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Purpose: Multi-drug resistance of non-typhoidal Salmonella (MDR-NTS) is an increasing threat worldwide. In Thailand, data for the
past decade is limited. This research is to determine the prevalence and trends of nonsusceptibility patterns of the bacteria, especially
to ciprofloxacin and ceftriaxone.
Methods: This retrospective study was extracted data of patients who had non-typhoidal Salmonella (NTS) infection, from 10
hospitals between June 2011 and June 2020. Demographic data, culture reports, and antimicrobial susceptibility were included in the
analysis.
Results: A total of 433 patients were identified. The most common age group was less than 15 years old (53.6%), with a median age
of 12 years (IQR 57–4). Of these people, 61.1% had gastroenteritis and 36.7% had bacteremia. The most prevalent serogroups was
C (28.6%). MDR-NTS rate was 52.8% (95% CI 39–44). The resistant rates were 43%, 32.8%, 22.8%, 6.7%, 4%, 0.45%, 0.45% for
sulfamethoxazole/trimethoprim, amoxicillin-clavulanic acid, cefotaxime, ampicillin/sulbactam, piperacillin/tazobactam, imipenem and
meropenem retrospectively. Resistant rates have been increasing, especially for ciprofloxacin (30%), which rose from 16.6% in 2011–
2015 to 39.5% in 2016–2020 (prevalence rate ratio (PRR) 2.4,95% CI 1.51–3.72) and for ceftriaxone 25.4% which rose from 16.1% to
32% (PRR 2 95% CI 1.24–3.16). Ampicillin, norfloxacin, tetracycline, amikacin, gentamicin, and ceftazidime remained static at
62.3%, 49.5%, 33.2%, 15.2%, 8.8%, 2.8%, respectively.
Conclusion: The prevalence of MDR-NTS has been increasing over the past decade, particularly those strains which demonstrate
resistance to ciprofloxacin and ceftriaxone. Finding successful treatment requires a comprehensive selection of proper antimicrobials
as well as close monitoring, especially in cases with severe infection.
Keywords: multi-drug resistance, non-typhoidal Salmonella, drug-resistance pattern, ceftriaxone resistance, ciprofloxacin resistance,
prevalence

Introduction
Non-typhoidal Salmonella (NTS) is a major cause of Infectious diarrhea worldwide, especially in Southeast Asia. There
has been an increase in the rate of drug resistance of non-typhoidal Salmonella (DR-NTS).1–4 DR-NTS infection is
associated with invasive diseases, hospitalization, and increased mortality.5 The main mechanisms of resistance are
extended-spectrum ß-lactamases (ESBL), AmpC ß-lactamases (AmpC) which are resistant to cephalosporinases espe-
cially ceftriaxone or mutations of DNA gyrase enzyme and topoisomerase IV which are fluoroquinolone resistant.
Mechanisms also include either horizontal gene transfer or point mutation between organisms. Ceftriaxone and cipro-
floxacin resistance have been increasingly reported worldwide6–10 which is a concern for doctors. This resistance
increases the risk of treatment failure. In 2020 the National Antimicrobial Resistance Surveillance Center of
Thailand11 (NARST) reported NTS isolated from blood (2020) was resistant to ciprofloxacin (4.6%) and ceftriaxone
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(7.2%).6 However, the MDR-NTS rate was not reported by NARST. Moreover, drug resistance rates in some areas of
Thailand differ greatly from the average. A previous study in rural Thailand10 (2006–2014) reported MDR-NTS 19.2%
resistance to ciprofloxacin and 58.1% and 12.2% resistant to third generation cephalosporins. Data from a similar
periodic study on human infections in Asian countries found MDR of 25.3% (2012–2019) in Taiwan,12 41% (2019) in
Hong Kong13 and 53.8% (2014–2019) in Vietnam14 which had all potential to increase. Therefore, a study was conducted
to determine the prevalence of current MDR-NTS infection from patterns of antimicrobial resistance, particularly
resistance to ceftriaxone and ciprofloxacin in Nonthaburi province. Nonthaburi is in the central region of Thailand. It
is very densely populated (2nd place after Bangkok).15 It is also a city of government Centers and more than a million
visitors (domestic and foreign proportions; 500:1)15 per year.

