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The purpose of this study was to investigate the prevalence of Cronobacter spp.
in commarcial powdered infant formula (PIF) from nine provinces in China from
March 2018 to September 2020, and to reveal the genctype, biofim-forming ability,
and antibiotic susceptibility of these isclates. A total of 27 Cronobacter strains,
conzisting of 22 Cronobacter sakazakli strains, 3 Cronobacfer malonaticus strains,
1 Cronobacter turicaensis strain, and 1 Cronobacter dubfimansis strain, were isolated
from 3,600 commercial PIF samples with a prevalence rate of 0.75%. Compared
with the other 8 provinces, PIF from Shaanxi province had a higher prevalence rate
(1.25%) of Cronobacter spp. These isolates were divided into 14 sequence types
[STs), and 6 Cronobacter serctypes. The main Cronocbacter STs were ST4, 5T1,
and STE4, and the dominant Cronobacter serotype was C. sakazaki serotype O2.
Approwirmately B8.89% of Cronobactar izolates had a strong ability (ODsgs = 1) to
form bicflms on tinplate, among which the strains with ST4 wara mora dominant. All
izolates wera suscaptible to ampicillin-sulbactam, ceftriaxons, cafotaxime, sulfadiszing,
sulfadoxing, trimeathoprim-sulfamethoxazola, gentamicin, tetracycline, ciprofloxacin, and
colistin, while 55.56 and 96.30% isolates were resistant to cephalothin and vancomycin,
respectively. Taken together, our findings highlighted the contamination status and
characterization of Cronobacter spp. in commercial PIF from nime provinces of China,
and provided guidance for the effective prevention and contral of this pathogen in the
production of PIF.
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INTRODUCTION

Cronobacter spp. i an important opportunistic food-borne
pathogen and can infect people of all ages (Sonbol et al,
2013; Kadlicekova et al, 20018). Due to lower immunity,
newborns, especially low-birth-weight infants, are more likely
to be infected by Cromobacier spp. compared to other groups
of people, and suffer from bacteremia, necrotizing enterocolitis,
meningitis, and even death (Caubilla-Barron et al., 2007; Fei
et al, 2005). Currently, ingestion of powdered infant formula
{PIF) contaminated with Cronobacter spp. is the leading cause
of infection in newborns (Joseph and Forsythe, 2011; Yan
et al, 20012). Therefore, the prevalence of Cromobacter spp. in
commercial PIF has been a constant concern.

Genotyping of Cronobacter spp. isolated from PIF can reveal
its molecular characterization, and contribute to the prevention
and source tracking of this pathogen (Fei et al, 2018; Ling
etal, 2021). Multilocus sequence typing (MLST) is considered
a powerful tool for detection and genotyping of Cromobacter
Spp.. because of discrimination at species level and information
sharing platform (Joseph and Forsythe, 2012; Joseph et al., 2012;
Li C. et al. 2020; Ling et al, 2021). To date, 3,506 Cromobacter
spp. isolates have been classified into 794 sequence types (S5Ts)
using MLST method according to the records of Cromobacter
PubMLST database (hitpy//fwww_ pubmlstorg/cronobacter). In
addition, O-antigen serotyping based on lipopolysaccharide
structure associsted with the proinflammatory response of
host to infection should also be implemented to increase the
understanding of Cromobacter spp. for epidemiological purposes
{Blazkowa et al., 2015; Fei et al, 2017b).

Some studies have shown that secondary contamination
during packaging and transportation is the main cause of
Cronobacter spp. contamination in PIF, and the strong ability of
Cronobacter spp. to form biofilms increases this possibility (Lee
etal, 2012; Yang et al, 2013; Brandl etal., 2014). On the one hand,
biofilm helps Cronobacter spp. firmly adhere to the surface of
equipment and packaging materials, increaging the possibility of
contamination of PIF with this pathogen (Aly et al.. 2019). On the
ather hand, the existence of biofilm reduces the bactericidal effect
of disinfectants and plays a protective role effect on Crosobacter
spp. (Lehner et al., 2005). Therefore, the biofilm-forming ability
of Cronobacter spp. isolated from PIF should be evaluated, which
can contribute to the development of effective prevention and
control measures of this pathogen.

