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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 O16) to 11.6% (O9). About a half of strains (44.7%) iso-

lated from pork samples turned out to belong to the О3,10 serogroup (vs 7.0% of strains from humans). Serogroups О7, 

О4 and О8 were less frequent (22.3%, 14.6% and 13.6%, respectively). Single strains belonged to serogroups О9, О13, 

and О18. 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 S. 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 f luoro-
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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.
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Резюме.  В статье представлены современные данные о серогрупповой структуре и чувствительности к анти-

биотикам штаммов Salmonella, выделенных в южных провинциях Социалистической Республики Вьетнам. 

Всего исследовано 189 штаммов из коллекции Института Пастера в г. Хошимин: выделенных от людей — 86 

и из свинины — 103 штамма. Штаммы идентифицировали до серовара с использованием реакции агглютина-

ции на стекле с O- и H-сыворотками и мультиплексных ПЦР для выявления Н 1 и 2 фазы. Чувствительность 

к антибиотикам определяли диско-диффузионным методом согласно рекомендациям EUCAST (2019 г.). 

Штаммы, выделенные от людей, преимущественно принадлежали серогруппе O4 (69,8%), доля штаммов дру-

гих серогрупп колебалась от 1,2% (редкая группа О16) до 11,6% (O9). Около половины штаммов (44,7%), выде-

ленных из свинины, относились к серогруппе О3,10 (от людей — только 7,0% штаммов); штаммы серогрупп О7, 

О4 и О8 выделяли значительно реже (22,3%, 14,6% и 13,6%); к группам О9, О13 и О18 принадлежали единичные 

штаммы. Вне зависимости от источника выделения около 80,0% штаммов Salmonella были устойчивы к ан-

тибиотикам различных групп (исключая карбапенемы): 70,0% — к тетрациклинам, около половины (54,0%, 

47,1% и 46,6%) — к пефлоксацину, аминопенициллинам и хлорамфениколу, почти 40% — к триметоприм/

сульфаметоксазолу и налидиксовой кислоте. Доля устойчивых к цефтриаксону и гентамицину была значи-

тельно выше у штаммов, выделенных от людей, чем из свинины: 12,8% и 1,0%, 30,2% и 1,9% соответственно. 

Множественной резистентностью (к 3 и более группам антибиотиков) обладали 62,8% штаммов, выделенных 

от людей и 43,7% — из свинины. Следует отметить, что резистентность к 6 группам антибиотиков чаще вы-

являли у штаммов, выделенных от людей, чем из свинины (15,1% и 1,0% соответственно). Множественную 

резистентность отмечали у штаммов различных сероваров, но преимущественно у S. Typhimurium (36,4%). 

Наиболее часто встречали фенотип множественной устойчивости AMP, TE, QN, C, SXT (30,3%), выявлен-

ный у штаммов сероваров S. Typhimurium, S. Bredeney, S. Corvallis, S. Give, S. London, S. Rissen, S. Meleagridis. 

Таким образом, у штаммов Salmonella, выделенных в южных провинциях Вьетнама, выявлена устойчивость 

к современным препаратам выбора (фторхинолонам и цефалоспоринам), что, наряду с потерей чувствитель-

ности к «традиционным» антибиотикам (ампициллин, хлорамфеникол, триметоприм/ сульфаметоксазол), 

существенно сокращает арсенал антимикробных (этиотропных) препаратов, потенциально эффективных 

для терапии осложненных форм сальмонеллеза.

Ключевые слова: Salmonella, устойчивость к антибиотикам, множественная резистентность, серовар.

