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Subtyping Salmonella isolated from pet 
dogs with multilocus sequence typing 
(MLST) and clustered regularly interspaced 
short palindromic repeats (CRISPRs)
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Abstract 

Salmonella, as a zoonotic pathogen, has attracted widespread attention worldwide, especially in the transmission 
between household pets and humans. Therefore, we investigated the epidemic distribution of dog Salmonella from 
pet hospitals and breeding base in Xuzhou, Jiangsu Province, China, and used multilocus sequence typing (MLST) and 
clustered regularly interspaced short palindromic repeats (CRISPRs) to subtype Salmonella isolates. From April 2018 
to November 2019, a total of 469 samples were collected from pet hospitals and breeding base, including 339 dog 
samples and 60 cat samples. S. Kentucky (40.74%) was the most prevalent serotype, but other, such as S. Typhimurium 
(18.52%) and S. Indiana (18.52%), were also widespread. Eight different sequence type (ST) patterns were identified 
by MLST and ST198 was the highest proportion of these isolates. CRISPRs analysis showed that 9 different Kentucky 
CRISPR types (KCTs) was identified from ST198. 48 spacers including 29 (6 News) for CRISPR1 and 19 (4 News) for 
CRISPR2 that proved the polymorphic of Salmonella genes in samples from different sources. The analysis demon‑
strated that the common serotypes were widely present in pet hosts in the same area. This analysis shows that CRISPR 
genes have better recognition ability in the same serotype, which has a positive effect on the traceability of Salmo-
nella and the prevention and treatment of salmonellosis.

Keywords:  Salmonella, Pet, Multilocus sequence typing, Clustered regularly interspaced short palindromic repeats, 
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Introduction
Salmonella, as a kind of zoonotic bacteria, has caused 
widespread concern worldwide. In recent years, the 
number of pets worldwide has increased dramatically, 
of which cats and dogs account for 80%. The close con-
tact between humans and pets also greatly increases the 
risk of Salmonella spreading between pets and humans. 

Previous investigations showed that the positive rate of 
Salmonella in pet dogs with diarrhea is more than twice 
that of healthy pet dogs (Renate Reimschuessel et  al. 
2017). To make matters worse, healthy pets with no obvi-
ous symptoms will also release Salmonella to the outside 
environment in the form of feces, causing cross-infection 
between humans and other animals (Wray and Wray 
2000). Salmonella can also spread among animal groups 
(Van Immerseel et  al. 2004). There are even individual 
cases that can prove that pet dogs and cats can spread 
their own Salmonella to humans (Cherry et al. 2004; Koe-
hler et al. 2006). From 2006 to 2008, in the United States, 
a study related to human Salmonella infection and con-
taminated dry dog and cat food showed that Salmonella 
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is more likely to spread between infants and young chil-
dren (Behravesh et  al. 2010). Interestingly, In southern 
Ontario, Canada, Murphy tested 188 dogs and 39 cats for 
Salmonella, and found no positive strains (Murphy et al. 
2009). Therefore, it is necessary to pay more attention to 
Salmonella from pets and Salmonellosis prevention in 
China which have the largest number of pets.

The genetic characteristics of pet-derived Salmonella 
have not been extensively studied. At present, molecular 
detection methods are widely used in the typing of Sal-
monella strains. Especially MLST, which is more efficient 
and accurate than pulse field gel electrophoresis (PFGE), 
and is more suitable for the identification and differentia-
tion of animal Salmonella (Shi et al. 2013). The results of 
MLST are helpful to analyze the genetic characteristics 
of different serotypes of Salmonella, and prove the exist-
ence of microevolution between different STs. On the 
other hand, for the same serotype, MLST could not accu-
rately demonstrate the genetic and phenotypic differ-
ences of Salmonella (Tennant et al. 2010; Gymoese et al. 
2017). Therefore, a new identification method was estab-
lished (Fabre et  al. 2012). CRISPR has a higher resolu-
tion for identical serotypes than PFGE (Thompson et al. 
2018). This study investigates the genetic diversity and 
subtype transmission of pet Salmonella between pets and 
humans in Xuzhou, China. Two molecular typing meth-
ods were used. 27 strains of Salmonella from pets were 
identified with different subtypes using MLST; CRISPR 
was used to analyze the identical serotypes of S. Kentucky 
and estimate the potential risk of the same subtypes Sal-
monella spreading between pets and humans.

