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Purpose: Nontyphoidal Sa/monella (NTS) is a leading bacterial cause for acute gastro-
enteritis in children. With the increasing use of antibiotics worldwide, antibiotic resis-
tance has become a global problem. However, data on NTS infections and changes in
antibiotic resistance among children remain limited in China. We aimed to characterize
the prevalence, clinical feature, serotype and the changes of antibiotic resistance of NTS
in children in Chongqing.

Methods: 501 hospitalized children with NTS infections (confirmed by positive NTS
culture) in Children’s Hospital of Chongqing Medical University from January 2009 to
December 2018 were included. The clinical data and drug sensitivity test results were
retrospectively reviewed and analyzed. Antibiotic resistance in NTS infections was
compared between 2009-2013 and 2014-2018.

Results: A total of 501 isolates were detected. Most NTS infections occurred in children
under three years old, which mainly occurred between July and October. The numbers of
patients with diarrhea, fever, and vomiting were 472 (94.2%), 422 (84.2%) and 146
(29.1%), respectively. Serogroup B (67.5%) was the predominant serogroup isolates. And
Salmonella Typhimurium was the most common serotype (79.2%). The study compared
the drug resistance of NTS from 2009 to 2013 with that from 2014 to 2018. We found
the drug resistance rates of NTS to cefazolin, cefotaxime, ciprofloxacin, levofloxacin and
imipenem showed an upward trend. The drug resistance rates of NTS to chloramphenicol,
ampicillin, ceftriaxone, cefepime and compound sulfamethoxazole decreased slightly, but
still showed high drug resistance rates. And drug resistance rates of NTS to piperacillin/
tazobactam and ceftazidime decreased significantly in the last ten years. Multi-drug
resistance (MDR) isolates, were detected among 69 cases (13.7%) of 501 children with
NTS infections.

Conclusion: The overall antibiotic resistance rates remained at a high level in Chongqing.
Continuous surveillance of antibiotic resistance in NTS and control measures such as
avoiding unnecessary antibiotic therapy in general NTS gastroenteritis are important. For
severe or invasive infections caused by NTS infection in Southwest China, the use of
ceftazidime is recommended until antibiotic sensitivity test results are available. And the
choice of antibiotics should be based on the curative effect and the antibiotics sensitivity
results.
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Introduction

In China, food safety was recognized as the second largest
risk of diseases.! 70-80% of food poisoning incidents
were caused by Salmonella in China.? Even though sani-
tary measures, water treatment and food safety standards
have improved in the past ten years, NTS infections in
children remains a global public health concern.> WHO
estimates that 93.8 million cases of gastroenteritis world-
wide are linked to Salmonella infections each year, and
Salmonella infections caused 155,000 deaths.* In the
United States, NTS causes 1.2 million illnesses, 23,000
hospitalizations, and 450 deaths every year, respectively.’
In china, during 2000-2009, NTS annually caused
9.87 million gastroenteritis cases and 792 deaths.® In
view of the seriousness of the situation, laboratory surveil-
lance for NTS infections has been strengthened in China in
recent years.’

Salmonellae is a group of gram-negative, facultative
anaerobic bacteria. The genus Salmonella, named for
Dr. Daniel Salmon, was first described in 1866 by
Dr. Theobald Smith.® There are three kinds of surface
antigens of Salmonella, which are body (O) antigens,
flagella (H) VD
According to the “O” antigens, different serogroups of

antigens and capsule antigens.
Salmonella can be classified. And according to the “H”
antigens, different serotypes can be further divided.
Salmonella comprises more than 2600 serotypes which
belong to 42 serogroups.”'® And Salmonella can be
divided into Salmonella typhi and NTS. Salmonella typhi
are divided into typhoid bacillus and paratyphosus bacil-
lus, which can cause typhoid and paratyphoid. Other ser-
otypes, known as NTS, can cause acute gastroenteritis,
chronic enteritis, septicemia and other diseases. Previous
researches have shown that young children are the most
vulnerable group to NTS.''? Immature immunity may
account for the high risk of infection at this stage.'’
A national study reported that 34% of diarrheal patients
infected with NTS were aged <5 years old in China in
2008.” The pathogenicity of Salmonella is mainly related
that

