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ABSTRACT
Salmonella is a known causative agent for food poisoning across the world with thousands of cases 
reported annually. The surging multidrug-resistant Salmonella was also evident throughout the 
decade, worsening the situation and making it an even more crucial public health burden. This paper 
aims to raise public health awareness on the rapid progression of Salmonella infection resulting 
from proliferating antimicrobial resistance in different Asian regions. A total of 50 articles extracted 
from Google Scholar, PubMed, NCBI, and ScienceDirect were included in this review. The prevalent 
Salmonella serotype and antibiotic that most isolates have built resistance to were identified per 
Asian region. Overall, Salmonella Typhi is identified as the most isolated typhoidal Salmonella 
strain while Salmonella Typhimurium is the prevalent NTS strain in Asia. Tetracycline is revealed to 
have the highest percentage of resistance among all isolated Salmonella spp. in conducted Asian 
studies. Alarming tetracycline resistance was observed in 11 out of 38 countries incorporated in 
this mini-review, this is due to chromosomal mutation and ribosomal binding site mutation. Most 
Salmonella isolates have inherited genetic elements with tetracycline-specific resistant genes, 
increasing the intrinsic mechanism for antimicrobial resistance. Following tetracycline, significant 
resistance against nalidixic acid and ampicillin was also observed. Thus, it is highly suggested for 
public health officials focus on improving the sanitary conditions in food production and processing 
together with water management safety to address the problem with Salmonella.
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INTRODUCTION
Salmonella spp., reported to have over 1 800 serovars, 
are facultatively anaerobic Gram-negative bacilli 
characterized by its definitive antigens: Vi, O, and H. 
It is one of  the most common causative agents of  
microbiological food poisoning in all nations.[1] Salmonella 
has long been recognized as a serious infection that can 
affect both humans and animals. As it is considered a true 
pathogen, ingestion of  food or water containing even 
a trace amount of  Salmonella colonies can immediately 

result in a life-threatening infection. Isolates of  this 
pathogenic bacteria are often obtained in most food 
products, including meat, seafood, eggs, vegetables, 
fruits, and even processed foods.[2]

In general, the disease caused by Salmonella is referred 
to as Salmonellosis, which classified into non-typhoidal, 
and typhoidal depending on the serovars that caused 
the infection. Symptoms of  Salmonellosis include upset 
stomach, diarrhea, fever, as well as discomfort, and 
cramping in the abdomen.[3]

The inappropriate administration of  antibiotics is 
a prevailing problem in the medical field because 
it contributes to the emergence of  resistant strains 
of  pathogenic bacteria. Multidrug-Resistant (MDR) 
Salmonella is designated as a ‘Serious Threat Level 
Pathogen’ by the Centers for Disease Control as it 
causes severe diseases and is much more unresponsive 
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during treatment.[4] In the 2019 AR Threats Reports, 
4,100 cases and 212,500 cases of  infection caused by 
MDR typhoidal and non-typhoidal strains of  Salmonella 
were reported, respectively.[5]

Since Salmonella spp. can be easily transmitted through 
ingestion, and the current numbers are expected to 
further increase as years go by. The objective of  this 
mini-review is to introduce a scientific overview 
that assesses the prevalence of  multidrug-resistant 
Salmonella spp. in Asian countries. It aims to provide 
public health awareness on the worsening severity 
of  Salmonella infection due to increasing antibiotic 
resistance and to compare its state within the different 
regions of  Asia. 

MATERIALS AND METHODS
Literature Search

The literature search was conducted in four online 
databases: Google Scholar, PubMed, NCBI, and 
ScienceDirect. Articles included in the review are 
published from the year 2012 up to the present year 
2022. The keywords used for article collection are 
combinations of  “Salmonella”, “Multidrug-Resistant”, 
“Salmonellosis” and “Asia”.
The following are the inclusion criteria in this mini-
review: [1] published articles written or translated in the 
English language, [2] articles with reported Salmonella 
infection in Asia, [3] published articles with Salmonella 
infection reported as either typhoidal or non-typhoidal, 
[4] published articles about Salmonella cases reported 
as a multidrug-resistant strain. The exclusions in this 
review are the following: [1] published articles that are 
not written nor translated in the English language, [2] 
published articles about Salmonella infection outside 
Asia, [3] published articles with reported cases of  
Salmonella that are not identified as multidrug-resistant 
strain, [4] published articles without detailed methods 
mentioned.

Eligibility Criteria

This study is limited to published data regarding the 
prevalence of  Multidrug-Resistant Salmonella reported in 
countries of  different Asian regions: Central Asia, East 
Asia, South Asia, Southeast Asia, and Western Asia.
Articles and journals included in this literature review 
were strictly written or translated into the English 
language and were published from 2012 to 2022; 
research studies published before the aforementioned 
year were excluded. Reported cases of  Typhoidal and 
Non-typhoidal Salmonella infection caused by multidrug-
resistant strains with specified methods mentioned were 

preferred. Salmonella infections that were not directly 
specified as a multidrug-resistant variant were not 
accepted.

RESULTS
The increasing resistance of  Salmonella spp. causing 
both typhoidal and non-typhoidal infections to display 
evident growth throughout the past decade, countries 
from the Asian region are suffering from MDR strains 
of  Salmonella due to unsanitary conditions in the food-
handling procedure and production combined with 
unsafe food practice and lifestyle. 

Central Asia

In Central Asia, Salmonella isolates were mostly obtained 
from human samples. S. Enteritidis is reported to be 
the most non-typhoidal Salmonella in Kazakhstan while 
S. Typhi is the most prevalent typhoidal Salmonella 
serovar in Uzbekistan. Figure 1 shows that the isolated 
Salmonella serovar S. Enteritidis was most frequently 
resistant to ciprofloxacin (47.6%), nalidixic acid 
(42.9%), and enrofloxacin (35.3%) in Kazakhstan.[6] 
The S. Typhi isolated from Uzbekistan is reported to be 
the most resistant to nalidixic acid (80%), followed by 
ampicillin (19%), chloramphenicol, and trimethoprim-
sulfamethoxazole (14%), and only 13% of  S. Typhi 
isolates from Uzbekistan were multidrug.[7] This 
summarizes that most of  the isolated Salmonella serovar 
in Central Asia were revealed to be resistant to nalidixic 
acid. 