Materials and methods
Sample collection and Serotyping
From April 2018 to November 2019, 469 samples were 
from 8 different pet hospitals and a breeding base, of 
which 339 were from dogs and 130 were from cats. Rectal 
sampling of pets using cotton swabs infiltrated with BPW 
and then strictly followed the Chinese National Standard 
Method (GB 4789.4-2016) for Salmonella isolation, the 
serotypes of all of the strains determined by slide agglu-
tination according to the Kauffman-White serotyping 
scheme with O- and H-antigen specific sera.

Multilocus sequence typing (MLST)
The confirmed strains were cultured with LB medium at 
37 °C and 120 rpm/min shaking for 18 h, Then genomic 
DNA was extracted with the TIANamp Bacteria DNA 
kit (Tiangen Biotech (Beijing) CO., LTD, China) accord-
ing to the manufacturer’s protocol. Each identified strain 
was characterized by MLST using seven housekeeping 
(Table 1) (Kidgell et al. 2002). PCR products were deliv-
ered to Sangon Biotech (Shanghai) Co., Ltd. for purifica-
tion and sequencing, and the seven pairs of housekeeping 
gene testing and sequencing results of each strain were 
uploaded to the MLST database for comparison (http://​
mlst.​warwi​ck.​ac.​uk/​mlst/​dbs/ Senterica). This is used to 
determine the sequence type (ST) of each strain. A mini-
mum spanning tree was generated using BioNumerics 
software, version 7.5 (Applied Maths, Kortrijk, Belgium) 
to analyze the distribution of STs from cats, dogs and 
humans.

Table 1  Sequencing and amplification primers for Salmonella MLST typing

Gene Primers Size(bp)

Amplification primers (5′-3′) Sequencing primers (5′-3′)