Salmonella pathogenicity islands (SPIs), virulence plas-

to the virulence factors it carries, including
mids, pili, and enterotoxins.'"* The pathogenic factors of
NTS will be released to induce the host to develop
a mucosal inflammation response after NTS infections."”
When the host tries to eliminate the bacteria, it may cause
“collateral damage” that destroys the human intestinal

microecological balance, resulting in clinical symptoms

like diarrhea.’®> NTS gastroenteritis is mostly a self-
limiting disease and resolves within one week in healthy
children.'® However, a proportion of cases can lead to
invasive disease in human, including systemic infections
such as bacteremia, vasculitis, intracranial infections,
respiratory infections, urinary tract infections and osteo-
myelitis. Invasive NTS infections can be life-threatening,
and it usually occurs in infants, the elderly and patients
with immune deficiency.'” And antibiotics therapy is indi-
cated only if it causes severe infections or invasive
infection.'®!? Antibiotic regimens recommended by clin-
icians against human Salmonella infections include third
generation cephalosporins, quinolones, and macrolides.?’
Considering the side effects of drug, third generation
cephalosporins are recommended for use in children. The
misuse of antibiotics is an important factor responsible for
high resistance to antibiotics. And antibiotic resistance is
especially problematic in these systemic infections, where
The bacterial
strains resistant to three or more than three antimicrobial

antibiotic therapy can be life-saving.*'

drug classes are defined as multi-drug resistant (MDR). It
was reported that about 17-20% strains had antibiotic
resistance, and the incidence of MDR was increasing in
abroad.”** A study in Shanghai, China, showed antimi-
crobial susceptibility displays 60.5% of isolates resistant to
one clinically important antibiotics.>* Another research in
Shanghai found that only 1.1% strains were sensitive to all
16 antibiotics, and the antibiotic resistance rates of the
third and fourth generation cephalosporin (cefotaxime
and cefepime) were 10% and 8.1%.% Besides, a study in
Guangzhou showed annual resistance rates of ampicillin
are relatively stable while the resistance rates of NTS to
ceftazidime in 2015 (31,43%) were significantly higher
than that in 2014 (16%). And the rates of antibiotic resis-
tance to ampicillin between serotype Typhimurium and
Enteritidis isolates were significantly higher than those in
other serotypes.”® The drug resistance rates of Salmonella
to cephalosporin and cefepime were 22.3% and 13.1%,
respectively in 4 hospitals in Shenzhen,?” which were all
higher than the results of previous studies in China.”**’
This phenomenon shows that the antibiotic resistance is
not optimistic. Regarding the mechanisms of antibiotic
resistance, it suggests that the corresponding resistance
genes are commonly located on either plasmids, transpo-
sons, gene cassettes or variants of the Salmonella genomic
islands SGI1 and SGI2.>° However, researches about NTS
infections and the change of antibiotic resistance in pedia-
trics is limited in China. We aimed to summarize the
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clinical features, serotype, serogroup and the changes of
antibiotic resistance during 2009 to 2018 in Chongqing,
Southwest China. To enhance the realization of the dis-
ease, accordingly improve the ability of diagnosis and
treatment in clinical.

Materials and Methods
Study Design and Data Collection

This was a retrospective study between January 2009 and
December 2018 at the Children’s Hospital of Chongqing
Medical University, one of the largest children’s hospitals
in China. The annual outpatient visits of our hospital are
nearly 3 million, and the annual inpatient visits are about
80,000. Clinical data of children with positive NTS culture
were collected in this study. Other clinical data such as
age, sex, duration of hospitalization and antibiotic suscept-
ibility test results of NTS were retrospectively analyzed
for patients under 18 years (removal of newborns).

