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Purpose: The aim of the study was to investigate the changing pattern in serogroup
distribution and antimicrobial resistance of all Salmonella spp. isolated from patients attend-
ing the Mubarak Al Kabeer Hospital (MAK), Kuwait from 2006 to 2020.

Patients and Methods: A retrospective study of all enrolled patients attending the MAK
with culture-positive Salmonella spp. was undertaken. Data on age, gender, culture sample
and serogroup were obtained from the laboratory information system. A prospective anti-
microbial susceptibility of all stock isolates was carried out using E test. The trend rates of
Salmonella serogroups and antimicrobial resistance were compared among 5 periods: 2006—
2008, 2009-2011, 2012-2014, 2015-2017, and 2018-2020.

Results: A total of 700 isolates were identified. The majority of the isolates were from the
stool (77.6%), followed by the blood (16.4%). The most common serogroups were serogroup
D (37.6%) and B (23.4%). There was a significant rise in ciprofloxacin resistance from
32.2% during 20062008 to 54.3% during 2018-2020 and from 32.5% during 2009-2011 to
54.3% during 2018-2020 (P=0.0001, respectively). The resistance trend to cefotaxime was at
relatively low levels ranging from 0% to 3.4% through 2006-2008 to 2018-2020. There was
a significant drop of the resistance to ampicillin from 23.6% in 2015-2017 to 12.3% in
2006-2008 to 2018-2020 (P=0.03). Trimethoprim/sulfamethoxazole resistance dropped sig-
nificantly from 14.5 to 3.6% (P=0.002) during 2006-2008 to 2018-2020 and then from 13.5
to 3.6% (P=0.02) during 2015-2017 to 2018-2020. One hundred and seventeen (16.7%)
isolates were multidrug-resistant.

Conclusion: Continuous surveillance of Salmonella and its antimicrobial resistance is
important for antibiotic policy formulation for invasive Sa/monella infections.
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Introduction

Salmonellac are motile, Gram-negative bacilli, belonging to the family
Enterobacterale. The genus Salmonella consists of 3 species: Salmonella bongori,
Salmonella enterica and S. subterranean.' S. bongori (subspecies V) causes diseases
in reptiles and rarely causes disease in humans, while S. enterica consists of over 2600
serotypes or serovars that have been identified up to date and causes disease in
humans.' S. enterica itself is composed of six subspecies: entericae (subspecies I),
salamae (subspecies II), arizonae (subspecies 1lla), diarizonae (subspecies IIIb),
houtanae (subspecies IV), indica (subspecies VI).! S. enterica serovar is divided

into typhoidal and nontyphoidal strains. Almost all serotypes can cause disease in
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humans. A few are host-specific and can be found in few
animal species, eg S. enterica serotype Dublin in cattle and
S. enterica serotype Choleraesuis in pigs.”

Salmonella infection is an important cause of food-
borne-disease and gastroenteritis worldwide. According
to the World Health Organization (WHO), it is regarded
as 1 of the 4 key global causes of diarrheal diseases.” Most
cases are mild but some can be life threatening according
to the host factors and serotype of salmonella. It causes
a considerable morbidity and mortality, especially in
countries.” WHO has that
every year, almost 1 out of 10 people become sick and

developing estimated
33 million of healthy life years are lost. The Centers for
Disease Control and Prevention (CDC), USA estimates
that approximately 1.35 million illnesses, 26,500 hospita-
lizations and 420 deaths occur due to non-typhoidal
Salmonella each year in the US, resulting in an estimated
$400 million in direct medical costs.*

