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INTRODUCTION 
S. haemolyticus is the second most common CoNS isolate and it 
is considered one of the pathogens in hospitals, where hospital 
infections include sepsis, urinary tract infection, wounds, 
bones, arthritis, and others.1, 2 The injury is usually associated 
with the insertion of foreign bodies, usually as some operations 
such as prosthetic limbs, intravascular catheters, artificial 
valves, and dialysis catheters.3, 4 It is also characterized by a 
high ability to resist antibiotics and the formation of biofilms.5

S. haemolyticus is a Gram-positive, coagulase-negative 
bacterium inhabiting the skin of humans and mucous as a 
commensal M.O. It occurs mainly associated with BIs and 
medical device-associated infection.6

Staphylococcus haemolyticus can cause septicity by 
infecting the M.O. Part of the urinary tract, and women, 
especially pregnant women, are more susceptible to infection7 
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ABSTRACT
In the presented study, 40 clinical Staphylococcus haemolyticus isolates were isolated from 
200 patients admitted to Marjan Teaching Hospital in Babylon Governorate. Those (40) 
isolates were isolated from 15 males and 25 females from blood, urine and skin. The isolates 
were diagnosed as S. haemolyticus using the biochemical test, API Staph System, Vitek2 
compact system and culture assays, and identified by polymerase chain reaction PCR. The 
biofilm-forming capacity was examined by the microtiter plate method. S. haemolyticus 
showed That the total number of isolates that formed biofilm is 33 distributed among 28 
(70%) isolates that formed strong biofilm and 5 (12.5%) moderate, while 7 (17.5%) don’t 
form biofilm. The virulence atlE gene was detected by polymerase chain reaction. atlE 
gene. PCR analysis of the virulence agent atlE gene in S. haemolyticus isolates revealed 
that 10 (25%) of bacteria isolates were positive for this gene, indicating a link between 
biofilm and the atlE gene.
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because the urethra is shorter in them, allowing bacteria to 
enter the bladder more quickly.8

AtlE gene of genes encode the adhesive characteristics and 
bind to the host factors vitronectin through various cell wall 
proteins such as AtlE and Fbe as well as intercellular adhesion 
and fibrinogen.9, 10

Isolation of bacteria
150 samples were collected and distributed as follows (50 
blood, 30 urine and 70 skin lesions). and cultured on blood 
aga for 24 hrs. at 37°C. The morphology of the colony, size, 
shape, color, biochemical tests, API staph and Vitek2 compact 
system was used to identify the isolated bacteria.

Biochemical tests
A group of biochemical tests were carried out to investigate 
the bacteria, and these tests are an examination of oxidase,11 
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catalase,12 coagulase test13 and hemolysis test.14

•	  Oxidase Test: A single colony of bacteria were mixed 
with a few drops of the oxidase reagent on filter paper 
using a sterilized wooden stick. A positive reaction was 
then shown by the appearance of a purple color within 
10 - 30 seconds.11

•	  Catalase Test: one or two drops of catalase reagent (H2O2) 
were put on a single colony of bacteria. (O2 + H2O = 
bubbles) was a positive outcome.12

•	  Coagulase test: This test is used to identify the different 
forms of Staphylococcus spp. An enzyme-like protein 
called coagulase is able to clot plasma.13

•	  Hemolysis Test: The bacterial colony was observed and 
cultured on the blood agar plates for 24 to 48 hours at 
37°C. As a result of the full lysis of RBCs, ß-hemolysis 
results in a clear circular zone surrounding the bacterial 
colony, whereas α-hemolysis appears to result in a partly 
clear zone and frequently green coloration surrounding 
the bacterial colony.14

Identification of bacteria by API Staph System
This technique is employed to identify S. hemolyticus 
members. Twenty biochemical tests were contained in the 
strip’s tiny tubes, microtubes equivalent to 0.5 McFarland were 
produced and filled with bacterial suspension. After that, they 
were incubated at 37°C for 18-24 hours. Color in a microtube 
would alter during incubation due to physical, and metabolic 
processes or the addition of chemicals. The test’s outcome 
is then read aloud. Following both positive and negative test 
findings, a seven-digit profile number was established by 
looking up the profile number in the API Staph Index. The 
microbe was then identified using these numbers.11, 14

Identifying biofilm
Utilizing a microtiter plate reader, this method is used 
to estimate biofilm generation. According to an author15 
Classification of biofilm formation as strongly positive 
(OD570 ≥ 0.24), weakly positive (0.12 ≤ OD570 < 0.12), or 
negative (OD570 < 0.12)

Molecular study
The DNA from S. haemolyticus isolates was extracted using 
the Presto TMMini DNA bacterium Kit Quick methodology 
(Geneaid, Canada) as shown in Table 1, primers for polymerase 
chain reactions (PCR) were designed using the online NCBI 
Genbank sequence database design program and manufactured 
by Alpha DNA, Canada (1).

