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Abstract. This article presents current relevant data on the serogroups and antimicrobial susceptibility of Salmonella
strains isolated in the southern provinces of the Socialist Republic of Vietnam. There were examined 189 Salmonella
strains isolated from: human feces in acute diarrhea (86 strains); and pork samples (103 strains). Serological O-group
identification was performed by slide agglutination with O- and H-antisera and multiplex PCR to detect H phase-1
and phase-2. Antimicrobial susceptibility testing was performed by using the disk-diffusion method according to the
EUCAST (version 2019) recommendations. Strains isolated from humans predominantly belonged to O4 group (69.8%).
The percentage of other serogroups varied from 1.2% (rare group 016) to 11.6% (09). About a half of strains (44.7%) iso-
lated from pork samples turned out to belong to the 03,10 serogroup (vs 7.0% of strains from humans). Serogroups O7,
04 and O8 were less frequent (22.3%, 14.6% and 13.6%, respectively). Single strains belonged to serogroups 09, 013,
and O18. Regardless of the isolation source, about 80% of Salmonella strains were resistant to antibiotics from different
antimicrobial groups (besides carbapenems): 67.0% were resistant to tetracycline; about half were resistant to pefloxa-
cin, ampicillin and chloramphenicol (54.0%, 47.1%, 46.6%); and up to 40% were resistant to trimethoprim/sulfameth-
oxazole and nalidixic acid. The proportion of strains resistant to ceftriaxone and gentamycin was markedly higher
in those of human vs pork origin: 12.8% vs 1.0% and 30.2 vs 1.9%, respectively. Moreover, 62.8% and 43.7% strains
of human and pork origin, respectively, showed multidrug resistance (to 3 and more antimicrobial groups). In addition,
simultaneous resistance to 6 antimicrobial groups was detected much more frequently in Salmonella strains isolated
from humans vs pork samples (15.1% vs 1.0%, respectively). Multidrug resistance (MDR) was observed in strains of dif-
ferent serovars, predominantly S. Typhimurium (36.4%). The predominant MDR (30.3%) phenotype (AMP, TE, QN,
C, SXT) was revealed in serovars of §. Typhimurium, S. Bredeney, S. Corvallis, S. Give, S. London, S. Rissen, and
S. Meleagridis. Thus, Salmonella strains isolated in the southern Vietnamese provinces featured resistance to fluoro-
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quinolones and cephalosporins. Taking into account simultaneous loss of susceptibility to “old” antimicrobials (am-
picillin, chloramphenicol, trimethoprim/sulfamethoxazole), it crucially restricts the list of effective medicines to treat
complicated salmonellosis cases.

Key words: Salmonella, antimicrobial resistance, multidrug resistance, serovar.

