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ABSTRACT

Kocuria spp. isolates were collected from different clinical samples from Medical City Educational Laboratories/
Baghdad and Ain Shams Specialized Hospital, Cairo. Identification was carried out by VITEK2 automated compact
system. Antibiotic susceptibility, biofilm formation, and detection of macrolides resistance genes ermA, ermB, ermC,
msrA & mef, integron intIl and intI2 were also investigated. Results indicated that 60 isolates were collected from
the two countries, 42 isolates from Iraq, and 18 isolates from Egypt. The bacterial isolates were identified by their
morphological and biochemical characteristics. They were susceptible to pipracillin/Tazobactam and vancomycin,
resistant to erythromycin, azithromycin and ofloxacin. Kocuria spp. had different potential to form biofilm, Kocuria
kristinae were strong biofilm producers, while Kocuria rhizophila varied between non-biofilm producers in isolates from
Iraq and weak producers in isolates from Egypt. The detection of macrolide resistance genes indicated that the mef
gene was present in 7.14% of isolates from Iraq, while the ermA gene was detected in 6.66% of isolates from Egypt.
Integron detection showed that intl1 was present in isolates from both Iraq and Egypt, whereas intI2 was detected in Iraq
isolates only. To the best of our knowledge, this is the first comparative study conducted to investigate the presence of
Kocuria spp. in Iraq and Egypt. The study highlights the importance of Kocuria spp. which is considered an opportunistic
pathogens, however, it is responsible for different human infections.

Keywords: Antibiotics susceptibility, Biofilm formation, Kocuria spp, Macrolides resistance genes, multidrug resistance
bacteria

Introduction bacterium was first recognized by Microslav kocur,
a Slovakian case of Urinary Tract Infection (UTI)

Kocuria spp. are aerobic Gram-positive cocci ar-
ranged in pairs, short chains, and tetrads. They
produce irregular clusters, and on the agar surface,
the bacterial colonies appear as pink, orange, yellow
or cream according to different species and strain. !
Kocuria spp. belongs to the class Actinobacteria,
order Actinomycetales family Micrococcaceae. This

in 1974.2%% These bacteria are non-capsulated, non-
spore-forming non-motile, and non haemolytic. They
are obligate aerobes, coagulase negative and cata-
lase positive.* Kocuria spp. are capable of producing
various enzymes. They display attractive enzymatic
activities in food like the production of catalase
and proteases, which play a role in fermented and
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unfermented meat production and others. Further,
these bacteria have the ability to have beneficial in-
teractions with other microorganisms, which leads to
increased production of enzymes and volatile com-
pounds in foods. >°

Generally, these bacteria are considered non-
pathogenic commensals that colonize the skin, mu-
cosa, and oropharynx, as well as environmental
organisms inhabiting the animals, plants, soil and
air.”-® Recently, there has been a rise in the occur-
rence of infections caused by Kocuria spp. causing
both superficial infections and invasive infections
in immunocompromised patients. The most common
infections associated with Kocuria are urinary tract
infection, endocarditis, brain abscess, peritonitis, can-
cer and renal failure in dialysis patients.®!? This
study aimed to highlight the occurrence and impor-
tance of Kocuria species in different clinical samples
as an upcoming pathogen by the detection of biofilm
formation and macrolides resistance genes (ermA,
ermB, ermC, msrA, and mef).

Materials and methods
Collection and identification of bacterial isolates

A total of 60 clinical isolates were collected from
Iraq and Egypt, 42 isolates from Medical City Edu-
cational Laboratories/Baghdad, and 18 isolates from
Ain Shams Specialized Hospital in Egypt. Kocuria spp.
were isolated from various samples such as urine,
blood, and wound swabs. All isolates were cultured
on nutrient, blood, and MacConkey agar, then incu-
bated for 24-72 h at 37°C. Species identification was
performed by the Vitek2 ID GPC system (bioMérieux,
France), using Gram-positive identification cards (GP
cards).'! All samples were subjected to further confir-
matory biochemical tests. ' Susceptibility testing was
performed by modified Kirby-Bauer disc diffusion
technique, '® and minimum inhibitory concentration
(MIC) by micro broth dilution method. '*

Qualitative assessment of biofilm production

Assessment of biofilm production was carried out
by the Congo Red Agar method (CRA). This method
was described by Freeman and colleagues. '°

Detection of antibiotic resistance genes

Genomic DNA was extracted from bacterial cells
using an ABIO pure extraction kit (USA), according to
the manufacturer’s instructions. PCR was performed
in a total volume of 50 ul. Each reaction mixture
contained the following: 25 ul of master mix (Thermo
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Scientific), 3 ul of 20 ng DNA template and 2 ul
of 10 uM of each primer (ermA, ermB, ermC, msrA,
mef, intI1 and intI2)'°~'® all primers are presented in
Table 1.

