NASAL CARRIAGE OF METHICILLIN-RESISTANT STAPHYLOCOCCUS
AUREUS AMONG HEALTHCARE WORKERS IN HIGH-RISK UNITS
OF ATERTIARY HOSPITAL IN NORTHWEST NIGERIA

I \ ABDULAZIZ, M.M.**, JIMOH, 0.1, AMADU, L.2, IBRAHIM, A%,
2N GIWA, F.J.1 AND OLAYINKA, A T2
1Department of Medical Microbiology, Faculty of Basic Clinical Sciences,
2Department of Community Medicine, Faculty of Clinical Sciences, College of Medical Sciences, Ahmadu
Bello University/Teaching Hospital, Zaria, Nigeria

ABSTRACT
Carriage of Methicillin resistant Staphylococcus aureus (MRSA) by individuals has been the means by which it
perseveres in the environment. Healthcare workers get colonized due to their close contact to patients and poor
adherence to infection control. The study aimed at evaluating the nasal carriage of MRSA among healthcare
workers in high-risk units of Ahmadu Bello University Teaching Hospital (ABUTH), Zaria and evaluate the
antibiotic susceptibility pattern of the isolates. A descriptive cross-sectional study was conducted over a period of
10 months (between January to November). Stratified sampling was used to collect a total of 427 nasal swabs,
screened for MRSA using cefoxitin disk diffusion, then confirmed by testing for the mecA gene product using
latex agglutination test for PBP2a. From the 427 healthcare workers swabbed, 81 (19%) isolates were identified
as S. aureus using Staphaurex®, among which 10(12.3%) screened positive for methicillin resistance using
cefoxitin disk, and all were confirmed by Oxoid latex agglutination test for PBP2‘to be MRSA, given an overall
nasal carriage of 2.3% for MRSA from the total population studied. Nurses accounted for 6(60%) while doctors
accounted for the rest (40%), with the highest proportions of MRSA recovery from oncology (50%) and
orthopaedic (25%) units. There was no significant difference in carriage between the ages (P=0.702), and length
of stay in the units (P=0.89). The highest percentage resistance was to penicillin (90.1%), then sulphamethoxazole-
trimethoprim (28.4%), however, there was almost universal (98.8%) susceptibility to genticin and complete
susceptibility to rifampicin (100%). Most 6(60%) of the MRSA isolates were multidrug resistant. The carriage
from this study was low compared to what was reported from other parts of Nigeria. The pattern of resistance to
other antibiotics tallies with reports from other centers in Africa. Continuous vigilance, improved infection control

practices and antibiotic stewardship program is necessary to maintain this low prevalence.
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INTRODUCTION

Methicillin resistant Staphylococcus aureus (MRSA)
is one of the Multidrug Resistant (MDR) organisms
that have threatened global health security [1, 2]. It is
a common cause of healthcare associated infections
(HAI), with such infections being very difficult to
treat. As such MRSA infections are associated with
poor outcome, prolonged hospital stays, higher cost of
treatment [3] and increased mortality because options
left for therapy are few [3, 4]. Staphylococcus aureus
(whether methicillin susceptible or resistant) are
ubiquitous colonizers of the skin and mucosa of
patients and healthcare workers from where they pose
risk to their carriers, or can be transmitted to other
susceptible patients and close contacts [5, 6]. The
transmission of MRSA and the risk of MRSA
infection (including MRSA bacteraemia) can only be
addressed effectively if measures are taken to identify
MRSA carriers as potential sources and decolonizing
them to reduce the risk of transmission [7].

S. aureus demonstrates a niche preference for
the anterior nares, especially in adult humans. Other
sites of colonization include the skin - especially the
hands, axillae and perineum - rectum, vagina,
gastrointestinal tract, as well as the pharynx [8].
Studies have presented clear molecular and

epidemiological evidence of MRSA transmission
from healthcare workers —who are the population with
the closest contact — to patients [8, 9]. Chronic nasal
carriage may put certain populations of patients at
increased risk for infection, such as patients with
recurring furunculosis (as in diabetes), cancer patients,
patients with central venous lines, burns or skin ulcers,
patients with depressed immunity (infants, elderly,
HIV-infected individuals) and patients who are subject
to medical interventions including chronic
haemodialysis or peritoneal dialysis or undergoing
surgery [10].