In addition, the monitoring of antibiotic resistance of
Cronobacter spp. is also necessary in order to update the effective
antibiotic treatment regimen (LI Y. et al, 2020). For mow,
antibiotics are still the most effective therapeutic method for
human Crovobacter infection (Fei et al, 2017a). However, long-
term use of antibiotics or horizontal gene transfer are likely to
resultin increased antibiotic resistance in Crenobacter spp. (Holy
etal, 2019). More importantly, the occurrence of multiple-drug-
resistant Croveobacter strains can lead to the failore of antibiotics
treatment, thereby increasing the epidemiological risk of this
pathogen (Zeng et al, 2018; Li C. et al., 2020).

From the above considerations, we investigated the
contamination by Crosebacter spp. in commercial PIF from

supermarkets in nine provinces in China from March 2018 to
September 2020. A total of 27 Cromobacter spp. isolates were
detected, and genotyped using multilocus sequence typing
(MLST) and O-antigen serotyping. Besides, the ability of biofilms
formation on tinplate and antibiotic susceptibility of all isolates
were tested.

MATERIALS AND METHODS

Sampling
From March 2018 to September 2020, a total of 3,600 cornmercial
PIF samples were randomly purchased from supermarkets in

nine provinces of China, including Heilongjiang (n = 400),
Xinjlang (v = 400), Jilin (# = 400), Hebei (n = 400),
Henan (# = 400)., Shaanxi (# = 400), Guizhou (r = 400),

Yunnan {n = 4], and Fujian (n = 400). As shown in the
Supplementary Figure 1, the nine provinces were distributed in
the northeast, northwest, central, southwest, and southeast of
China. The sample details are given in Supplementary Table 1,
including collection region, collection time, manufacturers, place
of origin, and raw milk types. Besides, all PIF samples are
from local enterprises in China. After purchase, the packaging
surfaces of all samples were sterilized with 75% alcohol, placed
in sterile convenient insulated containers with ice packs, and
quickly transferred to the laboratory.

Isolation and ldentification of Cronobacter

sSpp.

The suspected Cronolacter spp. were isolated from cornmercial
PIF samples, and identified at the biochemical level according to
the methed as mentioned in the national food safety standard
method for food microbiological examination as used in China
GBA789.40-2010 (Ministry of Health of the Peoples Republic
of China, 2010). Briefly, 100g of PIF was fully dissolved in
900 ml sterile buffered peptone water followed by incubation at
36°C for 18 h. One milliliter culture was selectively enriched in
10 ml medified lauryl sulfate tryptose broth-vancomycin (mLST-
Vm) medium with incobation at 44°C for 24 h. The abowve
bacterial solution was spread on the Druggan-Forsythe-Iversen
(DIF} medium, and the blue-green colonies were identified as
the suspected colonies. All typical colonies were inoculated into
tryptic soy broth, followed by cultivation at 37°C for 18 h. Then,
genomic DNA of the culture was extracted using TIAMamp
Bacterial DNA Kit [Tiangen Biotech (Beijing) Co, Ltd, Beijing,
China]. Finally, species-level identification of the isolates was
performed using _fwiA gemne sequencing, as previously reported
(Fei et al., 2018).

MLST Analysis

Primer sequences and PCR amplification conditions for seven
housekeeping genes (afpD), fusd, ginS, gliB, gyrB, infB, and ppsA)
were provided by a previous report (Baldwin et al., 2009). The
PCR amplified products were sequenced by Beijing Genomics
Institute (BGI, Bejing China). Sequence type (5T) of isolate
was determined by comparing it with known 7-loci profiles in
the Cromobacter PubMLST database (hitp-//fwww pubmlst.org/
cronobacter). A phylogenetic tree based on seven housekeeping
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genes was constructed using the Unweighted Pair Group Method
with Arithmetic mean (UPGMA) algorithm in MEGA7.0, with
1,000 bootstrap replicates. The C. sakazakii ATCC 29544, C.
sakazakii ATCC BAA-894, C. sakazakii ATCC 29004, C. sakazakii
ATCC 12868, C. malonaticus CDC 105877, C. dublinensis LMG
23823, C turicensis LMG 23827, C. universalis NCTC 9529, C.
condimenti LMG 26250, and C. muytjensii ATCC 51329 were
used as reference strains.