PCR protocol was as follows: initial denaturation
at 94°C for 5 min, then 35 cycles of 40s at 94°C,
40s at 55°C, 40s at 72°C and a final step of 10 min
at 72°C. PCR products were analyzed by 1% agarose
gel electrophoresis using TAE buffer, and agarose gel
was examined under UV transillumination. A Qiagen
extraction kit was used to purify the PCR products
before DNA sequencing.

Statistical analysis

The Statistical Analysis System-SAS (2018) pro-
gram was used to detect the effect of different factors
in study parameters. Chi-square test was used to com-
pare significance between percentages (P < 0.05 and
0.01 probability). '°

Results and discussion
Isolation of Kocuria species

The samples were isolated from various clinical
sources, including wounds, urine, and blood. Out of
42 isolates collected from Iraq, 22 isolates (52.38%)
were males, and 20 isolates (47.61%) were females.
This result failed to reach the level of statistical sig-
nificance (P-values .0.705). On the other hand, from
Egypt, 14 isolates (77.77%) were from males and
4 isolates (22.22%) from females. This result showed
highly significance in statistical analysis (P-values
0.0003).

Identification of clinical isolates

Kocuria spp. were isolated and diagnosed depend-
ing on the VITEK2 compact system and confirmed
by biochemical tests as four species. Kocuria kristinae
and Kocuria rhizophila appeared in yellow colonies,
while Kocuria rosea had pink to orange colonies
and Kocuria varians had white colonies on nutrient
agar. Microscopic examination showed that Kocuria
is Gram-positive cocci in pairs, tetrads, and clusters
as shown in Fig. 1. The isolates were identified by
the Vitek2 ID GPC system. The isolates from Iraq were
identified as 26 isolates (61.90%) Kocuria kristinae, 14
isolates (33.33%) Kocuria rosea, one isolate (2.38%)
of Kocuria rhizophila and one isolate of Kocuria var-
ians. The isolates from Egypt were identified as 8
isolates (44.44%) Kocuria kristinae, 9 isolates (50%)
Kocuria rosea and one isolate (5.55%) Kocuria rhi-
zophila, with a P-value (0.0001).
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Table 1. Primers used in the PCR assay for detection of resistance genes in Kocuria spp.

Gene Primer 5'-3’ annealing temperature (°C) Product size bp

ermA F5'-TAT CTT ATC GTT GAG AAG GGA TT-3' 55 139
R5’-CTA CAC TTG GCT TAG GAT GAA A-3’

ermB F5'-CTA TCT GAT TGT TGA AGA AGG ATT-3' 55 142
R5'-GTT TAC TCT TGG TTT AGG ATG AAA-3

ermC F5'-CTT GTT GAT CAC GAT AAT TTC C-3 55 190
R5'-ATC TTT TAG CAA ACC CGT ATT C-3'

msrA F5-TCC AAT CAT AGC ACA AAA TC-3' 55 163
R5'-AAT TCC CTC TAT TTG GTG GT-3’

mef F5'-AGTATCATTAATCACTAGTGC-3 55 348
R5'-TTCTTCTGGTACAAAAGTGG-3'

int1 F5'-GGCTTCGTGATGCCTGCTT-3' 57 148
R5'-CATTCCTGGCCGTGGTTCT-3'

intl2 F5-GTTATTTTATTGCTGGGATTAGG-3' 56 166

R5'-TTTTACGCTGCTGTATGGTGC-3'

Fig. 1. Culture characteristics of Kocuria spp. a- Kocuria varians,
b- Kocuria rosea and c- Kocuria kristinae & Kocuria rhizophila, ap-
pearance on nutrient agar after 24h of aerobic incubation (smooth,
opaque, round to convex colonies, pale cream to orange and yellow
pigmented colonies). d- Gram’s stain of Kocuria kristinae, showing
deeply stained positive cocci arranged in pairs, short chains, tetrads
and clusters.

Detection of some virulent enzymes

In the current study, all bacterial isolates were pos-
itive for catalase test, while all isolates were negative
for coagulase test. On the other hand, oxidase test
showed strong positive for Kocuria kristinae isolates
and weak positive for Kocuria rosea, both Kocuria
rhizophila and Kocuria varians showed negative results
for the oxidase test. Further, all the isolates were
negative for urease except for Kocuria varians which
were positive. Moreover, all isolated bacteria showed
non-hemolytic colonies on blood agar Fig. 2.

