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Abstract

The article provides data on the isolation and identification of the pathogen S. Pullorum from pathological
material of chickens. With further study of tinctorial, cultural-morphological and biological properties of the
pathogen. The susceptibility of Salmonella pullorum to broad-spectrum antibacterial drugs such as cephalo-
sporins and carbopenems was further studied to determine the drug of choice for improving treatment and
prevention of avian bacterial diseases. In order to diagnose Salmonella pullorum (S. Pullorum) diarrhea accu-
rately and analyze its drug resistance. In this study, the pathogen of a chicken suspected of S. Pullorum was
isolation, PCR amplification and drug sensitivity analysis of the pathogen from in chicken farm in Xinxiang,
north China. The results showed that the bacteria strain was diagnosed as S. Pullorum base on isolation and
identification, Gram staining and biochemical identification of the bacteria. Antibacterial drugs sensitivity test
confirmed that the bacteria was sensitive to ceftiofur, ceftriaxone, meropenem and kanamycin, and the effect of
sensitive antibiotics was obvious in clinical treatment. Altogether, the present experiment revealed a detailed
measure for S. Pullorum prevention and control and that achieved good clinical results, which laid a fundamen-
tal information for farmers and veterinary workers on eradication of S. Pullorum.
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1. Introduction increasingly serious in public health problems. The drug-
resistant strains of S. Pullorum have increased rapidly, and
the drug-resistance spectrum has become more and more
extensive, showing multiple drug resistance and cross re-
sistance (Song et al., 2020). Also, the emergence of multiple
drug-resistant strains has therefore seriously affected the
therapeutic effect of clinical antibiotics (Nhung et al., 2017).
Due to the differences of climate and feeding mode, the drug
resistance of S. pullorum in different areas and farms is also
different, which seriously threatens the safety of animal
derived food and human health (Zhao et al., 2020).

S. Pullorum is one of the most serious Enterobacteri-
aceae diseases among Salmonella (Li et al., 2019), and has a
highly adapted host characteristic, which causes acute septi-
cemia death includes chicks within 20-30 days and youngle
chickens. The incidence rate and mortality rate are very
high. Adult chickens can also be infected, which often caus-
es the laying of eggs to reduce, reproductive tract malfor-
mation, and body weight decrease, which also leads to a
significant decline in hatchability and hatching rate. Howev-
er, it can also infect turkeys and occasionally other birds and
birds, which has brought great harm to poultry industry in
many countries and caused serious economic losses (Abakpa
etal., 2014; Qiu et al., 2018).

At present, more and more attention has been paid to the
quarantine and control of S. Pullorum in China, and has also
formulated a series of prevention and control measures (Guo
et al., 2018). In last decade studies, due to the blind use of
antibiotics that the issue of antibiotic residues has become

2. Materials and methods

Accordingly, in this experiment, S. Pullorum was isolat-
ed and identified from the liver and cecum of sick chickens
in Xinxiang, north China. By using physical and chemical
methods and molecular biological methods, Gram staining
and culture characteristics observation, it was identified as
S. Pullorum. At the same time, its drug sensitivity was ana-
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lyzed to assess the presence of drug resistance. The findings
of this study was to provide basic data in the prevention and
treatment of the bacterial infectious diseases for future op-
tion of antibiotics.

2.1 Sample

A 21-day-old chicken suspected of S. Pullorum from a
chicken farm of Xinxiang, Henan Province.

2.2 Reagents

SS medium, hektoen enteric agar (HE), eosin methylene
blue medium, macconkey agar (MAC), m-broth medium,
xylose lysine deoxycholate (XLD) agar, tryptone and Sal-
monella biochemical identification tube were purchased
from Qingdao Haibo Technology Co., Ltd. (Qingdao, Chi-
na); Bacterial genomic DNA extraction kit was purchased
from Tiangen biochemical technology Co., Ltd. (Beijing,
China); S. Pullorum multivalent staining plate antigen was
purchased from Beijing Zhonghai biology Co., Ltd. (Bei-
jing, China); Drug sensitive tablets were purchased from
Hangzhou Chicheng Pharmaceutical Technology Co., Ltd.
(Hangzhou, China); Gram staining solution was purchased
from Beijing Solebo Technology Co., Ltd. (Beijing, China).