East Asia

Reported cases of  non-typhoidal infection were 
greater than typhoidal infection in East Asia. Only 
China contains records for infection caused by  
S. Typhi.[8] Typhoid fever remains a public health burden 
in highly populated countries like China as it is obtained 
through serovars exclusively transmitted in a human 
host, unlike its counterpart that has a wide range of  
hosts and possible modes of  transmission.[9] Non-
Typhi Salmonella serovars were the focal point of  studies 
from Hongkong, Japan, South Korea, and Taiwan. The 
serovars investigated in East Asia were summarized in 
Figure 2. Although no serotype prevailed as the main 
NTS strain in East Asia, several were consistently 
mentioned; namely, S. Enteritidis and S. Typhimurium. 
Most research studies from this Asian region were 
obtained through ingestion of  Salmonella isolates from 
farm animals such as cattle, pigs, and chickens, which 
explains the high frequency of  NTS serovars.
Among all five countries, China also houses the 
Salmonella isolates resistant to the most antimicrobial 
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agents. Salmonella spp. from all five countries showed 
high resistance against tetracycline and ampicillin. 
Specifically, most Salmonella spp. from East Asia have 
built resistance from is tetracycline.
Salmonella isolated from China were resistant 
to tetracycline (97.7%), ampicillin (97.7%), and 
sulfamethoxazole (100%).[10] MDR S. Typhimurium 
from Hong Kong was recorded to be 36.2%, with the 
most building resistance against ampicillin (30.5%), 
ciprofloxacin I (42%), and nalidixic acid (56%). 
Although most outbreaks were due to the S. Enteritidis 
strain, S. Typhimurium is of  equal burden in Hongkong 
as it is significantly more resistant.[11] Almost half  of   
the isolates (48.9%) in Japan were revealed to be 
multidrug-resistant while the remaining (98%) were 
resistant to at least one antibiotic, with most isolates 
being resistant to streptomycin-tetracycline.[12] In 
South Korea, 27% of  the isolates were revealed to be 
resistant to five to sixteen antibiotics, with nalidixic 
acid (59.4%), tetracycline (49.3%), and ampicillin (45%) 
as the most significant ones.[13-14] Most MDR strains 
of  Salmonella from Taiwan were resistant to ampicillin 
(94%), tetracycline (92%), and chloramphenicol  
(85%).[15] General resistance against ceftazidime, 
cefotaxime, ceftiofur, kanamycin, streptomycin, and 
trimethoprim was also observed among Salmonella 
isolates from East Asia.

South Asia

In South Asia, Typhoid fever is the most prevalent 
bacterial bloodstream infection. Salmonella serovars 
Typhi and Paratyphi A are responsible for their 
transmission. Despite success in several regions of  
the world in managing enteric fever, it continues to 
be a significant public health burden in South Asia.[16] 
India was also revealed to have the most MDR S. Typhi 
among the four countries the serovar was also evidently 
prevalent over S. Paratyphi.[17]

Figure 3 shows the antimicrobial resistance property 
displayed by the isolated Salmonella serovars in South 
Asia. In Bangladesh, isolates were found to be resistant to 
erythromycin and tetracycline in 81.82% and 80% of  cases, 
respectively. Furthermore, Salmonella spp. isolated from 
the environment exhibited moderate resistance to both 
amoxicillin and azithromycin.[18] In the country of  Nepal, 
high antibiotic resistance was evident among Salmonella 
resulting in a nalidixic acid (71.2%), ciprofloxacin (68%), 
and cotrimoxazole (28%). Salmonella in blood samples 
was shown to be the most resistant to nalidixic acid  
(71.2%).[19] Isolates from Pakistan, S. Typhi was 
found to be highly resistant to tetracycline (70.11%), 
ampicillin (38.79%), and trimethoprim (33.45%). 

While serovar S. Paratyhi A was resistant to 
trimethoprim (47.19%) Oxytetracycline (25.84%), 
and cefuroxime (19.10%). S. Paratyphi B has 
almost identical antibiotic resistance patterns as  
S. Paratyphi A against the drugs examined.[20] In South 
India isolates, all S. Paratyphi are resistant to nalidixic 
acid, ampicillin, chloramphenicol, ciprofloxacin, 
and trimethoprim-sulfamethoxazole and none in S. 
Paratyphi were discovered in the MDR isolates.[17]

Southeast Asia

In Southeast Asia, it is evident that non-typhoidal 
serovars are more prevalent than typhoidal serovars. 
Among the data collected, the only country in Southeast 
Asia that investigated Typhoidal Salmonella is Indonesia, 
which included S. Paratyphi C serovar accounting for 
10% of  the isolates).[21] In most studies in this region, 
Salmonella isolates were collected from raw products 
in retail markets, such as chicken meat which acts as a 
reservoir for harboring MDR Salmonella.[22] The most 
predominant Salmonella serovar among the countries 
in this region is S. Typhimurium followed by S. 
Weltevreden.
Most Salmonella spp. isolates in the Southeast 
Asian region have built resistance to tetracycline 
and ampicillin Figure 4 summarizes the findings 
regarding antimicrobial resistance in each Southeast 
Asian country. Ten isolates (50%) in Indonesia are 
considered multi-drug resistant in which most of  the 
isolates showed resistance to erythromycin (75%).[21] 
In Malaysia, S. Typhimurium and S. Enteritidis displayed 
resistance to at least three antibiotics, with all isolates 
(100%) being resistant to erythromycin, penicillin, and 
vancomycin.[22] For Myanmar, 72 isolates (52.2%) are 
considered multidrug-resistant. It exhibits resistance 
to trimethoprim-sulfamethoxazole (70.3%), followed 
by tetracycline with 54.3%, and streptomycin with  
49.3%.[23] In the Philippines, 67.8% are considered 
multi-drug resistant. All isolates (100%) are resistant to 
cefazolin, amikacin, gentamicin, and tobramycin.[24] For 
Singapore, 80.8% of  isolates were resistant to at least one 
of  the antimicrobial agents while 59.6% are considered 
multidrug-resistant isolates exhibiting resistance to 
ampicillin (78.7%), chloramphenicol (61.5%), and 
tetracycline (61.5%).[25] In Thailand, 92% are considered 
multi-drug resistant. All isolates in Thailand are resistant 
to sulfamethoxazole (100%), followed by spectinomycin 
(88%) and tetracyclines (84%).[26] In Laos, 100% 
are considered multi-drug resistant. All isolates are 
highly resistant to tetracyclines and sulfamethoxazole, 
followed by streptomycin (87.5%) and spectinomycin  
(81.3%).[26] In Vietnam, 66.85% of  isolates show 
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West Asia

