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RESUMEN

Campylobacter es una de las principales causas de gastroenteritis transmitida por
alimentos a nivel mundial, siendo la manipulacion inadecuada de carne de pollo
contaminada una de las principales vias de infeccion humana. Dada la carga de
enfermedad asociada a este patdgeno, es necesario realizar evaluar su potencial
impacto. Este estudio tuvo como objetivo evaluar la presencia y carga de
Campylobacter en carne de pollo de mercados de abasto, identificar factores de
riesgo relacionados con las condiciones de los puestos de mercado y analizar
estrategias de control para la campilobacteriosis en Peru mediante una evaluacion
cuantitativa del riesgo microbioldégico (QMRA). En 2022, se recolectaron y
analizaron 90 muestras de carne de pollo de mercados de abasto de Huancayo,
Huaral, Tumbes y Piura mediante cultivo bacterioldgico y reaccion en cadena de la
polimerasa en tiempo real cuantitativa (QPCR). Campylobacter spp. se detectd en
el 28% y 76% de las muestras, con una cuantificacion promedio de 3.3 log10 UFC/g
y 4.9 logl0 GC/g mediante cultivo y qPCR, respectivamente. Los puestos de
mercado con acceso a agua corriente mostraron mayor prevalencia y carga, mientras
que aquellos sin refrigeradoras presentaron cuantificaciones mas altas. E1 QMRA
indicé que toda la poblacién modelada desarrolla campilobacteriosis anualmente,
destacando su impacto en la salud publica. Nuestro estudio sugiere que
intervenciones a nivel del consumidor, como reducir la contaminacion cruzada en
la cocina y mejorar el almacenamiento de la carne de pollo, podrian reducir

sustancialmente los casos de campilobacteriosis.



PALABRAS CLAVES
CAMPYLOBACTER, CARNE DE POLLO, CULTIVO, qPCR, MERCADOS DE

ABASTO, QMRA



ABSTRACT

Campylobacter is a major cause of foodborne gastroenteritis worldwide, with the
mishandling of contaminated chicken meat among the main pathways for human
infection. Granted the disease burden due to this pathogen, systematic assessments
of its potential impact are necessary. This study aimed to evaluate the presence and
load of Campylobacter in chicken meat from traditional markets, identify risk
factors related to market stall conditions, and assess control strategies for
campylobacteriosis in Peru using a quantitative microbiological risk assessment
(QMRA). Between February and December 2022, a total of 90 chicken meat
samples from traditional markets in Huancayo, Huaral, Tumbes and Piura were
sampled and evaluated by both culture and quantitative real-time polymerase chain
reaction (qQPCR). Campylobacter spp. were detected in 28% and 76% of samples
with a mean quantification of 3.3 logio CFU/g and 4.9 logio GC/g through culture
and qPCR, respectively. Market stalls with tap water showed higher prevalence and
loads, while those without refrigeration had higher quantifications. The QMRA
indicated that the entire modeled population develops campylobacteriosis annually.
These results highlight the public health impact of Campylobacter in the studied
populations. Our study suggests that consumer-level interventions, such as reducing
kitchen cross-contamination and improving chicken meat storage, could

substantially reduce campylobacteriosis cases in this population.

KEYWORDS
CAMPYLOBACTER, CHICKEN MEAT, CULTURE, QPCR, TRADITIONAL

MARKETS, QMRA
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ARTICLE INFO ABSTRACT

Keywords: Campylobacter is a major cause of foodborne gastroenteritis worldwide, with the mishandling of contaminated

Campylobacter chicken meat among the main pathways for human infection. Granted the disease burden due to this pathogen,

g}:d@“ meat ic of its p ial impact are necessary. The aims of this study were to evaluate both
ture

pxesence and load of Campylobacter in chicken meat sold in traditional markets, assess risk factors related with
Traditional markets the infrastructure and hygienic conditions of market stalls, and evaluate control strategies for campylobacteriosis
QMRA in Peru through a quantitative biol 1 risk (QMRA), a data-driven, systematic approach to
quantitatively assess risks by integrating empirical contamination levels, microbial behavior, and consumer
exposure. Between February and December 2022, a total of 90 chicken meat samples from traditional markets
were sampled and evaluated by both culture and ive real-ti 1 rase chain reaction (qPCR).
Campylobacter spp. were detected in 28 % and 76 % of samples with a mean quantification of 3.3 log;o CFU/g
and 4.9 log;o GC/g through culture and qPCR, respectively. Market stalls with tap water showed higher prev-
alence and loads, while those without refrigeration had higher quantifications. The QMRA analysis, using the
most conservative parameters and bacterial load, indicated that the entire modeled population develops cam-
pylobacteriosis at least once annually. These results highlight the public health impact of Campylobacter,
potentially linked to the alarming number of Guillain-Barré syndrome cases observed in Peru. Our study suggests
that consumer-level interventions, such as reducing kitchen cross-contamination and improving chicken meat
storage, could ially reduce campylobacteriosis cases in this population.

qPCR

1. Introduction worldwide and one of the top four causes of diarrheal disease (Sheppard
& Maiden, 2015; WHO, 2020). Diarrheal diseases represent the most
Campylobacter is the leading cause of human bacterial gastroenteritis frequent foodborne illnesses, with an annual tally of 550 million cases,

Abbreviatic QMRA, Q itative Microbiological Risk A ; SQMRA, swift Quantitative Microbial Risk Assessment Model; gPCR, quantitative real-time
polymerase chain reaction; CFU, colony-forming units; GC, genomic copies; DNA, deoxyribonucleic acid; mCCD, modified charcoal cefoperazone deoxycholate; 1SO,
International Organization for Standardization standards.

* Corresponding author.

E-mail addresses: brenda.gonzales@unmsm.edu.pe (B.L. Gonzales), ahopalma@uncp.edu.pe (A.C. Ho-Palma), daniel.andrade@unmsm.edu.pe (D.A. Andrade),

cristina.antay1102@gmail.com (C. Antay), cesar.valdivia@unmsm.edu.pe (C.A. Valdivia-Carrera), mcrotta4@rvc.ac.uk (M. Crotta), georgina.limon-vega@

@unmsn.edu. pe (E. Gonzales-Gustavson).

pirbright.ac.uk (G. Limon), agonzalezz@unmsm.edu.pe (A. Gonzalez), JGuitian@rve.ac.uk (J. Guitian), egonzales;

https://doi.org/10.1016/j.foodres.2024.115424

Received 4 September 2024; Received in revised form 15 November 2024; Accepted 25 November 2024
Available online 27 November 2024

0963-9969/© 2024 Published by Elsevier Ltd.



B.L. Gonzales et al.

affecting 220 million children under 5 years of age (WHO, 2020). In
many countries, C. jejuni is responsible for most cases of campylo-
bacteriosis, followed by C. coli (FAO/WHO, 2009; Fitzgerald, 2015).
Besides causing selflimiting diarthea, Campylobacter infections are
associated with serious long-term conditions such as Guillain-Barré
syndrome, Miller-Fisher syndrome, and reactive arthritis (Endtz, 2019
Kankoush et al., 2015). High-risk groups, including young children, the
immunocompromised, and the elderly, may experience severe disease,
particularly in low- and middle-income countries (WHO, 2020).

Poultry is an important reservoir of Campylobacter especially for
C. jejuni, with 50-80 % of campylobacteriosis cases in the European
Union attributed to this host (Koutsoumanis et al., 2020; Skarp et al.,
2016). Main transmission pathways are cross-contamination due to
mishandling of raw chicken meat contaminated with Campylobacter
(neck skin being the most contaminated area) and the consumption of
undercooked chicken (Ellis-Iversen et al., 2020; Mullner et al., 2009). In
Peru, a major consumer of chicken meat, fresh chicken is primarily
distributed through traditional markets. However, the role these mar-
kets may play in the t ion of Campylob remains unknown
(MIDAGRI, 2022). While current surveillance focuses on prevalence
data, incorporating bacterial quantification data is necessary for a more
accurate assessment, even though bacterial culture is time-consuming
and labor-intensive (Lv et al., 2020). In this regard, the potential use
of novel methods such as the quantitative real-time polymerase chain
reaction (QPCR) for Campylobacter in routine surveillance remains an
area of ongoing research (Lv et al., 2020; Magana et al., 2017). Prom-
ising results suggest that qPCR could be as effective as traditional culture
methods (Stingl et al,, 2021).

Quantitative microbiological risk assessment (QMRA) has exten-
sively been used to evaluate public health risk from microbiological
foodborne hazards (Chardon & Evers, 2017). It has been used to esti-
mate the impact of the broiler meat chain on human campylobacteriosis
in Europe and to inform risk mitigation (Asakura et al., 2022; Kout
soumanis et al., 2020). While comprehensive QMRA of the entire food
chain is costly, simplified models using retail data provide a viable
alternative for resource-limited countries like Peru (Nauta et al., 2007).
This study applies an improved swift QMRA methodology (Chardon &
Evers, 2017) to estimate Campylobacter's impact in Peruvian regions
with retail data, evaluate control strategies, and provide insights into
campylobacteriosis cases obscured by limited surveillance and
underreporting.

Given the global impact of this pathogen and the high exposure
levels of the Peruvian population (Munayco et al., 2020), surveillance of
Campylobacter prevalence and concentration in its main food vehicle and
the application of this data into risk models like QMRA is an urgent
need. For these reasons, this study aimed to i) detect and quantify
Campylobacter spp. in three Peruvian regions by culture and compare its
performance with the faster gPCR method; ii) evaluate selected potential
risk factors for Campylobacter presence in traditional market stalls; and
iii) assess Campylobacter’s impact through QMRA, considering bacterial
loads find by culture in selected regions of the country, cross-
contamination scenarios, and the availability of refrigeration to miti-
gate bacterial growth and human exposure to the pathogen.

2. Materials and methods

2.1. Sample collection

Samples of fresh raw chicken (n = 90) were randomly collected be-
tween February and December 2022 from traditional markets of three
Peruvian regions: Huancayo, Huaral, and Tumbes/Piura. Traditional
markets were selected based on convenience and feasibility of sample
collection. In Huancayo, two markets were sampled; in Huaral, three;
and in Tumbes/Piura, four. In each market, stalls were randomly
selected, and one sample was collected per selected stall, resulting in a
total of 30 samples per region. Samples were transported at 3 -8 °C in
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coolers containing gel packs, monitored using the temperature data —
logging device TempTale®Ultra (Sensitech Inc., Redmond, WA), and
processed microbiologically within 24 h.