O-Antigen Serotype Analysis

The serotype-specific PCR assays was used to determine the O-
antigen serotype (OT) of Cronobacter spp. isolates according to
previous reports, as follows: C. sakazakif serotype (Cs) O1, CsO2,
Cs03, CsO4, and CsO7 (Jarvis et al, 2011; Sun et al, 2012b), C.
malonaticus serotype (Cm) O1 and CmO2 (Blazkova et al,, 2015),
C. turicensis serotype (Ct) Ol to CtO3 (Sun et al, 2012a; Jarvis
etal, 2013), and C. dublinensis (Cd) Ol and CdO2 (farvis et al.,
2013). The sequences of 12 pairs of primers used for O-antigen
serotype analysis were shown in Supplementary Table 2.

Biofilm Formation by Cronobacter spp. on
Tinplate

The biofilm biomass produced by Cronobacter spp. on tinplate
was measured as described by Fei et al (2021). In brief, 30 pul of
Cronobacter pre-culture was inoculated into 24-well polystyrene
plates containing 2ml of TSB. Sterilized tinplate coupons (1
% lem) were inserted vertically into the wells, followed by
incubation at 37°C for 48 h to allow the isolates to form biofilms.
After three gentle rinses with sterilized distilled water, the
cultures on coupons were removed. The biofilms on coupons
were stained with 0.1% crystal violet for 30 min, then rinsed
to remove the crystal violet, followed by dissolution in 2ml of
75% ethanol solution. The optical density (OD) value of the
above-mentioned solution at wavelengths of 595 nm representing
staining intensity was measured to assess the biofilm-forming
ability of Cronobacter strains. The unincubated strain was used
as a control to eliminate the background staining. The above
experiments were repeated three times.

Antibiotic Susceptibility Testing

The Kirby-Bauer disk diffusion method was used to assess the
antibiotic susceptibilities of Cronobacter isolates according to
the guidelines of the Clinical Laboratory Standards Institute
(CLSI, 2020). Nine categories of antibiotics were selected for
the antibiotic susceptibility testing, p-Lactams: ampicillin (10
pg), amoxicillin (25 pg), cephalothin (30 pg), ampicillin-
sulbactam (10:10 pg), cefotaxime (30 pg), and ceftriaxone
(30 pg): macrolides: azithromycin (15 pg) and erythromycin
(15 ug) sulfonamides: sulfadiazine (250 pg), sulfadoxine
(250 pg), and trimethoprim-sulfamethoxazole (1.25/23.75 ug);
aminoglycosides: streptomycin (10 pg) and gentamicin (10
wg); amphenicols: chloramphenicol (30 pug): tetracyclines:
tetracycline (30 pug) and oxytetracycline (30 yg): glycopeptide:
vancomycin (30 pg): fluoroguinolones: ciprofloxacin (5 pg) and
pipemidic acid (30 pg): polypeptide: colistin (10 yg). Escherichia
coli ATCC 25922 was used as the quality control strain. In
accordance with the CLSI guidelines, if the diameter of inhibition

TABLE 1 | Frovalonce of Croncbacter spp. in commercal PIF from nine provinces
nChra

Bacterial strains Reglon No. of No. of Prevalence
samples Cronobacter rate

CHLn Hefongiang 400 1 0.25%

CJ-1,C-2 Jin 400 2 0.50%

C-HE1, C-HE2 Hobe 400 2 0.50%

C-HN1, C-HN2, C-HNS Heran 400 3 0.75%

CS$-1,C-82,C83, Shaanxi 400 5 1.26%

C54,C85

CG1,C.G2,CG3, Gurhou 400 4 1.00%

CG4

C-Y-1,CY-2, C-Y3, Yurran 400 a 1.00%

CY4

CX1,C-%-2 Xinjang 400 2 0.50%

CF-1,CF2,CF3 Fuzhou 400 4 1.00%

CFa

Tosd 3,600 2 0%

zone (DIZ) against Cronobacter spp. isolates was greater than that
of quality control strain, the antibiotic resistance was interpreted
as sensitive (S); if it is less than, the antibiotic resistance was
defined as resistant (R); if the DI1Z was between R and S, the effect
of antibiotics was expressed as intermediate (I).

