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Salmonella are responsive of gastroenteritis or bacteremia through fecal-oral transmission. Salmonella
are also incriminated in meningitis particularly in patients with immune deficiency. The emergence of
new serotypes and antibiotic resistance in Salmonella is a public health concern in developing
countries. The aim of this study is to determine Salmonella serotypes circulated in the country and
describe antibiotic resistance phenotypes. A retrospective study was conducted from January 2005 to
December 2009. The strains were identified according to standard bacteriological methods. Serotypes
were determined by slide agglutination using sera according to Kauffmann-White scheme.
Antimicrobial susceptibility was performed using Kirby- Bauer method and interpretation was made
according to the Comité de I'Antibiogramme-Société Francaise de Microbiologi (CA-SFM). A total of 62
Salmonella strains were isolated from 2005 to 2009. These strains were identified in 53.2% of cases in
blood cultures 16.1 % in stool and 3.2% in CSF. Typing was possible for 76.1% of strains. Among
serotypes, non-typhoid Salmonella were prevalent, 76.1 versus 23.9% for Salmonella typhi. S.
typhimurium was recorvered in 37% and Salmonella enteritidis 16%. The resistance rates ranged from
66.6 to 100% for amoxicillin, 50 to 75% for cotrimoxazole and 41.7 to 75% for chloramphenicol.
Multidrugs resistance (to three or more antibiotics) rate was 34.1% for non-typhoid and 33.3% for S.
typhi. Resistance to nalidixic acid was 38% and reduced susceptibility to ciprofloxacin 14%. This study
highlight emergence of multidrug-resistant Salmonella to antibiotics in pediatric. Salmonella
surveillance must be put in place in Coéte d'lvoire to improve epidemiological analysis of strains
diversity.
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INTRODUCTION

Salmonella infections, remains a public health concern in
developing countries. Among these infections according
to serotypes Salmonella infections, gastrointestinal and
extradigestive infections are noted. The Salmonella
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serotypes called typhoid are responsive for
gastroenteritis, also for bacteremia (Benacer, 2010).
Other serotypes may be responsive of extra intestinal
infections such as urinary tract infections, deep
suppuration and meningitis in  immuno-deficient
individuals (WHO, 1996). About 80% of deaths due to
Salmonella are found in Africa (Onyango, 2009). Mortality
rate is estimated to reach 5% in Cobte d’lvoire. This
country is located in West Africa, (Bakayoko, 2000,



University of Abidjan, Cbte d’lvoire, Personal
communication). Before 1990, 25% of blood cultures
were positive to S. Typhi. An increase in the number of S.
enteritidis in blood culture was noticed beginning HIV
infection in Cote d’lvoire (Dosso, 1998).

Salmonella typhi bacteremias (S. Typhi) are common in
children less than three years of age in Kenya (Doris,
2010). Moreover, in countries where salmonellosis is
endemic especially in Kenya and India, the emergence
multiple drugs resistant Salmonella with resistance
ampicillin, cotrimoxazole and chloramphenicol was
observed making treatment of salmonellosis becoming
difficult (Ben Hassen, 1993). Currently, treatment of multi-
resistant Salmonella uses fluoroquinolones (Parry 2002
and Mills-Roberson 2008). In 2005, emergence of multi-
resistant S. Typhi, resistant to three antibiotics earlier
mentioned and resistant to nalidixic acid was observed in
Cameroon (Nkemngu, 2005). In Céte d'lvoire few data
are available regarding Salmonella serotypes. Moreover,
of multidrug-resistant strains prevalence is unknown. This
study aims to determine Salmonella serovars circulation
and describe antibiotic resistance phenotypes of
identified strains.

METHODS

Study design: From January 2005 to December 2009, a
retrospective study was conducted at the Laboratory of
Bacteriology-Virology, University Teaching Hospital of Yopougon
(Coéte d'lvoire). A total of 62 strains of Salmonella were isolated
from various specimen collected in children and adults hospitalized
in pediatric ward and adult in patient services of the University
Teaching Hospital Center of Yopougon, Abidjan, Céte d’lvoire. The
strains were collected from thirty-three peripheral blood, ten stools,
two Cerebral Spinal Fluid (CSF) six urines and eleven pus. A
survey form supplying socio-demographic information such as age
and sex was to be completed for each microbiological record. Thus,
to avoid the duplicate strain, we made so that each patient has a
single identifier.

Bacteriological analysis: Specimens were collected and
transported to laboratory for analysis. Specimens were carried out
according to conventional microbiological methods. Salmonella
were identified based on biochemical characteristics (Marnonnier,
1987). Antibiotics susceptibility was performed and strains
Salmonella were inoculated in deep agar and send at 37°C to the
reference laboratory for serotyping.

Serotyping: Salmonella serotypes were determined using
agglutinating antisera (Biorad, Hercules, Californie, USA) based on
Kauffmann and White scheme.