aroC F: CCT​GGC​ACC​TCG​CGC​TAT​AC F: GGC​GTG​ACG​ACC​GGCAC​ 826

R: CCA​CAC​ACG​GAT​CGT​GGC​G R: AGC​GCC​ATA​TGC​GCCAC​

dnaN F: ATG​AAA​TTT​ACC​GTT​GAA​CGTGA​ F: CCG​ATT​CTC​GGT​AAC​CTG​CT 833

R: AAT​TTC​TCA​TTC​GAG​AGG​ATTGC​ R: ACG​CGA​CGG​TAA​TCC​GGG​

hemD F: ATG​AGT​ATT​CTG​ATC​ACC​CG F: GCC​TGG​AGT​TTT​CCA​CTG​ 666

R: GAA​GCG​TTA​GTG​AGC​CGT​CTGCG​ R: GAC​CAA​TAG​CCG​ACA​GCG​TAG​

hisD F: GAA​ACG​TTC​CAT​TCC​GCG​C F: GTC​GGT​CTG​TAT​ATT​CCC​GG 894

R: GCG​GAT​TCC​GGC​GAC​CAG​ R: GGT​AAT​CGC​ATC​CAC​CAA​ATC​

purE F: GAC​ACC​TCA​AAA​GCA​GCG​T F: ACA​GGA​GTT​TTA​AGA​CGC​ATG​ 510

R: AGA​CGG​CGA​TAC​CCA​GCG​G R: GCA​AAC​TTG​CTT​CAT​AGC​G

sucA F: CGC​GCT​CAA​ACA​GAC​CTA​C F: CCG​AAG​AGA​AAC​GCT​GGA​TC 643

R: GAC​GTG​GAA​AAT​CGG​CGC​C R: GGT​TGT​TGA​TAA​CGA​TAC​GTAC​

thrA F: GTC​ACG​GTG​ATC​GAT​CCG​GT F: ATC​CCG​GCC​GAT​CAC​ATG​AT 852

R: CAC​GAT​ATT​GAT​ATT​AGC​CCG​ R: ACC​GCC​AGC​GGC​TCC​AGC​A

http://mlst.warwick.ac.uk/mlst/dbs/
http://mlst.warwick.ac.uk/mlst/dbs/
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Clustered regularly interspaced short palindromic repeats 
(CRISPRs)
11 strains of Salmonella Kentucky were further char-
acterized by CRISPRs by two sets of specific prim-
ers. CRISPR1 locus was amplified with forward primer 
A1 (5′-ATA​ATG​CTG​CCG​TTG​GTA​A-3′) and reverse 
primer A2 (5′-TTG​ATG​AGT​ATG​GTG​GTT​GTGGT-3′). 
CRISPR2 locus was amplified using primer B1 (5′-CTG​
TAT​AAA​AGC​CTC​CCC​-3′) and reverse primer B2 (5′-
GTT​GGT​AGA​ATG​TGG​TGC​-3′). The PCR products 
were delivered to Sangon Biotech (Shanghai) Co., Ltd. 
for purification and sequencing. The sequencing results 
were uploaded to CRISPRfinder (https://​crispr.​i2bc.​
paris-​saclay.​fr/) to obtain the spacers of CRISPR1 and 
CRISPR2 (Grissa Vergnaud and Pourcel 2008). The direc-
trepeat and spacer names were identified by Pasteur-
CRISPR database for each spacer (http://​www.​paste​ur.​fr/​
reche​rche/​genop​ole/​PF8/​crispr/​CRISP​RDB.​html) (Grissa 
Vergnaud and Pourcel 2007).

Results
Salmonella prevalence and serotypes
Of the total of 467 samples analyzed, 27 (5.8%) were posi-
tive for Salmonella, of which the isolation rate from dogs 
was 7.08% (24/339) and the isolation rate from cats was 
only 2.31% (3/130). Table  2 shows the detailed preva-
lence of Salmonella in pet from pet hospitals and breed-
ing base; 7 different serotypes were identified among the 
27 positive Salmonella isolates. These serotypes were S. 
Kentucky, S. Typhimurium, S. Indiana, S. Derby, S. Sand-
iego, S. London, S. Rissen. The dominant serovar was S. 
Kentucky followed by S. Typhimurium, S. Indiana and S. 
Derby. At the same time, both S. Sandiego and S. London 
found only one sample from a dog, similarly S. Rissen 
found only one strain in a cat sample.

Multilocus sequence typing (MLST) analysis
Twenty-seven of the Salmonella isolates were ampli-
fied and sequenced using seven of housekeeping genes 
from 399 to 501  bp. Table  2 shows in detail the results 

of MLST analysis of Salmonella, eight different ST pat-
terns were identified among these 27 Salmonella isolates. 
ST198 was the most prevalent STs in the study, repre-
sented by 11 (40.74%), followed by ST17 (18.21%), ST34 
(11.11%) and ST39 (11.11%). Interestingly, ST17 and 
ST39 were detected simultaneously in cat and dog sam-
ples. At the same time, most of these Salmonella isolates 
came from the same pet hospital. Therefore, Salmonella 
has the risk of cross-infection between pets and can even 
cause zoonotic diseases. A minimum spanning tree of all 
STs from the different sources was generated using Bio-
Numerics version 7.6 (Fig. 1).

Clustered regularly interspaced short palindromic repeats 
(CRISPRs) analysis
We used CRISPR to investigate the spacer sequences and 
direct repeat regions of 11 strains of Salmonella Ken-
tucky (Table  3). Forty-eight different spacers were dis-
covered, all spacers were 29–35  bp long. Among them, 
32  bp (39/48) is dominant. CRISPR1 accounted for 29 
and CRISPR2 accounted for 19. Eight new CRISPR spac-
ers were found in CRISPR1 region and four new spacers 
were found in CRISPR2 loci respectively (Table  4). Fig-
ure  2 carefully shows the S.Kentucky different spacers 
arrangements between STs in CRISPR1 and CRISPR2. In 
CRISPR1, the number of spacers ranged from 10 to 16; 
for CRISPR2, the number of spacers ranged from 13 to 
15. An interlinked dataset of different spacers revealed 
9 KCTs among the 11 isolates. Among them, S7, S14 
from the same pet hospital were pointed out to belong to 
KCT2. This result indicates that Salmonella has a strong 
cross infection in the same area. On the other hand, 
KCT1, KCT2, KCT3, KCT5, and KCT7 are all from the 
same pet hospital. This result indicates that there is a 
phenomenon of microevolution in the CRISPR loci in the 
same serotype. The tested Salmonella Kentucky strains 
has a 29 bp identical highly conserved sequence 5′-CGG​
TTT​ATC​CCC​GCT​GGC​GCG​GGG​AACAC-3′ in the 
conserved region in all CRISPR loci, consistent with the 
result published by Fabre (Fabre et al. 2012).