Statistical Analysis

Biofilm formation test and antibiotic susceptibility test of isolates
were carried out in triplicate. The data were presented in the form
of mean = standard deviation, and were statistically analyzed
using ANOVA by the SPSS 20.0 software (SPSS Inc., Chicago, IL).
P < 0.05 was considered significant.

RESULTS

Prevalence of Cronobacter spp. in
Commercial PIF From Nine Provinces in
China

As shown in Table 1, the total prevalence rate of Cronobacter
spp- in PIF from nine provinces in China was 0.75% (27/3600).
The highest prevalence rate (1.25%, 5/400) of Cronobacter spp.
was found in commercial PIF from Shaanxi province, followed
by Guizhou (1.00%, 4/400), Yunnan (1.00%, 4/400), Fujian
provinces (1.00%, 4/400), Henan (0.75%, 3/400), Jilin (0.50%,
2/400), Hebei (0.50%, 2/400), Xinjiang (0.50%, 2/400), and
Heilongjiang (0.25%, 1/400).

MLST Analysis

As shown in Table2, 27 Cronobacter isolates included 22 C.
sakazakii strains (81.48%), 3 C. malonaticus strains (11.11%), 1
C. turicensis strain (3.70%), and 1 C. dublinensis strain (3.70%),
and were divided into 14 STs using MLST method. Among them,
ST4 (6/27, 22.22%), ST1 (4/27, 14.81%), and ST64 (3/27, 11.11%)
were the dominant Cronobacter STs, meanwhile, clonal complex
(CC) 4 (7/27, 25.93%) was the main Cronobacter CC. In addition,
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TABLE 2 | MLET and C-antigen sarobyping of 27 Cronohacier isolabes.

Strain numbser Species o= 5T [~ o aT
C-HLI1 . saraa 3480 [ [ Cal2
G £ sk 3481 | L] Cal
G2 [T Fr 3482 a -] C=01
C-HE1 £ furicensis 3483 ] 24 Lindetnctnd
C-HE2 C s¥mraid 3484 4 4 Cal2
C-Hl1 . saraa 3488 1 1 =01
C-HhE C smrd 486 17 17 Calr2
C-HNE [T Fr 3447 =] Ll
C&1 C swarsg a4m0 4 4 Cel
C&2 C s¥mraid 3485 Fil &1 L=l
C-&-3 . saraa 3o 1 1 =01
C&d . maonatous 3491 268 CmO2
C-&6 [T Fr 3492 n | C=01
CA51 C swarsg a4g3 4 4 Cel
C-Gr2 C s¥mraid 3494 1 1 L=l
CA5-3 . saraa 3495 108 4 Cal2
CGed C dubiinensis a8 I CdOn
G- [T Fr 3497 4 4 Ll
C-y-2 . svarsa aqgu 12 Cald
C-3 C s¥mraid 340s 1 1 L=l
C--4 . saraa 300 a1 <] Cs0F
C-K-1 C smrd BN 40 Calid
C-X-2 [T Fr b i =] B4 Ll
CF1 £ sbaradd 3803 4 4 Gl
G2 . msonatous 604 268 Cm2
CHa & maionatous 308 T CmiO2
C-d C smrd 306 a -] Ce01

* Strain denffication coda i fe Pubbil 5T Croncbacior database.

