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ABSTRACT

Introduction: This study aimed to understand
the impact of the coronavirus disease 2019
(COVID-19) epidemic on the distribution and
antibiotic resistance of pathogenic bacteria iso-
lated from the lower respiratory tract of chil-
dren in our hospital.
Methods: Antimicrobial susceptibility tests
were performed on bacteria isolated clinically
from the lower respiratory tracts of children in
our hospital from 2018 to 2021 by the Kirby–-
Bauer method and automated systems.
Results: From 2018 to 2021, the top three lower
respiratory tract clinical isolates in our hospital
were Streptococcus pneumoniae, Moraxella catar-
rhalis, and Haemophilus influenzae. These three
species showed obvious seasonal epidemic

patterns, and their numbers decreased signifi-
cantly during the COVID-19 epidemic, from 4559
in 2019 to 1938 in 2020. Bacterial resistance to
antibiotics also changed before and after the
COVID-19 epidemic. The annual proportions of
methicillin-resistant S. aureus (MRSA) were 41%,
37.4%, 26.2%, and 29.8%. The resistance rates of
Klebsiella pneumoniae to ceftriaxone were 40.5%,
51.9%, 35.3%, and 53.3%, and the detection rates
of carbapenem-resistant K. pneumoniae (CRKP)
were 2.7%, 11.1%, 5.9%, and 4.4%. The detection
rates of b-lactamase-producing H. influenzae were
51.9%, 59.2%, 48.9%, and 55.3%. The rate of
MRSA, ceftriaxone-resistantK. pneumoniae, CRKP,
and b-lactamase-producing H. influenzae
decreased significantly in 2020 compared with
2019, whereas that of carbapenem-resistant P.
aeruginosaand carbapenem-resistantA.baumannii
increased. The detection rates of b-lactamase-
negative ampicillin-resistant H. influenzae
(BLNAR) gradually increased over the 4 years.
Conclusions: Protective measures against
COVID-19, including reduced movement of
people, hand hygiene, and surgical masks, may
block the transmission of S. pneumoniae, H.
influenzae, and M. catarrhalis and reduce the
detection rate of MRSA, ceftriaxone-resistant K.
pneumoniae, CRKP, and b-lactamase-producing
H. influenzae.
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Key Summary Points

Why carry out the study?

According to reports, lower respiratory
tract infections ranked second of the top
ten causes of disability-adjusted life-years
in children under 10 in 2019. Our
previous surveillance results showed that
S. pneumoniae, H. influenzae, and M.
catarrhalis have been the most frequently
detected in our hospital.

The aim of this study is to understand the
regularity of the prevalence of common
lower respiratory tract infections among
children in Shenzhen, and the impact of
the strict protection in Shenzhen against
COVID-19 on the distribution and
resistance of these bacteria.

What was learned from the study?

S. pneumoniae, M. catarrhalis, and H.
influenzae have obvious seasonal epidemic
patterns, and, during the COVID-19
epidemic in 2020, their number dropped
significantly compared to 2019 (S.
pneumoniae: 801 vs. 1 545; M. catarrhalis:
783 vs. 1 273; H. influenzae: 354 vs. 1
741), the detection rates of b-lactamase-
positive H. influenzae, ceftriaxone-
resistant K. pneumoniae, MRSA, and CRKP
also decreased. However, compared to
2020, antimicrobial resistance of most
bacteria in 2021 still continue to rise,
despite normalized prevention and
control measures.

We can block the spread of common
bacteria through protective measures
during the epidemic season of
community-acquired lower respiratory
tract. However, to block the spread of
nosocomial-acquired lower respiratory
tract infection bacteria (including
multidrug-resistant bacteria), it is still
necessary to strengthen the prevention
and control of nosocomial infection and
the rational use of antibiotics for a long
time.