RESULTS AND DISCUSSION

Distribution of patients according to age
Table 2 shows the distribution of patients infected with S. 
haemolyticus according to age, where the mean of age appeared 
at (40.47), the maximum age was at 62 years and the minimum 
was at 23 year.

In the present study,  we found the mean of age at (40.47 
year) in patients infected with  S. haemolyticus, these results 
was consistent with Denkinger et al. who reported that the 
patients in this age and older are one of the hospital’s main 
reservoirs for multidrug-resistant infections such as S. 
haemolyticus,16 in addition Garcia et al.17 reported that as 
people age, the prevalence of isolates resistant to antibiotics 
that target DNA synthesis increases. As a preventative step to 
lower the incidence of resistant infections in each susceptible 
population, they emphasize the significance of patient age in 
the selection of antibiotics. 

Distribution samples with the site of infection
A total of 200 swab samples have been selected from blood, 
urine and skin. Of those 200 samples, only 40 (20%) samples 
were found to be S. haemolyticus. The urine and skin were 
the most frequent where the samples were collected, which 
represented 25 (62.5% skin) and 12 (30% from urine). Only 3 
isolates were collected from a blood sample as shown in Table 2.

The results of the current study revealed a high rate of S. 
haemolyticus. The increased prevalence of S. haemolyticus 
as the causative agent of hospital infections may increase 
the possibility of antibiotic resistance.18 On the other hand, 
it was mentioned that based on data, these pathogens were 
responsible for a 10-fold greater prevalence of infections in 
hospitalized patients.19

The 40 strains were isolated from 15 males and 25 females, 
as shown in Figure 1. We note that females are more infected 
with bacteria, and this is likely due to the nature of their 
continuous dealing with contaminated places such as floors 
and walls and when visiting hospitals during pregnancy or 
health care centers when following up on the growth and 
vaccinations of children.20

Biofilm production detection
A total of 40 isolates were tested for biofilm formation in this 
study. S. haemolyticus formed a strong biofilm in 28 (70%) of the 

Table 1: The particular primers and their order

Primer Name Sequences 5’-3’ Size (bp)

16S rRNA TCTTGCCATCAGATGTGCCC 250

TAACCACAACACCTTCCTCCCC

Atl ACGCTGATTATGCTGCAAC 230

CCAAGGTGCTACTTGCTTC

Table 2: Distribution of patients infected with  S. haemolyticus according to 
the age

The 
Age of 
patients

N Minimum Maximum Mean Std. 
DeviationStatistic Std. Error

15 23 62 40.47 3.159 12.235

Table 3: Frequency distribution of the total S. haemolyticus isolated from 
the whole samples

Type of sample No. of S. haemolyticus % No.% from 200 samples 
skin 25 62.5 12.5
urine 12 30 6
blood 3 7.5 1.5
total 100 20
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cases and a moderate biofilm in 5 (12.5%). Figure 2 shows that 
17.5% of seven S. haemolyticus isolates never formed a biofilm.

Numerous bacterial pathogens, including S. haemolyticus, 
A. baumannii, and E. cloacae, can grow as scattered 
(planktonic) cells or as matrix-enclosed colonies known as 
biofilms.21 The findings of the current investigation were 
consistent with,22 who showed that the proclivity of coagulase-
negative staphylococci to form biofilm causes CoNS to form 
most frequently after medical equipment installation. S. 
haemolyticus is the second most common CoNS found in 
people with hospital-acquired illnesses. When the biofilm-
forming abilities of 72 clinical S. haemolyticus isolates were 
investigated, 53 (74%) of the isolates formed; nevertheless, 
it was proven that all isolates of S. haemolyticus have the 
potential to create biofilms. The findings were consistent with 
previous reports that clinically significant and contaminated 
isolates of S. haemolyticus were obtained.23

Distribution of the S. haemolyticus isolated 
according to the site of infection
Figure 3 shows the distribution of the S. haemolyticus isolated 
according to the site of infection, where the highly percentage 
was in skin at 100%, followed the urine at 75%, then 25% for 
blood sample.

