2.2 Inclusion/Exclusion Criteria

Studies were required to meet the following criteria: (1) prospective randomized controlled
design; (2) enrolled mammal individuals, irrespective of health status at the beginning
of the study (3) investigation of bacteria in the digestive tract via culture, (3) at random
study group that received oral and study group that received parenteral treatment with the
same antimicrobial agent using the therapeutic dose regimen specified for that drug (4),
negative controlled arm included adult subjects with. If studies did not provide sufficient
details on microbiological counting, authors were contacted to obtain additional data.

2.3 Data abstraction and validity assessment

Data abstraction was completed by the author of this thesis, and checked for completeness
and accuracy by the internal and external supervisors. Where data were not reported,
authors were contacted to provide additional data. If we received no response, graphs were
used to estimate data using WebPlotDigitizer 4.1 .

2.4 Study outcome measures

The primary outcome was the difference in occurrence of antimicrobial resistance organisms
following either injectable or oral exposure of antimicrobial agents. The highest difference
within each study was assessed in order to model the worst case scenario. Secondary
outcomes were the time at what the difference occurred.

Since antibiotic resistance is the result of a complex interaction of many factors, like
antimicrobial drugs, bacterias, host and environment [21], explanatory variables were ex-
tracted from the studies to investigate the influence of these variables on the effect estimate.
These variables are listed on table 1.

Table 1: Explanatory variables for meta-analysis to study the effect of route of adminis-
tration on antimicrobial resistance

Variable Categories
Calves

Pigs

Mice
Chickens

E. colv
Isolated bacteria FEnterococcus
Salmonella

Animal species

Antibiotics used Tetracycline
Enrofloxacin
Ampicillin

Year of publication

1st period
Period of antibiotic administration | 2nd period
3rd period

The duration of antibiotic administration has been split for this study into 3 different
time intervals in the variable Period of antibiotic administration, where period 1 corre-
sponds to the first third of the time of treatment, period 2 to the subsequent third, and
period 3 to the last one. The effect size used for this meta-analysis was the odds-ratio,
which was calculated for all the studies with the extracted information. Two data set (im-
plemented in Microsoft excel; 2016) were created from these data. The first data set (Table
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4) contains information regarding the difference in occurrence of antimicrobial resistance
organisms where the highest difference within each study was assessed. The second data
set (Table 5) contains information regarding the study periods and other parameters used
in the in further analysis as the meta-regression.

Some studies have reported information on AR from more than one antibiotic and one
bacterium. On these cases, the extra information has been considered on the meta-analysis
as an independent study.

2.5 Statistical analysis
2.5.1 Meta-analysis

Meta-analysis is a statistical method that combines information from several independent
research studies with the aim to estimate a single and more precise estimate of interest.
The purpose of meta-analyses are to increase statistical power; to summarize the findings
when several individual studies disagree; and to improve the estimates of an effect size
to allow more solid conclusions. Meta-analysis plays an essential role in evidence-based
medicine, where, according to the hierarchy of evidence, meta-analysis (specially those
using randomized controlled trials (RCTS)) are considered to be superior [2].

In the meta-analysis the important outcomes (known as effect size) are computed for
each study to later to be able to aggregate them, to asses the consistency of the effects
across the study and compute a common effect size[3]. Depending on the type of study
and the information provided in each of them, different outcomes can be used for a meta-
analysis, including risk ratios, risk differences, odds ratios, (standardized) mean difference
and correlations.

There are specific statistical methods that are used in meta-analysis to combine the
information. The data from individual studies can be analyzed using either of two models:
the fized-effects model or the random-effects model. Under the fixed-effects model we
assume that there is no heterogeneity between the effect sizes; the studies are assumed
all to be estimating a single true effect size[4| and that the differences in the observed
effects are due to sampling errors|5]. On the other hand, the random-effects model is
more conservative, this model allows that the true effect can vary between studies, and
takes into account the extra variation implied in making this assumption. Due to expected
clinical heterogeneity between the studies, the random-effects model was used because (as
discussed above) it allows to incorporate into the model the heterogeneity among the true
effects.

2.5.2 Random-effects model

When meta-analyzing effect sizes from different studies, we expect them to have enough
characteristics in common to be able to combine their information for statistical inference|7],
however, integrating findings from different studies is one of the major difficulties, due to
the diverse nature of the studies. For a meta-analysis the studies can differ, in terms of
patient characteristics or methods used[6], however, choosing the right model that cap-
tures this variability across the studies is important to avoid misleading inferences about
treatment effects.

The random-effects model assumes that there is no single true population or effect
across the studies. Rather assumes that there is a distribution of the effects with a fixed
mean and variance. Therefore, the observed variability in sample estimates of effect size
is partially due to the variability in the underlying population parameters and partially
due to the sampling error of the estimator about the parameter value|7|. The random
effects-model can be written as:
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0; = 1+ u; + €

where u; ~ N(0,72) describes the between-study variation and €; ~ N(0,v;) describes the
within-study variation. v; and ¢; are assumed to be independent and then, the random-
effects model can be re-written as:

0; ~ N(M,U2 —|—7'2)

where 72 is the inter-study variance and represents both the degree to which true treat-
ments effects vary across studies as well as the degree to which individual studies give
biased assessments of treatment effects[6]. o2 is the intra study variance which reflects
within-study sampling variance.