2.3 Primer Design and Synthesis

According to the conserved nucleotide standard se-
quence of S. Pullorum invA gene (Accession number:
NC003197.1) published by GenBank, a pair of primers was
designed by using preimer 5.0 software analysis system. The
sequences of the primers were invA-F, 5'-
TCCTCCGCCCTGTCTACTT-3', invA-R, 5- CCCTTT-
GCGAATAACATCCT -3

2.4 Isolation and Purification of Bacteria

The liver and cecum of dead chicken was punctured
aseptically with inoculating ring and inoculated on SS iden-
tification medium, eosin methylene blue medium, nutrient
agar medium and MAC medium. The suspected bacterial
colonies were selected and purified by scribing and shaking
at 37 °C for 24 hours, and then was observed on the medi-
um. The purified bacteria were stained with Gram staining.

2.5 Biochemical Identification

The biochemical tube was cut with gear in the ultra clean
worktable, and the purified bacteria were aseptically inocu-
lated into the biochemical tubes such as sucrose, maltose
and mannitol. After 2448 h of cultivation at 37 °C in the
constant temperature incubator, the reaction state was ob-
served and recorded in the fermentation tube.

2.6 Plate Agglutination Test

According to the instructions of multivalent staining
plate agglutination, the slide agglutination test was carried
out on the blood samples collected from a disease chicken,
and the agglutination reaction was observed after two

minutes. Meanwhile, normal saline was used as negative
control.

2.7 Ocular Lesions Under sterile conditions, the mor-
phological features of liver, kidney, heart, spleen, lung and
cecum were observed immediately.

2.8 PCR Procedure

The PCR reaction system were performed in a 25 pL re-
action mixture PCR mixtures, containing 20 pM invAF,
20 uM invAR, 12.5 pL 2xTaq Master Mix, 9.5 pL of
ddH,O, and 2 uL. DNA from the isolated bacteria. PCR
amplification procedures were 95°C for 5 min, followed by
30 cycles of 95 °C for 40 s, 59 °C for 30 s, and 72 °C for
Imin 30 s; and a final extension of 72 °C for 10 min. After
PCR amplification, The 10 uL PCR amplification product
was analyzed by 1.5 % agarose gel electrophoresis. The
PCR product size was 1143bp.

2.9 Antimicrobial Susceptibility Test

According to the National Committee of clinical laborato-
ries standards (NCCLS) for Clinical and Laboratory Stand-
ards Institute (CLSI) (Sousa et al., 2020) the isolated S. Pullo-
rum was purified and cultured. Take 100 pl bacterial solution
and add to the nutrient agar plate. After the liquid is slightly
dry and completely absorbed in the plate for 16 antimicrobial
drugs on isolated bacterias. Under sterile environment, the
drug sensitive tablets were clipped and attached to the culture
medium with sterile tweezers, and then use tweezers to gently
press them. All plates were wrapped upside down in an incu-
bator at 37 °C for 1618 h. The formation of bacteria-resistant
zone was observed and calculated.

3. Results and discussion

3.1 Bacterial isolation and culture

The isolated strains were colorless, transparent to light
orange, round, transparent and needle size colonies on MAC
medium. The colony morphology were pink or with black
center, round, with neat edge and smooth surface on XLD
medium (Fig. 1A). Nutrient broth can be seen in the uniform
turbidity of floccules, gently shaking into white sediment.
On HE agar, there were colorless and translucent blue-green
colonies, a few yellow colonies with a diameter of 2 mm,
and most of the colonies showed black luster. The isolated
bacteria were colorless, transparent or small colonies with
black center with the diameter of 2-3 mm on SS medium
(Fig. 1B). Gram staining was negative. Under the micro-
scope, the bacteria was red and straight rod-shaped with
blunt round ends, with the size of 0.8-1.6 um x 1.9—4.5um
(Fig. 1C).

A — On XLD medium, the isolated bacteria presented a round with black center; B — The strains were transparent or small colonies with
black center on SS medium; C — The bacteria were most of single and short shaped by Gram staining.
Fig. 1. A gram stained oil microscopic examination of the strain (100%)
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3.2 Biochemical characteristics

The isolated strains were inoculated into the biochemical
identification kit for identification. The biochemical reaction
characteristics are shown in Table 1. It can be seen that the
isolate bacterium does not liquefy gelatin, can ferment glu-
cose and produce gas on trisaccharide iron agar, and can not

Table 1
Biochemical experiment results of the isolated strain

metabolize lactose, can ferment sorbitol and glucose, does
not produce indole. Methyl red test, MR test and indigo
matrix test were positive. VP test and ONPG test were nega-
tive. These test results are consistent with the characteristics
of S. Pullorum.

