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Systematic-review and meta-analysis on effect of decontamination interventions on 

prevalence and concentration of Campylobacter spp. during primary processing of 

broiler chickens 

 

Abstract 

Scientific advances in pathogen decontamination offer great potential to reduce 

Campylobacter spp. during primary processing. The aim of this study was to collate data 

from several studies using systematic review, meta-analysis followed by meta-regression. 

Random effect meta-analysis revealed heterogenous (τ2=0.5707, I2=98%) pooled reduction in 

prevalence of 0.56 log10 CFU/carcass (95% CI: 0.45-0.68, P<0.001) with a 57.02% (95% CI: 

43.31-75.06, P< 0.001) decrease in relative risk. The Inside-Outside-Carcass-Wash led to 

greatest reduction (0.84 log10 CFU/carcass) while chilling resulted in least reduction (0.33 

log10 CFU/carcass). Chemical decontamination (0.51 log10 CFU/carcass odds reduction with 

30% relative risk reduction) was more effective in concentration reduction but not on 

prevalence when compared to physical decontamination (0.46 log10 CFU/carcass odds with 

69% relative risk reduction). Application through immersion (1.01 log10 CFU/carcass 

reduction) was superior on concentration to spraying (0.52 log10 CFU/carcass) but was not 

significant on prevalence. Publication bias and small study effects were high in prevalence 

trials and low in concentration trials. From the meta-regression, six and eight potential 

modifier variables for studies on concentration and prevalence respectively were identified as 

combination of several interventions is common. This meta-analysis provides an overview on 

the expected magnitude in Campylobacter spp. reduction and could form basis of quantitative 

microbial risk assessment and derivation of intervention measures.  

Keywords: Systematic-review, meta-analysis, meta-regression, Campylobacter spp., 

microbial decontamination, slaughter process 

1. Introduction 

The global chicken meat market has been dynamic, characterized by exponential growth 

currently hitting 14.86 kg per capita in 2021 (https://data.oecd.org/agroutput/meat-

consumption.htm) providing an affordable source of animal proteins with low cholesterol 

over the past five decades (Windhorst, 2017). With this growth, it’s unsurprising that 

bacterial gastroenteritis is increasingly being associated with the consumption of chicken 
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meat which creates a significant burden to health care systems worldwide (Barrett and 

Fhogartaigh, 2017; Kim et al., 2019; Sheppard et al., 2009; Skarp et al., 2016; Sukted et al., 

2017a). Among the gastroenteritis, campylobacteriosis has been associated with up to 30% of 

gastroenteritis cases, with poultry being the major reservoir (Kaakoush et al., 2015; Mughini-

Gras et al., 2020).  

Public health concerns associated with poultry consumption have been on re-contamination 

with gastrointestinal matter during slaughter, and cross-contamination as broilers from 

multiple flocks or multiple farms are processed together during bleeding, scalding, 

defeathering, evisceration, inside-outside washing, and chilling (Dogan et al., 2019; Guerin et 

al., 2010; Hayama et al., 2011; Nauta et al., 2009; Rothrock et al., 2016; Sasaki et al., 2014). 

As a result, food safety agencies have been tasked with the development of risk assessment 

framework and risk assessment model for Campylobacter spp. in broiler chickens 

(FAO/WHO, 2009). For example, in Africa, food safety agencies have adopted the 

Campylobacter spp. criterion for broilers from Codex Alimentarius guidelines (Reich and 

Klein, 2017). Majority of the interventions have been categorized as “Generally Recognized 

As Safe” (GRAS) in the regulations with limits set on the maximum usage during processing 

(Oyarzabal, 2005; Sukted et al., 2017a).  

A reduction in concentration and prevalence of Campylobacter spp. using existing 

decontamination interventions can be achieved along the slaughter process using numerous 

interventions as recently reported (Dogan et al., 2019; Thames and Sukumaran, 2020). None 

the less, interesting observations have been made on these interventions including mode of 

application and type of active compound. It is, for example, presumed that immersion is 

superior to spraying (Okolocha and Ellerbroek, 2005; Sinhamahapatra et al., 2004; Thames 

and Sukumaran, 2020). On the other hand, chemical antimicrobials are preferred since they 

possess a residual antimicrobial activity during post-chilling handling (Kim et al., 2017). Use 

of hot water, additional pre-treatment spray and brushing have supported increased efficacy 

of chemical decontaminants (Berrang and Bailey, 2009; James et al., 2007). The efficacy of 

selected chemical antimicrobials increases when applied after the Inside-Outside-Carcass 

Wash (IOCW) as physical decontamination is more effective prior to IOCW (Loretz et al., 

2010). In regards to Campylobacter spp., hot water, volume of water, exposure time, 

agitation and pH influence microbial concentration and prevalence prior to IOCW (Kim et 

al., 2005; Osiriphun et al., 2012).  
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Existing literature have emphasized on the effect of individual and combined/hurdle 

application of decontamination interventions along slaughter operations but accompanying 

simulation models using data from these interventions have emphasized on specific 

processing points, that is, at chilling or scalding (Bucher et al., 2015; Guerin et al., 2010; 

Munther et al., 2015; Osiriphun et al., 2012; Sukted et al., 2017b). Consequently, there still 

lacks an in-depth understanding of the effect of these interventions across the entire 

processing chain from scalding to post-chill. In addition, there is a need to understand 

modifier variables for the efficacy, such as, the mode of application, temperature, time of 

exposure, type of inoculum, exposed part, part sampled, and the level of initial 

contamination.  

Data on the efficacy is fragmented, from specific points, and from several smaller studies 

which raises the need to collate these studies into more unified evidence with more statistical 

power. Systematic review and meta-analysis approach provide a powerful tool in risk 

assessment model parameterization (Aiassa et al., 2015). Summary effect estimates have been 

used to shed more information on Salmonella spp. decontamination (Bucher et al., 2012), 

Campylobacter spp. decontamination during chilling (Bucher et al., 2015), and E. coli and 

Enterobacteriaceae decontamination (Belluco et al., 2016). Systematic review followed by 

meta-analysis and meta-regression were therefore conducted on concentration and prevalence 

of Campylobacter spp. along the slaughter process to provide more evidence on efficacy of 

interventions, which has not been performed prevously. 

The aim of this study was to collate data from several studies using systematic review 

followed by meta-analysis and meta-regression to explore potential modifier variables to 

validate the findings. The findings could form the basis of quantitative evidence-based risk 

assessment for food safety agencies to derive intervention measures during chicken slaughter 

with results from this meta-regression addressing the current limitation on practicality on 

applications of certain interventions in an actual slaughterhouse set-up which is further 

complicated with differences in legal frameworks, processing environment and acceptability 

among consumers.    

2. Materials and Methods 

2.1 Protocol and research question 

Systematic review was used to collate existing publications on the efficacy of Campylobacter 

spp. decontamination interventions during primary processing. The main question used in this 
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study was: to what extent do existing decontamination interventions reduce the prevalence 

and concentration of Campylobacter spp. in broiler chickens during primary processing? The 

systematic review process review was conducted according to PRISMA-P protocol (Moher et 

al., 2015; Shamseer et al., 2015).  

2.2 Literature search strategy 

A targeted literature search strategy was conducted in October 2018 and updated in 

December 2020 using three electronic databases: Web of Science, PubMed and African Index 

Medicus Database. The search was restricted to publications available in English from Jan 

1998.  

The algorithm used was: ((Campylobacter* AND (((Chicken* OR Poultry*) OR broiler*) OR 

gallus)) AND (slaughter* OR process*)) 

To add to the publications’ hits on the search engines, web-searching and handsearching was 

done to identify grey literature not indexed in the main databases as recommended (Paez, 

2017). To web-search, Google, Google Scholar, Scopus and CAB Abstracts were used with 

potential articles identified and assessed using other platforms due to restrictions on articles 

access subscription.  All the citation hits were exported to EndNote-X9 application for 

deduplication. 

