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Abstract. The aim of our study was to investigate the antibiotic resistance profiles of Shiga toxin-producing Escherichia
coli (STEC), Salmonella spp., Shigella spp., and Staphylococcus aureus strains. Materials and methods. 660 samples were
collected at two communal kitchens in Hanoi, Vietnam between 2021 and 2022. They included foodstuffs, environmental
(food processing tools) and biological ones (swabs from the hands of personnel). The VITEK® 2 Compact system in
combination with DNA sequencing was used to identify bacterial species. The antibiotic susceptibility test (AST) was
performed according to Kirby-Bauer Disk Diffusion Susceptibility protocol following Clinical & Laboratory Standards
Institute (CLSI) method (M100-Ed32). Results and discussion. In total, 53 pathogenic bacterial strains have been
detected, including 11 STEC, 24 Salmonella enterica, 9 Shigella sonnei, Shigella flexneri, and 8 S. aureus. AST of STEC
has showed the highest resistance rates to tetracycline and chloramphenicol (90.9 %); trimethoprim+sulfamethoxazole
(81.8 %); ampicillin, gentamycin and piperacillin (63.6 %). The STEC isolates were susceptible to carbapenem group.
Among the Salmonella strains, 50 % demonstrated resistance to ampicillin, followed by tetracycline and piperacillin
(45.8 %). Additionally, 25 % were resistant to ticarcillin+clavulanic acid, 20.8 % — to trimethoprim-+sulfamethoxazole,
and 16.7 % — to chloramphenicol. All Sa/monella strains exhibited susceptibility to gentamicin, cefoxitin, imipenem,
meropenem, and ceftazidime. AST of Shigella strains revealed the highest resistance rate for tetracycline (30 %), followed
by cefazolin and ceftazidime (20 %). However, all Shigella strains were susceptible to cefoxitin, carbapenem groups, and
chloramphenicol. Among the S. aureus strains, 50 % exhibited resistance to erythromycin, azithromycin, clindamycin,
penicillin, telithromycin, and gentamicin, followed by ciprofloxacin, moxifloxacin, levofloxacin, and chloramphenicol
(25 %). A1l S. aureus strains were still susceptible to trimethoprim+sulfamethoxazole, daptomycin, linezolid, doxycycline,
minocycline, and vancomycin. Our findings reflect the current situation on antibiotic resistance among pathogenic bacteria
strains circulating at the study sites during food processing. They are an evidence of potential risk of food poisoning.
There is a need to undertake the proper containment measures on the part of authorities or policy makers.
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pattern.
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Mpodmnm aHTUBMOTUKOPE3UCTEHTHOCTHU Y LLUMIa-TOKCUH-NPOAYLIMPYIOLLEN
Escherichia coli (STEC), Salmonella, Shigella v Staphylococcus aureus,
BblAeNeHHbIX Ha ABYX 06LEeCTBEHHbIX KyXHSX, pacnornoXeHHbIX B ropoae XaHon, BbeTHam

! Hnemumym mponuyeckoil meduyurvr Coemecmno2o Beemuamcrko-Poccuiickoeo mponuuecko2o HayuHO-UCCie008amenbCKo20
u mexuonozuueckozo yenmpa, Xanou, Boemnam;

“Xanoiickutl ucciedosamenvekuil ynugepcumem, Boemuamckuil HayuoHanvHulll yrugepcumem, Xanotl, Beemuam;

’Boennuvitl uncmumym npoguiakmuueckoi meouyunvl, Xanot, Beemnam;

‘U30amenvcmeo nayku u mexnono2uil, Boemnamckas axademus nayx u mexuonozutl, Xanoi, Boemuam

