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ABSTRACT Klebsiella pneumoniae (K. pneumoniae)
is a conditionally pathogenic bacterium present in the
intestinal or the respiratory tract of animals, and it is
a common factor in acquired infections and a major
threat to public health. Increased production of
extended-spectrum b-lactamases (ESBLs) has become
a serious issue in the treatment of K. pneumoniae
infections. In this study, we examined the serotypes
and antibiotic resistance profiles of K. pneumoniae iso-
lated from broiler chickens on farms in Shandong
Province, China. The K. pneumoniae isolation rate
was 4.67% (33/707), and the serotype Capsular K54
(42.42%, 14/33) was the most prevalent serotype in
broilers in Shandong. The antimicrobial susceptibility
assay revealed that the 33 isolates were resistant to 28
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antimicrobial drugs to varying degrees; among these,
the highest resistance rate was observed for tetracy-
clines (90.91%), and the lowest rate of resistance was
observed for moxifloxacin and fosfomycin (0%). The
multidrug resistance (MDR) rate was 87.88% (29/33).
The carrying rate of b-lactam-resistance genes was as
high as 100%, with blaSHV having the highest rate
(93.94%). It is worth noting that one carbapenem-
resistant K. pneumoniae (CRKP) isolate carrying
blaNDM-1 and one colistin-resistant K. pneumoniae
(COLR-KP) isolate carrying mcr-3 were found in
broiler chickens. This study indicates that ESBL-pro-
ducing CRKP isolates and COLR-KP isolates have
emerged on poultry farms in Shandong and could be a
potential threat to food safety and public health.
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INTRODUCTION

As K. pneumoniae is a prominent zoonotic conditional
pathogen in the Enterobacteriaceae family (Wang et al.,
2020), its multidrug resistance (MDR) is worrying,
given the risk of food-borne pathogens spreading to
humans through the food chain and the emergence of
super-resistant bacteria (Hartantyo et al., 2020). Human
infection with this bacteria mainly causes urinary, respi-
ratory, and bloodstream infections (Aires-de-
Sousa et al., 2019). According to the 2021 bacterial resis-
tance surveillance report of the China Bacterial
Resistance Surveillance Network (CARSS), the isola-
tion rate of human K. pneumoniae ranked second, after
Escherichia coli (E. coli), at 13.86% (http://www.carss.
cn/sys/account/login). K. pneumoniae is also found in
livestock and poultry farming; it mainly causes mastitis
in cows (Yang et al., 2021) and respiratory symptoms in
broiler chickens, and infection has a high mortality rate
(Hamza et al., 2016). The general isolation rate of the
bacteria is 9% to 35% (Hamza et al., 2016; Zhai et al.,
2020; Yang et al., 2021).
The increasing resistance of bacteria to broad-spec-

trum b-lactam and peptide drugs has attracted public
attention (Xiang et al., 2018; Song et al., 2020; Liu
et al., 2021; Wang et al., 2021; Li et al., 2022). b-lactam
drugs are the most commonly used drugs in clinical
treatment of bacterial infections caused by Enterobac-
teriaceae, meaning that disease treatment has acceler-
ated the process of bacterial resistance (Rubin and
Pitout, 2014; Lee et al., 2021). In particular, the emer-
gence of ESBL-producing bacteria has greatly restricted
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the use of such drugs. The global spread of ESBL-pro-
ducing bacteria, especially ESBL-positive E. coli and K.
pneumoniae, poses a challenge to treating MDR bacteria
(Chong et al., 2018). The resistance of bacteria to colis-
tin in peptide drugs has gradually gained attention as a
result of greater attention to carbapenem-resistant K.
pneumoniae (CRKP), and the emergence of the Mobile
Colistin Resistance (mcr) gene poses no small threat to
global public health (Wang et al., 2017a; Liu et al.,
2021).