Table 2  Serotype distribution of 27 Salmonella isolates

Strain no O antigens H antigens Serotype No. of isolates (%)

S1, S5, S6, S7, S8, S9, S14, S15, S16, 
S21, S23

8,20 i; z6 S. Kentucky 11 (40.74%)

S11, S12, S13, S18, S19 1, 4, 5, 12 i; 1, 2 S. Typhimurium 5 (18.52%)

S2, S3, S4, S22, T2 1, 4, 12 z; 1, 7 S. Indiana 5 (18.52%)

S10, S20, T1 1, 4, 12 f, g S. Derby 3 (11.11%)

S17 1, 4, 5, 12 e, h; e, n, z15 S. Sandiego 1 (3.70%)

S24 3 l, v; 1, 6 S. London 1 (3.70%)

T3 6, 7 f, g S. Rissen 1 (3.70%)

https://crispr.i2bc.paris-saclay.fr/
https://crispr.i2bc.paris-saclay.fr/
http://www.pasteur.fr/recherche/genopole/PF8/crispr/CRISPRDB.html
http://www.pasteur.fr/recherche/genopole/PF8/crispr/CRISPRDB.html
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Discussing
In this study, Salmonella was isolated from pet dogs 
and cats in Xuzhou City, Jiangsu Province, China. The 
isolation rates were 7.08% and 2.31%, respectively. The 
prevalence of Salmonella in dogs was similar in parts 
of Japan (Yukawa et al. 2019). However, the prevalence 
was lower than Ethiopia, Canada and Thailand (Kiflu 

et al. 2017; Leonard et al. 2011; Wu et al. 2020). On the 
other hand, the prevalence of Salmonella in pet cats 
was lower than that of dogs and humans, which was 
consistent with the findings of South Africa and Iraq 
(Zenadal-Obaidi and Al-Talibi 2014; GelawNthaba and 
Matle 2018). Worryingly, we found that Salmonella is 
more likely to infect older or young pets. This result 
is the same as the previous study (Reimschuessel et al. 
2017; Jay-Russell et  al. 2014; Tupler et  al. 2012). In 
fact, some factors need to be considered when we ana-
lyze the prevalence of Salmonella in different regions, 
including pet hospital management, breeding condi-
tion, sampling method, sampling season and isolation 
method (Seepersadsingh Adesiyun and Seebaransingh 
2004). In general, Salmonella will pose a great threat 
to human public health, especially for children and the 
elderly. For serotypes, the main widespread were Sal-
monella Kentucky and Salmonella Typhimurium in this 
study. Therefore, we analyze Salmonella with different 
molecular methods to determine its clonal structure 
and determining the diversity among STs in the same 
serovar.
Salmonella Kentucky has a wide range of prevalence 

and many hosts and through experiments, it has been 
found that compared with other serotypes, its drug 
resistance was generally stronger (Zankari et al. 2013). 
With the rapid development of molecular biology, the 
typing methods of Salmonella were gradually diversi-
fied. MLST and CRISPR molecular typing were com-
monly used typing methods in recent years. Combined 
with PCR technology, special bacterial gene fragments 
were amplified and sequenced. Through sequence com-
parison software, we can compare the differences of 
strains at the genetic level and understand the genetic 
relationship between strains. The resolution of the two 
methods were higher than that of traditional serotyp-
ing. MLST molecular typing relies on multiple conserv-
ative housekeeping gene sequences, with low sequence 
variation, good experimental reproducibility, and reli-
able results, which can distinguish the same serotypes 

Fig. 1  Minimum spanning tree analysis of Salmonella Kentucky 
isolated from cats, dogs and humans. Each circle represents one ST, 
and the area of the circle corresponds to the number of isolates. 
Different sources are represented by green, red and light blue 
respectively

Table 3  Salmonella Kentucky strains used for molecular analysis 
in this study

A, B, F, G: Different pet hospitals

KCTs: Kentucky CRISPR Types

Source Strain (KCTs) ST

A S6 (1), S7 (2), S8 (7), S14 (2), S15 (3), S9 
(5), S16 (6)