Food and water contamination with non-typhoidal 
Salmonella (NTS) has a more widespread infection than 
typhoidal Salmonella in Western Asia. Reported cases 
of  S. Typhi infections were seen in Bahrain and Syria 
while S. Paratyphi were only seen in Saudi Arabia, one 
of  the most populous countries in the region. Of  all 
cases, non-typhoidal Salmonella serovars contributed 
a large percentage of  the incidence rate. Prevalence 
of  serovars in each country, with S. Enteritidis and  
S. Typhimurium being the most predominant and most 
common serovars, were identified. All data explained 
that infections from NTS serovars typically have an 
animal reservoir and are acquired through the ingestion 
of  contaminated agricultural products such as poultry 
or eggs, and in undercooked and raw meat.
Among all the 18 countries in West Asia, Georgia and 
Armenia have the most multidrug-resistant isolates. In 
the data shown in Figure 5, tetracycline and ampicillin 
are the most predominant MDRs, however, other 

resistance to two-nine antibiotics, with isolates showing 
resistance to ampicillin (54.14%), tetracycline (55.80%), 
and chloramphenicol (62.98%).[27]

Figure 1: Antimicrobial resistance (% of resistant) of most 
Salmonella isolates in Central Asia.

Legend: AMP - ampicillin; CHL – chloramphenicol; CIP – ciprofloxacin; NAL – 
nalidixic acid; SXT - trimethoprim-sulfamethoxazole.
References: (Rychshanova et al., 2021),[6] (Rahman et al., 2014)[7]

Figure 4: Antimicrobial resistance (% of resistant) of most 
Salmonella isolates in Southeast Asia.

Legend: AMP - ampicillin; CHL – chloramphenicol; GET – gentamicin; STR – 
streptomycin; TET – tetracycline.
References: (Kusumaningrum et al., 2012),[21] (Thung et al., 2016),[22] (Moe et al., 2017),[23] 
(Calayag et al., 2017),[24] (Zwe et al., 2018),[25] (Sinwat et al., 2016),[26] (Sinwat et al., 2016),[26] 
(Nguyen et al., 2021)[27]

Figure 5: Isolated Salmonella serovars from West Asian 
countries.

References: (Sedrakyan et al., 2020),[28] (Khamis et al., 2019),[30] 34 Burjaq et al., 2020) [34], 
Malaeb et al., 2016,[36] El-Tayeb et al., 2017,[40] Al-Khafaji et al., 2022[41]

Figure 2: Identified serovars of Salmonella isolated from East 
Asia.

References: (Yan et al. 2016),[8] (Lu et al. 2014),[10] (Cha et al. 2016),[13] (Kuo et al. 2014),[15] 
(Woh et al. 2022),[44] (Mori et al. 2017)[51]

Figure 3: Antimicrobial resistance (% of resistant) of most 
Salmonella isolates in South Asia.

Legend: AMX – amoxicillin; AMP – ampicillin; CFT – cefoxitin; CIP – ciprofloxacin; 
COT – cotrimoxazole; ERY – erythromycin; GEN – gentamycin; NDA – nalidixic acid; 
TET – tetracycline; TMP – trimethoprim.
References: (Mridha et al., 2020),[18] (Bastola et al., 2019),[19] (Qamar et al., 2020),[20] 
(Bandyopadhyay et al., 2018)[17]
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antibiotics have a higher resistance rate depending on 
which region. Salmonella spp. in Georgia and Armenia 
showed high resistance to nalidixic acid (89.47%), 
ampicillin (87.72%), and ceftriaxone (71.93%).[28] MDR 
Salmonella in Azerbaijan showed resistance to ceftriaxone 
and tetracycline with 62.5% respectively.[29] In Bahrain, 
MDR Salmonella is separated into typhoidal and non-
typhoidal. Nalidixic acid recorded a high resistance 
(100%) in typhoidal infection while ampicillin recorded 
33%, low resistance in non-typhoidal infection.[30] 
Almost all of  the isolates in Cyprus showed high 
resistance to sulfamethoxazole (85%) and some are 
resistant to streptomycin and tetracycline.[31] In Iraq, a 
100% resistance rate is recorded against Salmonella spp. 
in amoxicillin, amoxicillin-clavulanic acid, erythromycin, 
and lincomycin.[32] MDR Salmonella isolates in Israel 
revealed resistance to nalidixic acid, nitrofurantoin, 
tetracycline, and trimethoprim-sulfamethoxazole.[33] In 
Jordan, it only shows resistance to tetracycline.[34] For 
both Kuwait and UAE, Kuwait isolates (9.8%) showed 
a higher multidrug-resistance versus UAE isolates 
(4.1%). However, ampicillin has the highest resistance 
with 26.5% and 17.1%, followed by chloramphenicol 
(5.6% and 5.7%), and cefotaxime with both 1.6% 
resistance.[35] For Lebanon, S. Typhi antimicrobial 
resistance is still uncommon in Lebanon, although 
the cases differs for non-Typhi isolates of  Salmonella. 
Wherein ampicillin (65-100%), trimethoprim (43-100%) 
for the resistance in S. Typhi while for non-Typhi, 
cefotaxime (88-100%), ciprofloxacin (91-100%), and 
nalidixic acid (25-57%).[36] In Oman, both Salmonella 
spp. and Shigella fexneri showed high resistance toward 
amikacin (91.9%), gentamicin (89.2%), and cefuroxime  
(86.5%).[37] In Palestine, 93 isolates (72.7%) were resistant 
to 16 microbial agents showing that most Salmonella 
isolates have high resistance to tetracycline (79.7%), then 
trimethoprim-sulfamethoxazole (48.4%), and ampicillin 
(17.1%).[38] In Qatar, high resistance with tetracycline 
(23.9%), ampicillin (21.1%), AMC (18.7%), and 
sulfamethoxazole-trimethoprim (13%) were recorded. 
Furthermore, 22.4% of  the isolates were multidrug-
resistant (MDR), with 4.1% being ESBL producers.[39] 
In Saudi Arabia, first-line antibiotics such as ampicillin, 
trimethoprim-sulfamethoxazole, chloramphenicol, and 
cephalosporin were now found to be resistant in enterica 
isolates.[40] In Syria, Salmonella Typhi samples are resistant 
to ceftriaxone, co-trimoxazole, and ciprofloxacin.[41] 
In Turkey, resistance to nalidixic acid, streptomycin, 
tetracycline, and vancomycin was discovered to be 
extremely high (89.28%). Resistance to trimethoprim-
sulfamethoxazole was found in 32.14% of  the samples. 
Resistance to ampicillin, ceftriaxone, chloramphenicol, 

