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Background: Nontyphoidal Salmonella (NTS) species are important food-borne pathogens that 

cause gastroenteritis and bacteremia, and are responsible for a huge global burden of morbidity 

and mortality. The aim of this study was to investigate the prevalent serogroups and antibiotic 

resistance of NTS in our region.

Methods: We reviewed the serogroup distribution and antimicrobial susceptibility patterns of 

NTS strains obtained from 158 stool specimens of patients with acute diarrheal infection attend-

ing the outpatient and inpatient department at a university hospital in the Eastern Province of 

Saudi Arabia in the period from September, 2008 to April, 2011. A retrospective analysis of the 

158 patients with NTS infection was conducted to determine the most prevalent NTS serogroups 

causing acute gastroenteritis and their antimicrobial susceptibility patterns.

Results: At this teaching hospital, a total of 17,436 fecal samples were analyzed during the 

2008–2011 study period. Of these specimens, 158 tested positive for NTS, giving an overall 

prevalence of 9.06 per 1,000. Of 158 NTS cases, serogroup D1 (25.3%) was the most prevalent, 

followed by serogroup B (19.6%), and serogroup C1 (18.9). One third of all NTS serogroup 

strains tested were resistant to tetracycline. The NTS strains showed resistance to ampicillin 

(31.3%), amoxicillin/clavulanic acid (29.9%), trimethoprim/sulfamethoxazole (20.9%), and 

cefotaxime (14.93%).

Conclusion: The findings of this study support the concern that use of antibiotics in animal 

feeds may contribute to acquisition of resistance in food-borne bacteria, such as Salmonella. 

Our study also concludes that the prevalence of NTS in the Eastern Province of Saudi Arabia 

is very low compared with other studies worldwide.

Keywords: nontyphoidal Salmonella, serogroups, prevalence, antimicrobial resistance, Saudi 
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Introduction
Salmonella are motile Gram-negative facultative anaerobic bacteria in the family 

 Enterobacteriaceae. The Salmonella genus consists of two species, ie, Salmonella enterica 

and Salmonella bongori.1 Most pathogenic species of Salmonella causing illness in 

humans belong to the S. enterica species.2 This species is further divided into six subspe-

cies, ie, S. enterica subspecies enterica, S. enterica subspecies salamae, S. enterica sub-

species arizonae, S. enterica subspecies diarizonae, S. enterica subspecies houtenae, and 

S. enterica subspecies indica. Nontyphoidal salmonellosis is caused by Salmonella spe-

cies other than Salmonella typhi and Salmonella paratyphi. Nontyphoidal salmonellosis 
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is one of the leading food-borne illnesses and accounts for 

considerable morbidity and mortality in both developed and 

developing countries. For instance, in the US, it was estimated 

that nontyphoidal salmonellosis accounted for 11% (rank num-

ber two) of food-borne illnesses, 35% (rank number one) of 

food borne-associated hospitalization, and 28% (rank number 

one) of foodborne-associated death.3,4

Nontyphoidal Salmonella (NTS) is recognized as one of 

the principal causes of food-borne infections worldwide.5 

Among the more than 2,000 Salmonella serovars, Enteritidis 

is one of the top serovars reported in Saudi Arabia.6 Most 

cases of gastroenteritis caused by serovar Enteritidis occur 

sporadically or as limited outbreaks, but recent reports of large 

hospital-associated and nursing home-associated outbreaks 

emphasize the importance of serovar Enteritidis infection as 

a major public health problem.5,7,8 NTS is an important bacte-

rial cause of diarrhea and community-acquired bloodstream 

infection.9,10 Globally, NTS gastroenteritis is estimated to cause 

93.8 million illnesses and 155,000 deaths each year.11 Invasive 

NTS infection occurs when the organism spreads beyond the 

gastrointestinal mucosa to infect normally sterile sites, such as 

the bloodstream, meninges, bone, and joint spaces.12

Identification of NTS in fecal samples from patients is the 

first step in treating patients. Usually, the first line of treat-

ment used by physicians is antibiotics. However, misuse of 

antibiotics inevitably leads to antibiotic resistance. The US 

Centers for Disease Control have discovered that, since the 

1990s, NTS has shown increasing resistance to antibiotics, 

including ampicillin and chloramphenicol.13 Therefore, initial 

studies on NTS should not be restricted to prevalence, but 

should also include their antibiotic resistance. In the light 

of the above, the aim of the present study was to determine 

the prevalence and antimicrobial susceptibility of NTS 

serogroups at King Fahd Hospital of the University (KFHU), 

Al-Khobar, Saudi Arabia.