Lenplo Hamero MCCIeAOBaHMA SABIIOCH M3ydeHHE Npoduiiell yCTOWYMBOCTH K aHTHOMOTHKAM INTaMMOB IIMIa-
TOKCUH-TIpoAytpytonwmx Escherichia coli (STEC), Salmonella spp., Shigella spp. u Staphylococcus aureus.
Marepuanst u MeToasl. B ieproz ¢ 2021 o 2022 1. Ha AByX 0OIIIECTBEHHBIX KyXHsIX B XaHoe, BbeTHaM, Ob110 coOpaHo
660 o6pa3uoB. OHM BKIOYamM B cedsi 00pa3lbl MUIIEBBIX IMPOAYKTOB, BHEIIHEH cpenbl (pexMeTsl st 00paboTKu
MMUIIN) U OWOIIoTHIecKre 00pa3nbl (CMBIBEI C PyK TepcoHana). s uaeHTH(GUKAIIN BUIOB OaKTePHil MCTIONb30BaIN
cucreMy VITEK® 2 Compact, Hapsay c¢ cekBenupoBanueMm JIHK. TecT Ha 9yBCTBHUTEIBHOCTh K AHTHOMOTHKAM
(AST) npoBoamsicst B coorBeTcTBUM ¢ npotokoiom Kirby-Bauer Disk Diffusion Susceptibility mo metony MucTuTyTa
KIMHUYECKUX W saboparopubix cranaaproB (CLSI) (M100-Ed32). Pesyabrarhl M o6cy:xkaenue. Beero BbIsiBICHO
53 mrramma naroreHHbIX OakTepuii, B Tom uncie 11 STEC, 24 Salmonella enterica, 9 Shigella sonnei, Shigella flexneri
u 8 S. aureus. AST STEC BbIsiBHII HanOosiee BBICOKHIH YPOBEHb PE3UCTEHTHOCTH K TETPALMKINHY M XJI0paM(EeHHKOITy
(90,9 %); TpumeTonpuMy-+cynbhamerokcasony (81,8 %); aMIUIIUIMHY, TeHTAMHIMHY W nunepamuuiiHy (63,6 %).
N3zonsiter STEC nposiBIIIHN 1yBCTBUTEIBHOCTS K rpyIine kapOarneneMoB. Cpenu mTaMMoB caabMOHET 50 % ycTOHIUBBI K
AMIALILIIHY. BTOpYIO MO3UINIO 3aHUMANN TETPALUKINH U Tunepanuuiid (45,8 %). Ipu atom 25 % ObUTH yCTOHIHUBEL
K THKapIWUIHHY+KIIaByJ1aHOBOM Kuciote, 20,8 % — Kk TpuMeTonpuMy-+cyiabhamerokcazony u 16,7 % — K ICBOMUIICTHHY.
Bce mrramMMbl canbMOHEIIT MPOSIBIISIIM YyBCTBUTEILHOCT K TEHTAMUIMHY, E()OKCUTHHY, HIMUIIEHEMY, MEPOTIEHEMY U
nedrazuaumy. AST mrammoB Shigella spp. nokazas caMblii BBICOKHI ypOBEHb YCTOWYHBOCTH K TeTpauukinny (30 %),
nedazonuny n neprazuauMy (20 %). OqHako Bce MTaMMBI IIUTe/UT OBIIIM UyBCTBUTENBHBI K HE(OKCUTHHY, TPyIIIaMm
kapOareHeMoB u xjopamdenukony. Cpenu mrammoB S. aureus 50 % TPOSBUIM yCTOHYMBOCTH K 3PHUTPOMULIMHY,
A3UTPOMULINHY, KIMHIAMUIMHY, NMEHULWUINHY, TEINTPOMHIMHY M TEHTaMUIUHY, a 25 % — K nunpoduIoKcaiusy,
MOKcH(DIIOKCaIMHY, IeBO(IOKCanHY U XjaopaMbenukory. OJHAKO BCE IITaMMBbI S. aureus TPOSBUIA 4yBCTBUTCILHOCTh
K TPUMETONPUMY-+CYIb(paMeToKca3oily, JANTOMUIMHY, JTMHE30JIHU/Y, JOKCHIMKINHY, MUHOIIMKIMHY U BaHKOMUIIMHY.
[TomyueHHbIe HAMM PE3YJIBTAThI OTPAXKAIOT TEKYIIIEE TTOJIOKEHHE JIeJT KacaTeJIbHO YCTOWYNBOCTH K aHTHOMOTHKAM CPelIr
IITaMMOB TTaTOTCHHBIX OaKTEepHil, TUPKYINPYIONINX Ha 00bEKTaxX NCCIIEA0BAHMS IIPH ITepepabOTKe MUIIEBBIX ITPOTYKTOB.
OHH ABJISAIOTCS CBUJICTEIECTBOM MOTEHIIHATBHOTO PUCKA UIIIEBOTO OTpaBieHUs . CyliecTBYeT HEOOXOAUMOCTD MPUHSTHS
HaJUIeXKAIINX MEpP 110 KOHTPOIIO HaJl TAaTOTCHHBIMM areHTaMH CO CTOPOHBI BIACTEH M PYKOBOSIINX OPTaHOB.