and gentamicin was shown to be less common  
(8.33%).[42] In Yemen, all 33 Salmonella Typhi isolates 
showed high resistance (100%) to lincomycin and 
tetracycline. Whereas rifampicin and nalidixic acid 
recorded an 87.5% resistance rate. Among 33 S. 
Typhi, only 14(43.9%) and 4(12.5%) were resistant to 
erythromycin and norfloxacin. Salmonella Paratyphi was 
(100%) resistant to lincomycin and tetracycline whereas 
11 (84.6%), 10 (76.9%), 7 (53.9%) were resistant 
to streptomycin, nalidixic acid, and erythromycin, 
respectively. S. Paratyphi also showed the same 
resistance percentage of  2 (15.4%) to ciprofloxacin and 
norfloxacin.[43] 

DISCUSSION
Prevalence of Typhoidal and Non-typhoidal 
Salmonella serotypes in Asia

Salmonella spp. remains as the leading causative agents of  
bacterial diseases. Salmonella can be readily transmitted 
to humans through the consumption of  everyday food 
such as poultry and meat products.[44] Salmonellosis can 
be identified as typhoidal or non-typhoidal depending on 
the serotype that caused the infection. Among the data 
collected, NTS strains are more prevalent than typhoidal 
strains. Existing data revealed that the most frequently 
isolated typhoid Salmonella serotype in Asia is S. Typhi while  
S. Typhimurium for the non-typhoidal Salmonella.
Salmonella Typhi is attributed to several endemic 
Salmonellosis in third-world countries in Asia due 
to factors such as increasing poverty, social service 
deterioration, and employment insecurity. S. Typhi can 
be passed over from source to host by consumption 
of  untreated water during the hot, humid season which 
is common for most Asian countries as identified by 
Srikantiah.[45]

In congruence to the study conducted by Xiang et al. 
(2020), the non-typhoidal infection caused by Salmonella 
Typhimurium is due to the transmission characteristic 
of  the mentioned serovar.[46] S. Typhimurium is linked to 
acute Salmonella infections that can occur throughout 
the entire year with only 8 to 24 hr incubation time; 
thus, the reason for the haste transmission of  the 
serovar. East Asians, especially Hong Kong residents, 
are of  higher probability of  acquiring infection from 
S. Typhimurium due to the high consumption of  meat 
products associated with the serovar.[11]

Growing Antimicrobial Resistance of Isolated 
Salmonella in Asia

Another burden in the Asian region is the growing 
resistance of  microorganisms due to the overuse of  
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antibiotics for patients and the widespread usage of  
antibiotic agents during food processing from animal 
sources.[10] Among the data collected, Salmonella isolates 
in Asia had shown increasing antibiotic resistance 
throughout the years. More than half  of  the percentage 
of  isolated Salmonella in all Asian countries was revealed 
to be multidrug-resistant. A study conducted by  
Sinwat[26] showed that 98.9% of  the Salmonella spp. 
isolated are MDR. This is especially problematic 
for Salmonellosis since its first line of  treatment is 
antimicrobial therapy.[47] Awareness of  the resistance 
characteristics of  Salmonella isolates is essential to serve 
as a guide for the physicians in arranging suitable clinical 
treatment for the patients to avoid mortality.[46]

The trend of  the worldwide emergence of  MDR Salmonella 
spp. in Asia is observed in all types of  antimicrobial 
agents. In particular, resistance against Tetracycline 
is of  great prevalence among isolated Salmonella spp. 
in the studies, which is followed by Nalidixic acid and 
Ampicillin. Resistance against tetracycline is the most 
prominent in 11 out of  38 countries included in this 
mini-review. These three antibiotics shared a common 
property which may explain the increased resistance of  
Salmonella against them, Tetracycline, Nalidixic acid/
Quinolones, and Ampicillin are all used as a treatment 
for both human and animal infection.[6] Thus, resistance 
might have developed during the exposure of  animal 
reservoirs of  Salmonella during food processing, passing 
down the antimicrobial resistance to the human host via 
horizontal transfer.
In addition, Grossman (2016) associated Tetracycline 
resistance with three main reasons: inheritance or 
acquiring genetic elements with tetracycline-specific 
resistant genes, increased intrinsic mechanism for 
antimicrobial resistance as a result of  chromosomal 
mutation, and ribosomal binding sites mutation.[48] TET 
(ten-eleven-translocation) genes, located in transposon 
Tn1721, were commonly observed in tetracycline-
resistant non-Typhi Salmonella serotypes such as 
Typhimurium and Enteritidis. Encoding of  resistance 
against old antibiotic cases is linked with tet genes.