There is no vaccine available for controlling invasive
non-typhoidal Sal/monella infection. Although antimicro-
bial agents are not recommended in the treatment of sal-
monella gastroenteritis, it is, however, recommended for
extra-intestinal invasive infections, especially in the
extreme of age, immunosuppressed patients and those
with underlying diseases, eg, meningitis, septicemia, septic
arthritis, and osteomyelitis.>® The management of these
invasive infections entails using antimicrobial agents.
However, antimicrobial resistance in Salmonella spp. is
a serious issue all over the world especially against the
first-line drugs, eg, ampicillin, chloramphenicol, and cotri-
moxazole. Third-generation cephalosporins and fluoroqui-
nolones have become the standard first-line empirical
therapy. A CDC report stated that antibiotic-resistant non-
typhoidal Sal/monella infections are on the rise approach-
ing an estimated 10% for ciprofloxacin, 3% for ceftriaxone
and 1% for azithromycin.* Prolonged hospitalization and
increased risk of bloodstream infections, treatment failure
and excess mortality have been associated with antimicro-
bial drug resistant non-typhoidal Salmonella infections.®’
Previous reports from Kuwait have shown that resistance
to Salmonella spp. in Kuwait is high.'®'" According to
a previous report from Kuwait, the commonest serogroups
in both adults and children were serogroup B followed by
serogroup C and D.° Thus, it is important to do
a continuous surveillance of salmonella antimicrobial
resistance and serogroups for patient management in
order to reduce the occurrence of complications and
mortality.

The aim of this study was to investigate the changing
pattern in serogroup distribution and antibiotic resistance
among Salmonella isolates from patients attending the
Mubarak Al Kabeer Teaching Hospital, Kuwait, during
a period of 15 years from 2006 to 2020.

Materials and Methods

Bacterial Isolates

All Salmonella species isolated from inpatients and outpatients
attending the Mubarak Al Kabeer Hospital from 2006 to 2020
were sent to Anaerobe/Hospital Infection Laboratory,
Department of Microbiology, Faculty of Medicine, Kuwait
University, where they were stored at —80°C freezer in
CryoBank beads (Mast Group Limited, Merseyside, UK).
The specimens were obtained from the following sites as
requested by the clinical diagnosis: stool, blood, extra-
intestinal samples, eg, urine, CSF, pus, tissue, pleural fluid,
bed sore, synovial fluid, bile, eye swab, ascetic fluid, wound,
and fine needle aspirates. Only one isolate per patient per site
was collected. The isolates were stored at —80°C freezer as
above until used for study. Data on patient’s age, gender,
culture site, date of collection and serogroups were obtained
from the laboratory information system (LIS).

Culture Method

Stool specimens were cultured on the following media:
MacConkey agar (Oxoid, Basingstoke, UK), Salmonella-
Shigella (SS) agar (ThermoFisher Scientific, Waltham, MA,
USA), Campylobacter agar (ThermoFisher Scientific) and
Selenite F broth (Becton Dickinson, Franklin Lakes, NJ,
USA) which was
h incubation. If the stool was watery, it was also cultured on

subcultured on SS gar after 18

Aeromonas selective agar (Sigma-Aldrich, St. Louis, MO,
USA) and Sorbitol-MacConkey agar (Oxoid)."?

The following automated blood culture systems were
used: BACTEC 9240 (Becton Dickinson) from 2006 to
2014, and BD BACTEC FX (Becton Dickinson) and
BACT/ALERT VIRTUO (bioMérieux, Marcy-1’Etoile,
France) from 2015.

Identification and Serogrouping

All Salmonella isolates were re-identified and serogrouped
by standard VITEK II system (bioMerieux) and slide agglu-
tination test during 2021. Isolates with low scores on VITEK
IT were subjected to further identification on Matrix-Assisted
Laser Desorption/lonization-Time of Flight (MALDI-TOF)
(bioMerieux). For serogrouping, the isolates were inoculated
into triple sugar iron (TSI) agar (Hardy Diagnostics, Santa
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Maria, CA, USA) and slide agglutination test was carried
out using Salmonella polyvalent and group-specific antisera
(Denka Seiken, Tokyo, Japan; SSI Diagnostics, Hillerod,
Denmark; and Remel, Thermo Fisher Scientific) according
to manufacturer instructions.