At each visit, information on the infrastructure and hygienic condi-
tions of the market stalls was collected through a survey on the Epi-
collect5 mobile app (Gupta et al., 2021). Field data collectors gathered
the following information based on observations of the stalls: accept-
ability of infrastructure and hygiene, sale of chicken meat only, whether
cutting or handling of samples was necessary, degree of cleanliness of
the cutting table, degree of cleanliness of the cleaning cloth used on
surfaces, and the availability of a refrigerator and tap water in the stall.
Further description of this survey is in Supplementary Table S1.

2.2. Identification and quantification by culture technique

Campylobacter spp. detection followed the Intemational Organiza-
tion for Standardization standards (ISO) 10272-2:2017 (15O, 2017).
Briefly, 10 g of neck-skin from each sample were diluted 1:10 with
sterile 1 % buffered peptone water (Merck KGaA, Darmstadt, Germany)

homogenized for two mi 1 diately, 40 ml of the homog-
enized solution was stored in a falcon tube at —20 °C for subsequent
molecular analysis. Ten-fold serial dilutions were spread-plated onto
Campylobacter agar with 10 % defibrinated sheep blood and Blaser-
Wang supplement (Biomark Laboratories, Pune, India) and in dupli-
cate for quantification onto modified charcoal cefoperazone deoxy-
cholate (mCCD) agar plate with CCDA selective supplement (Merck
KGaA, Darmstadt, Germany). Plates were incubated at 41.5 °C for 44 h
under microaerophilic conditions using CampyGen™ 2.5L (Oxoid Ltd,
Basingstoke, UK). Suspected colonies were Gram-stained and quantified
according to ISO 7218:2007(E). For confirmation, colonies were
streaked on Columbia agar (Becton, Dickinson and Company, Le Pont de
Claix, France) with 5 % defibrinated sheep blood. Standard procedures
included Gram staining, motility evaluation, oxidase testing, and
assessment of growth under adverse conditions. Campylobacter jejuni
ATCC 33560 was used as a positive control to validate the procedure.

2.3. Molecular detection and quantification

To evaluate the potential application of qPCR in Campylobacter sur-
veillance, we performed a parallel analysis alongside the gold standard
culture method on the samples collected. From the initial dilution of
each sample stored at —20 °C at the beginning of the culture technique,
bacterial DNA extraction was performed ding to the r -
dations of the MagMAX™ Viral/Pathogen Nucleic Acid Isolation Kit
(Applied Biosystems, Thermo Fisher Scientific, TX, USA). It was carried
out from a volume of 200 uL composed by 100 pL of sample and 100 pL
of nuclease-free water. In addition, 200 pL of nuclease-free water was
used as a negative control to validate the procedure. At the end of the
extraction, 50 pL of eluate from each sample was evaluated through a
qPCR performed immediately to reduce DNA loss related to storage,
freezing and thawing.

The specific qPCR assay described by Josefsen et al (2004) was used
to detect and quantify Campylobacter spp. genomic copies (GC). Briefly,
a reaction mix was prepared in a final volume of 30 pL using 15 pL of
TagMan® Environmental Master Mix 2.0 (Applied Biosystems, Thermo
Fisher Scientific, WA, UK), 0.44 uM of forward primer, 0.48 yM of
reverse primer, 0.02 pM of probe and 10 pL of template DNA. All gPCR
assays were performed in a QuantStudio™ 3 Real-Time PCR System
(Thermo Fisher Scientific, USA) with the following temperature and
time conditions: incubation at 50 °C for 2 min, initial denaturation at 95
“C for 3 min and 45 cycles of denaturation at 95 °C for 15 s, followed by
annealing and elongation at 58 °C for 1 min. Automatic settings for
threshold and baseline for the determination of positive samples were
used. Standard curve was prepared from gBlocks® synthetic DNA frag-
ments (Integrated DNA Technologies, Inc., Coralville, IA, USA) and in a
12-point dilution series (10° to 10 ? GC). Each sample was analyzed in
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sextuplicate (two replicates for the undiluted sample and two replicates
for each 10-fold and 100-fold dilution), in order to evaluate the effect of
the inhibitory substances. In addition, a standard curve and negative
controls was included in each assay. Bacterial DNA extraction, reaction
mix preparation, and plate loading were performed in different envi-
ronments to avoid cross contamination.

2.4. Statistical analysis

The prevalence of positive samples by region and overall across all 3
regions was calculated for results from both culture and qPCR. Differ-
ences in prevalence between regions were analyzed using chi-square test
and confidence intervals for both techniques. To assess the difference in
quantitative results between regions, Kruskal-Wallis and Nemenyi
multiple comparison tests were performed using the PMCMRplus
package (Pohlert. 2022). Concordance between culture and qPCR
techniques was evaluated using McNemar's test and Kappa statistic for
qualitative results, while Spearman’s correlation was used for the
quantitative results.

Furthermore, to assess the association between market stalls infra-
structure and hygienic conditions and the proportions of positive sam-
ples by culture and qPCR, crude and adjusted prevalence ratios (PR)
were estimated with their respective 95 % confidence intervals (95 % CI)
through Modified Poisson regression models incorporating robust error
estimates (Zou, 2004). The adjusted analysis was made based on the
region variable since it was considered a potential confounder. If zero
observations are found in any variable, they were randomly replaced
with a minimum value (1) for the calculation of the PR. Additionally, the
U Mann-Whitney test was used to evaluate the relationship between
stalls characteristics and quantitative results from culture and qPCR. To
assess the relationship between level of GC obtained by qPCR and the
results obtained by culture (the gold standard), a Receiver Operating
Characteristic (ROC) curve analysis was performed using the maximum
sum of sensitivity and specificity to determine an optimal cut-off point.

Statistical analysis of the collected data in this study was performed
using R version 4.2.1 (R-Core-Team, 2015). All the quantifications of
colony-forming units per gram (CFU/g) and GC per gram (GC/g) were
expressed as the transformation of the logarithm in base 10 (log;o).

2.5. Quantitative micr

biological risk (QMRA)

The QMRA utilized the enhanced swift Quantitative Microbial Risk
Assessment Model (sQMRA), specifically the sQMRA2 version devel-
oped by Chardon and Evers (2017) implemented in @Risk (Palisade
Corp., NY, USA). This model tracks pathogen levels from retail through

ption, estimating the ber of human illness cases. In this
study, the chosen SQMRA model was used to simulate the number of
cases of human campylobacteriosis in the regions studied and to eval-
uate possible control strategies. The input parameters needed to run the
model, reflecting the situation in Peru, included Campylobacter preva-
lence and quantification results obtained by bacteriological culture of
chicken meat purchased at traditional markets following the method-
ology described in section 2.2. Only culture results were utilized, as the
model requires the quantification of viable bacteria to accurately
represent the actual risk to the population. After identifying the regions
with positive Campylobacter culture results, a literature search was
conducted on population characteristics and chicken meat consumption,
primarily using national surveys and censuses. Moreover, due to the
sampled regions having very different climatic conditions, population
size, and proportion of inhabitants owning refrigerators (INEI, 2017),
the sQMRA was made region-specific. In addition, because of the
knowledge gaps in the storage practices at consumer level (i.e. propor-
tion of chicken portions stored at room temperature, in the fridge, and in
the freezer by consumers) and the parameters defining the cross-
contamination events (i.e. proportion of chicken portions resulting in
cross-contamination in consumers’ kitchens), different scenarios were
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run to evaluate the relative impact of these factors.

Scenarios for “cross-con ion” were established to evaluate the
risk of Campylobacter transmission during chicken preparation in con-
sumer kitchens. These scenarios assumed that 20 %, 40 %, 60 %, and 80
% of chicken portions could potentially cause cross-contamination,
where bacteria transfer from the meat to the environment, leading to
ingestion through raw salads, kitchen utensils, cutting boards, water,
and other surfaces. The factor “storage condition™” included three levels
where the relative impact of the refrigeration was simulated assuming
that 10 % (A), 50 % (B) and 90 % (C) of the people who own re-
frigerators freeze the chicken. In the model it was assumed that people
who do not have a refrigerator store the chicken at room temperature. In
addition, several scenarios were simulated in which the current preva-
lence of contaminated chickens in retail is reduced by 20 %, 40 %, 60 %
and 80 %; these scenarios were included to evaluate the impact of hy-
pothetical control options in the number of human cases.

The values characterizing the scenarios for cross-contamination and
prevalence were selected to reflect situations of different low to high
rates of contamination but without being too extreme in either direction.
Values for the storage conditions scenarios were selected to reflect sit-
uations where about half (50 %), almost none (10 %) and almost all (90
%) of the people owning a refrigerator would store the chicken in the
freezer.

Each simulated scenario consisted of 10,000 iterations and the
established outcome for the simulated scenarios were the cases of illness
due to Campylobacter (campylob. iosis) per 100,000 inhabitants per
year. The pathogen-specific input parameters were taken from the ref-
erences used by Chardon and Evers (2017) in the “Campylobacter on
chicken fillet from The Netherlands™ model”. They include growth and
inactivation characteristics of Campylobacter based on storage condi-
tions, probability of survival during heating, dose-response parameters
and probability of illness given infection.

Ethics clearance was obtained from the Institutional Research Ethics
Committee of the Universidad Peruana Cayetano Heredia (Certificate
N°516-22-19).

3. Results

3.1. Detection and quantification of Campylobacter spp. in chicken meat
from traditional markets

Campylobacter spp. were detected in 27.8 % (25/90) of samples by
culture, with an enumeration mean of 0.92 log;o CFU/g (range between
0 and 4.73 log;o CFU/g). On the other hand, qPCR detected a higher
proportion of positive samples at 75.6 % (68/90) with an enumeration
mean of 3.69 log;o GC/g. These mean quantifications, which include
both positive and negative samples, are detailed in Tables 1 and 2. These
tables also include mean quantifications of positive samples as they
serve as an input parameter in the QMRA model.

Regarding the proportions of positive samples obtained through
culture and qPCR, a significant difference was found between Tumbes/
Piura and Huancayo and between Tumbes/Piura and Huaral for both
techniques (superseripts in the proportion column in Table 1 and 2).
Additionally, when analyzing Campylobacter concentrations by culture,
a significant difference in medians was found between Huaral and
Tumbes/Piura, while, by qPCR, the same difference was found but there
was also a difference between Huancayo and Huaral.