2.3 Criteria for relevance and eligibility screening 

Two levels of independent screening were conducted. In the first relevance screening, 

evaluation identified primary research, with results written in English investigating 

prevalence and/or concentration of Campylobacter spp. in broiler chicken during primary 

processing. At this point, studies on other non-broiler breeds or with intervention 

implemented before scalding or after chilling were excluded. Studies that investigated the 

effect of the decontamination on the processing environment were also excluded. 

After the relevance screening, full papers were screened based primarily on the study designs. 

Only articles using randomized control trials, challenge trials, and before-after-trials were 

eligible for inclusion. Trials that were based on cohort studies, case-control, surveillance 

reports, modelling and risk analysis were ineligible for inclusion. In addition, articles with 

insufficient reporting or with inaccessible results were ineligible. 
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2.4 Assessing risk of bias and data extraction of included studies 

Prior to data extraction, a checklist based on GRADE (Grading of Recommendations 

Assessment, Development, and Evaluation) guidelines was developed to rank the risk of bias 

in the trials as recommended (Schünemann et al., 2011). The reviewers evaluated within-

study risk of bias using the following variable: (i) study design adequacy, (ii) sample size 

justification, (iii) sampling process, (iv) study set-up, (v) appropriateness of control group, 

(vi) statistical analysis, (vii) understated results, and (viii) presentation of estimates and 

variability.  

Publication bias was assessed by observing the funnel plots with asymmetry being indicative 

of bias. Further analysis of bias was done using Egger’s regression test and Begg’s rank 

correlation test as recommended (Macaskill et al., 2001; Rothstein et al., 2005). The potential 

for publication bias due to small study effects was assessed using a Bubble Plot in prevalence 

trials. Articles with high risk of bias were excluded at this point. Only primary research 

published in English was eligible for inclusion to eliminate errors that would arise during 

article translation. Minimal bias would arise for exclusion of non-English primary research 

with data showing that up-to 93% of published peer-reviewed work on Campylobacter spp. 

decontamination is in English (Adkin et al., 2006). 

Data extraction was done using designed Microsoft® Access forms. Metagear (Version 0.4) 

in R-package was used to extract data from images. Data extraction encompassed developing 

a database using standardized forms on article description, intervention points, intervention 

details, sampling points and protocols, isolation and confirmation media, prevalence and 

counts. The data was later exported to Microsoft® Excel for final cleaning and editing prior 

to import to R package (version 3.6.0) for analysis using Metafor package (Version 2.0-0) 

(Version 1.2.1335) (Viechtbauer, 2015). 

2.5 Review Management 

Screening and data extraction were done by two independent reviewers while a third reviewer 

verified the completeness of these processes. Disagreements were solved through consensus. 

The review process was guided by pre-tested checklists with accompanying guidelines. 

2.6 Data processing and analysis 

Ratio measures were used to present the effect measure as recommended (Higgins et al., 

2019). The Odds ratio was used to present the effect on Campylobacter spp. concentration 
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while relative risk was used for prevalence as recommended (Sterne et al., 2005). 

Heterogeneity that could arise from differences in the experimental designs was investigated 

using the risk of bias assessment. Statistical heterogeneity was calculated using Cochran’s Q 

test, τ2, H2 statistic and the Higgins' and Thompson's I2 value as recommended (Schwarzer et 

al., 2015). Trials/studies that were highly heterogenous were dropped at this point. Since 

between-study variability, measured using I2, was considerably high within most sub-groups; 

a weighted-random-effect model was used to estimate the pooled effect. The between-studies 

variance in concentration effect, τ2 (tau-squared), was estimated using the “method of 

moments” (commonly referred to as DerSimonian and Laird) method (DerSimonian and 

Kacker, 2007). For prevalence effect, τ2 was estimated using the Restrictive Maximum 

Likelihood (REML) in a random-effects model (Viechtbauer, 2007). For homogenous data, 

the ‘Mantel-Haenszel’ fixed effect model (FE) was used to estimate the pooled effect (Deeks 

et al., 2008). Funnel plot asymmetry was reviewed to estimate the publication bias within the 

trials (Lau et al., 2006; Sutton and Higgins, 2008). Unlike for concentration where points in 

the funnel plot were symmetrical, slight asymmetry was noted for the prevalence trials which 

called for an in-depth check using forest, radial, and L’Abbe plots. A mixed-effect meta-

regression was used to establish potential modifier variables identified a priori. These 

variables were selected based on their relevance and variability within and between studies. 

The variables could account for heterogeneity either by influencing (i) study characteristics, 

(ii) variables hypothesized to increase risk of bias, and (iii) study design variables, as 

recommended (Higgins and Thompson, 2004).  

3. Results 

3.1 Literature search and trial inclusion 

The literature search using the algorithm resulted in 2,057 articles before de-duplication with 

an additional 12 articles included after hand-searching other databases. Forty-one articles 

were included in the systematic review from which 228 trials were extracted. (Detailed 

description of the trials has been provided in the supplementary materials- Section F.) The 

flow of studies during screening, eligibility and inclusion is summarized in Figure 1. 
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1,215 records excluded 
- Interventions not during primary processing 
- Data not on Campylobacter spp. 
- Not typical broiler breeds sampled 
- Environmental samples used 

256 publications ineligible 
 209 articles with unsatisfactory study design 
 42 full results inaccessible 
 5 articles analysis based on organs 

37 articles excluded based on Risk of Bias 
 23 inappropriate study design 
 11 inappropriate control 
 4 high risk of bias during sampling 

L
it

er
at

ur
e 

se
ar

ch
 

Sc
re

en
in

g 
E

li
gi

bi
lit

y 
In

cl
us

io
n 

1326 articles from 
Web of Science 

 520 duplicate records 
removed 

1,549 unique records identified for screening

 334 potentially relevant records

78 potentially relevant articles

41 articles included (228 trials- 198 
concentration & 30 prevalence studies) 

731 articles 
from PubMed

12 articles through 
hand-searching 

Figure 1: Flow of studies for the systematic-review meta-analysis study for 
Campylobacter spp. in broilers (intervention, concentration & prevalence topics) during 
primary processing of broiler chicken 
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3.2 Meta-analysis on studies reporting Campylobacter spp. concentration as an outcome 

A total of 198 trials were extracted from 37 articles. Figure 3 (funnel plot) visualize the 

publication bias within the trials. As a result of the high number of trials, the overall forest 

plot with specific plot at each sub-group are presented in the Supplementary data- Section G, 

Figure 2 and Figure 3(a-f). The pooled effect was a 0.57 log10 CFU/carcass (95% CI: 0.45-

0.68, P<0.001) reduction in Campylobacter spp. concentration. Between-study heterogeneity 

was considerably high (τ2=0.57), which accounted for 98.09% of the total variance. There 

was minimal publication bias with a considerably symmetrical funnel plot (Figure 2). This 

was further confirmed by the insignificant Egger’s regression test (p = 0.5872) and a low 

correlation based on the Begg’s rank test (p = 0.0002).  

 

Figure 2: Funnel plot representing publications reporting effect of decontamination 
techniques on Campylobacter spp. concentration during broiler chicken primary 
processing 

Sub-group analysis on the sampling point revealed that the Inside-Outside Carcass Wash 

(IOCW) supported the greatest odds reduction (0.84 log10 CFU/carcass) while Chilling 

resulted in the least odds reduction (0.33 log10 CFU/carcass). Except for the IOCW (69%), 

between-study heterogeneity accounted for over 95% of total variability. Table 1 show the 

odds of Campylobacter spp. reduction on broiler chicken at different points in a 

slaughterhouse. 
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Table 1: The odds of a reduction in Campylobacter spp. concentration based on 
sampling point 

 n trials 
(studies) 

Pooled 
effect 
(log10 
OR) 

95% CI 
LB; UB 

p-
value 

Heterogeneity 
(τ2) & 

variability 
(I2) 

Publication 
bias (p-
value) 

Overall 198(37) 0.57 0.45; 0.68 <.01 0.57; 98.09% InT 
Scald and Pluck 33(11) 0.64 0.35; 0.93 <.01 0.61; 98.30% InT 
Evisceration 24(9) 0.49 0.06; 0.92 0.04 1.01; 96.25% InT 
IOCW 25(4) 0.84 0.55; 1.12 <.01 0.32; 69.34% Egger’s 

p=0.46; 
Begg’s 
p=0.73 

Post-IOCW, Pre-
Chill 

29(7) 0.50 0.28; 0.73 <.01 0.34; 95.19% InT 

Chilling 30(14) 0.33 -0.00; 
0.66 

0.05 0.70; 97.74% InT 

Post-Chill 57(8) 0.60 0.41; 0.79 <.01 0.50; 96.82% InT 
Heterogeneity high, hence use of Random effect model 

CI: confidence interval; LB: lower bound; UB: upper bound 

Publication bias tested using Egger’s regression asymmetry test and Begg’s (continuity 
corrected) adjusted rank correlation test.  