Antibiotic susceptibility testing: The Kirby-Bauer disc-diffusion
test which conform to the recommendations of Antibiotic
susceptibility Committee of the French Society of Microbiology (CA-
SFM, 2009). Antibiotics discs with the following drugs content:
Amoxicillin (A) 25 pg, amoxicillin / Clavulanic acid (AMC) 20/10 ug,
Ceftazidime30ug (CTZ), Cefotaxime 30ug (CTX), Ceftriaxone 30 ug
(CRO), Chloramphenicol 30 pg (C), Tetracycline 30 1U (T),
Trimethoprim-sulfamethoxazole 1.25 / 23 , 75 pg (STX), Nalidixic
acid 30 pg (NA), Ciprofloxacin 5 pg (CIP) (Antibiotic Biorad
Hercules, Californie, USA), were placed at least 15 mm apart and
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from edge of the plates to prevent the overlapping of the inhibition
zones. Plates were incubated at 37°C for 24 h, and the diameters of
the inhibition zones were compared with recorded diameters of the
control organism Escherichia coli ATCC 25922 to determine the
susceptibility or resistance of isolates to various drugs.

Statistical analysis: Data were analyzed using Epi Info 2000
software from the CDC in Atlanta

RESULTS
Epidemiological and serotype distribution

A total of 62 Salmonella strains were isolated from 2005
to 2009. Most of them came from children under 15 years
(53.2%). 51.6% of specimens were identified in pediatric
service followed by General Medicine service 35.5%.
Less than 2% of the strains were from the Departments
of Surgery and Obstetrics and Gynecology.

Salmonella strains were identified in 53.2% of cases
from blood cultures, 27.4% of cases in various
suppuration and 16.1% from stool samples. Salmonella
were rarely isolated from urines 9.7% and from
cerebrospinal fluid (CSF) 3.2% (Table 1). Of the 62
Salmonella strains isolated, 46 could be typed which give
typing rate of 74.2%. Among these strains, S. Typhi
accounted for 23.9% against 76.1% of non-typhoid
Salmonella strains with S. typhimurium 50%, S. enteritidis
18.9% and Salmonella dublin 4.3%. Most of S. Typhi was
isolated in patients under 15 years. 11.3 and 19.4% of
strains of S. enteritidis and S. typhimurium respectively
were isolated from children whose ages were less than 5
years (Table 1).

Antimicrobial drug resistance

The determination of resistance patterns showed 74.2%
of strains resistant to amoxicillin and 58.1% to amoxicillin-
clavulanic acid. 5 or 8.1% of strains were resistant to
cefotaxime. Most of the strains were resistant to
chloramphenicol, tetracycline and cotrimoxazole with
over 50%. The rate of strains simultaneously resistant to
amoxicillin, cotrimoxazole and chloramphenicol called
multidrug-resistant bacteria or MDR was estimated to
30%. Concerning the quinolones, the resistance to
nalidixic acid was 38% and the rate of strains with
reduced susceptibility to ciprofloxacin 14%. The strains of
S. Typhi showed resistance rates of 66.6% for amoxicillin
and cotrimoxazole and 50% to chloramphenicol. For S.
typhimurium resistance rates to these antibiotics were
higher than those observed with S. Typhi. The distribution
of MDR srains were 33.3% for S. Typhi and 34.1% for
non-typhoid Salmonella with 28.6% of S. typhimurium. S.
enteritidis 30.8% (Figure 1). S. dublin had the highest
rate of multidrug-resistant (MDR) among non-typhoid
Salmonella strains with 33.3%. Salmonella strains MDR
to nalidixic acid (NA-MDR) were found in 16.7% of S.
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Table 1. Distribution of Salmonella serotype according of age, site isolation and service.

Age S. Typhi S. non Typhi Total
9 (N=11 (100%)} {N= 51(100%)} {N=62(100%)}
Child [0 15 years ] 8(72.7) 25 (49) 33(53.2)
Adults > 15 2(18. 2) 19 (37.3) 21(33.9)
NR* 1(9.1) 7(13.7) 8 (12.9)
Specimen
Blood culture 9(81.2) 24(47) 33(53.2)
Stool cultures 1(9.1) 9(17. 6) 10(16.1)
Pus 1(9.1) 10 (19. 6) 17 (27.4)
ECBU 0 6(11.7) 6(9.7)
CSF 0 2(3.9) 2(3.2)
Service
Pediatric 7(63.7) 25 (49) 32(51.6)
Medicine 2(18.2) 20(39.2) 22(35.5)
Surgery 0 1(1.9) 1(1.6)
Obstetric-Gynaeco 0 1(1.9) 1(1.6)
External 1(9.1) 7(13.7) 8(12.9)
NR: No Report
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Figure 1. Number of Salmonella serotype resistant to antibiotics.



