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Molecular characterization of Salmonella strains in individuals with acute

diarrhea syndrome in the State of Sucre, Venezuela

Caracterizagao molecular de cepas de Salmonella em individuos com sindrome da diarreia

aguda no Estado de Sucre, Venezuela

Hectorina Rodulfo', Marcos De Donato’, Jests Luiggi', Elvia Michelli*, Adriana Millan' and Miriam Michelli'

ABSTRACT

Introduction: In Venezuela, acute diarrheic syndrome (ADS) is a primary cause of morbi-
mortality, often involving the Salmonella genus. Salmonella infections are associated with
acute gastroenteritis, one of the most common alimentary intoxications, and caused by the
consumption of contaminated water and food, especially meat. Methods: Conventional
and molecular methods were used to detect Salmonella strains from 330 fecal samples from
individuals of different ages and both sexes with ADS. Polymerase chain reaction (PCR) was
used for the molecular characterization of Salmonella, using invA, sefA, and fliC genes for the
identification of this genus and the serotypes Enteritidis and Typhimurium, respectively.
Results: The highest frequency of individuals with ADS was found in children 0-2 years old
(39.4%), and the overall frequency of positive coprocultures was 76.9%. A total of 14 (4.2%)
strains were biochemically and immunologically identified as Salmonella enterica subsp. enterica,
of which 7 were classified as belonging to the Enteritidis serotype, 4 to the Typhimurium
serotype, and 3 to other serotypes. The S. enterica strains were distributed more frequently in
the age groups 3-4 and 9-10 years old. Conclusions: The molecular characterization method
used proved to be highly specific for the typing of S. enterica strains using DNA extracted
from both the isolated colonies and selective enrichment broths directly inoculated with
fecal samples, thus representing a complementary tool for the detection and identification of
ADS-causing bacteria.

Keywords: Molecular diagnosis. Coproculture. Acute diarrhea. Polymerase chain reaction.
Salmonella.

RESUMO

Introdugio: Na Venezuela, sindrome da diarreia aguda (SDA) é a principal causa de mérbi-
mortalidade, muitas vezes envolvem o género Salmonella. Infecgoes por Salmonella sio
associadas com gastroenterite aguda, uma das mais comuns intoxicagdes alimentares causada
pelo consumo de 4gua e alimentos contaminados, principalmente carne. Métodos: Métodos
convencionais e moleculares foram usados para detectar cepas de Salmonella em 330 amostras
de fezes de individuos com SDA de diferentes idades e ambos os sexos. A reagdao em cadeia
da polimerase (PCR) foi utilizada para a caracterizagio molecular de genes Salmonella invA,
sefA e fliC paraidentificar o género e os sorotipos Enteritidis e Typhimurium, respectivamente.
Resultados: A maior frequéncia de individuos com SDA foi encontrada em criangas de 0-2
(39,4%) anos, e a frequéncia total de culturas de fezes positiva foi de 76,9%. Um total de 14 (4,2%)
cepas foram bioquimica e imunologicamente identificados como Salmonella enterica
subsp. enterica, dos quais 7 foram classificados como pertencentes ao sorotipo Enteritidis,
Typhimurium sorotipo 4 e 3 para outros sorotipos. Cepas S. enterica foram distribuidas
mais frequentemente em grupos de 3-4 e 9-10 anos de idade. Conclusées: O método de
caracterizagdo molecular usada provou ser altamente especifico para tipificar as estirpes dos
S. enterica usando tanto DNA extraido de coloniasisoladas e direta e caldos de enriquecimento
seletivo inoculados com amostras fecais, o que representa uma ferramenta complementar para
a deteccdo e identificacio de bactérias que causam a SDA.