Estimation of the overall mean effect size
The first step in a random-effects meta-analysis is to calculate an estimate for the inter-
study variance 72 to be able to calculate the overall effect size and its standard error]6].
Suppose s7,...s2 and t? are the estimates for 02 and 72 respectively. We get the following

estimate for p

k
21:1 WiYi

My = -

D i Wi
where
1
w; =

L(t2 + s2)

and the estimated standard error of the summary effect would be

1

The last expression for s.e.(m,,) is a conditional standard error under the assumption
that the estimates s7,...s7 and t? are equal to the true variances o?,...07 and 72 respec-
tively. The expression for the standard error is an underestimate of the true standard error

of my,|6].

s.e.(my,) =

Estimation of the inter-study variance 72

There are several methods to estimate 72. Each of them have different properties in terms
of bias, mean squared error (MSE) and efficiency. For our case the Paule and Mandel
(PM) method for estimate 72 was implemented, since this approach is more robust when
normality assumption does not hold|[6]. The Paule and Mandel estimating equation can
be defined as:

Qgen = sz{yz — My} ~ Xzil
i

The solution tgptis obtained by a numerical iteration starting with t> = 0 . Then, t%,,
is defined as t,),~ max (0,t2,;)[8]. PM is an iterative estimator that belongs to the fam-
ily of the Generalized method of moments (GMM) estimators, where the random-effects
model weights and overall effects are simultaneously calculated using the true value of t2

that is part of the important quantity|9].

Correlated random time effects model
This model proposed by Musekiwa et. al., is an extension of the random-effects model.
In this model we assume a heteroscedastic AR(1) covariance structure for the random
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period effect, where the within-study serial correlations between longitudinal effect sizes
are assumed to be zero. So then, the variance-covariance matrix is given by

7'12 pTiT2  PPTITS
T 22 pPT2T3
As a result, the dependence between effect sizes become stronger for time points that
are closer to one another.
The random time effects model can also include one or more predictors (also called
moderators), that can capture a part (or fully) the heterogeneity in the true effects that
has not been captured in a model without them. A model with predictors then is given by

0i = Bo + B1Xi1 + ... + By Xip +ui + €

where x;; denoted the value of the jth moderator variable for the sth study with associated
regression parameter 3; where 3y is the global effect size. We assume that u; is again
u; ~ N(0,72), where 72 denotes the amount of residual heterogeneity that is not accounted
by the study variables in the model[10].

2.5.3 Publication bias

Publication bias is one of the main concerns in a meta-analysis, and could arise when only
studies with positive statistical significance tend to be published. Therefore all published
studies may be selected for a meta-analysis and the resulting inferential results may be
biased [10]. Publication bias has traditionally been assessed using funnel plots whereby
the estimates from all studies are plotted against their standard error. A symmetrical
funnel plot suggests no publication bias, however a skewed funnel plot is an indicator of
potential publication bias.

Funnel plots are a useful graphical tool for diagnosing certain forms of publication bias,
yet, it is important to be able to test this asymmetry mathematically. Various tests have
been suggested in the literature. For this meta-analysis, the Egger’s test was used. This
approach works by fitting the points by linear regression. In the case of a symmetrical
funnel plot, the intercept on the X-axis should be close to zero, whereas with asymmetry
it may deviate considerably from zero[20].

2.6 Software
2.6.1 The R Package: metafor

The metafor package is a special R package for conducting meta-analysis. This package
contains different functions for fitting meta-analytic fixed and random-effects models and
allows the inclusion of study variables[13|. This package also allows various to plot functions
for assessing the model fit, diagnoses and tests for publication bias.

To calculate the effect size estimates and their corresponding sampling variance, metafor
package has the escalc() function. This function allows to calculate the most commonly
used effect sizes in meta-analysis (Odds ratios, Relative Risks, etc.).

To perform the analysis of the primary and the secondary outcome, the rma () function
was used. In the case for the correlated random time effects model the function rma.mv ()
was utilized and the random effects structure was specified using the random argument
through the formula rma() =~factor(period) | factor(study ID). So, the effects with dif-
ferent study ID are assumed to be independent, while effects with the same the study ID
share correlated random effects corresponding to the levels of the period variable.
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3 Results

3.1 Search results

The literature search identified 1806 citations. After exclusion of articles based upon review
of the title and abstracts further exclusion was done after careful review of the full text.
The studies that were eligible for meta-analysis are presented in Table 4.

3.2 Meta-analysis

Figure 1 shows the forest plot for the meta-analysis in which the antimicrobial resistance
in oral and injectable administration routes was assessed in the worst case scenario. The
meta-analysis revealed that the oral route has a significant positive relationship in antibiotic
resistance, with a pooled effect size (Odds Ratio) of 4.57 (z=2.56, p-value=0.01, 95% CI=
1.43-14.56).