Items Isolates  Model strain Test items Isolates Model strain
Salicin - - ONPG - -
Glucose + + Methyl red + +
Urease - - HeS + +
Amino acid decarboxylase
Indole test - - Lysine + +
Potassium cyanide - - Gelatin - -

V-P test - - MR + +
Tartrate + + Sorbitol + +

@ n

Note: “+” means positive; means negative

3.3 Plate Agglutination Assay

Through the plate agglutination test, the strains isolated
from the disease samples showed agglutination, while the
negative control was no agglutination.

3.4 Autopsy assay

The surface of liver was densely covered with small gray
miliary necrotic foci (Fig. 2A). The heart was severely de-
formed with round appearance, punctate hemorrhage and
large granuloma (Fig. 2B). There was yellow effusion in the
abdominal cavity, and the kidney was swollen and congest-

ed (Fig. 2C). The spleen was swollen and necrotic with
brittle texture and gray white nodules on the surface
(Fig. 2D). Hemorrhagic catarrhal inflammation of the small
intestine, gray white protuberant nodules on the mucosal
surface of the colon. The cecum and cecal tonsils were en-
larged with bleeding spots and small ulcers, and the contents
were caseous (Fig. 2E). There was gray tumor like necrosis
in the lung. The cysts are large with bleeding points (Fig.
2F).

A —Liver enlargemént and necrosis; B — Granuloma on the surface of pericardium; C — The kidney is swollen and congested; D — The spleen
is swollen, necrotic and brittle; E — Cecal enlargement; F — Massive hemorrhage of Fabricius cyst
Fig. 3 Gross pathological changes of different organs and intestinal tract

3.5 PCR results
The PCR results generated the specific 1143-bp band,
while the negative control showed not amplification bands.

The results showed that the isolated strain was S. Pullorum
(Fig. 6).
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M — DL2000 DNA Marker; 1 — Negative control; 2 — The isolated strain
Fig. 4. Electrophoretic map of invA gene of isolates identified by conventional PCR products

3.6 Drug sensitivity test results

The drug sensitivity of the isolated bacteria was deter-
mined by the drug sensitive disk method. The results
showed (Table 2) that the isolated bacteria were resistant to

Table 2

amoxicillin, tetracycline, ampicillin and cotrimoxazole, but
sensitive to ceftiofur, ceftriaxone, mezlocillin and kanamy-
cin.

Drug sensitivity test results to 16 antibacterial drugs of isolated S. Pullorum

Judgment standard

Diameter of bacteriostatic

Drugs RIS Zone/mm Sensitivity
Amoxicillin <14 15-20 >21 0 R
Polymyxin <10 11-15>16 16 S
Sulfamethazine <14 15-19 >20 6 R
Tetracycline <14 15-18 219 7 R
Cefatriaxone <13 14-20 >21 36 S
Gentamicin <12 13-14 >15 28 R
Neomycin <12 13-16 217 15 I
Ampicillin <15 16-20 >21 0 R
Mezlocillin <17 18-20 >21 33 S
Ciprofloxacin <18 19-21 222 6 R
Ceftiofur <14 15-17 >18 24 S
Fudaxin <14 15-17 >18 20 S
Neomycin <12 13-16 =217 29 R
Sulfamethoxazole <23 24-32 >33 9 R
Kanamycin <13 14-17 >18 22 S
Streptomycin <13 14-16 >17 9 R

Discussion

At present, S. Pullorum is an important zoonosis patho-
gen in Enterobacteriaceae, and it is also the most serious
infectious disease in poultry industry (Gut et al., 2018).
According to previous reports (Huang et al., 2016) S. Pullo-
rum has a global distribution, which can occur all year
round, mostly in autumn. Especially in developed industrial-
ized countries, the infection rate is rising (Salem et al., 2015;
Wigley, 2017; Guo et al., 2018). In addition, it is of great
significance to control the spread of Salmonella in the ani-
mal husbandry farm.