Materials and Methods
Methods
The research was conducted retrospectively, by collecting patient information from ten hospitals: six district, three
private, and one tertiary hospital with permission from hospital directors. The data included all patients who were
diagnosed with Salmonella infections based on ICD-10 (A02.0-A02.9 (WHO. 2014–2016 ICD-10-CM Diagnosis Code
A02.0–02.9 and ICD-10-CM Diagnosis Code A02.9)16 from June 2011 to June 2020. Patients with no serogroup and/or
antimicrobial sensitivity testing results were excluded. Then medical records of the patients were reviewed for their
demographical data including age, gender, culture (blood, stool and/or other body fluid), and antimicrobial susceptibility
testing reports. Patients whose cultures were negative were excluded from the study.

Microbial Definition
All hospitals in the study reported Salmonella culture by using O antigen to classify them as serogroups A, B, C, D, and
E, based on the Kauffman-White classification.17 Antimicrobial susceptibility testing was performed using the agar disk
diffusion method) each lab may be different about of type and number of antimicrobials; however, the antimicrobial
susceptibility of laboratories in Thailand were interpreted according to the guidelines of the Clinical and Laboratory
Standards Institute (CLSI),18 which is under control standards set by the Department of Medical Sciences in the Ministry
of Public Health.19 CLSI defines DR-NTS as NTS resistant to at least one class of antimicrobials. MDR-NTS was defined
as acquired non-susceptibility to at least one agent in three or more antimicrobial categories.20

Statistical Methods
Descriptive statistics were used to analyze demographic data and prevalence. The differentiations between groups were
analysis by Pearson’s chi-square and 95% confidence interval. SPSS version 21 was used as the analysis tool.

Results
The Prevalence and Characteristics
Four hundred eighty-one patients were diagnosed with NTS infection within the period of 2011 to 2020. After exclusions
based on criteria, 433 patients were remained. The patients had a median age of 12, IQR (4–57), age group ≤15 years
53.6% (n= 232/433), 16–60 years 24.4% (n=106/433),> 60 years 21.7% (n= 95/433). Male 45% (n= 195/433) and female
55% (n= 238/433). The patient data came from a tertiary hospital 47.8% (n=207/433), district hospitals 25.3% (n= 135/
433) and private hospitals 17% (n=91/433). Diagnosis was categorized as noninvasive 61.6% (n=267/433; 264 gastro-
enteritis, 1 chronic otitis media, 1 chronic ulcer, 1 abscess), invasive 38.4% (n=166/433; 159 bacteremia,1 meningitis, 1
meningitis with brain abscess, 2 osteomyelitis, 2 arthritis,1 urinary tract infection with bacteremia). The patients infected
with non-drug resistance non-typhoidal Salmonella (NDR-NTS) amounted to 9.9% (n=43/433) (95% CI 3.98–9.77).
Ninety percent had NTS which was resistant to at least one essential antimicrobial. 24.2% (n=105/433) (95% CI 6.15–
11.51) were resistance to one class of antimicrobial (1-DR-NTS). Resistance to two classes of antimicrobial (2-DR-NTS)
was 12.9% (n=56/433) (95% CI 10.21–23.67), MDR-NTS 52.8% (n=229/433) (95% CI 10.26–30.76).There were 33%
(n=143/433) of the patients with underlying disease; the most common were metabolic disease 10.6% (n=46/433)
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(21 diabetes, 8 diabetes with hypertension, 8 diabetes with hyperlipidemia, 9 diabetes with other), hyperlipidemia 4.4%
(n=19/433) and hematologic 8.3% (n=36/433)(12 thalassemia with regular blood transfusion, 8 thalassemia with non-
regular blood transfusion, 8 Iron deficiency anemia, 2 G6PD, 6 other) gastrointestinal 2.8% (n=12/433), immunological
2.3% (n=10/433), (6 HIV,1 SLE, 3 other), neurological 2.7% (n=12/433) other 2.5% (n=11/433) (Table 1).