Figure 1 showed a phylogenetic relationship of 27 isolates based
on 3,036 bp-concatenated sequences of 7 housekeeping genes.
These isolates were clustered into six groups using 98% similarity
as the identification threshold. Growp I (13727, 48.15%) was the
dominant growp, and contains C. sakazakii 5T4, 5T8, 5Ted, STE3,
and STI08. In addition, C. sakazakii 5T4 was the most widely
distributed, being found in all 6 provinces. However, a clear
association between 5T and collection region was not found.

O-Antigen Serotype Analysis

Table 2 showed that 27 Cromoebacter strains were classified into &
OTe. Twenty-two C sakazakii isolates were divided into four C.
sakazakil serotypes, among them, CsO2 (11/22, 50.00%) was the
main OFT of C. sekazakii, followed by Ce01 (8/22, 36.36%), Cs0M
(2722, 9.09%), and Ca07 (1722, 4.55%). Three C. malonaticus
isolates were identified as Cr02. Meanwhile, C. dublisensis C-G-
4 (ST77) was detected as CdOvl, while, the C turicensis serotype
of C. turicensis C-HB1 (S§T19) was not found. Furthermaore, the
isolates with the same ST were classified into the zame OT,
however, the isolates with the same OT contained multiple 5Ts,
which suggested that the discrimination of O-antigen serotype
analysis was lower than that of MLST.

Ability of Biofilm Formation of Cronobacter

spp. on Tinplate

As shown in Figure2, the biofilm-forming abilities of 27
Cromebacter isolates with 145Ts on tinplate were tested. Among
the 27 Cronobacter strains, the ODcg; values of 24 isolates
(88.8%%), including 22 strains of C. sakazakii and 3 strains of
. malpnaticus, were = 1. Meanwhile, the OD:g; values of three
strains of C_ sakazakii (C-F-1, C-G-1, and C-]-1) were =2, while
the OD:g; values of the three strains (C. sakazaki C-HN2,
. dublinensis C-HB1, and C. turicensis C-G-4) were <1. In
addition, there was a correlation between the ST and bioAlm-
forming ability of Cronebacter strains. The ability to form biofilm
of strains with 5T4 (ODge; = 203 £ 0.14) was significantly
stronger than that of strains with other 5Ts (P < 0.05), followed
by C. sekazakii ST12 (0D = L78 £ 0.13), C. sakazakii 5Te4d
(ODses = 166 = 0.13), C. sakezakii ST1 (0OD:es = 163 £ 0.33),
and C. malonaticus ST258 (0D = 132 + 0Lls).

Antibiotic Susceptibility Analysis

Table 3 showed the antibiotic susceptibilities of 27 Cronobacter
isolates to 20 antibiotics (9 categories). All isolates were
susceptible to ampicillin-solbactam, ceftriaxone, cefotaxime,
sulfadiazine,  sulfadoxine,  trimethoprim-sulfamethoxazole,
gentamicin, tetracycline, ciprofloxacin, and colistin. The
majority of isolates were susceptible to oxytetracycline (96.30%),
pipemidic acid (96.30%), azithromycin (%2.59%), erythromycin
(B8.89%), streptomycin (BE.89%), amoxicillin (85.19%), and
ampicillin (#1.48%). While, 5556 and 96.30% of strains were
resistant to cephalothin and vancomycin, respectively. In
addition, C. sakezakii C-Y-4 (ST83), C-5-2(5T21), and C-5-
5(5T21) exhibited resistance to three antibiotics (ampicillin,
cephalothin, and vancorycin).