Kniouesvie cnosa: mra-roxcun-nponyuupyomuue E. coli (STEC), Salmonella, Shigella, Staphylococcus aureus,
npoduiu aHTHOUOTUKOPE3UCTEHTHOCTH.

Kongpnuxm unmepecos. ABTOPBI IOATBEP)KAAIOT OTCYTCTBHE KOH(MINKTA (PHAHCOBBIX/HE(UHAHCOBBIX HHTEPECOB, CBSI3AHHBIX C
HanuCcaHUeM CTaTbU.

Qunancuposanue. ABTOPBI 3asABISIIOT 00 OTCYTCTBHM JOTOJHUTENBHOTO (DMHAHCHPOBAHMS TIPH IPOBEACHUH JaHHOTO
HCCIIeI0BaHHUSI.

buoomuxa. Wccnenosanue omobpeno KomwureroM mo 3>THke OHOMEOMUIMHCKHX HccienoBaHuil BreTHamcko-Poccuiickoro
Tpornuueckoro nentpa Ne 1536/CN-HDPDD or 24 mast 2021 1.

FBrazooaprocme. M1 661 X0Tenn nobnaronaputs JlabopaToprio MoneKysipHO# 6ronoruu MHCTUTYTa TPOIMMYECKOH MeTHUIIUHEI
O6T;e£[I/IHeHHOFO BreTnamcko-Poccuiickoro HAay4YHO-UCCJICA0BATCIbCKOIO TPOIMMYECKOTO HEHTPA HAYKH U TEXHOJIOTHII 3a MOAACPIKKY
B IIPOBEACHUN JaHHOI'O MCCIIEIOBAHUS.

KoppecnoHdupyrowuti asmop: Le Thi Lan Anh, e-mail: leanhbio@gmail.com.

[Ansi yumuposarus: Le Thi Lan Anh, Ta Thi Loan, Dinh Thu Minh, Vu Thi Thuong, Pham Thi Ha Giang, Bui Thi Thanh Nga, Pham Viet Hung, Nguyen Ngoc Tan, Trieu
Phi Long, Le Thi Van Anh, Hoang Dang Hieu. Mpodunu aHTMB1OTUKOPE3NCTEHTHOCTH Y LUMra-TOKCUH-NpoayumpytoLeii Escherichia coli (STEC), Salmonella, Shigella
n Staphylococcus aureus, BbifeNeHHbIX Ha ABYX ODOLLECTBEHHbIX KYXHSX, PacronoXeHHblx B ropoae XaHon, BeeTHam. [pobriembl 0cobo onacHbix uHgekyul. 2023;
4:84-90. DOI: 10.21055/0370-1069-2023-4-84-90

lMocmynuna 21.09.2023. OmnpasneHa Ha dopabomky 05.10.2023. [puHsama k ny6n. 24.10.2023.

Gastroenteritis is widespread all over the world. The =~ Health Organization (WHO) show that STEC strains
most common causes of it are bacteria, including STEC,  cause 2.5 million cases each year, of which 1.2 million
Salmonella, Shigella and Staphylococcus aureus[1].  are food-borne ones [5].

In Vietnam, children with gastroenteritis and other Salmonella spp. is accountable for nearly one-third
food poisoning conditions caused by E. coli, Shigella,  of food-borne infection outbreaks in the European Union.
Salmonella infections have been reported [2]. In 2018, EU member states documented 5,146 food-

Shiga toxin producing Escherichia coli is a major  borne illness outbreaks, affecting 48,365 people. Out
factor of food-borne illnesses [3, 4]. Data from the World  of those, 1,581 outbreaks were attributed to Salmonella
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spp. Annually, Salmonella bacteria cause approximately
68,000 deaths [6].

According to WHO, there are an estimated 80 mil-
lion cases of shigellosis worldwide each year with ap-
proximately 700,000 deaths happening annually as
a result of this infection [7]. Four species of Shigella
have been identified: S. flexneri, S. sonnei, S. boydii, and
S. dysenteriae. S. sonnei is widespread in Vietnam and
Thailand, whereas S. flexneri is abundant in Indonesia
and Cambodia [8].