3.2. Comparison between culture and qPCR results for Campylobacter
spp. and ROC curve analysis

The Kappa coefficient for agreement between the qualitative results
was 0.22 (95 % CI: 0.12-0.33), reflecting slight agreement between the
procedures when interpreted qualitatively. This poor agreement is also
reflected in the results of the McNemar test, which provides evidence
against the null hypothesis of lack of difference in the proportion of
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Table 1
Summary statistics of the results of chicken meat samples from Peruvian traditional markets analyzed by culture for Campylobacter spp. The results are shown by region
studied and in total.
Number of Positive  Proportion (95%CI)  Enumeration mean (log;o CFU/g) Enumeration mean of positive samples (log;o CFU/g)
samples (Min-Max) (Min-Max)
Huancayo 30 9 30.0% * (17 % — 48 0.99 ** (0 - 4.73) 3.29 (2.80 - 4.73)
%)
Huaral 30 16 53.3% * (36 % — 70 1.77° (0 - 4.36) 3.32 (214 -4.36)
%)
Tumbes/ 30 o 09%°(0%— 11 %) 0* o
Piura
Total 90 25 27.8% (20% — 38%) 0.92 (0-4.73) 3.31 (214 -4.73)

95 % CI = 95 % confidence intervals.

Superscripts * and ® next to the proportion of positives correspond to the differences found when comparing the confidence intervals and superscripts “and ® next to the

ion mean cor d to the diffe

Table 2

es found using Kruskal Wallis post hoc test.

Summary statistics of the results of chicken meat samples from Peruvian traditional markets analyzed by qPCR for Campylobacter spp. The results are shown by region

studied and in total.

Number of Positive  Proportion (95 % CI) Enumeration mean (log, GC/g) Enumeration mean of positive samples (log;o GC/g)
samples (Min-Max) (Min-Max)
Huancayo 30 25 83.33 % * (66 % — 93 3.21%(0 - 4.82) 3.85 (3.02-4.82)
%)
Huaral 30 30 100 % * (89 % — 100 5.80" (4.48 - 6.84) 5.80 (4.48 - 6.84)
%)
Tumbes/ 30 13 43.33% ® (27 % - 61 2.07*(0 - 5.87) 4.78 (3.61 - 5.87)
Piura %)
Total % 68 75.56 % (66 % — 83 %) 3.69 (0 - 6.84) 4.89 (3.02 - 6.84)
95 % CI = 95 % confidence intervals.
Superscripts * and ¥ next to the proportion of positives cor 1to the diffe found when comparing the confidence intervals and superscripts ®and ® next to the
ion mean correspond to the diffe es found using Kruskal Wallis post hoc test.

discordant pairs (p < 0.01) (Table 3). On the other hand, when the re-
sults are treated as numerical, there is a moderate positive correlation
between the outcomes of the two methods (Spearman’s Rho = 42.4 %; p
< 0.05).

Regarding the ROC curve analysis, the results show that a cut-off of
5.37 log;o GC/g would achieve a sensitivity of 52 % (95 % CI
0.31-0.72) and a specificity of 85 % (95 % CI: 0.74-0.92) for qPCR
(Supplementary Figure S1). Therefore, offering, in settings with the
same prevalence that was found in this study, the possibility to detect
culture-negative samples with a negative predictive value of 82 % if the
output of the qPCR is below that cut-off. Table 3 shows the results ob-
tained considering as a positive sample for gPCR any amplified DNA
sample before the automatically configured threshold and baseline
whereas Table 4 shows the results that would be obtained by qPCR if the
optimal cut-off point of 5.37 log,o GC/g was used.

3.3. Factors associated with Campylobacter presence and quantification
in chicken meat from traditional markets

Traditional market stall characteristics were analyzed for their as-
sociation with Campylobacter presence, determined by culture and

Table 3

Conti y table of the positi gative results for Campylob spp. ob-
tained by culture and qPCR of the chicken meat samples from Peruvian tradi-
tional markets in the evaluated regions.

Culture Total
qPCR Positive Negative
Positive 25 43 68
Negative ] 22 22
Total 25 65

Parameters of qPCR for diagnosis of positive samples (using culture as gold
dard): 100% ivity, 34% ificity, 37% px predictive value, and
100% negative predictive value.

Table 4
Contingency table of the positive-negative results applying the cut-off point of
5.37 log; 0 GC/g estimated through ROC curve analysis for gPCR quantifications.

Culture Total
qPCR Positive Negative
Positive 13 10 23
Negative 12 55 67
Total 25 65

Parameters of qPCR for diagnosis of positive samples (using culture as gold
standard): 52% sensitivity, 85% specificity, 57% positive predictive value, and
82% negative predictive value.

qPCR. In the crude analysis of the culture results, significant variables
(p-value < 0.05) included stalls with a refrigerator for meat storage and
those with tap water. After adjusting for region, stalls with tap water
presented a 3.63-fold i d prevalence of Campylob compared
to those without tap water. Table 5 presents the results of both crude and
adjusted analysis using modified Poisson regression. No significant as-
sociations were found when the same analysis was performed with the
qPCR results.

The relationship between the quantifications of Campylobacter ob-
tained by culture and qPCR and the characteristics of traditional market
stalls was analyzed using the U Mann-Whitney test. The analysis
revealed that the stalls without a refrigerator for meat storage had
higher CFU/g and GC/g compared to those with a refrigerator. Addi-
tionally, stalls with tap water had higher CFU/g and GC/g compared to
those without tap water. The details of the stall characteristics for which
the study provided evidence of an association with Campylobacter
contamination are shown in Table 6.
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Table 5

Crude and adjusted prevalence ratios (PR) of traditional market stall charac-
teristics for the presence of Campylobacter spp. by culture calculated using
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3.4. Simulation of human canpylobacteriosis cases and control strategies
assessment using QMRA modeling

modified Poisson regression analysis. To carry out this analysis, both Campylobacter prevalence and
Variables Groups Crude analysis ~ Adjusted quantifications obtained by culture in this study were used. Since the
. . analysis** Tumbes/Piura region did not have positive results by culture, only
z:“_"‘z";) ::f‘:; :9“5 % wiiie r;; % wiihe scenarios for Huaral and Huancayo regions were simulated. After
- B @ PN identifying the regions with positive results, the input parameters spe-
T = cific to the QMRA scenarios for each region were developed based on
y:‘p abled ';;t;‘;c‘:m an" 0?: i - Ref both our study’s findings and a literature review. These parameters are
(22) (54) detailed in Tables 7, 8 and 9.
No 21.43%  7857% 0.74 058 123 0.68 Using the input parameters described above, we employed the
3) an (0.25 - (046 - sQMRA model to simulate annual campylobacteriosis cases per 100,000
. 2.17) 3.25) inhabitants in each region. The simulations considered different sce-
Stall only sell chicken meat i X 3 A . e
Vi 33.33% 6667 % Ref Ref narios, including chicken portion storage conditions, the percentage of
25) (50) portions that could cause cross-contamination at the consumer level,
No 0% (0)*  100% 0.20 010 062 0.62 and the reduction of the prevalence identified in this study of
as) (10-:;3 - (40(-;“* Campylobacter-contaminated chicken sold in traditional markets. This
.40) 09) o .
Sipli sy ve sl (e, e cultiny o baw dling Sequien) uppronc.h lfllowed us to quantify the ml!)u?t ?f these pm.umeters on the
Yes 35.48%  6452% Ref Ref annual incidence rate of campylobacteriosis in each region. As a result,
an (20) in the most conservative scenario, the annual number of campylo-
No 8.73%  7627% 0.67 024 0.82 0.55 bacteriosis cases was around 104,405 per 100,000 habitants.
as 45) (101':) - (105‘7:: - Additionally, through simulated scenarios, we evaluated how control
B s R RS h e s i it strategies ff)cusmg on improving storage condmox.1§, reducing cross-
Clean 1250%  87.50% Ref Ref contamination, and lowering the preval of pos ples could
(6] (14) potentially reduce case numbers. Regarding the simulated scenarios for
M:"‘""“Y f-m ) 7;" 9% 7:10478 033 2:792 9.14 storage conditions, the median number of campylobacteriosis cases
o o @) :H-!Z) = g & 13)_ decreases as more people store chicken meat in the freezer. When the
Dirty 34.88%  6512% 279 015 241 017 percentage of refrigerator owners who store chicken at freezing tem-
s) (28) (0.70 - (0.68 - peratures increases from 10 % to 90 %, campylobacteriosis cases
. : 11.12) 8.53) decrease by 40 % in Huaral and by 22 % in Huancayo, approximately.
Degret of cleanlinieas of dis cleaning cloth used on.the guifaces Additionally, when the percentage of chicken servings likely to cause
Clean 1250 %  87.50% Ref Ref itz z 5 ;
@ a4 cross-contamination at the consumer level is reduced, the decrease in
Moderately ~ 27.27%  7273% 218 0.28 269 0.14 median campylobacteriosis cases is similar across all three storage
clean (12) (32) (0.53 - 073~ condition scenarios in both regions. Cases approximately decrease by 25
. 8.91) 10.00) % when cross-contamination is reduced from 80 % to 60 %, by 50 %
Piety (a:sl.gﬂ o ?f’:;:; b ﬁ)g;‘z - 013 (360:4 - 0.92 when reduced from 80 % to 40 %, and by 75 % when reduced from 80 %
11.93) 11.36)
Stall with a refrigerator to store meat Table 7
Yes (n“:' % (7575:6 % Ref Ref Input parameter values with reference/source used in the QMRA model.
No 47.37 % 5263 % 210 0.025 177 0.07 Scope
© (10) (1.10 - (0.96 - P Carpylabacts
Stall with tap water 4.03) 827) Food product Chicken meat
pulati ificati Tables8 and 9
No 1818%  8182%  Ref Ref :wm:: oprs Seakion e
® (36) Consumption period in days 365
Yes 36.96%  63.04% 2.03 006  3.63 <0.001 G Valie —_— _
a7) (29) (0.97 - 098~ 1 Portions consumed
430) 6.63) Point estimation: portions per  30.42 /pppm (MIDAGRI,
* The value 0 was randomly ch. 1to 1 to calculate the PR pi 1 person per month (pppm) 2022)
#* Adjusted by region using modified Poisson i lysi 2 Pathogen prevalence in retail
Point estimation of prevalence  Table 9 - -
3. Portion size
Portion size: mean 139.55 g (MIDAGRL
Table 6 Portion size: st dev 671 g 2022
Analysis of traditional market stall characteristics and quantitative Campylo- 4 Pathogen concentration
bacter results by culture and qPCR using the U Mann-Whitney test, sh only < ion: mean Table 9 logo (CFU/g) -
variables with strong evidence of association. Concentration: st dev Table 9 log1o (CFU/g)
5 Storage conditions
. Culture 9qPCR % of prtionsstoredinroom ~ Tables8and9  — =
Varisbles Mean UMsin: Mean U:Mann* 9 of portions stored in the Tables8and9 - =
(Logio Whitney test p- (Logio GC/  Whitney test p- fridge
CFU/g) value 8 value 9% of portions stored in freezer  Tables 8 and 9 -
Stall with a refrigerator to store meat 7 Cross-contamination parameters
Yes 077 0.05 3.47 0.032 % of portions possibly causing ~ Tables8and 9 - -
No 149 4.52 cross-contamination
Stall with tap water 8 Heating categories
Yes 1.24 0.029 4.48 < 0.001 % of portions done 95 % Authors’
No 0.59 2.87 % of portions undercooked 5 % estimate
9% of portions raw 0 %
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Table 8
Storage conditions and cross. scenarios simulated in the QMRA
model.
Storage conditions scenarios Region Ref
Huaral Huancayo
A % of portions stored in the fridge 56.93 % 32.66 % (INEL
9% of portions stored in freezer 6.33 % 3.63% 2017)
B % of portions stored in the fridge  31.63%  18.15%
% of portions stored in freezer 31.63% 18.15%
c % of portions stored in the fridge ~ 6.33%  3.63%
% of portions stored in freezer 56.93%  32.66 %
A,B, 9% of portions stored at room 3675% 6371%