CEPOJIOT'MYECKAY CTPYKTYPA U4YBCTBUTEJIbHOCTb K AHTUBUOTUKAM LULTAMMOB
SALMONELLA, BbIAEJIEHHbIX OT JIIOAEU U U3 NULLLEBBLIX MPOAYKTOB B KO)XKHbIX
NMPOBUHUNAX BbETHAMA
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Pesitome. B cTraTbe mpencTaBiaeHB COBpeMEHHBIC JaHHBIE O CEPOTPYIIIIOBOI CTPYKTYPE M YYBCTBUTEIBHOCTU K aHTHU-
OroTHKaM IMTaMMOB Salmonella, BEIIEICHHBIX B I0XKHBIX TpoBUHIUSIX ConmanncTudeckoil Peciyonmku BreTHAM.
Bcero uccnenosano 189 mrammoB u3 kojtekuun Mucrturyra [actepa B r. XOLIMMKH: BbIAEIEHHBIX OT JIIoaeii — 86
1 U3 cBUHUHBI — 103 mramMma. [lTamMmMbl uAEHTUGUIIMPOBAIN 10 CEpOBapa ¢ UCMOJAb30BaHUEM PeaKLIMU arTII0THHA-
uuu Ha ctekjie ¢ O- u H-coiBopoTkamu u MyabTunaeKcHbiX [P gis BoisiBienus H 1 u 2 paszbl. YyBCTBUTEIBHOCTH
K aHTUOMOTHUKAM OMpeneasiau Aucko-nuddy3noHHbIM MeToaoM coriacHo pekoMmeHpauusm EUCAST (2019 r.).
[lITamMMBI, BBEIICTICHHBIE OT JIFOACH, TPEUMYILECTBEHHO NTpruHamiexanu ceporpyiie 04 (69,8%), moyst IiTaMMOB JIpY-
IUX ceporpymi kosebdamack ot 1,2% (penkas rpymima O16) no 11,6% (09). OkoJ10 moJoBUHBI IITaMMOB (44,7%), BblIe-
JIEHHBIX M3 CBUHMHBI, OTHOCUJINCH K ceporpyriie 03,10 (ot aromeit — TosbKo 7,0% mtaMMOB); IITaMMbI ceporpyi O7,
04 u O8 BbLACISIM 3HAUUTETIBHO pexe (22,3%, 14,6% u 13,6%); k rpynnam 09, O13 1 O18 npuHaaiexaiu eAMHUYHbIE
TaMMbl. BHE 3aBUCMMOCTU OT UCTOYHMKA BbLaeneHUs 0koo 80,0% 1utaMMoB Salmonella ObLIM YCTOMYUBLL K aH-
TUOMOTHUKAM Pa3IM4YHbIX IPYIN (McKItovast KapbaneHeMbl): 70,0% — K TeTpalMKJIKHAM, 0KOJIO 1ojaoBuHbI (54,0%,
47,1% un 46,6%) — x nedJoKcalHy, aAMUHOIIEHULIMJIIMHAM 1 XJopaMbeHnkoiny, nmoutu 40% — K TpUMETOIpUM/
cyIb(aMeTOKCa30y U HATUIUKCOBOI KUCIoTe. 0 yCTOMUYMBHIX K e TPUAKCOHY M TEHTAMUIIMHY ObLIa 3HAYH-
TEJIbHO BBILIE Y IITAMMOB, BbIAEJIEHHBIX OT JIoAel, ueM u3 cBUHUHLL: 12,8% u 1,0%, 30,2% u 1,9% cOOTBETCTBEHHO.
MHOXeCTBEHHO PEe3UCTEHTHOCTHIO (K 3 1 6oJjiee rpyInaM aHTUOMOTHKOB) 00/1aaaau 62,8% WITAMMOB, BbIAEIEHHBIX
ot oneit u 43,7% — u3 cBuHUHBL ClieqyeT OTMETUTD, UTO PE3UCTEHTHOCTD K 6 TPyIaM aHTMOMOTUKOB Yallle BbI-
SIBJISUTM Y IITAMMOB, BBIIEJIEHHBIX OT JIoneid, ueM u3 cBUHUHEI (15,1% u 1,0% cooTBeTcTBEeHHO). MHOXECTBEHHYIO
PE3UCTEHTHOCTh OTMEUAIK Y IITAMMOB Pa3MYHBIX CEPOBAPOB, HO MpenMyinecTBeHHO Y S. Typhimurium (36,4%).
Hawubonee yacto BcTpeyann peHOTHIT MHOXecTBeHHOMU ycToitunBoct AMP, TE, QN, C, SXT (30,3%), BhIsIBICH-
HBIH y ITaMMOB cepoBapoB S. Typhimurium, S. Bredeney, S. Corvallis, S. Give, S. London, S. Rissen, S. Meleagridis.
Takum oOpa3om, y miTaMMoB Salmonella, BbIIeIEHHBIX B I0XKHBIX TPOBUHLIMSIX BheTHaMa, BbIsIBJIeHA YCTOHUMBOCTD
K COBPEMEHHBIM IpernaparaM BeiOopa ((hTOpXMHOIOHAM U IiedalocoprHaM), YTO, HApSAy C MOTepeil YyBCTBUTEIb-
HOCTH K «TPaAMLIMOHHBIM» aHTUOMOTHKAM (AMIIMLIMJUIMH, XJIOpaM(pEHNKO, TPUMETOIPUM,/ CyIb(haMeTOKCa30),
CYIIIECTBEHHO COKpaIlaeT apceHaJl aHTUMUKPOOHBIX (3TMOTPOIHBIX) ITPErapaToB, MOTEHIIMAIbHO 3(D(hEKTUBHBIX
IUJISI TepaITuK OCJIOKHEHHBIX (hOPM CaTbMOHEIIIe3a.