198

B S1 (8), S5 (4) 198

F S21 (2) 198

G S23 (9) 198
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Table 4  Salmonella Kentucky spacer name

a An asterisk shows a novel spacer identified in the current study

CRISPR locus Spacer namea (position) Spacer DNA sequence (5′-3′)

1 Alt1 (1) AAA​AAC​TAA​ATC​GCA​AAT​AAC​CAA​AAA​TAT​CA

1 Conc15 (2) TGG​CGA​TAA​TGT​ACG​ACG​AGT​TGC​CAA​AAT​AT

1 Ana3 (3) ACC​AAA​ACA​CTG​AAA​GCC​ATT​CCT​CTG​GCG​TA

1 Ber1 (4) TGA​CGG​ACA​ACG​CGG​CCA​GTT​AGT​TTT​ACC​TC

1 Ken17 (5) CGC​AGC​GAA​GCG​AGG​ACA​TAA​AAG​CAT​TAC​GG

1 Ken18 (6) CTG​CGC​CAG​TGC​GGT​GAT​ATC​GTT​GCT​CAT​AG

1 Ken19 (7) GCC​TAC​ATA​GCC​GTA​AAA​GTC​GTC​CTG​ACT​AA

1 Ken20 (8) TTA​ATA​CTG​TCA​ACC​AGC​GCC​CCC​TGA​TTG​TC

1 Ken37 (9) TTC​GAT​ATG​AAC​GAC​GCG​CAA​GCA​AAA​GAA​TT

1 Ken38 (10) TTG​CAG​GCC​CTG​GTA​GTT​GAC​GCT​ATC​GGG​GC

1 Ken39 (11) GGC​GTT​CTG​GTT​CTG​GCG​GCT​AAG​ATA​AAG​GG

1 Newp8 (12) GGG​ATC​AGC​ACC​GAC​AAC​CTA​AAA​CCA​CTG​TT

1 Chin1var1 (13) GTT​ATG​AGT​TTT​GAG​CGT​TTT​GTG​CCG​TCG​CCC​

1 Ken21* (14) GCA​GCG​GCG​ATA​CGT​GTA​AAA​ATC​CCC​TGG​T

1 Ken22* (15) ATG​TGA​CGA​TCT​GCG​GTG​GTT​ACC​AGC​CAA​CA

1 Ken40 (16) GCA​GCG​GCG​ATA​CGT​GGA​AAA​AAC​CCC​CTG​GT

1 Ken41 (17) AGG​TGA​CGA​TCT​GCG​GTG​GTT​ACC​AGC​CAA​CA

1 Ken42 (18) GTT​ATG​AGT​TTT​GAG​CGT​TTT​GTG​CCG​TCG​CC

1 Ken50 (19) TGA​GTC​TCT​ATG​GTT​AGC​AAT​AAT​GCG​CAC​AT

1 Ken51 (20) CTC​TCC​AGT​TCG​GCC​AGA​AAC​TCC​CTG​GTC​TG

1 Ken52 (21) GCG​CTT​TAA​CGC​CCG​CTC​GCC​CCT​GAA​CCC​CT

1 Ken53 (22) CTC​CTC​GCA​TTT​GTG​ACT​TTC​TGG​ATC​ATC​GG

1 Ken40var1 (23) GCA​GCG​GCG​ATA​CGT​GGA​AAA​ACC​CCC​CTG​GT

1 Ken23* (24) GGG​ATC​AAC​ACC​GAC​AAA​CCT​AAA​ACC​ACT​GTT​

1 Ken24* (25) GCA​TCG​GCG​ATA​TGT​GGA​AAA​AAC​CCC​CTG​GTCG​

1 Ken25* (26) AAA​AAC​TAA​ATA​AGC​AAA​TAA​CCA​AAA​ATA​TCA​

1 Ken26* (27) TGA​GTC​TCT​ATG​GTT​AGC​AAT​AAT​GCG​CAC​ATC​

1 Ken27* (28) GGC​GTT​CTG​GTT​CTG​GCG​GCT​AAG​AAA​AGG​CCG​

1 Ken28* (29) GTG​GAT​CAT​TAC​CGA​CAT​CCT​AAA​ACC​ACT​GTTTC​

2 EntB0 (1) GGC​TAC​ACG​CAA​AAA​TTC​CAG​TCG​TTG​GCG​CA

2 MonB22 (2) CCA​GCC​TCC​CGT​TAC​GCA​TAT​TTG​AGG​GTT​TT

2 MonB24 (3) GCG​GCG​CTG​ATT​ATG​ATT​TCC​CGA​TAA​TTT​AT

2 NiaB2 (4) CTT​TCG​GGT​TGA​AAG​CAG​TAG​CAC​TCA​TGC​CC

2 KenB29 (5) CAT​TCC​GGC​GAG​ACT​GAG​CAG​CGG​GCG​AAC​CG

2 ParcB2 (6) GGC​CGT​CTG​CAT​TGA​GCG​CAG​TTT​TAA​CGC​GT

2 KenB30 (7) TAC​GGA​TGT​GTG​ACG​GAG​TCG​CGT​TTA​TGG​CG

2 KenB31 (8) ACC​GTT​TCA​CGG​ATG​AGA​GTT​GGC​GGA​AGC​GC

2 KenB32 (9) CAG​GAA​TAG​ACC​TCT​TTT​GCG​CTG​TGG​CTT​GC

2 CholB4 (10) TGC​GCC​ACG​CCT​ATA​CCA​TCC​GAG​TTT​TGA​GC

2 BloB2 (11) AAC​AAA​CTG​GAG​CGA​AAT​TTC​GCA​CAT​GCC​CC