Staphylococcus aureus also creates a burden of
food-borne diseases, with approximately 241,000 ca-
ses estimated to occur annually in the United States.
However, the actual number of cases caused by
S. aureus may be significantly higher as sporadic cases
of the disease are not reported in the United States [9].

Antibiotic resistance of Sal/monella, Shigella and
S. aureus strains isolated from the environment and bio-
logical samples such as foodstuffs, swabs from the sur-
face of processing equipment, material from under fin-
gernails, and stool samples has been reported globally.
In particular, the rate of strains resistant to tetracycline,
ampicillin, and chloramphenicol is increasingly com-
mon [10, 11].

Contamination with Salmonella, Shigella, E. coli
and S. aureus of food from retail markets and canteens
have been reported in Vietnam [12, 13]. Cases of food
poisoning at the communal kitchens of industrial parks
or at schools have become frequent in recent years. In
this context, training in food safety control at communal
kitchens, as well as surveillance studies on the preva-
lence of strains of food-borne infectious agents, inclu-
ding STEC, Salmonella, Shigella and S. aureus play an
important role in minimizing poisoning incidents.

This work is devoted to the assessment of the an-
tibiotic resistance in STEC, Salmonella spp., Shigella
spp., and S. aureus strains collected at two communal
kitchens in Hanoi city, Vietnam. The study describes the
strains with multi-drug resistance.

Materials and methods

Study setting. In 2021 and 2022, we conducted sur-
veillance at two communal kitchens, which process food
for staff of two industrial companies located in Hanoi
city, Vietnam. The survey was performed as part of rou-
tine food safety inspection.

Sample collection. A total of 660 samples, inclu-
ding food samples (501), swabs from the surface of pro-

cessing tools (100), surface of dining tables (25), swabs
from the hands of food processors (34) were collected.

As regards food samples, we gathered 25 g of ma-
terial (vegetables, meat and seafood) at the study site.
Then, samples were placed in a sterile specialized plas-
tic zip bag and stored at 4 °C to 10 °C in a designated
sample transport box. Collected samples were trans-
ferred to the laboratory within 2 hours from the time of
collection. Samples were individually labeled, recording
time, location, and type.

Swabs were taken from surface of tables, knifes,
bowls, cutting boards, and hands of food processors. We
used a sterile cotton swab dipped in 10 % peptone buf-
fered water solution to wipe both sides of the tools and
hands. After that, the cotton pad was put in a sterile test
tube and store at 4 °C to 10 °C in an allocated sample
transport box.

Culture isolation and identification of STEC,
Salmonella spp., Shigella spp., and S. aureus. Isolation
of STEC, Salmonella, and Shigella was performed ac-
cording to the ISO 21567:2004 and ISO 6579-1:2017
with some modifications. MacConkey agar (Oxoid;
UK) and CHROMagar STEC (CHROMagar™, France)
were used for isolation of STEC [14], HE agar (Oxoid;
UK) and CHROMagar™ Salmonella — for Sa/monella
spp. [15], and Salmonella shigella agar (SS agar) (Oxoid,
UK) and HE agar — for Shigella spp. CHROMagar™
Staph was used for S. aureus [16]. The suspicious colo-
nies were identified using the Vitek 2 compact automatic
identification system.

All specified bacterial strains were seeded onto
TSB medium (Oxoid; UK) for downflow DNA ex-
tracting using a genomic DNA isolation kit (QIAGEN,
Germany) and PCR amplification of STEC, Salmonella
spp., Shigella spp., and S. aureus genomic fragments.
The primer sequences and PCR results are shown in the
Table 1. PCR products were investigated with the help
of electrophoresis in 1.5 % agarose gel. In order to con-
firm the identification of isolated strains, PCR products
were sent to Macrogen Company (Korea) for DNA se-
quencing using Sanger method.