Antimicrobial Susceptibility Testing

Susceptibility testing of all isolates was carried out during
2021, in the Anaerobe/Hospital Infection Laboratory by deter-
mining the minimum inhibitory concentrations (MIC). The
antibiotics tested and their breakpoints were the following:
ampicillin (8 pg/mL), cefotaxime (1 pg/mL), chloramphenicol
(8 pg/mL), ciprofloxacin (0.06 pg/mL), ertapenem (0.5 pg/
mL), gentamicin (4 pg/mL), meropenem (1 pg/mL), tigecy-
cline (0.5 pg/mL) and trimethoprim/sulfamethoxazole (2/38
pg/mL) using E-test method (bioMerieux). The breakpoints
were used according to the interpretive criteria recommended
by the Clinical and Laboratory Standards Institute (CLSI),
except for tigecycline, which was done according to The
European Committee on Antimicrobial Susceptibility Testing
(EUCAST).">" Escherichia coli ATCC 25922 strain was
used as a quality control strain in each batch of test.

To look for changes in resistance over time, the dura-
tion of study was broken into five periods: A (2006 to
2008), B (2009 to 2011), C (2012 to 2014), D (2015 to
2017), and E (2018 to 2020).

Statistical Analysis
The difference between proportions was compared by
a two-tailed Chi square test. A P value of <0.05 was
considered as significant.

Table | Clinical Samples from Which Salmonella Was Isolated

Ethical Approval

Institutional ethical approval was obtained from the Health
Sciences Centre Ethical Committee, Health Sciences Centre,
University  (permit VDR/EC/3779).
Collection of the specimens was conducted according to the

Kuwait number
Declaration of Helsinki and with particular institutional ethical
and professional standards. No additional specimens were
collected from the patients for this study and the patient
identities were kept anonymous.

Results
Demographics and Epidemiology

As shown in Table 1, a total of 700 isolates were collected of
which 543 (77.6%) were from stool, 115 (16.4%) from blood,
18 (2.6%) from urine, 1 (0.1%) from cerebrospinal fluid (CSF),
and 21 (3%) from other extra-intestinal sites (7 isolates from
pus, 4 tissue, 2 pleural fluids, 2 ascetic fluids, 1 bedsore, 1
synovial fluid, 1 bile, 1 eye swab, 1 wound and 1 fine needle
aspirate). The most common serogroup was group D (263;
37.6%), followed by group B (164; 23.4%), group C (154;
22%), Salmonella Typhi (46; 6.5%), group E (30; 4.3%),
miscellaneous groups (17; 2.4%), group G (14; 2%), and
Salmonella Paratyphi A, B, and C (12; 1.7%). The miscella-
neous group include the following: group F (6; 0.85%), group
A (3; 0.4%), group I (2; 0.28%), group O (2; 0.28%), group
J (2; 0.28%), group H (1; 0.14%), and Salmonella enterica
subsp. diarizonae (1; 0.14%). Among the bloodstream infec-
tions, group D (45; 39.1%) was the commonest followed by S.
Typhi (40; 34.8%), group B (11; 9.6%) and S. Paratyphi A,
B and C (6; 5.2%) and group C (6; 5.2%). Only one case of
meningitis due to Salmonella serogroup D was reported during

Salmonella Groups/Species No. of Isolates in Total No. of Isolates
Stool | Blood | Urine | CSF | Other Samples ® | Unknown Samples
Salmonella grp. B 140 I 3 0 9 | 164
Salmonella grp. C 140 6 [ 0 6 | 154
Salmonella grp. D 203 45 10 | 4 0 263
Salmonella grp. E 27 | 2 0 0 0 30
Salmonella grp. G 11 3 0 0 0 0 14
Salmonella Typhi 4 40 2 0 0 0 46
Salmonella Paratyphi (A, B, C) 6 6 0 0 0 0 12
Miscellaneous * 12 3 0 0 2 0 17
Total Salmonella spp. 543 115 18 | 21 2 700

Notes: *Miscellaneous: Salmonella group F (6); Salmonella group A (3); Salmonella group | (2); Salmonella group O (2); Salmonella group ) (2); Salmonella group H (1); and
Salmonella enterica subsp. diarizonae (1). ® Other samples: pus (7), tissue (4), pleural fluid (2), ascetic fluid (2), bedsore (1), synovial fluid (1), bile (1), eye swab (1), wound (1),

and fine needle aspirate (I).
Abbreviation: CSF, cerebrospinal fluid.
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Table 2 Age and Gender Distribution of Patients from Whom Salmonella Was Isolated

