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Objective: To investigate drug resistance and homology of pathogens that can cause infective diarrhea in East Heilongjiang, China, 
and provide suitable references for the clinical treatment.
Methods: The process of isolation and identification of pathogenic bacteria in the faeces and blood of diarrhea patients was 
conducted. The drug resistance of the isolated pathogenic bacteria was analyzed by VITEK 2 compact drug sensitivity analysis 
system, and the strain homology was determined by pulsed field gel electrophoresis (PFGE).
Results: From 2014 to 2018, 28 different strains of pathogenic bacteria were isolated from 657 samples of faeces and blood, including 23 
strains of Salmonella, 3 strains of Vibrio parahaemolyticus and 2 strains of diarrheal Escherichia coli, with detection rates of 3.5%, 0.46% 
and 0.30% respectively. Among them, 22 strains of Salmonella exhibited significant drug resistance, with a drug resistance rate of 95.65%. 
A total of 11 different PFGE fingerprints of 23 Salmonella strains were also obtained, with a homology of 56.5–100%.
Conclusion: Among the various pathogens causing infective diarrhea in East Heilongjiang, China, Salmonella displayed multiple 
drug resistance and its distribution was found to be polymorphic.
Keywords: diarrhea, pathogen, drug resistance, homology

Introduction
There are several kinds of bacteria, which can cause infectious diarrhea. Salmonella is one of the most common intestinal 
pathogenic bacteria. The disease outbreak and hospitalization caused by Salmonella are a major source of bacterial infection. 
Salmonella can cause illness in both human as well as animals and can spread through contact or food chain.1 Worldwide, 
Salmonella causes about 115 million diseases and three hundred and seventy thousand deaths every year. In China, 70–80% of 
are caused by Salmonella infection, which is significantly higher as compared to other pathogenic bacteria. In Africa, the 
number of deaths caused by Salmonella infection reaches millions every year;2 in Europe, the annual bacterial infection rate 
caused by Salmonella is 0.035%,3 and in United States of America, the annual incidence rate of Salmonella infection is 
15.4%.4 A number of antibiotics are used as the main drugs for the treatment of diarrhoeal diseases caused by pathogenic 
bacteria. For example, quinolones are mostly used to treat Salmonella infection in adults, whereas cephalosporins are the first 
choice for Salmonella infection in children.5,6 However, due to the unreasonable use of antibiotics, many drug-resistant 
pathogenic bacteria have emerged and mutated into dominant bacteria,7 thereby resulting in the loss of some antibiotics in 
clinical use. At present, the phenomenon of bacterial drug resistance is very common in China and multi drug resistance and 
even pan drug resistance strains continue to appear, which serve as serious threat to public health and safety. The widespread 
presence of drug-resistant Salmonella has become a worldwide public health concern.8 In this article, the drug resistance 
mechanisms of Salmonella was studied to provide a theoretical basis for developing suitable medications against infectious 
diarrhea, reducing suffering of the patients and improving the treatment efficiency.
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Materials and Methods
Reagents
The gram-negative aerobic bacteria susceptibility test plate was obtained from Shanghai XingBai Biotechnology Co., 
Ltd. (China) and Thermo Fisher Scientific (U.S.A). Protease K (Merck, U.S.A) SeakemGold Agarose (Lonza, U.S.A) and 
Restriction Enzyme Xba I (New England Biolabs, U.S.A) were also used for the various experiments.

Materials
Faecal and blood samples (657) were collected from diarrhea patients in a hospital in East Heilongjiang, China. We 
obtained oral consent from the patients. The study protocol was approved by the Ethics Committee of Jiamusi University 
Clinical Medical College (approval No. 0378).

Method
Isolation and Identification of the Pathogenic Bacteria
After isolation and culture of the collected samples, the suspected Salmonella colonies were selected for pure culture, and 
the pure cultures were identified by VITEK 2 compact (bioMerieux, France). The serotype was thereafter determined by 
serum agglutination test on the identified Salmonella strain.

Drug Resistance Analysis
VITEK 2 compact was used to analyze the drug sensitivity of Salmonella. The specific operation steps used were 
as follows. Salmonella and quality control standard strains Escherichia coli (ATCC 25922) and Klebsiella 
pneumoniae (ATCC 700603) were first purely cultured overnight to prepare 0.5 McFarland value bacterial 
suspension. The drug sensitive plate and bacterial suspension were then arranged on the shelf and identified. 
The results were thereafter recorded. First, Salmonella was cultured overnight and the bacterial suspension was 
diluted to 0.5 McFarland value with 0.45% saline. The drug sensitivity card was filled as well as sealed and then 
loaded on to the instrument incubator. The instrument was monitored for the bacterial growth in each well within 
the specified time. After the incubation cycle, the mic value (or test result) of each antibacterial agent on the drug 
sensitivity card was obtained.)