This experiment was conducted to detect the chicken in-
fected with S. Pullorum from Xinxiang City, Henan Prov-
ince. The liver and cecum of the diseased chicken was asep-
tically collected. The diagnosis was confirmed by the isola-
tion and cultivation of pathogenic bacteria, staining micros-
copy, biochemical test, drug sensitivity test and PCR assay.

The results showed that the diarrhea death of the chickens
was caused by S. Pullorum infection in a chicken farm . At
the same time, antimicrobial susceptibility test showed that
the isolated wild strain was highly sensitive to ceftriaxone,
amoxicillin, tetracycline, ampicillin and cotrimoxazole,
which was basically consistent with the results reported by
Akinola et al. (2019). Different findings have been reported
in the study of Tamang et al. (2014) and Ramirezhernandez
et al. (2021), which may be related to different serotypes
and regional differences of Salmonella. Parvin et al. (2020)
used multiplex PCR method to detect Salmonella from fro-
zen muscle and found that resistant to tetracycline, which
was consistent with our experimental results.

The drug resistance of bacteria is closely related to the
drug resistance of chicken farm (Guo et al., 2014). In drug
prevention and treatment of bacteria diseases, we should
choose less or no drugs at ordinary times, and select highly
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sensitive drugs in combination with the results of drug sensi-
tivity test. Similarly, we should also consider the absorption
of each drug in the body to determine the appropriate route
of administration (Gharieb et al., 2015; Ahmed et al., 2019).
Some researchers use probiotics “probiotics”, so as to com-
petitively inhibit Salmonella parasitism in the intestinal
tract, and have also achieved good results, indicating that it
is of great reference value in the prevention of S. Pullorum
(Torres et al., 2016; Chen et al., 2020).

Although domestic and foreign scholars have carried out
extensive research in various drug resistances of Salmonella,
there are still many problems need to be solved (Nhung et
al., 2017). In order to reduce the threat of Salmonella to
human health and animal borne diseases, we must continue
to conduct in-depth research on the pathogenic mechanism
of S. Pullorum. Especially for the study of vertical transmis-
sion mechanism, which will help us find out some effective
strategies to control animal infection diseases. At the same
time, there is still a long way to strengthen the research of
S. Pullorum vaccine, especially new vaccines, such as subu-
nit vaccine, live vector vaccine and nucleic acid vaccine.
The tolerance of S. Pullorum is a problem that we must take
seriously and rising public health concerns. The coexistence
of multidrug resistance and virulence genes in animals has a
certain effect on the treatment of patients to humans (Ahmed
et al., 2020). At present, strengthening quarantine and elimi-
nating positive chickens is still effective measures to prevent
and control the disease on the farm. It is known that the
positive incidence rate and incidence rate of chickens are
controlled by using vaccines and microecological prepara-
tions. The elimination of high incidence of chickens is an
important step in preventing and controlling the disease, and
provides conditions for the final purification of the disease.

4. Conclusions

In this study, a case chicken with diarrhea from a large-
scale chicken farm in Xinxiang, north China that was diag-
nosed as S. Pullorum, and potentially pathogenic . The re-
sults of drug sensitivity test showed that the isolated strain
was amoxicillin, tetracycline, ampicillin and cotrimoxazole.
Furthermore, our results can be made at the early stage of in
animal feeding, reducing unnecessary losses, and has a cer-
tain application value for clinical prevention and control of
S. Pullorum.

Conflict of interest
The authors declare that there is no conflict of interest.

References

Abakpa, G. O., Umoh, V. J., Ameh, J. B., et al. (2014). Diversity
and antimicrobial resistance of Salmonella enterica, isolated
from fresh produce and environmental samples. Environmental
Nanotechnology Monitoring & Management, 3(5), 38-46.
doi: 10.1016/j.enmm.2014.11.004.

Ahmed, A. O., Raji, M. A., Mamman, P. H., et al. (2019). Salmo-
nellosis: Serotypes, prevalence and multi-drug resistant profiles
of Salmonella enterica in selected poultry farms, Kwara State,
North Central Nigeria. The Onderstepoort Journal of Veteri-
nary Research, 86(1), el—e8. doi: 10.4102/0jvr.v86i1.1667.

Ahmed, N., Ali, Z., Riaz, M., et al. (2020). Evaluation of Antibiotic
Resistance and Virulence Genes among Clinical Isolates of Pseu-
domonas aeruginosa from Cancer Patients. Asian Pac J Cancer
Prev, 21(5), 1333-1338. doi: 10.31557/APJCP.2020.21.5.1333.