Drug-Resistant Patterns and Trends
Overall, the NTS resistance to ampicillin was 62.3% (n=270/433), norfloxacin was 49.5% (n=121/433), sulfamethox-
azole/ trimethoprim was 43% (n=186/433), tetracycline was 33.2% (n=144/433), amoxicillin-clavulanic acid was 32.8%
(n=142/433), ciprofloxacin was 30% (n=130/433), ceftriaxone was 25.4% (n=110/433), cefotaxime was 22.8% (n=99/
433), amikacin was 15 0.2% (n=66/433), gentamicin was 8.8% (n=38/433), ampicillin/sulbactam was 6.7% (n=29/433),
ceftazidime was 2.8% (n=12/433), piperacillin/tazobactam was 1.8% (n=8/433), imipenem was 0.46% (n=2/433),
meropenem was 0.46% (n=2/433). Ciprofloxacin, ceftriaxone, cefotaxime, sulfamethoxazole/trimethoprim, amoxicillin-
clavulanic acid, piperacillin/tazobactam, ampicillin/sulbactam imipenem and meropenem, all showed increase resistance
(Figure 1A), while resistance to the other antimicrobials fluctuated or slightly decrease. (Figure 1B) Subgroup analysis of
invasive NTS patients found that the trend of drug resistance was not different from that of overall NTS patients
(Figure 2).

Ceftriaxone and Ciprofloxacin Resistances
All NTS resisted ceftriaxone at a rate of 25.4% (n=110/433) (95% CI 0.12–0.99). In 2016–2020, NTS was found to be 2
times more resistant to ceftriaxone (32%) compared to 2012–2015 (16.1%) (PRR 2.95% CI 1.24–3.16). Serogroup A had
significantly increased resistance to ceftriaxone, form 1.66% (n=3/180) to 6.32% (n=16/253). Ciprofloxacin resistance
was 30% (n=130/433) (95% CI 0.023–0.87) and it also increased in nonsusceptibility rate from 16.1% (n=30/180) in
2011–2015 to 32% (n=100/253) in 2016–2020 (PRR=2.4,95% CI 1.51–3.72). Among serogroup A, B and C the
percentage of resistance significantly increased from 2.2% (n=4/180), 3.9% (n=7/180), and 2.8% (n=7/180), in 2012–
2015 to 7.1% (n=18/253), 9.9 (n=25) and 13% (n=33/253) in 2016–2019 (PRR 3.2,95% CI 1.06–9.61), (PRR 2.5,95% CI
1.07–6.00), (PRR 3.4,95% CI 1.45–7.75) retrospectively. (Table 2.)

MDR-NTS Group
The MDR-NTS group was 52.8% (n=229/433) of patients. The MDR rates are showed an increasing trend. (Figure 3.)
The median age in this group was 11, IQR (2–67). Patients aged 16–60 years had the highest percentage of MDR at
53.7%, followed by the age groups ≤15 and > 60 years, respectively. The ratio of males to females was 4:5 (195:238).
The patient group from the tertiary hospitals had the highest proportion of MDR 62.3% (n=129/207). The non-invasive
group had MDR 56.9% (n=152/267) nearly by the invasive group 56.9% (n=94/166) (Table 1). The invasive group
included 91 bacteremias,1 meningitis, 1 osteomyelitis, and 1 arthritis. For the non-invasive group, all the patients were
gastroenteritis patients. Of MDR-NTS patients (n=229) serogroup C had the highest MDR percentage at 28.3% (n=65/
229) (95% CI 23.1–93.9). The NTS patients with metabolic syndrome that diabetes patients were found to have the
highest rates of MDR 65.4% (n=21/65) (95% CI 52.9–77.8) (Table 1).