c temperature

A, B and C are, respectively, scenarios where 10%, 50% and 90% of the people
have a refrigerator in which they keep their chicken pomons in the freezer. For
each of storage liti four cross ion scenarios were
simulated (20%, 40%, 60% and 80%).

to 20 % (Fig. 1).

Finally, in the simulated scenarios where the current prevalence of
contaminated chicken meat at traditional markets is decreased, the
reduction in median campylobacteriosis cases closely matched the per-
centage decrease in the prevalence of contaminated chicken meat for
both regions. Specifically, when the current prevalence is reduced by 20
%, 40 %, 60 %, and 80 %, the median cases decrease by approximately
20 %, 41 %, 61 %, and 81 %, respectively (Fig. 2).

4. Discussion

In this study, Campylobacter spp. were d d and quantified in
chicken meat from tr: ndmonn.l mnrkets in Peru and QMRA was used to
assess the risk of d chicken in the eval d
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are necessary for assessing food-related health risks and understanding
bacterial interactions to inform decision-making (Newell & Fearnley,
2003). Although Peruvian regulations require an absence of Campylo-
bacter in chicken sold for consumption (MINSA-PERU, 2008), no efforts
have been made yet for the situational diagnosis or quantification of this
microorganism. In contrast, the European Union sets a limit of up to
1000 CFU/g in broiler carcasses, which has been shown to reduce
human campylobacteriosis incidence by two-thirds (Swart et al., 2013).
Given that eradicating this pathogen at the farm level is not yet possible
in European countries (Georgiev et al., 2017), a similar situation could
be expected in Peru.

4.1. Campylobacter spp. in chicken meat from traditional markets

This study found a mean Campylobacter concentration of 3.31 logio
CFU/g in 27.8 % of positive samples through the culture technique.
These results align with concentrations reported globally, including 3
log,o CFU/g in Eastern Europe (Maesaar et al., 2014), 2.7 log; ¢ in United
Arab Emirates from 28.6 % of contaminated samples (Habib et al., 2022)
and 3.1 log;o CFU/g in Brazil (Pozza et al., 2020). On the other hand, we
found higher concentrations than in Australia which reported 1.8 log;
CFU/g (Habib et al., 2018) and Lithuania which reported concentrations
between 1.99 and 2.11 log;o CFU/g (Buneviciene et al., 2010). How-
ever, there are limited studies worldwide on quantifying Campylobacter
in chicken meat using culture techni and to our knowledge, this is
the first study of its kind in Peru.

Campylobacter concentration in chicken meat depends on initial flock
contamination, handling during transport, slaughter process, time be-
tween slaughter and sale, and storage methods until consumption
(Newell et al., 2017). Although our analysis focused on traditional
markets, it is important to consider the time the chicken is being

regions. Campylobacter was studied since it is a major cause of gastro-
enteritis globally, and because despite being associated with an outbreak
of Guillain-Barre syndrome in Peru in 2019, it remains poorly under-
stood in the country (Munayco et al., 2020; CDC-MINSA, 2023).
Furthermore, reliable quantitative data on viable pathogenic bacteria

ted since crates are an important factor in their exposure to
pnthogens and subseq 1 For pl hicl
consumed in Huancayo are transported alive for approximately 10-12h
to be i liately slaughtered, this could i stress in chick
which might reduce their i king them more sus-
ceptible to Campylobacter. Research mdlcutes that transport stress

ion.

Table 9
Prevalence scenarios simulated in the QMRA model.
Prevalence scenarios Ref
Input parameters Current preval 20 % red 40 % red; 60 % red 80 % reds
Region of Huaral
Population size 183,898 (INEI, 2017)
Pathogen prevalence in retail
Point estimation of prevalence 53.3% 42.6% 32% 213 % 10.7 % Results of this study
Pathogen concentration
Concentration: mean 3.32 log,, (CFU/g) Results of this study
Concentration: st dev 0.58 log; o (CFU/g)
Storage conditions
% of portions stored at room temperature 36.75 % for all scenarios (MIDAGR]I, 2022)
% of portions stored in the fridge 56.93 % for all scenarios
% of portions stored in the freezer 6.33 % for all scenarios
Cross-contamination parameters
% of portions possibly causing cross-contamination 10 % for all scenarios Authors’ estimate
Region of Huaneayo
Population size 545,615 (INEI, 2017)
Pathogen prevalence in retail
Point estimation of prevalence 30% 24 % 18 % 12% 6% Results of this study
Pathogen concentration
Concentration: mean 3.29 logyo (CFU/g) Results of this study

Concentration: st dev

Storage conditions

% of portions stored at room temperature

% of portions stored in the fridge

% of portions stored in the freezer
Cross-contamination parameters

9% of portions possibly causing cross-contamination

0.59 log, o (CFU/g)
63.71 % for all scenarios
32.66 % for all scenarios
3.63 % for all scenarios

10 % for all scenarios

(MIDAGRI, 2022)

Authors’ estimate




B.L. Gonzales et al

Food Research International 200 (2025) 115424

Propor(lon of refrigerator owners = 10% = 50% * 90%
who freeze the chicken meat

HUARAL
% of contaminated chicken meat: 53.3 %
% of refrigerator owners: 63.3 %

21,000,000~
875,000-
750,000
625,000-
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375,000~

250,000
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Campylobacteriosis cases per 100,000 habitants in one year
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at Jovel

Fig. 1. Simulated cross-contamination scenarios with different storage conditions. The X axis represents cross-contamination scenarios at the consumer level, with

1i 66

each color rep i P

bacteriosis, and error bars represent the 90% credible intervals for each scenario.

HUARAL
% of refrigerator owners: 63.3 %

I

32% 21%

im.ooo

112,500
100,000
87,500
75,000
62,500
50,000
37,500

25,000
12,500

Campylobacteriosis cases per 100,000 habitants in one

53% 43% 1%

of people storing chicken meat at fry

Points indi the median incidence rate of campylo-

HUANCAYO
% of refrigerator owners: 36.3 %

i

30% 24% 18% 12% 6%

Proportion of contaminated chicken meat

Fig. 2. Simulated scenarios for the percentage reduction of the current prevalence of contaminated chicken meat for Huaral and Huancayo. The X-axis represents

current prevalence levels in markets and their reduction by 20%, 40%, 60%, and 80%. Points indicate the median incid

show the 90% credible intervals for each scenario.

increases Campylobacter excretion rates, with colonization occurring
within 4 hin contaminated crates (Rasschaert et al., 2020). This was not
found in poultry transported for only 2h (Slader et al., 2002). In contrast
to Huancayo, chicken from Huaral experience shorter transport times,
suggesting other factors may influence Campylobacter concentrations
found. Therefore, transport crates may play an important role in cross-
contamination of chicken carcasses in the markets from Huancayo, but
less so in the markets from Huaral.

Campylobacter was not detected in Tumbes/Piura through culture
technique. However, the genetic material found through qPCR demon-
strates the possibility of the presence of dead, non-viable bacteria, or
concentrations below the detection limit of the culture method. This
region has an average annual temperature of 24.2 °C (INEI, 2022b), so
farms usually have more ventilation control, and most traditional

rate of campyl is, and error bars

market stalls have refrigerators, which may reduce bacterial concen-
trations in the analyzed samples. On the other hand, the viability of
Campylobacter could have been affected at some point between the
slaughterhouse and the retail sale. Fresh chicken sold may have been
frozen without consumer’s knowledge, and this could have led to
Campylobacter entering a viable but non-culturable state, which has been
de_scubed under stm_s‘s conditions such as low temperatures and aerobic
envi it undk able by culture (Lv etal,,
2020). It would be important to continue monitoring the presence and
load of viable Campylobacter in chicken meat, as Tumbes/Piura is a re-
gion where an outbreak of Guillain-Barre Syndrome was reported
shortly after our evaluation (CDC-MINSA, 2023).

qPCR detected more positive samples than culture, but the results
should be interpreted with caution since they may not reflect actual
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population risk. This is because the qPCR assay used in this study detects
both viable and non-viable cells, potentially inflating prevalence esti-
mates (Josefsen et al., 2004; Magana et al, 2017). Although promising
qPCR assays capable of distinguishing alive from dead cells are under
development, they have not yet replaced the gold standard of bacteri-
ological culture (Dubovitskaya et al., 2023; Thomval & Hoorfar, 2021).
Thus, qQPCR was used in this study to complement culture and to eval-
uate its potential as a tool for routine Campylobacter surveillance in
chicken meat, as discussed in Section 4.3,

4.2. Role of traditional market stall characteristics in Campylobacter spp.
prevalence and quantification

Regarding the traditional market stall characteristics, access to tap
water was associated with higher Campylobacter prevalence and higher
quantifications by both culture and gqPCR analysis. Studies have
d rated that this pathogen can rapidly spread on food and nearby
surfaces (Habib et al., 2020: Sarjit & Dykes, 2017), suggesting that tap
water in the stall might represent a risk factor by facilitating the spread
of bacteria when washing ils used on ¢ inated carcasses, such
as chopping boards, knives, and cleaning cloths. In fact, campaigns have
highlighted the importance of not washing chicken at home to reduce
cross-contamination risks (Henley et al., 2016). Moreover, sellers could
be washing the chicken meat to ic residues, making it more
appealing to consumers. On the other hnnd not having a refrigerator for
chicken storage was related to higher Campylobacter quantifications by
culture and qPCR, despite not being associated with a higher prevalence.
This could be attributed to refrigeration reducing bacterial concentra-
tions by up to 0.81 log;o CFU per gram (Bl ulun & Cottrell, 2004), while
freezing meat for a few days d Camp ration by
up to 1.4 log,o CFU/g and if it is done for 2&-31 days decreases it by up
t0 2.33-2.9 log; o CFU/g (Georgsson et al., 2006; Maziero & de Oliveira,
2010). In this manner, traditional market stall characteristics might be
playing an important role in Campylob tr: ission to
through contaminated chicken meat.