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 



1083

2022, Т. 12, № 6 Salmonella isolated in Vietnam

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 cases in 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 β-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 В, with S. Рaratyphi 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.eucast.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: β-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 Vietnam 

(number of strains, proportion, 95% confidence interval)

O-group Serovar
Number of strains isolated from

human pork Total

4

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

S. Derby 0 1 1

S. Vuadens 0 1 1

S. Bredeney 0 3 3

not identified 2 4 6

Total O4

60

69.8%*

95% CI 58.9–79.2

15

14.6%*

95% CI 8.4–22.9

75

39.7%

95% CI 32.7–47.0

3,10

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

S. Lexington 0 5 5

S. London 0 4 4

S. Meleagridis 0 1 1

not identified 5 9 14

Total O3,10

6

7.0%*

95% CI 2.6–14.6

46

44.7%*

95% CI 34.9–54.8

52

27.5%

95% CI 21.3–34.5

7

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

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

Total O7

7

8.1%

95% CI 3.3–16.0

23

22.3%

95% CI 14.7–31.6

30

15.8%

95% CI 11.0–21.9

8

S. Newport 1 1 2

S. Corvalis 0 7 7

S. Pakistan 0 1 1

S. Bellevue 0 1 1

not identified 1 4 5

Total O8

2

2.3%

95% CI 0.3–8.2

14

13.6%

95% CI 7.6–21.7

16

8.5%

95% CI 4.9–13.4
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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): О4 (В) — 75 strains (39.7%); О3,10 (E) — 

52 strains (27.5%); О7 (С1) — 30 (15.9%); О8 (С2) — 

16 (8.5%); О9 (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 O4 (69.8%). The percentages of other 

serogroups varied from 1.2% (rare groups) to 11.6% 

(O9). About half of strains isolated from pork (44.7%) 

belonged to serogroup О3,10 (versus 7.0% in strains 

from humans). Serogroups О7, О4, and О8 were 

less frequent (22.3%, 14.6% and 13.6%, respective-

ly). Single strains from pork belonged to serogroups 

О9, О13, and О18. It is worth mentioning the obvi-

ous difference in proportions of serogroup O4 and 

O9 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 

O-group Serovar
Number of strains isolated from

human pork Total

9

S. Enteritidis 8 0 8
S. Wangata 0 1 1

not identified 2 1 3

Total O9

10

11.6%

95% CI 5.7–20.4

2

1.9%

95% CI 0.2–6.8

12

6.4%

95% CI 3.3–10.8
13 S. Myrria 0 1 1
16 S. Hvittingfoss 1 0 1
18 S. Cotia 0 1 1

Salmonella II 0 1 1

Total other groups

1

1.2%

95% CI 0.03–6.3

3

2.9%

95% CI 0.6–8.3

4

2.1%

95% CI 0.6–5.3

TOTAL 86 103 189

Note. *Differences are statistically significant.

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

of Vietnam
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30.2 vs 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 Salmonella 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 S. 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 

O4 (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 Salmonella 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 S. 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 О3,10, 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 Salmonella con-

tamination: 58.3% of beef samples; 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, S. 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.

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

in southern provinces of Vietnam

Resistance phenotype

Isolated from
Total (n = 189)

human (n = 86) pork (n = 103)

n % 95% CI n % 95% CI n % 95% CI

Susceptible 13 15.1 8.3–24.5 28 27.2 18.9–36.8 41 21.7 16.0–28.3 
Resistant to 1 or more antibiotics 73 84.9 75.5–91.7 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 37.9  28.5–48.0 89 47.1 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 4.7 1.3–11.5 0 0.0 0–2.9 4 2.1 0.6–5.3 
 – pefloxacin 48 55.8 44.7–66.5 54 52.4  42.4–62.4 102 54.0 46.6–61.2 
 – nalidixic acid 35 40.7  30.2–51.8 36 35.0 25.8–45.0 71 37.6 30.6–44.9 
 – trimethoprim/sulfamethoxazole 38 44.2 33.5–55.3 42 40.8  31.2–50.9 80 42.3  35.2–49.7
 – chloramphenicol 49 57.0 45.9–67.6 39 37.9  28.5–48.0 88 46.6 39.3–53.9 
 – tetracycline 58 67.4  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 43.7 33.9–53.8 99 52.4 45.0–59.7 
 – 3 groups 7 8.1 3.3–16.1 5 4.9 1.6–11.0 12 6.3 3.3–10.8
 – 4 groups 13 15.1 8.3–24.5 17 16.5 9.9–25.1 30 15.9 11.0–21.9
 – 5 groups 18 20.9 12.9–31.1 22 21.4 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 7.4 4.1–12.1
 – 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.
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Table 3. MDR phenotypes of Salmonella isolated from different sources in southern provinces of Vietnam