Trends of Serogroup and Severity
The most common serogroups were C 28.6% (n=124/433) and then B 24.9% (n=108/433), D 21.9% (n=95/433) E 12.4%
(n=54/433) and A 12% (n=52/433) respectively (Table 1). The serogroup C rate expanded significantly from 5% in 2011–
2015 to 15% in 2016–2020 (PRR 1.5, 95% CI 0.09–0.86). With the non-serogroup C, there was no significant difference
between the two time periods. The study found that the mean length of stay in hospital was longest in serogroup B (18
days) while C was 11 days, D 6 days, E 5 days, and A 4 days, respectively. The patients who were infected with
serogroup C had significantly higher proportion of hospital admission longer than five days and of invasive infection than
other serogroups 41% (n=82) (PRR 2.27,95% CI1.49–3.45) and 39.7% (n=66) (PRR 1.8,95% CI1.22–2.737) respectively
(Table 3.). The most common serogroups which caused infections in the age groups < 15 years, 15–60 years, and > 60
years were serogroup B 34%, C 48%, and C 33.7% respectively (Figure 4).
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Discussion
The increase of MDR-NTS is a worldwide public health concern. This study presents an MDR rate of 69% which is
higher than a previous study in rural Thailand (2006–2014) (19.2%)21 and higher than some studies in China (40.3%),4

Table 1 The Prevalence and Characteristics of Patients Infected with NTS Which Were Classified into Four Groups Based on the
Number of Antimicrobials Resistances

Characteristics of Patients Infected NDR-NTS (n=43) 1-DR-NTS (n=105) 2-DR-NTS (n=56) MDR-NTS (n=229)

n (%) 95% Cl n (%) 95% CIᵅ n (%) 95% CIᵅ n (%) 95% CIᵅ

Age (year)

≤ 15 yr (n=232) 19/232(8.2) 4.7–11.6 60(25.8) 19.4–32.2 31(13.3) 8.83–17.8 122(52.5) 43.3–61.8

16–60 yr (n=106) 10/60(9.4) 3.9–14.9 26(24.5) 15.2–33.7 13(24.5) 5.87–18.6 57(53.7) 39.9–67.6

> 60 yr (n=95) 14/95(14.7) 7.3–22.1 19(20) 11.2–28.7 12(12.6) 5.77–19.4 50(52.6) 38.1–67.0

Median age = 12 years (yr) IQR (4–57)

Sex

Male (n=195) 14(7.2) 3.7–10.6 54(27.7) 20.4–34.9 18(9.2) 5.20–13.2 109(55.9) 45.4–66.2

Female (n=238) 29(12.1) 7.9–16.4 81(21.4) 26.7–41.3 38(15.9) 11.0–20.8 120(50.4) 41.4–59.3

Type of hospital

Tertiary hospital (n=207) 13(6.2) 3.1–9.4 45(21.7) 15.5–27.9 20(9.6) 5.65–13.6 129(62.3) 51.6–72.9

District hospital (n=135) 19(14) 8.0–20.1 49(36) 26.2–46.3 19(14) 7.97–20.1 48(35.5) 25.6–45.4

Private hospital (n=91) 11(12) 5.2–18.9 11(12) 5.24–18.9 17(18.6) 10.0–27.3 52(57.1) 41.7–72.5

Type of infection

Non-Invasive (n=267) 27(10) 6.5–13.7 70(26.2) 20.1–32.2 35(13) 8.93–17.2 152(56.9) 47.9–65.8

Invasive (n=166) 16(9.6) 5.2–14.1 35(21) 14.2–27.9 21(12.6) 7.45–17.8 94(56.6) 45.2–67.9

Salmonella serogroup

Salmonella serogroup A (n=38) 1(2.6) 2.0–3.29 9(23.6) 16.3–31.0 5(13.1) 9.13–17.1 23(60) 41.4–79.6

Salmonella serogroup B (n=87) 13(14.9) 7.1–22.7 29(33) 21.3–45.2 11(12.6) 5.47–19.8 34(39) 26.1–52.0

Salmonella serogroup C (n=124) 8(8.1) 2.9–13.4 26(26.5) 16.5–36.5 23(23.4) 14.0–32.8 41(41.8) 29.1–54.4

Salmonella serogroup D (n=95) 6(8) 2.0–14.1 33(44.5) 29.5–59.6 6(8.1) 2.03–14.1 29(39) 25.1–53.2

Salmonella serogroup E (n=41) 13(31.7) 14.7–48.6 8(19.5) 6.34–32.6 11(26.8) 11.2–42.3 9(21.9) 7.94–35.9