Production of biofim

Biofilm production demonstrated that the isolates
have different potential to form biofilm according to

Fig. 2. Biochemical tests and virulence enzymes. a- Oxidase
positive/Kocuria kristinae & Kocuria rosea, b- Urease posi-
tive/Kocuria varians, c- Non-haemolytic bacteria on blood agar/all
Kocuria species, d- Non-fermented mannitol bacteria (pale-cream
growth)/all Kocuria species.

different species under the same conditions in both
countries, Table 2 and Fig. 3.

Antibiotic susceptibility and MIC of Kocuria spp.

All Kocuria species were susceptible to vancomycin,
ertapenem, imipenem/cilastatin, meropenem, ce-
fepime, ceftriaxone, amikacin, linezolid, teicoplanin
and pipracillin/tazobactam, while they were resistant
to amoxicillin, ciprofloxacin, ofloxacin, levofloxacin,
clindamycin, erythromycin, azithromycin and gen-
tamycin. The values of Minimum Inhibitory Concen-
tration (MIC) were determined according to Clinical
and Laboratory Standards Institute guidelines (2020)
as shown in Table 3.
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Table 2. Biofilm production from bacterial isolates in Irag and Egypt.
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Iraq Egypt

Name of Total Total

bacteria number Strong Moderate  Weak Non number Strong Moderate  Weak Non

K. kristinae 26 19 4 3 0 8 5 3 0 0
61.90% 73.07% 15.40% 11.53% 44.44% 62.50% 37.50%

K. rosea 14 5 9 0 0 9 4 5 0 0
33.33% 35.70% 64.30% 50% 44.44% 55.55%

K. rhizophila 1 0 0 0 1 1 0 0 1 0
2.38% 100% 5.55% 100%

K. varians 1 0 1 0 0 - - - - -
2.38% 100%

P-value 0.0001 ** 0.0001 ** 0.0001 ** 0.039* 0.109 NS 0.0001 ** 0.0077 ** 0.0051 ** 0.109 NS 1.00 NS

*(P < 0.05), **(P < 0.01). **(P < 0.01).

Fig. 3. Biofilm detection by Congo red agar method, showing,
a- strong biofilm formation (black crystalline colonies of biofiim
producers), b- moderate biofilm formation (dark colonies with the
absence of dry crystalline colonies of biofilm producers), c- Weak
biofilm formation (weak slime colonies of biofilm producers) and d-
Non-biofilm producer (smooth, pinkish-red colonies).

Detection of macrolides resistance genes and
Integrons

Macrolides resistance genes ermA, ermB, ermC,
msrA and mef were detected using PCR. The results
revealed that mef gene was detected in Iraq isolates
only, while ermA was detected in Egyptian isolates
only. In isolates from Iraq, ermB gene was detected in
3 isolates (K. kristinae and K. rosea), and mef gene was
detected in 3 isolates (K. kristinae and K. rhizophila)
in 7.14%; ermC gene was demonstrated in 2 isolates
(K. kristinae and K. rosea). In addition, msrA gene was
detected in 2 isolates (K. kristinae and K. varians) in
4.76% in all Iraq isolates.

On the other hand, samples from Egypt revealed
that ermA and msrA genes were detected in 4 isolates
(22.22%) (K. kristinae and K. rosea), ermB gene was
detected in 5 isolates (27.77%) (K. kristinae, K. rosea
and K. rhizophila), while ermC gene was detected only

in 2 isolates (11.11%) (K. kristinae and K. rosea) in
11.11%.

Integrons can carry, spread, and have significant
routes of distribution of the antibiotic-resistance
genes among bacteria via horizontal transfer. In this
study, int1 and int2 were detected in 31.66 and 6.66%
respectively. Detection of integron 1, 2 revealed
that intl1 gene was present in 11 isolates (26.19%)
(K. kristinae, K. rosea and K. varians) and 8 isolates
(44.44%) (K. kristinae, K. rosea and K. rhizophila) from
Iraq and Egypt respectively. While intI2 was present
in 4 isolates (9.52%) (K. kristinae and K. rosea) in Iraq
isolates only and was not detected in isolates from

Egypt, Fig. 4.

Discussion

There are few studies about Kocuria spp. in Iraq
and Egypt, and sufficient importance has not been
given to the diseases caused by these bacteria. There-
fore, the clinical importance of Kocuria spp must be
highlighted.