Resistance phenotypes 
(antibiotic groups1)

Strains isolated from
Total

human pork

n serovars n serovars n

Resistant to 3 groups 7 5 12

TE, QN, SXT 0 – 2
group O:7
S. Djugu

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

AMP, TE, QN 5
group O:3,10

group O:8
S. Typhimurium

1 group O:9 6

Resistant to 4 groups 13 17 30

TE, QN, C, SXT 4

S. Newport
S. Saintpaul
S. Stanley

S. Typhimurium

6
group O:4
group O:7
S. Anatum

10

TE, AMG, QN, C 1 S. Typhimurium 0 – 1

AMP, TE, QN, SXT 0 – 3
group O:4

S. Bonn
3

AMP, TE, QN, C 1 S. Typhimurium 2
S. Derby
S. Gatow

3

AMP, TE, C, SXT 3
group O:7
S. Stanley

4

group O:3,10
S. Eingedi

S. Epicrates
S. Myrria

7

AMP, TE, AMG, C 1 S. Typhimurium 0 – 1

AMP, QN, C, SXT 2
S. Saintpaul

S. Typhimurium
1 group O:3,10 3

AMP, C3–4, QN, C 1 group O: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

AMP, TE, QN, C, SXT 8

group O:3,10
S. Heidelberg

S. Rissen
S. Stanley

S. Typhimurium

22

group O:7
S. Bredeney
S. Corvalis

S. Give
S. London

S. Meleagridis
S. Rissen

S. Typhimurium

30

AMP, TE, AMG, QN, C 1 S. Typhimurium 0 – 1
AMP, TE, AMG, C, SXT 2 S. Typhimurium 0 – 2

AMP, C3–4, TE, QN, C 4
S. Choleraesuis
S. Typhimurium

0 – 4

AMP, AMG, QN, C, SXT 1 group O:7 0 – 1
Resistant to 6 groups 13 1 14

AMP, TE, AMG, QN, C, SXT 12
S. Enteritidis
S. Larochelle

S. Typhimurium
1 S. Give 13

AMP, C3–4, TE, AMG, 
QN, C

1 S. Typhimurium 0 – 1

Resistant to 7 groups 3 0 3
AMP, C3–4, QN, TE, 
C, AMG, SXT

3
group O:9

S. Typhimurium
0 – 3

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]. Salmonella 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 β-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 СТХ-М 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 О3,10.

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.

References

1. Андреева И.В., Стецюк О.У. Отпуск без проблем: современные подходы к профилактике и лечению диареи путе-

шественников // Клиническая микробиология и антимикробная химиотерапия. 2018. Т. 20, № 3. С. 172–180. 

[Andreeva I.V., Stetsiouk O.U. Current approaches to prophylaxis and treatment of travelers” diarrhea. Klinicheskaya mikrobio-

logiya i antimikrobnaya khimioterapiya = Clinical Microbiology and Antimicrobial Chemotherapy, 2018, vol. 20, no. 3, pp. 172–180. 

(In Russ.)] doi: 10.36488/cmac.2018.3.172-180

2. Гончар Н.В., Лазарева И.В., Рычкова С.В., Кветная А.С., Альшаник Л.П., Фомичева Ю.В., Ныркова О.И., Кирилен-

ко Л.А. Заболеваемость детей сальмонеллезом и уровень резистентности клинических штаммов сальмонелл к анти-

бактериальным препаратам в Санкт-Петербурге // Журнал инфектологии. 2015. Т. 7, № 1. С. 80–86. [Gonchar N.V., 

Lazareva I.V., Rychkova S.V., Kvetnaja A.S., Al’shanik L.P., Fomicheva J.V., Nyrkova O.I., Kirilenko L.A. Child morbidity 

of salmonellosis and the level of resistance of clinical isolates of Salmonella to antibacterial preparations in Saint Petersburg. 