InT = high heterogeneity precluded publication bias testing 

 

The 107 trials extracted from 18 publications on chemical decontamination indicated a 

pooled reduction in concentration of 0.65 log10 CFU/carcass (95% CI: 0.51-0.79, P<0.001). 

Between-study heterogeneity was considerably high (τ2= 0.47) accounting for 94.86% of 

total variability. The funnel plot (Supplementary data- Section G, Figure 4a & 4b) was fairy 

symmetrical pointing out existence of minimal publication bias among the studies. Table 2 

summarizes the odds of Campylobacter spp. decontamination using chemical interventions. 

Table 2: The effects of specific chemical decontamination techniques on the odds of 
Campylobacter spp. concentration along broiler chicken primary processing 

Intervention n trials 
(studies) 

Pooled 
effect 

(log10 OR) 

(95% CI) 
LB; UB 

p-
value 

Heterogeneit
y (τ2); 

variability 
(I2) 

Publicat
ion bias 

(p-
value) 

Overall chemical 107(18) 0.65 0.51; 0.79 <.01 0.47; 94.86% InT
Acetic acid 1(1) 2.03 1.87; 2.19 <.01 FE InT
Acidified NaOCl3 8(4) 1.63 0.93; 2.33 < .01 0.92; 97.21% InT
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Cetylpyridinium 
chloride 

1(1) 1.56 -0.27; 3.39 0.10 FE InT 

Chlorine 12(3) 0.83 0.39; 1.27 <.01 0.50; 96.35% InT
Chlorine dioxide 3(2) 0.06 -0.34; 0.45 0.78 FE InT
Citric acid 6(1) 0.48 0.17; 0.78 <.01 FE InT
White vinegar 1(1) 1.70 1.51; 1.89 <.01 FE InT
Electrolyzed water 9(2) 0.08 -0.05; 0.22 0.23 0.02; 60.24% InT
Increased pH 2(1) 0.69 0.19; 1.20 0.01 FE InT
Lactic acid 32(3) 0.43 0.24; 0.61 <.01 0.24; 91.98% InT
Lysozyme 2(1) 0.13 -0.16; 0.43 0.38 FE InT
Peracetic acid 5(2) 1.31 1.05; 1.57 <.01 FE InT
Peroxyacetic acid 4(1) 0.98 0.45; 1.50 <.01 FE InT
Portable water 8(4) 0.24 -0.01; 0.49 0.06 0.04; 34.65% InT
Propionic acid 1(1) 1.26 1.37; 1.65 <.01 FE InT
Sodium 
hypochlorite 

1(1) 1.60 0.81; 2.39 <.01 FE InT 

Trisodium 
phosphate 

11(3) 0.83 0.43; 1.23 <.01 0.36; 80.68% InT 

Heterogeneity high, hence use of Random effect model unless specified FE (Fixed Effect 
model)  
CI: confidence interval; LB: lower bound; UB: upper bound 

Publication bias tested using Egger’s regression asymmetry test and Begg’s (continuity 
corrected) adjusted rank correlation test.  

InT = insufficient number of trials to perform a publication bias test (<10 trials) or high 
heterogeneity precluded publication bias testing 

 

Further analysis on the chemical decontamination, revealed that carcass immersion (odds 

1.01 log10 CFU/carcass reduction) is more effective than spraying/fumigating (odds 0.52 log10 

CFU/carcass reduction) in reduction of Campylobacter spp. concentration. Table 3 

summarizes the effectiveness based on application mode for chemical decontamination. 

Table 3: The effects of interventions application mode on the odds of Campylobacter 
spp. concentration along broiler chicken primary processing 

Application mode  n 
trials 

Pooled 
effect 
(log10 OR) 

95% CI  
LB; UB 

p-value Heterogeneity 
(τ2) & variability 
(I2) 

Publicatio
n bias (p-

value) 

Immersion 23 1.01 0.63; 1.39 <.01 0.75; 97.12% InT
Spray/fumigation 59 0.52 0.35; 0.69 <.01 0.34; 92.56% InT 
Heterogeneity high, hence use of Random effect model 
CI: confidence interval; LB: lower bound; UB: upper bound 

Publication bias tested using Egger’s regression asymmetry test and Begg’s (continuity 
corrected) adjusted rank correlation test.  
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InT = high heterogeneity precluded publication bias testing 

 

The 91 trials extracted from 20 publications on physical decontamination revealed an odds 

0.46 log10 CFU/carcass (95% CI: 0.28-0.65, P<0.001) reduction of Campylobacter spp. 

concentration. Between-study heterogeneity was high (τ2= 0.69) accounting for 98.98% of 

total variability. The funnel plots were fairly symmetrical pointing out existence of minimal 

publication bias among the studies. Table 4 summarizes the odds of Campylobacter spp. 

decontamination using physical interventions. 

Table 4: The effects of specific physical decontamination techniques on the odds of 
Campylobacter spp. concentration along broiler chicken primary processing 

Intervention n trials 
(studies) 

Pooled 
effect 
(log 
OR) 

(95% CI) 
LB; UB 

p-
value

Heterogeneity, 
τ2; variability, 

I2 

Publication 
bias (p-
value) 

Overall physical 91(20) 0.46 0.28; 0.65 <.01 0.69; 98.98% InT 
Additional washers 9 (2) 0.13 -0.19; 0.45 0.39 FE InT 
Increased chill 
water volume 

2(2) 0.27 -0.15; 0.70 0.21 FE InT 

Crust freezing 1(1) 0.43 0.19; 0.67 <.01 FE InT 
Forced air-chill 1(1) 0.44 0.20; 0.68 <.01 FE InT 
Forced fecal 
expulsion 

2(1) -0.30 -0.50; -0.10 <.01 FE InT 

Hot water 10(3) 0.57 0.20; 0.95 <.01 0.25; 91.59% InT 
Air-chilling 6(4) -0.58 -1.42; 0.26 0.17 0.96; 95.35% InT 
Vent and cloaca 
plug 

3(2) 1.45 0.19; 2.70 0.02 1.21; 99.37% InT 

Rapid surface 
cooling 

39(1) 0.58 0.39; 0.77 <.01 0.32; 97.24% InT 

Steam-Ultrasound 5(2) 1.25 0.59; 1.91 <.01 0.53; 94.94% InT 
Visible fecal and 
ingesta 

4(3) -0.39 -1.08; 0.30 0.27 0.47; 96.26% InT 

Process flow 
realignment 

9(2) 0.55 -0.36; 1.45 0.24 1.84; 97.73% InT 

Heterogeneity high, hence use of Random effect unless specified FE (Fixed Effect 
model) 
CI: confidence interval; LB: lower bound; UB: upper bound 

Publication bias tested using Egger’s regression asymmetry test and Begg’s (continuity 
corrected) adjusted rank correlation test.  
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InT = insufficient number of trials to perform a publication bias test (<10 trials) or high 
heterogeneity precluded publication bias testing 

 

3.3 Meta-analysis on studies reporting Campylobacter spp. prevalence as an outcome 

The overall reduction in prevalence was a 57.02% (95% CI: 43.31, 75.06, P< 0.001) relative 

risk reduction after the treatment. The between-study heterogeneity was high (τ2=0.46) 

representing 91.51% of the total variance. Publication bias was minimal with a fairy 

symmetrical funnel plot (Figure 3). This was further confirmed by the insignificant Egger’s 

regression test (p = 0.0955) and considerable correlation based on the Begg’s rank test (p = 

0.3207).  Figure 4 summarizes the effects on interventions on the relative risk, and associated 

heterogeneity and publication bias within the studies using funnel, radial and L’Abbe plots 

(Supplementary data, section G, Figure 5a-c). 