2 KenB33 (12) GTG​CGG​TTT​CTT​GCC​GAA​TAG​TGC​CTC​GTA​CT

2 Tho6 (13) TTC​AGA​GAA​TTG​CCG​CCA​ATA​GAA​CAG​CGC​AA

2 KenB42 (14) AGT​CTT​TCA​GTC​CAT​TGG​TCT​ATG​ATC​TCT​CG

2 KenB43 (15) ATG​ATG​TAT​CGG​CCA​TCG​CGC​CGG​GTT​ATG​TT

2 KenB28* (16) AAC​CAA​ACT​GGA​GCG​AAA​TTT​CGC​ACA​TGC​CCCC​

2 KenB33* (17) TTC​AGA​GAA​TTG​CCG​CCC​ATA​GAC​AAC​CGC​AA

2 KenB34* (18) ATG​ATG​TAT​TCG​GCA​TCG​CGC​CGG​GTT​ATG​TG

2 KenB35* (19) GGC​TTC​GTG​CGC​CGC​ACA​TCG​CAG​CGACT​
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(Ho et al. 2017); while CRISPR molecular typing relies 
on the CRISPR loci of bacteria spacer sequence, the 
spacer sequence was a short DNA obtained from for-
eign nucleic acids, such as phage or plasmids, which 
were inserted into the bacterial chromosomes to pre-
vent them from being infected by plasmids or homol-
ogous phages (Barrangou et  al. 2007). Due to the 
diversity of phages and plasmids pools in the environ-
ment, different CRISPRs had emerged. Thus, CRISPRs 
had higher resolution in differentiate outbreak strains/
clones in epidemic clones (Liu et  al. 2011). The dele-
tion and insertion of the spacer sequence form a high 
degree of polymorphism of the sequence, which makes 
the CRISPR typing diversified. This method had high 
resolution to distinguish between strains with close 
relationships.

MLST was usually used to distinguish different Salmo-
nella subtypes, and it can break through the limitations 
of traditional serotyping. We used MLST to perform 

rapid and accurate identification of serotyping of pet 
Salmonella from different sources. Each strain has been 
profiled by different seven alleles. The results showed 
that a total eight different STs were identified in 27 iso-
lates, including ST198, ST17, ST34, ST19, ST39, ST20, 
ST469 and ST155. Among them, ST198 was the most fre-
quent genotype recovered in this study. Salmonella Ken-
tucky was found in many countries, such as the United 
States, Denmark, Britain, France and China, and its hosts 
mainly include poultry, pets and humans. Although both 
ST198 and ST314 in this study correspond to Salmonella 
Kentucky, but their seven pairs of housekeeping genes 
were not consistent. Le Hello et  al. performed MLST 
typing on 66 isolates and obtained 9 ST types, ST198 
was the dominant type, accounting for 74%, ST314 was 
also detected, but the proportion was relatively low (Le 
Hello et  al. 2011). Similarly, ST34 and ST19 are closely 
related. There was only one housekeeping gene (dnaN) 
between ST34 and ST19 that has been mutated. Previous 

