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Abstract 

Background: Urinary system Infection (UTI) can be caused by Uropathogenic 

Escherichia coli (UPEC) strains that encode surface and secretory virulence factors. 

These strains can colonize the host urinary system and facilitate bacterial development. 

Aim: The current study was aimed to detection of some virulence genes of Escherichia 

coli isolated from urinary tract infection patients and their relationship to biofilm 

production. Materials & methods: 117 Clinical samples were collected from Kirkuk 

Hospital in Kirkuk city for the period from October 2023 to February 2024. Based on 

the culturing and biochemical features of E. coli colonies developing on blood agar, 

MacConkey agar and Eosin-methylene blue (EMB), the colonies were diagnosed after 

incubation for 24 hours at 37 0C. Diagnosis were confirmed by Vitek 2 system. Results: 

Forty two (35.9%) of all specimens showed positive results for the growth of E. coli. Of 

the total samples, 75 (64.1%) showed negative results for the growth of E. coli. The 

results of the current study show that the E. coli showed total resistance (100%) to 

Ampicillin. while Tobromycin showed high sensitive 100%. While different degrees of 

sensitivity were found towards the rest of the study antibiotics. The percentage of E. coli 

for biofilm production. Whereas, 18(42.9%) E. coli isolated was strong biofilm 

production, 11(26.2%) E. coli isolated was moderate biofilm production, and 8(19.0%) 

E. coli isolated was weak biofilm production. In the current study, 37(88.1%), 20(47.6%) 

E. coli isolates possessed FimH and Cnf1 genes, respectively, as virulence factor. 

Conclusions: In the present study the prevalence of FimH and Cnf1 genes in UPEC were 

determined and the results showed that among biofilm producers, FimH was the most 

prevalent Urovirulence gene followed by Cnf1. 

 

 

Introduction  

Throughout the world, millions of individuals of all ages and gender identities suffer from urinary tract 

infections (UTIs), which are among the most common infections caused by bacteria [1-2]. A urinary tract 

infection (UTI) is defined as having more bacteria than 105 microliters per milliliter in the urine. 

Anatomically, UTIs are divided into two categories: lower UTIs, which include the bladder and urethra, 

and upper UTIs, which involve the kidney, pelvis, and ureter. Above the urethra, the urinary system is 

normally sterile [3]. Gram-negative bacteria belonging to the Enterobacteriaceae family are the primary 

cause of urinary tract infections. The most common type of them is called uropathogenic Escherichia coli 

(UPEC). Because of the formation of biofilms and the existence of numerous virulence factors that rely on 

the invasion, and survival of uroepithelium cells, E. Coli strains have the capacity to cause urinary tract 

infections. For the majority of uropathogens, bacterial biofilm development is a significant virulence factor 
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that affects infection duration, resistance, and recurrence [4]. It is a representation of clusters of cells adhered 

to surfaces and encased in a matrix of extracellular polymeric substances (EPS) generated by the bacteria 
[5], shielding them from antibiotics, phagocytosis, and host defense mechanisms. Adhesion Type 1 fimbriae 

(fimH), a remarkably versatile UPEC virulence factor that can stabilize the attachment of the bacteria to 

different types of cells throughout the urinary tract, and toxins like Cytotoxic necrotizing factor 1 (cnf1) 

toxins, which cause cytoskeleton rearrangements in host cells, are the reasons why uropathogenic E. coli 

strains are pathogenic [6–9]. Therefore, the current study was aimed to detection of some virulence genes of 

E. coli isolated from urinary tract infection patients and their relationship to biofilm production. 

Materials & methods 

Specimen Collection 

117 Clinical samples were collected from Kirkuk Hospital in Kirkuk city for the period from October 2023 

to February 2024 from patients. The method of collecting samples included the following: midstream urine 

sample in sterile urine cup taken from both sexes in different age. 

E. coli of identification 

Based on the culturing features of the E. coli colonies developing on blood agar, EMB, and MacConkey 

agar, were diagnosed after incubation for 24 hours at 37 0C. biochemical tests were used to identification 

of E. coli and these tests including methyl red, citrate, urease, voges-proskauer, catalase, oxidase, KIA, and 

indole test. Vitek 2 system was carried out in order to identify and diagnose bacteria. 