Our result shows that most patients infected with  S. 
haemolyticus isolated from skin at 100 samples. These results 
reflect that most of the isolates of this bacteria were isolated 
from the skin because the skin is more in contact with the 
hospital environment, contaminated surfaces and tools 
contaminated with this bacteria. The researcher indicates 
Krzymińska et al.,24 who reported that the infection by S. 

haemolyticus strains is clearly increasing in the skin and 
also in the urine, while its access to the blood is less due to 
the presence of phagocytes and other immune cells clearly. 
Frequency distribution of the total S. haemolyticus isolated 
from the whole samples (Table 3).

The correlation between the age and the site of 
infection  
Figure 4-A,4-B and 4-C  shows the correlation between 
the age and the site of infection in patients infected with S. 
haemolyticus, where the high percentage of infection in the 
skin showed at age (35 years), while the lowest infection 
showed at age (62 years). In addition, the highest percentage 
of infection in urine showed at age (35 years), while the lowest 
infection showed at age (32 years). Finally, the high percentage 
of infection in blood showed at age (35 & 37 years), while the 
lowest infection showed at age (62 years).

Prevalence of hospital-Staphylococcus associated 
infection, particularly coagulase-negative S. haemolyticus, 
is increasing. In this present study, S. haemolyticus isolates 
were predominantly found (more than 200 samples) in 
different clinical samples, the most aged infection with the 
S. haemolyticus (35–45 years), Figure 4a,b. The researcher 
mentioned Ghaed’a et al.,25 who explained that the highest 
infection rate was at the age of 30 to 39 years, at a rate of 
64% for bacteria samples isolated from different parts of the 
body. In addition, the characteristics of the opportunistic 
pathogens which were previously considered as normal flora, 
commensally found in human skin, urine, particularly in the 
axilla26 in addition the patients infected with S. epidermidis 
and  S. haemolyticus is recently considered as the three most 
frequently etiologic agents of Staphylococcus-associated 
infections.27 Also, S. haemolyticus strains have the ability to 
develop multiple resistance to a wide range of antibiotics, and 
thus its areas of spread within the body vary and increase in 
areas that are in direct contact with areas contaminated with 
bacteria, which leads to an increase in its clinical importance 
that exceeds the spread of other types of Staphylococcus.28

The correlation coefficient  between the sites of  
infection  and age
Table 4 shows the correlation coefficient between the sites of 

Figure 1: distribution of the total S. haemolyticus isolated according to 
gender.

Figure 2: Biofilm results of the isolated bacteria.

Figure 3: Distribution of the S. haemolyticus isolated according to the site 
of infection
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infection, where there are significant differences between age 
and skin at (0.653), between skin and urine at (0.767), skin and 
blood at (0.606), a correlation between urine and age at (0.767), 
between urine and blood at (0.580), the statistical analysis 
makes at probability level ≤0.01 and ≤0.05.

S. haemolyticus is noted to be found colonizing not only 
the skin, but also the urethra and periurethra of both males and 
females.29 Table 4 shows the correlation coefficient between the  
S. haemolyticus and the site of infection, which was found to 
highly correlate in urine at 0.767, where some reports indicated 
the diagnosis of Staphylococcus bacteria with many patients 
who were suffering from epididymitis, and the culture of the 
urine sample on nutritious bacterial media showed its presence 
in large numbers, especially in urine samples and bladder of 
patients with marbled cystitis.30,31 Also, S. haemolyticus has 
been identified as a frequent cause of bacteremia, cited in 
one study as the most common. A bloodstream pathogen in 
probable or probable bloodstream infections.32

Molecular study 

Molecular detection of 16S rRNA
S. haemolyticus was identified by PCR, as indicated in Figure 3.

AtlE gene detection in S. haemolyticus
As indicated in Figure 4, agar gel electrophoresis was 
performed as a result of PCR analysis of the virulence agent 
atlE gene in S. haemolyticus isolates, revealing that 10 (25%) 
of bacterium isolates were positive for this gene.

