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ABSTRACT

A cross-sectional study was performed to estimate the prevalence of Salmonella on retail market chicken carcasses in Colombia.

A total of 1,003 broiler chicken carcasses from 23 departments (one city per department) were collected via a stratified sampling

method. Carcass rinses were tested for the presence of Salmonella by conventional culture methods. Salmonella strains were isolated

from 27% of the carcasses sampled. Logistic regression analysis was used to determine potential risk factors for Salmonella
contamination associated with the chicken production system (conventional versus free-range), storage condition (chilled versus

frozen), retail store type (supermarket, independent, and wet market), poultry company (integrated company versus nonintegrated

company), and socioeconomic stratum. Chickens from a nonintegrated poultry company were associated with a significantly (P ,

0.05) greater risk of Salmonella contamination (odds ratio, 2.0) than were chickens from an integrated company. Chilled chickens had a

significantly (P , 0.05) higher risk of Salmonella contamination (odds ratio, 4.3) than did frozen chicken carcasses.

Salmonellosis is one of the most important foodborne

diseases in many countries. Few countries have a surveil-

lance system that estimates the burden of salmonellosis in

human populations (9, 27). Human salmonellosis is

frequently associated with the consumption of poultry

products (3, 11, 13, 20). In emerging countries such as

Colombia, poultry meat is the most important and least

expensive source of animal protein. The production of

chicken meat in Colombia reached 1.02 million tons in

2008, and the consumption of chicken per capita has

steadily increased from 14 kg/year in 2001 to 23 kg/year in

2008 (8). Although the productivity of the Colombian

poultry industry has achieved international standards,

additional advances are needed in the sanitary and food

safety system to reduce contamination by infectious path-

ogens such as Salmonella. Data regarding the prevalence of

Salmonella in animal production and in humans are limited

and fragmented in Colombia. Results from a study

conducted by the Planning Department in Colombia in

2005 revealed that 7% (n ~ 385) of raw chicken carcasses

sampled at slaughter plants were Salmonella positive (5). A

cross-sectional study conducted in 2010 in one of the most

important poultry-producing regions of Colombia revealed

Salmonella prevalences of 40% (n ~ 70) and 26% (n ~

200) on poultry farms and retail chicken meat, respectively

(7). However, the study was limited to one city (Bogotá),

the sample size was relatively small, two types of markets

were included (supermarket and independent), and only

chicken thigh samples were assayed. The objective of the

current study was to establish a baseline prevalence for

Salmonella on raw chicken meat at the retail level over a

wide geographical distribution in Colombia. We envisioned

the data collected to be used by the Colombian poultry

industry to improve sanitary conditions of their products and

to prepare for the imminent access to international trade

markets. Furthermore, the data would also be of interest to

public health, food safety, and animal health personnel

to design policies and strategies to reduce Salmonella
contamination along the poultry production food chain.

MATERIALS AND METHODS

Study design and sampling procedure. A cross-sectional

study was carried out between October 2010 and April 2011 to

determine the prevalence of Salmonella on retail chicken meat in

Colombia. A sample size of 1,003 broiler carcasses was

determined, with an absolute error of 4% with a 99.5% level of

confidence and an expected prevalence of 26%, which was based

on a previous study (13). Subsequently, a stratified sampling

strategy was applied in which department and city, locality (i.e.,

district), and store type were the primary, secondary, and tertiary

units, respectively. Whole chicken carcasses were collected from

retail stores located in the capital cities of the 23 most populated

departments (provinces) (from a total of 32 departments) of Colombia,
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which presented the highest consumption of chicken meat products

(,90%). These capital cities represented both urban and rural

communites. The number of samples per city and the locality within a

city were based on the relative population size of the selected cities

and locality of Colombia (Table 1). Within each locality, the number

of selected retail stores per market type was determined proportionally

to the total number of store types within each locality.

Chicken samples were collected from three types of retail

stores: supermarkets, independent markets, and wet markets.

Supermarkets were nationally recognized brand chain stores that

sold chickens chilled or frozen, supplied mostly by large integrated

poultry companies. Free-range chickens were also available in this

type of retail market. Independent markets were those that

belonged to either integrated poultry companies or small-scale

nonintegrated poultry companies. Carcasses of conventionally

raised or free-range chickens were sold either chilled or frozen.