Environmental sources, food animals, and other fac-
tors have accelerated the spread of extended-spectrum
b-lactamases (ESBL) in communities around the world
(Chong et al., 2018)—especially the spread of carbape-
nem-resistant Enterobacteriaceae (CRE), which pose a
major threat to global public health (Chen et al., 2014;
Li et al., 2022). The first human-derived carbapenem-
resistant gene blaKPC isolate of K. pneumoniae recorded
in China was discovered in Zhejiang Province in 2004
(Wei et al., 2007). Since then, researchers have discov-
ered K. pneumoniae-carrying blaNDM in livestock and
poultry bred in China (He et al., 2017; Wang et al.,
2017b; Xiang et al., 2018; Zhai et al., 2020). The emer-
gence of CRE means that the last line of defense against
MDR bacteria is threatened, making clinical treatment
more challenging (Woodford et al., 2014; Hamza et al.,
2016). It also means that this type of bacteria may
spread from animals to humans through the food chain,
endangering human health (Leverstein-van Hall et al.,
2011).

However, K. pneumoniae in livestock, and espe-
cially in poultry, has not been systematically investi-
gated in Shandong Province, China. This study aims
to examine the epidemiological characteristics of
MDR K. pneumoniae in six prefecture-level cities of
Shandong, to assess the risk of animal-borne drug-
resistant bacteria spreading to humans, and to pro-
vide epidemiological data for the emergence of MDR
bacteria in the poultry industry. Here, we are the first
to report one CRKP-carrying blaNDM-1 isolate and one
COLR-KP-carrying mcr-3 isolate from 2 different
poultry farms in Shandong. The data findings pre-
sented herein will develop our understanding of the
prevalence and characteristics of K. pneumoniae
strains in Shandong.
Table 1. Distribution of K. pneumoniae-positive samples collected fro

Area

% K. pneumoniae-positive

Environment

Wall Water Feces

Tai’an 0 (0/12) 16.67 (2/12) 0 (0/18
He Ze 0 (0/6) 50.00 (3/6) 0 (0/12
Liao Cheng 0 (0/12) 50.00 (7/14) 5.56 (1/18
Lin Yi 0 (0/12) 0 (0/10) 0 (0/16
Wei Fang 0 (0/12) 8.33 (1/12) 0 (0/16
Bin Zhou 0 (0/12) 0 (0/12) 0 (0/20
Total 0 (0/66) 19.70 (13/66) 1.00 (1/10
MATERIALS AND METHODS

Sample Collection and Identification of
K. pneumoniae

The source of the sample is the same source in
Liu et al. (2021). A total of 707 samples were collected
from 6 large-scale broiler chicken farms—one each in the
cities of Tai’an, Liaocheng, Weifang, Linyi, Heze, and
Binzhou, all in Shandong—in May to July 2019
(Liu et al., 2021). The primary data were anal swabs
and environmental samples of broiler chickens collected
during a breeding cycle, with environmental samples
coming from walls, water, feces, and air (Table 1). The
water samples were centrifuged at 12,000 rpm for 60 s,
after which most of the supernatant was discarded, and
the remaining parts were cultured on MacConkey agar
(Liu et al., 2021).
Detection of K. pneumoniae Serotype

The test primarily screened for the 6 serotypes K1,
K2, K5, K20, K54, and K57 (Wang et al., 2017b). The
relevant detection primers are shown in the appended
table S1. DNA templates were prepared using the boil-
ing method of DNA extraction (Li et al., 2020). All the
primers and annealing temperatures were slight modifi-
cations of those used in previously described procedures
(Table S1).
Antimicrobial Susceptibility Testing