4.3. Potential use of gPCR in Campylobacter surveillance

Surveillance of Campylobacter spp. in many countries is hindered by
the complex methodology required for isolation and quantification via
culture, which demands immediate processing after sampling and can
take up to seven days (Magana et al., 2017). Conversely, conventional
molecular techniques enable detection within a day but only identify
genetic material, leaving uncertainty regarding the pathogen's viability
in the meat and its p I risk for Our evaluation, using
ROC curve analysis, suggests a cut-off point of 5.37 logjo GC/g to
determine if a sample would be negative by culture with a specificity of
85 % (95 % CIL: 0.74-0.92). This could allow a rapid assessment of
chicken meat batches using molecular techniques, ensuring they meet
safety standards before reaching retail markets, while culture analysis is
conducted concurrently. However, the pmpomd cut~oﬂ point requlrs
validation before being impl d as a comy y diagnostic
tool in Campylobacter surveillance.

4.4. Simulated cases of human campylobacteriosis through sQMRA based
on prevalence and quantification data from traditional markets

In our QMRA simulations we obtained risks that were 600 times
higher those reported in the baseline “Campylobacter on chicken fillet
from The Netherlands™ model (Chardon & Evers, 2017). In Peru, con-
sumption, storage conditions, and cross-contamination levels for
chicken differ from those in the Netherlands. A hypothetical scenario
using only the prevalence and concentration of Campylobacter from this
study but maintaining Dutch p ers shows a risk 35 times higher,
highlighting the impact of bacterial load. However, the remaining
impact of this disease may also stem from chicken being Peru’s primary
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protein source, with per capita consumption 15 times higher than in the
Netherlands (MIDAGRI, 2022). In Peru as in other low- and middle-
income countries, washing raw chicken to remove visible residues is
common, as many believe it makes it safer (Joao et al., 2021). However,
this practice can spread bacteria to other kitchen surfaces (Sasjit &
Dykes, 2017), especially if the same cutting board is used for raw
chicken and vegetables, increasing transmission risk. This reflects the
paramount importance of maintaining good kitchen hygiene practices to
avoid cross-contamination during handling of Campylobacter-contami-
nated chickens to reduce the risk of campylobacteriosis (Eriksson et al.,
2023).

This analysis indicates that, using conservative parameters and the
bacterial load identified by culture in our study, every consumer in the
evaluated regions would develop campylobacteriosis at least once
annually. This alarming finding highlights the potential severity of the
problem. On the other hand, limitations in Peru’s syndromic surveil-
lance of acute gastroenteritis and foodbome illnesses lead to under-
reporting of campylobacteriosis cases, making it difficult to fully rule out
annual incidence rates in the si 1 scenarios. C: ly, the
QMRA section in this study focuses on discussing mainly the control
strategies evaluated in the analysis rather than the simulated incidence
rates. Nevertheless, it is important to emphasize the need to characterize
the agent in both acute gastroenteritis outbreaks and routine
surveillance.

4.5. Control strategies for human campylobacteriosis evaluated through
QMRA simulations

Among the campylobacteriosis control strategies evaluated through
QMRA simulations, reducing cross-contamination at the consumer level
and increasing the fraction of the population with refrig that store
chicken at freezing temperatures are realistic options. These strategies
could be implemented through educational campaigns without
requiring investment in equipment. This study assumes that the per-
centage of chicken portions causing cross-contamination in Peru ranges
from 40 — 80 %. Despite this high figure, we demonstrated that reducing
cross-contamination from 80 % to 20 % could decrease the median
annual incidence rate of campylobacteriosis by up to 75 %. This is
consistent with previous studies indicating that effective control of
cross-contamination markedly reduces the risk of Campylobacter trans-
mission (Cardoso et al., 2021; Lindqvist & Lindblad, 2008). On the other
hand, while having a refrigerator improves quality of life (Katlsson &
Subramanian, 2023), only 55.1 % of Peruvians currently own one, and
expanding this coverage would require substantial economic investment
(INEL 20222). Nevertheless, increasing the proportion of people who
store chicken in the freezer from 10 % to 90 % while maintaining the
current number of refrigerator owners could decrease campylobacter-
iosis cases by nearly 40 %, likely due to the significant reduction in
pathogen concentration after freezing (Georgsson et al., 2006). This
finding aligns with the studies that demonstrate that cold and freezing
temperatures effectively reduce Campylobacter loads, thus lowering the
risk of infection (Nastasijevic et al., 2020; Thames & Sukumaran, 2020).
Therefore, it is necessary that corresponding authorities implement
education programs to promote proper raw chicken meat handling
practices, raise awareness about the role of cross-contamination in the
transmission of campylobacteriosis, and encourage the storage of
chicken in the freezer to reduce the incidence rate.

The percentage reduction in simulated cases relative to the decrease
in the pr e of cc inated chicken on traditional markets
highlights the importance of efforts to reduce the level of contamination
in primary production in order to provide safer meat to consumers.
Nevertheless, even with an increase of biosecurity at the farm level to
extremely high standards, a high proportion of poultry batches would
still be contaminated (Georgiev et al,, 2017). This issue lacks a single
solution; instead, there are multiple vulnerable points in the production
chain where the different stakeholders, including the authorities, can
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intervene. Therefore, improvements must be developed at the level of
the different critical points throughout the production chain to mitigate
the public health impact of this pathogen.

Our study had limitations, including the potential selection bias
related to the traditional markets sampled, which could overestimate
the prevalence of Campylobacter. To minimize it, we selected markets
with the highest attendance in each region. Furthermore, this study did
not differentiate between Campylobacter species in the chicken samples,
and the sQMRA model used was parameterized with C. jejuni dos-
e-response data. As species distribution in the evaluated regions is un-
known, extrapolating disease impact to the Peruvian context without
specific epidemiological data introduces a potential bias that could
overestimate or underestimate the results of the presented QMRA.

It is also important to acknowledge that the QMRA outputs rely ona
number of simplifications and assumptions and require further valida-
tion in real-world contexts. Despite this, these results offer a valuable
foundation for understanding campylobacteriosis control d. ics. The
reliance on input parameters that may not fully reflect the diverse
consumer practices regarding cross ion and could
affect the applicability of the results. Variations in consumer behavior
across different regions may lead to over- or underestimations of the
effectiveness of the proposed interventions. Consequently, current in-
formation on cross-contamination levels and chicken meat storage
practices at the consumer level in Peru is needed for more accurate es-
timations of campylobacteriosis cases.

Finally, the QMRA model used in th.|s study does not consider im-
munity due to previous Campylob: P ially leading to
an overestimation of simulated cases. While recurrent mfecuons can
occur in adults, exposure to this pathogen at an early age in endemic
settings may induce protective immunity (Kaakoush et al., 2015).
Therefore, future studies should focus on the efficiency and duration of
immunity produced by Campylobacter to enhance available QMRA
models.

5. Conclusions

In conclusion, Campylobacter is present in chicken meat sold in
traditional markets in the three regions evaluated, at least by molecular
analysis. Culture results indicated a high mean concentration in CFU/g,
which does not comply with any of the sanitary regulations for the sale
of chicken meat. Additionally, our findings indicate that improper use of
tap water and inadequate refrigeration practices in market stalls are
likely contributors to the observed Campylobacter contamination. This
represents an important risk to public health, which was corroborated
with the development of QMRA models that demonstrated that cross-
contamination and storage conditions at the consumer level play an
important role in the transmission dynamics of human campylobacter-
iosis. In light of the high levels of contamination reported in this study
and the control strategies assessed in the QMRA, it is necessary to
enhance food hygiene practices along the poultry production chain and
among consumers to mitigate the risk of acquiring campylobacteriosis.
While the outputs of our QMRA model need further validation, they
represent a valuable starting point for und g these dy
For these reasons, the findings of this study could contnbute to the
establishment of prevention and control measures by the corresponding
authorities.
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I1. DETALLES ADICIONALES DE LA METODOLOGIA

Durante el muestreo de carne de pollo detallado en el articulo publicado, la
informacion sobre las caracteristicas de la infraestructura y de las condiciones de
venta de carne de pollo dentro de los puestos de mercado de abasto fue recolectada
mediante un formulario con opciones de respuesta multiples, desarrollado en la
aplicacion movil Epicollect5 (1). En cada opcion de respuesta multiple se describian
los criterios a tomar en cuenta para que la colecta de datos fuera lo més uniforme
posible. Este formulario fue completado por el personal de campo en el momento
de la visita, a partir de observacion directa, seleccionando las opciones que
correspondian segun lo observado en cada puesto. Una descripcion detallada del
formulario y de las categorias de respuesta se presenta en el Cuadro suplementario
S1 del articulo publicado, también incluido en el ANEXO 1 del presente
manuscrito.

Mediante el formulario mencionado, se colectd informacidn sobre si el puesto
de mercado vendia exclusivamente carne de pollo, si el producto estaba listo para
la venta sin necesidad de manipulacion adicional, el estado de limpieza de la mesa
de corte y del pano de limpieza, asi como la disponibilidad de refrigeracion y agua
corriente. También se considero la aceptabilidad de la infraestructura general del
puesto, definida como la presencia de superficies lavables, piezas organizadas,
ausencia de acumulacién de visceras y baja presencia de moscas.