PFGE Detection
Referring to the “pulse field gel electrophoresis (PFGE) operation standard”, Salmonella pulse field gel electrophoresis 
standard operation protocol was employed to carry out the homology analysis for Salmonella.

Purely cultured Salmonella and standard strain H9812 were incubated into 400 μL bacterial suspension with CSB 
(cell suspension buffer) respectively, with a concentration of 4.0–4.5 Michaelis units, and 400 μL of 1% Seakem 
Gold were used to make the small gel blocks. The prepared gel blocks were placed into 5 mL CLB (Cell Lysis 
Buffer) and incubate in a 54°C water bath shaker for 2 hours at a rotational speed of 130 r/min by HZS-HA water 
bath cradle (Harbin East Union Electronic Technology Development Company, China). Clean the cracked rubber 
block twice with sterile ultra pure water, and then washed four times with TE (Tris EDTA Buffer). Thereafter, the 
gel blocks were put into Xba I. for enzyme digestion to ensure that the gel blocks were immersed under the liquid 
level and further incubated in a 37 ion to ensure that the gel blocks were ter enzyme digestion were stuck on the 
comb teeth and converted into electrophoretic glue with 1% Seakem Gold glue. The electrophoretic conditions used 
were as follows. The initial and final conversion times were 6.76 and 35.38 s by CHEF Mapper pulsed field gel 
electrophoresis system and gel imaging system (Bio-Rad, U.S.A), respectively, and the electrophoresis time was 18 
h. After electrophoresis, the gel was placed in 400 mL Gelred diluent and stained for 30 min, and then decolorized 
using DI (deionized water) for 1 h. The gel imaging system (Bio-Rad, U.S.A) and BioNumerics version 7.6.3 
software (Applied Maths, Belgium) were used to analyze the electrophoresis results.

The criteria used for analysis of results of pulsed field gel electrophoresis was based on the method recommended by 
Tenover et al. In brief, those with similar band size and number in the PFGE map were identified as the same type, but those 
with 3 or less bands were identified as the different subtypes of the same type. In addition, those with more than 3 bands were 
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identified as the different types. The genes of the different subtypes of the strains of the same type were correlated, which were 
derived from the same parent, but the strains of the different types had no epidemiological correlation.9

Statistical Method
All the data was statistically analyzed by chi-square test using SPSS 22.0 software. Significance threshold was set at 
p-value of ≤0.05.

Results and Analysis
Contamination of the Pathogenic Bacteria in Faeces and Blood of Diarrhea Patients in 
East Heilongjiang, China
Among the 657 faeces and blood samples from patients, 28 strains of different pathogenic bacteria were isolated, 
including 23 strains of Salmonella, 3 strains of Vibrio parahaemolyticus and 2 strains of diarrheal Escherichia coli, with 
prevalence rates of 3.5%, 0.46% and 0.30%, respectively. Additionally, 8 distinct strains of pathogenic bacteria were 
obtained from blood, accounting for 28.57%, and 20 strains were from faeces, accounting for 71.43%. It was observed 
that the pathogenic bacteria were mainly isolated from faeces. There are 7 diverse serotypes of 23 Salmonella strains by 
detached, and Salmonella Enteritidis is the main serotype. The details have been shown in Table 1.

Drug Resistance of the Different Pathogens
The results of drug sensitivity assay showed that 22 out of 23 Salmonella strains (accounting for 95.65%, 22/23) 
exhibited drug resistance against 13 different antibiotics, and Nalidixic acid showed the highest drug resistance rate 
(56.52%), but they were sensitive to ceftazidime and amikacin. The details have been shown in Table 2 below.

Among the 22 drug resistance Salmonella strains, 3 strains were single drug resistance (13.04%, 3/23) and 19 strains were 
multi drug resistance (82.61%, 19/23), thereby resulting in a total of 16 drug resistant spectra. Interestingly, the number of the 
strains with double drug resistance was the largest, accounting for 34.78% (8/23). The details have been shown in Table 3.