Underlying diseases (n=143)

Hematologic (n=69) 11(16) 12.3–19.5 15(21.7) 16.7–26.7 7(10.1) 7.87–12.4 36(52.2) 39.9–64.3

Gastrointestinal (n=24) 3(12.4) 7.70–17.2 2(8.3) 5.20–11.4 4(16.7) 10.2–23.1 15(62.5) 37.6–87.3

Immunological (n=14) 2(14.3) 7.06–21.5 2(14.3) 10.4–32.3 3(21.4) 10.4–32.3 7(50) 24.0–75.9

Neurological (n=25) 3(20) 7.49–16.5 3(20) 22.0–49.9 2(13.3) 5.06–10.9 7(50) 17.2–38.7

Metabolic (n=104) 19(18.2) 14.8–21.6 9(8.7) 7.08–10.2 8(7.7) 6.31–9.07 68(65.4) 52.9–77.8

Other (n=12) 3(25) 11.1–38.8 0(0) 0–0 2(16.7) 7.52–25.8 7(58.3) 25.6–91.0

Note: ᵅ95% Confidence intervals (CIs) -Pearson Chi-square which do not include 1.0 are statistically significant.
Abbreviations: NDR-NTS, nondrug resistance -non-typhoidal Salmonella; 1-DR-NTS, drug resistance non-typhoidal Salmonella at one antimicrobial; 2-DR-NTS, drug
resistance -non-typhoidal Salmonella at two antimicrobials; MDR-NTS, drug resistance non-typhoidal Salmonella at least one again in three or more antimicrobials categories.
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America, and Europe (2–9.6-%)1,2 but lower than studies in Africa (77.2%-87.4)22–24 The increasing trend is the same as
many studies worldwide6–8,25 MDR-NTS is associated with β-lactamase production. This study detected a ceftriaxone
resistance rate of 25%, more than Thailand surveillance (7.2% in 2020)11 and previous studies in Thailand.1,21,23,27 The
NARST presents fluctuations of the peak resistance rate at 37.5% in 2010 and 24.5% in 2015, down to 11% in 2019. The
ceftriaxone resistance makes it of limited value as first-line therapy, as a choice of effective antimicrobial agents for
treatment, especially for co-resistance with the fluoroquinolones (DNA gyrase and topoisomerase IV),26 which increase
morbidity and mortality, also resulting in longer hospital stays, and higher costs.21,27,28

Figure 1 Percentage of antimicrobial resistance of all NTS patients since 2011 to 2020. By (A) shows the group of antimicrobials resistance rate which has been rising trend,
while (B) shows similar or slight changes.
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In addition, clinically sometimes patients respond well to antimicrobial while the cultures reports indicate that cultures
are not susceptible which makes physicians concerned about the need to change or extended antimicrobial. For cipro-
floxacin resistance, this report found 12.3% which was higher than previous studies in and near Thailand.6–8,11,21,23,29 It also
showed an increase in 2016–2019 compared with the 2012–2015 period, especially in serogroup A, B, and C. By contrast,
NARST showed a rise in the resistance rate from 4.3% in 2012 to 11.8% in 2015, and a subsequent decline to 6.9% in
2019 (%).11

Regarding meningitis caused by Salmonella spp., The American Academy of Pediatrics (AAP) recommends that
treatment with ciprofloxacin in addition to ceftriaxone or cefotaxime should continue for 4 weeks or more30 This can
reduce recurrence and relapse infection in the event of drug susceptibility. However, for patients infected with

Figure 2 Antimicrobial resistance rate of NTS in invasive patients’ groups since 2011 to 2020. By (A) presents increase trend of non-susceptible rate of antimicrobials, while
(B) presents similar or few changes.
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ciprofloxacin resistance NTS, it is unclear which is the best practice to prevent recurrence. Therefore, the treatment of
such patients must be considered in selecting an appropriate antibiotic.31