Oral Parenteral
Author and Year Pos Tt Pos  Tot Waights Odds Ratio [35% CI]
Checkley, 2010 91 o4 ECI-C - 24.41% 4356 (1285, 147.62]
Widf, 2010 4 4 4 1 537% 1.00[0.02, 6230]
WiUf, 2003 3 4 2 4 —_— 10.35% 3.00[0.15, 59.89]
Bibbal, 2007 R 3 4 —_— 350% 7.20[0.23, 225.89]
Zhang, 2013 4 5 3 s —_— - - 1118% 267[0.16, 45.14]
Zhang, 2013 5 5 05 5 o 7.90% 55.00[1.50, 2021.62]
Chantziaras, 2017 4 5 5 5 850% 027[0.01, 8.48]
Chantziaras, 2017 5 5 5 s 5.47% 1.00[0.02, 59.99]
Chantziaras, 2017 5 5 5 5 5.47% 1.00[0.02, 50.99]
Chantziaras, 2017 4 5 4 5 9.88% 1.00[0.05, 2218]
RE Model ——— 100.00% 4.57[1.43, 1456]
I T 1

01 05 1 4
Odds Ratio (log scale)

Figure 1: Forest plot (random-effects meta-analysis) showing odds ratio and 95% confi-
dence interval for each study along with study weight.

This figure also displays the weight and the odds ratio for each study. We can note
that one of the studies (Checkley et. al 2010) has a higher weight in comparison with
the other studies. To ensure that the sample size of this study does not influentiate in
our conclusions, we performed again the analysis by reducing its sample size to 10 (to
make it comparable in size with the rest of the studies) but keeping the proportion of the
resistant in the oral and injectable group. The results obtained showed that the overall
effect estimate becomes smaller, and is now on the borderline of statistical significance.
However, it is important to notice that the estimate did not change its direction, and we
still can conclude that the oral route has a positive relationship in antibiotic resistance.
The forest plot for this analysis with the reduced sample size is shown in figure 7 in the
appendix section.

3.2.1 Influential case diagnosis

An influential case diagnosis was performed to check the presence of influential studies on
the results of the meta-analysis. Figure 2 shows the plots of some diagnostic measures,
which suggests that studies 1 (Checkley 2010) and 7 (Chantziaras 2017) introduce some

11
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additional residual heterogeneity into the meta-analysis. However, study 1 (Checkley 2010)
seems to be the most influential study.

rstudent

00 05 10 15
| 1 1

g

Figure 2: Plot of standardized residuals, DFFITS values and Cook’s distance as assessed
during a meta-analysis on the effect of route of administration on antimicrobial resistance.

3.2.2 Heterogeneity analysis

Significant heterogeneity was observed among the true effects, since the estimated total
amount of heterogeneity 72 was 1.0450 and the percentage of total variability due to het-
erogeneity was 32.39%. Furthermore the Test for Heterogeneity was statistically significant
with Q=17.83,p-value=0.037, indicating that there is more variability in the effect sizes
than may be expected.

From the funnel plot in figure 3, we can note that the study of Checkley et al. is
one of the studies with the largest odds ratio and the largest sample size. Testing for
asymmetry the Egger’s test suggest that there is a large degree of asymmetry (Egger’s
test P-value=0.0003), however, this is possibly due to the influence of the Checkley et al.
study. To confirm this, we have performed the analysis once again with the scaled study.
The results obtained showed that there is longer no asymmetry in the funnel plot (Egger’s
test p-value=0.74).

3.3 Univariate random-effects meta-analysis for period 1, 2 and 3

An univariate random-effects meta-analysis for period 1, 2 and 3 was performed. The
results obtained are summarized in table 2 and the forest plots in figures 4, 5 and 6.

Table 2: Estimates univariate meta-analysis for period 1, 2 and 3

Odds ratio (CI)  p-value  Q-test(p-value)
Period 1 4.22 (1.22-14.7) 0.023 5.41(0.79)

Period 2 297 (1.72-5.13)  <0.0001  6.60(0.67)
Period 3 2.8 (1.59-5.13)  0.0004  20.07(0.01)

The results in table 2 show that the odds of antimicrobial resistance in the oral ad-
ministration group were significantly higher than in the parental group. This result was

12
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Figure 3: Funnel plot

consistent for all three periods. The highest odds ratio was observed in period 1 and de-
creases in the subsequent periods. All the three odds ratios for period 1, 2 and 3 were
statistically significant. Significant heterogeneity was observed among the true effects.The
heterogeneity test was only significant for period 1 (Q = 20.0746, p-val = 0.0175).

Figure 8 shows the residuals for all the periods of antibiotic administration. We can
note that the study of Checkley et al. seems to be influential for period 1 and 3. On the
other hand, the study of Zhang et al. seems to have this effect on period 2.

The funnel plots for all the three periods are shown in figure 9. These plots together
with the test of asymmetry suggest that period 1 has some level of asymmetry (Egger’s
test=-2.27, P-value=0.02). However, any of the tests suggest asymmetry in the respective
funnel plots for period 2 and 3 of antibiotic administration.