The outcomes were S. haemolyticus isolates were positive 
for the atlE gene in 10% (25%) of cases. This information was 

Figure 4-A: Correlation between the age and skin in patients infected with 
S. haemolyticus

Figure 4-B: Correlation between the age and urine in patients infected with 
S. haemolyticus

Figure 4-C: Correlation between the age and blood in patients infected with 
S. haemolyticus

Figure 5: Images from agarose-gel electrophoresis revealed the PCR result. 
S. haemolyticus 16S rRNA gene investigation Lane (M): marker ladder 

(100–2000 bp), positive 16S rRNA gene at 250bp. Size of the PCR result.

Figure 6: Agarose gel electrophoresis revealed a result of PCR investigation 
of the virulence factor AtlE gene in S. haemolyticus isolates. Lane (M) 

(100–2000 bp), lane (1- 10): revealed positive AtlE gene at 230 bp PCR 
product size.
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consistent with,33 S. haemolyticus was discovered to carry fbe 
and atlE genes (Figures 5 and 6).
Furthermore,34 observed that 16.7% of CoNS contained the 
embp gene, which is similar to the current study results and 
attained by an author35, 36, who discovered that the ratio of total 
biofilm genes atlE, aae, embp, and fbe ranged from 74 to 100%.

Correlation between the ability of bacteria to form a 
biofilm and to have an atlE gene
The total number of isolates that formed biofilm is 33 
distributed among 28 isolates that formed strong biofilm and 
5 media, and when investigating the gene, it was found that 10 
isolates possess this gene distributed among 8 from the group 
of strong biofilms and 2 media as shown in Table 3.

Biofilm development begins with proteins expressed on 
the bacterial cell wall, such as autolysin atlE and fibrinogen 
binding protein fbp.37 The current study, on the other hand, 
contradicted the findings of,38 who found a low frequency of 
fbe and atlE 30% genes (Table 5).

ACKNOWLEDGMENT
We would like to thank all the work team for doing this research

REFERENCES
1.	 Hashim A, Harbi S, Burhan M, et al. Histological and physiological 

determinants of hypothyroidism in patients and its relationship with 
lipid profile. Journal of Advanced Biotechnology and Experimental 
Therapeutics 2023; 6: 9.

2.	 de Silva GDI, Kantzanou M, Justice A, et al. The ica operon and biofilm 
production in coagulase-negative staphylococci associated with carriage 
and disease in a neonatal intensive care unit. J Clin Microbiol; 40. Epub 
ahead of print 2002. DOI: 10.1128/JCM.40.02.382-388.2002.

3.	 Flahaut S, Vinogradov E, Kelley KA, et al. Structural and biological 
characterization of a capsular polysaccharide produced by Staphylococcus 

haemolyticus. J Bacteriol; 190. Epub ahead of print 2008. DOI: 10.1128/
JB.01648-07.

4.	 Saroha T, Chaudhry V, Patil PB. Novel insights into the role of the 
mobilome in ecological diversification and success of Staphylococcus 
haemolyticus as an opportunistic pathogen. Microb Genom; 8. Epub 
ahead of print 2022. DOI: 10.1099/mgen.0.000755.

5.	 Alahmadi TFH, Alahmadey ZZ, Organji SR, et al. First report of multi-
drug resistant staphylococcus haemolyticus in nosocomial infections in 
North Western Saudi Arabia. J Pure Appl Microbiol; 15. Epub ahead of 
print 2021. DOI: 10.22207/JPAM.15.2.24.

6.	 Manual of Nephrology. Ann Intern Med; 113. Epub ahead of print 1990. 
DOI: 10.7326/0003-4819-113-10-816_1.

7.	 Fredheim EGA, Klingenberg C, Rohde H, et al. Biofilm formation by 
staphylococcus haemolyticus. J Clin Microbiol; 47. Epub ahead of print 
2009. DOI: 10.1128/JCM.01891-08.

8.	 Tremblay YDN, Lamarche D, Chever P, et al. Characterization of the 
ability of coagulase-negative staphylococci isolated from the milk of 
Canadian farms to form biofilms. J Dairy Sci; 96. Epub ahead of print 
2013. DOI: 10.3168/jds.2012-5795.

9.	 Kirmusaoglu S. Staphylococcal Biofilms: Pathogenicity, Mechanism 
and Regulation of Biofilm Formation by Quorum-Sensing System 
and Antibiotic Resistance Mechanisms of Biof ilm-Embedded 
Microorganisms. In: Microbial Biofilms - Importance and Applications. 
2016. Epub ahead of print 2016. DOI: 10.5772/62943.