Carbapenem resistance is rare in NTS, but in the past 10 years it has become more frequent.32–35 Carbapenem
resistance is due to the production of amplified β-lactamases or AmpC spectra in combination with porin loss. The
resistance mechanism also includes horizontal gene transfer of encoded genes between organisms. This is an important
issue for public health that need to be more investigated and monitored. However, this resistance report is based on

Table 2 Comparison the Antimicrobials Resistance Pattern (Ceftriaxone and Ciprofloxacin) by Serogroups of NTS Between 2011–
2015 and 2016–2020

Resistance Pattern/Resistance Rate (n/Total) Serogroup % Resistance in NTS (n=433)

2011–2015 n=180 (%) 2016–2020 n=253 (%) PRRᵝ 95% CIµ

Resistance to ceftriaxone/(110/433) 25% All (n=110) 29/180(16.1) 81/253(32.0) 2.0 1.24–3.16*

A 3(1.66) 16(6.32) 3.8 1.08–13.21*

B 13(7.22) 19(7.50) 1.0 0.50–2.15

C 7(3.88) 21(8.30) 2.1 0.88–5.12

D 4(2.22) 13(5.13) 2.3 0.74–7.20

E 2(1.11) 2(0.79) 0.7 0.09–5.09

Resistance to ciprofloxacin/(130/433) 12.3% All (n=130) 30/180(16.6) 100/253(39.5) 2.4 1.51–3.72*

A 4(2.22) 18(7.11) 3.2 1.06–9.61*

B 7(3.88) 25(9.88) 2.5 1.07–6.00*

C 7(3.88) 33(13.0) 3.4 1.45–7.75*

D 10(5.55) 17(6.71) 1.2 0.54–2.70

E 4(2.22) 5(1.97) 0.9 0.23–3.35

Notes: ᵝPrevalence rate ratio (PRR) compare the proportions between 2011–2015 and 2015–2020 using Pearson’s Chi-square test. µ95% Confidence intervals (CI) which do
not include 1.0 are statistically significant. *Statistically significant (CI do not include 1.0).

Figure 3 The prevalence rate and trend of MDR-NTS, 2011–2020. Black columns represent MDR-NTS. Grey columns represent NDR-NTS.
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interpretation using the agar disk diffusion method, which may not be accurate enough to require further study and
investigation at the MIC level.

For the clinical manifestations of carbapenem resistant patients. We found all of them were adult patients. Three cases
were diagnosed with gastroenteritis. Some of those patients did not receive antimicrobial drugs but they improved
clinically. Only one case was bacteremia that was treated with ceftriaxone after two days of fever reduced (culture

Figure 4 Number of infected patients NTS for each serogroup by age group. Black columns represent patients who are ≤ 15 years. Grey columns represent patients who
are 16–60 years. White columns represent patients who are > 60 years.

Table 3 Comparison the Length of Hospital Stays and Virulence Between NTS Serogroup

Serogroup %Length of Stay PRR£ 95% CIµ %None-Invasive
n=267 (%)

%Invasive
n=166 (%)

RRP¥ 95% CIµ

< 5 Days
n=233 (%)

≥ 5 Days
n=200 (%)