Salmonella Group/Species Total No. of Isolates Gender Age®

Male Female Mean (Years) Range
Total Salmonella spp.? 700 393 306 28.3 23 Days- 90Y
Salmonella grp. D ? 263 151 11 28.6 23 Days - 90Y
Salmonella grp. B 164 91 73 30.2 3 months- 86Y
Salmonella grp. C 154 86 68 30.3 | month - 78 Y
Salmonella Typhi 46 23 23 18.6 2Y-75Y
Salmonella grp. E 30 14 16 29.6 6 months- 46Y
Miscellaneous 17 9 8 23 1Y-80Y
Salmonella grp. G 14 I 3 16 1Y-51Y
Salmonella Paratyphi 12 7 5 19.7 I'l months - 44 Y

Notes: *Gender was unknown for one sample. ® Ages were not available for: Total Salmonella spp. (232), S. group B (70); S. group C (55); S. group D (49); S. Typhi (23); S.

group E (19); miscellaneous group (5); S. group G (9); S. Paratyphi (2).
Abbreviations: M, month; Y, years.

the study period. As shown in Table 2, more than half of the
isolates were obtained from male patients (393; 56.2%) com-
pared to (306; 43.9%) from female patients. The age ranged
between 23 days to 90 years. The age stratification according to
the groups is shown in Table 2.

Changing Trends in Resistance Rates

Among Different Years

As shown in Figure 1, there was a significant drop in
the isolation rates of resistant isolates against ampicil-
lin from 23.6% to 12.3% (P=0.03) between periods
2015-2017 and 2018-2020, respectively. While tri-
methoprim/sulfamethoxazole resistance dropped signif-
icantly from 14.5 to 3.6% (P=0.002) for periods
between 2006-2008 and 2018-2020 and from 13.5 to
3.6% (P=0.02) for periods 2015-2017 and 2018-2020.
There was a significant rise in resistance to gentamicin
from 3.5% during 20062008 to 10.1% during 2015-
2017 (P=0.05). There was a significant rise in cipro-
floxacin resistance from 32.2% during 2006-2008 to
54.3% in 2018-2020, and again from 32.5% during
2009-2011 to 54.3% in 2018-2020 (P=0.0001 for
both comparisons). Tigecycline resistance dropped sig-
nificantly from 60.5% during 2006-2008 to 31.9% dur-
ing 2018-2020, from 52.6% during 2009-2011 to
31.9% during 2018-2020, and from 59.6% during
2015-2017 to 31.9% in 2018-2020 (P=0.0001 for all
three comparisons) and from 59.6% during period
2012-2014 to 31.9% during 2018-2020 (P=0.0008).
Third-generation cephalosporins, cefotaxime, had an
excellent activity against all isolates with resistance
rates ranging from 0% to 3.4% during 2015-2017.

Meropenem and ertapenem demonstrated excellent
activities against all isolates with 0% resistance in the
15-year study period. Resistance to chloramphenicol
was relatively high at 10.5% during the initial 6
years, then dropped by nearly one-third (3.4% to
3.9%) and finally spiked to 5.1% during the last 3
years of the study.

Resistance Rates for Different Years for
Different Salmonella Groups Against
Ampicillin

As shown in Figure 2, there was a significant drop in
ampicillin resistance in Salmonella group B from 27.5%
to 10.6% in 2006-2008 to 2009-2011 (P=0.03). But there
was a significant rise in resistance for group D from 11.1%
during 20092011 to 28.6% during 2015-2017 (P=0.02)
followed by a significant drop from 28.6% for the period
2015-2017 to 11.4% in 2018-2020 (P=0.02).