Kocuria spp. has been known to be a part of
normal microbiota and is considered a commensal
microbe on human skin, mucous membranes and
oropharynx.” However, five species can cause oppor-
tunistic infection in immunocompromised patients.
These species are Kocuria kristinae, Kocuria rosea,
Kocuria varians, Kocuria rhizophila and Kocuria ma-
rina.?? Therefore, these bacteria should be considered
as a true pathogen contributing to clinical sepsis, and
real treatment should be provided to all suscepti-
ble patients. Moreover, some studies have recorded
that Kocuria kristinae functions as commensal of hu-
mans, animals and environment to be contaminants
of wounds.?! Previous studies on Kocuria spp. iso-
lates from Iraq,?’?* and Egypt®® illustrated that
Kocuria spp. cause symptomatic bacteremia in recur-
rent UTI patients, and behave as an apportunistic
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Table 3. The Minimum Inhibitory Concentration (MIC) of Kocuria spp. clinical isolates.

MIC (18)

Country Bacterial isolates MEM IPM/CS

AK VA LNZ CRO CPM TZP

10 isolates 32
8 (K. kristinae)

2 (K. rosea)

20 isolates 64 64
15 (K. kristinae)
5 (K. rosea)

12 isolates

1 (K. varians)

1 (K. rhizophila)
6 (K. kristinae)
4 (K. rosea)

8 isolates 16 16
4 (K. kristinae)

4 (K. rosea)

10 isolates 32
1 (K. rhizophila)

5 (K. kristinae)

4 (K. rosea)

Iraq None

None None

Egypt

None

16 64 None None None 64

None 4 4 64 None None

32 128 None 16 64 4

16 64 64 128 16 64

16 None 4 None 4 None

IPM/CS = Imipenem /Cilastatin (10 ©g); MEM = Meropenem (10 1g); AK = Amikacin (30 xg); CPM =
Cefepime (30 118); CRO = Ceftriaxone (30 pg); TZP = Piperacillin/Tazobacam (20 ng); VA = Vancomycin (30

18); LNZ = Linezolid (30 ug).

[

[

Sibbp

[T

L

148bp

Fig. 4. PCR amplification of intl1 gene (148bp).

pathogen in patients with tonsillitis. Another study in
Egypt demonstrated by Maany et al.,?° showed dental
plaque polysaccharides which produced by Kocuria
rosea.

In the current study, Kocuria spp. have pigmented
colonies on nutrient agar due to the production of
carotinoides the pigments shades from red to yellow.
Recently, the production of carotinoids from bacte-
ria has become of considerable interest for industrial
applications. ?’

The current study showed variability in the forma-
tion of biofilm between strong moderate, weak and
non-biofilm producers. A high production of biofilm

was observed in the Kocuria kristinae. M any studies
demonstrated considerable adhesion and biofilm for-
mation in Kocuria kristinae strains.?® While isolates
that are weak to non-biofilm producers could be other
environmental conditions such as temperature, pH,
CO;, levels, osmolality, nutrients and factors derived
from the biotic environment that affect the biofilm
production.

In this study, all bacterial isolates appeared suscep-
tible to vancomycin, meropenem, ertapenem, imip-
inem/cilastatin, amikacin, cefepime, cefitriaxone,
linezolid, teicoplanin and pipracillin/tazobactam, but
resistant to amoxicillin, ofloxacin, ciprofloxacin, lev-



BAGHDAD SCIENCE JOURNAL 2025;22(5):1560-1567

ofloxacin, erythromycin, azithromycin, clindamycin
and gentamycin. These results are congruent with
other studies, >?° respectively.

There are limited data cited throughout the litera-
ture concerning antibiotic resistance mechanisms in
Kocuria spp. As well as, there are no specific guide-
lines yet to perform antibiotic susceptibility testing
for Kocuria enforced many studies, including ours.
Therefore, we relied on studies that considered Kocu-
ria spp. as Staphylococcus.*° For this reason, all results
mentioned above were performed according to the
Clinical and Laboratory Standards Institute guidelines
for Staphylococcus. **

In our study, macrolides resistance genes were de-
tected in Kocuria spp. Genes such as ermA, ermB
and ermC have been shown to confer resistance to
macrolides by target site alteration of the ribosome.
The mef & msrA genes, encode macrolides efflux and
may be all these genes encode the efflux pump and
23SrRna. The later have been detected in this study
in a low number of bacterial isolates. This was coin-
cident with Guyomard, et al.*?> Although the Kocuria
spp. were resistant to macrolides, the number of genes
detected was low. This could be due to intrinsic re-
sistance, another mechanism of resistance, or to the
limitation of PCR primers used in the detection of the
resistance genes, which was used in macrolides resis-
tance in staphylococci.'® Integrons are transposons
(like genetic elements), which are considered a reser-
voir for antibiotic resistance genes to be disseminated
in the environment and have excessive ability for
chromosomal integration in bacteria.®® Our results
showed that there was a strong relationship between
the prevalence of intl1 gene and antimicrobial resis-
tant, and with the capacity of biofilm formation, this
result agree with. >4