 

Figure 3: Funnel plot representing publications reporting effect of decontamination 
techniques on Campylobacter spp. prevalence during broiler chicken primary 
processing 
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Figure 4: Forest plot to represent the relative risk of Campylobacter spp. prevalence 
reduction during broiler chicken primary processing 

 

This meta-analysis also revealed that physical decontamination techniques are more effective 

in reducing Campylobacter spp. prevalence with relative risk reduction of 68.73% (95 CI: 

51.05, 92.52, P<0.05) compared to 30.33% (CI: 16.25, 56.61, P<0.0001) relative risk 

reduction from application of chemical decontamination. Table 5 presents sub-group analysis 

on effect of specific interventions in the relative risks of Campylobacter spp. prevalence. 
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Table 5: The effects of specific chemical and physical decontamination techniques on 
the relative risk of Campylobacter spp. prevalence along broiler chicken primary 
processing 

Intervention n trials 
(studies) 

Pooled 
effect  
(% RR) 

95% CI  
LB; UB 
% 

p-
valu
e 

Heterogeneity, 
τ2; variability, I2 

Publi
catio

n 
bias 
(p-

value
)

Overall chemical 8(6) 30.33 16.25; 56.61 <.01 0.6064; 93.93% InT 
Acidified sodium 
chlorite 

4(3) 20.88 -7.09; 61.46 <.01 0.9914; 91.37% InT 

Cetylpyridinium 
chloride 

1(1) 4.73 0.44; 51.01 0.01 FE InT 

Chlorine + high pH 2(1) 47.93 23.02; 99.79 0.05 0.1772; 59.84% InT 
Peracetic acid + 
Hydrogen peroxide 

1(1) 64.91 52.79; 79.81 <.01 FE InT 

Overall Physical 22(10) 68.73 51.05; 92.52 0.01 0.39; 88.60% InT 
High pressure spray 3(1) 47.37 20.18; 111.20 0.09 0.52; 93.68% InT 
Hot water 4(1) 85.38 65.43; 111.43 0.24 0.01; 13.19% InT 
Air chilling 5(3) 128.07 82.40; 199.07 0.27 0.13; 59.70% InT 
Plugged cloaca 2(1) 11.67 7.13; 19.10 <.01 FE InT 
Process realignment 4(1) 58.02 35.62; 94.50 0.03 0.14; 57.69% InT 
Modern Vs wet  1(1) 41.69 30.73; 56.56 <.01 FE InT 
Visible fecal/ingesta 3(2) 93.81 67.49; 130.38 0.70 0.03; 37.18% InT 
Heterogeneity high, hence use of random effect unless specified. FE signify use of fixed 
effect model 
CI: confidence interval; LB: lower bound; UB: upper bound 

Publication bias tested using Egger’s regression asymmetry test and Begg’s (continuity 
corrected) adjusted rank correlation test.  

InT = insufficient number of trials to perform a publication bias test (<10 trials) or high 
heterogeneity precluded publication bias testing 

 

 

A further test using technique of intervention application revealed that cloaca treatment 

(P=0.004) and immersion (P=0.055) were important moderator variables while application of 

interventions as spray did not significant (P=0.32) reduce Campylobacter spp. prevalence. 
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3.4 Meta-regression 

A mixed effect meta-regression model was used to run the fifteen modifier variables 

identified a priori. For the studies reporting Campylobacter spp. concentration as outcome, 

six potential modifier variables were found to be significant in the multivariable meta-

regression model: intervention type (p=0.08), exposure time (p=0.01), country where study 

was conducted (p<0.01), inoculum type (p=0.02), type of analyzed sample (0.08), and 

publication year (p=0.01). For the studies reporting Campylobacter spp. prevalence as 

outcome, eight potential modifier variables were found to be significant in the multivariable 

meta-regression model: intervention type (p<0.01), study set-up (p=0.05), inoculum type 

(p<0.01), publication year (p<0.01), microbial confirmation method (p=0.01), Sample size- 

Treatment group (p<0.01), Sample size- control group (p<0.01) and overall risk of bias 

(p=0.06). Table 6 gives more insight on the pooled effects and significance of potential 

modifier variables as revealed by the meta-regression model.  
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Table 6: Potential effect modifiers and multivariable meta-regression model on Campylobacter spp. concentration and prevalence 

  Studies with Campylobacter spp. 
concentration as outcome 

(log Odd’s Ratio) 

Studies with Campylobacter spp. 
prevalence as outcome 

(Relative Risk)
          Potential effect modifiers 

N 
 

Pooled 
effect 
(log10 
OR)

95% CI 
Lower; 
upper 

p-
value 

n 
 

Pooled 
effect 
(RR) 

95% CI 
Lower; 
upper 

p-
value 

Intercept  3.99 1.70; 6.28 <.01 0.10 0.00; 8.17 0.22
Sampling 
point 

Scald & pluck 
Evisceration 
IOCW 
Post IOCW & Pre-Chill
Chilling 
Post-chill 

 

33
24
25 
29
30
57

0.01 -0.04; 0.06 0.56 

4
8
3 
4
7
4

0.91 0.80; 1.04 0.82 

Intervention 
type 

Physical decontamination
Chemical decontamination

 

107
91

 

-0.01 -0.03; 0.00 0.08 
22
8

1.35 1.16; 1.49 <.01 

Exposure 
Technique 

Immersion 
Spray 
Cloaca treatment 
Other techniques 

 

23
59
34
82

-0.03 -0.08; 0.03 0.37 

12
10
2
6

1.00 0.79; 1.26 0.80 

Exposure time Less than 1 minute
More than 1 min 
Not described 

 

102
37
58

-0.02 -0.04; -0.00 0.01 
11
9
10

0.95 0.88; 1.04 0.21 

Study set-up Laboratory set-up 
Pilot plant 
Commercial 

 

95
39
64

0.14 -0.09; 0.37 0.74 
6
3
21

0.39 0.13; 1.14 0.05 

Country where 
study 
conducted 

North America 
Europe 
Others 

 

69
128
1

-0.26 -0.45; -0.06 <.01 
21
4
5

1.23 0.93; 1.65 0.81 

Inoculum type Specific -0.00 -0.00; 0.00 0.02 1.12 1.04; 1.11 <.01
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Exposed part Whole carcass 
Carcass parts 
Cloaca 

 

145
25
28

-0.06 -0.14; 0.02 0.25 
21
7
2

1.35 0.90; 2.01 0.75 

Type of 
analysed 
sample 

Whole carcass rinse
Carcass parts swabs
Carcass parts rinse

 

50
36
112

-0.03 -0.08; -0.02 0.08 
18
8
4

0.97 0.85; 1.09 0.46 

Isolation 
media 

Specific 
 -0.01 -0.17; 0.15 0.62  1.01 0.84; 1.11 0.29 

Publication 
year 

1998-2003 
2004-2008 
2009-2013 
2014-2018 

 

15
20
27
136

-0.05 -0.09; -0.01 0.01 

12
7
8
3

1.35 1.13; 1.49 <.01 

Microbial 
Confirmation 

Morphology only 

Morphology & biochemical 
Other 

 

90

86
22

0.03 -0.05; 0.11 0.33 
17
9
4

 

0.73 0.57; 0.93 0.01 

Sample size- 
Treatment 
group 

Less than 10 
11 to 30 
31to 100 
More than 100 

 

107
67
20
4

0.01 -0.01; 0.03 0.42 

7
12
4
7

0.93 0.90; 0.96 <.01 

Sample size- 
control group 

Less than 10 
11 to 30 
31 to 100 
More than 100 

 

110
64
21
3

-0.01 -0.-03; 0.01 0.56 

7
13
3
7

1.07 1.04; 1.11 <.01 

Overall RoB  NS -0.26 -0.61; 0.10 0.47 0.42 0.17; 1.03 0.06
Mixed effects model  
CI: confidence interval; LB: lower bound; UB: upper bound 
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Figure 5 illustrates the univariate relationship between sample size and the log relative risk using 

a bubble plot. The bubble plot revealed that the log relative risk was higher for publications with 

less than 30 samples. Sample size effect was not observed for the Campylobacter spp. 

concentration studies. Small study effect was however observed as none of the meta-analysis had 

non-significant heterogeneity for 10 or more trials. This corroborates the findings from the 

bubble plot and the meta-regression on the sample sizes. 