Fig. 2  Graphic representation of spacers across the two CRISPR loci for a variety of Salmonella Kentucky strains. Repeats are not included; only 
spacers are represented. Each spacer is represented by a combination of a character in a particular font colour, on a particular background colour. 
The colour combination allows each spacer to be uniquely represented, whereby squares with similar colour schemes (combination of character 
colour and background colour) represent identical spacers and different colour combinations represent distinguishable spacers. The spacers are 
aligned, and the gaps represent the absence of a particular spacer. Above, CRISPR1; Below, CRISPR2
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experiments have shown that ST34 was more resistant 
than ST19 (Zankari et al. 2013), and both belong to Sal-
monella typhimurium. ST17 was the more common ST 
type of Salmonella from chickens in Jiangsu Province. 
In recent years, human infections caused by Salmonella 
Indiana have also increased (Gong et  al. 2016). Finally, 
ST39, ST469, and ST155 appeared multiple times in 
animal-derived and food-borne Salmonella (Gong et  al. 
2016; Yang et  al. 2016; Zhou et  al. 2017). The ST type 
appearing in this study was widely present in all kinds of 
animals and animal products. It was very likely that pet 
dogs and cats have been in contact with other animals 
infected by Salmonella or eat contaminated food, and 
the infected pets may spread Salmonella to humans and 
cause outbreaks of salmonellosis through close contact 
with humans.

CRISPR typing was performed on 11 strains of Sal-
monella Kentucky, and the CRISPR1 and CRISPR2 loci 
of the strains were amplified and sequenced. By search-
ing the CRISPRFinder database, we found the repeat 
sequences and spacer sequences, and draw sequence 
maps. The results showed that the fixed repeat sequences 
of the two loci were the same. There were 29 kinds of 
spacer sequences at the CRISPR1 loci, and 8 kinds of 
new spacer sequences have emerged; there were 19 kinds 
of spacer sequences at the CRISPR2 loci, and 4 new 
spacer sequences had appeared. Figure  2 showed that 
the spacers of CRISPR1 and CRISPR2 were diversity in 
S.Kentucky. The reason for this phenomenon was due to 
the duplication of a single spacer-DR units or the dele-
tion of single or multiple spacer-DR units. The results of 
Fabre et al. showed that the number of CRISPR1 spacers 
in Salmonella Kentucky was 19 or 18, and the number 
of CRISPR2 spacers was 18 or 17 (Gong et al. 2016). In 
this article, most of the Salmonella Kentucky strains had 
repeat sequence deletions and insertions at both CRISPR 
loci, this phenomenon is called CRISPRS microevolution. 
In other words, the change process of the spacer loci was 
considered to be the evolution process of Salmonella, the 
dynamic changed of the spacer sequence in the locus can 
not only cause short-term phenotype changes, but also 
cause long-term subclass evolution (Fricke et  al. 2011; 
Horvath et al. 2008). Salmonella Kentucky CRISPR typ-
ing (KCT) identified nine KCTs among the 27 isolates 
from pet dogs. This was consistent with the results of a 
previous study that CRISPR typing has a better ability to 
distinguish Salmonella Kentucky than MLST (Fen et  al. 
2011). It was found that multiple KCTs were separated in 
the same pet hospital. This diversity should be attributed 
to the sanitation and management conditions of the pet 
hospital.

According to the 11 strains of Salmonella Kentucky 
in this study were all ST198, CRISPR molecular typing 

divides the strains of the same ST type into multiple 
types. This proved that CRISPR typing is more detailed, 
not only had the ability to distinguish strains of differ-
ent serotypes, but also had a certain ability to distinguish 
strains with high homology, with a higher resolution 
than MLST typing. However, due to the high variability 
of the bacterial CRISPR loci sequence and the continu-
ous emergence of new spacer sequences, the CRISPR 
database had some shortcomings. The experimental 
data need to be continuously updated and improved by 
researchers. This was of great significance for data shar-
ing in different countries and regions and for the epide-
miological analysis of Salmonella.
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