Author and Year Pos  Tot Pos  Tot Weights Odds Ratio [95% CI]

Checkley, 2010 91 94 39 a5 - 2153% 4356 [12.85, 14762]
Wiuff, 2003 4 4 4 4 —— 6.84% 100[002, 6230]
Wiuff, 2003 3 4 2 4 — = 10.60% 300[015, 59389]
Bibbal, 2007 6 8 3 4 A 11.61% 1.00[006, 1599]
Zhang, 2013 4 5 05 5 = 817% 36.00[093 1388.11]
Zhang, 2013 5 5 05 5 —= 833% 55.00[150 202162
Chantziaras, 2017 4 5 5 5 —— 889% 027[0.01, 84§]
Chantziaras, 2017 5 5 5 5 A 6.93% 100[002, 59.99]
Chantziaras, 2017 5 5 5 5 = 6.93% 100[002, 59.99]
Chantziaras, 2017 4 5 4 5 A 10.16% 1.00[005, 2218]
RE Model ————— 100.00% 422[121, 1473]
1 1T 711

01 05 1 4
Odds Ratio (log scale)

Figure 4: Forest plot period 1
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Qral Parenteral
Author and Year Pos  Tot Pos  Tot WeightsOdds Ratio [95% CI]
Checkley, 2010 0 92 a7 98 — - 75.00% 3.25[174, 5.07]
Wiuff, 2003 a4 a4 -— 2.90% 1.00[0.04, 24.55]
Wiff, 2003 05 4 05 4 -— - 1.60% 1.00[0.02, 65.06]
Bivbal, 2007 8 8 3 4 —_— 252% 7.29[0.23, 22589
Zhang, 2013 4 5 3 s —_— 372% 267[0.16, 45.14]
Znang, 2013 5 5 05 s — 2.29% 55.00 (150, 2021.62]
Chantziaras, 2017 5 5 3 5 = 270% 7.86[0.28, 217.11]
Chantziaras, 2017 5 5 5 5 -— - 177% 1.00[0.02, 59.99]
Chantziaras, 2017 5 5 5 5 -— - 177% 1.00[0.02, 59.99]
Chantziaras, 2017 2 s 3 5 -—— 464% 044[0.04 553]
RE Model et 100.00% 2.98[173, 5.14]
01 05 1 4
QOdds Ratio (log scale)
Figure 5: Forest plot period 2
Oral Parenteral
Authar and Year Pos ot Pos ot Weights  Odds Retio [95% CI]
Checkley, 2010 7 92 53 04 —— 77.29% 3.41[1.75, 6.64]
Wiff, 2003 3 4 3 4 - 335% 1.00[0.04, 2455]
Wiff, 2003 05 4 05 4 - = 195% 1.00[0.02, 66.06]
Bibbal, 2007 8 8 3 4 —_— 291% 7.29[0.23, 225.89]
Zhang, 2013 05 5 2 5 - 292% 0.17[0.01, 513]
Zhang, 2013 105 05 5 -~ 257% 225 [0.06, 86.76]
Chantziaras, 2017 05§ 05 5 - - 201% 1.00[002, 62.20]
Chantziaras, 2017 5 5 5 5 - 204% 1.00[0.02, 59.99]
Chantziaras, 2017 5 5 5 5 - = 204% 1.00[0.02, 59.99]
Chantziaras, 2017 3 5 05 5 [ m— 292% 1350044, 415.19]
RE Model — 100.00% 2.86[1.59, 5.14]
N B
0.1 05 1 4

0Odds Ratio (log scale)

Figure 6: Forest plot period 3

3.4 Random time-effect model

Due to the high correlations between the dependent variables (Table 6), univariate models
were fitted. Furthermore, to ensure that the heterogeneity caused by the study of Checkley
et al. does not affect our conclusions, we have performed an additional analysis with the
scaled study. On this extra analysis, the sample size of the mentioned study was scaled
up to a size comparable with the size of the rest of the studies, keeping the proportions
of the study with the original sample size. The results obtained for the meta-regression in
the scaled analysis are shown in table 7 in the appendix section. The meta-regression for
the variable period in the full size analysis, showed that in the second and third period of
antimicrobial administration is more likely to develop AR in the oral group than in the
injectable one. When we look at the results for the scaled analysis, we observe that the
effect estimates become smaller, and is no longer statistically significant. Regarding the
test for residual heterogeneity is not significant in both cases, possibly indicating that it is
not necessary to include more moderators in the model.

The results obtained for the meta-regression of the variable antibiotics in the full size
analysis suggest that tetracycline and ampicillin have a positive effect on antimicrobial
resistance in the oral group. For the scaled analysis, the ampicillin remained significant,
on the contrary the tetracycline is now on the borderline of statistical significance. The
test for residual heterogeneity in both analysis was once again not significant.

14
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Results obtained for the variable bacteria showed that FE. coli might have a positive
association with antimicrobial resistance in the oral group than in the injectable group,
nevertheless, comparing the results obtained in the scaled analysis, this bacterium is no
longer significant, possibly indicating that the sample size of the Checkley et al. study
influenced on the result.

The meta-regression for the variable animal in the in the full size analysis, calves
suggested that calves are more likely to have antimicrobial resistance in the oral group than
in the parenteral group. In the scaled analysis, however, the mice were also statistically
significant. The heterogeneity test in both analysis, was not significant, possibly indicating
that it is not necessary to include more moderators in the model. The variable year of
publication did not have any influence on antimicrobial resistance in the oral and injectable

group.