Specimens Collection, Bacterial Culture
and Drug Sensitivity Test

We collected different samples according to the clinical
symptoms and clinician’s judgment. Samples of feces,
blood, bone marrow, cerebrospinal fluid and secretions
were included in our study. Fecal specimens were col-
lected in dry, clean, leak-proof specimen collect contain-
ers. The blood and bone marrow specimens were placed
into a special blood culture bottle immediately after col-
lected. Specimens of cerebrospinal fluid were collected
and placed into sterile tubes for bacterial culture.
Excretions were collected by sterile pharyngeal swab
tube. Chromogenic Salmonella Agar has been used for
rapid isolation and identification of Salmonella (Shanghai
Comagal Microbial Technology CO., LTD). To increase
the culture rates of bacteria, the specimens and preproli-
ferative culture medium were placed into 36°C+1°C con-
stant temperature incubator for 4-6 hours enrichment. The
preproliferative solution was inoculated into the selenite
cystine culture medium for secondary proliferation for
18-24 hours. Then the proliferation solution was inocu-
lated on agar plate for 18-24 hours. If there were no
typical or suspicious colonies, we usually continue to
culture for another 24 hours. The serotyping, serogrouping
and antibiotic susceptibility test were further conducted for
patients with positive culture of NTS. We exclude same
kind of specimens from the same patient in case repetition.
Antibiotic susceptibility tests were evaluated by the

Kirby—Bauer disk diffusion method (Oxoid, UK). Isolates
were classified as resistant, intermediate, and susceptible
according to the Clinical Laboratory Standards Institute
(CLSI) guidelines.®' Escherichia coli ATCC25922 was
used for quality control in disk diffusion test.

Statistical Analysis

Statistical analysis was performed using SPSS 19.0 data
editor. Count data were described using frequencies and
their proportions, and Chi-square (y¥2) test was used for
comparison. Measurement data were described using med-
ian, average + standard deviation and quartile, compared
using nonparametric Mann—Whitney test. For all analyses,
we regarded statistical significance as p<0.05.

Results

Prevalence and Clinical Characteristics

Over the past ten years, 501 cases of NTS infections were
confirmed, among which 459 were only positive in feces
culture, 21 were only positive in blood culture, 2 were
only positive in pus culture and 1 was only positive in
bone marrow culture. Both fecal and blood culture were
positive in 14 cases. Both blood and bone marrow culture
were positive in 2 cases. Both blood and cerebrospinal
fluid culture were positive in 2 cases. Although cases of
NTS infections occurred all around the year, the peak
occurred from summer to autumn, mainly in July
(13.4%), August (16.7%), September (17.0%) and
October (17.4%) (Figure 1). Among these 501 patients
infected by NTS, 306 cases were male and 195 were
female, for a male to female ratio of 1.5:1. The main age
of onset was one month to three years old (84.8%), in
which 44.9% were younger than 1 year old. Among these
501 patients, 84.2% patients had fever, which was mainly
moderate to high fever. The median temperature was 39.5°
C (range 37.6°C-42°C, mean 39.5+0.04°C), and the med-
ian thermal duration was 3 days (range 1-41 days, mean
4.47+0.20 days). 472 patients (94.2%) had diarrhea. Their
stools were mostly watery or sticky. Among the children
with diarrhea, feces only contained mucus in 218 cases
(46.2%), only contained blood in 31 cases (6.6%), con-
tained both mucus and blood in 18 cases (3.8%). And 25
cases (5.3%) showed typical mucopurulent bloody stools.
The others (38.1%) had no mucus and blood in stools. The
median frequencies of diarrhea were 7 times/day (ranging
from 2 to 30 times/day, with an average of 7.67+0.18
times/day). And the median duration of diarrhea was 10
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Figure | Distribution of 501 cases of children with nontyphoidal Salmonella infections by month. Y axis: number of cases.

days (ranging from 1 to 240 days, with an average of 12.0
+0.59 days). Other concomitant symptoms were vomiting,
convulsion, abdominal pain and distension. Laboratory
tests showed that PCT, CRP and leukocyte elevation
accounted for 94.6%, 57.1% and 37.3%, respectively.

Serogroup and Serotype

Serogroup B (67.5%) was the predominant serogroup iso-
lates, followed by serogroup C (11.8%), D (11.6%),
E (4.2%), ungrouped (5%) and one case was the polyva-
lent serum group. Serotype identification was performed
on 284 isolates. In total, 12 serotypes were identified
among the isolates. Salmonella Typhimurium was the
most common serotype, accounting for 79.2% (225/284),
followed by Salmonella Enteritidis (9.5%, 27/284). Other
rare Salmonella serotypes included Salmonella Derby,
Stanley, Dublin, London, Aragorn, Newport, Bovis morbi-
fificans, Sao Paulo, Weltevreden, Anatum and one case
was the polyvalent serotype (Table 1).