Materials and methods
study design
Clinical records of Salmonella strains from the clinical micro-

biology laboratory at KFHU for the period September 2008 

to April 2011 were retrospectively reviewed. The KFHU 

routinely collects fecal samples from all patients admitted 

with acute gastroenteritis and diarrheal illness.

culture procedure
All fecal samples were cultured directly on Hektoen agar and 

xylose lysine deoxycholate agar, inoculated in selenite F broth 

(Oxoid Ltd, Basingstoke, UK), subcultured, and identified 

further using an automated card system  (bioMérieux Vitek 

Inc, Hazelwood, MO, USA) and the API 20E (bioMérieux, 

Marcy l’Etoile, France). All isolates were identified as Salmo-

nella according to standard microbiologic techniques.13 The 

identified Salmonella isolates were then serogrouped using 

somatic group Salmonella A–G antisera (Murex Biotech 

Ltd, Dartford, UK).

antibiotic susceptibility testing
Antibiotic susceptibility testing was determined using an auto-

mated Vitek machine with Gram-negative bacteria cards, which 

gave minimum inhibitory concentration results and interpreta-

tion of the results as resistant or susceptible according to the 

breakpoints for each antibiotic. Some antibiotic susceptibility 

testing was determined by means of the Kirby-Bauer disk dif-

fusion method using the guidelines provided by the Clinical 

Laboratory Standards Institute (CLSI), formerly known as 

the National Committee for Clinical Laboratory Standards.14 

Susceptibility tests were done on Mueller Hinton agar (Oxoid 

Ltd) using the following concentrations (µg/disc) of antibiot-

ics (Oxoid Ltd): ampicillin 10 µg, amoxicillin/clavulanic acid 

20/10 µg, amikacin 30 µg, aztreonam 30 µg, cefotaxime 5 µg, 

ceftriaxone 30 µg, cephalothin 30 µg, ciprofloxacin 5 µg, 

gentamicin 10 µg, imipenem 10 µg, piperacillin 100 µg, and 

trimethoprim/sulfamethoxazole (1.25 µg/23.75 µg). Results 

were scored as susceptible, moderately susceptible, or resistant, 

according to CLSI criteria. Escherichia coli 25922 (American 

Type Culture Collection, Manassas, VA, USA) was used as 

the reference strain.

statistical analysis
The data were analyzed using bivariate tables and scatter 

graphs. The change in distribution over the years was ana-

lyzed using the chi-square test for a trend in situations where 

it is applicable (zeros not being adjacent to each other or cell 

frequencies not being less than two). The similarity of the 

distribution of the serogroups across the different years was 

tested using the Kruskal–Wallis test. The chi-square goodness 

of fit test was used to assess how a distribution compared 

with uniform distribution. For all tests, a P-value ,0.05 was 

considered to be statistically significant. Analysis was done 

using MS Excel 2007 (Microsoft, Redmond, WA, USA) and 

PAST statistical software (version 2.04).15

Results
At this teaching hospital, a total of 17,436 fecal samples 

were analyzed during the 2008–2011 study period. Of these 

specimens, a total of 158 tested positive for NTS, giving an 
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overall prevalence of 9.06 per 1,000. The figures for each 

year are shown in Table 1. As can be seen, the prevalence 

increased from 7.0 per 1,000 in 2008 to 9.89 per 1,000 in 

2009; thereafter, the prevalence declined slightly between 

2009 and 2011. Positive NTS samples during 2009 and 2010 

remained constant at between 40 and 41 of total positive 

samples, but the trend varied among the different serogroups. 

Serogroup D remained the most frequent of the Salmonella 

serogroups. The annual prevalence of serogroup D increased 

by more than half in 2011 compared with 2008 (Table 2).

From 2008 to 2011, 158 strains of NTS were isolated from 

fecal samples of patients with gastroenteritis. Salmonella 

strains belonging to serogroup D1 had the highest prevalence 

(25.3%) followed by serogroup B (19.6%), and C1 serogroup 

(19%). Salmonella serogroup strains belonging to F (0.6%), 

G1 (1.3%), and H (1.3%) were the least prevalent (Table 2). 

The distribution of serogroups is shown in Figure 1. The only 

serogroup showing a clear increase in trend is D1. The chi-

square test for trend confirms that the only significant change 

in slope over the study period occurred in serogroup D1. The 

trend for D1 is fairly linear. The Kruskal–Wallis test does not 

show any significant difference in year-to-year distribution 

between the different serogroups (H=0.413, P=0.941).

Resistance to ampicillin (31.3%) and amoxicillin/

clavulanic acid (29.9%) was observed in most NTS strains. 