Table 2. Salmonella strains antibiotics resistant phenotype.
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. S. Typhi S. typhimurium S. enteritidis S. dublin
Variable {N=6 (%)) {N=28 (%)} (N=13 (%)} (N=3 (%)
A 6(100) 15 (53.6) 8(61.5) 2(66.7)
Sxt 5(83.3) 13(46.4) 7(53.8) 2(66.7)
c 3(50) 13(46.4) 6(46.1) 1(33.3)
Cix 0 1(3.57) 2(15.4) 0
T 3(50) 9(32.1) 5(38.5) 2(66.7)
Na 4(66.7) 6(21.4) 6(46.1) 0
Cip 1(16.7) 2(7.14) 4(30.8) 0
Asxt 5(83.3) 13(46.4) 5(38.5) 2(66.7)
ASXtC (MDR) 2(33.3) 8(28.6) 4(30.8) 1(33.3)
ASXtCNa (MDR-NA) 1(16.7) 3(10.7) 3(23) 0

A: Amoxcillin; SXT: Trimethoprim-sulphamethaxole; Ctx: Cefotaxim; C: Chloramphenicol; T: Tetracycline; NA: Nalidixic acid; CIP:

Ciprofloxacin, MDR: Multi drugs resistance

Typhi, 10.7% of S. typhimurium and 23% of S. enteritidis

(Table 2).

In this study no strain produces an extended spectrum
beta lactamase (ESBL).
DISCUSSION

The emergence of new serotypes responsible for
community acquired infections make a supervision of
Salmonella strains in developing countries mandatory.
Furthermore the emergence of multidrug-resistant
Salmonella (MDR) to common antibiotics such as
amoxicillin, cotrimoxazole and chloramphenicol is a
problem in the therapeutic treatment of Salmonella
infections especially in children. This study has enabled
us to determine the prevalence of the major Salmonella
serotypes circulating in Yopougon University Teaching
Hospital and to identify antibiotic resistance phenotypes
of isolates.

Epidemiologic and serotype distribution

Regarding the age distribution of patients according to
the serovars isolated, there is a recruitment bias due to
the fact that 50% of patients come from the pediatric
ward. However extraintestinal infections caused by
Salmonella species are a common cause of severe
morbidity and mortality among young children from
tropical Africa (Hill et al., 2007). Blood cultures are the
main organic product from where Salmonella strains were
isolated. This can be attributed to the fact that the blood
culture is the systematic analysis test and the essential
means of diagnosis of salmonellosis.

In our study, S. Typhi accounted for less than 10% of
the isolated strains. S. Typhi is rarely isolated in
industrialized countries but remains responsible for

bacteraemia and gastroenteritis among children in
developing countries (Green, 1993). Non-typhoidal
Salmonella (NTS) is one of the most important enteric
pathogens causing bacteraemia in young children in
many parts of the world, including Africa (Usman, 2007).
NTS were the majority of strain isolated in our study. The
high prevalence of NTS poses a challenge for empirical
antibiotic treatment guidelines (Graham 2009 and Nadjm,
2010). In sub-Saharan African countries these
Salmonella are becoming more isolated in bacteraemia in
children under five (Bahwere, 2001). Studies carried out
in Europe and America reported S. enteritidis as the first
causative agent of bacteremia and gastroenteritis
(Araque, 2009 and Betancor 2009). S. typhimurium was
predominant in some Africa Country (Karuiki 2006, 2008;
Fashea 2010). Recently published studies again highlight
that the vast majority of invasive NTS disease in African
adults occurs in association with HIV infection and in
those with advanced immunosuppression (Gordon, 2008
and Reddy, 2010).

Antimicrobial drug resistance

The phenotypes of resistance to antibiotics used in the
treatment of Salmonella bacteremia is not well known in
Cote d’lvoire. Treatment with an appropriate antibiotic is
essential for salmonellosis and because of the nature of
the disease it should commence as soon as the clinical
diagnosis is made rather than after the results of
antimicrobial susceptibility tests are available (Rowe,
1997). To follow the generic WHO advice, in Coéte
d’lvoire,  salmonellosis  first line  therapy s
chloramphenicol. This scheme is change to ceftriaxone
when MDR NTS suddenly emerged. The emergence of
Salmonella resistant to third generation cephalosporins
and fluoroquinolones is due to the overuse of these drugs
in human medicine and animal husbandry (Coulibaly,
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2010). It cannot be assumed that treatment with
alternative antibiotics such as cephalosporins or
fluoroguinolones will lead to a reduction in mortality
because invasive NTS disease is commonly associated
with co-morbidities which themselves carry a substantial
risk of mortality (Graham, 2009). Typhoid and NTS are
more resistant to Ampicillin, cotrimoxazole and
chloramphenicol in this study. Recent studies from a
range of settings in Africa report that in-vitro resistance to
the same antibiotics is now very common (Morpeth, 2009
and Vadenberg, 2010). When non-typhoidal salmonellae
can be identified, fluoroquinolones (eg, ciprofloxacin) or
cephalosporins (eg, ceftriaxone) are increasingly relied
on for treatment (Gordon, 2008) and non-typhoidal
salmonellae  seem to be susceptible to these
antibiotics.(Enwere, 2006 and Graham 2009).

Conclusion

These epidemiological data show the distribution of
Salmonella and the emergence of MDR. In this study the
resistance of Salmonella strains to quinolones highlights
the need for the establishment of a network of continuous
monitoring of antibiotic resistance. Surveillance of

circulation and emergence of new serotypes of
Salmonella is necessary to adapt the therapy scheme in
Céte d’lvoire.
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