Conclusion

Kocuria spp. behave as opportunistic pathogens, re-
sponsible for different infections in different ages, and
capable of forming biofilms and multi-drug resistant
bacteria. The resistance of Kocuria to antibiotics fur-
ther increases its clinical importance. Hopefully, the
antimicrobial susceptibility patterns presented in this
work might provide a hint for treatment until the CLSI
guidelines are formed.

Acknowledgment

M. B. would like to acknowledge the University of
Ain Shams, Faculty of Science, for giving the oppor-
tunity to study abroad.

1565

Authors’ declaration

+ Conflicts of Interest: None.

* We hereby confirm that all the Figures and Ta-
bles in the manuscript are ours. Furthermore, any
Figures and images, that are not ours, have been
included with the necessary permission for re-
publication, which is attached to the manuscript.

+ No animal studies are present in the manuscript.

* No human studies are present in the manuscript.

+ Ethical Clearance: The project was approved by
the local ethical committee at University of Med-
ical City Educational Laboratories, Baghdad.

Authors’ contribution statement

M.B. Performed data curation and analysis and
writing; M.K. study design, data analysis, editing, and
revision; I. M. study design, editing, and revision;
E.H. revision; E. M. revision; S. T. Study design, data
analysis, revision and editing.

References
1. Reddy GSN, Prakash JSS, Prabahar V, Matsumoto
GLStackebrandt E, Shivaji S. Kocuria polaris sp.

nov., an orange-pigmented psychrophilic bacterium
isolated from an antarctic cyanobacterial mate
sample. Int J Syst Evol Microbiol. 2003;53:183-187.
https://doi.org/10.1099/ijs.0.02336-0.

2. Bala R, Kaur N, Gupta N, Narang U. Kocuria rosea bac-
teremia in chronic kidney disease patient: A rare case report.
J Pure Appl Microbiol. 2021;15:1136-1138. https://doi.org/
10.22207/JPAM.15.3.40.

3. Alles M, Wariyapola D, Salvin K, Jayatilleke K. Endoph-
thalmitis caused by kocuria kristinae: A case report. Sri
Lankan J Infect Dis. 2020;10:146. https://doi.org/10.1159/
000521318.

4. Napolitani M, Troiano G, Bedogni C, Messina G, Nante N.-
Kocuria kristinae: an emerging pathogen in medical practice. J
Med Microbiol. 2019;68(11):1596-1603. https://doi.org/10.
1099/jmm.0.001023.

5. Ramos GLPA, Vigoder HC, Nascimento JDS. Kocuria spp. in
foods: Biotechnological uses and risks for food safety. Appl
Food Biotech. 2021;8(2):79-88. https://doi.org/10.22037/
afb.v8i2.30748.

6. Franz CM, den Besten HM, Boehnlein C, Gareis M, Zwietering
MH, Fusco V. Reprint of: Microbial food safety in the 21st cen-
tury: Emerging challenges and foodborne pathogenic bacteria.
Trends Food Sci Technol. 2019;84:34-37. https://doi.org/10.
1016/j.tifs.2019.01.009.

7. Boruah P, Sarmah P, Das PK, Goswami, T. Exploring the
lignolytic potential of a new laccase producing strain Kocu-
ria sp. PBS-1 and its application in bamboo pulp bleaching.
Int Biodeter Biodegr. 2019;143:104726. https://doi.org/10.
1016/j.ibiod.2019.104726.

8. Fancello F, Multineddu C, Santona M, Deiana P, Zara
G, Mannazzu 1. et al Bacterial biodiversity of extra
virgin olive oils and their potential biotechnological


https://doi.org/10.1099/ijs.0.02336-0
https://doi.org/10.22207/JPAM.15.3.40
https://doi.org/10.22207/JPAM.15.3.40
https://doi.org/10.1159/000521318
https://doi.org/10.1159/000521318
https://doi.org/10.1099/jmm.0.001023
https://doi.org/10.1099/jmm.0.001023
https://doi.org/10.22037/afb.v8i2.30748
https://doi.org/10.22037/afb.v8i2.30748
https://doi.org/10.1016/j.tifs.2019.01.009
https://doi.org/10.1016/j.tifs.2019.01.009
https://doi.org/10.1016/j.ibiod.2019.104726
https://doi.org/10.1016/j.ibiod.2019.104726

1566

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

exploitation. Microorganisms. 2020;8(1):97.
//doi.org/10.3390/microorganisms8010097.