10.	Marquès C, Tasse J, Pracros A, et al. Effects of antibiotics on biofilm 
and unattached cells of a clinical Staphylococcus aureus isolate from 
bone and joint infection. J Med Microbiol; 64. Epub ahead of print 2015. 
DOI: 10.1099/jmm.0.000125.

11.	Andrade NC, Laranjo M, Costa MM, et al. Virulence factors in 
staphylococcus associated with small ruminant mastitis: Biofilm 
production and antimicrobial resistance genes. Antibiotics; 10. Epub 
ahead of print 2021. DOI: 10.3390/antibiotics10060633.

12.	Cappuccino JG, Welsh C. Microbiology, A Laboratory Manual. 2017.
13.	Brown AE, Smith HR. Benson’s Microbiological Applications 

Laboratory Manual in General Microbiology. 2017.
14.	Al-Kobaisi M. Jawetz, Melnick & Adelberg’s Medical Microbiology 24 

th Edition. In: Medical Microbiology. 2007.
15.	Mohd. Rashid MJ. Phenotypic Characterization of Listeria ivanovii 

in Sheep in Jammu Region of Jammu and Kashmir, India. Int J Curr 
Microbiol Appl Sci; 7. Epub ahead of print 2018. DOI: 10.20546/
ijcmas.2018.703.435.

16.	Denkinger, C.M.; Grant, A.D.; Denkinger, M.; Gautam, S.; D’Agata, 
E.M. Increased multi-drug resistance among the elderly on admission 
to the hospital—A 12-year surveillance study. Arch. Gerontol. Geriatr. 
2013, 56, 227–230.

17.	 Garcia, A.; Delorme, T.; Nasr, P. Patient age as a factor of antibiotic 
resistance in methicillin-resistant Staphylococcus aureus. J. Med. 
Microbiol. 2017, 66, 1782–1789.

18.	Christensen GD, Simpson WA, Younger JJ, et al. Adherence of 
coagulase-negative staphylococci to plastic tissue culture plates: A 
quantitative model for the adherence of staphylococci to medical 
devices. J Clin Microbiol; 22. Epub ahead of print 1985. DOI: 10.1128/
jcm.22.6.996-1006.1985.

19.	Ruppé E, Barbier F, Mesli Y, et al. Diversity of staphylococcal cassette 
chromosome mec structures in methicillin-resistant Staphylococcus 
epidermidis and Staphylococcus haemolyticus strains among outpatients 
from four countries. Antimicrob Agents Chemother; 53. Epub ahead of 
print 2009. DOI: 10.1128/AAC.00724-08.

20.	Zilberberg MD, Kollef MH, Shorr AF. Secular trends in Acinetobacter 
baumannii resistance in respiratory and blood stream specimens in the 
United States, 2003 to 2012: A survey study. J Hosp Med; 11. Epub ahead 
of print 2016. DOI: 10.1002/jhm.2477.

21.	Schuenck RP, Pereira EM, Iorio NLP, et al. Multiplex PCR assay 
to identify methicillin-resistant Staphylococcus haemolyticus. 
FEMS Immunol Med Microbiol; 52. Epub ahead of print 2008. DOI: 
10.1111/j.1574-695X.2008.00387.x.

22.	Gentile V, Frangipani E, Bonchi C, et al. Iron and Acinetobacter 
baumannii Biofilm formation. Pathogens; 3. Epub ahead of print 2014. 
DOI: 10.3390/pathogens3030704.

23.	Soumya KR, Philip S, Sugathan S, et al. Virulence factors associated 

Table 4: The correlation coefficient  between the sites of  infection  and age
Correlations

Age Skin Urine Blood
Age Pearson Correlation 1 -.653-** -.312- -.177-

Sig. (2-tailed) .008 .258 .529
N 15 15 15 15

Skin Pearson Correlation -.653-** 1 .767** .606*

Sig. (2-tailed) .008 .001 .017
N 15 15 15 15

Urine Pearson Correlation -.312- .767** 1 .580*

Sig. (2-tailed) .258 .001 .023
N 15 15 15 15

Blood Pearson Correlation -.177- .606* .580* 1
Sig. (2-tailed) .529 .017 .023
N 15 15 15 15

**. Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).

Table 5: Correlation between the ability of bacteria to form a biofilm and to 
have an atlE gene

No. of isolates from biofilm No. of isolates have atlE gene No %

28 strings 8 20%

5moderate 2 5%

7 non 0 0

total 10 25%



Ali J. Obeid et al.

