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Abstract

Non-typhoid Salmonella (NTS) infects 250 to 3200 per 100,000 individuals from all over the world.
NTS infection is relatively high in Jeddah (ranges between 44-132/100,000 population) as com-
pared to other cities of Saudi Arabia. NTS isolates have also shown increasing resistance to con-
ventional antibiotics. Therefore, fluoroquinolone (FQ) is considered drug of choice for the treat-
ment of invasive NTS infections. A rapid detection of FQ resistance may greatly assist in appropri-
ate therapy and containment of resistant NTS strains. Thus, molecular detection of mutations in
FQ resistance genes (gyrA and parC) may play a promising role. Since limited data were available
about FQ resistance among NTS isolates, therefore, this study primarily explored the occurrence of
phenotypic and genotypic FQ resistance among NTS isolates from Jeddah, Saudi Arabia. Study also
explored any correlation between phenotypic and genotypic FQ resistance. Fifty NTS isolates were
collected from a public sector hospital of Jeddah from January to December, 2014. FQ susceptibili-
ty was determined for 48 NTS isolates using Kirby-bauer disk diffusion method and results were
interpreted according to Clinical and Laboratory Standards Institute (CLSI) methodology. Geno-
typic resistance to FQ was determined by exploring mutations in gyrA and parC genes using PCR-
based gene-sequencing method. Results were statistically analyzed using Social Package of Statis-
tical Science (SPSS) version 22. Phenotypic antibiogram revealed that 38% (18/48) NTS isolates
were FQ resistant, that 23% (11/48) were intermediately susceptible and that 39% (19/48) were
susceptible. Genotypic resistance revealed mutations in only four codons of gyrA and parcC genes
among 39% (7/18) of FQ resistant isolates. 43% (3/7) of FQ resistant isolates showed mutations
at two codons 83 (S83F, S83Y) and 87, (D87G, D87Y, D87W) of gyrA gene. Two resistant isolates
showed triple mutations i.e. at codons 83 and 87 of gyr4A and codon 80 (S80I and S80W) of parcC
gene, while one resistant isolate revealed mutation at codon 87 of gyrd and 57 (S57T) of parcC gene.
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Moreover, 55% (6/11) intermediately susceptible isolates for FQ also revealed mutation at codon
83 of gyrA gene whereas; one intermediately susceptible isolate (1/6) also revealed additional
mutation at codon 57 of parC gene. None of the FQ susceptible NTS isolates showed any mutations
in gyrA or parcC genes. Occurrence of mutations at only four codons in gyr4 and parC genes among
FQ resistant isolates may assist in development of rapid molecular method for FQ resistance de-
tection. Presence of mutations among more than fifty percent of intermediately susceptible FQ
isolates is alarming and may serve as a predictor for pre-resistant isolates for FQ. Moreover, ab-
sence of mutation in about sixty percent of phenotypically FQ resistant NTS isolates shows exis-
tence of an alternate resistance mechanism requiring further investigations.
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1. Introduction

Non-typhoidal Salmonella (NTS) is an important public health problem worldwide. Globally, NTS is estimated
to be responsible for 93.8 million cases of gastroenteritis and 155,000 deaths annually [1]. NTS is one of the
major foodborne illnesses in human of all age. NTS also infects groups of people with compromised immune
systems. NTS infections cause morbidity and mortality both in developing and developed countries with highest
annual incidence in parts of Africa (320 per 100,000), Asia (3200 per 100,000), Europe (690 per 100,000) and
America (250 per 100,000) population [2].

Consumption of animal-derived food products and direct and/or indirect contact with animals are the major
routes of acquiring infection with NTS [3] [4]. NTS can also be transmitted from person to person or from con-
tact with pets such as cats, dogs, rodents, reptiles, or amphibians [5]-[7]. NTS usually causes self-limiting ga-
stroenteritis characterized by diarrhea, abdominal pain and vomiting in people of all ages [8]. However, in children,
the elderly and immunocompromised patients, severe invasive disease with complicated extra-intestinal illness,
bacteremia and meningitis can also be observed [9].