Palavras chaves: Diagnéstico molecular. Coprocultura. Diarreia aguda. Reagio em cadeia
da polimerase. Salmonella.
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INTRODUCTION

In Venezuela, diarrhea is the ninth cause of
death in the population as a whole and the second
in children under four years old, with the highest
rates reported from the States of Delta Amacuro,
Amazonas, and Zulia'. In 2007, a total of 1,724,790
cases of diarrhea were diagnosed, representing
62.8 cases per 1,000 inhabitants, of which 41.4%
were children under five years old. In 2008, this
had increased by 4.4% to 1,801, 214 cases (64.5 cases
per 1,000 inhabitants), of which 39.2% were
children under five. In the State of Sucre, a total of
13,707 cases were reported in 2007 and 15,660 in
2008, representing 15.0 and 16.8 cases per 1,000
inhabitants, respectively®. The number of cases
slightly decreased in 2010 and 2011, with 1,798,792
and 1,624,708 cases of diarrhea, respectively,
registered nationally®.

Salmonella infections are associated with acute
gastroenteritis, one of the most common alimentary
intoxications, caused by the consumption of
contaminated water and food, especially meat*®.
Salmonella enterica is the species that transmits the
disease to humans, its principal reservoirs being
animals, particularly reptiles, mammals (mainly

cats and dogs), and several birds (chickens, seagulls,
pigeons, turkeys, ducks, parrots, and coastal species)*.

Urrestarazu et al.” observed that the most
important diarrhea-producing enteropathogens in
four Venezuelan cities (Mérida, Caracas, Cumana,
and Puerto Ordaz) were: Campylobacter sp. (13%),
Shigella sp. (7%), and Salmonella sp. (2%). Similarly,
in 2004 the Autonomous Services at the Maracaibo
University Hospital, Venezuela, reported Shigella
sp. (46.7%; 167/362), Aeromonas sp. (37.9%;
137/362), and Salmonella sp. (9.4%; 34/362) as the
principal enteropathogens isolated in the pediatric
service from January to December 2004'°.

Alternative detection methods that are fast,
sensitive, specific, and can be applied on a large
scale, are needed for the detection of Salmonella
strains. Polymerase chain reaction (PCR) accelerates
laboratory diagnosis and, in the case of salmonellosis,
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permits the identification of the exact causal strain'’. Detection
of pathogenic organisms by PCR and Southern hybridization has
proven to be more successful than conventional microbiological
methods in distinguishing between bacteria species and strains,
showing high sensitivity and specificity for the identification of
pathogenic bacteria'>"3.

Due to the high rates of morbidity and mortality in Venezuela
produced by acute diarrheic syndrome caused by enteropathogenic
bacteria, and the fact that many medical laboratories have been trying
to reduce the time needed for the classic bacteriological diagnosis of
infections by these bacteria, we aimed to compare the detection of
Salmonella strains in fecal samples using bacteriological diagnostic
methods and PCR. This is in order to evaluate the use of PCR as
an alternative or complementary method that contributes to the
diagnosis and specific identification of these pathogens so that the
correct antimicrobial treatment can be applied quickly and efficiently,
thus reducing the risk for the infected person.

METHODS

Samples

A total of 330 fecal samples were collected between April and
September 2007 from children and adults of both sexes aged between
0 and 60 years old, but mostly children under 10 years old, who
attended the emergency services of the following state clinics in
different sectors of the City of Cumand, State of Sucre, Venezuela:
Salvador Allende, Caigiiire; Dr. Ramén Martinez, Las Palomas;
Laboratorio Comunitario, Villa Olimpica; and La Llanada and Brasil
clinics. All of the individuals sampled had acute diarrheic syndrome
with evolution times of no more than 72h and had not yet received
antimicrobial treatment.

Microbiological diagnosis

Stool samples were collected in sterile plastic cups, with prior
instruction given for correct sampling, obtained by spontaneous
emission, and given to the investigator. They were inoculated
within two hours of emission onto selective and differential media:
McConkey (MCK) agar, Salmonella Shigella (SS) agar, and xylose
lysine deoxycholate (XLD) agar, using a calibrated inoculating
loop in the spread plate method. The media were then incubated in
aerobiosis at 35°C for 18 to 24h. Samples were also inoculated into
selenite cystine enrichment broth, which favors the development of
potentially pathogenic microorganisms and contains substances that
inhibit the native flora', and incubated at 35°C for 8 to 12h before
reinoculation onto MCK and SS agars.