Comparison of Results among Asian Regions 

As the largest continent in the world, Asia consists 
of  countries that greatly vary in terms of  culture, 
lifestyle practices, and economic standing. Public health 
concerns for bacterial diseases such as Salmonellosis 
are being addressed by more capable countries with 
enough resources and are often neglected by developing 
countries. Among the 51 territories of  Asia, 12 countries 
present no research records about MDR Salmonella 
serving as an obstacle in tracking its overall prevalence 

in the continent. These 12 countries are the Kyrgyz 
Republic, Tajikistan, Turkmenistan, Macau, Mongolia, 
North Korea, Afghanistan, Maldives, Bhutan, Sri 
Lanka, Timor-Leste, and Brunei. East Asia has the most 
number of  journal articles available, with a total of  16 
articles.
In addition to unsanitary conditions during food 
processing, the abundance of  research studies regarding 
the prevalence of  MDR Salmonella is attributed to 
the culture of  eating raw meats and seafood of  
individuals from this Asian region, making the people 
more susceptible to acquiring foodborne diseases. 
Consumption of  sushi and sashimi poses a high 
probability of  being infected with highly resistant 
Salmonella as 65.6% of  the test sample was positive for 
MDR.[49]

Only two countries from Central Asia conducted 
research studies about Salmonella, in which non-Typhi and 
Typhi Salmonella persisted in Kazakstan and Uzbekistan, 
respectively. Isolates from this Asian region are still 
susceptible to several antibiotics and MDR Salmonella is 
not yet prevalent. Five out of  twelve (41.67%) isolates 
are MDR in Kazakhstan while only 13% are MDR in 
Uzbekistan.[6-7] Nalidixic acid resistance is the most 
common in Central Asia.
China and its dependencies are the countries in East 
Asia that draw the most concern regarding Salmonella 
infection. Typhoidal and non-typhoidal serovars of  
Salmonella showed an increasing number of  cases over 
the years but non-Typhi Salmonella is more prevalent 
in East Asian countries. Only China contains records 
for infection caused by S. Typhi.[8] Among East Asian 
countries, China also houses the Salmonella isolates 
resistant to the greatest number of  antimicrobial agents. 
Salmonella spp. from all five countries showed resistance 
against tetracycline and ampicillin. The data gathered 
showed that the antibiotic that most Salmonella isolates 
from East Asia have built resistance from is Tetracycline.
Typhoidal Salmonella is the only observed serovars among 
the data collated from South Asia, with Salmonella Typhi 
as the leading strain. The current percentage of  MDR 
strains among the isolates is 80.91%.[18] In particular, the 
resistance of  Salmonella isolates against Nalidixic acid is 
already common in South Asia while there is an evident 
surge of  Tetracycline resistance over the past decade.[17]

Only Indonesia investigated Typhoidal Salmonella in 
Southeast Asia. Except for Timor-Leste and Brunei, the 
remaining South Asian countries highlighted the disease-
causing ability of  uncommon nontyphoidal serovars.  
S. Weltevreden, S. Enteritidis, S. Albany, and S. Saintpaul 
are the most common Salmonella strains isolated 
in Indonesia, Malaysia, Myanmar, and Singapore, 
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respectively. More than half  of  the isolates were 
revealed to be MDR strains, with the majority being 
resistant to up to nine antibiotics.[27] Resistance against 
specific antibiotics greatly varies, the most commonly 
identified antimicrobial agents Salmonella strains have 
built resistance in fall under beta-lactams.
Non-Typhi Salmonella strains are greater in numbers 
than Typhoidal Salmonella as observed in the studies 
conducted in West Asia. Israel, which records a 
consistent annual increase of  86.9 cases per 100,000 
population, associates most of  the Salmonellosis cases 
with NTS.[33] S. Typhimurium is the prevalent isolated 
MDR NTS in West Asia. MDR strains of  Salmonella 
Typhi are rare.[36] Only 5 out of  17 West Asian countries 
performed research studies about Typhoidal Salmonella. 
A significant variation in antimicrobial resistance was 
observed among the Salmonella isolates in West Asia. 
Tetracycline, Nalidixic acid, Ampicillin, Cefotaxime, 
and Ciprofloxacin are the most common antibiotic 
agents mentioned in the studies. However, in Bahrain, 
the isolates were revealed to be 100% resistant to 
tetracycline.[30] The high tetracycline resistance was also 
observed in Azerbaijan, Israel, Jordan, Palestine, Qatar, 
and Yemen.
The difference in the results obtained from each Asian 
region regarding the prevalence of  Typhoidal and Non-
typhoidal strains are congruent to the findings of  Gal-
Mor.[9] Typhoidal Salmonella serovars were common 
and are endemic in developing countries such as 
Indonesia, Kazakhstan, Uzbekistan, and China due to 
inaccessibility to clean water and inadequate sanitation. 
It is not frequently isolated in food samples as humans 
serve as its exclusive reservoir and are of  less prevalence 
in comparison to NTS as vaccines using attenuated S. 
Typhi are available in the market. On the other hand, 
Non-Typhi Salmonella strains are considered a threat 
worldwide. 93.8 million cases of  NTS infection occur 
annually, with an estimation of  155, 000 mortality.[50] NTS 
strains can be easily transmitted through contaminated 
animal-derived products and plant produce, person-to-
person contact, and even human-to-pet interaction.[9] 
These isolates are also associated with short incubation 
time, contributing to haste transmission of  infection. 
Although non-typhoidal Salmonella prevailed as the most 
frequent case in Asia, the cruciality of  each type to be 
properly addressed is of  equal importance as each Asian 
country differs in results and both types are considered 
a public health burden.
In this investigation, it is evident that proper food 
preparation and better hygienic practice during food 
production and processing are essential to decrease the 
prevalence of  bacterial pathogens such as Salmonella. 