 

Figure 5: Bubble plot. The size of the bubble is proportional to the weight of studies in the 
meta-analysis. The dashes represent the upper and lower limits of the mean (continuous 
line) while the dotted line separated detrimental and beneficial treatments. 

 

4. Discussion 

Discussion on the systematic review and publication bias 

This systematic review demonstrates that existing microbial decontamination techniques have 

the potential to reduce Campylobacter spp. concentration and prevalence along the slaughter 

process. The funnel plots revealed publication bias was minimal in concentration studies as 

compared to prevalence studies. It is worth noting that despite funnels plots being an adequate 

representation of publication bias, asymmetry within the plots is not solely due to publication 
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bias (Bax et al., 2009; Lau et al., 2006; Sutton and Higgins, 2008). The slight asymmetry in the 

funnel plots for prevalence studies was further confirmed with the considerable correlation from 

the Begg’s rank test (p = 0.3207), and a significant (p=0.06) on the meta-regression for overall 

risk of bias on the meta-data for prevalence studies. Lack of concealment and blinding during 

sample collection, overreliance on convenient sample sizes, and inadequate generation of 

allocation sequence may impact on the strength of the meta-analysis findings. Differences in 

adherence to existing guidelines on study methodology and reporting in food safety have been a 

major set-back in comparison of different research reports (O’Connor et al., 2010). The meta-

regression revealed that the study set-up and overall risk of bias would potentially modify the 

results for prevalence studies but not for concentration. It is however not possible to differentiate 

between impact of publication bias and heterogeneity (Higgins and Thompson, 2002). Small 

study effect was observed as none of the meta-analysis had non-significant heterogeneity for 10 

or more trials and this corroborates the findings on the sample sizes as shown by the bubble plots 

and the meta-regression analysis. 

Discussion on meta-analysis 

Results from the meta-analysis indicate an overall reduction in the odds concentration of 0.57 

log10 CFU/carcass and a 57.02% decrease in the relative risk for Campylobacter spp. Sub-group 

analysis on sampling points revealed that interventions at IOCW resulted in the greatest odds 

reduction (0.84 log10 CFU/carcass) while chilling led to the least reduction (0.33 log10 

CFU/carcass). The findings on the trends in Campylobacter spp. concentration and prevalence 

during primary processing from this systematic review resonate with similar work (Bucher et al., 

2015; Guerin et al., 2010).  

The meta-analysis indicated that chemical decontamination when compared to physical 

decontamination is more effective in reducing concentration but less effective on prevalence. 

The meta-data for specific chemical and physical decontamination interventions revealed similar 

trends with existing literature (Bucher et al., 2015; Dogan et al., 2019; Loretz et al., 2010). 

Physical decontamination techniques were more effective prior to IOCW while chemical 

decontamination techniques were more effective after IOCW.  Physical interventions such as 

crust-freezing, forced air chill, vent/cloaca plug, rapid surface cooling, and steam-ultrasound 

significantly reduced concentration and prevalence. Despite the effect of hot water during 
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scalding, defeathering and IOCW being within reported range, the meta-analysis revealed that 

the effect on prevalence was not significant thereby contradicting earlier research as the 

temperatures used were within normal growth temperature for Campylobacter spp. (Loretz et al., 

2010; Osiriphun et al., 2012). Increased chill water volume, additional washers, air chilling, and 

physical removal of visible fecal matter and ingesta did not significantly affect Campylobacter 

spp. concentration and prevalence. Process flow realignment and traditional wet-markets 

significantly reduced Campylobacter spp. prevalence but not concentration. Some physical 

decontamination techniques prior to evisceration could significantly increase Campylobacter 

spp. concentrations as seen for fecal expulsion but this calls for caution if to be incorporated 

during processing.  

Subgroup analysis on the mode of intervention application confirm that immersion chilling is 

more effective on Campylobacter spp. concentration where chemical decontaminants have been 

used than spray treatment as previous observed (Bucher et al., 2015, 2012; Gonzalez-Fandos et 

al., 2020; Loretz et al., 2010; Okolocha and Ellerbroek, 2005; Purnell et al., 2014; Thames and 

Sukumaran, 2020). The metadata revealed that immersion could result in an almost double 

reduction in contamination rates. This could be explained by either the fact that immersion 

interventions resulted in longer exposure time than spray/fumigation or possible residual effect 

or washing effect as hypothesized in other studies (Bucher et al., 2015; Dogan et al., 2019; 

Koolman et al., 2014). Possible residual effects of chemical decontaminants from processing 

water may be present during post-chill handling thereby overstating the treatment effects and this 

points to variations in minimum residual chemical decontaminants in portable water which is set 

in legal and industry guidelines and standards (Bucher et al., 2012).  

Discussion on the meta-regression 

During processing, it is common practice to combine several physical and chemical interventions 

(Koolman et al., 2014; Loretz et al., 2010). Subgroup analysis on the hurdles revealed massive 

permutations in this systematic review. Synergistic effects on different interventions in the 

hurdles could overestimate the findings of this meta-analysis. The meta-regression showed that 

these permutations did not significantly impact decontamination as hypothesized in a similar 

systematic review (Higgins and Thompson, 2004). From the meta-regression, six and eight 
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potential modifier variables for studies evaluating effect of an interventions on Campylobacter 

spp. concentration and prevalence respectively were identified.  

The meta-regression revealed that the type of intervention used had a significant impact on the 

effects for both concentration (p=0.08) and prevalence (p<0.01). The type of intervention can be 

broadly categorized as physical, chemical, and microbial decontamination. Studies on use of 

microbial interventions failed to meet the inclusion criteria of this systematic review. The 

inoculum type significantly modified the effect on Campylobacter spp. concentration (p=0.02) 

and prevalence (p<0.01) for the interventions evaluated. This collaborates earlier finding on use 

of higher-than-normal levels of an organism during artificial inoculation of samples as this have 

been reported to exaggerate the results (Boysen et al., 2013). The year of publication 

significantly modified the metadata on the effect on Campylobacter spp. concentration (p=0.02) 

and prevalence (p<0.01) for the interventions evaluated. This could point to advancement in 

research and regulatory environment as reported for decontamination interventions on 

Salmonella spp. (Kerr et al., 2013; Thomas et al., 2020). 

For studies that reported changes in Campylobacter spp. concentration as the effect, there was 

significant difference (p=0.01) for studies where the broiler chicken was exposed to the 

intervention for less than a minute from those where exposure time exceeded a minute 

collaborating earlier research (Gonzalez-Fandos et al., 2020). The country (region) where study 

was conducted significantly (p<0.01) modified the effects on Campylobacter spp. concentration 

for the intervention. Majority of the studies were conducted in either Europe or North America, 

with one study from Asia meeting the inclusion criteria. Up to 93% of peer-reviewed 

publications on Campylobacter spp. decontamination have been reported to be available in 

English (Adkin et al., 2006). Differences in regulations on management options for 

Campylobacter spp. during broiler slaughter among food safety authorities across different 

countries have either a synergistic or inhibitory effect on decontamination studies especially 

where a study set-up was in an actual factory (Oyarzabal, 2005; Sukted et al., 2017a). The type 

of analysed samples significantly modified (p=0.08) the effect on Campylobacter spp. 

concentration for the interventions and this collaborates research on variation of decontamination 

effects on different broiler carcass parts (Purnell et al., 2014; Riedel et al., 2009). Variations in 

decontamination effects have been reported for different carcass parts of a broiler chicken. For 
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this systematic review, majority of the studies eligible for inclusion had reported the effect using 

carcass rinse from either a whole carcass or from carcass parts.  