Emergence of resistance to antibiotics in NTS is becoming a serious worldwide problem. Because of in-
creased resistance to conventional antibiotics, fluoroquinolone (FQ) has become the drug of choice for the
treatment of infections caused by multidrug-resistant NTS [10] [11]. However, increasing resistance to FQ
among NTS isolates is also becoming a global concern that complicates antimicrobial therapy. Antimicrobial re-
sistance to FQs is increasing chiefly due to the overuse of the drug for treatment of various infections and due to
its misuse in animal feeds [9] [12]. Studies from across the globe have reported up to 54% of FQ resistance
among NTS isolates [13] [14]. The major molecular mechanism contributing to FQ resistance among NTS
strains is point mutations in hyper-variable quinolone-resistant determining regions (QRDR) of gyrA gene en-
coding DNA gyrase and parC gene encoding topoisomerase 1V [15]-[17].

The limited data available from Kingdom of Saudi Arabia (KSA) show variable occurrence of NTS infection
in various regions of the country. Study from Makkah reports three-fold increase in cases of food poisoning in
the last decade during Hajj season [18]. NTS food poisoning cases with 2% to 15% of FQ resistance have also
been reported from Riyadh [18], from Eastern province [19] and from Al-Hofuf [20]. NTS infections from Jed-
dah have been reported in 45% of meat samples from the butcher shops. However, no data are available about
NTS infections in human from Jeddah. Since there is no/limited data available about NTS infections from KSA,
therefore this study investigates the phenotypic antibiotic susceptibility among NTS isolates. Study also ex-
plored phenotypic and genotypic correlation for FQ resistance among NTS isolates.

2. Materials and Methods
2.1. Sample Collection

NTS isolates were collected from clinical microbiology laboratory of King Faisal Specialist hospital and re-
search center (KFSHRC). These isolates were identified as NTS based on the biochemical reactions. This is a
public sector hospital and receives patients’ samples from across Jeddah. Also, the hospital routinely collects



R. A. Lahzah, A. Ali

fecal samples from all patients admitted with acute gastroenteritis and diarrheal illness. KFSHRC collected 101
NTS isolates, from stool samples of the patients from January to December 2014. Out of 101 NTS isolates, 50
were available for culture. Two of 50 NTS isolates did not grow on blood agar, thus, total number of final sam-
ple used in this study was 48.

2.2. Demographic Information

Information regarding age, gender, geographical location and nationality (Saudi or Non-Saudi) of the patients
from whom the samples were collected, was gathered from the hospital records.

2.3. Culture and Antibiotic Susceptibility Testing

Selected 48 NTS isolates were cultured on blood agar for 24 h at 37°C. After that the isolates were tested for
susceptibility to antibiotics. Escherichia coli received from American Type Culture Collection (ATCC) No:
25922 was used as the control strain through out in all the experiments. Antibiotic susceptibility testing (AST)
for Ampicillin (AMP), Trimethoprim/sulfamethoxazole (SXT) and Ciprofloxacin (CIP) was determined using
Kirby-bauer disk diffusion method on Muller-Hinton agar. The clinical laboratory standards institute (CLSI)
guidelines were used to perform AST.

2.4. Molecular Detection of FQ Resistance

Genomic DNA for each bacterial strain was extracted by using boiling method [21]. Polymerase chain reaction
(PCR) assays were performed to amplify the quinolone-resistance-determining regions (QRDRs) of the gyrA
and parC genes [22]. Briefly, PCR amplification was donein a 25 pL. monoplex reaction mixture, containing 1x
colourless Go Taq Flexi Buffer 1.5 mmol/L magnesium chloride (MgCl,), 200 umol/L deoxynucleotide tri-
phosphate (ANTP) mix, 0.3 umol/L of each primer pair (Promega, Madison, USA): gyrA: F-TGTCCGAGATGG
CCTGAAGC, R-CGTTAATCACTTCCGTCAG and parC: F-ATGAGCGATATGGCAGAGCG, R-TGACCG
AGTTCGCTTAAC and approximately 1 umol/L of genomic DNA sample of NTS isolates. The cyclingcondi-
tions were as follows: initialization 94°C for 15 min, followed by 30 cycles of denaturation 94°C for 40 s, an-
nealing 55°C for gyrA and 52°C for parC for 1 min, and the elongation was 72°C for 90 s with a final elongation
step of 72° for 10 min. Gel electrophoresis was carried out to confirm the presence of 490 bp and 417 bp ampli-
cons for gyrA and par genes respectively. Then, PCR products were purified and sent for sequencing of both the
strands to Macrogen, Korea. Sequences for gyrA and parC genes were analyzed using BLAST tool from NCBI
website http://www.ncbi.nlm.nih.gov/blast.