Colonies with a presumptive Salmonella morphology as per
the phenotypic characteristics in the different culture media were
identified biochemically according to the following procedure’s:
five probable Salmonella colonies were selected from the SS or XLD
agars, inoculated into 3.5SmL brain heart infusion broth (BHI),
incubated in aerobiosis at 35°C for 10min, and then inoculated
onto the different media. Biochemical tests were then carried out
for the determination of glucose and lactose; gas formation and
the production of ferrous sulfate from sodium thiosulfate in Kligler
agar; the presence of cytochrome oxidase; citrate utilization; urea
hydrolysis in Christensen’s agar; the presence of phenylalanine
deaminase; the liberation of indole; acid production from sugar

fermentation; the decarboxylation oflysine, ornithine, and arginine;
and the utilization of malonate as the sole carbon source. In addition,
a nutrient agar plate was inoculated from each BHI broth and
incubated in aerobiosis at 35°C for 24h; the colonies were used for
the oxidase test.

Coprocultures were classified as positive when the samples
from individuals with ADS showed abundant bacteria under
microscopic examination, and the growth in the culture media was
pure (only one type of colony). Bacteria different from Salmonella
were then identified to genus or to Escherichia coli using conventional
biochemical identification methods'.

Molecular characterization

DNA was extracted from the strains biochemically identified
as Salmonella by using the Wizard Genomic DNA Purification
Kit (Promega) according to the manufacturer’s specifications. In
addition, DNA was extracted from samples cultivated in selenite
broth by direct inoculation of the fecal sample after incubation for 8h
at 35°C. For the identification of Salmonella strains, oligonucleotide
pairs that amplify a 457bp product of the invA and invE genes'
were used. Additionally, a 488bp fragment of the sefA gene, specific

for strains of S. enterica subsp. enterica serovar Enteritidis'”*®

, was
also amplified. Finally, the same samples were used to amplify a
620bp fragment of the fliC (flageline) gene, with sequences specific
to S. enterica subsp. enterica serovar Typhimurium strains'’. For
PCR amplification, a final volume of 25pL containing 1.5mM
MgCl,, 100uM deoxyribonucleoside triphosphate, 0.2yM of each
oligonucleotide, and 1U of Taqg ADN polymerase was used. The
amplification was done as follows: an initial denaturation at 94°C
(5min) was followed by 30 cycles of denaturation at 94°C (30s),
annealings at $5°C (1min), extensions at 72°C (1min), and finally, an
extension at 72°C (10min). The amplified products were visualized
electrophoretically on 2% agarose gel'®"". For quality control, we
used S. enterica subsp. enterica serovar Typhi CDC11 (CVCM 495),
S. enterica subsp. enterica serovar Enteritidis CDCS7 (CVCM 497),
S. enterica subsp. enterica serovar Typhimurium CDC64 (CVCM 489),
Shigella flexneri ATCC29903 (CVCM 634), and E. coli ATCC25922
(CVCM 765)".

Ethical considerations

Informed consent was sought from the parents or representatives
of underage patients, allowing the latter to participate in the
investigation. A questionnaire was used to collect epidemiological
data following the principles proposed by the model ethical protocol
for the collection of samples and in accordance with the Declaration
of Helsinki*. Each patient was assigned a code, which was used to
identify him or her throughout the investigation, in order to maintain
confidentiality.

RESULTS

An elevated frequency of positive coprocultures was found
throughout the age range and in both sexes for the 330 individuals
with ADS who attended state clinics in Cumana (Table 1).
Nevertheless, the highest (39.4%) frequency of ADS sufferers was
found in children between 0 and 2 years old.

Overall, 14 (4.2%) strains of Salmonella sp. were identified (Table 2),
distributed equally between the sexes and from the following age
groups: 0-2 years (n=3), 3-4 years (n=4), 5-6 years (n=1), and
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TABLE 1 - Frequency of individuals with acute diarrheic syndrome and
positive coprocultures by age group from different state clinics in Cumang,
State of Sucre, Venezuela.

Individuals with ADS Positive coprocultures
Age (years) n % n %
0-2 130 39.4 100 76.9
3-4 S0 15.2 38 76.0
5-6 34 10.3 27 794
7-8 29 8.8 21 724
9-10 68 20.6 S2 76.5
>10 19 S.8 14 73.7
Total 330 100.0 252 76.4

ADS: acute diarrheic syndrome. Positive coproculture: individuals with ADS
showing an abundance of bacteria on microscopic analysis of the feces and pure
cultures of a bacterial strain.