Karuesvie caosa: Salmonella, ycmoﬁuu&ocmb K aHmu6u0mu1€aM, MHOMICECMEEHHAsA pe3UuCmenmHoCcms, ceposap.

Introduction

According to WHO data, from 1 to 1.7 billion
cases of acute diarrhea are registered annually. Thus,
they are the leading infectious illness, followed only
by acute respiratory infection. Globally, acute diar-
rhea accounts for more than 500 000 deaths in chil-
dren, occupying second place in mortality in those
younger than 5 years old (https://www.who.int/
news-room/fact-sheets/detail /diarrhoeal-disease).

In Russia as well as in European countries, the caus-
ative agents in up to 70% of acute diarrheal cases
(especially food-borne outbreaks) are Rotavirus
and Norwalk viruses. The most widespread bacte-
rial agents of acute diarrhea cases are Salmonella
and Campylobacter |8, 12]. Salmonellosis is known
to have different clinical patterns, predominantly
resulting from digestive tract effects, with potential
to spread beyond it with development of toxic and de-
hydration syndromes of various severity. Salmonella
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has potential to cause food-born infection with small
and large outbreaks [12].

In Vietnam, the prevalence of acute diarrhea
in infants is 271 per 1000 children. In more than 70%
of cases, there were detected such viruses as Rotavirus
(50.0% of samples) and Norwalk (24.0%). Among
bacterial agents, Campylobacter (20.0%), Salmonella
(18.0%), and Shigella (16.0%) were found [9,15].
In 2009—-2010 in Ho Chi Minh City, non-typhoid
Salmonella were detected in 5.4% of acute diarrhea
cases in children under 5 years old [24]. Compared
to Russia, where serovar S. Enteritidis accounts
for more than 80.0% of cases and has dominated
for many years, in Vietnam the serogroup spectrum
of Salmonella isolated both from humans and food
is more diverse. For example, an examination of adult
hospitalized casesin 2008 —2013 revealed S. Enteritidis
and S. Typhimurium in 48.0% and 26.0% of cases, re-
spectively [20]. Salmonella isolated from healthy food
workers in different years belonged to different sero-
groups and serovars. For example, Salmonella isolates
in 2011 were as follows: serogroup E (32.7%); serovar
S. Paratyphi B (29.1%); and serogroups C and B (18.2%
and 10.9%, respectively). Strains isolated in 2012 be-
longed to: S. Enteritidis (30.0%); serogroup B (17.5%);
serogroups C and D (except S. Enteritidis) (12.5%);
and serogroups A and E (10.0%). In 2013, strains from
serogroups B, E, and C dominated (55.6%, 22.2% and
16.7%, respectively) [23].

In Vietnam, there have been many examina-
tions of samples taken from food-producing ani-
mals, poultry, prawns, fish, and food items as po-
tential sources and vehicles of Salmonella transmis-
sion to humans. High levels of contamination with
Salmonella (belonging to 28—53 serogroups) have
been described [16, 17, 19, 22, 25, 26, 27].

Examination of pigs and chickens revealed
that contaminated samples were found in 50.0%
of poultry farms and in 70.0% of pig breeding farms.
The isolates belonged to 28 serovars, with leading
of: S. Weltevreden (up to 20.0%); S. Typhimurium
(12.0%); and Salmonella 4:12: i-- (11%) [17, 25].
S. Weltevreden was detected in every forth shrimp
farm in the Mekong delta covering three Vietnamese
provinces [19]. Some studies (2004—2016 in prov-
inces of Southern Vietnam) showed that the preva-
lence of Salmonella isolated from pigs increased sig-
nificantly from 5.2% to 64.4% of samples. In Vinh
Long, Salmonella was isolated from sick and healthy
pigs (61.5% and 8.8%, respectively). In Dong Thap,
the percentage of Salmonella contaminated samples
was 64.7% in chickens and 91.3% in pigs [16, 27].