2.5. Statistical Analysis

Descriptive and inferential statistical analysis was carried out using Social Package of Statistical Science (SPSS).
Chi-square test was done to explore any significant association between phenotypic and genotypic FQ suscepti-
bility.

3. Results

3.1. Demographic Information

Out of 48 patients, 21 (43.7%) were male and 27 (56.2%) were female. The age of the patients was between 20
months to 80 years. Overall, mean and median age of the patients was 36 years. Whereas, the mean age of male
patients was 36 years and female was 35 years (Table S1). Out of 48 patients, 43 (89.5%) were Saudi nationals
and 5 (10.5%) belonged to other nationalities. Saudi national patients were from Jeddah (n = 20), Makkah (n =
6), Eastern province (n = 6), Riyadh (n = 4), Madinah (n = 3), Taif (n = 2), Najran (n = 1), and Abha (n = 1)
(Figure 1). Whereas, non-Saudis were from Philippine (n = 3), Iraq (n = 1), and Habasha (n = 1).

3.2. Phenotypic Antibiotic Susceptibility

Sensitive (S), resistance (R) and intermediately resistant (1) isolates to AMP was 32 (66.7%), 0 (0%) and 16
(33.3%); SXT was 15 (31.3%), 31 (64.6%), and 2 (4.1%); and to CIP was 19 (39.6%), 18 (37.5%), and 11 (22.9%)
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respectively based on respective zone of inhibition size using CLSI guidelines (Figure 2 and Table S1).

An overall phenotypic antibiotic resistance profile of NTS isolates tested revealed, out of 48 isolates, 5 (10%)
showed resistance to all antibiotics (AMP, SXT & CIP) and 4 (8%) were susceptible to all antibiotics tested.
Nine (19%) isolates showed resistance to both SXT & CIP, 1 (2%) showed resistance to both AMP & CIP and 6
(12.5%) revealed resistance to both AMP & SXT (Table 1). Moreover, all the less susceptible (R/I) organism to

FQs were significantly associated with resistance to at least one more drug (p-value < 0.05).
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Figure 1. Geographical location of 43 patients from Saudi Arabia, n (%).
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Figure 2. Phenotypic antibiotic susceptibility for each antibiotic tested for 48 NTS isolates.

Table 1. An overview of FQ susceptibility of NTS isolates with other antibiotics tested.

Susceptibility Antibiotic susceptibility versus # of isolates (%)

interpretation AMP’ & SXTA & CIP™ CIP & SXT CIP & AMP cip
S’ 4(8) 2 (4) 10 (21) 19 (39)
1" 0(0) 1(2) 0(0) 11 (23)
R” 5 (10) 9 (19) 1(2) 18 (37.5)

S’ = Sensitive, I” = Intermediate, R” = Resistance, AMP* = Ampicillin, SXT” = Trimethoprim/sulfamethoxazole, CIP™ = Ciprofloxacin.
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3.3. Molecular Detection of FQ Resistance

Mutations in 48 NTS isolates were explored in Quinolone Resistance-Determining Regions (QRDR) of gyrA
and parC genes of 48 NTS isolates (Table S2). Overall, 12 isolates showed mutation in gyrA, of these three
strains also had additional mutation in parC. One NTS isolate revealed mutation in parC gene alone. In QRDR
of gyrA, mutations occurred in two codons; 83 and 87. On codon 83 serine (S) converted to phenylalanine (F)
(S83F) and tyrosine (Y) (S83Y). On codon 87 aspartic acid (D) converted to glycine (G) (D87G), tryptophan (W)
(D87W), and asparagine (N) (D87N). Thus, codon 87 had more variable mutation ascompared to codon 83
(Table 2). In the parC gene, mutations occurred on codons 57 S converted to threonine (T) (S57T). On codon
80 S converted to isoleucine (1) (S801).

Occurrence of mutation between R, S and | isolates was significantly different (P value 0.0023 < 0.05). Also,
the different number of mutations between R and | isolates was significantly different (P value = 0.005605 <
0.05). In addition, occurrence of double mutations among resistance isolates was also significantly different (P
value < 0.05) than the intermediate and susceptible isolates.