For studies that reported changes in Campylobacter spp. prevalence as the effect, there was a 

significant difference on the study set-up (p=0.05). Similar findings have been reported on the 

odds of Salmonella spp. reduction during slaughter (Bucher et al., 2012) and this was attributed 

to differences in the extent of control of other risk factors during processing. For this study, 

majority of the studies on prevalence had been conducted in a commercial factory set-up unlike 

for concentration studies where the majority were in a laboratory set-up. The microbial 

confirmation method significantly (p=0.01) modified the metadata on prevalence as has been 

reported (Rossler et al., 2019). Majority of the studies reporting prevalence relied on morphology 

with limited incorporation of biochemical or other techniques. Small study effect was evident in 

studies reporting the effect on prevalence with sample size- Treatment group (p<0.01) and 

sample size- control group (p<0.01) significantly modifying the metadata. This further 

collaborates with the bubble plot presented for studies on prevalence. The overall risk of bias 

significantly (p=0.06) modified data on prevalence, and this collaborates the results on 

publication bias presented using the funnel plots and quantitively analysed using Egger’s 

regression test and Begg’s rank correlation test. Small study effect has previously been reported 

to affect results on Campylobacter spp. prevalence (Keithlin et al., 2014). 

5. Conclusion 

The current study has demonstrated that various interventions result in significant reduction of 

prevalence and concentration of Campylobacter spp. along poultry slaughter process. Based on 

the meta-analysis, acids such as acetic, citric, peracetic, peroxyacetic, and lactic, acidified 

sodium chlorite, cetylpyridinium chloride, chlorine, vinegar, sodium hypochlorite and trisodium 

phosphate result in significant reduction of Campylobacter spp. on poultry carcasses during 

slaughter. Physical techniques such as crust freezing, forced air chill, hot water, vent plug, rapid 

surface cooling and steam-ultrasound treatment also proved to be effective. Physical 

decontamination is more effective on prevalence while chemical decontamination is more 

effective on concentration. Application of decontamination interventions by immersion is more 

effective than spray-based interventions. For spray-based interventions, modifier variables 

revealed that pressure exerted by the spray, and exposure time plays a vital role. The meta-
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regression uncovered existence of other modifier variables to be considered when making 

recommendations especially in situations where combinations of several interventions are 

applied during processing. The findings from this research provide an overview of what to 

expect on use of different interventions in a commercial setting. 

Acknowledgement 

Special thanks and appreciation to Prof. Gary and Dr. Ranil research team at the School of 

Molecular and Life Sciences, Faculty of Science and Engineering, Curtin University 

Funding 

This work was partly supported by the Australia Awards Africa postdoctoral scholarship. 

Declaration of Interests 

Declarations of interest: none 

Reference  

Adkin, A., Hartnett, E., Jordan, L., Newell, D., Davison, H., 2006. Use of a systematic review to 
assist the development of Campylobacter control strategies in broilers. J. Appl. Microbiol. 
100, 306–315. https://doi.org/10.1111/j.1365-2672.2005.02781.x 

Aiassa, E., Higgins, J.P.T., Frampton, G.K., Greiner, M., Afonso, A., Amzal, B., Deeks, J., 
Dorne, J.L., Glanville, J., Lövei, G.L., Nienstedt, K., O’connor, A.M., Pullin, A.S., Rajić, 
A., Verloo, D., 2015. Applicability and Feasibility of Systematic Review for Performing 
Evidence-Based Risk Assessment in Food and Feed Safety. Crit. Rev. Food Sci. Nutr. 55, 
1026–1034. https://doi.org/10.1080/10408398.2013.769933 

Barrett, J., Fhogartaigh, C.N., 2017. Bacterial gastroenteritis. Med. (United Kingdom) 45, 683–
689. https://doi.org/10.1016/j.mpmed.2017.08.002 

Bax, L., Ikeda, N., Fukui, N., Yaju, Y., Tsuruta, H., Moons, K.G.M., 2009. More than numbers: 
The power of graphs in meta-analysis. Am. J. Epidemiol. 169, 249–255. 
https://doi.org/10.1093/aje/kwn340 

Belluco, S., Barco, L., Roccato, A., Ricci, A., 2016. Escherichia coli and Enterobacteriaceae 
counts on poultry carcasses along the slaughterline: A systematic review and meta-analysis. 
Food Control 60, 269–280. https://doi.org/10.1016/j.foodcont.2015.07.033 

Berrang, M.E., Bailey, J.S., 2009. On-line brush and spray washers to lower numbers of 
Campylobacter and Escherichia coli and presence of Salmonella on broiler carcasses during 
processing. J. Appl. Poult. Res. 18, 74–78. https://doi.org/10.3382/japr.2008-00067 

Boysen, L., Wechter, N.S., Rosenquist, H., 2013. Effects of decontamination at varying 

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=3892182

Pr
ep

rin
t n

ot
 p

ee
r r

ev
ie

wed



24 
 

contamination levels of campylobacter jejuni on broiler meat. Poult. Sci. 92, 1425–1429. 
https://doi.org/10.3382/ps.2012-02889 

Bucher, O., Farrar, A.M., Totton, S.C., Wilkins, W., Waddell, L.A., Wilhelm, B.J., McEwen, 
S.A., Fazil, A., Rajić, A., 2012. A systematic review-meta-analysis of chilling interventions 
and a meta-regression of various processing interventions for Salmonella contamination of 
chicken. Prev. Vet. Med. 103, 1–15. https://doi.org/10.1016/j.prevetmed.2011.09.017 

Bucher, O., Waddell, L., Greig, J., Smith, B.A., 2015. Systematic review-meta-analysis of the 
effect of chilling on Campylobacter spp. during primary processing of broilers. Food 
Control 56, 211–217. https://doi.org/10.1016/j.foodcont.2015.03.032 

Deeks, J., Higgins, J.P., Altman, D.G., 2008. Analysing data and undertaking meta-analyses, in: 
Cochrane Handbook for Systematic Reviews of Interventions: Cochrane Book Series. pp. 
243–296. 

DerSimonian, R., Kacker, R., 2007. Random-effects model for meta-analysis of clinical trials: 
An update. Contemp. Clin. Trials 28, 105–114. https://doi.org/10.1016/j.cct.2006.04.004 

Dogan, O.B., Clarke, J., Mattos, F., Wang, B., 2019. A quantitative microbial risk assessment 
model of Campylobacter in broiler chickens: Evaluating processing interventions. Food 
Control 100, 97–110. https://doi.org/10.1016/j.foodcont.2019.01.003 

FAO/WHO, 2009. Risk assessment of Campylobacter spp. in broiler chickens. 

Gonzalez-Fandos, E., Martinez-Laorden, A., Perez-Arnedo, I., 2020. Effect of decontamination 
treatments on campylobacter jejuni in chicken. Foods 9, 1–10. 
https://doi.org/10.3390/foods9101453 

Guerin, M.T., Sir, C., Sargeant, J.M., Waddell, L., O’Connor, A.M., Wills, R.W., Bailey, R.H., 
Byrd, J.A., 2010. The change in prevalence of Campylobacter on chicken carcasses during 
processing: A systematic review. Poult. Sci. 89, 1070–1084. 
https://doi.org/10.3382/ps.2009-00213 

Hayama, Y., Yamamoto, T., Kasuga, F., Tsutsui, T., 2011. Simulation Model for Campylobacter 
Cross-Contamination During Poultry Processing at Slaughterhouses. Zoonoses Public 
Health 58, 399–406. https://doi.org/10.1111/j.1863-2378.2010.01385.x 

Higgins, J.P., Li, T., Deeks, J.J., 2019. Choosing effect measures and computing estimates of 
effect, in: Higgins, J.P.T., Thomas, J., Chandler, J., Cumpston, M., Li, T., Page, M.J., 
Welch, V.A. (Eds.), Cochrane Handbook for Systematic Reviews OfInterventions. John 
Wiley & Sons Ltd, pp. 143–176. 