Mean nasal carriage of S. aureus worldwide
is about 37.2% in the general population [10], with a
very wide range depending on population studied. The
range is particularly wide among health-care workers
(16.8%-56.1%), probably due to the quality of
sampling or culture techniques [10]. Meanwhile, the
mean nasal carriage of MRSA amongst healthcare
workers was 4.1% from a review of 104 studies
worldwide (range 0 — 59%) [8]. In Zaria, a nasal
MRSA carriage of 14.9% was gotten from a study on
healthy primary school pupils [11].

The extent of MRSA carriage among
healthcare workers who are at the centre of the
problem  should be investigated because, they
(colonized healthcare workers) are at risk of
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developing clinical MRSA infections, and have been
implicated by several reports in transmission from
patient to patient [12, 13], as sources of outbreaks [14,
15], as reservoirs for re-infection and they have also
been implicated in transmitting infection to family
members [16]. Low staff to patient ratio which is
obtainable in most hospitals in Nigeria, increases
workload, and results in high staff-patient contact, as
well as poor attention to infection control practices.
These have been implicated in both acquisition and
transmission of MRSA by healthcare workers [8]. In
view of these and the problems with the development
of new antibiotics for therapy, it became necessary to
study the nasal MRSA carriage among this population
in Zaria. We aimed to determine the nasal carriage of
MRSA among health care workers in high-risk units
in Ahmadu Bello University Teaching Hospital, Zaria
and to evaluate the antibiotic susceptibility pattern of
the Staphylococcus aureus isolates from this carriage
site among these individuals.

MATERIALS AND METHODS

Study area

The study area was Ahmadu Bello University
Teaching Hospital, Zaria, a tertiary hospital in North-
western Nigeria, which is a referral centre for several
contiguous States in the region. The hospital provides
general and specialist care in various units.

Study design

A descriptive cross-sectional study was conducted
over a period of ten (10) months (January to
November). Our study population were healthcare
workers in high-risk units - the intensive care unit,
special care baby unit, dialysis, radio-oncology,
diabetic unit, HIV unit, delivery suite, orthopaedic,
burns, and all the other surgical subunits. We included
doctors, nurses, technicians and ward attendants who
had been working in these high-risk units for at least
two (2) weeks (including temporary staff) and we
excluded doctors on external postings, nurses who are
out on courses, medical and nursing students. Staff
who were on leave, or having upper respiratory tract
infections, or who had taken beta-lactam antibiotics
within the previous two (2) weeks were also excluded.

Ethical considerations

Ethical approval was given by the Ahmadu Bello
University Teaching Hospital, Zaria ethical committee
(ABUTH/HREC/TRG/36). A written informed
consent was also sought from each subject that
participated in the study. Confidentiality of
participants was ensured.

Data collection

Stratified sampling technique with proportionate
allocation was used to select subjects from the
different categories of staff from the various units.
Then a self-administered questionnaire was used to
collect information on demographics, individual and
professional risk factors, knowledge of MRSA and
self-admitted practice of infection control. We used
sterile rayon tip swabs that comes together with Amies
transport medium, (Transwab® MW170 from MWE,
United Kingdom) moistened with sterile physiological
saline to collect nasal swab specimen by rubbing the
inside of the ala and septum of each nostril and rotating
evenly about 3-4 times. A single swab was used for
both nostrils of one subject. The swabs were
inoculated onto Mannitol Salt Agar (MSA), and S.
aureus (yellow colonies) were further identified using
Gram stain, catalase, coagulase production (using
Staphaurex® latex agglutination test kit from Remel,
Europe) and DNAse production. We carried out
antibiotic susceptibility testing by disk diffusion
method following the Kirby-Bauer technique as
modified by the Clinical and Laboratory Standards
Institute (CLSI) [M02-A10] [17], using Oxoid® disks.
The following antibiotics were tested penicillin (10
units),  cefoxitin ~ (30ug), genticin  (10pg),
erythromycin (15p0), ciprofloxacin (5p0),
cotrimoxazole (1.25/23.75ug), chloramphenicol (30
Kg), clindamycin (2ug), vancomycin (30 pg), on two
100mm plates. Staphylococcus aureus ATCC 25923
and 43300 were used as quality control strains and
were subjected to the same procedures as the test
isolates for each batch of testing.