Antimicrobial therapy is usually prescribed: to pa-
tients with systemic (invasive) salmonellosis; middle
or severe course (e.g., fever longer than 48 hours); age
less than 6 months or more than 50 years; with im-
mune deficiency; or with severe concurrent diseases.
Empiric therapy suggests prescribing fluoroqui-
nolones, extended spectrum cephalosporins, or tri-

methoprim/sulfamethoxazole [1, 6, 10, 21]. However,
Salmonella isolated from humans, animals, and food
items is displaying increasing antimicrobial resist-
ance in many countries [13]. In Russia, the percentage
of such Salmonella strains (isolated from humans, ani-
mals, and food items) is up to 50-70.0% [2, 3, 4, 5, 7].

Most Salmonella strains (about 60.0%) examined
by different researchers in 2004—2017 in Vietnam
were resistant to such antibiotics as: ampicillin
(more than 40.0% of strains); tetracycline (more
than 50.0%); trimethoprim/sulfamethoxazole (up
to 60.0%); chloramphenicol (up to 50.0%); and cip-
rofloxacin (more than 30.0% of strains) [16, 17, 18,
19, 22, 23, 25, 26, 27, 28]. According to different re-
search data, from 17 to 52.2% of strains had multid-
rug resistance (MDR). S. Kentucky ST198 was con-
sidered the most frequent MDR serovar, with high
levels of resistance to 3-lactams and quinolones.

Notably, there was one strain (from pork) exhibit-
ing colistin resistance. It is the first colistin-resistant
Salmonella found in meat in Vietnam [18,28]. Some
data indicate that the percentage of Salmonella strains
producing ESBL (TEM and CTX genetic families)
is equal to 5.3%. Strains predominantly belonged
to serogroup B, with §. Paratyphi B included [23].
This study’s objective was to characterize the sero-
group structure and to evaluate antimicrobial suscep-
tibility of Salmonella isolated from humans and food
samples in South Vietnam.

Materials and methods

The study was performed within a framework
of scientific cooperation between the St. Petersburg
Pasteur Institute and the Pasteur Institute in Ho Chi
Minh City. The samples studied were 189 Salmonella
strains isolated in South Vietnam: 86 strains from
feces of humans with acute diarrhea; and 103 from
pork samples.

Salmonella serological identification to O-group
was first determined by slide agglutination with
O-group antisera (St. Petersburg Scientific Research
Institute of Vaccine and Serum, Russia). Phase-1 and
phase-2 were then detected by multiplex PCR [11,
14], with subsequent confirmation by slide agglutina-
tion with phase-1 and phase-2 antisera.

Antimicrobial susceptibility testing was done ac-
cording EUCAST recommendations (version 2019,
https://www.cucast.org/ast_of bacteria) by the disk-
diffusion method with Mueller—Hinton agar and
antibiotic disks (Oxoid). The tested antimicrobials
belonged to different antibiotic classes: B-lactams
(ampicillin, ceftazidime, ceftriaxone, meropenem);
quinolones (nalidixic acid, pefloxacin); tetracy-
cline; phenicols (chloramphenicol); trimethoprim/
sulfamethoxazole; polymyxins (colistin); and ami-
noglycosides (gentamycin, amikacin). Results were
interpreted according EUCAST criteria, version
2019 (https://www.eucast.org/fileadmin/ src/media/
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Table 1. Salmonella serovars isolated from humans and pork in southern provinces of Vietham
(number of strains, proportion, 95% confidence interval)