Resistance Rates of Different Salmonella
Groups Against Ciprofloxacin in Different

Years

As shown in Figure 3, isolates belonging to Salmonella
Group D demonstrated a significant rise of ciprofloxacin
resistance from 27.6% during 20062008 to 67.1% during
2018-2020 (P=0.0004), from 17.5% (2009-2011) to
40.7% (2012-2014) (P=0.03), from 17.5% in 2009-2011
to 67.1% in 2018-2020 (P=0.01), and from 39.3% (2015-
2017) to 67.1% (2018-2020) (P=0.002). There were no
significant changes in resistance pattern for other groups.
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Figure | Resistance of all Salmonella groups during different years. Significant difference between periods for prevalence of resistance for antibiotics is as follows: 2015-2017
vs 2018-2020 for ampicillin (P=0.03); 2006—2008 vs 2018-2020 (P=0.002) and 2015-2017 vs 2018-2020 (P=0.02) for trimethoprim; 2006-2008 vs 2015-2018 (P=0.05) for
gentamicin; 2006-2008 vs 2018-2020 (P=0.0001) and 20092011 vs 2018-2020 (P=0.0001) for ciprofloxacin; 20062008 vs 2018-2020 (P=0.0001), 20092011 vs 2018—
2020 (P=0.0001), 2015-2017 vs 2018-2020 (P=0.0001), and 2012-2014 vs 2018-2020 (P=0.0008) for tigecycline.
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Figure 2 Resistance of Salmonella groups B and D for the five periods against ampicillin. Significant difference between periods for prevalence of resistance for ampicillin is as
follows: 2006-2008 vs 2009-201 1 (P=0.03) in Salmonella group B; and 2009-201 | vs 20152017 (P=0.02) and 2015-2017 vs 2018-2020 (P=0.02) in Salmonella group D.

Resistance Rates for Different Years for
Different Salmonella Groups Against
Tigecycline

As shown in Figure 4, there was a significant drop of
resistance to tigecycline in Salmonella group B from
76.5% (2006-2008) to 56.1 (2009-2011) (P=0.031) and
from 76.5% (2006-2008) to 41.7% (2018-2020)

(P=0.005). Among Salmonella group C, the resistance
rate to tigecycline dropped significantly from 77.5%
(2006-2008) to 65.3% (2009-2011) (P=0.002) and from
65.3% (2009-2011) to 33.3% (2018-2020) (P=0.01).
Among Salmonella group D, the resistance level increased
significantly from 44.8% (2006-2008) to 47.6% (2009—
2011) (P=0.04). However, the resistance level dropped
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Figure 3 Resistance of Salmonella group D for the five periods against ciprofloxacin. Significant difference between periods for prevalence of resistance for ciprofloxacin is as
follows: 2006-2008 vs 2018-2020 (P=0.0004); 20092011 vs 20122014 (P=0.03); 20092011 vs 20152017 (P=0.01); 20092011 vs 2018-2020 (P=0.0001); 20122014 vs
20152017 (P=0.02); and 2015-2017 vs 2018-2020 (P=0.0002).
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Figure 4 Resistance of Salmonella groups B, C and D for the five periods against tigecycline. Significant difference between periods for prevalence of resistance for
tigecycline is as follows: 2006—2008 vs 2009-201 | (P=0.03) and 20062008 vs 2018-2020 (P=0.0005) in Salmonella group B; 2006—2009 vs 2018-2020 (P=0.002) and 2009-
2011 vs 2018-2020 (P=0.01) in Salmonella group C; and 2006—2008 vs 2018-2020 (P=0.04), 2012-2014 and 2018-2020 (P=0.02) and 2015-2017 vs 2018-2020 (P=0.005) in
Salmonella group D.

4962 https:/idoi.org/10.2147/IDR.S3401 16 Infection and Drug Resistance 2021:14
DovePress


https://www.dovepress.com
https://www.dovepress.com

Dove

Jamal et al

significantly from 55.6% (2012-2015) to 30.7% (2018—
2020) (P=0.02) and from 55.4% (2015-2017) to 30.7%
(2018-2020) (P = 0.0005).

Resistance Rates for Different Years for
Different Salmonella Groups Against
Chloramphenicol, Trimethoprim/
Sulfamethoxazole, Gentamicin and

Cefotaxime

There were no significant differences in the resistance
rates for chloramphenicol, trimethoprim/sulfamethoxazole,
gentamicin and cefotaxime in different years for the dif-
ferent salmonella groups (data not shown).