Higgins, J.P.T., Thompson, S.G., 2004. Controlling the risk of spurious findings from meta-
regression. Stat. Med. 23, 1663–1682. https://doi.org/10.1002/sim.1752 

Higgins, J.P.T., Thompson, S.G., 2002. Quantifying heterogeneity in a meta-analysis. Stat. Med. 
21, 1539–1558. https://doi.org/10.1002/sim.1186 

James, C., James, S.J., Hannay, N., Purnell, G., Barbedo-Pinto, C., Yaman, H., Araujo, M., 

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=3892182

Pr
ep

rin
t n

ot
 p

ee
r r

ev
ie

wed



25 
 

Gonzalez, M.L., Calvo, J., Howell, M., Corry, J.E.L., 2007. Decontamination of poultry 
carcasses using steam or hot water in combination with rapid cooling, chilling or freezing of 
carcass surfaces. Int. J. Food Microbiol. 114, 195–203. 
https://doi.org/10.1016/j.ijfoodmicro.2006.09.019 

Kaakoush, N.O., Castaño-Rodríguez, N., Mitchell, H.M., Man, S.M., 2015. Global epidemiology 
of campylobacter infection. Clin. Microbiol. Rev. 28, 687–720. 
https://doi.org/10.1128/CMR.00006-15 

Keithlin, J., Sargeant, J., Thomas, M.K., Fazil, A., 2014. Systematic review and meta-analysis of 
the proportion of Campylobacter cases that develop chronic sequelae. BMC Public Health 
14, 1–19. https://doi.org/10.1186/1471-2458-14-1203 

Kerr, A.K., Farrar, A.M., Waddell, L.A., Wilkins, W., Wilhelm, B.J., Bucher, O., Wills, R.W., 
Bailey, R.H., Varga, C., McEwen, S.A., Rajić, A., 2013. A systematic review-meta-analysis 
and meta-regression on the effect of selected competitive exclusion products on Salmonella 
spp. prevalence and concentration in broiler chickens. Prev. Vet. Med. 111, 112–125. 
https://doi.org/10.1016/j.prevetmed.2013.04.005 

Kim, C., Hung, Y.C., Russell, S.M., 2005. Efficacy of electrolyzed water in the prevention and 
removal of fecal material attachment and its microbicidal effectiveness during simulated 
industrial poultry processing. Poult. Sci. 84, 1778–1784. 
https://doi.org/10.1093/ps/84.11.1778 

Kim, H.E., Lee, J.J., Lee, M.J., Kim, B.S., 2019. Analysis of microbiome in raw chicken meat 
from butcher shops and packaged products in South Korea to detect the potential risk of 
foodborne illness. Food Res. Int. 122, 517–527. 
https://doi.org/10.1016/j.foodres.2019.05.032 

Kim, S.A., Park, S.H., Lee, S.L., Owens, C.M., Ricke, S.C., Ae Kim, S., Hong Park, S., In Lee, 
S., Owens, C.M., Ricke, S.C., 2017. Assessment of Chicken Carcass Microbiome 
Responses during Processing in the Presence of Commercial Antimicrobials Using a Next 
Generation Sequencing Approach. Sci. Rep. 7, 1–14. https://doi.org/10.1038/srep43354 

Koolman, L., Whyte, P., Meade, J., Lyng, J., Bolton, D., 2014. Use of chemical treatments 
applied alone and in combination to reduce Campylobacter on raw poultry. Food Control 
46, 299–303. https://doi.org/10.1016/j.foodcont.2014.05.041 

Lau, J., Ioannidis, J.P.A., Terrin, N., Schmid, C.H., Olkin, I., 2006. The case of the misleading 
funnel plot. Br. Med. J. 333, 597–600. https://doi.org/10.1136/bmj.38946.501215.68 

Loretz, M., Stephan, R., Zweifel, C., 2010. Antimicrobial activity of decontamination treatments 
for poultry carcasses: A literature survey. Food Control 21, 791–804. 
https://doi.org/10.1016/j.foodcont.2009.11.007 

Macaskill, P., Walter, S.D., Les Irwig, 2001. A comparison of methods to detect publication bias 
for meta-analysis of continuous data. Stat. Med. 20, 641–654. 
https://doi.org/10.3923/jas.2012.1413.1417 

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=3892182

Pr
ep

rin
t n

ot
 p

ee
r r

ev
ie

wed



26 
 

Moher, D., Shamseer, L., Clarke, M., Ghersi, D., Liberati, A., Petticrew, M., Shekelle, P., 
Stewart, L.A., PRISMA group, 2015. Preferred reporting items for systematic review and 
meta-analysis protocols (PRISMA-P) 2015 statement. Syst. Rev. 4, 1–9. 
https://doi.org/10.1186/2046-4053-4-1 

Mughini-Gras, L., Pijnacker, R., Coipan, C., Mulder, A.C., Fernandes Veludo, A., de Rijk, S., 
van Hoek, A.H.A.M., Buij, R., Muskens, G., Koene, M., Veldman, K., Duim, B., van der 
Graaf-van Bloois, L., van der Weijden, C., Kuiling, S., Verbruggen, A., van der Giessen, J., 
Opsteegh, M., van der Voort, M., Castelijn, G.A.A., Schets, F.M., Blaak, H., Wagenaar, 
J.A., Zomer, A.L., Franz, E., 2020. Sources and transmission routes of campylobacteriosis: 
A combined analysis of genome and exposure data. J. Infect. 82, 216–226. 
https://doi.org/10.1016/j.jinf.2020.09.039 

Munther, D., Sun, X., Xiao, Y., Tang, S., Shimozako, H., Wu, J., Smith, B.A., Fazil, A., 2015. 
Modeling cross-contamination during poultry processing: Dynamics in the chiller tank. 
Food Control 59, 271–281. https://doi.org/10.1016/j.foodcont.2015.05.007 

Nauta, M., Hill, A., Rosenquist, H., Brynestad, S., Fetsch, A., van der Logt, P., Fazil, A., 
Christensen, B., Katsma, E., Borck, B., Havelaar, A., 2009. A comparison of risk 
assessments on Campylobacter in broiler meat. Int. J. Food Microbiol. 129, 107–123. 
https://doi.org/10.1016/j.ijfoodmicro.2008.12.001 

O’Connor, A.M., Sargeant, J.M., Gardner, I.A., Dickson, J.S., Torrence and concensus meeting, 
Dewey, C.E., Dohoo, I.R., Evans, R.B., Gray, J.T., Greiner, M., Keefe, G., Lefebvre, S.L., 
Morley, P.S., Ramirez, A., Sischo, W., Smith, D.R., Snedeker, K., Sofos, J., Ward, M.P., 
Wills, R., 2010. The reflect statement: Methods and processes of creating reporting 
guidelines for randomized controlled trials for livestock and food safety by modifying the 
consort statement. Zoonoses Public Health 57, 95–104. https://doi.org/10.1111/j.1863-
2378.2009.01311.x 

Okolocha, E.C., Ellerbroek, L., 2005. The influence of acid and alkaline treatments on pathogens 
and the shelf life of poultry meat. Food Control 16, 217–225. 
https://doi.org/10.1016/j.foodcont.2004.01.015 

Osiriphun, S., Tuitemwong, P., Koetsinchai, W., Tuitemwong, K., Erickson, L.E., 2012. Model 
of inactivation of Campylobacter jejuni in poultry scalding. J. Food Eng. 110, 38–43. 
https://doi.org/10.1016/j.jfoodeng.2011.12.011 

Oyarzabal, O.A., 2005. Reduction of Campylobacter spp. by Commercial Antimicrobials 
Applied during the Processing of Broiler Chickens: A Review from the United States 
Perspective. J. Food Prot. 68, 1752–1760. https://doi.org/10.4315/0362-028X-68.8.1752 