Number of strains isolated from
O-group Serovar
human pork Total
S. Typhimurium 40 5 45
S. Stanley 12 0 12
S. Southampton 2 1 3
S. Saintpaul 2 0 2
S. Remo 1 0 1
S. Heidelberg 1 0 1
4 S. Derby 0 1 1
S. Vuadens 0 1 1
S. Bredeney 0 3 3
not identified 2 4 6
60 15 75
Total 04 69.8%* 14.6%" 39.7%
95% CI58.9-79.2 95% Cl 8.4-22.9 95% CI 32.7-47.0
S. Weltevreden 1 1 2
S. Anatum 0 8 8
S. Give 0 13 13
S. Bloomsbury 0 4 4
S. Epicrates 0 1 1
3,10 S. Lexington 0 5 5
S. London 0 4 4
S. Meleagridis 0 1 1
not identified 5 9 14
6 46 52
Total 03,10 7.0%* 44.7%* 27.5%
95% Cl 2.6-14.6 95% Cl1 34.9-54.8 95% Cl121.3-34.5
S. Choleraesuis 2 0 2
S. Rissen 1 4 5
S. Larochelle 1 0 1
S. Eingedi 0 1 1
S. Gatow 0 1 1
S. Bonn 0 2 2
S. Afula 0 2 2
7 S. Lockleaze 0 1 1
S. Djugu 0 3 3
S. Virchow 0 1 1
S. Nola 0 1 1
not identified 3 7 10
7 23 30
Total 07 8.1% 22.3% 15.8%
95% C13.3-16.0 95% Cl 14.7-31.6 95% CI 11.0-21.9
S. Newport 1 1 2
S. Corvalis 0 7 7
S. Pakistan 0 1 1
8 S. Bellevue 0 1 1
not identified 1 4 5
2 14 16
Total 08 2.3% 13.6% 8.5%
95% Cl10.3-8.2 95% Cl 7.6-21.7 95% Cl14.9-13.4
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Number of strains isolated from
O-group Serovar
human pork Total
S. Enteritidis 8 0 8
S. Wangata 0 1 1
not identified 2 1 3
9 10 2 12
Total 09 11.6% 1.9% 6.4%
95% Cl15.7-20.4 95% Cl 0.2-6.8 95% Cl13.3-10.8
13 S. Myrria 0 1 1
16 S. Hvittingfoss 1 0 1
18 S. Cotia 0 1 1
Salmoneliall 0 1 1
1 3 4
Total other groups 1.2% 2.9% 2.1%
95% C10.03-6.3 95% C10.6-8.3 95% C10.6-5.3
TOTAL 86 103 189

Note. *Differences are statistically significant.

PDFs/EUCAST _files/Breakpoint_tables/v_9.0
Breakpoint_Tables.pdf). For the category “resist-
ant to fluoroquinolones”, the following breakpoints
(zone of inhibition) were used: pefloxacin < 24 mm;
and nalidixic acid < 16 mm.

Results

Salmonella strains belonged to several O-groups
(Table 1): O4 (B) — 75 strains (39.7%); 03,10 (E) —
52 strains (27.5%); O7 (C,) — 30 (15.9%); O8 (C,) —
16 (8.5%); O9 (D) — 12 (6.3%); and to rare groups —
4 strains (2.1%). Some differences in serogroup spec-
trum were revealed in strains isolated from humans
versus those from pork items as presented in Fig.

Strains isolated from humans predominantly be-
longed to group 04 (69.8%). The percentages of other
serogroups varied from 1.2% (rare groups) to 11.6%
(09). About half of strains isolated from pork (44.7%)
belonged to serogroup 03,10 (versus 7.0% in strains
from humans). Serogroups O7, O4, and O8 were
less frequent (22.3%, 14.6% and 13.6%, respective-
ly). Single strains from pork belonged to serogroups

Salmonella from human (n = 86)

016
09 1,2%

69,8%

[] o4 1%2/0 10% 19% 04
M o310 139?% &

O o7

K4 os

H o9

W os 07
[]o1s

018

09, 013, and OIl8. It is worth mentioning the obvi-
ous difference in proportions of serogroup O4 and
09 in strains isolated from pork (14.6% and 1.9%,
respectively) versus those from humans (69.7% and
11.6%, respectively).

The studied Salmonella strains were resistant
(about 80%) to antibiotics from different antimicro-
bial groups. More than half of strains (52.4%) had
MDR to 3 or more antimicrobial groups (Table 2).
For the majority of antimicrobials tested, there was
no significant difference in the proportion of re-
sistant strains (resistant/overall) in terms of sample
source (humans, pork).