Antibiotic susceptibility test (AST)  

According to clinical laboratory standards institute (CLSI) guidelines, the Kirby-Bauer disc diffusion 

technique with Muller Hinton (MH) agar was used for the AST for all isolates (CLSI, 2020). The antibiotics 

discs (Bioanalyse(USA)) used in this study were Ceftazidime (30ug), Tobramycin (10μg), Amikacin 

(30ug), Levofloxacin (5µg), Cefotaxime (30ug), Trimethoprim (5µg), Cefixime (5µg), Ciprofloxacin 

(30ug), Nalidixic acid (30ug), Vancomycin (30 μg), Azithromycin (30 μg), Imipenem (10ug), Clindamycin 

(10μg), and Gentamicin (10ug). Multidrug-resistant (MDR) organisms were defined as those that exhibited 

resistance to several antimicrobial agent types, classes, or subclasses. 

Biofilm formation by Congo red test  

Dissolve 37 g/L of brain heart infusion broth (BHI) and 50 g/L of sucrose in 500 ml of distilled water to 

make Congo red agar. Put in 10 grams of agar-agar. After that, the volume was adjusted to 900 ml of 

distilled water and the medium was autoclaved to achieve sterilization. 0.8 g of congo red stain and 100 ml 

of distilled water were combined to create the dye, which was then autoclaved to guarantee sterility. After 

autoclaving the medium and dye and allowing it to cool to 50 oC, the dye was applied to the agar. The 

medium was poured into Pyrex plates. Using this medium, the biofilm growth of the isolates was found [10]. 

Genetic Study 

Isolating Genomic DNA from Gram Negative Bacteria 

The purpose of the Wizard® Genomic DNA Purification Kit is to separate DNA from Gram-negative 

bacteria. 

PCR procedure 

Detecting fimH the and cnf1 sequences have been performed through the conventional PCR The 

polymerase chain reaction (PCR) combination of 25  µL final volume was prepared from Go Taq Green 
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Master Mix (2X) 12.5 µL, forward primer 1 µL, reverse primer 1 µL, DNA template 3 µL, and nuclease-

free water 7.5 µL. The primers that have been utilized in the presented research have been listed in table 

(3-7). 

Table (3-7): Uropathogenic E. coli virulence genes PCR assayprimers 

Primer Primer sequence Length (bp) 
 

TA (℃) 

fimH-F 5- GCCAATGGTACCGCTATCCC-3 
580 

63.7 

fimH-R 5- CGGAGAGGTAATACCCCAGG-3 63.7 

cnf1-F 5-CGGCATCTACTATGAAGTGG-3 
810 

56.8 

cnf1-R GGATAGATTGCACGCTGACG-3 -5 60 

 

Agarose Gel Electrophoresis of DNA 

In order to distinguish the bundle size of the PCR interaction on the agarose gel, electrophoresis has been 

used to detect DNA fragments after the procedure of extraction or to identify the result of the PCR 

interaction in the presence of standard DNA. 

Results 

Samples distribution 

117 urine samples from patients with UTIs were used in the current investigation (table 1). According to 

the results, 42 (or 35.9%) of the total samples showed positive results for the growth of E. coli when it was 

cultured on blood agar, MacConkey agar, and EMB. The EMB medium gave the growth of the bacteria a 

green metallic sheen. Of the total samples, 75 (64.1%) showed negative results for the growth of E. coli. 

Table (1): Distributed of study samples according to UTI 

 No. (%) 

+ve culture 

No. (%) 

-ve culture 
Total No.(%) 

Patients 42(35.9%) 75(64.1%) 117 (100.0%) 

 

 

 

 

 

 

 

 

Antibiotic susceptibility test 

Figure (1): E. coli colonies on EMB agar. 
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E. coli showed total resistance (100%) to Ampicillin. 23.1% sensitive to vancomycin and Clindamycin. 

Otherwise, E. coli showed 24.6%, 29.2%, 12.3%, 21.5%, 75.4%, 90.8%, 20.0%, 26.2, 24.6%, 50.8%, 89.2% 

and 50.8% sensitive to Trimethoprim, Ceftazidime, Cefotaxime, Cefixime, Gentamycin, Imipenem, 

Nalidixic acid, Ciprofloxacin, Levofloxacin, Amikacin and Azithromycin. While Tobromycin showed high 

sensitive 100.0% respectively, as shown in table (6).  