Aside from antibiotic misuse, usage of  antibiotics in the 
animal sector must also be taken into consideration to 
prevent the horizontal transfer and increased multidrug 
resistance of  Salmonella serovars.

CONCLUSION
This mini-review showed that Salmonella spp. plays a very 
crucial role in public health risk. The constant increase 
of  multi-drug resistant Salmonella spp. became a major 
concern for the general public, especially the physicians, 
to treat the disease. Although most reports came from 
developing countries in the Asian region, cases have also 
been found in some of  the most developed countries. 
However, journal articles and publications are still 
limited in some countries due to the lack of  studies 
and disease recognition. It is strongly recommended 
that public health authorities should implement stricter 
preventive and control in these circumstances and make 
better changes to improve food and water safety.
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SUMMARY
Salmonella spp. persist to be one of  the dominant causes 
of  bacterial diseases. In this conducted mini-review, 
Tetracycline has the highest percentage of  resistance 
which is prevalent in 11 of  38 countries in Asia. Despite 
the high prevalence rate of  reported Salmonella cases 
in Asia, there are still territories in Asia with little to 
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no available data due to a lack of  research about MDR 
Salmonella spp. It is concerning that Salmonella is one 
of  the most common causes of  food poisoning and 
is a well-recognized multi-drug resistant bacteria due 
to poor food handling and unhealthy lifestyle. At this 
point, public health authorities should administer more 
stringent preventive measures regarding proper water 
management, safe food handling, and animal-derived 
food production.

REFERENCES
1. Giannella RA. Salmonella. In: Baron S, editor. Medical microbiology. 4th ed. 

Galveston, (TX): University of Texas Medical Branch at Galveston; 1996.
2. Salmonella and food [internet]. Centers for Disease Control and Prevention; 

2021. Available from: https://www.cdc.gov/foodsafety/communication/
salmonella-food.html [cited 11/7/2022].

3. Ratini M. Salmonella (salmonellosis) [internet]; 2022. WebMD. Available from: 
https://www.webmd.com/food-recipes/food-poisoning/what-is-salmonella  
[cited 11/7/2022].

4. Brunelle BW, Bearson BL, Bearson SMD, Casey TA. Multidrug-resistant 
salmonella enterica serovar typhimurium isolates are resistant to antibiotics 
that influence their swimming and swarming motility. mSphere. 2017;2(6). 
doi: 10.1128/mSphere.00306-17, PMID 29104932.

5. Centers for Disease Control and Prevention. Antibiotic resistance threats in 
the United States. Atlanta: United States Department of Health and Human 
Services, Centers for Disease Control and Prevention (US); 2019 [internet]. 
Available from: https://www.cdc.gov/drugresistance/pdf/threats-report/2019-
ar-threats-report-508.pdf [cited 11/7/2022].

6. Rychshanova R, Ruzauskas M, Chuzhebayeva G, Mockeliunas R,  
Mamiyev N, Virgailis M et al. Differences in antimicrobial resistance of 
Salmonella spp. isolated from humans, animals and food products in 
Kazakhstan. J Hellenic Vet Med Soc. 2021;72(3):3091. doi: 10.12681/
jhvms.28498.

7. Rahman BA, Wasfy MO, Maksoud MA, Hanna N, Dueger E, House B. 
Multi-drug resistance and reduced susceptibility to ciprofloxacin among 
Salmonella enterica serovar Typhi isolates from the Middle East and Central 
Asia. New Microbes New Infect. 2014;2(4):88-92. doi: 10.1002/nmi2.46, 
PMID 25356352.

8. Yan M, Li X, Liao Q, Li F, Zhang J, Kan B. The emergence and outbreak 
of multidrug-resistant typhoid fever in China. Emerg Microbes Infect. 
2016;5(1):e62. doi: 10.1038/emi.2016.62, PMID 27329848.

9. Gal-Mor O, Boyle EC, Grassl GA. Same species, different diseases: how and 
why typhoidal and non-typhoidal salmonella enterica serovars differ. Front 
Microbiol. 2014;5:391. doi: 10.3389/fmicb.2014.00391, PMID 25136336.

10. Lu Y, Zhao H, Sun J, Liu Y, Zhou X, Beier RC, et al. Characterization of 
multidrug-resistant salmonella enterica serovars Indiana and enteritidis from 
chickens in eastern China. PLOS ONE. 2014;9(5):e96050. doi: 10.1371/
journal.pone.0096050, PMID 24788434.

11. Lo NWS, Chu MT, Ling JM. Increasing quinolone resistance and multidrug 
resistant isolates among salmonella enterica in Hong Kong. J Infect. 
2012;65(6):528-40. doi: 10.1016/j.jinf.2012.08.016, PMID 22947244.

12. Iwabuchi E, Yamamoto S, Endo Y, Ochiai T, Hirai K. Prevalence of salmonella 
isolates and antimicrobial resistance patterns in chicken meat throughout 
Japan. J Food Prot. 2011;74(2):270-3. doi: 10.4315/0362-028X.JFP-10-215, 
PMID 21333147.

13. Cha SY, Kang M, Yoon RH, Park CK, Moon OK, Jang HK. Prevalence and 
antimicrobial susceptibility of salmonella isolates in Pekin Ducks from South 
Korea. Comp. Comp Immunol Microbiol Infect Dis. 2013;36(5):473-9. doi: 
10.1016/j.cimid.2013.03.004, PMID 23618792.

14. Mechesso AF, Moon DC, Kim SJ, Song HJ, Kang HY, Na SH, et al. Nationwide 
surveillance on serotype distribution and antimicrobial resistance profiles of 
non-typhoidal salmonella serovars isolated from food-producing animals 
in South Korea. Int J Food Microbiol. 2020;335:108893. doi: 10.1016/j.
ijfoodmicro.2020.108893, PMID 33007603.