The drug sensitivity tests were conducted using the
BD Phoenix 100 NMIC/ID-4 composite board (Becton,
Dickinson and Co., Franklin Lakes, NJ) (Li et al., 2020).
Twenty-eight agents in 9 categories of commonly-used
antibiotics were tested on 33 isolates. These agents
included: Amikacin (AN), Amoxicillin-Clavulanate
(AMC), Ampicillin-Sulbactam (SAM), Aztreonam
(ATM), Cefazolin (CZ), Cefepime (FEP), Cefopera-
zone-Sulbactam (SCP), Cefoxitin (FOX), Ceftazidime
(CAZ), Ceftriaxone (CRO), Cefuroxime (CXM),
Chloramphenicol (C), Ciprofloxacin (CIP), Colistin
(CL), Ertapenem (ETP), Fosfomycin (FF), Gentami-
cin (GM), Imipenem (IPM), Levofloxacin (LVX),
m various locations on broiler chicken farms.

samples (number of detections/total no.) for:

Anal swab TotalAir

) 0 (0/26) 1.67 (1/60) 2.34 (3/128)
) 0 (0/12) 5.00 (3/60) 6.25 (6/96)
) 0 (0/22) 6.67 (4/60) 9.52 (12/126)
) 0 (0/22) 0 (0/52) 0 (0/112)
) 0 (0/22) 6.67 (4/60) 4.10 (5/122)
) 0 (0/18) 11.48 (7/61) 5.69 (7/123)
0) 0 (0/122) 4.25 (15/353) 4.67 (33/707)
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Meropenem (MEM), Minocycline (MI), Moxifloxacin
(MXF), Nitrofurantoin (FM), Norfloxacin (NOR),
Piperacillin-Tazobactam (TZP), Tetracycline (TE),
Tigecycline (TGC), and Tobramycin (NN). The results
were interpreted in line with the Clinical and Laboratory
Standards Institute guidelines (2019). MDR was defined
as acquired nonsusceptibility to at least one agent in
three or more antimicrobial categories.
Screening for Antimicrobial-Resistance
Genes

The b-lactam resistance-related genes (blaTEM,
blaSHV, blaCTX-M1, blaCTX-M3, blaOXA23gp, blaOXA64gp,
and blaDHA)—along with other genes associated with
resistance to carbapenems (blaIMP-1, blaKPC-gp, blaNDM-1,
blaOXA-48, and blaVIM), aminoglycosides (aac (6’) -Ib-cr,
aac1, aac2, and aac3), chloramphenicol (cmlA and
stcM), quinolones (qnrA, qnrB, qnrC, qnrS, and oqxA),
peptides (mcr-1 to -10), and tetracyclines (tetB)—were
detected using Polymerase Chain Reaction (PCR). All
the primers and annealing temperatures were slight
modifications of those used in previously described pro-
cedures (Table S2).
RESULTS

Detection and Identification of
K. pneumoniae

In this study, we examined the microbial diversity and
antibiotic resistance profiles of bacteria isolated from
broilers on 6 farms in Shandong. A total of 918 strains
belonging to 128 species were isolated and identified
from 707 samples; of these, E. coli (345/707, 53.04%)
was the most frequently isolated, followed by Proteus
mirabilis (56/707, 7.92%), Bacillus cereus (41/707,
Figure 1. The drug resistance, distribution map, and proportion of resi
dong Province. (A) Proportion of strains in 707 samples. E. coli (345/707, 5
(56/707, 7.92%), Bacillus cereus (41/707, 5.80%), and K.pneumoniae (33/
types K1 (3.03%), K2 (3.03%), K5 (6.06%), K54 (42.42%), and others (45.46
5.80%), and K. pneumoniae (33/707, 4.67%)—that is,
important zoonotic pathogens (Figure 1A). As shown in
Table 1, the number of K. pneumoniae isolated from dif-
ferent broiler farms varies: 3 strains were isolated in
Tai’an, 12 strains in Liaocheng, 5 strains in Weifang, 7
strains in Binzhou, 6 strains in Heze, and zero in Linyi.
In terms of the sources of sample separation and collec-
tion, we found that the separation rate of water samples
were 19.70%, followed by anal swabs (4.25%). The posi-
tive rates of water samples in Liaocheng and Heze were
both 50%.
We used the method reported by Wang et al. (2017a)

to perform serotyping analysis on K. pneumoniae iso-
lates (Table S3). The analysis detected Capsular types
K1 (3.03%), K2 (3.03%), K5 (6.06%), K54 (42.42%),
and others (45.46%) in the sample. K20 and K57 were
not detected (Figure 1B).
Antimicrobial Resistance and MDR Profiles