Wet markets were open markets (within a shopping plaza) that

included meat stores as well as fruit and vegetable stores.

Similarly, conventionally raised or free-range chickens were sold

in wet markets and retailed as either chilled or frozen.

Data recorded for the chicken samples included the following

variables: retail store type, chicken production system, storage

type, poultry company, socioeconomic stratum (SES), retail store

name, retail store address, locality, and chicken price. The SES in

Colombia is defined on the basis of location and income, whereby

stratum 1 is the lowest and stratum 6 is the highest. Descriptions of

the variables and their categories are summarized in Table 2.

Salmonella analysis. Whole broiler chicken carcasses

(chilled or frozen) were purchased from retail stores and held at

4uC in insulated containers and transported to the laboratory within

24 h. Upon arrival at the laboratory, frozen chickens were thawed

at room temperature (within 2 h). Isolation and identification of

Salmonella were conducted according to the methodology

recommended by the U.S. Department of Agriculture, Food Safety

and Inspection Service (23). Each carcass was placed in a Whirl-

Pak bag, and then 400 ml of sterile buffered peptone water (Difco)

was added. The bag was hand massaged for 5 min, and 30 ml of

the chicken rinsate was mixed with 30 ml of sterile buffered

peptone water and incubated for 20 to 24 h at 37uC. This

incubation was followed by an enrichment of 0.2 ml of buffered

peptone water culture in 10 ml of modified Rappaport-Vassiliadis

(Difco) broth for 20 to 24 h at 42uC. Also, a portion (0.5 ml) of the

chicken rinsate was transferred to 10 ml of tetrathionate broth

(Difco) and incubated for 22 to 24 h at 42uC. A loopful from each

of the enrichment broths (modified Rappaport-Vassiliadis and

tetrathionate broth) following incubation was streaked onto

brilliant green sulfa (Difco) and on xylose lysine Tergitol 4

(Difco) agar plates and incubated for 22 to 24 h at 37uC. Three

typical colonies of Salmonella were selected per plate, inoculated

onto triple sugar iron agar (Difco) and lysine iron agar (Difco), and

then incubated at 37uC for 22 to 24 h. Isolates with typical

Salmonella colony characteristics were confirmed by agglutination

by Salmonella Poly-O (A & Vi; Difco) antiserum. Another

confirmation test of Salmonella genus was performed in parallel by

an automated BD Phoenix system according to the manufacturer’s

instructions (Difco, BD, Sparks, MD). Colonies confirmed as

Salmonella were preserved at 270uC in skim milk.

Data management and statistical analysis. Data collected

from all samples were tabulated with Microsoft Excel 2007

software, and all variables were codified by numbers. Sample-size

parameters were determined by Win episcope 2.0 (2). The

relationship between potential risk factors (SES, retail store type,

TABLE 1. Population of cities sampled, their relative population percentage, number of chicken samples collected, and Salmonella

prevalence per city >

Department City Population

% of total

population No. of samplesa
No. (%) of

Salmonella-positive samples

Sucre Sincelejo 237,618 1.2 11 6 (54.5)

Arauca Arauca 75,577 0.4 4 2 (50.0)

N. de Santander Cúcuta 587,676 3.1 28 13 (46.4)

Cundinamarca Bogotá 6,840,166 35.9 368 159 (43.2)

Santander Bucaramanga 516,512 2.7 30 11 (36.7)

Atlántico Barranquilla 1,146,359 6.0 54 18 (33.3)

Putumayo Mocoa 35,755 0.2 3 1 (33.3)

Tolima Ibagué 498,401 2.6 27 8 (29.6)

Cesar Valledupar 354,180 1.9 17 5 (29.4)

Nariño Pasto 382,618 2.0 20 5 (25.0)

Huila Neiva 352,859 1.9 19 4 (21.1)

Meta Villavicencio 380,222 2.0 20 4 (20.0)

Casanare Yopal 106,822 0.6 6 1 (16.67)

Cordoba Monteria 330,144 1.7 19 3 (15.8)

Magdalena Santa Marta 415,270 2.2 20 3 (15.0)

V. del Cauca Cali 2,119,908 11.1 113 15 (13.3)

Caldas Manizales 379,972 2.0 20 2 (10.0)