 

Table (6): Antibiotic susceptibility test of E. coli 

Antibiotics Sensitive % Intermediate % Resistant % P value 

AMP 0.0 0.0 100.0 

0.001 

VN 23.1 6.2 70.7 

DA 23.1 0.0 76.9 

TMP 24.6 4.6 70.8 

CAZ 29.2 16.9 53.9 

CTX 12.3 4.6 83.1 

CFM 21.5 6.2 72.3 

CN 75.4 10.8 13.8 

IMI 90.8 4.6 4.6 

NA 20.0 0.0 80.0 

CIP 26.2 7.6 66.2 

LEV 24.6 10.8 64.6 

AZT 50.8 13.8 35.4 

AK 89.2 3.1 7.7 

TOB 100 0.0 0.0 

AMP= Ampicillin, VN= Vancomycin, DA=, Clindamycin, TMP=Trimethoprim, CAZ= Ceftazidime, 

CTX=, Cefotaxime, CFM=Cefepime, CN=Gentamicin, IMI=Imipenem, NA=Nalidixic acid, 

CIP=Ciprofloxacin, LEV= Levofloxacin, AZT = Azithromycin, AK=Amikacin, TOB = Tobramycin. 

 

Biofilm ability of E. coli 

Figure (2, 3) shows biofilm production when E. coli was grown on Congo red agar, where the black color 

of the colonies indicates biofilm production. The percentage of E. coli for biofilm production. Whereas, 

18(42.9%) E. coli isolated was strong biofilm production, 11(26.2%) E. coli isolated was moderate biofilm 

production, and 8(19.0%) E. coli isolated was weak biofilm production. 
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Figure (2): E. coli colonies on Congo red agar. 
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Genetic study  

 In the current study from 42 UPEC isolate, 37(88.1%) E. coli isolates possessed FimH gene and 20(47.6%) 

E. coli isolates possessed Cnf1 gene as virulence factor as shown in figure (4, 5). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The correlation between the virulence genes and Biofilm production 

Figure (4): PCR amplification of 580bp FimH gene by 1.4% agarose gel 

electrophoresis.  

Ladder: M, Lane (1-7): PCR product of 7 E. coli isolates from urine samples.  

580 bp 

M        1            2          3          4           5        6         7      

100bp 

1000bp 

500bp 

1000bp 

M        1          2         3       4          5         6          7      

810 bp 

500bp 

100bp 

300bp 

200bp 

Figure (5): PCR amplification of 810bp Cnf1 gene by 1.4% agarose gel electrophoresis.  

Ladder: M, Lane (1-7): PCR product of 7 E. coli isolates from urine samples 
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The frequency of the FimH and Cnf1 genes in UPEC was assessed in the current study, and the findings 

indicated that among biofilm producers, FimH was the most common Urovirulence gene, followed by Cnf1 

(fig: 6). 

 

 

 

 

 

 

 

 

Figure (6): virulence genes frequency among Biofilm and None Biofilm forming of E. coli isolates. 

 

Discussion 

One of the most chronic diseases in men of all ages is UTIs [11]. The E. Coli infection rate, according to the 

current results, was 35.9%. This finding is consistent with a different study conducted in Iraq [12]. It has 

been amply demonstrated that the same bacteria is the primary global source of UTIs. An isolation rate of 

45.67% for E. Coli was found, in contrast to a study conducted in a different nation [13].  

The prevalence of Ampicillin resistance was determined to be 91.7%, and the percentage of resistance to 

Ampicillin recorded in this study was almost identical to those published by other research as [14]. 

Furthermore, this study supports [15]'s findings, which state that βlactamases are produced by Gram-negative 

bacteria, giving them the ability to demonstrate resistance to β-lactam antibiotics. (ESBLs) are a class of 

enzymes that can hydrolyze a variety of β-lactams, including penicillin and cephalosporins like ceftazidime, 

cefotaxime, and ceftriaxone, but not cefoxitin [16]. The isolates of E. Coli were shown to be very sensitive 

to imipenem and exceedingly resistant to ampicillin, according to the antibiotic sensitivity profile of the 

urine samples. This outcome is in line with past studies showing the high imipenem sensitivity of E. Coli 

isolates [18] and the notable ampicillin resistance of isolates from urine samples [17]. Similar results were 

found by [19] in a research conducted in Iraq. 