Zhurnal infektologii = Journal Infectology, 2015, vol. 7, no. 1, pp. 80–86. (In Russ.)] doi: 10.22625/2072-6732-2015-7-1-80-86

3. Евмененкова И.Г., Мурач Л.В. Анализ резистентности штаммов Salmonella spp. к антибиотикам в Смоленском реги-

оне за 2012–2017 гг. // Смоленский медицинский альманах. 2018. № 1. С. 93–96. Evmenenko I.G., Murach L.V. Analysis 

of resistance of strains of Salmonella spp. to antibiotics in the Smolensk gerion for 2012–2017. Smolenskii meditsinskii al’manakh = 

Smolensk Medical Almanac, 2018, no. 1, pp. 93–96. (In Russ.)]

4. Егорова С.А., Кафтырева Л.А., Сужаева Л.В., Забровская А.В., Войтенкова Е.В., Матвеева З.Н., Останкова Ю.В., 

Лихачев И.В., Сатосова Н.В., Кицбабашвили Р.В., Смирнова Е.В., Семченкова Л.И., Быстрая Т.Е., Сокольник С.Е., 

Уткина Н.П., Сихандо Л.Ю. Устойчивость к антимикробным препаратам и клинически значимые механизмы рези-

стентности штаммов Salmonella, выделенных в 2014–2018 гг. в Санкт-Петербурге, Россия // Клиническая лабораторная 

диагностика. 2019. Т. 64, № 10. С. 620–626. [Egorova S.A., Kaftyreva L.A., Suzhaeva L.V., Zabrovskaia A.V., Voitenkova E.V., 

Matveeva Z.N., Ostankova Y.V., Likhachev I.V., Satosova N.V., Kitsbabashvili R.V., Smirnova E.V., Semchenkova L.I., Bystraya T.E., 

Sokol’nik S.E., Utkina N.P., Sikhando L.Y. Antimicrobial resistance and clinical significant resistance mechanisms of Salmonella 

isolated in 2014–2018 in Saint Petersburg, Russia. Klinicheskaya laboratornaya diagnostika = Russian Clinical Laboratory Diagnostics, 

2019, vol. 64, no. 10, pp. 620–626. (In Russ.)] doi: 10.18821/0869-2084-2019-64-10-620-626

5. Забровская А.В., Егорова С.А., Антипова Н.А., Смирнова Е.В., Семченкова Л.И., Быстрая Т.Е., Сокольник С.Е., 

Уткина Н.П., Сихандо Л.Ю., Сатосова Н.В. Чувствительность к антибиотикам сальмонелл-доминирующих серова-

ров, выделенных в Северо-Западном федеральном округе РФ в 2004–2018 гг. из различных источников // Журнал ин-

фектологии. 2022. Т. 14, № 1. С. 131–139. [Zabrovskaia A.V., Egorova S.A., Antipova N.A., Smirnova E.V., Semchenkova L.I., 

Bystraya T.E., Sokolnik S.Е., Utkina N.P., Sikhando L.Y., Satosova N.V. Antimicrobial susceptibility of domi nant Salmonella 

serovars, isolated in North-West federal district in 2004–2018 from different sourses. Zhurnal infektologii = Journal Infectology, 

2022, vol. 14, no. 1, pp. 131–139. (In Russ.)] doi: 10.22625/2072-6732-2022-14-1-131-139



1089

2022, Т. 12, № 6 Salmonella isolated in Vietnam

6. Козлов С.Н., Козлов Р.С. Современная антимикробная химиотерапия: руководство для врачей. М.: ООО «Меди-

цинское информационное агентство», 2017, 400 с. [Kozlov S.N., Kozlov R.S. Modern antimicrobial chemotherapy: a guide-

lines for doctors. Moscow: LLC “Medical Information Agency”, 2017, 400 p. (In Russ.)]

7. Кузнецова Н.А., Соловьева А.С., Раков А.В. Чувствительность к антибиотикам у штаммов Salmonella Enteritidis, 

циркулирующих на территории Сибири и Дальнего Востока, по данным многолетнего мониторинга // Здоровье. 