Li J, Zhang S. Kocuria coralli sp. nov., a novel actinobacterium
isolated from coral reef seawater. Int J Syst Evol Microbiol
2020;70:785-789. https://doi.org/10.1099/ijsem.0.003825.
Grama A, Sirbe C, Fufezan O, Pop TL. Kocuria varians
meningitis in a child with chronic granulomatous dis-
ease. Turk Arch Pediatr. 2021;56:278-279. http://doi.org/10.
5152/TurkArchPediatr.2021.20228.

Funke G, Funke-Kissling P. Performance of the new Vitek
2 GP card for identification of medically relevant gram-
positive cocci in a routine clinical laboratory. J Clin Micro-
biol. 2005;43:84-88. https://doi.org/10.1128/jcm.43.1.84-
88.2005.

Almagro-Molto M, Suerbaum S, Schubert S. Ulcerative kerati-
tis due to Kocuria palustris: An emerging pathogen. Enferm
Infecc Microbiol Clin. 2019;37(6):422-423. http://doi.org/
10.1016/j.eimc.2018.10.016.

Savini V, Catavitello C, Masciarelli G, Astolfi D, Balbinot A,
Bianco A, et al. Drug sensitivity and clinical impact of mem-
bers of the genus Kocuria. J Med Microbiol. 2010;59:1395—
1402. https://doi.org/10.1099/jmm.0.021709-0.

Gun MA, Cayci YT, Durupinar B, Coban AY. A new col-
orimetric method for rapid detection of antibiotic resis-
tance in Escherichia coli isolates. Jundishapur J Microbiol.
2021;14(11):1-8. https://doi.org/10.5812/jjm.119858.
Freeman DJ, Falkiner FR, Keane CT. New method for detecting
slime production by coagulase negative staphylococci. J Clin
Pathol. 1989;42(8):872-874. http://dx.doi.org/10.1136/jcp.
42.8.872.

Zmantar T, Kouidhi B, Miladi H, Bakhrouf A. Detection of
macrolide and disinfectant resistance genes in clinical staphy-
lococcus aureus and coagulase-negative staphylococci. BMC
Research Notes. 2011;4(453):1-9. http://doi.org/10.1186/
1756-0500-4-453.

Luo Y, Mao D, Rysz M, Zhou Q, Zhang H, Xu L, et al. Trends
in antibiotic resistance genes occurrence in the Haihe River,
China. Environ Sci Technol. 2010;44(19):7220-7225. http://
doi.org/10.1021/es100233w.

Chen J, Liu YS, Su HC, Ying GG, Liu F, Liu SS, et al. Re-
moval of antibiotics and antibiotic resistance genes in rural
wastewater by an integrated constructed wetland. Environ Sci
Pollut Res Int. 2015;22:1794-1803. http://doi.org/10.1007/
$11356-014-2800-4.

SAS Statistical Analysis System, User’s Guide. Statistical. Ver-
sion 9. 6th ed. SAS. Inst Inc. 2018; Cary N.C. USA.

Pierron A, Zayet S, Toko L, Royer PY, Garnier P, Gendrin
V. Catheter-related bacteremia with endocarditis caused by
Kocuria rhizophila. Infect Dis Now. 2021;51:97-98. https://
doi.org/10.1016/j.medmal.2020.09.007.

Amadeo-Oreggioni GP, Ortiz-Ramirez GY, Baquero-Ospina
P, Salcedo-Villanueva G, Fromow-Guerra JJ, Velez-Montoya
R. Kocuria Endophthalmitis: Clinical spectrum and long-
term outcomes. Ocul Immunol Inflamm. 2022;30:1768-1774.
https://doi.org/10.1080,/09273948.2021.1951304.

https:

23.

24.

25.

26.

27.

28.

20.

30.

31.

32.

33.

34.

BAGHDAD SCIENCE JOURNAL 2025;22(5):1560-1567

. Ayyed D, Al-Mathkhury HJF. Kocuria kristinae is an emerging

causative agents of recurrent urinary tract infections in Iraqi
women. Plant Archives. 2020;(2):8950-8952.

Taher NM. Kocuria species: Important emerging pathogens in
pediatric patients. J Pure Appl Microbiol. 2022;16(4):2874—
2879. https://doi.org/10.22207/JPAM.16.4.60.

Shabeeb DB, Naji EN. Prevalence of parallel infection
of dental caries and tonsillitis among some Iraqi chil-
dren. Bionatura. 2023;8(1):1-11. https://doi.org/10.21931/
rb/css/2023.08.01.84.