4. Discussion

NTS infections are an important public health problem worldwide, causing food poisoning and enteric infection
to people of all ages [23] [24]. Since the occurrence of NTS infection and frequency of antimicrobial resistance
among NTS isolates vary in different geographical location [25]-[27], therefore, this study explored the fre-
quency of NTS infection, phenotypic antibiotic susceptibility of important treatment regime including CIP and
genotypic susceptibility profile of CIP for NTS isolates.

The demographic data of NTS patients from this study revealed that the occurrence of NTS infection is com-
parable in both male and female patients. Findings from this study also revealed that the NTS infection is more
common among the middle age individuals as compared to old and very young people. Similar findings have
also been reported previously in studies from Israel [28] and from United Kingdom [29]. This may also imply
with the fact that middle age people tend to have more frequent outside eating for business and social outings as
compared to the very young or old people which may be the source of higher NTS infections among them. Data
from this study also showed that the Saudi national patients were largely affected with NTS infections as com-
pared to expatriates. This may indicate that local Saudis are more susceptible to NTS as compared to non-Saudis
which need further investigations. Most of non-Saudi infected patients were from Philippine this may also be
compared with reports of higher occurrence of NTS infections in Philippine [30].

Globally, rising resistance pattern of Ampicillin, trimethoprim/sulfamethoxazole and Ciprofloxacin among
NTS has been reported which is posing a serious problem in the treatment of infections [31] [32]. The antibio-
gram from this study showed higher rate of resistance to SXT as compared to Amp and CIP, which is consistent
with the finding of studies from several European countries [33]-[35]. However, studies from Denmark and Fin-
land have reported higher resistance to CIP among NTS isolates [33] [34]. Besides, a number of epidemiological
studies have also shown reduced susceptibility to CIP among NTS isolates [36] [37]. Thus, it was encouraging
to see that less than fifty percent of NTS isolates in this study showed resistance to CIP which is an important
antibiotic used across for the treatment of various types of infections.

Molecular characterization of gyrA and parC genes for CIP resistance among NTS isolates revealed mutation

Table 2. A comparative view of 13 phenotypic FQ resistant NTS isolates with genotypic characterization.

Phenotypic susceptibility to FQ

Gene Codon # of isolates with mutation” . R |
83 5 5

gyrA 87 1 1
83 + 87 3 3 -
parC 57 1 1 -
gyrA & parC 83 +87 &80 2 2 -
gyrA & parC 83 & 57 1 1

“Mutations were significantly associated with resistant (R) NTS isolates than susceptible (S) using Chi-square test (p-value = 0.023).
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at only four codons; 83 and 87 of gyrA and 57 and 80 of parC, which is consistent with previous reports [38]
[39]. The most commonly mutated codons were 83 and 87 of gyrA gene resulting in reduced susceptibility to
CIP among NTS isolates. Similar finding has also been reported previously [40]. Even though none of the sus-
ceptible NTS isolates revealed mutations either in gyrA or parC genes, however, more than fifty percent of in-
termediately resistant NTS isolates exhibited single mutation at codon 83 of gyrA gene. Whereas, most of the
NTS isolates exhibited double mutation either with 83 of gyrA or with codons 57 and 80 of parC gene to exhibit
complete resistance to CIP as reported previously [41] [42]. This may indicate that variation at genetic level
arises with single mutation before phenotypic resistance to CIP. Thus, molecular characterization of the genes
may play an essential role in predicting future phenotypic resistance for CIP among the NTS isolates, which
may assist in appropriate therapy and controlling the emergence of resistant NTS strains.

5. Conclusion

Based on the findings of this study, we conclude that NTS infection is prevalent in Jeddah among Saudi nation-
als. Findings of this study also suggest that cautious therapeutic use of FQ as prevalent mutations in intermediate
susceptible NTS isolates may lead to resistant strains. Moreover, molecular characterization of FQ resistance
genes could essentially be used for early detection of pre-FQ resistant NTS isolates, which may serve as an es-
sential guide to clinicians for an appropriate therapy and containment of FQ resistant NTS infections. Data from
this study also suggest that further studies to explore alternate FQ resistance mechanism(s) as no mutations are
observed in respective FQ resistance genes among more than half of the FQ resistant NTS isolates. However,
since this study is carried out in Jeddah, with limited sample size, therefore, further investigations with larger
NTS sample are required to ascertain the findings of this study.
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Supplementary Tables
Table S1. Demographic data and antibiotic susceptibility of individual patient (N = 48).