TABLE 2 - Frequency of enterobacteria isolated from positive coprocultures
from individuals with acute diarrheic syndrome from different state clinics
in Cumana, State of Sucre, Venezuela.

Individuals with ADS
Isolated bacteria n %
Escherichia coli 85 25.8
Proteus sp. 27 8.2
Shigella sp. 16 4.8
Salmonella sp. 14 4.2
Klebsiella sp. 24 7.3
Citrobacter sp. 25 7.6
Other enterobacteria® 28 8.5
Total 219 66.4

ADS: acute diarrheic syndrome. *others: Escherichia sp., Enterobacter sp., Pantoea sp.,
Morganella sp., Providencia sp., Yersinia sp., and Serratia sp.

9-10 years (n=6). The highest frequencies of other enterobacteria
species were: Escherichia coli (25.8%), followed by Proteus sp. (8.2%),
Citrobacter sp. (7.6%), and Klebsiella sp. (7.3%). Furthermore, 33
strains of bacteria species from families other than Enterobacteriaceae
were isolated from positive coprocultures.

Amplification of the invA/invE gene produced characteristic
products in the 14 strains identified as belonging to the Salmonella
genus, isolated from fecal samples from individuals with ADS
and purified from isolates grown in BHI (Figure 1A). Of these,
7 Salmonella enterica subsp. enterica serotype Enteritidis strains
and 4 of the Typhimurium serotype strains (Figures 1B and C)
were identified by the amplification of the sefA and fliC fragments,
respectively; 3 Salmonella strains belonging to other serotypes that
did not amplify these genes were also identified.

We observed that the strain isolated from sample 240 amplified
three gene fragments: the 620bp fragment, specific to the Enteritidis
serotype, and two other larger fragments. In contrast, the PCR done
with the samples obtained from the control group, as well as with
46 fecal samples from individuals with negative coprocultures and
30 fecal samples in which other bacterial species were isolated, did
not amplify any of the fragments expected for strains belonging to
the Salmonella genus.

In addition, we were able to amplify the 457bp fragment specific
to Salmonella species, amplified from DNA isolated from selenite
broth inoculated directly with the 14 fecal samples from which the
Salmonella strains were isolated. On the other hand, we were not
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FIGURE 1 - Polymerase chain reaction amplification of the invA/E (A), sefA
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able to amplify DNA isolated from selenite broth inoculated with
the 30 fecal samples from which other enterobacteria species had
been isolated, or from 10 negative coproculture feces.

DISCUSSION

Similar high prevalences of positive coprocultures in individuals
suffering from ADS were reported by the Pan American Health
Organization (PHO) in 2002 and in investigations undertaken by
Urbina and Pequenese*, who indicated that diarrheic syndrome
is among the principal causes of infant morbidity and mortality
in Venezuela, mainly affecting children from families that
live in marginal zones with deficient sanitary and nutritional
conditions. Furthermore, Gil et al.??, after examining 39.697
coprocultures, reported that Salmonella was the bacteria with the
highest incidence in children less than one year old. Similarly,
Ogunsanya et al.” registered an infection rate of 59.1% for 315
diarrheic fecal samples from children under five years old, with
bacteria as the only causal agents. Notario et al.** reported that
49.9% of cases of enteropathogenic microorganisms in children with
acute diarrhea were positive for bacteria. These results, together with
those of this study, indicate a high frequency of bacterial infections
in children with diarrhea.

Our finding that the highest frequency of bacterial infections in
individuals with ADS occurs in children coincides with that reported
by Viscaya et al.”, who evaluated 613 fecal samples in individuals
with ADS caused by bacteria in the city of Mérida and found the
highest frequency of infection in children under two years old. The
frequency of bacterial infections in Ciudad Bolivar was also most
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frequent in children under two, based on a study done with 110
children between 0 and S years old*. Rincén et al.!, however, after
analyzing 366 fresh fecal samples from children under five years
old with acute diarrhea due to enteropathogenic bacteria, found
that only 13.4% tested positive, a percentage much lower than that
found in this study.