Antibiotic susceptibility testing. The antibi-
otic susceptibility test was performed using Kirby-
Bauer methodology. For quality control, E. coli ATCC
25922, Salmonella enterica typhi ATCC 14028,
Shigella sonnei (Levine) Weldin (ATCC® 25931™),
Staphylococcus aureus ATCC 25923 were used accord-
ing to QC standard for Disc Diffusion Antibiogram
of CLSI’s document version 2022. The following an-

Table 1
List of oligonucleotide primers used in this study
. . . . Annealing temperature/time
Target gene Primer Primer sequence (5°-3”) PCR product size (bp) ©Cls) References
F1 aagtcatcatgaccgttctgeca
Gyrase B £ seaee 1200 60/15 [17]
R1 geagggtacggatgtgcgagee
F2 agagtttgatcctggctea,
16s rRNA gete Ee 1250 49/15 [18]
R2 ggttaccttgttacgactt
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tibiotics (Oxoid, Basingstoke, Hampshire, England)
were applied for STEC, Shigella spp. and Salmonella
spp.: Ampicillin (AMP 10 pg), Cefazolin (CZ 30 pg),
Gentamicin (CN 10 pg), Tobramycin (TOB 10 pg),
Amikacin (AK 30 pg), AmoxicillintAcid clavu-
lanic (AMC 30 pug), Ampicillin+Sulbactam (SAM
20 ng), Piperacillin+Tazobactam (TZP 110 pg), Ticar-
cillin+Clavulanic (TIM 85 pg), Cefuroxime (CXM
30 pg), Cefepime (FEP 30 pg), Cefoxitin (FOX 30 pg),
Ciprofloxacin (CIP 5 pg), Levofloxacin except Sal.
spp. (LEV 5 pg), Ertapenem (ETP 10 pg), Imipenem
(IPM 10 pg), Meropenem (MEM 10 pg), Piperacillin
(PRL 100 pg), Trimethoprim+Sulfamethxazole (SXT
25 ng), Aztreonam (ATM 30 pg), Ceftazidime (CAZ
30 pug), Chloramphenicol (C 30 pg). The antibio-
tics used for S. aureus isolates were Erythromycin
(E 15 pg), Azithromycin (AZM 15 pg), Clindamycin
(DA 2 pg), Cefoxitin (FOX 30 pg), Penicillin (P 10 pg),
Trimethoprim+Sulfamethxazole (SXT 25 pg), Linezolid
(LZD 30 pg), Telithromycin (TEL 15 pg), Doxycycline
(DO 30 pg), Minocycline (MH 30 pg), Tetracyclin
(TE 30 pg), Chloramphenicol (C 30 pg), Ciprofloxacin
(CIP 5 png), Moxifloxacin (MXF 5 pg), Gentamicin
(CN 10 pg), Levofloxacin (LEV 5 pg). The strains were
designated sensitive (S), moderately sensitive (M),
or resistant (R) in compliance with CLSI guidelines
(M100-Ed32).

Results and discussion

Identification of STEC, Salmonella, Shigella and
8. aureus. In this study, we detected 53 pathogenic bac-
terial strains, including 11 STEC, 24 Salmonella spp.,
10 Shigella spp., and 8 strains of S. aureus, using con-
ventional microbiology method. The gyrase B gene-
based sequencing showed that 24 Salmonella spp. strains
belonged to Salmonella enterica. Out of 10 Shigella spp.
strains, nine were identified as Shigella sonnei and one
was Shigella flexneri according to DNA sequencing
(Figure).

Antibiotic susceptibility testing of isolated strains.
The results of AST of STEC, Salmonella spp., and Shigella
spp. strains are described in detail in Table 2. We have es-
tablished that 11 STEC isolates exhibited susceptibility
to cefoxitin, ertapenem, imipenem, and meropenem an-
tibiotics. Conversely, those strains displayed the highest
resistance to tetracycline and chloramphenicol — 90.9 %