Resistance to sulfamethoxazole, trimethoprim, and cefo-

taxime was observed in 20.9% and 14.93% of strains 

(Table 3). Of all strains, the lowest resistance was noted with 

ciprofloxacin (3.0%, Table 3). The Kruskal–Wallis test did not 

show any significant difference in year-to-year distribution 

between the different antibiotics (H=1.803, P=0.6205). All 

strains were susceptible to amikacin, aztreonam, ceftriaxone, 

cephalothin, gentamicin, imipenem, and piperacillin.

Overall, antibiotic resistance in the NTS serogroup strains 

increased from 29.1% in 2008 to 32.1% in 2011. According to 

the chi-square goodness-of-fit test, this increase was not sig-

nificantly different from the uniform distribution during the 

study period (P=0.065). Resistance to cefotaxime increased 

from 10.3% of all isolates in 2008 to 14.93% of all isolates in 

2011 (Figure 2). The number of isolates showing resistance 

to trimethoprim/sulfamethoxazole fluctuated between six and 

eight throughout the study period. There was an increase in 

the number of isolates showing resistance to trimethoprim/

sulfamethoxazole from four in 2008 to 16 in 2011 (Table 3). 

The highest overall resistance (40.2%) was observed among 

strains belonging to serogroup B, followed by serogroups C2 

(18.6%), C1 and D1 (10.4%), and C3 (8.2%, Table 4).

Discussion
NTS infections are a leading cause of food poisoning and 

enteric infection, and are an important public health problem 

worldwide.3,9,10,16,17 Salmonella may cause gastroenteritis in 

people of all ages, and is responsible for severe invasive dis-

ease in infants, the elderly, and the immunocompromised.18,19 

The frequency of antimicrobial resistance and number of 

resistance determinants in Salmonella has risen markedly.20 

Antimicrobial susceptibility to ampicillin, trimethoprim/

sulfamethoxazole, and quinolones for Salmonella isolated 

from fecal specimens should be routinely tested and reported 

using the CLSI guidelines.

Table 1 Prevalence of nontyphoidal Salmonella, 2008–2011

2008 2009 2010 2011 Total

Positive samples 27 41 40 50 158
all samples 3,854 4,145 4,142 5,295 17,436
Prevalence (per 1,000) 7.01 9.89 9.66 9.44 9.06

Table 2 Prevalence of Salmonella serogroups isolated during 2008–2011

Serogroup 2008 2009 2010 2011 Total P-value

n % n % n % n % n % Slope Trend

B 7 25.9 11 26.8 3 7.5 10 20 31 19.6 0.255 0.107
c1 5 18.5 11 26.8 10 25 4 8 30 19 0.114 0.135
c2 5 18.5 4 9.8 3 7.5 4 8 16 10.1 0.186 0.638
c3 0 0 1 2.4 5 12.5 1 2 7 4.4 * *
D1 1 3.7 7 17.1 15 37.5 17 34 40 25.3 0.001 0.2732
D2 0 0 0 0 4 10.0 10 20 14 8.9 * *
e1 4 14.8 4 9.8 0 0 3 6 11 7 0.091 0.1945
F 0 0 1 2.4 0 0 0 0 1 0.6 * *
g1 2 7.4 0 0 0 0 0 0 2 1.3 * *
h 1 3.7 0 0 0 0 1 2 2 1.3 * *
K 2 7.4 2 4.9 0 0 0 0 4 2.5 * *
Total¥ 27 100 41 100 40 100 50 100 158 100

Notes: *chi-square trend test not applicable; ¥total might be different from 100 because of rounding up.
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Figure 1 Distribution of Salmonella serogroups isolated during 2008–2011.

Table 3 antibiotic resistance in Salmonella isolated during 2008–2011

Antibiotic 2008 2009 2010 2011 Total P-value

n % n % n % n % n % Slope Trend

aM 13 33.3 10 35.7 9 37.5 10 23.3 42 31.3 0.337 0.569
aMc 13 33.3 10 35.7 9 37.5 8 18.6 40 29.9 0.153 0.167
cXM 4 10.3 0 0 0 0 16 37.21 20 14.93 * *
cIP 3 7.7 0 0 0 0 1 2.3 4 3 * *
sXT 6 15.4 8 28.6 6 25 8 18.6 28 20.9 0.838 0.152
Total¥ 39 100 28 100 24 100 43 100 134 100   

Notes: *chi-square trend test not applicable; ¥total might be different from 100 because of rounding up.
Abbreviations: AM, ampicillin; AMC, amoxicillin/clavulanic acid; CXM, cefotaxime; CIP, ciprofloxacin; SXT, sulfamethoxazole.