Risaralda Pereira 443,554 2.3 24 2 (8.3)

Bolı́var Cartagena 892,545 4.7 42 3 (7.1)

Antioquia Medellı́n 2,214,494 11.6 118 5 (4.2)

Quindı́o Armenia 306,930 1.6 16 0 (0.0)

Cauca Popayán 257,512 1.4 14 0 (0.0)

Boyacá Tunja 170,000 0.9 10 0 (0.0)

Total 19,045,094 1,003 270 (27)

a The number of samples was based on the relative population size of the selected cities.
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chicken production system, retail storage condition, and poultry

company) and the prevalence of Salmonella was assessed using

logistic regression models in STATA software, version 10.1 (Stata

Corp., College Station, TX). Odds ratios and P values were

obtained for the risk factor analysis.

RESULTS

Samples and retail stores. A total of 1,003 broiler

chicken carcasses from 23 cities in Colombia were analyzed

for Salmonella contamination (Table 1). Chicken samples

were collected from independent retail stores (42%),

supermarkets (36%), and wet markets (22%). Sampling

covered five of six of Colombia’s SESs. Samples from

stratum 1 (the lowest in the scale) were not collected due to

distance and security concerns. Overall, 43% of the samples

were from stratum 2; 40% were from stratum 3; and 13, 3,

and 1% were from strata 4, 5, and 6, respectively. The

largest percentage of samples (89%) were associated with

conventional commercial chickens (versus independent

free-range chickens), and 55% were frozen (versus chilled)

chickens. The mean price per carcass was US$4.9 (¡1.4).

Prevalence of Salmonella and risk factor analysis.
Overall Salmonella prevalence was 27% (n ~ 1,003 broiler

carcasses). The Salmonella prevalence ranged from 0 to

57% among the cities (Table 1). There were significant

differences (P , 0.05) in Salmonella prevalences by (i)

storage condition (42% on chilled versus 14% on frozen

chickens) and (ii) poultry company (23% on chickens from

integrated companies versus 37% from nonintegrated

companies). There were no significant differences in the

prevalence of Salmonella contamination (P . 0.05) by (i)

type of retail store (26% in supermarket, 26% in

independent stores, and 30% in wet market), (ii) chicken

production system (35% on free-range versus 26% on

conventional chickens), and (iii) SES (31, 29, 23, 35, and

8% in strata 2, 3, 4, 5, and 6, respectively) (Table 3).

DISCUSSION

The overall Salmonella prevalence of 27% on broiler

chicken meat determined in this study is consistent with the

prevalence of 26% reported in a cross-sectional study of

retail chicken meat conducted in Bogotá in 2010 (7). A

comparison of our study results to data from other countries

showed that the prevalence of Salmonella on raw retail

chickens in Colombia was higher than those reported in the

United Kingdom (16), New Zealand (26), and the United

States (29), in which prevalences of 4% (n ~ 877), 3% (n
~ 232), and 4.2% (n ~212), respectively, have been

recently reported. The Salmonella prevalence on raw retail

TABLE 2. Summary of variables investigated as potential risk factors for Salmonella contamination of raw chicken

Variable Categories Description

Retail store type Wet market Open food market in plaza

Supermarket A large self-service retail market

Independent Butchers, company stores, or small neighborhood stores

Chicken production system Free-range Free-range chickens characterized by a yellow skin color

Conventional Normal chicken characteristic was white skin color

Storage condition Chilled Temp at the moment of collection was 4–10uC
Frozen Temp at the moment of collection was ,25uC

Poultry company Integrated company Company that typically handles the entire production and processing cycle

of a chicken (hatching, feed, production, processing, and marketing)

Nonintegrated company The entire production cycle of a chicken is handled by several companies

SES 1–6 The socioeconomic status based on the location of the owner’s

residence and income, with 1 being the lowest and 6 the highest

TABLE 3. Logistic regression analysis for potential risk factors
related to prevalence of Salmonella on broiler chicken carcasses at
retail stores

Variable

No. (%) of

Salmonella-

positive samples

Odds

ratio P valuea

Chicken production system

Free-range 37 (35) 1.5 0.051

Conventional 233 (26)