Table 3: Estimates of the univariate random time-effect model

Categorical Variable Odds Ratio (CI ) P-value QE-Test* QM-Test**

Animal 30.17 (0.26) 31.75 (= .0001)
Pigs 1.89 (0.52-6.90) 0.33
Mice 3.81 (0.81-17.86) 0.08
Chickens 1.44 (0.44-4.78) 0.54
Calves 3.40 (2.15-5.36) <0.0001°*

Bacteria 35.15 (0.13) 14.42 (0.002)
Salmonella 1.07 (0.17-6.55) 0.94
Enterococcus 3.01 (0.55-16.57) 0.20
E.coli 2.26 (1.49-3.97) 0.0003*

Antibiotics 29.61 (0.33) 32.39 (< .0001)

Tetracycline 3.20 (2.05-5.01) <.0001*
Enrofloxacin 1.33 (0.50-3.54) 0.56
Ampicillin 7.40 (1.60-34.31) 0.01*
Year of publication 0.99 (0.84-1.70) 0.96 37.25 (0.11)  0.0005 (0.98)
Period of administration 32.09 (0.22) 11.68 (0.008)
1st period 5.37 (0.83-34.72) 0.07
2nd period 2.43 (1.12-4.42) 0.021*
3rd period 2.49 (1.34-4.61) 0.003*

*Test for Residual Heterogeneity
**Test of Moderators

Due to the variability and the high correlation between the variables, they could not
be included into a single model. Moreover, the moderator analysis has found that all the
variables, except for year of publication, have an influence on antimicrobial resistance in
the oral administration group.
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4 Discussion

Antimicrobials play an important role in animal and human health. In the past years
access to antibiotics has increased and its use has been widespread. Unfortunately, the
antimicrobials misuse has lead to a significant increase of number of bacterias resistant to
the different antibiotics available in the market.

One of the most debated use of these antibiotics is in the food animal production. The
majority of antimicrobials agents are given to animals for prophylaxis and metaphylaxis
by oral administration [22]. This practice has (beside other risk factors) an increased risk
of bacterial resistance.

In the present thesis, despite the great variability and the small number of animals
studied in each treatment group, the results from this meta-analysis revealed that subjects
who received oral antimicrobials were more likely to have AR in comparison with the
animals that received antimicrobials in the injectable route. Most of the studies used for
this meta-analysis agree that the use of feed or water antimicrobials is associated with a
high risk of development of AR regardless of the species. This might be associated with
a disturbance in the gut microbiota occasioned by the administration of oral antibiotics,
leading to a high excretion of resistance strains in feces.

It feels needed to remark that, even though the study of Chantziaras have found sig-
nificant effect on the administration route, we did not find such a difference between
administration routes when analyzing this article data. The reason behind this mismatch
is the fraction of his data that has been extracted for the meta-analysis. While the scope
of the Chantziaras article includes different treatment doses of antimicrobial given to the
animals (proper, double and half doses), this meta-analysis just considered the information
related to the animals treated with proper doses. In this way, it was possible to compare
the overall data that comes from similar doses of antibiotics given to the animals. This
leads to irrelevant analysis of the extracted data when is analyzed just by its own, but when
merged with the rest of the data in the meta-analysis helps to define the right conclusions.

The resistance percentage and resistance levels of bacteria in the two administration
routes peaked 1 day after drug administration. The differences in the resistance levels
between oral and injectable route were seen immediately, being the oral route the one with
the highest percentage of resistance in most of the studies. This difference remained even
though in the two subsequent periods the levels of resistance decreased gradually. Recent
evidence has demonstrated that antibiotic-resistant strains can persist in gut in the absence
of selective pressure [23]. In the study of Checkely et al. where fecal samples were taken
until day 210 after the antimicrobial administration; and in that period resistant strains
were still identified in the fecal samples.

The results in our meta-regression found that tetracycline and ampicillin were more
likely to develop AR in the oral group. However, it is important to notice that the an-
timicrobial influence over AR, may be (among other reasons that we may ignore) due
to the excretion routes. For example, the quinolones (which this case were not found to
have any effect on antimicrobial resistance) are eliminated by renal and nonrenal routes
[26], which made it difficult to differentiate the impact of the administration route in this
meta-analysis.

Potential limitations should also be noted for this meta-analysis. The number of ar-
ticles available were limited, and the sample size for most of them was small. Therefore,
the analysis showed some variability, and with some analysis we faced lack of statistical
power. Additionally, the difficulty to extract the information from some articles, where
the information was not clear or was not contented in the narrative, it was necessary to
extract it from the graphs, even though we use an online tool to avoid interpretation bias,
some misinterpretation could have occurred.

All the authors were contacted in order to get the original raw data; we did not receive
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sufficient data in due time for this meta-analysis.

Further studies are needed to assess the impact of more antibiotics and more bacte-
rias. Additionally, studies done in humans are needed as well to assess the impact of
antimicrobial administration route and AR.
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5 Appendix

5.1 Studies included in the meta-analysis

Checkley, S. L., Campbell, J. R., Chirino-Trejo, M., Janzen, E. D., Waldner, C.
L. (2010). Associations between antimicrobial use and the prevalence of antimicro-
bial resistance in fecal Escherichia coli from feedlot cattle in western Canada. The
Canadian Veterinary Journal, 51(8), 853-861.

Wiuff C1, Lykkesfeldt J, Svendsen O, Aarestrup FM. (2003). The effects of oral and
intramuscular administration and dose escalation of enrofloxacin on the selection of

quinolone resistance among Salmonella and coliforms in pigs.Research in Veterinary
Science. 75 (3). doi.org/10.1016,/S0034-5288(03)00112-7.

Chantziaras 1., Smet A., Haesebrouck F., Boyen F., Dewulf J. (2017). Journal of
antimicrobial chemotherapy. 72(7). doi: 10.1093/jac/dkx104.