Staphylococcus

. ‘

Proportion of isolated bacterial strains

87

(10 out of 11 strains). Trimethoprim+sulfamethoxazole
occupied the second place, with 9 out of 11 strains ex-
hibiting resistance (81.8 %). Resistance to ampicil-
lin, gentamicin, and piperacillin was 63.6 % (7 out of
11 strains), 45.5 % for cefazolin (5 out of 11), 36.4 %
for cefuroxime, cefepime, cefotaxime, and aztreo-
nam (4 out of 11), and 27.3 % for ciprofloxacin and to-
bramycin (3 out of 11). Importantly, 81,8 and 54,5 % of
STEC strains showed moderate susceptibility to amika-
cin and ticarcillint+clavulanic, respectively. Additionally,
10 out of 11 STEC strains showed multidrug resistance
to 9-13 different antibiotics, while only one strain was
sensitive to 23 out of 24 tested antimicrobials and mode-
rately sensitive to 1 antibiotic. Regarding the test results
for 24 isolates of Sal/monella spp., it was found that all
of them were sensitive to gentamicin, cefoxitin, imipe-
nem, meropenem, and ceftazidime. The highest resistance
rate of 50 % (12 strains) was in the response to ampicil-
lin, followed by tetracycline and piperacillin in 11 out of
24 strains (45.8 %), ticarcillin+clavulanic acid in 6 out
of 24 strains (25 %), trimethoprim+sulfamethoxazole in
5 out of 24 strains (20.8 %), chloramphenicol in 4 out
of 24 strains (16.7 %). Resistance levels were lower for
piperacillint+tazobactam in 2 out of 24 strains (8.3 %),
cefazolin, ampicillintsulbactam, cefoxitin, ciprofloxacin,
ertapenem, and aztreonam in 1 out of 24 strains (4.2 %).
7,5 % of Salmonella strains were moderately suscep-
tible to cefazolin. Among them, 12 out of 24 strains ex-
hibited multidrug resistance to 3-8 different antibio-
tics. Moreover, our findings indicate that all 10 isolated
Shigella strains were sensitive to antibiotics including
cefoxitin, ertapenem, imipenem, meropenem, and
chloramphenicol. The Shigella strains demonstrated the
highest resistance to tetracycline (30 %), followed by ce-
fazolin, ceftazidime at 20 %, and cefuroxime, cefepime,
ampicillin, gentamicin, ticarcillint+clavulanic  acid,
trimethoprim+sulfamethoxazole, and aztreonam in one
out of 10 strains (10 %). 40 % of Shigella isolates were
moderately susceptible to piperacillint+tazobactam. Only
one Shigella strain showed multidrug resistance to 10 dif-
ferent antibiotics. It is of interest that STEC, Salmonella
spp. and Shigella spp. were susceptible to 3 out of 24 tes-
ted antibiotics (cefoxitin, imipenem and meropenem).

Regarding S. aureus strains, the AST revealed
the highest resistance to erythromycin, azithromycin,
clindamycin, penicillin, telithromycin, and gentami-
cin in 4 out of 8 strains (50 %). The second position is
occupied by ciprofloxacin, moxifloxacin, levofloxa-
cin, and chloramphenicol — 2 out of 8 strains (25 %)
(Table 3). All 8 isolated S. aureus strains were sensitive
to 5 out of 18 tested antibiotics including daptomycin,
doxcycline, minocycline, linezolid, vancomycin, and
trimethoprim+sulfamethxazole. Additionally, out of
8 isolated strains of S. aureus, 5 strains exhibited mul-
tidrug resistance, ranging from 2 to 5 different types of
antibiotics.

Contamination with STEC, Salmonella, Shigella
and S. aureus is one of the main causes of food poisoning.
Therefore, food safety control and regular monitoring of
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Table 2
Antibiotic resistance patterns of isolated bacteria
Antibiotics STEC Salmonella spp. Shigella spp.

R, % M, % S, % R, % M, % S, % R, % M, % S, %
Ampicillin 63.6 0.0 36.4 50.0 0.0 50.0 10.0 0.0 90.0
Piperacillin 63.6 9.1 27.3 45.8 42 50.0 10.0 10.0 80.0
Aztreonam 36.4 9.1 54.5 42 0.0 95.8 10.0 0.0 90.0
Amikacin 9.1 81.8 9.1 0.0 42 95.8 0.0 10.0 90.0
Gentamicin 63.6 0.0 36.4 0.0 0.0 100 10.0 0.0 90.0
Tobramycin 27.3 18.2 54.5 0.0 83 91.7 0.0 10.0 90.0
Cefazolin 45.5 9.1 455 42 37.5 58.3 20.0 20.0 60.0
Cefuroxime 36.4 0.0 63.6 0.0 12.5 87.5 10.0 0.0 90.0
Cefepime 36.4 0.0 63.6 0.0 8.3 91.7 10.0 0.0 90.0
Ceftazidime 18.2 9.1 72.7 0.0 0.0 100 20.0 0.0 80.0
Chloramphenicol 90.9 0.0 9.1 16.7 0.0 83.3 0.0 0.0 100
Cefoxitin 0.0 0.0 100 0.0 0.0 100 0.0 0.0 100
Cefotaxime 36.4 9.1 54.5 42 8.3 87.5 10.0 10.0 80.0
Ciprofloxacin 27.3 27.3 455 42 29.2 66.7 0.0 20.0 80.0
Levofloxacin 18.2 9.1 72.7 0.0 0.0 0.0 0.0 20.0 80.0
Ertapenem 0.0 0.0 100 4.2 0.0 95.8 0.0 0.0 100
Imipenem 0.0 0.0 100 0.0 0.0 100 0.0 0.0 100
Meropenem 0.0 0.0 100 0.0 0.0 100 0.0 0.0 100
Tetracyclin 90.9 0.0 9.1 45.8 0.0 54.2 30.0 0.0 70.0
Amoxicillin+Acid clavulanic 0.0 18.2 81.8 0.0 8.3 91.7 0.0 10.0 90.0
Ampicillin+Sulbactam 18.2 9.1 72.7 42 16.7 79.2 0.0 10.0 90.0
Piperacillin+Tazobactam 0.0 18.2 81.8 8.3 29.2 62.5 0.0 40.0 60.0
Ticarcillin+Clavulanic 0.0 54.5 455 25.0 0.0 75.0 10.0 0.0 90.0
Trimethoprim+Sulfamethxazole 81.8 0.0 18.2 20.8 0.0 79.2 10.0 0.0 90.0