Pathogen Homology
PFGE molecular typing was conducted for 22 different Salmonella strain that were drug resistant after Xba I enzyme 
digestion. A total of 11 distinct fingerprints were obtained, and the cluster recognition degree was found to be 56.5– 
100%. The identification degree of the clusters with higher fingerprint similarity was 92.9–100%. The homology between 
the strains SMJMS13, SMJMS17 and SMJMS16 was observed to be 100%, and these were all isolated from faeces. The 
homology of SMJMS02, SMJMS03, SMJMS05, SMJMS11, SMJMS14, SMJMS18, SMJMS19 and SMJMS20 was 
found to be 100%, which were all isolated from faeces. The homology between SMJMS09 and SMJMS10 were 100%, 
which were all obtained from faeces. The homology between SMJMS06 and SMJMS12 were 100%, which were isolated 

Table 1 Serotype of Salmonella

No. Serotype Number of 
Strains (Strain)

Constituent 
Ratio (%)

1 Salmonella Enteritidis 16 69.56

2 Salmonella Typhimurium 2 8.69
3 Salmonella Indiana 1 4.35

4 Salmonella Tripoli 1 4.35

5 Salmonella Swede 1 4.35
6 Salmonella Schlesheim 1 4.35

7 Salmonella Pomona 1 4.35

Total 23 100
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from blood and faeces respectively. The degree of recognition between these strains was 91.5–96.0%. For the strains with 
higher cluster similarity in other clusters, the homology between SMJMS01 and SMJMS21 was 92.9%, which were 
obtained from blood and faeces respectively, as shown in Figure 1.

Table 2 Drug Sensitivity of Salmonella

No. Antibiotics Name Abbreviation Drug Resistance Intermediary Sensitive

Number 
of Strains

Drug 
Resistance 
Rate (%)

Number 
of Strains

Intermediary 
Rate (%)

Number 
of Strains

Sensitivity 
Rate (%)

1 Ampicillin AMP 11 47.83 0 0 12 52.17

2 Ampicillin-Sulbactam AMS 7 30.43 3 13.04 13 56.52

3 Tetracycline TET 11 47.83 0 0 12 52.17
4 Meropenem MEM 1 4.35 0 0 22 95.65

5 Polymyxin E CT 10 43.48 13 56.52 0 0

6 Ertapenem ETP 1 4.35 2 8.70 20 86.95
7 Ceftazidime/ Avibatan CZA 1 4.35 0 0 22 95.65

8 Cefotaxime CTX 1 4.35 0 0 22 95.65

9 Ceftazidime CAZ 0 0 0 0 23 100
10 Ciprofloxacin CIP 0 0 14 60.87 9 39.13

11 Azithromycin AZI 1 4.35 0 0 22 95.65

12 Chloramphenicol CHL 1 4.35 0 0 22 95.65
13 Nalidixic acid NAL 13 56.52 0 0 10 43.48

14 Streptomycin STR 10 43.48 1 4.35 12 52.17

15 Compound 
Sulfamethoxazole

SXT 2 8.70 0 0 21 91.30

16 Amikacin AMK 0 0 0 0 23 100

Table 3 Drug Resistant Spectrum of Salmonella

Number of 
Drug 
Resistant 
Species

Drug Resistant Spectrum Number 
of Strains 
(Strain)

Drug 
Resistance 
Rate (%)

1 AZI 1 4.35 (1/23)

TET 2 8.70 (2/23)

2 CT-NAL 1 4.35 (1/23)
TET-CT 4 17.39 (4/23)

AMP-TET 1 4.35 (1/23)

NAL-STR 1 4.35 (1/23)
AMP-NAL 1 4.35 (1/23)

3 TET-STR-SXT 1 4.35 (1/23)

4 MEM-CT-CZA-NAL 1 4.35 (1/23)
AMP-TET-NAL-STR 1 4.35 (1/23)

AMP-CT-NAL-STR 1 4.35 (1/23)

AMP-AMS-CT-NAL 1 4.35 (1/23)
AMP-AMS-NAL-STR 2 8.70 (2/23)

5 AMP-AMS-CT-NAL-STR 2 8.70 (2/23)

6 AMP-AMS-TET-ETP-NAL-STR 1 4.35 (1/23)
8 AMP-AMS-TET-CTX-CHL-NAL-STR-SXT 1 4.35 (1/23)
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Discussion
Twenty-three strains of Salmonella were isolated from 657 faeces and blood samples, which was significantly higher than 
other pathogenic bacteria, but slightly different from the statistical results of national foodborne diseases in 2019. The 
number of patients affected with the microbial factors was the highest, accounting for 52.01% (12,738/24,491), among 
which Vibrio parahaemolyticus (30.25% (3853/12,738)) and Salmonella (28.44% (3623/12,738)) were the main patho-
genic bacteria, followed by Staphylococcus aureus (8.03% (1023/12,738)) Bacillus cereus (6.27% (799/12,738)) and 
diarrhoeal Escherichia coli (4.22% (537/12,738)).10 In this study, 23 different strains of Salmonella were isolated from 
657 faeces and blood, among which 8 strains were obtained from blood and 15 strains were from faeces. Among them, 
22 strains had drug resistance, of which the drug resistance rate against nalidixic acid was the highest, reaching 56.52%. 
This finding indicated that over the years, the frequency and dose of quinolone antibiotics have been relatively high, 
thereby resulting in the alteration of drug resistance of Salmonella against the antibiotics, and the increase of the 
resistance of these strains to nalidixic acid, which is one of the primary reasons for the significant diarrheal symptoms of 
patients. It might be also possible that the combination of virulence genes and other factors can enhance the virulence of 
the strains, thus rendering it easier for the contacted person to get sick. Thus, it is necessary to further analyze and study 
the virulence genes and other influencing factors. When using antibiotics for the treatment of diarrhea disease, effective 
antibiotics should be selected according to the drug resistance of local faeces and blood strains. For instance, Salmonella 
in Xinxiang City, Henan Province was found to be most sensitive to cephalothin and gentamicin.11 Salmonella in 
Guangzhou City was sensitive to ceftriaxone, cefepime, imipenem, meropenem, cefoperazone/sulbactam and amikacin.12 