Up to 70.0% of strains were resistant to tetracy-
cline. About half of strains were resistant to pefloxa-
cin, ampicillin, and chloramphenicol. About 40%
were resistant to trimethoprim/sulfamethoxazole and
nalidixic acid. However, it’s worth mentioning that
in pork strains none featured resistance to amoxi-
cillin/clavulanic acid, ceftazidime and amikacin.
The proportion of strains resistant to ceftriaxone and
gentamycin, in those from humans versus those from
pork, were significantly different: 12.8% vs 1.0%; and

Salmonella from pork (n = 103)

013 018

14,6%

03,10
44,7%

Figure. Serogroup pattern of Salmonella spp. isolated from humans and pork in southern provinces

of Vietnam
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Table 2. Antimicrobial susceptibility and resistance of Salmonella spp. isolated from different sources

in southern provinces of Vietham

Isolated from Total (n = 189)
Resistance phenotype human (n=86) pork (n=103)
n % 95% ClI n % 95% CI n % 95% ClI
Susceptible 13| 15.1 8.3-245 |28 | 272 18.9-36.8 | 41 | 21.7 | 16.0-28.3
Resistant to 1 or more antibiotics 73 | 84.9 75.5-917 [ 75| 72.8 63.2-81.1 148 | 78.3 | 71.7-84.0
Resistant to:
— ampicillin 50 | 58.1 47.0-68.7 |39 | 379 28.5-48.0 | 89 | 471 39.8-54.5
- amoxicillin/clavulanic acid 2 2.3 0.3-8.2 0 0.0 0-2.9 2 1.1 0.1-3.8
- ceftriaxone 11 | 12.8** 6.6-21.7 1] 1.0** 0.02-5.3 12 | 6.4 3.3-10.8
- ceftazidime 4 47 1.3-11.5 0 0.0 0-2.9 4 2.1 0.6-5.3
- pefloxacin 48 | 55.8 447-66.5 | 54| 524 42.4-62.4 | 102 | 54.0 | 46.6-61.2
- nalidixic acid 35| 407 30.2-51.8 | 36 | 35.0 25.8-45.0 | 71 | 376 | 30.6-44.9
— trimethoprim/sulfamethoxazole 38 | 44.2 | 33.5-55.3 | 42| 40.8 31.2-509 | 80 | 42.3 | 35.2-49.7
— chloramphenicol 49| 570 45.9-676 | 39| 379 28.5-48.0 | 88 | 46.6 | 39.3-53.9
- tetracycline 58 | 674 56.5-77.2 | 69 | 67.0 57.0-75.9 |127| 67.2 | 60.0-73.8
- gentamycin 26 | 30.2** | 20.8-41.1 2| 1.9~ 0.2-6.8 28 | 14.8 10.1-20.7
— amikacin 1 1.2 0.03-6.3 | 0 0.0 0-2.9 1 0.5 0.01-2.9
Resistant to 3 and more groups (MDR*): | 54 | 62.8 51.7-73.0 | 45| 437 33.9-53.8 | 99 | 52.4 | 45.0-59.7
- 3 groups 7 8.1 3.3-16.1 5 49 1.6-11.0 12 | 6.3 3.3-10.8
-4 groups 13| 15.1 8.3-245 |17 | 16.5 9.9-25.1 30 | 15.9 11.0-21.9
- 5groups 18 | 20.9 12.9-311 [ 22| 214 13.9-30.5 | 40 | 21.2 | 15.6-27.7
- 6 groups 13 | 15.1** 8.3-24.5 1| 1.0* 0.02-5.3 14 | 74 4.1-121
— 7 groups 3 3.5 0.7-9.9 0 0.0 0-2.9 3 1.6 0.3-4.6

Note. “MDR — multidrug resistant; **differences are statistically significant.

30.2vs 1.9%, respectively (Table 2). Noteworthy is the
fact that 16.4% of Salmonella strains were resistant
to pefloxacin, but susceptible to nalidixic acid. This
indicates transferable resistance mechanisms to fluo-
roquinolones. All tested Salmonella strains were sus-
ceptible to carbapenems.

Multidrug resistant Salmonella strains were iden-
tified in samples both from humans and pork (62.8%
and 43.7%, respectively) (Table 3). However, simul-
taneous resistance to 6 antimicrobials was detected
much more frequently in Sa/monella strains isolated
from humans than in those isolated from pork (15.1%
vs 1.0%, respectively).