Note: R —resistant, S — susceptible, M — moderately susceptible.

Table 3

Antibiotic resistance patterns of Staphylococcus aureus isolates

Antibiotics R, % M, % S, %
Azithromycin 50.0 0.0 50.0
Erythromycin 50.0 0.0 50.0
Clindamycin 50.0 0.0 50.0
Cefoxitin 0.0 12.5 87.5
Chloramphenicol 25.0 0.0 75.0
Ciprofloxacin 25.0 0.0 75.0
Levofloxacin 25.0 0.0 75.0
Moxifloxacin 25.0 0.0 75.0
Daptomycin 0.0 0.0 100
Doxycycline 0.0 0.0 100
Minocycline 0.0 0.0 100
Tetracyclin 0.0 25 75.0
Gentamicin 50.0 0.0 50.0
Linezolid 0.0 0.0 100
Telithromycin 50.0 0.0 50.0
Penicillin 50.0 0.0 50.0
Vancomycin 0.0 0.0 100
Trimethoprim+Sulfamethxazole 0.0 0.0 100

Note: R —resistant, S — susceptible, M — moderately susceptible.
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hygiene and proper processing conditions play a signifi-
cant role in containment of the infection. Currently, stu-
dies on the prevalence of pathogens (STEC, Salmonella,
Shigella, S. aureus) are mainly conducted at retail mar-
kets and animal slaughter sites, but there is insufficient
monitoring at communal kitchens. Over the past 5 years,
reports of food poisoning caused by microorganisms
in collective kitchens in industrial parks or at schools
in Vietnam have been increasing. However, testing for
the presence of microbial agents is only performed after
a registered case of poisoning.

In this study, a total of 53 bacterial strains were col-
lected at two communal kitchens located in Hanoi City,
Vietnam. The majority of the isolates (24 strains) were
identified as Sal/monella. Next in the list were STEC
strains (11), followed by Shigella (10 strains), and
Staphylococcus aureus (8 strains). These findings sug-
gest that Salmonella spp. are the most common agents at
the two public kitchens in Hanoi. It is generally known
that human infection with Salmonella mainly occurs
through direct or indirect contact with infected animals
and contaminated food products, including meat, poul-
try, raw milk, eggs, and water. Previously, it was re-
ported that average rate of chicken meat contamination
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with Salmonella in six regions of Vietnam was 45.9 %.
In Hanoi City, it reached 51.1 % [12].

Transmission of pathogenic microorganisms and
toxigenic agents through food has been recognized as
a significant risk for many decades. The widespread re-
sistance of bacteria to antibiotics is a major threat that
leads to hundreds of thousands of deaths annually. One
of the most alarming issues is the increasing number of
bacteria that are resistant to commonly used antibiotics,
including those considered as last-resort treatments. This
concern was officially acknowledged by WHO in 2014
as a major global health challenge.