Using the CLSI chart (M100-S23) [18], a
zone diameter of less than 21mm and greater than
22mm was considered resistant (and thus MRSA) and
susceptible (MSSA) respectively for cefoxitin. Other
antibiotics tested were also interpreted similarly and
documented. We confirmed MRSA using Oxoid
Penicillin Binding Protein latex agglutination test,
Oxoid-United Kingdom (DR0900) which detects the
mecA gene product (PBP2’).

Data analysis

We cleaned and analysed data obtained using the
software statistical package for social sciences (SPSS)
version 20 and EPI INFO 7.2. Results were presented
using tables and charts while association between
variables was determined using odds-ratio. Statistical
significance was taken at P < 0.05.

RESULTS AND DISCUSSION

Results

Of the four hundred and twenty-seven (427) subjects
that participated in the study, 220 (51.5%) were
females. The age group most represented was 30 — 34
years age group with 107 (25.1 %) of the participants,
while the least was 55 — 59 vyears age group,
accounting for just 5 (1.2%) participants, though the
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mean age was 36.6 years with a standard deviation SD
of 7.96. Doctors and nurses accounted for 182 (42.6%)
and 172 (40.3%) of the participants, respectively. A
little above a third of the participants 151 (35.4%)
were from surgical wards being the highest, followed
by labour ward with 65 (15.2%) participants, while 24
(5.6%) and 20 (4.7%) were from oncology and dialysis
units respectively, in proportion to the sizes of the
respective units.

From the 427 health workers swabbed, 81
(19%) S. aureus isolates were identified using
Staphaurex®, among which 10 (12.3%) screened
MRSA positive using cefoxitin disk, all of which were
confirmed by Oxoid latex agglutination test for PBP2'
to be mecA carrying MRSA, giving an overall nasal
carriage of 2.3% for MRSA from the total population
studied.

Specifically, 23.1% of doctors were
colonized by S. aureus followed by nurses (18%), with
ward attendants having 11% of them being colonized.
Of the 10 MRSA carriers, 50% were females, MRSA
carriage was found mainly among nurses 6(60%) and
doctors 4(40%), while no MRSA carriage was
detected among ward attendants and technicians
(figure 1). Among the high-risk units and wards, the
highest proportions came from oncology (50%) and
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orthopaedic (25%) units, while SCBU and dialysis had
no carriers detected (fig 2).

Carriage of MRSA was higher among the
older age group 40 — 59 (15%) but on bivariate
analysis this difference was not statistically significant
(P =0.702). Those who had stayed longer (> 5 years)
in the relevant units were more likely to carry MRSA
than those who had stayed less, but this finding was
not statistically significant (OR = 1.72, 95% CI = 0.32-
5.86). Meanwhile, good practice of infection control
was found to be highest among ward attendants (75%)
and nurses (74.2%), though following bivariate
analysis, poor practice of infection control was not
significantly associated with MRSA carriage (OR =
0.79, 95% CI = 0.15-4.10).

The S. aureus isolates recovered from these
colonized individuals were generally (90.1 %)
resistant to penicillin, while on the other hand, they
were almost universally (98.8%) susceptible to
genticin. A little more than a quarter (28.4%) of the
isolates were resistant to sulphamethoxazole -
trimethoprim. Ciprofloxacin was the next most
resistant (11.1%), followed closely by erythromycin
(9.9%), while chloramphenicol and clindamycin each
had 2.5% of the S. aureus isolates resistant to them
(figure 3).
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Figure 1: Nasal carriage of MSSA and MRSA by cadre of healthcare workers in high-risk units of a tertiary

hospital in North-western Nigeria
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Figure 2: Proportion of S. aureus colonizing healthcare workers that are MRSA by high risk unit/ward in a
tertiary hospital in North-western Nigeria

Table 1: Factors associated with nasal carriage of MRSA among healthcare workers in high risk units in a
tertiary hospital in North western Nigeria

MRSA (%) MSSA (%)  Total (%) Odds ratio P - value
(95% Cl)
Age group (years)
40 -59 3(15.0) 17(85.0) 20(100.0)  1.36(0.32-5.85) P=0.702
20 -39 7(11.5) 54(88.5) 61(100.0)
HCW Length of stay
in unit
>5 Years 2 (18.1) 9(81.8) 11 (100.0) 1.72(0.31-9.43) P =0.889
<5 Years 8 (11.4) 62(88.6) 70 (100.0)

Practice of infection

control (Reported)