As mentioned above, a total of 28 antibacterial agents
in nine categories were screened in this study
(Figure 2A). The drug susceptibility test of this experi-
ment revealed different degrees of resistance to the 28
kinds of antibacterial drugs (Table S4). The resistance
rate to tetracycline was the highest (90.91%), and the
lowest resistance rate was to carbapenem drugs—that
is, ETP, IPM, and MEM (3.03%); in addition, The K.
pneumoniae isolates sensitive to both MXF and FF
(0%). A high resistance rate of more than 50% was seen
for 17 drugs, including FM and GM. In addition, for the
first time, we discovered CRKP in poultry swabs from a
poultry farm in Heze, Shandong, that was sensitive to
FF, MXF, and TGC; the overall resistance rate of this
farm was the highest among the six farms (63.69%)
(Table S5). In terms of resistance to b-lactamase, K.
pneumoniae showed a resistance rate of 50% to 80% for
stance genes and virulence genes of the K. pneumoniae strains in Shan-
3.04%) was the most frequently isolated, followed by Proteus mirabilis
707, 4.67%). (B) Serotype test results. The analysis detected Capsular
%) in the sample. K20 and K57 were not detected. N: others.



Figure 2. (A) A total of 28 antibacterial agents in nine categories were screened in this study. The resistance rate to tetracycline was the highest
(90.90%), and the lowest resistance rate was to carbapenem drugs—that is, imipenem, ertapenem, and meropenem (3.03%). No strains were resis-
tant to MXF and FF. A high resistance rate of more than 50% was seen for 17 drugs, including nitrofurantoin and gentamicin. In addition, for the
first time, we discovered CRKP in poultry swabs from a farm in Heze that was only sensitive to tigecycline; the overall resistance rate of this farm
was the highest of the 6 farms (63.69%). In terms of resistance to b-lactamase, K. pneumoniae showed a resistance rate of 50−80% for most cephalo-
sporins and a resistance rate of 63.63% for ampicillin-sulbactam. (B) The antimicrobial susceptibility assay revealed that the MDR rate was 87.88%
(29/33). Among the strains, the MDR number was concentrated in the range of 15−19 drugs, which accounted for 48.48% (16/33) of the MDR
strains.
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most cephalosporins, and a resistance rate of 63.64% for
ampicillin-sulbactam.

In this study, MDR K. pneumoniae was found to be a
serious phenomenon, as the bacteria demonstrate a
MDR rate of 87.88%; most MDR strains are resistant to
15 to 19 kinds of drugs (48.48%, or 16/33), with the larg-
est rates of resistance to 19 drugs, at 15.15% (5/33),
while the highest resistance was to 22 kinds of drugs.
The MDR rate of K. pneumoniae sampled in Heze is rel-
atively common (63.69%) (Figure 2B). In addition, a
total of 29 drug-resistance profiles were found in 5 of the
chicken farms in Shandong (Table S5). The heat map of
the drug-resistance profiles is shown in Figure 3. Among
these profiles, there is no dominant drug resistance spec-
trum (number of drug-resistant strains ≥5) nor a main
drug resistance spectrum (number of drug-resistant
strains ≥3).
Antimicrobial Resistance Gene Profiles

In this study, 7 kinds of 33 drug-resistance genes were
detected against peptides, carbapenems, tetracyclines,
aminoglycosides, chloramphenicols, quinolones, and
b-lactams (Figure 4A). These K. pneumoniae isolates
carried seven types and 16 drug-resistance genes, har-
boring 32 drug-resistance gene profiles (Figure 4B). The
positive rate of drug-resistance genes ranged from 3.03%
to 100%, with the highest positive rate being that of
b-lactams (100%), and the lowest positive rate being
that of carbapenems and peptides (3.03%).
DISCUSSION