Antibiotic Susceptibility Tests

In our study, the majority of patients (95.6%) received
antibiotics therapy. And most of patients (92.42%) had
clinic resolution through appropriate therapy. Antibiotic
sensitivity results showed that the highest rates of antibio-
tic resistance were recorded in relation to cefazolin and
aminoglycoside  antibiotics

(amikacin,  gentamicin,

tobramycin), 93.8%, 94.1%, 98.2%, 95.1%, respectively,
followed by ampicillin (82.7%), chloramphenicol (59.3%),
cotrimoxazole (44.2%), ciprofloxacin (18.5%), levofloxa-
cin (7.2%). Among the third generation cephalosporins,
the antibiotic resistance rates of cefotaxime, ceftriaxone
ceftazidime were (33.3%), (32.5%), (18.7%), respectively.
The antibiotic resistance rate of cefepime was 20.8%. The
antibiotic resistance rate of piperacillin-tazobactam was
about 7.1% and imipenem’s resistance rate was less than
1% (Table 2). Antibiotic susceptibility tests showed that
NTS had highest resistance rates to aminoglycoside anti-
biotics, high resistance rates to ampicillin and cefazolin,
and relatively low resistance rates to amoxicillin-
clavulanate potassium, piperacillin-tazobactam and cefta-
zidime. The resistance rates to quinolones antibiotics
lower than 20%,
among which levofloxacin was the lowest (less than 10%).

(ciprofloxacin, levofloxacin) were

Drug Resistance Changes Over the Past

Decade

Our study compared the antibiotic resistance rates of NTS
between 2009 to 2013 and 2014 to 2018 (Figure 2). We
found that the antibiotic resistance rates of NTS against
cefazolin (from 77.1% to 95.9%), cefotaxime (from 28.3%
to 34.4%), ciprofloxacin (from 12.3% to 19.2%) and levo-
floxacin (from 1.9% to 7.9%) were on the rise. The antibiotic
resistance rates to chloramphenicol (from 66.7% to 56.9%),
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Table | Prevalence, Clinical Features, Laboratory Tests, Serogroup and Serotype in 501 Patients with NTS Infections

Clinical Data Number (Percentage) Clinical Data Number (Percentage)
Age&Sex NTS serogroup (n=501)
<12 months 225 (49.9%) Serogroup B 338 (67.5%)
1-3 years 200 (39.9%) Serogroup C 59 (11.8%)
23 years 76 (15.2%) Serogroup D 58 (11.6%)
Male/Female 306/195 (1.5:1) Serogroup E 21 (4.2%)
Symptoms Ungrouped 24 (5%)
Fever (T>37.3°C) 422 (84.2%) Polyvalent 1 (0.2%)
Diarrhea 472 (94.2%) NTS serotype (n=284)
Vomit 146 (29.1%) Typhimurium 225 (79.2%)
Convulsion 32 (6.4%) Enteritidis 27 (9.5%)
Abdominal pain 13 (2.6%) Derby 7 (2.5%)
Distension 4 (0.8%) Stanley 6 (2.1%)
Laboratory studies Dublin 5 (1.8%)
Leukocytosis (212x107/L) 183/490 (37.3%) London 5 (1.8%)
CRP (>8mg/dl) 280/490 (57.1%) Aragorn 2 (0.7%)
PCT (>0.05ng/mL) 315/333 (94.6%) Newport 2 (0.7%)
Stool culture: positive NTS 473 (94.4%) Bovis morbifificans 1 (0.4%)
Blood culture: positive NTS 39 (7.8%) Sao Paulo 1 (0.4%)
Pus culture: positive NTS 2 (0.4%) Weltevreden 1 (0.4%)
Bone marrow culture: positive NTS 3 (0.6%) Anatum 1 (0.4%)
Cerebrospinal fluid culture: positive NTS 2 (0.4%)

ampicillin (from 56.1% to 42.8%), ceftriaxone (from 44.2%
to 32.1%), cefepime (from 27.3% to 20.1%) and compound
sulfamethoxazole (from 89.6% to 81.7%) showed
a downward trend. The antibiotic resistance rates of NTS
to piperacillin-tazobactam (from 21.4% to 5.4%) and cefta-
zidime (from 30.6% to 17.1%) decreased significantly. But
the overall antibiotic resistance rates were still high.