Sci. J. Med. Res. Vol. 7, Issue 27, pp 19-24, 2023	 24.

with Coagulase Negative Staphylococci isolated from human infections. 
3 Biotech; 7. Epub ahead of print 2017. DOI: 10.1007/s13205-017-0753-2.

24.	Krzymińska, S., Szczuka, E., & Kaznowski, A. (2012). Staphylococcus 
haemolyticus strains target mitochondria and induce caspase-dependent 
apoptosis of macrophages. Antonie Van Leeuwenhoek, 102(4), 611-620. ‏

25.	Ghaed’a, J., & Jomaa, Z. K. (2018, May). The role of Staphylococcus 
Haemolyticus in men infertility. In  Journal of Physics: Conference 
Series (Vol. 1003, No. 1, p. 012005). IOP Publishing. ‏

26.	Takeuchi F, Watanabe S, Baba T, Yuzawa H, Ito T, Morimoto Y, et 
al. 2005. Whole-genome sequencing of Staphylococcus haemolyticus 
uncovers the extreme plasticity of its genome and the evolution of human-
colonizing Staphylococcal Species. J Bacteriol 187 (21): 7292-7308.

27.	HAYATI, Z. (2019). Distribution of Staphylococcus haemolyticus as the 
most dominant species among Staphylococcal infections at the Zainoel 
Abidin Hospital in Aceh, Indonesia. Biodiversitas Journal of Biological 
Diversity, 20(7). ‏

28.	Czekaj T, Ciszewski M, Szewczyk EM. 2015. Staphylococcus 
haemolyticus – an emerging threat in the twilight of the antibiotics age. 
Microbiol 161 (11): 2061-2068.

29.	Becker K, Heilmann C, Peters G. Coagulase-negative staphylococci. 
Clin Microbiol Rev 2014;27:870–926.

30.	Raz R, Colodner R, Kunin CM. Who are you – Staphylococcus 
saprophyticus? Clin Infect Dis 2005;40:896–898.

31.	Pindar, C., & Viau, R. A. (2018). Staphylococcus haemolyticus epididymo-
orchitis and bacteraemia: a case report. JMM Case Reports, 5(7). ‏

32.	Hitzenbichler F, Simon M, Salzberger B, Hanses F. Clinical significance 
of coagulase-negative staphylococci other than S. epidermidis blood 

stream isolates at a tertiary care hospital. Infection 2017;45:179–186.
33.	Gautam V, Sethuraman N, Kaur R, et al. Changing epidemiology 

of coagulase-negative staphylococci in normal flora of skin. Indian 
J Med Microbiol; 35. Epub ahead of print 2017. DOI: 10.4103/ijmm.
IJMM_16_282.

34.	Saffari F, Monsen T, Karmostaji A, et al. Significant spread of extensively 
drug-resistant Acinetobacter baumannii genotypes of clonal complex 92 
among intensive care unit patients in a university hospital in southern 
Iran. J Med Microbiol; 66. Epub ahead of print 2017. DOI: 10.1099/
jmm.0.000619.

35.	YASIR ALMAWLAH, Alaa H, Aljelawi SO. ANTIBACTERIAL 
ACTIVITY OF THREE PLANT EXTRACTS AGAINST MULTIDRUG 
RESISTANCE PSEUDOMONAS AERUGINOSA. Asian Journal of 
Pharmaceutical and Clinical Research 2017; 10: 193.

36.	YASIR ALMAWLAH, Abdulla Jebor M, RUQAYA MJA. Molecular 
differentiation between Shigella and Escherichia coli using PCR 
Technique. 2018.

37.	Nogueira BA, Olivella JGB, Vasconcelos R da S, et al. Virulence profile 
of tigecycline-resistant Gram-negative bacilli isolated from river waters 
using the Caenorhabditis elegans infection model / Perfil de virulência 
de bacilos Gram-negativos resistentes à tigeciclina isolados das águas 
dos rios usando o modelo de infecção por Caenorhabditis elegans. 
Brazilian Journal of Development; 7. Epub ahead of print 2021. DOI: 
10.34117/bjdv7n11-351.

38.	Al-Mawlah YH, Al-Darraji MN, Al-Imari MJ. Study of Small Non-
Coding RNA (miRNA) Expression Pattern of Fertile/Infertile Male 
Semen. Acta Informatica Medica 2022; 30: 205–212.