The isolation rate of K. pneumoniae in this study was
33/707, or 4.67%. For these isolates, the total isolation
rate of K. pneumoniae was slightly lower than the 7.80%
separation rate found on a poultry farm in India
(Bhardwaj et al., 2021), which in turn was lower than
the detection rate of 25.80% found in broiler cecum sam-
ples by the Norwegian veterinary department in 2018
(Franklin-Alming et al., 2021). The proportion is higher
than that of bacteria isolated in Shandong dairy farms
(1/233, 0.43%), but lower than the detection rate in
Jiangsu dairy farms (7.83%) (Yang et al., 2021). In
terms of the sources of sample separation and collection,
we found that the separation rate of water samples
reached 19.70%. It is well known that improper treat-
ment of wastewater from livestock and poultry farms
may cause the spread of MDR bacteria (Gomi et al.,
2018); in addition, the use of contaminated irrigation
water is another key reason behind this phenomenon
(Furlan and Stehling, 2021). Therefore, it is necessary to
pay more attention to the proper discharge of wastewa-
ter and sewage.
Capsule is an important virulence factor that protects

K. peneumoniae from lethal serum factors and phagocy-
tosis (Hsu et al., 2011). However, in some bacteria (such
as Streptococcus pneumoniae), due to the frequent hori-
zontal transfer of the capsular polysaccharide (CPS)
operon that is responsible for the synthesis of capsular
polysaccharides, the capsule (K) type may be distrib-
uted across many unrelated individuals (Wang et al.,
2017a). Of the 77 K types described in the serotyping
protocol, the serotypes K1, K2, K5, and K57 are most
closely related to aggressiveness and high pathogenicity
(Wang et al., 2017a; Turton et al., 2010; Wei et al.,
2021). Of these types, K1 and K2 are the most impor-
tant pathogenic serotypes, and the toxicity of K1 and
K2 pneumonia has been verified in mice; the 2 types
dominate human infections and are frequently reported
in community-acquired pneumonia (Hsu et al., 2011).



Figure 3. The heat map of the drug-resistance profiles: red represents drug resistance, green represents sensitivity, and yellow represents moder-
ate sensitivity. Car: Carbapenems, Ami: Aminoglycosides, Tet: Tetracyclines, Chl: Chloramphenicol, Pep: Peptides, Qui: Quinolones, Fur: Furans,
N: Other types of antibiotics.

Figure 4. (A) A total of 7 kinds of 33 drug-resistance genes were detected against peptides, carbapenems, tetracyclines, aminoglycosides, chlor-
amphenicols, quinolones, and b-lactams. The positive rate of drug-resistance genes ranged from 3.03% to 100%. The positive rate of b-lactams is the
highest (100%), and the positive rate of carbapenems and peptides is the lowest (3.03%). (B) These K. pneumoniae isolates carried seven types and
16 drug-resistance genes, harboring 32 drug-resistance gene profiles. The positive rate of drug-resistance genes ranged from 3.03% to 100%. Red: tet-
racyclines drug-resistant genes, orange: quinolones drug-resistant genes, yellow: peptides drug-resistant genes, green: chloramphenicols drug-resis-
tant genes, cyan-blue: carbapenems drug-resistant genes, blue: b-lactams drug-resistant genes, purple: aminoglycosides drug-resistant genes.
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Aggressive diseases, such as liver abscess and endoge-
nous endophthalmitis, are associated with the envelope
serotypes K1 and K2 (Chew et al., 2017). In the present
study, we found that the serotype Capsular K54
(42.42%, 14/33) was the most prevalent serotype in
broilers in Shandong. There are almost no reports on
serotypes in poultry, but there was a report on food-
borne K. pneumoniae in Singapore: in this report, 8%
(11 of 147) of isolates carried at least one type (K1, K2,
or K54) (Hartantyo et al., 2020).