Paez, A., 2017. Gray literature: An important resource in systematic reviews. J. Evid. Based. 
Med. 10, 233–240. https://doi.org/10.1111/jebm.12266 

Purnell, G., James, C., James, S.J., Howell, M., Corry, J.E.L., 2014. Comparison of Acidified 
Sodium Chlorite, Chlorine Dioxide, Peroxyacetic Acid and Tri-Sodium Phosphate Spray 
Washes for Decontamination of Chicken Carcasses. Food Bioprocess Technol. 7, 2093–
2101. https://doi.org/10.1007/s11947-013-1211-8 

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=3892182

Pr
ep

rin
t n

ot
 p

ee
r r

ev
ie

wed



27 
 

Reich, F., Klein, G., 2017. Legal aspects and microbiological criteria for Campylobacter spp. in 
the food processing chain, Campylobacter: Features, Detection, and Prevention of 
Foodborne Disease. Elsevier Inc. https://doi.org/10.1016/B978-0-12-803623-5.00007-1 

Riedel, C.T., Brøndsted, L., Rosenquist, H., Haxgart, S.N., Christensen, B.B., 2009. Chemical 
decontamination of Campylobacter jejuni on chicken skin and meat. J. Food Prot. 72, 1173–
1180. https://doi.org/10.4315/0362-028X-72.6.1173 

Rossler, E., Signorini, M.L., Romero-Scharpen, A., Soto, L.P., Berisvil, A., Zimmermann, J.A., 
Fusari, M.L., Olivero, C., Zbrun, M. V., Frizzo, L.S., 2019. Meta-analysis of the prevalence 
of thermotolerant Campylobacter in food-producing animals worldwide. Zoonoses Public 
Health 66, 359–369. https://doi.org/10.1111/zph.12558 

Rothrock, M.J., Locatelli, A., Glenn, T.C., Thomas, J.C., Caudill, A.C., Kiepper, B.H., Hiett, 
K.L., 2016. Assessing the microbiomes of scalder and chiller tank waters throughout a 
typical commercial poultry processing day. Poult. Sci. 95, 2372–2382. 
https://doi.org/10.3382/ps/pew234 

Rothstein, H.R., Sutton, A.J., Borenstein, M., 2005. Publication Bias in Meta-Analysis: 
Prevention, Assessment and Adjustments, Publication Bias in Meta-Analysis: Prevention, 
Assessment and Adjustments. https://doi.org/10.1002/0470870168 

Sasaki, Y., Haruna, M., Mori, T., Kusukawa, M., Murakami, M., Tsujiyama, Y., Ito, K., 
Toyofuku, H., Yamada, Y., 2014. Quantitative estimation of Campylobacter cross-
contamination in carcasses and chicken products at an abattoir. Food Control 43, 10–17. 
https://doi.org/10.1016/j.foodcont.2014.02.015 

Schünemann, H.J., Oxman, A.D., Vist, G.E., Higgins, J.P.T., Deeks, J., Glasziou, P., Guyatt, G., 
2011. Interpreting results and drawing conclusions, in: Cochrane Handbook for Systematic 
Reviews of Interventions. pp. 359–387. 

Schwarzer, G., Carpenter, J.R., Rucker, G., 2015. UseRMetaAnalysis. Springer International 
Publishing. https://doi.org/10.1007/978-3-319-21416-0 

Shamseer, L., Moher, D., Clarke, M., Ghersi, D., Liberati, A., Petticrew, M., Shekelle, P., 
Stewart, L.A., Altman, D.G., Booth, A., Chan, A.W., Chang, S., Clifford, T., Dickersin, K., 
Egger, M., Gøtzsche, P.C., Grimshaw, J.M., Groves, T., Helfand, M., Higgins, J., 
Lasserson, T., Lau, J., Lohr, K., McGowan, J., Mulrow, C., Norton, M., Page, M., Sampson, 
M., Schünemann, H., Simera, I., Summerskill, W., Tetzlaff, J., Trikalinos, T.A., Tovey, D., 
Turner, L., Whitlock, E., 2015. Preferred reporting items for systematic review and meta-
analysis protocols (prisma-p) 2015: Elaboration and explanation. BMJ 349, 1–25. 
https://doi.org/10.1136/bmj.g7647 

Sheppard, S.K., Dallas, J.F., Strachan, N.J.C., MacRae, M., McCarthy, N.D., Wilson, D.J., 
Gormley, F.J., Falush, D., Ogden, I.D., Maiden, M.C.J., Forbes, K.J., 2009. Campylobacter 
Genotyping to Determine the Source of Human Infection. Clin. Infect. Dis. 48, 1072–1078. 
https://doi.org/10.1086/597402 

Sinhamahapatra, M., Biswas, S., Das, A.K., Bhattacharyya, D., 2004. Comparative study of 

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=3892182

Pr
ep

rin
t n

ot
 p

ee
r r

ev
ie

wed



28 
 

different surface decontaminants on chicken quality. Br. Poult. Sci. 45, 624–630. 
https://doi.org/10.1080/00071660400006552 

Skarp, C.P.A., Hänninen, M.L., Rautelin, H.I.K., 2016. Campylobacteriosis: The role of poultry 
meat. Clin. Microbiol. Infect. 22, 103–109. https://doi.org/10.1016/j.cmi.2015.11.019 

Sterne, J.A.C., Becker, B.J., Egger, M., 2005. Statistical Methods for Assessing Publication Bias 
The Funnel Plot, in: Rothstein, H.R., Sutton, A.J., Borenstein, M. (Eds.), Publication Bias in 
Meta-Analysis: Prevention, Assessment and Adjustments. John Wiley& Sons, pp. 75–98. 

Sukted, N., Tuitemwong, P., Erickson, L.E., Luangtongkum, T., Chokesajjawatee, N., 
Tuitemwong, K., 2017a. Reducing Risk of Campylobacteriosis from Poultry: A Mini 
Review. Int. J. Food Process. Technol. 4, 41–52. https://doi.org/10.15379/2408-
9826.2017.04.02.03 

Sukted, N., Tuitemwong, P., Tuitemwong, K., Poonlapdecha, W., Erickson, L.E., 2017b. 
Inactivation of Campylobacter during immersion chilling of chicken carcasses. J. Food Eng. 
202, 25–33. https://doi.org/10.1016/j.jfoodeng.2017.02.007 

Sutton, A.J., Higgins, J.P.T., 2008. Recent developments in meta-analysis. Stat. Med. 27, 625–
650. https://doi.org/10.1002/sim.2934 

Thames, H.T., Sukumaran, A.T., 2020. A review of salmonella and campylobacter in broiler 
meat: Emerging challenges and food safety measures. Foods 9. 
https://doi.org/10.3390/foods9060776 

Thomas, K.M., de Glanville, W.A., Barker, G.C., Benschop, J., Buza, J.J., Cleaveland, S., Davis, 
M.A., French, N.P., Mmbaga, B.T., Prinsen, G., Swai, E.S., Zadoks, R.N., Crump, J.A., 
2020. Prevalence of Campylobacter and Salmonella in African food animals and meat: A 
systematic review and meta-analysis. Int. J. Food Microbiol. 315, 108382. 
https://doi.org/10.1016/j.ijfoodmicro.2019.108382 

Viechtbauer, W., 2015. Conducting Meta-Analyses in R with the metafor Package. J. Stat. 
Softw. 36, 1–48. https://doi.org/10.18637/jss.v036.i03 

Viechtbauer, W., 2007. Bias and Efficiency of Meta-Analytic Variance Estimators in the 
Random-Effects Model. J. Educ. Behav. Stat. 30, 261–293. 
https://doi.org/10.3102/10769986030003261 

Windhorst, H.W., 2017. Dynamics and patterns of global poultry-meat production, Poultry 
Quality Evaluation: Quality Attributes and Consumer Values. Elsevier Ltd. 
https://doi.org/10.1016/B978-0-08-100763-1.00001-5 

 

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=3892182

Pr
ep

rin
t n

ot
 p

ee
r r

ev
ie

wed