Akinola, S. A., Mwanza, M., Ateba, C. N. (2019). Occurrence,
Genetic Diversities And Antibiotic Resistance Profiles Of Sal-
monella Serovars Isolated From Chickens. Infection and Drug
Resistance, 12, 3327-3342. doi: 10.2147/IDR.S217421.

Chen, C., Li, J., Zhang, H., et al. (2020). Effects of a probiotic on
the growth performance, intestinal flora, and immune function
of chicks infected with Salmonella pullorum. Poultry Science,
99(11), 5316-5323. doi: 10.1016/j.psj.2020.07.017.

Gharieb, R. M., Tartor, Y. H., & Khedr, M. H. E. (2015). Non-
Typhoidal Salmonella, in poultry meat and diarrhoeic patients:
prevalence, antibiogram, virulotyping, molecular detection and
sequencing of class I integrons in multidrug resistant strains.
Gut Pathogens, 7(1), 1-11. doi: 10.1186/s13099-015-0081-1.

Guo, R, Li, Z., Zhou, X., et al. (2018). Induction of arthritis in
chickens by infection with novel virulent Salmonella Pullorum
strains. Veterinary ~ Microbiology, 228, 165-172.
doi: 10.1016/j.vetmic.2018.11.032.

Guo, X., Wang, H., Cheng, Y., et al. (2018). Quinolone resistance
phenotype and genetic characterization of Salmonella enterica
serovar Pullorum isolates in China, during 2011 to 2016. BMC
Microbiology, 18(1), 225-231. doi: 10.1186/512866-018-1368-4.

Gut, A. M., Vasiljevic, T., Yeager, T., et al. (2018). Salmonella
infection — prevention and treatment by antibiotics and probi-
otic yeasts: a review. Microbiology, 164(11), 1327-1344.
doi: 10.1099/mic.0.000709.

Huang, Y. S., Wu, Y. C., Hu, C. W,, et al. (2016). Isolation and
Characterization of Salmonella spp. in Sheltered Wild Birds in
Taiwan. Pakistan Veterinary Journal, 36(4), 472-476.

Li, X., Nie, C., Liu, Y., et al. (2019). A genome-wide association
study explores the genetic determinism of host resistance to
Salmonella pullorum infection in chickens. Genetics Selection
Evolution, 51(1), 51-62. doi: 10.1186/s12711-019-0492-4.

Nhung, N. T., Chansiripornchai, N., & Carrique-Mas, J. J. (2017).
Antimicrobial Resistance in Bacterial Poultry Pathogens: A
Review. Frontiers in Veterinary Science, 4(126), 1-17.
doi: 10.3389/fvets.2017.00126.

Parvin, M. S., Hasan, M. M., Ali, M. Y., et al. (2020). Prevalence
and Multidrug Resistance Pattern of Salmonella Carrying Ex-
tended-Spectrum [-Lactamase in Frozen Chicken Meat in
Bangladesh. Journal of food protection, 83(12), 2107-2121.
doi: 10.4315/JFP-20-172.

Qiu, J. W., Xiao, C. Z., Tian, W., et al. (2018). Effect of dietary
oridonin supplementation on growth performance, gut health,
and immune response of broilers infected with Salmonella pullo-
rum. Irish Veterinary Journal, 71(1), 1-6. doi: 10.1186/s13620-
018-0128-y.

Ramirezhernandez, A., Carrascalcamacho, A. K., Brashears, M.
M., et al. (2021). Genotypic Characterization of Antimicrobial
Resistant Salmonella spp. Strains from Three Poultry Pro-
cessing Plants in Colombia. Foods, 10(3), 491-507.
doi: 10.3390/foods10030491.

Rodrigues, G. L., Panzenhagen, P., Ferrari, R. G., Paschoalin, V.
M. F., & Conte-Junior, C. A. (2020). Antimicrobial Resistance
in Nontyphoidal Salmonella Isolates from Human and Swine
Sources in Brazil: A Systematic Review of the Past Three Dec-
ades. Microbial Drug Resistance, 26(10), 1260-1270.
doi: 10.1089/mdr.2019.0475.

Salem, R. B., Abbassi, M. S., Garcia, V., et al. (2015). Detection
and molecular characterization of Salmonella enterica serovar
Eppendorf circulating in chicken farms in Tunisia. Zoonoses &
Public Health, 63(4), 320-327. doi: 10.1111/zph.12234.