The potential risk of zoonotic bacteria spreading from
animals to humans and the emergence of MDR bacteria
and super bacteria are of great concern (Wang et al.,
2021). Due to the lack of effective vaccines and other
green prevention and control technologies, food-borne
zoonotic bacterial diseases are usually treated with anti-
biotics. However, excessive and/or improper use of anti-
biotics in livestock and poultry has led to an increase in
antimicrobial-resistant and MDR bacteria worldwide,
becoming a global concern for human and animal health
(Li et al., 2020; Wang et al., 2021; Yu et al., 2022). In
this study, MDR K. pneumoniae was a serious phenome-
non, as the bacteria showed a MDR rate of 87.88%—
higher than the 22% MDR prevalence rate in Hong
Kong, China, similar to the 85% rate in India
(Poudel et al., 2019), and lower than the 96.67% rate in
a commercial broiler slaughter factory in Shandong
(Wu et al., 2016). These numbers fully reflect the MDR
of K. pneumoniae (Wyres et al., 2020).

One of the reasons for bacterial resistance is the wide-
spread existence of resistance genes. This feature is
related to the production of plasmid-encoded antibiotic
resistance genes (ARG), mainly observed in China,
South Asia, and Southeast Asia (Qiao et al., 2018;
Wyres et al., 2020). With the frequent use of antibiotics,
K. pneumoniae can continuously accumulate ARG and
form “super-resistant bacteria” (Navon-Venezia et al.,
2017; Wang et al., 2020).

K. pneumoniae is an important zoonotic pathogen,
and the prevalence of ESBL-producing K. pneumoniae
makes it one of the MDR pathogens of particular public
health significance. A study in the Netherlands showed
that antibiotic-resistance genes may be transmitted
from poultry through the food chain to humans who are
in close contact with them, as similar ESBL-producing
isolates have been found in poultry meat and humans
that are in close contact (Leverstein-van Hall et al.,
2011). In this study, the overall prevalence of ESBL
genes in K. pneumoniae isolates was 100% (n = 33), a
proportion that is higher than: that of a Shandong
broiler slaughterhouse, where 96.67% (87/90) were
ESBL-producing strains (Wu et al., 2016); the ESBL
production rate of a healthy meat and poultry farm in
India (1/20, 5%) (Bhardwaj et al., 2021); that of broiler
liver from Algeria, where the proportion of ESBL iso-
lates was 3.70% (Chenouf et al., 2021); and Germany’s
separation rate of chicken meat, which was 17.50% (35/
200) (Eibach et al., 2018). The most common ESBL
genes were blaSHV (n = 31/33, 93.94%), blaOXA64gp
(n = 30/33, 90.91%), and blaTEM (n = 21/33, 63.64%).
CRKP has attracted public attention because in the
past, carbapenems were used to treat diseases caused
by b-lactamase-resistant strains (Nicolau, 2008). Cur-
rently, as a result of the abuse of antibiotics, Gram-
positive bacteria in many areas has begun to show
resistance to carbapenem drugs (Tumbarello et al.,
2012). Carbapenem-resistance genes primarily include
blaKPC, blaIMP, blaVIM, blaOXA48, and blaNDM