MDR Isolates

By the late 1980s, multiple countries had reported MDR
strains of Salmonella. In our study, 69 strains (13.8%) of
MDR were isolated from 501 children with NTS infections.
The proportion of MDR isolates showed a decreasing trend

(Figure 3).

Prevalence and Antibiotic Resistance of

Salmonella Typhimurium

Salmonella Typhimurium was the most common serotype
among the NTS infections. We found that the prevalence
of Salmonella Typhimurium was higher in recent years.
Salmonella Typhimurium infections accounted for 79.2%
of the total NTS infections in our hospital (Figure 4). The
incidence of antibiotic resistance of Salmonella
Typhimurium is displayed in Table 3. Our study detected

that the trend of the antibiotic resistance changes of
Salmonella Typhimurium was basically corresponding to
that of the overall antibiotic resistance of NTS.

Discussion

In China, NTS is a major enteric pathogen for acute
gastroenteritis in children.”** In the past ten years, 501
patients were detected with NTS infections. The main
symptoms at admission were fever, diarrhea and mucous
stools, while vomiting and bloody stools were less com-
mon. In our study, the majority of the cases occurred in
infants, which consistent with a retrospective study carried
out in a tertiary children’s hospital in Guangzhou.?® It was
reported that NTS infections are usually caused by com-
mercially produced food contaminated by animal stools.*
NTS, as one of the most common zoonotic pathogens,*”
can be attributed to animals such as layers, pigs, cattle,
reptiles, and broilers.>* Infants are more likely to be
exposed to polluted environments at this stage because
this is the time when they learned to climb, walk and
run. So, the intensified control programs of NTS in animal
reservoirs, especially in poultry, and better hygiene prac-
tices throughout the food production chain are necessary.
Besides, outbreaks of Salmonella associated with infant
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Table 2 Antimicrobial Susceptibility Results of NTS Isolated from 501 Patients

Antibiotics S (%) 1 (%) R (%)
Amoxicillin/clavulanate potassium 120 (83.9) 10 (7.0) 13 (9.1)
(n=143)

Ampicillin (n=432) 74 (17.1) | (0.2) 357 (82.7)
Piperacillin/tazobactam (n=395) 335 (84.8) 32 (8.1) 28 (7.1)
Cephazolin (n=441) 17 (3.9) 10 (2.3) 414 (93.8)
Cefotaxime (n=294) 196 (66.7) 0 (0.0 98 (33.3)
Ceftriaxone (n=305) 201 (65.9) 5(l1.6) 99 (32.5)
Ceftazidime (n=400) 317 (79.3) 8 (2.0 75 (18.7)
Cefepime (n=422) 319 (75.6) 15 (3.6) 88 (20.8)
Ertapenem (n=197) 19 (99.0) 0 (0.0 2 (1.0)
Imipenem (n=377) 374 (99.2) 0 (0.0 3(0.8)
Ciprofloxacin (n=487) 18 (37.4) 215 (44.1) 90 (18.5)
Levofloxacin (n=487) 33 (68.2) 120 (24.6) 35(72)
Amikacin (n=437) 25 (5.7) | (0.2) 411 (94.1)
Gentamicin (n=394) 7(1.8) 0 (0.0 387 (98.2)
Tobramycin (n=226) 11 (4.9) 0 (0.0 215 (95.1)
Compound- sulfamethoxazole 22 (55.8) 0 (0.0) 176 (44.2)
(n=398)

Aztreonam (n=367) 25 (68.4) 4 (1.1) 112 (30.5)
Chloramphenicol (n=172) 70 (40.7) 0 (0.0 102 (59.3)
Tetracycline (n=178) 45 (25.3) 0 (0.0) 133 (74.7)