Медицинская экология. Наука. 2018. Т. 3. С. 50–58. [Kuznetsova N.A., Solovyeva A.C., Rakov A.V. Antibiotic resistance 

of Salmonella Enteritidis strains, circulated in territory of the siberia and far east, at multi-year monitoring. Zdorov’e. Meditsinskaya 

ekologiya. Nauka = Health. Medical Ecology. Science, 2018, no. 3, pp. 50–58. (In Russ.)] doi: 10.5281/zenodo.1488030

8. О состоянии санитарно-эпидемиологического благополучия населения в Российской Федерации в 2020 году: 

Государственный доклад. М.: Федеральная служба по надзору в сфере защиты прав потребителей и благополучия 

человека, 2021. 256 с. [On the state of sanitary and epidemiological well-being of the population in Russia in 2020: State Report. 

Moscow: Federal Service on Customers’ Rights Protection and Human Well-being Surveillance, 2021, 256 p.] URL: https://www.

rospotrebnadzor.ru/upload/iblock/5fa/gd-seb_02.06-_s-podpisyu_.pdf

9. Anders K.L., Thompson C.N., Thuy N.T., Nguyet N.M., Tu le T.P., Dung T.T., Phat V.V., Van N.T., Hieu N.T., Tham N.T., 

Ha P.T., Lien le B., Chau N.V., Baker S., Simmons C.P. The epidemiology and aetiology of diarrhoeal disease in infancy in south-

ern Vietnam: a birth cohort study. Int. J. Infect. Dis., 2015, vol. 35, pp. 3–10. doi: 10.1016/j.ijid.2015.03.013

10. Centers for Disease Control and Prevention. Yellow Book, 2020. Chapter 2. Travelers’ Diarrhea. URL: https://wwwnc.cdc.gov/

travel/yellowbook/2020/preparing-international-travelers/travelers-diarrhea (02.07.21)

11. Echeita M.A., Herrera S., Garaizar J., Usera M.A. Multiplex PCR-based detection and identification of the most common Salmonella 

second-phase flagellar antigens. Res. Microbiol., 2002, vol. 153, no. 2, pp. 107–113. doi: 10.1016/s0923-2508(01)01295-5

12. EFSA and ECDC (European Food Safety Authority and European Centre for Disease Prevention and Control), 2018. 

The European Union summary report on trends and sources of zoonoses, zoonotic agents and food-borne outbreaks in 2017. 

EFSA Journal, 2018, vol. 16, no. 12: e05500. doi: 10.2903/j.efsa.2018.5500

13. EFSA (European Food Safety Authority) and ECDC (European Centre for Disease Prevention and Control), 2022. The European 

Union Summary Report on Antimicrobial Resistance in zoonotic and indicator bacteria from humans, animals and food in 2019–

2020. EFSA Journal, 2022, vol. 20, no. 3: e07209. doi: 10.2903/j.efsa.2022.7209

14. Herrera-León S., McQuiston J.R., Usera M.A., Fields P.I., Garaizar J., Echeita M.A. Multiplex PCR for distinguishing the most 

common phase-1 flagellar antigens of Salmonella spp. J. Clin. Microbiol., 2004, vol. 42, no. 6, pp. 2581–2586. doi: 10.1128/

JCM.42.6.2581-2586.2004

15. Huyen D.T.T., Hong D.T., Trung N.T., Hoa T.T.N., Oanh N.K., Thang H.V., Thao N.T.T., Hung D.M., Iijima M., Fox K., 

Grabovac V., Heffelfinger J., Batmunkh N., Anh D.D. Epidemiology of acute diarrhea caused by rotavirus in sentinel surveillance 

sites of Vietnam, 2012–2015. Vaccine, 2018, vol. 36, no. 51, pp. 7894–7900. doi: 10.1016/j.vaccine.2018.05.008

16. Huynh T.T.A., Khai L.T.L. The prevalence and antibiotic resistance of Salmonella spp. isolated from pigs and farm environments 

in vinh long province. Can Tho University Journal of Science, 2018, vol. 54, special issue: Agriculture, pp. 26–33. doi: 10.22144/CTU.