DISCUSSION

Ower the years, many studies have been devoted to investigating
the occurrence of Cronobacter spp. in PIF in the Chinese market,
in order to provide an early warning of risk to consumers and
public safety (Pan ot al., 2014; Fei et al,, 2007h; Zhang et al., 2017;
Ling etal, 2021). Pan et al. (2014) detected 19 Cromobacter strains
from 165 PIF samples, with a prevalence rate of 11.50%, from
December 2011 to December 2012 Zhang et al. (2017) found
that from 2011 to 2013, the prevalence rates of Cronobacter spp.
in commercial PIF was 1.60% in Shandong, China. Further, Fel
et al. (2017ab) investigated the presence of Cronobacter spp. in
PIF collected from Chinese retail markets feom Janwary 2015
to March 2017, and the prevalence rate was 280%. Ling et al.
(2021} reviewed the incidences (Range from 0.90 to 23.10%)
of Cronobacter spp. isolated from PIF in China from 2004 to
2018, which claimed to cover over 10,000 PIF samples in total.
Compared with the above studies, in this study, the prevalence
rate (0.75%) of Cronobacter spp._ in commercial PIF was obviously
reduced, indicating that these continuows studies have attracted
the attention of government departments and manufacturers and
coniributed to the improvement of Cromebacter spp. control
measures. It should be emphasized that almost all the methods
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for the isolation of Cravobacter spp. from China, incuding this
study, were carried out according to the standard of China
GE4729.40-2010 (Pan et al., 2014; Fei et al., 2017b; Zhang et al..
2007; Li et al, 20019; Li C. et al, 2020; Zeng et al, 2020).
According to this national standard, the mLST-Vm medium
was used for selective enrichment of bacteria solution, and its
culture temperature was 44°C, which may lead to the failure
of some Cronobacter strains to geow (International Standards
Organization [150], 2017). On the other hand, the raw milk
of PIF collected from Shaanxi province was goat milk, and
the prevalence rate of this pathogen in these samples is the
highest, whether there is a correlation between the two needs
further study. In addition, we found that the prevalence rate
of Cronobacter spp. was related to the distance between the
place of production (Inner Mongolia) and the place of sale
{except Shaanxi). and the farther the distance was, the higher the
prevalence rate was (Supplementary Figure 1], which suggests
that we need to strengthen the hygiene management in the PIF
logistics process.

In this study, 27 Cronolacter strains isolated from commercial
PIF contained four species, and were divided into 14 5Ts
Previous studies have shown that C sakazakil, O malewaticus,
and C turicensis are associated with the neonatal infections in
seven species of Cronobacter spp. (Forsythe, 2005; Joseph et al.,
200Z), and the strains belonging to the above 3 species were
detected in owr study. Meanwhile, among the 14 5Ts, several
important 5Ts have been found. The details are as follows: C.
sakazakii 5T4 is the main ST leading to neonatal meningitis
{Joseph et al, 2012), C. sakazakii 5T 1 is the dominant 5T isolated
from PIF (Sonbaol et al, 2013) C. sakazakii ST12 is associated
with infant necrotizing enterocolitis (Forsythe et al., 2014}, and
C. sakazakii STR is mainly isolated from clinical cases {Sonbol
et al, 2013). In addition, C. sakazakii 5T4, 5T1, and 5T&4
were the dominant 5Ts isolated from PIF in this study, which
was consistent with previous studies (Fei et al, 2015, 2017h).
But, STé4 was not the predominant 5T of Cromobacfer sirains
from PIF in other countries (Sonbaol et al., 20013). Interestingly,
C. sakazakii 5T64 was also the domdimant ST isolated from
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TABLE 3 | Antibiatic suscoptibiity of 27 Cronobacter solxtes.

Category Artimac robial agent Cronobacter isolates (n = 27)
Mo (%) of & Mo (%) of | Bo. (%) of R
p-Lactams Ampiciin 22 .40 O [ELa) B (1862
Aumcodcillin 23 @s.g 1R am.n)
Ciephalothin 2(7an) 10 (A7 .04) 16 [BE.56
Ampiciin-subactam 27 (100.00) O L) 0 )
Cafrizmne 2T (100.00) O o0y 0 )
Cadetanimae 27 (100.00) O [ELad) 0 )
Macrokdes Aithrarmycin 26 2.5 O [ 2 [7.41)
Erythromycin 24 (B0 Ey 1 AT 2 7.41)
Sutionamides Suarkazine 27 (100.00) O L) 0 )
Suiadoane 2T (100.00) O o0y 0 )
Trmethoprim-sutfamethooroke 27 (100.00) O [ELad) 0 )
Aminoglyoosides StrepiomyTin 24 {80y 20ran) 1R
Gertamidn OF (100.00) O [ELa) 0 o)
Amphenicals Chicramphenical o0 (74.00 5 (1852 2 [7.41)
Tetracycines Tetraoycline 27 (100U O L) o)
Cheptetracycine o (. A0 O jELad) 1R
Gilyoopeptide Vancomycin 1@.70 1] 6 [0
Fluoroquinaiones Ciproficxacin OF (100.00) O [ELa) 0 o)
Pipernidic acid 206 6.0 O L) 12T
Polypeptide: Calistin 27 (100U O L) o)