In our study, STEC demonstrated the highest re-
sistance to currently used antibiotics. In comparison to
a study by Tran Thi Le Trieu ef al. on 24 surveyed E. coli
strains, the highest resistance was observed to ampicil-
lin (79.17 %), followed by streptomycin (62.50 %),
and amoxicillin/clavulanic  acid  (54.17 %) [19].
Another study by B. Gonzilez-Santamarina et al. on
23 Salmonella strains isolated from pig slaughterhouses
and pork markets revealed the highest resistance to am-
picillin (73.9 %) and piperacillin and moxifloxacin (both
69.6 %), followed by trimethoprim and trimethoprim
with sulfamethoxazole (both 56.5 %) [20]. Research on
Salmonella strains isolated from chickens and chicken
farm environments in three households in Vinh Long
province, Vietnam by Ho Xuan Yen et al., showed the
high rate of resistance to such antibiotics as ampicillin
(100 %), chloramphenicol (95 %), cefuroxime, strepto-
mycin, and tetracycline (90 %), and moderate resistance
to doxycycline (85 %). They exhibited lower resistance
to trimethoprim/sulfamethoxazole (60 %) and had mini-
mal resistance to colistin (25 %) [21].

The study of C.S.Toro efal. on 349 strains of
Shigella revealed some interesting evidence:100 % of the
strains were found to be sensitive to ciprofloxacin. On the
other hand, those strains demonstrated high level of resis-
tance to other antibiotics. The resistance rates were as fol-
lows: streptomycin (305 strains, 87.4 %), trimethoprim
(264 strains, 75.6 %), ampicillin (257 strains, 73.6 %),
tetracycline (257 strains, 73.6 %), sulfamethoxazole/
trimethoprim (256 strains, 73.3 %), and chlorampheni-
col (195 strains, 55.9 %) [22]. Resistance to tetracycline
was observed in both S. sonnei and S. flexneri [23].
Furthermore, the study of S. Khaghani ef al. indicated
that at least 25 % of S. flexneri strains isolated from
Abuzar Children’s Hospital in Ahvaz, southwestern Iran
exhibited resistance to three commonly prescribed anti-
biotics: ampicillin, trimethoprim-sulfamethoxazole and
nalidixic acid [24].

A recent study conducted by V. Velasco ef al. on
55 strains of Staphylococcus aureus in Chile uncovered
the fact that a significant number of the isolated strains
showed resistance to penicillin (83.6 %). Moreover,
a considerable proportion of the isolates, approximately
38.2 %, displayed resistance to multiple types of antibio-
tics [25].

Our research has demonstrated that the detected
STEC, Salmonella spp., Shigella spp., and S. aureus
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strains exhibited significant resistance rate to several an-
tibiotics such as tetracycline, ampicillin, penicillin. This
result is consistent with other listed above studies that
were previously carried out. However, it is noteworthy
that certain antibiotics, such as cefoxitin, remain effective
against all four groups of isolated bacteria. Additionally,
all collected bacterial strains in this study were still sen-
sitive to carbapenem such as imipenem, and meropenem.
Furthermore, the combination of multiple antibiotics in-
creased effectiveness of neutralization, as observed with
combinations such as amoxicillin+clavulanic acid or
trimethoprim+sulfamethoxazole, which increase sensi-
tivity of bacterial strains. These findings highlight the
potential benefits of utilizing appropriate antibiotic com-
binations to combat infections caused by indicated bac-
terial groups.

Summing up the above, we isolated a total of
53 strains from four different bacterial groups, STEC,
Salmonella spp., Shigella spp., and Staphylococcus au-
reus, collected at two communal kitchens in Hanoi city,
Vietnam. Among these groups, Salmonella spp. was the
predominant bacterial species, accounting for 24 strains.
However, it is of note that STEC raises the highest level
of concern as it exhibited resistance to certain antibio-
tics such as tetracycline and chloramphenicol, as high
as 90.1 %. Additionally, out of the 11 STEC strains ana-
lyzed, 10 strains showed resistance to multiple antibio-
tics, indicating a multidrug-resistant phenotype. Thus,
the design of kitchens and the training of personnel on
food safety and hygiene practices play a pivotal role in
mitigating the risk of transmission of pathogenic bacte-
ria and preventing food-borne diseases.

Our findings reflect the current situation on antibio-
tic resistance in circulating pathogenic bacteria found at
the study sites in the course of food processing. They
evidence a potential risk of food poisoning and the need
to take appropriate sanitary measures on the part of au-
thorities or policy makers.
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