Bibbal D., Dupouy V., Ferré J.P., Toutain P. L., Fayet O., Prére M. F., Bousquet-
Mélou A. (2007). Impact of Three Ampicillin Dosage Regimens on Selection of Ampi-
cillin Resistance in Enterobacteriaceae and Excretion of blaTEM Genes in Swine Fe-
ces. Applied and environmental microbiology. 73 (15). doi:10.1128/AEM.00252-07.

Zhang, L., Huang, Y., Zhou, Y., Buckley, T., Wang, H. H. (2013). Antibiotic
Administration Routes Significantly Influence the Levels of Antibiotic Resistance
in Gut Microbiota. Antimicrobial Agents and Chemotherapy, 57(8), 3659-3666.
http://doi.org/10.1128 /AAC.00670-13.

5.2 Tables and graphs

Table 4: Study details. Parameters, derived from the extracted information to perform
the meta-analysis

ID Study Antibiotic Bacteria oralpos oraltot parentpos parenttot Animals Year of publication
1 Checkley Tetracycline E coli 91 94 39 95 Calves 2010
2 Wiuff Enrofloxacin ~ Salmonella 4 4 4 4 Pigs 2010
2 Wiuff Quinolone Salmonella 3 4 2 4 Pigs 2003
3 Bibbal Ampicillin E coli 8 8 3 4 Pigs 2007
4 Zhang Tetracycline Enterococcus 4 5 3 5 Mice 2013
4 Zhang Ampicillin -~ Enterococcus 5 5 0,5 5 Mice 2013
5  Chantziaras Enrofloxacin E coli 4 5 5 5 Chickens 2017
5  Chantziaras Enrofloxacin E coli 5 5 5 5 Chickens 2017
5  Chantziaras Enrofloxacin E coli 5 5 5 5 Chickens 2017
5  Chantziaras Enrofloxacin E coli 4 5 4 5 Chickens 2017
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Table 5: Study characteristic variables used in the meta-regression of the influence of
antibiotic route administration in antibiotic resistance.

Study Antibiotic Bacteria éxtbforalpos oraltot parentpos parenttot Animals period Year
Checkley ~ TCY (tetracycline) E coli 91 94 39 95 Calves 1 2010
Checkley  TCY (tetracycline) E coli 70 92 47 95 Calves 2 2010
Checkley  TCY (tetracycline) E coli I6) 92 53 94 Calves 3 2010

Wiuff Enrofloxacin Salmonella 4 4 4 4 Pigs 1 2003

Wiuff Enrofloxacin Salmonella 3 4 3 4 Pigs 2 2003

Wiuff Enrofloxacin Salmonella 3 4 3 4 Pigs 3 2003

Wiuff Quinolone Salmonella 3 4 2 4 Pigs 1 2003

Wiuff Quinolone Salmonella 0,5 4 0,5 4 Pigs 2 2003

Wiuff Quinolone Salmonella 0,5 4 0,5 4 Pigs 3 2003

Bibbal AMP (ampicillin) E coli 6 8 3 4 Pigs 1 2007

Bibbal AMP (ampicillin) E coli 8 8 3 4 Pigs 2 2007

Bibbal AMP (ampicillin) E coli 8 8 3 4 Pigs 3 2007

Zhang TCY (tetracycline) Enterococcus 4 5 0,5 5 Mice 1 2013

Zhang TCY (tetracycline) Enterococcus 4 5 3 5 Mice 2 2013

Zhang TCY (tetracycline) Enterococcus 0,5 5 2 5 Mice 3 2013

Zhang AMP (ampicillin) ~ Enterococcus 5 5 0,5 5 Mice 1 2013

Zhang AMP (ampicillin)  Enterococcus 5 5 0,5 5 Mice 2 2013

Zhang AMP (ampicillin)  Enterococcus 1 5 0,5 5 Mice 3 2013

Chantziaras Enrofloxacin E coli 4 5 5 5 Chickens 1 2017
Chantziaras Enrofloxacin E coli 5 5 3 5 Chickens 2 2017
Chantziaras Enrofloxacin E coli 0,5 5 0,5 5 Chickens 3 2017
Chantziaras Enrofloxacin E coli 5 5 5 5 Chickens 1 2017
Chantziaras Enrofloxacin E coli 5 5 5 5 Chickens 2 2017
Chantziaras Enrofloxacin E coli 5 5 5 5 Chickens 3 2017
Chantziaras Enrofloxacin E coli 5 5 5 5 Chickens 1 2017
Chantziaras Enrofloxacin E coli 5 5 5 5 Chickens 2 2017
Chantziaras Enrofloxacin E coli 5 5 5 5 Chickens 3 2017
Chantziaras Enrofloxacin E coli 4 5 4 5 Chickens 1 2017
Chantziaras Enrofloxacin E coli 2 5 3 5 Chickens 2 2017
Chantziaras Enrofloxacin E coli 3 5 0,5 5 Chickens 3 2017

Figure 7: Forest plot (random-effects meta-analysis) for the reduce sample size study 1
(Cherckley 2009)