In terms of biofilm formation, 37 (88.1%) of the 42 isolates that were tested were able to produce biofilms; 

this is less than what was reported by [20–21], who found that biofilm development was 100% common in 

UPEC. The prevalence of 80% [22] and 84.3% [23] reported in other studies is comparable with the findings 

of the current investigation. The majority of strains were able to form strong biofilms, which is in line with 

other research [21, 24]. These discrepancies could be the result of variations in methodology, including the 

source of sample isolation, study durations, geographic locations, and environmental factors that affect 

biofilm capacity and experimental settings [22–23].  

According to [25], fimH detection was observed in 92% of the isolates in the current study, which is 

consistent with the findings of adhesion type 1 fimbriae  found to be extremely frequent in 37 isolates. 

Another study [26] showed that 98% of the E. Coli strains isolated from UTI patients had the fimH gene. 

Furthermore, [27] examined the frequency of FimH at 87.7%. Additionally, it was discovered by [28] that 
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93% of the UPEC isolates have the fimH gene. The current investigation found a correlation between the 

presence of the fimH gene and the creation of biofilms, as seen in (fig: 4).  

It was recently revealed [29] that the expression of various adhesins, including type 1 fimbriae, can be linked 

to the biofilm formation by extraintestinal E. coli. In addition, it was discovered by [30] that adhesive 

structures expressed in the early phases of biofilm growth included type 1 fimbriae (fim H). Despite reports 

of the existence of virulence factors (genes) that enable UPEC to form biofilms in vitro, the quantitative 

link between virulence factors and biofilm has produced inconsistent findings [23, 31]. Strong biofilm-

producing bacteria had a greater fimH gene prevalence, which is consistent with earlier research [32–33]. 

Based on earlier research, strong and moderate biofilm-producing strains expressed a high frequency of 

type 1 fimbriae [33]. However, the results of [34], which showed that the bacteria genetic profiles fimH and 

Cnf1, were related with high biofilm development, are similar with the association that the current 

investigation revealed between the Cnf1 gene and biofilm production. 

Conclusions  

It was concluded from the study that Escherichia coli isolated from urinary tract infection patients possess 

the virulence genes (Fim and Cnf), which are related to biofilm production, which causes an increase in the 

virulence of Escherichia coli upon infection. 

References  

1. Ibrahim SA, Mohamed DA, Suleman SK. Microbial causes of urinary tract infection and its sensitivity to 

antibiotics at Heevi pediatric teaching hospital/Duhok City. Med J Babylon 2020;17:109-14. 

2. Al-Zubaidi OH, Al-Salman AR. Assessment of parents’ awareness about urinary tract infections in children of 

Babylon Province. Med J Babylon 2022;19:50-7. 

3. Aljanaby, A.A.J., Alfaham, Q.M.H., 2017. Phenotypic and molecular characterization of some virulence factors 

in multidrug resistance Escherichia coli isolated from different clinical infections in Iraq. Am. J. Biochem. Mol. 

Biol. 7, 65–78.  

4. Devipalanisamy D., Olaganathan S., and Marimuthu M. "Detection of Extended Spectrum Beta Lactamases  

(ESBLs)  Producing  Enterobacteriaceae  Family  from  Urinary  Tract  Infection  (UTI) Patients," International  

Journal  of  Pharmaceutical  Investigation, vol.  11,  pp.  113-117,  2021. 

5. Eberly, A.R.; Floyd, K.A.; Beebout, C.J.; Colling, S.J.; Fitzgerald, M.J.; Stratton, C.W.; Schmitz, J.E.; 

Hadjifrangiskou, M. Biofilm Formation by Uropathogenic Escherichia coli Is Favored under Oxygen Conditions 

That Mimic the Bladder Environment. Int. J. Mol. Sci. 2017, 18, 2077. 

6. Catana N, Popa V, Fodor I. Binding of Congo Red, Phenotypical Marker for Discrimination of Apec Strains. 

Lucrari Stiintifice-Universitatea de Stiinte Agricole a Banatului Timisoara, Medicina Veterinara. 

2019;42(1):200–2. 

7. AL-Taee H S.R., Ikram A.A., Hazim I. Antibiotic Susceptibility and Molecular Detection of Pseudomonas 

aeruginosa Isolated from Bovine Mastitis. (2019). The Iraqi Journal of Veterinary Medicine, 43(2), 77-85. 