A (n=52) 16(6.8) 13(6.5) 0.95 0.44–2.05 25(9.3) 5(3.0) 0.32 0.12–0.856

B (n=108) 79(33.9) 35(17.5) 0.52 0.33–0.80 68(25.4) 46(27.7) 1.09 0.71–1.658

C (n=124) 42(18.0) 82(41) 2.27 1.49–3.45* 58(21.7) 66(39.7) 1.83 1.22–2.737*

D (n=95) 40(17.1) 57(28.5) 1.66 0.96–2.59 65(24.3) 32(19.2) 0.79 0.49–1.261

E (n=54) 56(24.0) 13(6.5) 0.27 0.14–0.51 51(19.1) 17(10.2) 0.54 0.29–0.959

Notes: £PRR compare the proportions between %length of stay (>5 day) and % length of stay (<5day) using Pearson’s chi-square test. ¥PRR compare the proportions
between %invasive and %none-invasive using Pearson’s chi-square test. µ95% Confidence intervals (CI) which do not include 1.0 are statistically significant. *Statistically
significant (CI do not include 1.0).
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reported on day 5 after antimicrobial). In this case the physician continued ceftriaxone and stepped down to oral
cephalosporin for a total of 14 days. Often, we find that in vitro and in vivo results are different. We also found the
clinical response to ceftriaxone in some cases of the ceftriaxone resistance patients’ groups. While, one case was a Thai
boy, 9 months old diagnosed with meningitis with multiple brain abscesses from MDR-NTS serogroup B that was
sensitive to many antimicrobials except ampicillin, norfloxacin, tetracycline, and sulfamethoxazole/trimethoprim. This
case received ceftriaxone at the first admission, but the clinical condition still worsened from meningitis to multiple brain
abscesses, so he stayed in the hospital at 230 days. In this case, immunodeficiency states were investigated, but all were
found to be normal. . In addition to antimicrobials, it is an important tool for eliminating pathogens. Immunity is also
important. However, further study of the factors contributing to severe infections is required.

In practice, in cases which are suspected invasive Salmonella infection, what antimicrobials would be appropriate choice
while the culture results have not been reported. The NTS in this study remained sensitive to ceftazidime (resistance rate
2.8%), like in Chinese studies.35 Ceftazidime was probably the drug of choice before carbapenem was use. Aminoglycosides
groups in this study found not high-rate resistance when compared to ceftriaxone or ciprofloxacin, so may be considered
concomitant therapy. However, drug selection considers pharmacokinetics and pharmacokinetic, which is clinically related.
Azithromycin is a drug of choice due to effective antimicrobial agent with good intracellular penetration. Although there are
currently some reports of drug resistance, the AAP guideline still recommends using it in not severe cases or for switching to
oral form,30,37 which in this study lacked sensitivity data. However, further studies are required.

Major reports suggest NTS infected with S. Typhimurium (serogroup B) and S. Enteritidis (serogroup D) are predominant
worldwide.14,22,29,35 But this study showed serogroup C was most common, while previous studies in Thailand21,23 show
S. Choleraesuis (serogroup C1). Over the last decade, studies have shown increases in serogroup C from 22.5% to 34.7% in
the United States (1995, 2012) and from 5% to 8.6% in Europe (2005, 2013) while serogroup D showed a corresponding
decline in both regions (31.5% in 1995 to 28.1% in 2012 for the United States and 69.1% in 2005 40.6% in 2012 in Europe).
Serogroup B showed a similar downward trend in the United States, from 1995 to 2012 (38.7% to 27.6%).2 However, in the
under 15 age group, serogroup B was still found to be dominant as in many studies.8,14,21,25,29,38 Serogroup C may spread
globally in the future and could develop continuous antimicrobial nonsusceptibility. MDR-NTS S. Choleraesuis (serogroup
C1) is mainly a cause of invasive infection and leads to morbidity and mortality in Thailand.27,36 However, when considering
the number of serogroup C cases in Table 2, similar numbers were found: C (n = 124), B (n = 108) and D (n = 95). The data
collection is insufficient to make sampling bias which needs further study. This is a major problem, both locally and globally,
that requires monitoring form public health and more study, particularly the serotype and minimum inhibitory concentration
(MIC) which will be more clinically beneficial.

Limitations
The limitation of the study is that not all NST infections underwent antibiotic sensitivity testing, and, in each laboratory,
there were differences in the types of antimicrobial tests, depending on the source of the isolated specimen (blood, urine,
stool et al), so the analysis may be biased. This research lacked information of MIC and serotype of Salmonella
classification because they are not routinely performed in general hospitals, they are only done in some cases prescribed
by doctors’ requirements and it is also performed in some hospitals, making our data limited. Lastly, this study’s findings
cannot be generalized to a general population, so further studies are needed.

Conclusion
The prevalence of MDR-NTS is still rising, especially in resistance to ceftriaxone and ciprofloxacin, which were the first
drug group used for treatment. Antimicrobial selection must be carefully considered depending on drug susceptibility
tests and close monitoring. In this region, the NTS serogroup C is on an upward trend when compared to other
serogroups, which results in morbidity, mortality, longer hospital stays, and higher costs. Therefore continuous surveil-
lance is imperative.
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