Multidrug Resistance Phenotypes

The resistance phenotypes of all 700 isolates are shown in
Table 3. A total of 492 isolates (70.28%) were resistant to one
or more antibiotics. One hundred and seventeen isolates
(16.7%) were multidrug-resistant isolates (ie, resistant to 3
or more different classes of antibiotics). Fifty-one (7.2%), 48
(6.85%), 14 (2%), and 4 (0.57%) isolates were resistant to 3,
4, 5 and 6 antimicrobial agents, respectively. Insight into the
origin of multi-resistant strains is given in Table S1. There
were 27 patterns of multi-resistance. The most prevalent
patterns were: ampicillin, ciprofloxacin, and tigecycline (16
isolates) > ampicillin, gentamicin, ciprofloxacin, and tigecy-
cline (15 isolates) > chloramphenicol, ampicillin, and cipro-
floxacin (11 isolates) > chloramphenicol, ampicillin,
trimethoprim-sulfamethoxazole, and ciprofloxacin (10 iso-
lates). The involvement of antibiotics in multi-resistant was
tigecycline (22 isolates) > ampicillin and ciprofloxacin (20
isolates) > trimethoprim-sulfamethoxazole (15 isolates) >
chloramphenicol (14 isolates) > gentamicin (13 isolates).
Many multi-resistant isolates were spread across
Salmonella groups B, C and D. Multi-resistance strains

were present across all five periods.

Discussion

Salmonella infections are an important public health issue all
over the world. There is a geographic difference in distribution
of Salmonella serogroups in children and adults in different
countries including Kuwait. In a previous study from Kuwait,
it was reported that serogroup B was more prevalent than
serogroups C.'® However, in this study, serogroup D was the
most prevalent followed by serogroup B, a finding similar to
previous reports from Saudi Arabia, Turkey, Taiwan, and

Malawi.'> ™"

Table 3 Resistance Phenotypes of All 700 Salmonella Isolates

Resistance Phenotypes No. of Isolates

TGC 173
Cip 82
Cip, TGC 79
Amp, Cip, TGC 16
Amp, Gn, Cip, TGC 15
Chl, Amp, Cip I
Chl, Amp, TS, Cip 10
Amp, TGC

TS, TGC

TS, Cip, TGC

Amp

Chl, Cip, TGC

Amp, TS, Cip, TGC

Amp, Cip

Amp, TS, TGC

Chl, Amp, TS, TGC

TS, Cip

Chl, Amp, Cip, TGC

Amp, TS, Gn, Cip, TGC
Amp, TS

Chl, Amp, TS, Gn, TGC
Chl, TS, Gn, Cip, TGC

Chl, Amp, TS, Gn, Cip, TGC
Chl, TS, TGC

Amp, Gn, Cip

Gn, Cip, TGC

Chl, Amp, CT, Cip

Amp, TS, Gn, TGC

Amp, CT, Cip, TGC

Chl, Amp, Gn, Cip, TGC
Chl

Chl, TGC

Amp, CTX

Amp, Gn, TGC

TS, Gn, Cip, TGC

Chl, TS, Gn, Cip

Chl, Amp, TS, Cip, TGC
Amp, Gn, CT, Cip, TGC
Chl, Amp, TS, Gn, CT, TGC

0

e e e m D D S NN N NNNNWWWWARADRNGODO OO O N O ®

Abbreviations: Chl, chloramphenicol; Amp, ampicillin; Cip, ciprofloxacin; TGC,
tigecycline; TS, trimethoprim/sulfamethoxazole; CTX, cefotaxime; Gn, gentamicin.

Our Salmonella isolates demonstrated a relative drop in
the resistance to the first-line drugs during the 15-year
period. For instance, resistance to chloramphenicol
dropped from 10.5% to 5%, likewise resistance to ampi-
cillin (18% to 12.3%) and trimethoprim/sulfamethoxazole
(14.5% to 3.6%). This observation may be explained, in
part, by the fact that there has been steady replacement of
the conventional drugs by the quinolones and third-

generation cephalosporins over time in our hospitals and
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community. Our observation is concordant with a similar
report from Europe where there was a decline in the
occurrence of resistance to chloramphenicol from 14% to
8%.%° However, unlike our finding of decline in resistance
to the first-line drugs, reports from Saudi Arabia and
Taiwan have actually demonstrated an increase in resis-
tance to the first-line drugs.'”'®