INTRODUCTION

Since the coronavirus disease 2019 (COVID-19)
outbreak in late 2019, the global public health
system has faced unprecedented challenges,
and different countries have instituted different
anti-epidemic policies. China implemented
strict anti-epidemic policies; for example,
Wuhan’s lockdown measures from January 23
to April 8, 2020 blocked large-scale spread of the
COVID-19 epidemic in China. Shenzhen also
invoked strong epidemic prevention and con-
trol measures, including strict implementation
of temperature monitoring, working remotely
from home, suspending school classes, staying
home unless otherwise necessary, washing
hands frequently, and wearing surgical masks.
The above measures may effectively block the
transmission of infectious diseases and change
the distribution of pathogenic bacteria. As the
only large-scale public children’s hospital in
Shenzhen, we have observed that the distribu-
tion and antibiotic resistance of pathogens iso-
lated from the lower respiratory tract in our
hospital has changed since the outbreak.
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Therefore, we here report data for the periods
January 2018–December 2019 (before the
COVID-19 epidemic), January 2020–May 2020,
and May 2021–June 2021 (during the COVID-19
epidemic), and June 2020–April 2021 and July
2021–December 2021 (normalized COVID-19
epidemic prevention and control) to help
understand and block the spread of bacteria
causing lower respiratory tract infections in
children.

METHODS

Collection and Identification of Strains

Culture-positive clinical isolates isolated from
lower respiratory tract specimens submitted for
clinical inspection in our hospital from January
2018 to December 2021 were collected. All
patients included in this study were not co-in-
fected with COVID-19. Repeat isolates of the
same species from the same patient were
excluded. The samples collected as part of the
study standard care/procedure, and the study
protocol was approved by the Ethical Commit-
tee of Shenzhen Children’s Hospital (number:
201601304). Specimen collection and trans-
portation and bacterial culture procedures were
performed according to the Clinical Microbiol-
ogy Procedures Handbook [1]. Bacterial identi-
fication was performed using a VITEK
2-Compact and VITEK MS from bioMérieux,
France.

Antimicrobial Susceptibility Test Materials

Antibiotic disks were purchased from OXOID,
UK. Penicillin E test strips were purchased from
Antu Bio, China. The VITEK 2-Compact uses the
companion GN13, GN334, GN335, GP67,
GP639, and GP68 antimicrobial susceptibility
cards produced by bioMérieux, France.
Mueller–Hinton (MH) agar containing 5%
defibrillated sheep blood and HTM agar were
purchased from Guangzhou Dijing.

Antimicrobial Susceptibility Test Methods

Antimicrobial susceptibility testing for Strepto-
coccus pneumoniae, Streptococcus agalactiae, Sta-
phylococcus aureus, Enterobacteriaceae, and
nonfermenting Gram-negative bacilli was car-
ried out using the VITEK 2-Compact automated
system, the Kirby–Bauer method, or the E test
method as a supplement. The MIC value of S.
pneumoniae for penicillin was determined with
an E test strip. Antimicrobial susceptibility
testing for Haemophilus influenzae and Moraxella
catarrhalis was according to the Kirby–Bauer
method. Extended-spectrum lactamases (ESBL)
of Klebsiella pneumoniae were detected using a
VITEK 2-Compact, and b-lactamases of H.
influenzae were detected using the nitrocefin-
based test. Antimicrobial susceptibility testing
and result interpretation were conducted
according to Clinical and Laboratory Standards
Institute standards [2, 3], and according to the
US Food and Drug Administration breakpoint
standard [4], to interpret the results of tigecy-
cline antimicrobial susceptibility test, and cef-
operazone–sulbactam results were interpreted
according to the breakpoint standard of cefop-
erazone [5]. Carbapenem-resistant Enterobacte-
riaceae (CRE) is defined as resistance to
imipenem, meropenem, or ertapenem, while
carbapenem-resistant Morganella spp. Proteus
spp., and Providencia spp. are defined as resis-
tance to carbapenems, except for imipenem [6].