JSI.2018.091

17. Lettini A.A., Vo Than T., Marafin E., Longo A., Antonello K., Zavagnin P., Barco L., Mancin M., Cibin V., Morini M., Dang Thi 

Sao M., Nguyen Thi T., Pham Trung H., Le L., Nguyen Duc T., Ricci A. Distribution of Salmonella serovars and antimicrobial 

susceptibility from poultry and swine farms in Central Vietnam. Zoonoses Public Health, 2016, vol. 63, pp. 569–576. doi: 10.1111/

zph.12265

18. Nhung N.T., Van N., Cuong N.V., Duong T., Nha, T.T., Hang T., Nhi N., Kiet B.T., Hien V.B., Ngoc P.T., Campbell J., Thwaites G., 

Carrique-Mas J. Antimicrobial residues and resistance against critically important antimicrobials in non-typhoidal Salmonella 

from meat sold at wet markets and supermarkets in Vietnam. Int. J. Food Microbiol., 2018, vol. 266, pp. 301–309. doi: 10.1016/j.

ijfoodmicro.2017.12.015

19. Noor Uddin G.M., Larsen M.H., Barco L., Minh Phu T., Dalsgaard A. Clonal occurrence of Salmonella weltevreden in cultured 

shrimp in the Mekong delta, Vietnam. PLoS One, 2015, vol. 10, no. 7: e0134252. doi: 10.1371/journal.pone.0134252

20. Phu Huong Lan N., Le Thi Phuong T., Nguyen Huu H., Thuy L., Mather A.E., Park S.E., Marks F., Thwaites G.E., Van Vinh 

Chau N., Thompson C.N., Baker S. Invasive non-typhoidal Salmonella infections in Asia: clinical observations, disease outcome 

and dominant serovars from an infectious disease hospital in Vietnam. PLoS Negl. Trop. Dis., 2016, vol. 10. no. 8: e0004857. 

doi: 10.1371/journal.pntd.0004857

21. Riddle M.S., DuPont H.L., Bradley A., Connor B.A. ACG Clinical Guideline: diagnosis, treatment, and prevention of acute diar-

rheal infections in adults. Am. J. Gastroenterol., 2016, vol. 111, no. 5, pp. 602–622. doi: 10.1038/ajg.2016.126

22. Ta Y.T., Nguyen T.T., To P.B., Pham da X., Le H.T., Thi G.N., Alali W.Q., Walls I., Doyle M.P. Quantification, serovars, and 

antibiotic resistance of salmonella isolated from retail raw chicken meat in Vietnam. J. Food Prot., 2014, vol. 77, no. 1, pp. 57–66. 

doi: 10.4315/0362-028X.JFP-13-221

23. Tai D.T. Circulation of extended-spectrum β-lactamase producing Salmonella isolated from food handler in Lam Dong prov-

inces. 2nd International Conference on Clinical Microbiology & Microbial Genomics, September 16–17, 2013. Hampton Inn 

Tropicana, Las Vegas, NV, USA.

24. Thompson C.N., Phan V.T., Le T.P., Pham T.N., Hoang L.P., Ha V., Nguyen V.M., Pham V.M., Nguyen T.V., Cao T.T., Tran T.T., 

Nguyen T.T., Dao M.T., Campbell J.I., Nguyen T.C., Tang C.T., Ha M.T., Farrar J., Baker S. Epidemiological features and risk 

factors of Salmonella gastroenteritis in children resident in Ho Chi Minh City, Vietnam. Epidemiol. Infect., 2013, vol. 141, no. 8, 

pp. 1604–1613. doi: 10.1017/S0950268812002014

25. Trung N.V., Carrique-Mas J.J., Nghia N.H., Tu L.T., Mai H.H., Tuyen H.T., Campbell J., Nhung N.T., Nhung H.N., Minh P.V., 

Chieu T.T., Hieu T.Q., Mai N.T., Baker S., Wagenaar J.A., Hoa N.T., Schultsz C. Non-typhoidal Salmonella colonization in chick-

ens and humans in the Mekong delta of Vietnam. Zoonoses Public Health, 2017, vol. 64, no. 2, pp. 94–99. doi: 10.1111/zph.12270

26. Thai T.H., Hirai T., Lan N.T., Yamaguchi R. Antibiotic resistance profiles of Salmonella serovars isolated from retail pork and 

chicken meat in North Vietnam. Int. J. Food Microbiol., 2012, vol. 156, no. 2, pp. 147–151. doi: 10.1016/j.ijfoodmicro.2012.03.016



1090

Инфекция и иммунитетS.A. Egorova et al.