In general, MDR was detected in 52.4% (n = 99)
of Salmonella belonging to different serovars, but se-
rovar S. Typhimurium represented the biggest propor-
tion of MDR strains (36.4%, n = 36). The predomi-
nant MDR phenotype (AMP, TE, QN, C, SXT) was
detected in 30.3% of MDR strains belonging to se-
rovars §. Typhimurium, S. Bredeney, S. Corvallis,
S. Give, S. London, S. Rissen, and S. Meleagridis.
Most of these strains were isolated from pork samples.

Discussion

Our research results suggest that in southern
provinces of Vietnam, Salmonella strains isolated
from people predominantly belonged to serogroup
04 (about 70.0%). The proportion of strains be-
longing to other serogroups (13—15 serovars) was

much lower, varying from 1.2% to 11.6%. The spec-
trum of Sa/monella strains isolated in Vietnam dif-
fers significantly from that in Russia, where more
than 70.0% of strains isolated from humans belong
to serogroup O9 (S. Enteritidis) [8]. The difference
likely results from the Vietnamese tradition of con-
suming sea food, which is frequently contaminated
by Salmonella strains of a broad spectrum serovars
(such as . Weltevreden, S. Senftenberg, S. Rissen,
S. Lexington, S. Saintpaul, S. Newport, S. Albany,
S. Anatum, and others). About a half of strains isolat-
ed from pork belonged to serogroup 03,10, whereas
35 Salmonella serovars were isolated in total.

Our data are consistent with results of other stud-
ies. Analysis of raw meat samples, taken in markets
and supermarkets in different cities and provinces
of Vietnam, revealed a high level of Sa/monella con-
tamination: 58.3% of beefsamples; up to 70.0% of pork;
up to 65.0% of chicken meat; up to 50.0% of cultured
shrimp; and 37.0% of cultured fish. The serovar spec-
trum varied from 14 to 53: .S. Weltevreden, .S. Rissen,
S. Anatum, S. London, §. Derby, S. Infantis, .S. Typhi-
murium, S. Reading, S. Agona, S. Dabou, S. Albany,
S. Emek, and S. Corvallis [22, 26].

The difference in serogroup spectrum of strains
isolated in Vietnam from human and pork samples
can likely also be explained by gastronomic (food
cooking) traditions in Vietnamese society where sea-
food, poultry meat, and eggs are considered the main
factor in transmission of Salmonella to humans.
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Table 3. MDR phenotypes of Salmonella isolated from different sources in southern provinces of Vietnam

Strains isolated from

Resistance phenotypes Total
(antibioticpgroup::)) human pork
n serovars n serovars n
Resistant to 3 groups 7 5 12
group O:7
TE, QN, SXT 0 - 2 S. Diugu 2
TE,QN, C 1 S. Typhimurium 0 - 1
TE, C, SXT 0 - 1 S. Anatum 1
TE, AMG, QN 1 S. Stanley 0 - 1
AMP, TE, SXT 0 - 1 S. Rissen 1
group 0:3,10
AMP, TE, QN 5 group O:8 1 group 0:9 6
S. Typhimurium
Resistant to 4 groups 13 17 30
. Newpor
S
TE, QN, C, SXT 4 6 group O:7 10
S. Stanley S. Anatum
S. Typhimurium
TE, AMG, QN, C 1 S. Typhimurium 0 - 1
group O:4
AMP, TE, QN, SXT 0 - 3 S. Bonn 3
AMP, TE, N, C 1 S. Typhimurium 2 g g:{g}; 3
group 0O:3,10
group O:7 S. Eingedi
AMP, TE, C, SXT 3 S. Stanley 4 S. Epicrates !
S. Myrria
AMP, TE, AMG, C 1 S. Typhimurium 0 - 1
S. Saintpaul
AMP, QN, C, SXT 2 S Typhim'zrium 1 group 0:3,10 3
AMP, C3-4,QN, C 1 group 0:3,10 0 - 1
AMP, AMG, QN, C 0 - 1 S. Typhimurium 1
Resistant to 5 groups 18 22 40
TE, AMG, QN, C, SXT 2 S. Typhimurium 0 - 2
group O:7
group 0:3,10 S- Bredengy
. S. Corvalis
S. Heidelberg S Give
AMP, TE, QN, C, SXT 8 S. Rissen 22 ' 30
S. Stanley S: Londop .
S. Typhimurium S. Melgagrldls
S. Rissen
S. Typhimurium
AMP, TE, AMG, QN, C 1 S. Typhimurium 0 - 1
AMP, TE, AMG, C, SXT 2 S. Typhimurium 0 - 2
AMP, C3-4, TE, GN, C 4 . Choleraesis 0 - 4
S. Typhimurium
AMP, AMG, QN, C, SXT 1 group O:7 0 - 1
Resistant to 6 groups 13 1 14
S. Enteritidis
AMP, TE, AMG, QN, C, SXT 12 S. Larochelle 1 S. Give 13
S. Typhimurium
l(-\)l;‘lll,PéC3—4, TE, AMG, 1 S. Typhimurium 0 - 1
Resistant to 7 groups 3 0 3
AMP, C3-4, QN, TE, 3 group 0:9 0 ~ 3
C, AMG, SXT S. Typhimurium
TOTAL MDR strains 54 45 - 99