Quality Control Strains

S. aureus ATCC 25923 (Kirby-Bauer method) and
ATCC 29213 (automated systems), Escherichia
coli ATCC 25922 and ATCC 35218, Pseudomonas
aeruginosa ATCC 27853, S. pneumoniae ATCC
49619, H. influenzae ATCC 49247 and ATCC
49766, Enterococcus faecalis ATCC 29212, and K.
pneumoniae ATCC 700603 were used as quality
control strains.

Statistical Analysis

Statistical analysis of the data obtained was
performed using WHONET 5.6 software.
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RESULTS

Bacterial Distribution

From 2018 to 2021, a total of 18,965 clinical
strains were isolated from lower respiratory tract
samples in our hospital, with only 2293 isolated
in 2020; among them, 11,645 strains (61.4%)
were isolated from male children and 7320
strains (38.6%) were isolated from female chil-
dren; 15,862 strains (83.6%) were detected in
0–3 year olds, and 2486 strains (13.1%) were
detected in 3–6 year olds; 1385 (7.3%) were
isolated from outpatient and emergency cases,

852 (4.5%) from intensive care unit (ICU) cases,
and 16,728 strains (88.2%) from non-ICU hos-
pitalization cases.

The top five bacteria with the most signifi-
cant number of clinical isolates in the 4 years
were S. pneumoniae, M. catarrhalis, H. influenzae,
S. aureus, and P. aeruginosa (Table 1). The peak
period of the number of lower respiratory tract
pathogenic bacteria isolated every year was
November, December, or January, and the
number of isolated strains in February was sig-
nificantly lower than that in January and
March. Except for 2020, the trough period in
the other 3 years was in July, August, or

Table 1 Distribution of clinical isolates from the lower respiratory tract by species from 2018 to 2021

Organism 2018 2019 2020 2021 Total

No. of
strains

% No. of
strains

% No. of
strains

% No. of
strains

% No. of
strains

%

S. pneumoniae 2347 32.1 1545 31.2 801 34.9 1316 29.8 6009 31.7

M. catarrhalis 2265 31 1273 25.7 783 34.1 1492 33.8 5813 30.7

H. influenzae 2269 31 1741 35.2 354 15.4 1159 26.3 5523 29.1

S. aureus 251 3.4 195 3.9 187 8.2 242 5.5 875 4.6

P. aeruginosa 49 0.7 64 1.3 47 2 62 1.4 222 1.2

A. baumannii 35 0.5 37 0.7 35 1.5 40 0.9 147 0.8

K. pneumoniae 37 0.5 27 0.5 32 1.4 45 1 141 0.7

E. coli 17 0.2 20 0.4 10 0.4 14 0.3 61 0.3

S. maltophilia 14 0.2 16 0.3 12 0.5 16 0.4 58 0.3

E. cloacae 7 0.1 5 0.1 7 0.3 9 0.2 28 0.1

K. aerogenes 4 0.1 7 0.1 7 0.3 5 0.1 23 0.1

S. marcescens 3 0 5 0.1 4 0.2 5 0.1 17 0.1

S. agalactiae 7 0.1 6 0.1 3 0.1 1 0 17 0.1

Burkholderia
sp.

1 0 4 0.1 5 0.2 0 0 10 0.1

Others 3 0 5 0.1 6 0.3 7 0.2 21 0.1

Total 7309 100 4950 100 2293 100 4413 100 18,965 100
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September. The number of isolates of S. pneu-
moniae, M. catarrhalis, and H. influenzae
decreased significantly from January 2020 to
May 2020 (during the COVID-19 epidemic).