Chinese aquatic products, meat, and meat products (Li C. et al.,
2020; Zeng et al, 2020). Therefore, C. sakazakii strains with
8Té4 should be heavily prevented and controlled for Chinas
food industry.

Az a supplement to MLST. the O-antigen serotype analysis was
performed to reveal information related to the pathogenicity of
Cronabacter isolates. The predominant serotype of Cronolacter
isolates from commercial PIF in the current study was CsO2,
which was closely correlated with the C. sakazakii 5T4 cansing
neonatal meningitis. As comparisons, the main serotype of
Cronobacter strains in aquatic products and edible mushrooms
wag C01 (Li et al, 2019 Li C. et al, 2020), as well as, Cs(¥]
and Cs02 were the dominant serotypes of Cronobacter spp. in
the spices, cereals. meat, and meat products (Li et al., 2017; Zeng
et al, 2020). In addition, Cs03 was found in aquatic products,
edible mushrooms, meat, and meat products (Li et al., 2019; LiC.
etal, 2020; Zeng et al.. 2020), but this serotype was not detected
im our study.

Previous studies mainly focus on the biofilm formation of
Cronobacter strains on stainless steel, however, most of this
pathogen in PIF comes from re-contamination during packaging
and logistics (Lee et al, 2012; Fel et al, 2015 Huoang et al.,
2020). Therefore, this study evaluated the biofilm-forming ability
of Cronolacter isolates on tinplate that is the commonly used
packaging material In this study, we found that there was
a certain relationship between the biofilm biomass and ST
of Cronebacter spp., and the strains with ST4 had a higher
ability to produce biofilm, which may be one reason why C.
sakazakii 5T4 is so prevalent in the environment. In addition,

Gupta et al (2018) revealed the ability of C. sakerakii to
form biofilms on different materials, including stainless steel,
polyurethane, polyvinyl chloride. and silicone, and found that
polyvinyl chloride and silicone were the higher risk naterials.

In order to better select effective antibiotics, 20 antibiotics
belonging to 9 categories were used to test the antibiotic
susceptibility of Cromobacter isolated from commercial PIF.
In this study, all isolates were susceptible to all sulfonamides
antibiotics, while most isolates were resistant to cephalothin and
vancornycin, which showed similar resistance to most antibiotics
as in previous studies (Feietal., 2017b; Lietal., 20019 Li C. et al,
2020). Differently, compared with Cronobacter strains isolated
from aquatic and meat products, the isolates in this study were
more resistant to ampicillin and more susceptible to cephalothin
and trimethoprim/sulfameth-oxazol (Li C. et al, 2020; Zeng
et al, 2020). In addition, in this study. three isolates {11.11%)
from PIF samples were found to be resistant to three antibiotics,
which suggests that with the long-term use of antibiotics,
multidrig-resistant strains are emerging, and that monitoring of
antibiotic susceptibility of isolates should be continuous for early
WAnIng purposes.

CONCLUSIONS

In conclusion. we revealed the prevalence, genotype, biofilm
formation, and antibiotic susceptibility of Cronobacter spp.
in commercial PIF collected from nine provinces im China.
Compared with before, a lower prevalence rate of Cronobacter
spp. in PIF was found. O sakezakii ST4, STI, and STe4
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were still the dominant STs in commercial PIF, and the
isolates belonging to dominant STs had a stronger ability
to produce biofilms. Sulfonamides were recommended for
the treatment of Cromobacter infection. Our findings help
to reveal the contamination status and characterization of
Cronobacter spp. in PIF from Chinese markets, and provide the
guidance for effectively preventing the contamination of this
pathogen in PIF.
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