Samykannu G., Vijayababu, P., et al. (2019). In Silico Characteri-
zation of B Cell and T Cell Epitopes for Subunit Vaccine De-
sign of Salmonella typhi PgtE: A Molecular Dynamics Simula-
tion Approach. Journal of Computational Biology A Journal of
Computational Molecular Cell Biology, 26(2), 105-116.
doi: 10.1089/cmb.2018.0010.

Song, Y., Wang, F., Song, Y., et al. (2020). Occurrence and Char-
acterization of Salmonella Isolated From Chicken Breeder
Flocks in Nine Chinese Provinces. Frontiers in Veterinary Sci-
ence, 8(7), 479-489. doi: 10.3389/fvets.2020.00479.

Ukrainian Journal of Veterinary and Agricultural Sciences, 2021, Vol. 4, N 1

37


https://doi.org/10.1016/j.enmm.2014.11.004
https://doi.org/10.4102/ojvr.v86i1.1667
https://doi.org/10.31557/APJCP.2020.21.5.1333
https://doi.org/10.2147/IDR.S217421
https://doi.org/10.1016/j.psj.2020.07.017
https://doi.org/10.1186/s13099-015-0081-1
https://doi.org/10.1016/j.vetmic.2018.11.032
https://doi.org/10.1186/s12866-018-1368-4
https://doi.org/10.1099/mic.0.000709
https://doi.org/10.1186/s12711-019-0492-4
https://doi.org/10.3389/fvets.2017.00126
https://doi.org/10.4315/JFP-20-172
https://doi.org/10.1186/s13620-018-0128-y
https://doi.org/10.3390/foods10030491
https://doi.org/10.1089/mdr.2019.0475
https://doi.org/10.1111/zph.12234
https://doi.org/10.1089/cmb.2018.0010
https://doi.org/10.3389/fvets.2020.00479

Sousa, E., Cortez, A., Melhem, M., et al. (2020). Factors influenc-
ing susceptibility testing of antifungal drugs: a critical review
of document M27-A4 from the Clinical and Laboratory Stand-
ards Institute (CLSI). Brazilian Journal of Microbiology, 51(4),
1791-1800. doi: 10.1007/s42770-020-00354-6.

Tamang, M. D., Gurung, M., Nam H. M., et al. (2014). Antimicro-
bial susceptibility and virulence characteristics of Sal/monella
enterica Typhimurium isolates from healthy and diseased pigs
in Korea. Journal of Food Protection, 77(9), 1481-1486.
doi: 10.4315/0362-028X.JFP-14-084.

Torres, A. C., Vannini, V., Bonacina, J., et al. (2016). Cobalamin
production by Lactobacillus coryniformis: biochemical identi-
fication of the synthetized corrinoid and genomic analysis of

the biosynthetic cluster. Bmc Microbiology, 16(1), 240-249.
doi: 10.1186/s12866-016-0854-9.

Voss-Rech, D., Potter, L., et al. (2017). Antimicrobial Resistance in
Nontyphoidal Salmonella Isolated from Human and Poultry-Related
Samples in Brazil: 20-Year Meta-Analysis. Foodborne pathogens
and disease, 14(2), 116-124. doi: 10.1089/fpd.2016.2228.

Wigley, P. (2017). Salmonella enterica serovar Gallinarum: ad-
dressing fundamental questions in bacteriology sixty years on
from the 9R vaccine. Avian Pathology, 46(2), 119-124.
doi: 10.1080/03079457.2016.1240866.

Zhao, X., Hu, M., Zhang, Q., et al. (2020). Characterization of
integrons and antimicrobial resistance in Salmonella from
broilers in Shandong, China. Poultry Science, 99(12), 7046—
7054. doi: 10.1016/j.psj.2020.09.071.

Ukrainian Journal of Veterinary and Agricultural Sciences, 2021, Vol. 4, N 1

38


https://doi.org/10.1007/s42770-020-00354-6
https://doi.org/10.4315/0362-028X.JFP-14-084
https://doi.org/10.1186/s12866-016-0854-9
https://doi.org/10.1186/s12866-016-0854-9
https://doi.org/10.1089/fpd.2016.2228
https://doi.org/10.1080/03079457.2016.1240866
https://doi.org/10.1016/j.psj.2020.09.071