phenotypic antibiotic susceptibility to

Patients’ ID# Age Sex Geographic Location Nationality
AMP SXT CIP

1 39 M" Jeddah s S’ R" S
2 37 M Jeddah S S R S
3 50 M Makkah S S R S
4 65 F Eastern S S S S
5 51 F Al-habasha Ns' S I” S
6 63 F Makkah S S R S
7 M Eastern S S R R
8 M Jeddah S S R S
9 M Jeddah S S S |
10 25 M Jeddah S S R S
11 5 F Eastern S R R |
12 38 F Philippine Ns S R |
13 39 F Philippine Ns S R R
14 80 M Jeddah S S R R
15 65 F Abha S S R R
16 29 F Najran S S R S
17 3 F Al-madinah S S R |
18 54 F Jeddah S S R R
19 11 F Jeddah S R R R
20 63 F Jeddah S S R R
21 4 F Eastern S S R R
22 71 M Jeddah S R R R
23 75 M Riyadh S S R S
24 22 M Taif S R R R
25 4 F Riyadh S S S R
26 46 F Eastern S R R R
27 49 M Makkah S R S S
28 2 M Taif S S | |
29 3 F Eastern S S R R
30 18 M Makkah S S R R
31 28 F Jeddah S R R S
32 24 F Riyadh S R R |
33 62 M Jeddah S R R R
34 24 F Jeddah S R S |
35 52 M Makkah S S S S
36 46 F Jeddah S S R S
37 67 M Jeddah S R S |
38 61 F Iraq Ns R S S
39 26 F Philippine Ns S S |
40 62 M Riyadh S S S R
41 28 M Jeddah S S S |
42 46 F Madinah S R R |
43 21 F Madinah S R S R
44 12 M Makkah S S S R
45 17 F Jeddah S R R S
46 3 M Jeddah S R R S
47 73 F Jeddah S S S S
48 55 F Jeddah S S S S

Abbreviations: s* = Saudi, Ns' = Non-Saudi, M" = Male, F = Female, S’ = Susceptible, R” = Resistance, [ = Intermediate.
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Table S2. Mutations in gyrA & parC genes in 48 NTS isolates.

Isolates gyrA parC Phenotypic susceptibility
ID Codon# Mutation to Codon# Mutation to to CIP~
1 - - - - S’
2 - - - - S
3 - - - - S
4 - - - - S
5 - - - - S
6 - - - - S
7 - - - - R”
8 - - - - S
9 - - - - "
10 - - - - S
11 83 Sef(TCG)83 — Tyi(TAC) - - [
12 - - - - |
13 - - - - R
14 - - - - R
15 - - - - R
16 - - - - S
17 83 Ser(TCG)83 — Phe(TTC) - - |
18 - - - - R
19 - - - - R
20 - - - - R
21 - - - - R
22 87 Asp(GAC)87 — AsT(AAC) - - R
23 - - - - s
Ser(TCG)83 — Phe(TTC
24 8387 Asp((GAC§87 - Asn((AA(g) ) ) R
25 - - 57 Ser(AGC)57 — Thi(ACC) R
Ser(TCG)83 — Phe(TTC
26 83,87 AspEGAC))87 o TqSEAAc)) - - R
27 - - - - s
28 - - - - |
29 - - - - R
30 - - - - R
31 - - - - S
32 83 Ser(TCG)83 — Phe(TTC) - - |
33 - - - - R
34 83 Ser(TCG)83 — Phe(TTC) 57 Ser(AGC)57 — Thr(ACC) |
35 - - - - s
36 - - - - s
37 83 Ser(TCG)83 — Phe(TTC) - - |
38 - - - - s
39 - - - - |
—

0B e Gee0) : : R
41 - - - - |
42 83 Ser(TCG)83 — Tyr(TAC) - - |
43 83 87 :Seggiggi - PAth]((TATCCC)) 80 Ser(AGC)80 — Ti3(ATC) R
44 83 87 Asfggg\%))sgi - Zhls((&cc)) 80 Ser(AGC)80 — Trp(TGG) R
45 - - - - s
46 - - - - s
47 - - - - s
48 - - - - s

S’ = Sensitive 1” = Intermediate R” = Resistance CIP™ = Ciprofloxacin Sef = Serine Tyi = Tyrosine Phé¢ = Phenylalanine Asp = Aspartic acid Asn =
Asparagine Tht = Theronine Trp = Tryptophan Gly = Glycine Ii& = Isoleucine.
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