Abbreviations: S, sensitive; R, resistant; |, intermediate.

milk products have been recorded worldwide.”>® And it
has been confirmed that breastfeeding could decrease the
risk of sporadic salmonellosis among infants, because
exclusive breastfeeding could help infants avoid contact-
ing to contaminated food. Furthermore, some studies
showed that some components of breast milk could refrain
the adhesion and invasiveness of Salmonella to human
intestinal cells.**** So, we recommend breastfeeding in
infancy. Although NTS infections happened over the year,
the highest incidence rates occurred in the summer months
to autumn months (July to October), which coincides with
a torrid and rainy weather in Chongqing. A study from
Kazakhstan and Central Asia showed that an increase of 1°
C in temperature was associated with an increase of cases
by 5:5%, and a 1 mm increase in precipitation was asso-
ciated with a 0-6% increase in salmonellosis counts in the

same months.*' Heavy rainfall results in contamination of
drinking water and environment may be a plausible expla-
nation for the positive association. Our findings were

corresponding with the study from Shanghai and

Zhejiang ***

Among these 501 patients infected by NTS, ser-
ogroup B was the most common serogroup isolates.
A study conducted in Taiwan between 2000 and 2009
also showed that serogroup B was the predominant
serogroup.* In total, 12 serotypes were identified
among 284 isolates. Salmonella Typhimurium was the
predominant serotype (79.2%), followed distantly by
Salmonella Enteritidis (9.5%). Other studies in China
also displayed that Salmonella Typhimurium was the
14.26:4445  And  Salmonella

Typhimurium was also the most common serotype in

most common serotype.
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Figure 2 Changes of drug resistance in past ten years. Y axis: antibiotic resistance rates (%).
Notes: *Shows the difference between the two groups has a statistical significance as p<0.05. The black column indicates drug resistance for NTS to different antibiotics in
2009-2013. The grey column indicates drug resistance for NTS to different antibiotics in 2014-2018.
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Figure 3 The proportion of MDR isolates in each year.
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North America and Oceania.*® However, some other

studies showed that Salmonella Enteritidis was the

17,24,47

most common serotype in China. In Japan,

Salmonella Ser. infantis was the most frequently
detected serotype of Salmonella in seafood.*® While in
US, Serotype Dublin was the predominant isolates.”® In

a word, the distribution of salmonellac has strong

44

145 117 85

2013

2014 2015 2016 2017 2018

regional characteristics and the prevalence of serotypes
is diverse in different areas.

In recent years, the detection rates of NTS infections
in inpatients increased significantly, which is related to
the increase of poultry farming, the improvement of
transportation, and the increasing maturity of detection
methods. Since 2015, Chromogenic Salmonella Agar
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Figure 4 The cases of hospitalized children with NTS infections from 2009 to 2018. Y axis: cases of Salmonella infection.
Notes:The black column indicates cases of Salmonella typhimurium infection. The grey column indicates cases of NTS infection.

has been used for rapid isolation and identification of
Salmonella, which significantly increased the detection
rates of Salmonella. The increased detection rates of
NTS also indicate NTS infections in children remains
a serious public health problem. Antibiotic treatment is
not recommended to general gastroenteritis resulting
from NTS infections in healthy children.'® Because

antibiotic treatment has been reported to prolong the
duration of the bacterial excretion from the intestinal
tract.*> However, the majority of patients (95.6%)
received antibiotics in our study, which could attribute
to the regional and population variation. As a tertiary
children’s hospital center in Southwest China, our hos-
pital received many patients from surrounding districts.