Compared with 2018 and 2019, the number
of lower respiratory tract isolates during the
new wave of the COVID-19 outbreak in Shen-
zhen from May to June 2021 was significantly

Fig. 1 Distribution of clinical isolates from the lower respiratory tract by species from 2018 to 2021

Table 2 Resistance rates of Streptococcus pneumoniae to antimicrobial agents (%)

Antimicrobial agent 2018 (n 5 2347) 2019 (n5 1545) 2020 (n5 801) 2021 (n5 1316)

Penicillin G 0 0 0 0

Ertapenem 0 0 0 0

Erythromycin 98.1 99.1 98.4 98.8

Clindamycin 96.6 98 96.3 96.2

Vancomycin 0 0 0 0

Linezolid 0 0 0 0

Levofloxacin 0.1 0.1 0 0.1

Moxifloxacin 0 0 0 0

Chloramphenicol 6 5.8 6.3 8.4

Trimethoprim/sulfamethoxazole 58.7 53.9 55.5 54.5

Tetracycline 89.2 91.2 88.7 89.4
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lower. The number of M. catarrhalis isolates
detected began to increase rapidly in September
every year, reached a peak in November or
December, decreased slowly, and then dropped
to the lowest level in August of the following
year. Compared with M. catarrhalis, the number
of H. influenzae isolates detected increased
slightly later: it began to rise in December every
year, reached a first peak in January of the fol-
lowing year, declined in February, reached a
second peak in March, April or May, and then
began to decline, reaching the lowest point in
September, October, or November. The trend
for S. pneumoniae was similar to that for H.
influenzae and M. catarrhalis but was more
complex, exhibiting a greater number of peaks
(Fig. 1).

Resistance Rates of Common Bacteria
to Antibiotics

Based on the bacterial distribution described
above, we then determined antimicrobial

resistance rates for the main or
notable pathogens detected.

Antimicrobial Resistance Rates
of Streptococcus pneumoniae and
Staphylococcus aureus

The resistance rates of S. pneumoniae to ery-
thromycin, clindamycin, and tetracycline were
maintained at a high level ([85%) over the
4 years; no penicillin-, moxifloxacin-, ertape-
nem-, vancomycin- or linezolid-resistant strains
were detected, and the resistance rates detected
in each year to all the antibiotics tested were the
same (Table 2). In contrast, the detection rates
of methicillin-resistant S. aureus (MRSA) among
S. aureus strains were 41%, 37.4%, 26.2%, and
29.8% for each of the 4 years. The resistance rate
of S. aureus to penicillin G, oxacillin and ery-
thromycin in 2020 was lower than that in the
other 3 years, that to erythromycin and clin-
damycin among MRSA in 2020 was lower than
that in the other 3 years, and that of MRSA in
2020 to rifampicin was higher than that in the

Table 4 Resistance rates of K. pneumoniae to antimicrobial agents (%)

Antimicrobial agent 2018 (n5 37) 2019 (n5 27) 2020 (n5 32) 2021 (n5 45)

Cefoperazone/sulbactam NA 25.9 8.8 15.6

Piperacillin/tazobactam 2.7 25.9 5.9 15.6

Amoxicillin/clavulanate NA 37 14.7 17.8

Cefuroxime NA 63 41.2 53.3

Ceftriaxone 40.5 51.9 35.3 53.3

Ceftazidime 21.6 44.4 23.5 22.2

Cefoxitin NA 30.8 14.7 6.7

Cefepime 24.3 40.7 14.7 33.3

Ertapenem 2.7 11.1 5.9 4.4

Imipenem 2.7 11.1 5.9 4.4

Amikacin 0 0 2.9 0

Levofloxacin 5.4 14.8 8.8 8.9

Trimethoprim/sulfamethoxazole 35.1 37 26.5 37.8

Tigecycline NA 0 0 0

NA not available

Infect Dis Ther (2023) 12:563–575 569



other 3 years. Additionally, methicillin-sensi-
tive S. aureus (MSSA) showed similar resistance
rates to various antibiotics over the 4 years, with
no S. aureus strains isolated being found to be
resistant to vancomycin or linezolid (Table 3).