8. Chase-Topping M, Gally D, Low C, Matthews L, Woolhouse M. Super-shedding and the link between human 

infection and livestock carriage of Escherichia coli O157. Nat Rev Microbiol. 2018;6(12):904–912. 

9. Chaudhary S.,  Dhital A.,  Shrestha B.,  and Kathmandu N.,  "Extended  Spectrum  Beta-Lactamase (ESBL) 

Producing Multi Drug Resistant Gram-Negative Isolates Causing Urinary Tract Infection in    a    Tertiary    Care 

Hospital,"    2021. 

10. Abbasi H, Ranjbar R. The prevalence of quinolone resistance genes of A, B, S in Escherichia coli strains isolated 

from three major hospitals in Tehran, Iran. Cent European J Urol. 2018;71(1):129–133.  

11. Leung A. K., Alex H.C. W., Amy A.M. L., Kam L. H. Urinary Tract Infection in Children. Recent Pat Inflamm 

Allergy Drug Discov. 2019; 13(1): 2–18. 

12. Mahdi BM, Khudhur HB, Abdul-Hussein MM. (2020). Bacterial isolates of urine and their susceptibility to 

antimicrobials. Macedonian J Med Sci. 8(A) 84-88. 

13. Armanullah M, Anjay, Kumar P, Kumari S, Kaushik P, Archana S, Das Arya K. (2018). Prevalence of multi-drug 

resistant (MDR) Escherichia coli in bovine clinical samples. Int J Curr Microbiol App Sci. 7(1) 1476-1485. 



 Study Of Some Virulence Genes Of Escherichia Coli Isolated From Urinary Tract Infection 

Patients And Their Relationship To Biofilm Production 

SEEJPH Volume XXV, S2, 2024, ISSN: 2197-5248; Posted:05-12-2024 

 

4460 | P a g e 
 

14. Sorlozano A, Gutierrez J, Romero, J .M, Luna, J. (2017). Activity in vitro of twelve antibiotic against clinical 

isolates of extended – spectrum beta = lactamase producing Escherichia .coli . Journal of Basic Microbiology, 47, 

413-416. 

15. Abdul-Lateef, L. A. (2011). Phylogeny and pathogenicity Island among Escherichia coli islated from clinical 

cases. thesis. Ph.D. college of Medicine. University of Babylon 

16. Al-Hadithi H. A. A. (2018). Molecular detection of Hemolycin in Escherichia coli and attempt to inhibition by 

using the Probiotics. Tikrit J. Pur Sci., 23(6) 79-90 

17. Khan N, Noor us S, Abdus S, Qazilbash A. (2012). Incidence and AntibiogramPatterns of Escherichia coli 

Isolated from Various Clinical Samplesfrom Patients at N.I.H. Islamabad. Pakistan Journal of Biological Sci-

ences. 5. 

18. Adinortey C, Amewowor DHAK, Otwe E, Galyuon I, Asante DKA. (2017). Antibiotic Susceptibility Profile and 

Occurrence of Escherichiacoli Isolated from Clinical and Environmental Samples in CapeCoast, Ghana. Research 

Journal of Microbiology. 12(1) 170–6. 

19. AL-Jubouri  S. S. and Abdul-Muhsin M. S. (2022). Molecular Detection of Cephalosporin Resistance Genes in 

Escherichia coli Isolated from Urinary Tract Infections in Baghdad Hospitals. Iraqi Journal of Biotechnology,  

21(2) 145-152. 

20. Ponnusamy, P.; Natarajan, V.; Sevanan, M. In vitro biofilm formation by uropathogenic Escherichia coli and their 

antimicrobial susceptibility pattern. Asian Pac. J. Trop. Med. 2012, 5, 210 

21. Dossouvi, K.M.; Ba, B.S.; Lo, G.; Ndiaye, I.; Tine, A.; Karam, F.; Diagne-Samb, H.; Ngom-Cisse, S.; Diop-

Ndiaye, H.; Mamman, I.; et al. High prevalence of virulence genes and in-vitro biofilm production in clinical 

multidrug resistant Escherichia coli in Dakar Senegal. Res. Sq. 2023, 8, 69–81.  