15. Kuo HC, Lauderdale TL, Lo DY, Chen CL, Chen PC, Liang SY, et al. An 
association of genotypes and antimicrobial resistance patterns among 
salmonella isolates from pigs and humans in Taiwan. PLOS ONE. 
2014;9(4):e95772. doi: 10.1371/journal.pone.0095772, PMID 24760078.

16. Rortana C, Nguyen-Viet H, Tum S, Unger F, Boqvist S, Dang-Xuan S, et al. 
Prevalence of Salmonella spp. and Staphylococcus aureus in chicken meat 
and pork from Cambodian markets. Pathogens. Vet World. 2021;10(5).

17. Bandyopadhyay R, Balaji V, Yadav B, Jasmine S, Sathyendra S, Rupali P. 
Effectiveness of treatment regimens for Typhoid fever in the nalidixic acid-
resistant S. Typhi (NARST) era in South India. Trop Doct. 2018;48(3):182-8. 
doi: 10.1177/0049475518758884, PMID 29495943.

18. Mridha D, Uddin MN, Alam B, Akhter AHMT, Islam SS, Islam MS, et al. 
Identification and characterization of Salmonella spp. from samples of broiler 
farms in selected districts of Bangladesh. Vet World. 2020;13(2):275-83. doi: 
10.14202/vetworld.2020.275-283, PMID 32255969.

19. Bastola A, Pyakurel P, Rayamajhi RB, Shrestha S, Thekkur P, Pandey B, 
et al. High resistance of Salmonella spp. and Shigella spp. in blood and 
stool cultures from the Sukraraj tropical and Infectious Disease Hospital, 
Kathmandu, Nepal, 2015-2019. Trop Med Infect Dis. 2021;6(2):59. doi: 
10.3390/tropicalmed6020059, PMID 33922404.

20. Qamar A, Ismail T, Akhtar S. Prevalence and antibiotic resistance of Salmonella 
spp. in South Punjab-Pakistan. PLOS ONE. 2020;15(11):e0232382. doi: 
10.1371/journal.pone.0232382, PMID 33211713.

21. Kusumaningrum HD, Suliantari D-HR. Multidrug resistance among different 
serotypes of Salmonella isolates from fresh products in Indonesia. Food Res 
[journal]. 2012;19(1):57-63.

22. Thung TY, Mahyudin NA, Basri DF, Wan Mohamed Radzi CW,  
Nakaguchi Y, Nishibuchi M et al. Prevalence and antibiotic resistance of 
Salmonella enteritidis and Salmonella Typhimurium in raw chicken meat at 
retail markets in Malaysia. Poult Sci. 2016;95(8):1888-93. doi: 10.3382/ps/
pew144, PMID 27118863.

23. Moe AZ, Paulsen P, Pichpol D, Fries R, Irsigler H, Baumann MPO, et al. 
Prevalence and antimicrobial resistance of salmonella isolates from 
chicken carcasses in retail markets in Yangon, Myanmar. J Food Prot. 
2017;80(6):947-51. doi: 10.4315/0362-028X.JFP-16-407, PMID 28463083.

24. Calayag AMB, Paclibare PAP, Santos PDM, Bautista CAC, Rivera WL. 
Molecular characterization and antimicrobial resistance of salmonella 
enterica from swine slaughtered in two different types of Philippine abattoir. 
Food Microbiol. 2017;65:51-6. doi: 10.1016/j.fm.2017.01.016, PMID 
28400019.

25. Zwe YH, Tang VCY, Aung KT, Gutiérrez RA, Ng LC, Yuk H-G. Prevalence, 
sequence types, antibiotic resistance and, gyra mutations of salmonella 
isolated from retail fresh chicken meat in Singapore. Food Control. 
2018;90:233-40. doi: 10.1016/j.foodcont.2018.03.004.

26. Sinwat N, Angkittitrakul S, Coulson KF, Pilapil FMIR, Meunsene D, 
Chuanchuen R. High prevalence and molecular characteristics of multidrug-
resistant salmonella in pigs, pork and humans in Thailand and Laos provinces. 
J Med Microbiol. 2016;65(10):1182-93. doi: 10.1099/jmm.0.000339, PMID 
27542886.

27. Nguyen TK, Nguyen LT, Chau TTH, Nguyen TT, Tran BN, Taniguchi T, et al. 
Prevalence and antibiotic resistance of salmonella isolated from poultry and 
its environment in the Mekong Delta, Vietnam. Vet World. 2021;14(12):3216-23. 
doi: 10.14202/vetworld.2021.3216-3223, PMID 35153415.

28. Sedrakyan AM, Ktsoyan ZA, Arakelova KA, Zakharyan MK, Hovhannisyan AI, 
Gevorgyan ZU, et al. Extended-spectrum β-lactamases in human isolates 
of multidrug-resistant non-typhoidal salmonella enterica. Front Microbiol. 
2020;11:592223. doi: 10.3389/fmicb.2020.592223, PMID 33414769.

29. Omarov A, Serpoush M, Adli H, Khalilova I. Detection of antibiotic resistance 
bacterial isolates from retail chickens and eggs in Azerbaijan. DSpace at 
Khazar University: home. Khazar University Press; 2019. p. 14-26.

30. Khamis Z, Al Khawaja S, Saeed N, Jawad JS, Salman KN. Prevalence, 
serotyping and antimicrobials resistance of salmonella. Bahrain Med Bull. 
2019;41(4):212-7.

31. Economides C, Liapi M, Makris KC. Antibiotic resistance patterns of 
salmonella and Escherichia coli in the groundwater of Cyprus. Environ 
Geochem Health. 2012;34(4):391-7. doi: 10.1007/s10653-012-9450-6, PMID 
22311476.



Salvador et al.: MDR Salmonella in Asia

Asian Journal of Biological and Life Sciences, Vol 11, Issue 2, May-Aug, 2022 275

32. Muhammad MA, Ibraheem MA, Salih TS. Prevalence of multidrug Resistant 
among Salmonella species isolated from environmental samples of Mosul 
city. Biochem Cell Arch. 2021;21:2097-102.