A surveillance study by Su et al demonstrated an obvi-

ous increase in overall antimicrobial resistance among 

 Salmonella from 20%–30% in the early 1990s to as high 

as 70% in some countries at the turn of the century.21 

 Conventional antibiotics, such as ampicillin, chloram-

phenicol, and trimethoprim/sulfamethoxazole, are no 

longer an appropriate choice for the treatment of invasive 

 salmonellosis.21 Increasing antimicrobial resistance in NTS 

is a global public health problem that complicates antimi-

crobial therapy, and is increasingly due to the overuse and 

misuse of antimicrobial agents in animal feeds.22–24 Several 

studies worldwide have reported increased morbidity and 

mortality in patients infected with resistant Salmonella 

strains.25,26 Resistance to antibiotics is posing a serious prob-

lem in the treatment of salmonellosis. In the present study, 

serogroup D1 (25.3%) was the most frequent and prevalent 

serogroup, followed by serogroup B (19.6%) and serogroup 

C1 (18.9%). There was an increase in gastroenteritis caused 

by serogroup D1 from 2008 to 2011 (Figure 1 and Table 2). 

Our study also confirms the emergence and rapid increase 

in cases of NTS infection with serogroup D1, particularly 

serovar Enteritidis. A similar study conducted by Chiu et al 

at a university hospital in Taiwan reported that the incidence 

of serogroup D Salmonella has been increasing in Taiwan.5 

The present study indicates that serogroup D was more 

prevalent than serogroup B and other serogroups, and if this 

trend were to continue, the incidence of NTS serogroup D 

would soon surpass that of serogroup B infection. Such a 

trend has been reported in the US, Europe, Taiwan, Malawi, 

Thailand, and Malaysia.5,8,20,27–29 Serovar Enteritidis is known 

to be closely associated with layer and broiler flocks, and 

infection is generally believed to be derived from poultry 

and poultry products, including eggs.8,30

The current study findings are consistent with those 

of other studies reporting that most of the NTS (serovar 

Enteritidis) are resistant to a wide range of antimicrobial 

agents.7,30–32 However, in our study, we found a higher rate 

of resistance to trimethoprim/sulfamethoxazole (17.7% of 
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Figure 2 Distribution of antibiotic resistance in Salmonella isolated during 2008–2011.
Abbreviations: aM, ampicillin; AMC, amoxicillin/clavulanic acid; CXM, cefotaxime; CIP, ciprofloxacin; SXT, sulfamethoxazole.

Table 4 Overall antimicrobial resistance in Salmonella by 
serogroup during 2008–2011

Serogroup Year Total

2008 2009 2010 2011 n %

B 15 20 3 16 54 40.0
c1 1 0 4 9 14 10.4
c2 14 3 3 5 25 18.7
c3 0 0 11 0 11 8.2
D1 1 3 3 7 14 10.4
D2 0 0 0 3 3 2.2
e1 2 2 0 2 6 4.5
g1 2 0 0 0 2 1.5
h 4 0 0 1 5 3.7
Total¥ 39 28 24 43 134 100.0

Note: ¥Total might be different from 100 because of rounding up.

isolates during the period from September, 2008 to April, 

2011, Table 3). These findings are in agreement with those 

of a similar study on the emergence of Salmonella with 

extended spectrum β-lactamase enzymes that hydrolyze and 

confer resistance to cefotaxime in several European coun-

tries.33,34 In the present study, some of the strains (14.93%) 

were reported to be resistant to cefotaxime and ciprofloxacin 

(3%). Ciprofloxacin and cefotaxime are the antimicrobial 

agents recommended for treatment of invasive infections 

due to Salmonella.35,36

NTS species are important food-borne pathogens, 

with acute gastroenteritis being the most common clinical 

manifestation. However, invasion beyond the gastrointes-

tinal tract occurs in approximately 5% of patients with 

NTS gastroenteritis, resulting in bacteremia.12 In indus-

trialized countries, NTS constitutes a well recognized 

public health problem that, in healthy subjects, is usually 

encountered clinically as self-limited gastroenteritis.37,38 

In  immunocompromised and debilitated hosts, NTS can 

become invasive, leading to  bacteremia, sepsis, and focal 

infections (eg, meningitis).38,39 Invasiveness is also observed 

in infants younger than 3 months of age who become 

infected with NTS in industrialized countries, resulting in 

bacteremia and focal infections.40 In sub-Saharan Africa, 

studies have documented the important role of NTS as 

invasive bacterial pathogens.41–44

We conclude that there is a need to establish standard first-

line therapy for salmonellosis. Clinicians should be aware 

of the local epidemiology of NTS and carefully review the 

results of antimicrobial susceptibility testing once available 

from the clinical laboratory. Active monitoring of NTS sero-

groups for antibiotic resistance patterns is essential because 

of potential acquisition of resistance genes by pre-existing 

serovar Enteritidis strains via horizontal gene transfer.5,19,20 

Knowledge of the distribution of prevalence of Salmonella 

serogroups is potentially of epidemiologic and public health 

importance.
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