Table 3 Antimicrobial Susceptibility Profile of Salmonella Typhimurium

Antibiotics S (%) 1 (%) R (%)
Chloramphenicol (n=74) 12 (16.2) 0 (0.0) 62 (83.8)
Ampicillin (n=180) 17 (9.4) 0 (0.0 163 (90.6)
co Compound sulfamethoxazole 74 (49.7) 0 (0.0) 75 (50.3)
(n=149)

Pi peracillin/tazobactam (n=146) 129 (88.4) 2 (1.4) 15 (10.2)
Cephazolin (n=180) 9 (5.0) 0 (0.0) 171 (95)
Ceftriaxone (n=111) 76 (68.5) | (0.9) 34 (30.6)
Cefotaxime (n=173) 85 (49.1) 0 (0.0) 88 (50.9)
Ceftazidime (n=151) 112 (74.2) 0 (0.0) 39 (25.8)
Cefepime (n=175) 119 (68.0) 2 (I.1) 54 (30.9)
Ciprofloxacin (n=213) 93 (43.7) 77 (36.1) 43 (20.2)
Levofloxacin (n=204) 145 (71.1) 39 (19.1) 20 (9.8)
Imipenem (n=140) 138 (98.6) 0 (0.0) 2 (1.4)

Abbreviations: S, sensitive; R, resistant; |, intermediate.
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Most of them were still symptomatic at the time of
admission, although they had been treated in other hos-
pitals. Nevertheless, the usage of antibiotic was much
higher than our expectation. By grouping and comparing
the antibiotic resistance rates over the past ten years, we
found that the drug resistance rates of quinolones were
relatively low on the whole, which could attribute to the
relatively lower utilization rates of quinolones in chil-
dren, considering the side effects on children. The third
generation cephalosporins were the first recommended
choice in children. Its resistance rates were between
17.1% and 34.4%, which were higher than all previous
studies in China.?>**” Extended-spectrum cephalosporins,
especially ceftriaxone, have previously been suggested
as the drugs of first-line choice for treating children with
serious nontyphoidal Salmonella infections. However,
the drug resistance rates of ceftriaxone remained at
a high level in the past ten years, which was signifi-
cantly higher than Guangdong'?> and Hangzhou'* in
China. Therefore, the drug resistance of ceftriaxone in
southwest China is alarming. But the antibiotic resis-
tance rates of NTS to piperacillin-tazobactam (from
21.4% to 5.4%) and ceftazidime (from 30.6% to
17.1%) decreased significantly. Maybe ceftazidime is
a better choice in consideration of the higher drug
resistance of ceftriaxone. In our research, 69 strains of
MDR (13.8%) were isolated from 501 children with
NTS infections. The proportion of MDR isolates showed
a downward trend, which may be related to the restric-
tion of antibiotic use in animals. Antibiotic resistance in
NTS arises in large part because of antibiotic use in
animal husbandry.®' In recent years, in order to ensure
the quality and safety of animal products and public
health, some restrictions on the use of antibiotics have
been issued.*’ Although carbapenem, as a special class
of antibiotics, its resistance rates were less than 1%, the
drug resistance still increased in recent years. And we
detected three resistant strains against to imipenem dur-
ing 2014-2018. However, we did not find strain was
resistant to the carbapenem antibiotics during
2009-2013. This phenomenon indicated that the situa-
tion of antibiotic resistance is serious. It is noteworthy
that this trend may increase in the future. Therefore, in
clinical practice, we should avoid the abuse of antibio-
tics. The high rates of drug resistance to third generation
cephalosporins and increasing resistance to quinolones

among children with NTS infections in Chongqing are

a serious public health problem that requires continuous
monitoring and rational usage of antibiotics.

Conclusion

In conclusion, the majority of patients with NTS infec-
tions were under three years old, mainly from July to
October. We should pay more attention to food safety for
children and prevent them from eating food contami-
nated with NTS, especially in summer and autumn.
Salmonella Typhimurium was the most common sero-
type. The antibiotic resistance rates of NTS to piperacil-
lin-tazobactam, ceftriaxone, ceftazidime and cefepime
showed a downward trend in the past ten years, among
which piperacillin-tazobactam and ceftazidime decreased
significantly. So, in Southwest China, ceftazidime is
recommended for severe or invasive infections caused
by NTS infections until drug sensitivity test results are
available. However, the whole antibiotic resistance rates
were at a high level. And 69 strains of MDR (13.8%)
were detected from 501 isolates. Therefore, continuous
surveillance of drug resistance in NTS and control mea-
sures such as avoiding unnecessary antibiotic therapy in
general NTS gastroenteritis are important in our country.
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