Oral Parenteral

Author and Year Pos  Tat Pos  Tot WeightsOdds Ratio [35% CI]
Checkley, 2010 5 5 2 5 e 10.61% 2.73 [-0.58, 6.05]
Wiuff, 2010 4 4 4 4 - 6.84% 0.00[-4.13, 4.13]
Wiuff, 2003 3 4 2 4 i 13.04% 1.10[-1.90, 4.09]
Bibbal, 2007 8 8 3 4 — 9.91% 1.99[-1.45, 5.42]
Zhang, 2013 4 5 3 5 - 14.60% 0.98[-1.85, 3.81]
Zhang, 2013 5 5 05 5 — 8.99% 4.01[0.40, 7.61]
Chantziaras, 2017 4 5 5 5 - 9.91% -1.30[-4.73, 2.14]
Chantziaras, 2017 5 5 5 5 B S 6.97% 0.00[-4.09, 4.09]
Chantziaras, 2017 5 5 5 5 - 6.97% 0.00[-4.09, 4.09]
Chantziaras, 2017 4 5 4 5 -~ 12.17% 0.00[-3.10, 3.10]
RE Model e —— 100.00% 1.00 [-0.08, 2.09]

1. T 11

-2.3 -0.69 1.39

Log Odds Ratio
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Figure 8: Standardized residuals for periods of antibiotic treatment 1, 2 and 3

Standardized Residuals Standardized Residuals

Study Study

(a) Standardized residuals Period 1 (b) Standardized residuals Period 2

Standardized Residuals

Study

(¢) Standardized residuals Period 3

Figure 9: Funnel plots for periods of antibiotic treatment 1, 2 and 3
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Funnel Plot

0
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2138 1604 1.069 0535

Log Odds Ratio

(c) Funnel plot Period 3

21




Master thesis

Table 6: Correlation matrix of the explanatory variables. The strength of association was
calculated using Cramer’s V. All the associations were highly significant.

Antibiotic Bacteria Animal Year Period
Antibiotic | 1.00
Bacteria 0.47 1.00
Animal 0.72 0.88 1.00
Year 0.86 1 1 1.00
Period 0 0 0 0 1.00

Table 7: Estimates of the univariate random time-effect model

Categorical Variable Odds Ratio (CI ) P-value QE-Test* QM-Test**
Animal 15.81 (0.94) 12.45 (0.01)
Pigs 1.82 (0.55-5.96) 0.32
Mice 7.89 (1.80-34.51) 0.006*
Chickens 1.09 (0.36-3.29) 0.88
Calves 6.28 (1.02-38.44) 0.04*
Bacteria 17.87 (0.90)  6.79 (0.07)
E.coli 2.26 (0.82-6.18) 0.11
Enterococcus 1.78 (0.07-3.48) 0.04*
Salmonella 1.29 (0.23-7.38) 0.77
Antibiotics 15.26 (0.96) 10.85 (0.01)
Tetracycline 3.46 (0.95-12.52) 0.05
Enrofloxacin 1.27 (0.52-3.10) 0.59
Ampicillin 6.97 (1.68-28.93) 0.007*
Year of publication 1.00 (0.96-1) 0.46 20.38 (0.88) 0.005(0.94)
Period of administration 19.98 (0.83) 4.45 (0.21)
Tst period 3.53 (0.66-18.66)  0.13
2nd period 2.85 (0.83-9.73) 0.09
3rd period 1.70 (0.55-5.27) 0.35

*Test for Residual Heterogeneity
**Test of Moderators

5.3 Codes

setwd("C:/Users/ekaib/Desktop/Lorena/Thesis")
library(readxl)

library (metafor)

library(vcd)

###adding the data set

Analisysl <- read_excel("C:/Users/ekaib/Desktop/Lorena/Thesis/Analisys12.x1sx")
View(Analisysl)

attach(Analisys1)

#calculating the effect sizes OR

ex2 <-escalc(ai=oralpos, ci=parentpos, nli=oraltot, n2i=parenttot, add=1/2, to="onlyO"
measure= "OR", data=Analisysl, append=TRUE)

View(ex2)

22



Master thesis

HHBHHHHH R

###Meta-analysis###

HHHHHHH R R

FEM2<-rma(yi, vi, data=ex2, method="PM")
summary (FEM2)

##Forest plot

forest.rma(FEM2, showweights=TRUE, slab = paste(ex2$Study, ex2$Year, sep = ", "),

xlim = ¢(-13,8), at=log(c(0.10,0.5,1,4,6)),

ilab = cbind(ex2$oralpos,ex2$oraltot,ex2$parentpos,ex2$parenttot),
ilab.xpos = c(-9,-8,-6,-5),cex = 0.95)

op<-par(cex=0.8,font=1.5)

text(c(-9,-8,-6,-5),11.7,c("Pos","Tot","Pos","Tot"))

text(c(-8.50, -5.40), 12.7, c("Oral", "Parenteral"))

text(-11.7,11.3,"Author and Year",pos = 3)

text(4.9,11.5,"Weights", pos=2)

text(8,11.5,"0dds Ratio [95% CI]", pos=2)

par (op)

##Analysis of the influential study##
leavelout (FEM2)
plot(inf, plotdfbs = T)

##funel plot
funnel<-funnel (FEM2, main= "Funnel plot", back="white", refline=0,
shade="white",pch=18, hlines="gray")

#to test funnel plot
regtest (FEM2, model="rma")

HURFHHH R R
###meta-analysis periodl###
HAHBHHEHBEH RS HAH RS HAEH RS HAH RS
library(readxl)

dat <- read_excel("Perl.xlsx")
attach(dat)