33. Gal-Mor O, Valinsky L, Weinberger M, Guy S, Jaffe J, Schorr YI, et al. 
Multidrug-resistant salmonella entericaserovar infantis, Israel. Emerg Infect 
Dis. 2010;16(11):1754-7. doi: 10.3201/eid1611.100100, PMID 21029536.

34. Burjaq SZ, Abu-Romman SM. Prevalence and antimicrobial resistance of 
salmonella spp. from irrigation water in two major sources in Jordan. Curr 
Microbiol. 2020;77(11):3760-6. doi: 10.1007/s00284-020-02178-x, PMID 
32918569.

35. Rotimi VO, Jamal W, Pal T, Sonnevend A, Dimitrov TS, Albert MJ. Emergence 
of multidrug-resistant salmonella spp. and isolates with reduced susceptibility 
to ciprofloxacin in Kuwait and the United Arab Emirates. Diagn Microbiol 
Infect Dis. 2008;60(1):71-7. doi: 10.1016/j.diagmicrobio.2007.07.007, PMID 
17931817.

36. Malaeb M, Bizri AR, Ghosn N, Berry A, Musharrafieh U. Salmonella 
burden in Lebanon. Epidemiol Infect. 2016;144(8):1761-9. doi: 10.1017/
S0950268815003076, PMID 26743045.

37. Alsalmi AAS, Al-Busafi SA, AL-Lamki RNA, Mabruk M. The ecology and 
antibiotic resistance patterns of gastrointestinal tract infections in a tertiary 
care hospital in Oman. J Pure Appl Microbiol. 2021;15(3):1634-42. doi: 
10.22207/JPAM.15.3.60.

38. Janajreh MA. Molecular characterization of antibacterial resistant salmonella 
isolated from food sources in Palestine Handle Proxy. An-Najah National 
University; 2018.

39. Mohamed T, Zhao S, White DG, Parveen S. Molecular characterization of 
antibiotic resistant salmonella typhimurium and Salmonella Kentucky isolated 
from pre- and post-chill whole broilers carcasses. Food Microbiol. 2014;38:6-
15. doi: 10.1016/j.fm.2013.08.002, PMID 24290620.

40. El-Tayeb MA, Ibrahim ASS, Al-Salamah AA, Almaary KS, Elbadawi YB. 
Prevalence, serotyping and antimicrobials resistance mechanism of 
salmonella enterica isolated from clinical and environmental samples 
in Saudi Arabia. Braz J Microbiol. 2017;48(3):499-508. doi: 10.1016/j.
bjm.2016.09.021, PMID 28245965.

41. Al-Khafaji AN. Occurrences and virulence genes detection of salmonella typhi 
isolates among patients with typhoid fever. Digital Object Identifier System. 
2022.

42. Siriken B, Türk H, Yildirim T, Durupinar B, Erol I. Prevalence and 
characterization of salmonella isolated from chicken meat in Turkey. J Food 
Sci. 2015;80(5):M1044-50. doi: 10.1111/1750-3841.12829, PMID 25817042.

43. Amran A. Antibiotics susceptibility patterns of bacterial isolates from clinical 
samples in Thamar, Yemen. Annals of Agricultural Science Moshtohor. 
2018;56(1):71-8. doi: 10.21608/assjm.2018.44112.

44. Woh PY, Yeung MPS, Goggins WB 3rd, Lo N, Wong KT, Chow V, et al. 
Genomic epidemiology of multidrug-resistant Nontyphoidal Salmonella 
in young children hospitalized for gastroenteritis. Microbiol Spectr. 
2021;9(1):e0024821. doi: 10.1128/Spectrum.00248-21, PMID 34346743.

45. Srikantiah P, Vafokulov S, Luby SP, Ishmail T, Earhart K, Khodjaev N, et al. 
Epidemiology and risk factors for endemic typhoid fever in Uzbekistan. Trop 
Med Int Health. 2007;12(7):838-47. doi: 10.1111/j.1365-3156.2007.01853.x, 
PMID 17596250.

46. Xiang Y, Li F, Dong N, Tian S, Zhang H, Du X, et al. Investigation of a 
salmonellosis outbreak caused by multidrug resistant Salmonella Typhimurium 
in China. Front Microbiol. 2020;11:801. doi: 10.3389/fmicb.2020.00801, PMID 
32411120.

47. Chang YJ, Chen YC, Chen NW, Hsu YJ, Chu HH, Chen CL, et al. Changing 
antimicrobial resistance and epidemiology of non-typhoidal Salmonella 
infection in Taiwanese children. Front Microbiol. 2021;12:648008. doi: 
10.3389/fmicb.2021.648008, PMID 33868207.

48. Grossman TH. Tetracycline antibiotics and resistance. Cold Spring Harb 
Perspect Med. 2016;6(4):a025387. doi: 10.1101/cshperspect.a025387, PMID 
26989065.

49. Suat MP, Kek HC, Jin Ai AAT. Prevalence of virulent resistant Salmonella 
enterica strains from sushi and sashimi samples in Malaysia. Trop Biomed. 
2016;33(3):476-85. PMID 33579119.

50. Majowicz SE, Musto J, Scallan E, Angulo FJ, Kirk M, O’Brien SJ, et al. The 
global burden of nontyphoidal Salmonella gastroenteritis. Clin Infect Dis. 
2010;50(6):882-9. doi: 10.1086/650733, PMID 20158401.

51. Mori T, Okamura N, Kishino K, Wada S, Zou B, Nanba T, et al. Prevalence 
and antimicrobial resistance of Salmonella serotypes isolated from 
poultry meat in Japan. Food Saf (Tokyo). 2018;6(3):126-9. doi: 10.14252/
foodsafetyfscj.2017019, PMID 32038899.

Cite this article: Salvador LJR, Intengan LWD, Castillo LAG, Baluyut ADD, Camarao MEMC, De Rueda ADD, et al,. Prevalence 
of Multidrug-Resistant Salmonella spp. in Asia: A Mini-Review. Asian J Biol Life Sci. 2022;11(2):267-75.