Cada muestra fue almacenada individualmente en bolsas plasticas rotuladas y
colocada en cajas térmicas con geles refrigerantes para su transporte inmediato. Las
cajas permanecieron cerradas durante el traslado y las muestras no estuvieron en

contacto directo con los geles, lo que permitid mantener temperaturas de
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refrigeracion sin riesgo de congelacion. En cada envio se utilizo un registrador de
temperatura TempTale® Ultra (Sensitech Inc., Redmond, WA), lo que permitid
verificar que las muestras se conservaron en un rango de 3 °C a 8 °C desde su
recoleccion en los mercados de abasto hasta su llegada al laboratorio en Jauja,
Junin.

Segun la seccion 8.2.3.1 del estdndar internacional ISO/TS 17728:2017, el
transporte de muestras de cuello de aves de corral no requiere un medio especifico
previo al cultivo, siempre que se mantenga la cadena de frio y se evite la
congelacion (2). Asimismo, la norma ISO 7218 establece que las muestras pueden
conservarse hasta 24 horas a una temperatura de 3 °C £+ 2 °C antes del analisis
microbioldgico sin afectar la viabilidad de los patogenos (3).

En este estudio, todas las muestras, incluidas las provenientes de Tumbes, Piura
y Huaral, fueron procesadas dentro de ese plazo. Las condiciones de transporte y
conservacion fueron idénticas en todas las regiones, con refrigeracion controlada y
monitoreo continuo de temperatura. Las muestras de regiones distintas a la
ubicacion del laboratorio (como Huaral y Tumbes/Piura) fueron recolectadas a
primera hora de la mafiana los dias domingo y trasladadas por via aérea ese mismo
dia hasta el laboratorio en Jauja, bajo las condiciones ya descritas, para ser
analizadas dentro de las 24 horas posteriores a su colecta.

Por ello, la ausencia de aislamientos positivos de Campylobacter spp. mediante
cultivo bacterioldgico en las muestras de Tumbes/Piura no podria atribuirse a fallas
logisticas, ya que estas siguieron el mismo protocolo y tiempo de transporte que las
de Huaral, donde si se obtuvieron cultivos positivos. Esta diferencia probablemente

se relacione con factores propios de los puntos de muestreo, como las practicas de
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manipulacion del producto, condiciones higiénicas o carga bacteriana inicial,
aspectos que se abordan mas adelante en la seccion de discusion de este documento.

Una vez en el laboratorio, ademas del anélisis mediante cultivo bacterioldgico,
las muestras fueron evaluadas mediante un ensayo de reaccion en cadena de la
polimerasa cuantitativa en tiempo real (QPCR, por sus siglas en inglés) para la
deteccion y cuantificacion de Campylobacter spp. termotolerantes. El ensayo de
qPCR utilizado fue previamente validado en un estudio colaborativo multicéntrico,
en el que participaron 12 laboratorios que evaluaron muestras de enjuague de
canales inoculadas experimentalmente (4). En esta evaluacion, el método mostrod
una sensibilidad de 96.7 % y una especificidad del 100 % para muestras de pollo
4).

La cuantificacion del niimero de copias gendémicas (CG) se realizd6 mediante
estimacion a partir de una curva estandar generada a partir de fragmentos sintéticos
de ADN (gBlocks®, Integrated DNA Technologies, Inc., Coralville, IA, USA). La
curva se preparo utilizando una serie de diluciones seriadas en base 10 de 12 puntos,
que abarcé concentraciones desde 10° hasta 1072 CG. Si bien no se validé un limite
de deteccion (LOD) localmente, se consideré como umbral el punto mas bajo de la
curva en el que se obtuvo amplificacion reproducible con valores de Ct menores a
40. En este caso, se observo amplificacion consistente a partir de 10 CG, mientras
que a I CG no se detecté amplificacion, por lo que el LOD operativo del ensayo
fue establecido en 10 CG. Las reacciones de qPCR se realizaron por duplicado, y
se consideraron positivas aquellas muestras que mostraron amplificaciéon en al

menos una réplica dentro del umbral definido.
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La evaluacion cuantitativa del riesgo microbiologico (QMRA, por sus siglas en
inglés) se basdé en los resultados de proporcion de muestras positivas y
cuantificacion de Campylobacter spp. obtenidos por cultivo bacteriologico, segin
lo descrito en la seccion 2.2 del articulo publicado. Solo se utilizaron resultados de
cultivo, ya que el modelo requiere bacterias viables. Para parametrizar el modelo
con datos peruanos, se recopilaron variables demograficas y de consumo de carne
de pollo a partir de encuestas y censos nacionales. Dado que las regiones
muestreadas presentaban diferencias en clima, tamafio poblacional y acceso a
refrigeracion, se desarrollaron modelos especificos por region (5). Ante la falta de
informacion sobre practicas de almacenamiento en el hogar y eventos de
contaminacion cruzada, se simularon distintos escenarios para evaluar su impacto
en la exposicion.

Es importante precisar que la informacion recolectada sobre las caracteristicas
de los puestos en mercados de abasto no fue incluida como variable de entrada en
el modelo QMRA. Las variables categdricas correspondientes, como ‘“puesto
limpio”, “infraestructura aceptable” o “presencia de refrigeracion”, se utilizaron
unicamente en analisis exploratorios para evaluar su asociacion con la presencia y
carga de Campylobacter spp. detectadas por cultivo y qPCR. Sus definiciones
operativas ya fueron descritas al inicio de esta seccion y se presentan en detalle en
el Cuadro 1 del material suplementario del articulo publicado, también incluido en

los anexos del presente manuscrito.
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III. DISCUSION

El presente estudio describié el impacto que tendria la presencia y
cuantificacion de Campylobacter spp. en carne de pollo vendida en mercados de
abasto de las provincias Huancayo, Huaral, Tumbes y Piura. Se resalta el alarmante
nivel de contaminacion encontrado, muy por encima de la normativa sanitaria
peruana (6). Asimismo, se evaluo el uso potencial de la gPCR como herramienta
para la vigilancia rutinaria de Campylobacter en complemento al actual método
gold estandar, el cultivo bacterioldgico. Finalmente, se llevo a cabo un QMRA para
estimar el nimero de casos anuales de campilobacteriosis humana basados en los
niveles de contaminacion reportados en este estudio y para evaluar estrategias de

control dirigidas al nivel consumidor.
2.1 Campylobacter spp. en carne de pollo de mercados de abasto

En Perq, el pollo es un componente esencial de la dieta diaria y la principal
fuente de proteina animal para la poblacidn, representando mas del 60% del
consumo total de proteinas animales, segin el Ministerio de Desarrollo Agrario y
Riego (MIDAGRI) (7). Esta dependencia del pollo como alimento basico resalta la
importancia de los resultados obtenidos en este estudio, que evidencian elevados
niveles de Campylobacter, una bacteria patégena vinculada con intoxicaciones

alimentarias y enfermedades gastrointestinales (8).

En particular, reportamos una cuantificacion promedio de Campylobacter spp.
de 3.31 logio unidades formadoras de colonias por gramo de pollo (UFC/g) en las
muestras contaminadas. Esta cifra revela un elevado nivel de contaminacion en la
carne de pollo vendida para consumo en mercados de abasto de las ciudades

evaluadas, especificamente en Huancayo y Huaral. Este nivel de contaminacion esta

16



en linea con reportes internacionales de paises como Brasil y Estonia, aunque
supera las cuantificaciones reportadas en Australia y Lituania (9-12). Por lo que,
considerando el alto consumo de pollo en el pais y su presencia constante en los
hogares peruanos, estos hallazgos podrian tener serias implicaciones para la salud
publica. Esto subraya la necesidad de evaluar estrategias de control y mitigacion,
no solo a nivel de mercados de abasto, sino también a lo largo de la cadena de

produccion, comercializacion y en el nivel consumidor.

Por otro lado, en el estudio se reporta que todas las muestras de carne de pollo
provenientes de las provincias de Tumbes y Piura, pertenecientes a las regiones
homonimas, resultaron negativas para Campylobacter spp. mediante cultivo. Sin
embargo, la deteccidon y cuantificacion de material genético de Campylobacter
mediante qPCR en estas regiones sugiere la posible presencia de bacterias no
viables, en estado viable pero no cultivable, o en concentraciones inferiores al limite
de deteccion del método de cultivo (13). Dado el ntimero de observaciones
disponibles en ambas provincias, asi como las similitudes en caracteristicas
climaticas, condiciones de los mercados y origen de la carne de pollo destinada a la
venta, se decidio agrupar las provincias bajo la denominacion Tumbes/Piura para

fines analiticos en este estudio.

En el estudio se discuten los posibles factores que pudieron influenciar en la
ausencia de muestras contaminadas con Campylobacter spp. en Tumbes/Piura.
Entre ellos, la ventilacién controlada en las granjas que contrarestan las altas
temperaturas de esta region, combinada con el uso mas frecuente de refrigeracion
en los mercados, podria explicar estas diferencias (14). Ademas, es posible que

algunos vendedores comercialicen pollo previamente congelado como si fuera
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fresco, buscando evitar su rapida descomposicion bajo altas temperaturas. En este
sentido, es importante considerar que el congelamiento, aunque efectivo para
reducir las concentraciones bacterianas, puede inducir estados de viabilidad no
cultivable, complicando la deteccion y cuantificacion de Campylobacter mediante

cultivo bacterioldgico (13).

Sin embargo, si bien en este estudio no se reportd Campylobacter en
Tumbes/Piura, consideramos que se deberian seguir monitoreando estas provincias.
Esto debido a que, en los ultimos afios, se ha reportado un aumento en los casos de
sindrome de Guillain-Barré (SGB) en la region norte del pais (15). En el afio 2023,
un afo después de la recoleccion de las muestras de pollo analizadas en el estudio
madre, el Centro Nacional de Epidemiologia, Prevencion y Control de
Enfermedades emiti6 una alerta epidemioldgica debido al aumento de casos del
SGB en varias ciudades del pais, incluida Piura (16). En dicha alerta, se enfatiz6 la
importancia de fortalecer la vigilancia epidemiologica de los posibles
desencadenantes de este trastorno neurologico. Ademas, se destaco la necesidad de
comunicar mensajes clave a la poblacion sobre la correcta manipulacion de
alimentos y la implementacion de medidas efectivas para evitar la contaminacion

cruzada durante su almacenamiento y preparacion (16).

2.2 Adaptacion de la normativa peruana a los estandares europeos frente a

Campylobacter spp.