Hassan RM, Bassiouny DM, Matar Y. Bacteremia caused by
Kocuria kristinae from Egypt: Are there more? A case report
and review of the litrature. case reports in infectious diseases.
Hindawi Puplishing Corporation. 2016;1-4. https://doi.org/
10.1155/2016/6318064.

Maany DA, El-Waseif AA, Abdelall MFM. Elusive function of
dental plaque polysaccharide produced from Kocuria rosea
and its molecular signature. Egypt Pharm J. 2020;18(1):60-
67. http://doi.10.4103/epj.epj_40_18.

Lépez GD, Alvarez-Rivera G, Carazzone C, Ibéafiez E,
Leidy C. Carotenoids in bacteria: Biosynthesis, extrac-
tion,characterization and applications. Int J Mol Sci. 2021;1-
36. https://doi.org/10.1080/10408347.2021.2016366.

Toth AG, Csabai I, Kriko E, Tozser D, Maroti G, Patai AV, et al
Raw milk for human consumption may carry antimicrobial
resistance genes. Biorxiv. 2019;2-7. https://doi.org/10.1101/
853333.

Chakraborty B, Banerjee D. Combating Kocuria: A game of
shadows. Int J Sci Res. 2019;8(12):1-3. http://doi.org/10.
36106/ijsr.

Fowora MA, Omolopo IA, Aiyedogbon A, Abioye A, Oladele
OE, Tajudeen AO, et al Multidrug-resistant Kocuria rosea
and methicillin-resistant Staphylococcus aureus co-infection
in a Nigerian patient with COVID-19: A case report. Am J
Case Rep. 2023;24:1-7. http://doi.org/10.12659/AJCR.
938761.

Clinical and Laboratory Standards Institute. Clinical and lab-
oratory standards institute (CLSI). Performance standards for
antimicrobial susceptibility testing. 2020; 30th ed. CLSI Suppl
M100. https://clsi.org/media/3481/m100ed30_sample.pdf.
Guyomard AP, Soumet C, Leclercq R, Populairf FD, Sanders
P. Antibiotic susceptibility of bacteria isolated from pas-
teurized milk and characterization of macrolide-lincosamide-
streptogramin resistance genes. J Food Prot. 2005;68(2):347—
3. https://doi.org/10.4315/0362-028X-68.2.347.

Lu W, Qiu Q, Chen K, Zhao R, Li Q, Wu, Q. Distribution
and molecular characterization of functional class 2
Integrons in clinical Proteus mirabilis isolates. Infect Drug
Resist.  2022;15:465-474.  https://doi.org/10.2147/IDR.
S347119.

Ali SA, Al-Haideri HH, Al Hashimi AM. Evaluating the ac-
tivity of ultrasound on biofilm formation by Acinetobacter
baumannii isolated from clinical specimens. Baghdad Sci
J. 2022;19(6):1522-1535. https://dx.doi.org/10.21123/bs;j.
2022.7739.


https://doi.org/10.3390/microorganisms8010097
https://doi.org/10.3390/microorganisms8010097
https://doi.org/10.1099/ijsem.0.003825
http://doi.org/10.5152/TurkArchPediatr.2021.20228
http://doi.org/10.5152/TurkArchPediatr.2021.20228
https://doi.org/10.1128/jcm.43.1.84-88.2005
https://doi.org/10.1128/jcm.43.1.84-88.2005
http://doi.org/10.1016/j.eimc.2018.10.016
http://doi.org/10.1016/j.eimc.2018.10.016
https://doi.org/10.1099/jmm.0.021709-0
https://doi.org/10.5812/jjm.119858
http://dx.doi.org/10.1136/jcp.42.8.872
http://dx.doi.org/10.1136/jcp.42.8.872
http://doi.org/10.1186/1756-0500-4-453
http://doi.org/10.1186/1756-0500-4-453
http://doi.org/10.1021/es100233w
http://doi.org/10.1021/es100233w
http://doi.org/10.1007/s11356-014-2800-4
http://doi.org/10.1007/s11356-014-2800-4
https://doi.org/10.1016/j.medmal.2020.09.007
https://doi.org/10.1016/j.medmal.2020.09.007
https://doi.org/10.1080/09273948.2021.1951304
https://doi.org/10.22207/JPAM.16.4.60
https://doi.org/10.21931/rb/css/2023.08.01.84
https://doi.org/10.21931/rb/css/2023.08.01.84
https://doi.org/10.1155/2016/6318064
https://doi.org/10.1155/2016/6318064
http://doi.10.4103/epj.epj_40_18
https://doi.org/10.1080/10408347.2021.2016366
https://doi.org/10.1101/853333
https://doi.org/10.1101/853333
http://doi.org/10.36106/ijsr
http://doi.org/10.36106/ijsr
http://doi.org/10.12659/AJCR.938761
http://doi.org/10.12659/AJCR.938761
https://clsi.org/media/3481/m100ed30_sample.pdf
https://doi.org/10.4315/0362-028X-68.2.347
https://doi.org/10.2147/IDR.S347119
https://doi.org/10.2147/IDR.S347119
https://dx.doi.org/10.21123/bsj.2022.7739
https://dx.doi.org/10.21123/bsj.2022.7739