27. Tu L.T., Hoang N.V., Cuong N.V., Campbell J., Bryant J.E., Hoa N.T., Kiet B.T., Thompson C., Duy D.T., Phat V.V., Hien V.B., 

Thwaites G., Baker S., Carrique-Mas J.J. High levels of contamination and antimicrobial-resistant non-typhoidal Salmonella 

serovars on pig and poultry farms in the Mekong delta of Vietnam. Epidemiol. Infect., 2015, vol. 143, no. 14, pp. 3074–3086. 

doi: 10.1017/S0950268815000102

28. Van T.T., Moutafis G., Tran L.T., Coloe P.J. Antibiotic resistance in food-borne bacterial contaminants in Vietnam. Appl. Environ. 

Microbiol., 2007, vol. 73, no. 24, pp. 7906–7911. doi: 10.1128/AEM.00973-07

29. WHO publishes list of bacteria for which new antibiotics are urgently needed. News Release 27.02.2017. URL: http://www.who.int/

ru/news-room/detail/27–02–2017-who-publishes-list-of-bacteria-for-which-new-antibiotics-are-urgently-needed

Авторы:

Егорова С.А., д.м.н., старший научный сотрудник 
лаборатории кишечных инфекций ФБУН НИИ эпидемиологии 
и микробиологии имени Пастера, Санкт-Петербург, Россия;
Чуонг К.Н., исследователь лаборатории кишечных инфекций 
отдела микробиологии и иммунологии Института Пастера 
в г. Хо Ши Мин, г. Хо Ши Мин, Социалистическая Республика 
Вьетнам;
Кафтырева Л.А., д.м.н., профессор, зав. лабораторией 
кишечных инфекций ФБУН НИИ эпидемиологии 
и микробиологии имени Пастера, Санкт-Петербург, Россия;
Кожухова Е.А., к.м.н., старший научный сотрудник 
лаборатории хронических вирусных инфекций НИЦ 
при кафедре инфекционных болезней и эпидемиологии 
Первого Санкт-Петербургского государственного 
медицинского университета им. И.П. Павлова, 
Санкт-Петербург, Россия;
Макарова М.А., д.м.н., старший научный сотрудник 
лаборатории кишечных инфекций ФБУН НИИ эпидемиологии 
и микробиологии имени Пастера, Санкт-Петербург, Россия; 
доцент кафедры медицинской микробиологии ФГБОУ ВО 
Северо-Западный государственный медицинский университет 
им И.И. Мечникова, Санкт-Петербург, Россия;
Куонг К.Х., к.м.н., зам. директора Института Пастера в г. Хо Ши 
Мин, г. Хо Ши Мин, Социалистическая Республика Вьетнам;
Ву Х.Н., зав. лабораторией кишечных инфекций отдела 
микробиологии и иммунологии Института Пастера в г. Хо Ши 
Мин, г. Хо Ши Мин, Социалистическая Республика Вьетнам;
Хуонг Т.З., исследователь лаборатории кишечных инфекций 
отдела микробиологии и иммунологии Института Пастера 
в г. Хо Ши Мин, г. Хо Ши Мин, Социалистическая Республика 
Вьетнам;
Лан T.К.Ч., зав. отделом ветеринарных наук факультета 
животноводства и ветеринарии Университета сельского 
и лесного хозяйства, г. Хо Ши Мин, Социалистическая 
Республика Вьетнам;
Чам К.В., зав. лабораторией здоровья животных 
и терапевтическим отделом Департамента животноводства 
и ветеринарии, г. Хо Ши Мин, Социалистическая Республика 
Вьетнам;
Лонг Т.Н., сотрудник Департамента животноводства 
и ветеринарии, г. Хо Ши Мин, Социалистическая Республика 
Вьетнам;
Диеп Т.Н.Н., сотрудник Департамента животноводства 
и ветеринарии, г. Хо Ши Мин, Социалистическая Республика 
Вьетнам;
Ту Л.К.Б., сотрудник лаборатории здоровья животных 
и терапевтического отдела Департамента животноводства 
и ветеринарии, г. Хо Ши Мин, Социалистическая Республика 
Вьетнам;
Тху Л.К.Н., сотрудник лаборатории здоровья животных 
и терапевтического отдела Департамента животноводства 
и ветеринарии, г. Хо Ши Мин, Социалистическая Республика 
Вьетнам