Antimicrobial Resistance Rates
of Klebsiella pneumoniae, Pseudomonas
aeruginosa, and Acinetobacter baumannii

The rates of ESBL detection in K. pneumoniae in
our hospital were 35.1%, 44.4%, 28.1%, and
48.8% for 2018, 2019, 2020, and 2021, respec-
tively; the rates of resistance to ceftriaxone were
40.5%, 51.9%, 35.3%, and 53.3%, and the rates
of carbapenem-resistant K. pneumoniae (CRKP)
detection were 2.7%, 11.1%, 5.9%, and 4.4%.
The rates of K. pneumoniae resistance to
cefuroxime and ceftriaxone were both[35%,
but resistance rates to b-lactam/b-lactamase
inhibitor combinations were all\40%, and

those to carbapenems were all\20%. The rates
of K. pneumoniae resistance detected in 2020 to
tested antibiotics other than amikacin were
significantly lower than those in 2019 (Table 4).

Detection rates of carbapenem-resistant P.
aeruginosa (CRPA) and carbapenem-resistant A.
baumannii (CRAB) among isolates of these spe-
cies were 10.2%, 6.6%, 14.5%, 11.3%, and
11.4%, 5.9%, 11.1%, and 21.2% in each of the
4 years, and that of CRAB in 2021 increased
significantly compared with that in 2020. The
resistance rates of P. aeruginosa and A. bauman-
nii to all tested antibiotics were\15%
and\25%, respectively (Table 5).

Antimicrobial Resistance Rates
of Haemophilus influenzae and Moraxella
catarrhalis

Rates of b-lactamase-producing H. influenzae
detection were 51.9%, 59.2%, 48.9%, and

Table 5 Resistance rates of P. aeruginosa and A. baumannii to antimicrobial agents (%)

Antimicrobial agent P. aeruginosa A. baumannii

2018
(n5 49)

2019
(n5 64)

2020
(n 5 47)

2021
(n 5 62)

2018
(n5 35)

2019
(n5 37)

2020
(n5 35)

2021
(n5 40)

Cefoperazone/sulbactam NA 4.9 14.5 3.2 NA 5.7 10.8 18.2

Piperacillin/tazobactam 4.3 3.4 1.9 0 NA 11.4 13.5 21.2

Ceftazidime 6.1 3.3 5.5 6.5 11.4 5.7 13.5 21.2

Cefepime 4.1 0 0 0 11.4 5.9 10.8 9.1

Imipenem 10.2 6.6 9.1 11.3 11.4 5.7 10.8 21.2

Meropenem NA 4.9 14.5 8.1 NA 5.9 11.1 21.2

Amikacin 0 0 0 1.6 NA NA NA NA

Tobramycin 0 0 0 1.6 12.1 5.9 8.3 21.2

Levofloxacin 2 3.3 9.1 3.2 11.4 5.7 5.4 21.2

Ciprofloxacin 0 0 1.8 3.2 12.1 8.8 11.1 21.2

Trimethoprim/sulfamethoxazole NA NA NA NA 11.4 14.3 10.8 9.1

Minocycline NA NA NA NA NA 2.9 2.8 18.2

Colistin NA 0 0 0 NA 0 0 0

Tigecycline NA NA NA NA NA 0 0 3.1

NA not available
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55.3% in the 4 years evaluated. The detection
rates of b-lactamase-negative ampicillin-resis-
tant H. influenzae (BLNAR) increased slowly
each year over the 4 years, at 12.8%, 13.9%,
17.8%, and 18.5%. The resistance rates of H.
influenzae to ampicillin and trimethoprim/sul-
famethoxazole were approximately 70%, to
ampicillin–sulbactam and cefuroxime approxi-
mately 50%, and to cefotaxime\10%. Rates of
nonsusceptibility to azithromycin among b-
lactamase-producing H. influenzae strains were
significantly higher than those among non-b-
lactamase-producing strains. One and three
levofloxacin-nonsusceptible H. influenzae
strains were detected in 2020 and 2021,
respectively (Table 6). The nonsusceptibility
rates of M. catarrhalis to erythromycin were
approximately 20–30%, and those to trimetho-
prim-sulfamethoxazole and tetracycline were
both\5%; no amoxicillin-clavulanate acid
resistant strains were detected (Table 7).