The high frequency of E. coli found in this study was to be
expected; this species is a saprophytic bacterium that normally
inhabits the intestine and only causes diarrhea in the presence of
virulence factors that can lead to invasion of the gastrointestinal tissue
and produce toxins with enterotoxic effects, among others. Orlandi
etal.”” examined 470 children under 6 years old in Porto Velho, Brazil,
in order to ascertain the etiology of diarrheic infections and reported
that the most prevalent bacterium was E. coli (18.2%).

Salmonellosis can affect individuals at any age but shows a higher
incidence in breast-feeding babies and young children®. Rincén
etal.! found frequencies of 3.3% (n=12) for Shigella and 1.9% (n=7)
for Salmonella, significantly less than those found in Cumand in this
study. Viscaya et al.> reported a Shigella infection rate of 42.9% in
Meérida. Albarado et al.”’ registered frequencies of 10% for Salmonella
and 16% for Shigella in a total of 96 fecal samples taken from children
under six years old with acute diarrheic syndrome in Cumand. The
prevalences of Salmonella and Shigella in children under five in our
study (3.9 and 2.8%, respectively) were much lower than those
found by Albarado et al.”’. This could be due to the fact that these
microorganisms are normally associated with epidemics, which can
cause large variations in their frequencies in individuals with ADS*.

Villalobos and Torres®! applied a combination of PCR and
hybridization for the detection of the virA gene in virulent Shigella
spp- and enteroinvasive E. coli (EIEC) strains, showing the high
sensitivity and specificity of these methods both in pure culture
strains and in samples of commercial mayonnaise contaminated with
S. dysenteriae. PCR has also proven to be a quick, highly sensitive, and
specific technique for the detection of Shigella in feces* and food*"**
using different protocols. These protocols use primers with sequences
localized in Shigella and EIEC invasion plasmids,** as well as other
plasmids or chromosomal sequences™®.

As regards the molecular diagnosis of Salmonella, protocols
of multiplex PCR have been standardized with the same genes as
those used in this and other studies for the identification of all of
the serotypes of this genus. Multiplex PCR has also been used for
the identification of Salmonella Typhimurium and Enteritidis in
environmental swabs and samples taken from chicken farms, thus
demonstrating the scope of the PCR technique in epidemiological
studies®®. Oliveira et al.'"® used PCR for the detection of strains
of Salmonella sp. as well as for the identification of Salmonella
Enteritidis, Salmonella Gallinarum, Salmonella Pullorum, and
Salmonella Typhimurium in samples taken from chickens collected
in the field. These authors reported a specificity of 100% for the
detection of Salmonella using oligonucleotides that amplify the
invA gene. However, when the oligonucleotides that amplify the
fliC gene (Salmonella Typhimurium) and the sefA gene (Salmonella
Enteritidis, Gallinarum, and Pullorum) were applied, they found that
the detection levels varied depending on the number of cells used per
species. Nevertheless, PCR detected more positives in the samples
analyzed than did the microbiological technique used.

The results of this investigation agree with Oliveira et al.’* in that
the amplification of the invA region for detecting Salmonella sp. did

not generate either nonspecific amplifications or cross-reactions
when amplified in other species of enterobacteria isolated from
patients with acute diarrheic syndrome, thus demonstrating its high
specificity.

Infections due to Salmonella and Shigella are conventionally
diagnosed by the isolation and identification of the microorganism
from cultures of the fecal material. Nevertheless, although this
method is precise, it takes time to apply and does not permit
identification of the salmonellosis serovars. Hence, this study, like
many others, shows that PCR offers an alternative or complementary
technique permitting the identification of Salmonella species using
different extraction protocols and PCR modes, thus providing a
faster and more reliable diagnosis of the microorganism producing
the clinical condition. Here, we analyze a method that can potentially
be used as a diagnostic protocol that produces results very rapidly;
when fecal samples are used after incubation in selenite broth for
8h, identification can be made within 12h of reception. In addition,
molecular characterization helps us to understand the true nature
of the epidemiology of infections caused by the different Salmonella
serotypes. This not only makes their identification easier but also
helps to determine the pathogenic potential (virulence genes) of
the isolated strain.
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