El control de Campylobacter spp. en la cadena de produccion de carne de pollo
es un desafio global debido a su ubicuidad y alta prevalencia en las aves de corral
y se ha reportado que atin no es posible lograr su eliminacion total en las granjas de

produccion (17). En este sentido, la normativa europea, establece un limite maximo
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de 1000 UFC/g para que la carne de pollo sea considerada apta para su
comercializacion (18). Este enfoque se fundamenta en el reconocimiento de la
imposibilidad de erradicar completamente el patdgeno y en la necesidad de mitigar
el riesgo asociado a su presencia. Se ha demostrado que la implementacion de este
limite de contaminacién puede reducir los casos de campilobacteriosis humana

hasta en dos tercios (19).

Por otro lado, en Peru, la ausencia de una regulacion especifica para
Campylobacter spp. representa un vacio critico en la vigilancia de la seguridad
alimentaria. La normativa actual, que establece criterios microbioldgicos para la
inocuidad alimentaria, se limita a requerir la ausencia de microorganismos
patogenos, considerando cualquier presencia de estos como un riesgo para la salud
(6). Sin embargo, los hallazgos de este estudio revelan niveles de contaminacion
que superan incluso los limites establecidos por la normativa europea (18). Esto
evidencia la necesidad de revisar y especificar los parametros en la normativa
vigente, ajustando el limite permitido a un valor mas pragmatico, como el europeo.
Implementar un estandar de este tipo fortaleceria el sistema de vigilancia
alimentaria peruano, facilitando un control mas efectivo del riesgo y alineando al

pais con practicas internacionales de seguridad alimentaria.

2.3 Factores de riesgo para la presencia de Campylobacter spp. asociados a las

caracteristicas de los mercados de abasto

Los mercados de abasto constituyen la principal via de comercializacion de
carne de pollo fresca destinada al consumo en los hogares peruanos (7). Este estudio

identifico los factores de riesgo presentes en los puestos de mercado que podrian
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abordarse para reducir la prevalencia y carga de Campylobacter en la carne de pollo

y proteger la salud de los consumidores.

Ademas del analisis de regresion de Poisson modificado presentado en el
articulo publicado, en el que se muestran los resultados crudos y ajustados por
region, se exploré un modelo multiple ajustado simultdneamente por todas las
caracteristicas de los puestos evaluadas y por region. Los resultados de este analisis
adicional se presentan en el ANEXO 2, donde se observa que la presencia de
refrigeradora y de agua corriente dentro del puesto se asocio significativamente con
la deteccion de Campylobacter. Esto contrasta con el modelo ajustado unicamente
por region, en el que solo el acceso a agua corriente fue estadisticamente
significativo en las muestras positivas por cultivo. Este hallazgo es consistente con
el andlisis bivariado incluido en el articulo publicado, en el que ambos factores
también mostraron una relacion significativa con las cuantificaciones obtenidas

tanto por cultivo como por qPCR.

En este sentido, uno de los factores asociados a una mayor cuantificacion
encontrada de Campylobacter es la falta de refrigeradoras en los puestos de venta.
Al no contar con este electrodoméstico, la carne de pollo se mantiene a temperatura
ambiente durante varias horas, lo que podria incrementar el riesgo de transmision
al consumidor (20,21). Campylobacter spp. prospera a temperaturas entre 30 °C y
45 °C, y aunque no crece por debajo de 4 °C, puede sobrevivir durante periodos
prolongados en condiciones suboptimas (22). Este problema se agrava durante los
meses mas calidos del afio o en mercados sin una adecuada ventilacion, cuando las
temperaturas ambientales elevadas aceleran el deterioro microbioldgico de los

alimentos. A mediados de 2023, el Ministerio de Salud introdujo una norma
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sanitaria que regula las condiciones de los mercados de abasto, estableciendo que
todos los puestos de venta de carnes deben disponer de medios de refrigeracion o
congelacion (6). En nuestro estudio, que emplea datos de hasta seis meses antes de
la entrada en vigor de esta norma, solo el 21 % (19/90) de los puestos analizados
disponia de refrigeradoras. Esto resalta la importancia de monitorear si los
mercados cumplen actualmente con la normativa y, de no ser asi, reforzar las

medidas para garantizar su implementacion.

Otro factor discutido en el estudio es la disponibilidad de agua corriente dentro
de los puestos del mercado de abasto. Si bien el acceso al agua es una necesidad
basica para la higiene, su uso inapropiado podria incrementar el riesgo de
contaminacion cruzada, especialmente cuando se emplea para lavar carne
contaminada o utensilios sin protocolos adecuados de separacion y desinfeccion
(23,24). Si los comerciantes lavaran la carne de pollo para eliminar restos organicos
y hacerla visualmente més atractiva, podrian estar favoreciendo la diseminacion de
Campylobacter a través de salpicaduras y contacto con superficies contaminadas
(24). El lavado de pollo crudo no reduce la carga bacteriana y las salpicaduras
generadas durante el proceso pueden alcanzar distancias de hasta 70 cm (25). Esta
préctica, comun en hogares peruanos, no solo incrementa el riesgo de exposicion
directa al patdgeno, sino que también compromete la seguridad de otros productos

presentes en el mismo entorno (26).

Esta situacion se ve agravada por el hecho de que Campylobacter tiene la capacidad
de formar biopeliculas sobre superficies inertes, lo que dificulta su eliminacion
durante la limpieza (27,28). En mercados de abasto con bajo control sanitario, el

uso repetido del agua para diversas actividades, la falta de separacion entre areas
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limpias y sucias, el escaso uso de desinfectantes y la atencion continua a multiples
clientes pueden convertir el agua corriente en un vehiculo de transmision mas que
en una medida de control. Por ello, como recomendacion basada en los hallazgos
del estudio, se sugiere la implementacion de programas de capacitacion para los
vendedores, enfocados en mejorar las practicas de manejo y reducir la

contaminacion cruzada (26).

2.4 Uso potencial de qPCR como herramienta en la vigilancia rutinaria de

Campylobacter

La gqPCR es una herramienta prometedora en la vigilancia de Campylobacter,
con estudios previos que sugieren que podria ser tan eficaz como los métodos de
cultivo (29). Sin embargo, a diferencia del cultivo bacterioldégico, que permite
evaluar la viabilidad del microorganismo, los ensayos de qPCR no siempre son
capaces de distinguir entre material genético viable e inactivo o no cultivable (30).
En este estudio, empleamos un ensayo de qPCR que nos permitié detectar y
cuantificar el material genético de Campylobacter, independientemente de su
viabilidad (4), lo que implica que los hallazgos de copias genémicas por gramo de
pollo (CG/g) no pueden ser interpretados de la misma manera que los hallazgos de
unidades formadoras de colonias por gramo (UFC/g), ni reflejan necesariamente un

riesgo real para la poblacion.

A pesar de esta limitacion, los resultados del analisis de la curva de
caracteristicas operativas del receptor (ROC, por sus siglas en inglés) ofrecen una
via para utilizar la qPCR como una herramienta de tamizaje rapida. En este analisis,
se identificé un punto de corte de 5.37 logio GC/g con una especificidad del 85%

(IC 95%: 0.74-0.92) para predecir muestras negativas en cultivo. Este umbral podria
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ser util para evaluar rapidamente lotes de carne de pollo potencialmente libres de
Campylobacter, mientras se lleva a cabo el largo proceso de cultivo bacterioldgico.
Sin embargo, antes de su implementacion generalizada, es necesario validar este
punto de corte para garantizar que su uso complementario con el cultivo sea eficaz
en la mejora de la seguridad alimentaria, permitiendo una vigilancia mas rapida y

oportuna.
2.5 Hallazgos del QMRA y evaluacion de estrategias de control

El QMRA realizado en este estudio revel6 un riesgo elevado de adquirir
campilobacteriosis en Peru a partir del consumo de carne contaminada, estimado en
600 veces mas alto que el reportado en los Paises Bajos (31). Este resultado no solo
se deberia a las diferencias en prevalencia y carga bacteriana entre ambos paises,
sino también a las caracteristicas estructurales y culturales de la cadena alimentaria
(5,7). Aunque las simulaciones sugieren que cada consumidor de las poblaciones
evaluadas de Pert podria desarrollar campilobacteriosis anualmente bajo
parametros conservadores, este andlisis no se enfoca en discutir y comparar las
cifras simuladas con las reportadas en el pais. Esto se debe a que no podemos
determinar si estas cifras estarian sobreestimadas o subestimadas, debido a las
limitaciones en el sistema de vigilancia de Campylobacter en Pert y la falta de
caracterizacion del agente en los brotes de gastroenteritis. Por lo tanto, el estudio se
enfocd en la evaluacion de estrategias de control y como su implementacion podria

contribuir a la reduccién de los casos simulados de campilobacteriosis humana.

Ademas, se detallan estrategias de control de la campilobacteriosis que
consideramos viables para su implementacion en Pertl, al no requerir la necesidad

de grandes inversiones en infraestructura. La reduccion de la contaminacion
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cruzada a nivel del consumidor podria reducir hasta en un 75 % los casos de
campilobacteriosis humana simulados, mientras que aumentar la proporcion de la
poblacion con refrigeradoras que almacena el pollo a temperaturas de congelacion
podria reducir los casos en un 40%. Estas acciones podrian implementarse mediante
campafias educativas, aprovechando la infraestructura existente y sin la necesidad
de adquirir o distribuir nuevos equipos. Las campafias podrian enfocarse en
sensibilizar a la poblacion sobre los peligros de la contaminacion cruzada en las
cocinas, el uso de utensilios diferentes para alimentos crudos y cocidos, y el riesgo
de lavar la carne de pollo (32,33). En cuanto al almacenamiento de la carne, se
orientaria a los consumidores sobre los beneficios de la congelacion previa al
consumo (34,35), promoviendo habitos mas seguros, especialmente en las zonas

rurales, donde la infraestructura de refrigeracion puede ser limitada.

No obstante, se debe considerar que la efectividad de las campanas educativas
dependera de la capacidad de adaptar los mensajes a las realidades de las zonas
rurales y urbanas, donde los habitos alimentarios y las condiciones de
almacenamiento pueden variar considerablemente. Ademas, aunque la educacion
sobre la contaminacion cruzada podria reducir los riesgos de manera importante, su
implementacion requiere un cambio de paradigma en las practicas cotidianas, lo
que puede ser dificil sin un acompafiamiento continuo. Por lo que el éxito de estas
estrategias dependerd de un esfuerzo coordinado entre los diferentes actores del
sistema alimentario, incluidos los productores, distribuidores, autoridades sanitarias

y los propios consumidores.