DISCUSSION

To explore how COVID-19 measures may have
impacted pathogen distribution, we examined
lower respiratory tract specimens from pediatric
patients at our hospital for the presence of var-
ious bacteria. According to reports [7], infec-
tious diseases accounted for six of the top ten
causes of disability-adjusted life-years in chil-
dren under 10 in 2019, of which lower respira-
tory tract infections ranked second. New
infectious disease pathogens often emerge, and
previous infectious disease pathogens often
resurface. Since 2017, we have been working on
the distribution of clinically isolated bacteria in
children in Shenzhen as well as on monitoring
antimicrobial resistance. Previous research has
shown that S. pneumoniae, H. influenzae, and M.
catarrhalis have always been among our hospi-
tal’s top three bacterial isolates [8, 9]. The pre-
sent study indicates that these three bacteria are
still common pathogens causing community-
acquired lower respiratory tract infections in
children in Shenzhen, with apparent seasonal
patterns. From January 2020 to May 2020
(during the COVID-19 epidemic) and May 2021
to June 2021 (a new round of the COVID-19T
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epidemic in Shenzhen), the previous epidemic
patterns of the three bacteria were broken, with
all showing their lowest values over 4 years.
This may be because the strengthened preven-
tion against COVID-19 in Shenzhen (including
working remotely from home, suspending
school classes, staying home unless otherwise
necessary, washing hands frequently, and
wearing surgical masks) blocked the spread of
these three bacteria. Among them, since Jan-
uary–May 2020 (during the COVID-19 epi-
demic) is the peak season of H. influenzae in
previous years, the number of H. influenzae
(354) detected in 2020 has dropped to the
lowest level in 4 years, but the peak period of
the prevalence of S. pneumoniae and M. catar-
rhalis is not during this period. As a result, the
proportion of H. influenzae detected in 2020 is
15.4%, which is significantly lower than that in
2018, 2019, and 2021 (29.1–35.2%). Related
studies of some viruses and Mycoplasma pneu-
moniae infection have reported similar results
[10]. The number of pathogenic bacteria iso-
lated from the lower respiratory tract in Febru-
ary in each of the 4 years evaluated was
significantly lower than that in January. The
main reason may be that the traditional Spring
Festival in China tends to occur in February.
Shenzhen is a large immigrant city, and many
people return to their hometowns during the
traditional Spring Festival, and, because many
families leave Shenzhen for the holiday, there
are fewer children, including those with respi-
ratory tract infections, in the city during this
period. During the COVID-19 epidemic, the
detection rates of P. aeruginosa and A. bauman-
nii, which mainly cause nosocomial pneumonia
[11], did not decrease significantly. Previous
studies have shown that these two bacteria are
often colonized in hospital plumbing and
medical environments, spreading through con-
tact to cause nosocomial infections in ICU
patients [12, 13]. Respiratory protection mea-
sures against COVID-19 are usually not feasible
in ICU patients, and standard hand hygiene,
healthcare environment disinfection, and con-
tact isolation measures may be more critical for
reducing nosocomial infections of these two
bacteria. The distribution of bacteria indicates
that, during the COVID-19 epidemic, strictT
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implementation of adequate protective mea-
sures may have effectively reduced the spread of
bacteria common in community-acquired lower
respiratory infections, but that these measures
may not have been effective against nosocomi-
ally-transmitted pathogens.