View(dat)

##creating dummy variables

dat$bac <- 0

dat$bac[dat$Bacteria =="E coli"] = 0
dat$bac[dat$Bacteria =="Salmonella"] = 1
dat$bac[dat$Bacteria == "Enterococcus"] = 2

dat$ant <- 0

dat$ant [dat$Antibiotic =="TCY (tetracycline)"] = 0
dat$ant [dat$Antibiotic =="Enrofloxacin"] = 1
dat$ant [dat$Antibiotic == "AMP(ampicillin)"] = 2

dat$anim <- O
dat$anim[dat$Animals =="Pigs"] = O
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dat$anim[dat$Animals =="Mice"] = 1
dat$anim[dat$Animals == "Chickens"] = 2
dat$anim[dat$Animals == "Calves"] = 3

##tgetting the effect size and variance

ex3 <-escalc(ai=oralpos, ci=parentpos, nli=oraltot, n2i=parenttot,
measure= "OR", data=dat, append=TRUE)

View(ex3)

# random/mixed-effects.
res <- rma(yi, vi, data = ex3, method = "PM")

##funel plot
funnel<-funnel (res, main= "Funnel plot", back="white", refline=0,
shade="white",pch=18, hlines="gray")

#to test funnel plot
regtest(res, model="rma")

##Analysis of the influential study##
leavelout (res)
plot(res, plotdfbs = T)

HHH R
###meta-analysis period2###
HAHHHH R R R
##Importing the complete data set
per2 <- read_excel("Per2.xlsx")

##getting the effect size and variance

ex3 <-escalc(ai=oralpos, ci=parentpos, nli=oraltot, n2i=parenttot,
measure= "OR", data =per2, append=TRUE)

View(ex3)

# random/mixed-effects.
res <- rma(yi, vi, data = ex3, method = "PM")

##funel plot
funnel<-funnel(res, main= "Funnel plot", back="white", refline=0,
shade="white",pch=18, hlines="gray")

#to test funnel plot
regtest(res, model="rma"

##Analysis of the influential study##
leavelout (res)
plot(res, plotdfbs = T)

HHHHHHHH R R

###meta-analysis period3###
S
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##Importing the complete data set
per3 <- read_excel("per3.xlsx")

##getting the effect size and variance

ex3 <-escalc(ai=oralpos, ci=parentpos, nli=oraltot, n2i=parenttot,
measure= "OR", data =per3, append=TRUE)

View(ex3)

# random/mixed-effects.
res <- rma(yi, vi, data = ex3, method = "PM")

##funel plot
funnel<-funnel (res, main= "Funnel plot", back="white", refline=0,
shade="white",pch=18, hlines="gray")

#to test funnel plot
regtest(res, model="rma")

##Analysis of the influential study##
leavelout (res)
plot(res, plotdfbs = T)

HHHH R A

##metaregression#####

HHHHHHHH R

##Importing the complete data set

dat <- read_excel("C:/Users/ekaib/Desktop/Lorena/Thesis/Data analysis2.x1lsx")
attach(dat)

##getting the effect size and variance

ex3 <-escalc(ai=oralpos, ci=parentpos, nli=oraltot, n2i=parenttot,
measure= "OR", data=dat, append=TRUE)

View(ex3)

#analysis with antibiotic as a covariate

resl <- rma.mv(yi, vi, mods = “ant-1, random = ~ factor(period) | factor(ID),
struct = "HAR", data = ex3)
summary (res1)

#analysis with animal as a covariate

res2 <- rma.mv(yi, vi, mods = “factor(anim)-1 ,
random = ~ factor(period) | factor(ID), struct = "HAR", data = ex3)
summary (res2)

#analysis with bacteria as a covariate
FEM5<-rma.mv(yi, vi, data=ex3, mods= ~factor(bac)-1,

random = ~ factor(period) | factor(ID),
struct = "HAR")
summary (FEM5)

#analysis with year as a covariate
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FEM5<-rma.mv(yi, vi, data=ex3, mods= ~Year,
random = ~ factor(period) | factor(ID),struct = "HAR")
summary (FEM5)

#analysis with period as a covariate

FEM9<-rma.mv(yi, vi, data=ex3, mods= “factor(period)-1,
random = “factor(period) | factor(ID), struct = "HAR")
summary (FEM9)
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vrij te reproduceren, (her)publiceren of distribueren zonder de toelating te moeten
verkrijgen van de Universiteit Hasselt.

Ik bevestig dat de eindverhandeling mijn origineel werk is, en dat ik het recht heb om de
rechten te verlenen die in deze overeenkomst worden beschreven. Ik verklaar tevens dat
de eindverhandeling, naar mijn weten, het auteursrecht van anderen niet overtreedt.

Ik verklaar tevens dat ik voor het materiaal in de eindverhandeling dat beschermd wordt
door het auteursrecht, de nodige toelatingen heb verkregen zodat ik deze ook aan de
Universiteit Hasselt kan overdragen en dat dit duidelijk in de tekst en inhoud van de
eindverhandeling werd genotificeerd.

Universiteit Hasselt zal mij als auteur(s) van de eindverhandeling identificeren en zal geen

wijzigingen aanbrengen aan de eindverhandeling, uitgezonderd deze toegelaten door deze
overeenkomst.

Voor akkoord,

Baquero Portela, Cindy Lorena
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