22. Poursina, F.; Sepehrpour, S.; Mobasherizadeh, S. Biofilm Formation in Nonmultidrug-resistant Escherichia coli 

Isolated from Patients with Urinary Tract Infection in Isfahan, Iran. Adv. Biomed. Res. 2018, 7, 40.  

23. Agarwal, J.; Mishra, B.; Srivastava, S.; Srivastava, R. Genotypic characteristics and biofilm formation among 

Escherichia coli isolates from Indian women with acute cystitis. Trans. R. Soc. Trop. Med. Hyg. 2013, 107, 183–

187. 

24. Ballén, V.; Gabasa, Y.; Ratia, C.; Sanchez, M.; Soto, S. Correlation between antimicrobial resistance, virulence 

determinants and biofilm formation ability among extraintestinal Pathogenic Escherichia coli strains isolated in 

Catalonia, Spain. Front. Microbiol. 2021, 12, 803862. 

25. Aljanaby, A.A.J., Alfaham, Q.M.H., 2017. Phenotypic and molecular characterization of some virulence factors 

in multidrug resistance Escherichia coli isolated from different clinical infections in Iraq. Am. J. Biochem. Mol. 

Biol. 7, 65–78.  

26. Watts RE, Hancock V, Ong CL, Vejborg RM, Mabbett AN, Totsika M, et al. Escherichia coli isolates causing 

asymptomatic bacteriuria in catheterized and noncatheterized individuals possess similar virulence properties. J 

Clin Microbiol. 2020;48(7):2449–58. 

27. Arabi S, Tohidi F, Naderi S, Nazemi A, Jafarpour M, Naghshbandi R. The common fimbarie genotyping in 

Uropathogenic Escherichia coli. Ann Biol Res. 2012;3(10):4951–4. 

28. Jarjees, R.K. (2014). Detection of virulence factors and synergistic effect of some medical plants and antibiotics 

on uropathogenic Escherichia coli. Ph.D. Thesis. Salahaddin University . Erbil. Iraq. 

29. Cergole-Novella, M.C.; Pignatari, A.C.C. and Guth, B.E.C. (2015). Adhesion, biofilm and genotypic 

characteristics of antimicrobial resistant Escherichia coli isolates. Braz. J. Microbiol., 46(1): 167-171. 

30. Moreira, C.G.; Palmer, K.; Whiteley, M.; Sircili, M.P.; Trabulsi, L.R.; Castro, A.F.P. and Sperandio, V. (2006). 

Bundle-forming pili and EspA are involved in biofilm formation by enteropathogenic Escherichia coli . J. 

Bacteriol., 188: 3952-3961. 

31. Iranpour, D.; Hassanpour, M.; Ansari, H.; Tajbakhsh, S.; Khamisipour, G. Phylogenetic groups of Escherichia 

coli strains from patients with urinary tract infection in Iran based on the new Clermont phylotyping method. 

Biomed. Res. Int. 2015, 2015, 846219. 

32. Boroumand, M.; Sharifi, A.; Amin-Ghatei, M.; Sadrinasab, M. Evaluation of biofilm formation and virulence 

genes and association with antibiotic resistance patterns of uropathogenic Escherichia coli strains in Southwestern 

Iran. Judishapur. J. Microbiol. 2021, 14, e117785. 

33. Ebrahimi, M.T.; Hedayati, M.A.; Pirlar, R.F.; Mortzavi, N.; Nazari, M.; Ahmadi, A.; Hemmati, J.; Erfani, Y. 

Investigation of the biofilm formation in extra-intestinal pathogenic Escherichia coli ST131 strains and its 

correlation with the presence of fimH, afa, and kpsMSTII genes. J. Appl. Genet. 2023, 64, 367–373. 



 Study Of Some Virulence Genes Of Escherichia Coli Isolated From Urinary Tract Infection 

Patients And Their Relationship To Biofilm Production 

SEEJPH Volume XXV, S2, 2024, ISSN: 2197-5248; Posted:05-12-2024 

 

4461 | P a g e 
 

34. Aldiris-Avila R, Montes-Robledo A, Buelvas-Montes Y. Phylogenetic classification, biofilm-forming capacity, 

virulence factors, and antimicrobial resistance in uropathogenic Escherichia coli (UPEC) Curr Microbiol. 

2020;77:3361–70. 