Bacteria are important components of
infectious disease pathogens, and their antibi-
otic resistance is of concern. Additionally,
developing new antibiotics usually requires
considerable time and cost, which constrains
clinicians with regard to treating many patients
infected with multidrug-resistant bacteria. Due
to the toxic side effects of antibiotics, the use of
antibiotics in pediatrics is limited, and treating
multidrug-resistant infections in children is
more challenging than it is in adults. The results
of our study show that S. pneumoniae in children
with lower respiratory tract infections in Shen-
zhen maintains high sensitivity to penicillin,
which can be used as the first choice for clinical
treatment. The detection rate of MRSA also
exhibited a downward trend, similar to the
China antimicrobial surveillance network
(CHINET) report [14], at less than 30% in the
past 2 years. The resistance mechanism of H.
influenzae to b-lactam antibiotics is mainly due
to TEM or BOR-producing b-lactamase and
decreased affinity caused by mutation of the ftsI
gene, which encodes penicillin-binding protein
3 [15, 16]. The proportion of b-lactamase-pro-
ducing H. influenzae isolated in our hospital was
approximately 50–60%, and the resistance rate
to ampicillin exceeded 60%. However, BLNAR,
which exploits the decrease in affinity caused by
ftsI gene mutation as the b-lactam antibiotic
resistance mechanism, is resistant to a variety of
b-lactam antibiotics [15, 16], and its detection
rate increased slowly from 12.8% in 2018 to
18.5% in 2021. The resistance mechanism of M.
catarrhalis to b-lactam antibiotics is mainly the
production of BRO b-lactamase [17], and no
amoxicillin-clavulanic acid-resistant strains
were detected.

The situation of antibiotic resistance among
the Enterobacteriaceae and nonfermenting
Gram-negative bacilli is severe. The Centers for
Disease Control and Prevention report on the
threat of antibiotic resistance listed CRE and
CRAB as urgent threats and ESBL-producing

Enterobacteriaceae, multidrug-resistant P.
aeruginosa, and MRSA as serious threats in 2019
[18]. The surveillance results of CHINET showed
that the resistance rates in China of K. pneu-
moniae and A. baumannii to imipenem increased
from 3% and 32.9% in 2005 to 25% and 77.1%
in 2018, respectively, and that of P. aeruginosa
to imipenem was also approximately 30% [14].
From the perspective of bacterial resistance
changes in our hospital, rates of b-lactamase-
producing H. influenzae, ceftriaxone-resistant K.
pneumoniae, MRSA, and CRKP detection in 2020
were lower than those in 2019, which may be
related to the COVID-19 epidemic; however,
rates of CRPA and CRAB detection were higher
in 2020 than in 2019 (14.5% vs. 6.6% and
11.1% vs. 5.9%), and the rate of CRAB detection
continued to rise to 21.2% in 2021. Although
the detection rates of CRKP, CRPA, and CRAB
were significantly lower than those reported by
CHINET [14], those of b-lactamase-producing H.
influenzae, ceftriaxone-resistant K. pneumoniae,
MRSA, BLNAR, and CRAB in 2021 all increased
compared with 2020.

Due to the limitation of conditions, we could
not simultaneously detect lower respiratory
tract infection-related pathogens (such as viru-
ses, mycoplasma, etc.) other than common
bacteria during the COVID-19 epidemic. Due to
the small number of detections of K. pneumo-
niae, P. aeruginosa, and A. baumannii in each
year from 2018 to 2021, our study chose to
analyze the antimicrobial resistance of common
bacteria by year, instead of separate analyses
during the COVID-19 epidemic period and the
normalized COVID-19 epidemic prevention
period.

CONCLUSIONS

We observed that, during the COVID-19 epi-
demic, due to effective protective measures, the
detected numbers of some common bacteria
causing lower respiratory tract infections in
children in Shenzhen decreased, and the drug
resistance of some bacteria decreased, but the
overall trend still showed a slow increase. We
should continue to strengthen the rational use
of antibiotics, monitor bacterial resistance,
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strengthen the prevention and control of
nosocomial infections, and implement a mul-
tipronged approach to prevent further devel-
opment of bacterial resistance.
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