Por otro lado, se evalu6é cémo la reduccion de la prevalencia de carne de pollo

contaminada en los mercados influiria en la disminucién de los casos simulados de
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campilobacteriosis humana. Sin embargo, la prevalencia de Campylobacter en los
lotes de pollo no depende unicamente de las medidas de bioseguridad
implementadas en las granjas, sino también de las condiciones de transporte,
procesamiento y distribucion (28). Aunque mejorar los estandares de bioseguridad
en las granjas puede reducir la contaminacion inicial, esta puede persistir en etapas
posteriores de la cadena de produccion (17). Por lo tanto, para lograr una reduccion
de la prevalencia de Campylobacter en el pollo comercializado en los mercados de
abasto, es necesario adoptar una estrategia integral que abarque desde las granjas
de produccion hasta las plantas de procesamiento, el transporte y los mercados de

abasto.

Finalmente, se discuten las posibles limitaciones del estudio que deben ser
consideradas en la interpretacion de los resultados. Una de las principales
limitaciones es que no se diferenciaron las especies de Campylobacter en el estudio
primario. Esto impide conocer la distribucion de especies en las regiones evaluadas,
lo cual limita la extrapolacion de los resultados. Especies de Campylobacter podrian
diferir en su virulencia, frecuencia en humanos y carga de enfermedad, por lo que

asumir un comportamiento homogéneo podria afectar las estimaciones del modelo.

Por ejemplo, C. jejuni causa aproximadamente el 90% de las infecciones
humanas, mientras que C. coli representa menos del 10% (36-38). Este menor
impacto en salud publica se relaciona con la ausencia de varios factores de
virulencia en C. coli, lo cual ha sido confirmado por andlisis gendmicos que
evidencian la falta de genes asociados a la patogenicidad presentes en C. jejuni
(39,40). Y aunque ambas especies pueden ocasionar infecciones mas allé del tracto

digestivo, C. jejuni se asocia mas frecuentemente con secuelas como el SGB, artritis
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reactiva y sindrome urémico hemolitico (41). Esta limitaciéon no solo afecta el
estudio, sino también refleja una debilidad del sistema de vigilancia en Perua, que

no contempla la identificacion a nivel de especie.

Ademés, esta falta de diferenciacion entre especies es especialmente relevante
porque el modelo QMRA empleado fue parametrizado utilizando una curva dosis-
respuesta especifica para C. jejuni, construida a partir de estudios experimentales
en humanos realizados en Baltimore, EE. UU. (42,43). Esta curva corresponde a
una distribuciéon beta-binomial, cuyos parametros alpha y beta reflejan la
variabilidad en la susceptibilidad individual y permiten estimar la probabilidad de
infeccion segun la dosis ingerida. Si bien esta funcion representa una propiedad
bioldgica del patégeno y es ampliamente aceptada en evaluaciones de riesgo
microbioldgico, podria no describir adecuadamente la respuesta infecciosa de otras
especies como C. coli. Por tanto, si C. coli fuera mas predominante en las regiones
evaluadas, el uso exclusivo de pardmetros de C. jejuni podria llevar a una

sobreestimacion o subestimacion de los casos simulados.

Aunque el modelo sSQMRA fue desarrollado originalmente en los Paises Bajos,
este estudio no incorporé ninguno de los escenarios, supuestos ni parametros
especificos del contexto neerlandés. Todos los parametros que son afectados por el
contexto local, como condiciones de almacenamiento y preparacion, practicas de
consumo y caracteristicas de la poblacion, fueron obtenidos exclusivamente de
encuestas nacionales de Perti. No obstante, una limitaciéon es que el modelo no
considera la inmunidad adquirida por exposiciones previas a Campylobacter, 1o que
podria afectar la probabilidad real de infeccion en poblaciones altamente expuestas.

Se ha reportado que la exposicion temprana al patéogeno puede inducir una
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inmunidad protectora, por lo que su omision podria llevar a una sobreestimacion de

los casos simulados (44).

Finalmente, los resultados generados por el modelo sQMRA son datos in silico
que ofrecen aproximaciones utiles para la toma de decisiones, pero tienen
limitaciones inherentes, especialmente la necesidad de validacién en contextos
reales, lo cual suele ser costoso e impractico. Esto puede limitar la aplicabilidad de
las estrategias de control derivadas de los resultados del modelo, por lo que es
necesario contar con datos mas especificos sobre factores como la contaminacion
cruzada y el almacenamiento en los consumidores de Peri para obtener

estimaciones mas precisas.
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V. ANEXOS

ANEXO 1. Material suplementario del articulo publicado:

Cuadro S1. Descripcion del formulario creado en el software Epicollect5 sobre

la infraestructura y las condiciones higiénicas de los puestos de mercado

muestreados.
PREGUNTAS R T aS DESCRIPCION
Superficies del puesto hechas de material
A) Si facilmente lavable (loza o melamina),

1) ¢Son aceptables ) Si pieza}s de pollo ordenadas y separadas de
la infraestructura y las visceras, con pocalp nula presencia de
la higiene del moscas y mantenidas Impias.
puesto Superficies del puesto hechas de material
muestreado? B) No poroso (madera o triplay), piezas de pollo y

visceras amontonadas, presencia regular
de moscas y limpieza no mantenida.

2) ¢El puesto A) Si El puesto vende solo carne de pollo.
muestreado vende -
dnicamente carne B) No El puesto vende otras carnes ademas de
de pollo? pollo, como res, cerdo, cordero, etc.

3) ¢Lamuestra esta A) Si La muestra estaba lista para la venta.
lista para la venta
(es d_ecir, no B) No La muestra no estaba lista y requirié cortes
requiere corte ni y manipulaciones adicionales.
manipulacion)?

N Recién lavada. No se observan residuos de
A) Limpio :
sangre, carne o visceras.

4) ;Cual es el grado de Se ob tidad minima d
Iimpieza de la mesa B) Moderadamente e% ser\éa una cantida mlnlma e
donde se corta la limpio residuos de sangre, carne o visceras.
carne? . .

. Se observan residuos de varios cortes. Se
C) Sucio » — ; .
ha utilizado en multiples ocasiones sin
lavado.
. A) Limpio Recién lavado. No se observan manchas de

5) ¢Cual es el grado de P sangre, carne ni visceras.
limpieza del pafio de
limpieza utilizado en B) Moderadamente | Presenta manchas minimas de sangre,
las superficies donde limpio carne o visceras.
se corta y/o coloca la . Es evidente que ha sido utilizada varias
carne? C) Sucio -

veces sin lavarse.

6) .El puesto cuenta A) Si Hay una refrigeradora en funcionamiento en
con una el puesto para el almacenamiento de carne.
refrigeradora para B) No No hay una refrigeradora en funcionamiento

almacenar la carne?

en el puesto.




7) ¢El puesto cuenta

A) Si El puesto cuenta con suministro de agua a
través de un cafio.

con agua
proveniente de un B) No El puesto no cuenta con suministro de agua
cafo? a través de un cano. Utiliza baldes para

almacenar agua.
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Figura S1. Curva ROC (Receiver Operating Characteristic). La curva ROC fue
generada a partir de la cuantificacion de Campylobacter (GC/g) en muestras de
pollo de mercados tradicionales utilizando qPCR. Al maximizar la suma de
sensibilidad y especificidad, se establecié un punto de corte dptimo de 5.37 logio

GCl/g, en funcién de los resultados de cultivo.




ANEXO 2: Razones de prevalencia de las caracteristicas del puesto para la

presencia de Campylobacter spp. por cultivo calculado usando el analisis de

regresion de Poisson modificada.

Grupos Modelo simple Modelo multiple**
Variables Positivo Negativo RP Valor RP Valor
(n=25) (n=65) (IC 95%) de P (IC 95%) de P
Infraestructura e higiene aceptables
Si 28,9% (22)  71,1% (54) Ref Ref
0,74 0,56
0, 0, H ]
No 21,4% (3) 78,6% (11) (025 -2,17) 0,583 (0,19 — 1,66) 0,296
El puesto solo vende carne de pollo
Si 33,3% (25)  66,7% (50) Ref Ref
0,20 0,63
0, % 0, > >
No 0,0% (0) 100,0% (15) (0,03 — 1,40) 0,104 (0,09 — 4,65) 0,649
La muestra estaba lista para vender
Si 35,5% (11)  64,5% (20) Ref Ref
0,67 0,90
0, 0, H s
No 23,7% (14)  76,3% (45) (0.34 — 1.30) 0.237 (0.49 — 1,64) 0,722
Grado de limpieza de la tabla donde la carne es cortada
Limpio 12,5% (2) 87,5% (14) Ref Ref
Moderada 207 1.43
0, 0, b ’
{?;1;2 25,8% (8) 74,2% (23) (0,48 — 8.82) 0,328 (0,24 — 8.65) 0,699
. 2,79 0,61
0, 0, H ’
Sucio 34,9% (15)  65,1% (28) (0,70 11,12) 0,146 (0.08 — 4.74) 0,639
Grado de limpieza del paiio utilizado en las superficies del puesto
Limpio 12,5% (2) 87,5% (14) Ref Ref
Moderada 218 279
0, 0, H ’
{E:;Z 27,3% (12)  72,7% (32) (0,53 - 8.91) 0,277 (0,36 —21,85) 0,328
. 2,93 4,48
0 V] s s
Sucio 36,7% (11)  63,3% (19) (0,72 11,93) 0,133 (0.48 — 42.18) 0,190

El puesto cuenta con refrigerador para almacenar la carne




S 22,5% (16)  77,5% (55) Ref Ref

No 47,4% (9) 52,6% (10) (1913’_12’03) 0,025 (1,012,—22',06) 0,047
El puesto cuenta con agua corriente

No 18,2% (8) 81,8% (36) Ref Ref

Si 37,0% (17)  63,0% (29) (0,972,?31,26) 0,060 (1’233:9;)2’29) 0,020

RP, Razon de prevalencia; IC 95%, Intervalo de Confianza al 95%

* El valor 0 fue cambiado aleatoriamente a 1 para calcular la razén de prevalencia
presentada.

** Modelo multiple incluyendo las covariables presentadas en la tabla y la variable

region utilizando un andlisis de regresion de Poisson modificada.