Storage condition

Chilled 191 (42) 4.3 ,0.001

Frozen 79 (14)

Poultry company

Integrated company 158 (23) 2.0 ,0.001

Nonintegrated company 112 (37)

Retail store type

Wet marketb 67 (30)

Supermarket 94 (26) 0.8 0.287

Independent 109 (26) 0.8 0.246

SES

2b 113 (31)

3 98 (29) 0.9 0.488

4 25 (23) 0.7 0.104

5 9 (35) 1.2 0.705

6 1 (8.0) 0.2 0.128

a P values were based on logistic regression models in STATA

software to assess Salmonella prevalence association with

potential risk factors (P values of ,0.05 were considered

significantly different).
b Wet market and SES 2 were the referent groups in the logistic

regression models for retail store type and SES risk factors,

respectively.

1136 DONADO-GODOY ET AL. J. Food Prot., Vol. 75, No. 6



chicken in Colombia was lower than those reported in

Portugal (60%, n ~ 60 ) (1), Belgium (36%, n ~ 772) (24),
Australia (43.3%, n ~ 859) (22), and Spain (35.8%, n ~

198) (6). In Latin America, the reported Salmonella
prevalence on raw retail chicken was 20% (n ~ 20) in

Argentina (12) and 42% (n ~ 100) in Brazil (10). In

Southeast Asia, relatively higher Salmonella prevalences

were reported for retail chickens in Vietnam (53.3%, n ~

30) (25), China (52.2%, n ~ 1,152) (28), and Thailand

(57%, n ~ 72 ) (18). The differences in Salmonella
prevalence among these studies could be attributed to

differences in sampling scheme or design, sample type

(whole chicken versus chicken parts and chilled versus

frozen chickens), the Salmonella detection protocol, and

chicken production systems and companies (conventional

versus organic and/or free-range raising practices, and

integrated versus nonintegrated companies).

Our findings of a lower prevalence of Salmonella on

chickens stored frozen compared with chilled are in

agreement with several studies that identified storage

temperature as an important risk factor of pathogen survival

and growth (17). Fluctuation in the chilling temperature

might have contributed to the higher Salmonella prevalence

on chilled chickens. Similarly, thawing frozen chickens

might have reduced Salmonella prevalence on the carcasses.

The lower Salmonella prevalences on chickens from

integrated poultry companies could be associated with the

implementation of recent poultry regulations, including

hazard analysis and critical control points (HACCP) systems

in Colombia (14, 19). Furthermore, integrated poultry

companies in Colombia manage the entire poultry produc-

tion and processing chain (feed mills to chicken processing),

which can enhance the food safety system and the sanitary

quality of the final product.

Interestingly, the type of retail store was not determined

to be a risk factor, which is in agreement with other studies

(16, 21, 29) whereby no associations were found between

the type of retail store and the prevalence of Salmonella. A

study in the United Kingdom in 2005 revealed Salmonella
prevalence of 4.5% (n ~ 614) and 2.2% (n ~ 263) on

chickens from retailers and local butcheries, respectively;

however, these differences were not significant (16). A

recent study conducted in China with 1,152 whole chicken

carcass samples collected and analyzed for Salmonella by a

methodology similar to that used in our study revealed no

significant differences among Salmonella prevalences on

raw chicken from wet, small, and large retail markets (28).
A Salmonella prevalence of 27% on retail chickens in

Colombia indicates that there are still opportunities to reduce

the presence of this pathogen on chicken products and the

potential for human illness. The risk factors that we found are

consistent with those from other international studies (4, 17,
28). These outcomes could be useful to the Colombian

poultry industry and policy makers to further strengthen the

food safety system along the poultry production, processing,

and marketing chain to reduce the prevalence of Salmonella.

Chicken meat is a vehicle for transmitting Salmonella
to humans. Our findings revealed that the higher Salmonella
prevalence on raw chicken meat at retail in Colombia could

be associated with nonintegrated companies and storage at

chilled temperatures. Strategies to reduce the prevalence of

Salmonella on raw chicken and reduce the risk of human

salmonellosis include good agriculture and management

practices, better hygienic conditions, implementation of

HACCP in the entire poultry production, processing, and

marketing chain, and improvement of food safety consumer

education for handling raw poultry (15).
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