Authors:

Egorova S.A., PhD, MD (Medicine), Senior Researcher, 
Laboratory of Enteric Infections, St. Petersburg Pasteur Institute, 
St. Petersburg, Russian Federation;
Truong Q.N., MSc (Biotechnology), Researcher, Laboratory 
of Enteric Infections, Department of Microbiology and Immunology, 
Pasteur Institute in Ho Chi Minh City, Ho Chi Minh, Vietnam;
Kaftyreva L.A., PhD, MD (Medicine), Professor, Head of the 
Laboratory of Enteric Infections, St. Petersburg Pasteur Institute, 
St. Petersburg, Russian Federation;
Kozhukhova E.A., PhD (Medicine), Senior Researcher, Chronic 
Viral Infection Laboratory of the Research Center (Branch of the 
Infectious Diseases and Epidemiology Department), Pavlov First 
St. Petersburg State Medical University, St. Petersburg, Russian 
Federation;
Makarova M.A., PhD, MD (Medicine), Senior Researcher, 
Laboratory of Enteric Infections, St. Petersburg Pasteur Institute, 
St. Petersburg, Russian Federation; Associate Professor, 
Department of Medical Microbiology, I.I. Mechnikov North-Western 
State Medical University, St. Petersburg, Russian Federation;
Cuong Q.H., PhD (Medicine), Deputy Director, Pasteur Institute 
in Ho Chi Minh City, Ho Chi Minh, Vietnam;
Vu H.N., MSc (Biology), Head of the Laboratory of Enteric Infections, 
Department of Microbiology and Immunology, Pasteur Institute in Ho 
Chi Minh City, Ho Chi Minh, Vietnam;
Huong T.D., BSc (Biotechnology), Researcher, Laboratory 
of Enteric Infections, Department of Microbiology and Immunology, 
Pasteur Institute in Ho Chi Minh City, Ho Chi Minh, Vietnam;
Lan T.Q.T., PhD, MSc, D.V.M., Head and Lecturer, Department 
of Veterinary Biosciences, University of Agriculture and Forestry 
(Nong Lam University), Ho Chi Minh, Vietnam;
Tram K.V., MSc, Dr (Medicine), Head of the Laboratory of Animal 
Health and Treatment Division, Department of Animal Husbandry 
and Veterinary Medicine, Ho Chi Minh City, Vietnam;
Long T.N., MSc (Biotechnology), Member of Stuff, Department 
of Animal Husbandry and Veterinary Medicine of Ho Chi Minh City, 
Ho Chi Minh City, Vietnam;
Diep T.N.N., MSc, Dr (Veterinarian), Member of Stuff, Department 
of Animal Husbandry and Veterinary Medicine of Ho Chi Minh City, 
Ho Chi Minh City, Vietnam;
Tu L.K.B., Dr (Veterinarian), Member of Stuff, Animal Health 
Laboratory and Treatment Division, Department of Animal 
Husbandry and Veterinary Medicine of Ho Chi Minh City, Ho Chi Minh 
City, Vietnam;
Thu L.K.N., Dr (Veterinarian), Member of Stuff, Animal Health 
Laboratory and Treatment Division, Department of Animal 
Husbandry and Veterinary Medicine of Ho Chi Minh City, Ho Chi Minh 
City, Vietnam.

Поступила в редакцию 25.05.2022
Принята к печати 23.08.2022

Received 25.05.2022
Accepted 23.08.2022



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