Resistance to the third-generation cephalosporin such
as cefotaxime and ceftriaxone had been reported in

Salmonella spp. since 1991.%'

This resistance appeared to
be due to plasmid mediated AmpC or ESBL genes. In
a study reported from Kuwait, CTX-M-15 with insertion
sequence ISEcp! gene was identified in several Salmonella
serotypes belonging to serogroups B and C.** In the cur-
rent study, although cefotaxime resistance was detected in
0.4%, 3.6% and 3.4% during 2009-2011, 2015-2017, and
2018-2020, respectively, there were no significant differ-
ences in the resistance during these 3 periods. In the
current study, resistance to cefotaxime was lower than
Saudi Arabia and

Europe.'>**?? However, this is unlike a previous study

previously reported in Kuwait,
from Taiwan, where the resistance to cefotaxime increased
from <5% to >10% in serogroup B and S. Choleraesuis
from 1999 to 2010.*

In our study, there was a gradual increase in ciprofloxacin
resistance from 32.2% to 54.3% during the study period and
there was a significant rise in resistance between periods of
2006-2008 vs 2018-2020, and 2009-2011 vs 2018-2020.
This rise in the ciprofloxacin resistance is of concern as it is
the drug of choice in Kuwait to treat invasive salmonella
infections. Ciprofloxacin resistance is mediated by mutations
in gyr4 and gyrB genes that lead to mutations in the quino-
lone resistance determining region.** This probably explains
our observation as there has been a persistent increase in the
use and misuse of this drug in the healthcare centers. It is
even mandatory to give people on pilgrimage to holy sites in
Saudi Arabia a capsule of the antibiotic as a prophylaxis
against communicable diseases. These measures exert undue
pressure on the bacteria to develop resistance.

Carbapenem is the drug of choice for treating patients
with MDR-salmonella third-

generation cephalosporin and quinolones are ineffective.

infections when the
Although none of our isolate, in this study, was resistant to
carbapenems, resistance to this group of antibiotics has
been reported previously.>> Should resistance to this class
of drugs develop in the future, it would further complicate

the treatment of invasive salmonella infections.

It was noted that tigecycline resistance dropped during
the 15-year period from 60.5% to 31.9% with statistically
significant differences among several periods. This is unlike
the situation in Taiwan in 2008, where 1.6% of Salmonella
serotype Typhimurium isolates, and 1.6% of Salmonella
serotype Choleraesuis isolates were not susceptible to tige-
cycline using the EUCAST breakpoints.® The reason for
this high resistance level among our isolates is probably due
to the overuse of tigecycline at the onset of its introduction
to the country, but whose use gradually tapered off with time
and development of resistance among other species of the
family Enterobacterales.?’

Since the 1990s, the prevalence of multidrug-resistant
Salmonella spp. has been on the increase worldwide,
including Kuwait, the UK, and USA.!1282% Our previous
report in 2008 showed that 28 out of 287 isolates were
MDR representing 9.8% of the total isolates. In this report,
the MDR rate was 16.7%, nearly doubling over the pre-
vious rate."" This observation is discordant with the report
from Turkey, Taiwan and Europe where the rate of MDR
dropped over time.'®'®2° Multi-resistant strains were pre-
sent in several groups and in many periods. This is not
surprising since the antibiotics tested were in use for
treatment before we started the study.

Although the susceptibility testing of the isolates was
prospective, the patient data collection was retrospective
with its own limitations. Other limitations include: involve-
ment of a single center, lack of access to clinical data including
mortality and morbidity rates, and absence of investigation of
molecular mechanisms of resistance in the resistant isolates.

Conclusion

There was a significant rise in ciprofloxacin resistance and
a significant drop in ampicillin and trimethoprim-
sulfamethoxazole resistances in Salmonella during the 15-
year study period. Resistance to cefotaxime was low and
steady, and multi-resistance was below 20%. Continuous
surveillance of Salmonella and its antimicrobial resistance
provided information on these changing trends. This type
of study is required for formulation of antibiotic policy to
treat serious invasive infections.

Abbreviations
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