Salmonella found in Urumqi City was sensitive to ciprofloxacin, ceftriaxone, gentamicin, kanamycin, cefoxitin and 
amikacin.13 This may be related to the potential use of distinct classes of antibiotics in the different regions. The 
Salmonella strains isolated in Urumqi had the highest sensitivity rate (up to 100%) towards ceftazidime and amikacin. 

Figure 1 PFGE fingerprint, serotype and drug resistance spectrum of 22 Salmonella strains. 
Note: No drug resistance, no drug resistance spectrum.
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According to the drug resistance of Salmonella strains infected by diarrhea patients in Urumqi City, antibiotics can be 
selected to achieve better clinical treatment outcome. Overall, understanding the source of Salmonella infection is of 
great significance to control the occurrence and development of various diseases.

Further analysis of Salmonella homology, serotype and drug resistance revealed that among the four diverse groups of 
strains with the same homology, the drug resistant spectra of the three groups of strains were different. Among all, only 
three strains SMJMS18, SMJMS19 and SMJMS20 drug resistant spectra in one group was the same, but in the other five 
strains were different, indicating that majority of the strains with the same PFGE band type were different from most 
drug resistant spectra, which was consistent with the previously reported studies.14 There was minimal difference in 
PFGE bands among the different strains with the same Salmonella serotype. The fingerprint identification degree of 17 
strains of Salmonella enteritidis in this study ranged between 59.1% and 100%, showing six distinct bands, which was 
different from those obtained from other regions. It was observed that the relationship between the genetic relation of the 
strains and the interaction of drug resistance and serotype remains unclear and thus further research is needed.

The fingerprints, sources, serotype and drug resistant spectra of the three strains SMJMS18, SMJMS19 and 
SMJMS20 isolated from the faeces of the diarrhea patients were found to be consistent. It can be determined that they 
arise from the same strain, and it can be inferred that the three patients might have been exposed to the same pollution 
source, thereby resulting in the consistent testing results of Salmonella strains isolated from the faeces of the three 
patients. However, epidemiological investigation is needed to further determine the identical pollution source and 
supplement relevant information to complete the pathogen tracing process. Overall, 11 PFGE fingerprints of other 19 
strains of Salmonella were obtained, thus indicating polymorphic distribution, which was similar to the situation in some 
other regions.15,16 The findings of this study indicate that a thorough investigation of the homology and drug resistant 
spectrum of diarrhea pathogens can provide optimal references for an effective treatment of the clinical diarrhea patients 
and a strong theoretical support for developing clinical guidance for medication.

In this study, the drug resistance and homology of Salmonella isolated from the blood or faeces of the diarrhea 
patients were analyzed for the first time to clarify the mechanisms of drug resistance in response to Salmonella infection. 
The findings generated can effectively guide the clinicians to accurately select the type of antibiotics to be administered 
and provide targeted diagnostic basis, to reduce the duration of treatment and effectively treat infected patients. In 
addition, we should also increase health publicity, improve people’s awareness, prevent possible harm, block the possible 
transmission path of the pathogenic bacteria, reduce the harmful effects of pathogenic bacteria on the public health, and 
effectively prevent the occurrence of diarrhoeal diseases.

Conclusions
Salmonella isolated from this city ranged from both single drug resistance to eight-fold drug resistance, and most of 
which was concentrated in two-fold or more, which was similar to the drug resistance situation of these strains in some 
other regions of China. These findings indicated that the multiple drug resistance of Salmonella in our city was 
significant, which substantially increased the difficulty of the treatment of diarrhoeal patients. In order to reduce the 
production of multi drug resistant Salmonella strains, it is recommended that antibiotics should be used reasonably for 
the treatment of diarrhea diseases. Additionally, the mechanisms of drug resistance should be thoroughly investigated to 
achieve effective clinical treatment against diarrhea disease.
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