Note. MDR — multidrug resistant. 1 Antibiotic groups: AMP — aminopenicillins (ampicillin); C3-4 — cephalosporins of 3-4 generations (ceftriaxone,
ceftazidime); CARB — carbapenems (meropenem); QN — quinolones (nalidixic acid, pefloxacin); AMG — aminoglycosides (gentamycin, amikacin);

TE — tetracyclines (tetracycline); C — phenicols (chloramphenicol); SXT — trimethoprim/sulfamethoxazole.
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Our research results suggest that more than 70.0%
of Salmonella strains (isolated both from human and
pork samples in Vietnam) were resistant to antimicro-
bials. Moreover, every second strain carried an MDR
phenotype. The research revealed quite a high per-
centage of strains resistant to tetracycline (67.2%),
fluoroquinolones (54.0%), ampicillin (47.1%), tri-
methoprim/sulfamethoxazole (42.3%), and chloram-
phenicol (46.6%). Strains resistant to 3rd/4th gen-
eration cephalosporins were seen (6.4%). Our results
don’t contradict earlier published research carried
out in Vietnam [16, 17, 18, 19, 22, 23, 25, 26, 27, 28].
Similar research carried out in Russia has suggested
that: more than 60% of local Salmonella strains are
resistant to quinolones; not more than 10.0% are re-
sistant to “old” antimicrobials (tetracycline, chloram-
phenicol, ampicillin); and less than 2.0% are resistant
to 3rd/4th generation cephalosporins. The percentage
of MDR strains was much lower (about 15.0%) versus
that in Vietnamese strains [4].

In February 2017, the WHO published a list
of antibiotic-resistant “priority pathogens” listing
12 bacterial species as the most threatening to hu-
man health [29]. Sal/monella resistant to fluoroqui-
nolones (until recently having been considered first
line medicines for salmonellosis treatment) are now
in a highly prioritized group together with such agents
as Enterococcus spp., Staphylococcus aureus, Neisseria

gonorrhoeae, Helicobacter pylori, and Campylobacter
spp. In our study, half of the isolated Salmonella be-
longed to this highly prioritized group of resistant
bacteria.

The appearance of Salmonella producing extend-
ed spectrum B-lactamase (ESBL) makes the empiric
usage of extended spectrum cephalosporins (ESC)
restricted for salmonellosis treatment. In conform-
ity with published data in Russia, the percentage
of such strains (in serovars S. Virchow, S. Enteritidis,
S. Typhimurium, S. Newport) is 0.2—10.0%. There
have been detected ESBL belonging to such genetic
groups as CTX-M and AmpC cephalosporinases [4,
5]. In our study, cephalosporin-resistant strains
(6.4%) were mainly isolated from humans. They be-
longed to S. Typhimurium (group O4), with some
strains of group O3,10.

The resistance to fluoroquinolones and cepha-
losporins observed, simultaneous with the loss
of Salmonella susceptibility to “old” antimicrobials
(ampicillin, chloramphenicol, trimethoprim/sul-
famethoxazole), crucially restrict the list of medi-
cines potent to treat complicated salmonellosis.
Antimicrobial usage in raising of farm livestock may
account for the appearance of resistant Salmonella
strains and their spread to humans. As such, resist-
ance restriction requires prevention of resistance for-
mation in strains circulating in farm livestock.
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