BAGHDAD SCIENCE JOURNAL 2025;22(5):1560-1567 1567

duaa yaall LS oS LSt Ay Sall ailadld) g Abbal) cualiaall 4a glaall
raay @) ad) (e ddgrally Unas 48 5L

P A g gla ) oMl 3 A gAd) (aal daaa Glagl 2 shadd) dala (bl Zas) ) AA dana oI nadld) oSl arasa
244k dasa duth

'é\):.“ a2y alars dxala cciludl ?}H‘ 2\_315 aalaall e_,h‘_ ?uél

s Al (el (e Aaala calall LIS ¢ a g Sl ad?

s AL (el e Aala (panadil) Gued (pe i’

e AL (aad (e Aaala o glall IS (il a1 ML Cu il 5 bl ally a8 et

ALaMAY

& aradill el (e (Al g Ay G Dpalatl) lall Aae Gl Hiide (e Adlie 4y ) p Slise (e IS Y g Jaal) pea
L3 ) 0 5S5 cy goa) Clalimall Lyl (and 5 LS o) (VI VITEK2 aaidlan) 5o oY 5 jaall oda Ciy ja o3 33 5 5 58l
Aidus intl2 s cintegron intl1s <msrA & mef s «ermC s «ermB s cermA lad s Slall da glia Gl e oadill 5 ¢y gl
G sh 58 ) 5all Lgilinm DA (e B0 Y el Gashifi o5 (e (0 Al 185 ¢yl (e A3642) coald) (30 Ao 60 pen
e s 3V Oy D Aagliey ppmala sSHN 5 QLS 5 /0l panl] Asbisn YNl S Ay aal) Aglesl
L2304, 8 a%ia Kocuria Kristinae <ulS cus oy soal) Luie V) 0585 e Ly oS 5SI G iS5 5 a8 <l 8yl 8 61
oo Sl jelal g ¢ peae Y je b Admaa dadiie g Blall Y Je A dadie e o Kocuria rhizophila @ sl i L ¢ sl
Go Y Jall B ermA G 3 s Lai Ja 97,14 A Gloall ga ¥ Jall 8 1353 50 S mef o of o s jSLall 2 glie cilisa
iNt12 GLES) a3 ety o s (31 jall (e Y 3ol 8 1353 50 OIS it O integron oe CaiSIL i LS (o 946,66 Aty yoae
s Bl & Kocuria spp. s> o Gaill Cu pad &5 e Al 50 Jol (A o3 clidde aa o L Gl jall e Y Gall b
sl Y e A gpe Ll Cun SV (il el Sl (e a3 Sl 5 Kocuria spp. el e ¢ gpall dul jall Ll

Aabiad) 4y a0

i gl 3anmial U S0 ectlan s sSotall da slial) ciliall oy 8 oS il At o oS5 ectlobimall Aulua sAaliial) cilalsl)



	Antibiotic Resistance and Molecular Characteristics of Upcoming Pathogenic Kocuria spp. Isolated From Iraq and Egypt
	How to Cite this Article

	Antibiotic Resistance and Molecular Characteristics of Upcoming Pathogenic Kocuria spp. Isolated From Iraq and Egypt
	Authors

	Antibiotic Resistance and Molecular Characteristics of Upcoming Pathogenic Kocuria spp. Isolated from Iraq and Egypt
	Introduction
	Materials and methods
	Collection and identification of bacterial isolates
	Qualitative assessment of biofilm production
	Detection of antibiotic resistance genes
	Statistical analysis
	Results and discussion
	Isolation of Kocuria species
	Identification of clinical isolates
	Detection of some virulent enzymes
	Production of biofilm
	Antibiotic susceptibility and MIC of Kocuria spp.
	Detection of macrolides resistance genes and Integrons
	Discussion
	Conclusion
	Acknowledgment
	Authors' declaration
	Authors' contribution statement
	References