(Candan and Aks€oz, 2015; Liu et al., 2016). In this
paper, we detected only one strain of K. pneumoniae
carrying blaNDM-1 in Shandong poultry farms; the
other four carbapenem resistance-related genes—
blaKPC, blaIMP, blaVIM, and blaOXA48—were not
detected. As of this writing, in livestock and poultry
breeding, a handful of articles on CRKP carrying
blaKPC, blaIMP, blaVIM, blaOXA48, and blaNDM have
been reported in China and other countries
(Candan and Aks€oz, 2015; Hamza et al., 2016;
K€ock et al., 2018; Zhai et al., 2020; Chaalal et al.,
2021; Ejikeugwu et al., 2021; Elmonir et al., 2021).
For poultry isolates studied in Egypt, 15% (15/100)
were resistant to carbapenems: all of them were posi-
tive for blaNDM (Hamza et al., 2016). A study starting
in 2017 identified 91 strains of CRKP and 72 strains
of carbapenem-resistant E. coli in a broiler house in
Hebei Province, China (Zhai et al., 2020). In a study
of chicken in Algeria, a CRKP rate of 16.02% (29/
181) was detected, which is a higher rate than this
study (Chaalal et al., 2021); in addition, a rate of
10.53% of blaNDM was detected in broilers in Egypt
(2/19) (Elmonir et al., 2021). Research in Nigeria
showed that of the 370 isolates collected from slaugh-
terhouses, cows’ anuses, and poultry cloacas, 83.30%
were found to be encoded by Metallo-b-lactamase
genes (especially blaIMP-1 and blaIMP-2) of K. pneumo-
niae (Ejikeugwu et al., 2021). blaOXA48 was first dis-
covered in Turkey, and the co-infection of NDM-1 and
OXA-48 was found in the country 3 years later, with a
detection rate of 8% (4/50) (Candan and Aks€oz, 2015).
However, the co-infection of carbapenem resistance-
related genes was not found in our tests in this study.
In recent years, the rate of resistance to colistin in

Enterobacteriaceae has increased every year (Liu et al.,
2016; Liu et al., 2021), especially in K. pneumoniae,
which has led researchers from all over the world to con-
duct extensive research on this issue. A study in eastern
China found a total of 53 strains of K. pneumoniae
(4.5%, 53/1,171) that were confirmed to be COLR-KP,
of which 8 strains carried the mobile colistin resistance
(mcr) gene (Liu et al., 2021).
In this study, we make the first discovery of K.

pneumoniae (in 33 isolates collected from 5 broiler
chicken farms in Shandong) carrying these types of
drug-resistance genes. In this study, 2 new drug-resis-
tance genes were identified in poultry in Shandong.
We found one strain (Capsular types K54) carrying
blaNDM-1 genes in a Heze broiler factory and one
strain carrying mcr-3 in a Tai’an broiler factory
(Table S5). It can be understood that the spread of
carbapenem-resistant and colistin-resistant genes
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brings no small challenges to treating livestock and
poultry farms. Our discovery provides valuable data
for monitoring the spread of blaNDM-1-producing and
mcr-3-positive K. pneumoniae in poultry farms in
Shandong and for monitoring its potential spread
from broilers to humans. However, we did not detect
important carbapenem-resistance genes and colistin-
resistance genes other than blaNDM-1 and mcr-3.
Therefore, in the follow-up monitoring of MDR K.
pneumoniae, the sampling range and quantity need
to be further expanded.
CONCLUSIONS

The K. pneumoniae isolation rate was 4.67% (33/
707), and the serotype Capsular K54 (42.42%, 14/33)
was the most prevalent serotype in broiler chickens in
Shandong. The antimicrobial susceptibility assay
revealed that the MDR rate was 87.88% (29/33).
Among the strains, the MDR number was concentrated
in the range of 15 to 19 drugs, which accounted for
48.48% (16/33) of the MDR strains. The carrying rate
of b-lactam-resistance genes reached as high as 100%,
with the highest rate for blaSHV (93.94%). It is worth
noting that one CRKP isolate (serotype Capsular K54)
carrying blaNDM-1 genes was found in an anal swab sam-
ple in Heze. In addition, one COLR-KP isolate carrying
mcr-3 was found in water samples in Tai’an. This study
indicates that ESBL-producing CRKP isolates and
COLR-KP isolates emerging on poultry farms in Shan-
dong could be a potential threat to food safety and pub-
lic health.
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