Poor 2 (10.5) 17 (89.5) 19 (100.0)  0.79 (0.15-4.10) P =0.570
Good 8 (12.9) 54 (87.1) 62 (100.0)
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Figure 3: Antimicrobial susceptibility pattern of S. aureus isolates from colonized healthcare workers in a tertiary

institution in North-western Nigeria.
DISCUSSION

A nasal carriage of MRSA of 2.3% was found among
healthcare workers in this study. This prevalence is
low and a possible explanation is the fact that there had
been several trainings on infection prevention and
control (IPC) in this hospital starting from 2009,
including several hand hygiene campaigns. This
eventually culminated in the introduction of the use of
alcohol hand rub in 2011 which has now been made
available in all wards and in certain cases at patients’
bedside. This is in keeping with the findings that IPC
measures help reduce carriage of and infections with
MRSA [19, 20, 21].

The carriage is lower than that observed by
Egwuatu et al. [22] working in Lagos, south western
Nigeria got a prevalence of 13.6% from healthcare
workers, while Akujobi et al. [23] obtained a nasal
carriage of 30% from healthcare workers in Anambra,
south eastern, Nigeria. Furthermore, Edem et al. [24]
in Uyo, south southern Nigeria got an MRSA carriage
of 40% from healthcare workers colonized by S.
aureus.

Studies from other African countries gave
4% in S3ao Tomé and Principe, 12.7% in Dessie,
Ethiopia, 21.4% in Benghazi, Libya and 41.3% in
Cameroon as reported by Conceigdo et al. [25],
Shibabaw et al [26], Al-Abdi et al [27] and Gonsu et
al. [28] respectively.
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A common feature of these studies (except that by
Conceigao et al which used similar methods) is the use
of traditional biochemical methods for S. aureus
identification using tube coagulase (for which Kateete
et al. [29] gave a low specificity of 11%) as
confirmatory test for S. aureus. This may have led to
the  misclassification of coagulase negative
staphylococci which is known to have a higher
prevalence of methicillin resistance as S. aureus. In a
2014 study in Kenya, Omuse and colleagues [30]
argued that the prevalence of MRSA may have being
previously overstated. Using the automated Vitek-2
machine, they got an MRSA prevalence of 3.7 %
against prevalence reported by previous studies in the
same country of between 20% and 84.1% as cited in
their work. This assertion has previously been
documented by Olayinka et al. [31] working in Zaria,
where they compared multiplex PCR using 16 primers
for typing for 5 different Staphylococcal cassette
chromosome mec (SCCmec) and mecA gene detection
as well as latex agglutination test for PBP2a against
traditional oxacillin disk diffusion method on isolates
that have previously been identified as MRSA. None
of the isolates was positive for mecA gene or PBP2a
but demonstrated phenotypic oxacillin resistance and
were rather hyperproducers of betalactamase.
However, this study wused Staphaurex latex
agglutination test for S. aureus identification, after
screening  with  mannitol  salt agar and
deoxyribonuclease agar plates, while cefoxitin disk
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diffusion and Oxoid latex agglutination test for PBP2a
were used for screening and confirmation of MRSA
respectively, this may partly be responsible for the low
prevalence obtained.

Around the world, a carriage of 60.5% was
gotten from Iran by Alireza et al. [31], while Zer et al.
[32] using real time PCR got 14.3 % from intensive
care unit (ICU) staff in Turkey. Rongpharpi et al. [33]
on the other hand working in India got an MRSA
carriage of 11.43% from healthcare workers colonized
by S. aureus. Eveillard et al. [16] however had
reported a prevalence of 6.2% from healthcare
workers in France, Western Europe.

The variability of this study from other
studies is in keeping with the high variability of
reported prevalence of nasal carriage all over the
world [34, 35] as seen in the works cited earlier. Status
of implementation of infection control strategies,
differences in use of antibiotics, methods of S. aureus
and MRSA detection could all contribute to this
variability.

The fact that nurses and doctors have closest
contact to patients predisposes them to be the most
colonized as this study shows. This is consistent with
other studies like those by Eguwatu et al. [22] and
Gonsu et al. [28]. Doctors seem to carry S. aureus
more than other cadre of staff, which is consistent with
work by Al-Abdi et al. [27], this is also consistent with
their being the least compliant with infection control
practices as seen in this work. On the other hand,
nurses were the ones more colonized by the multidrug-
resistant MRSA, this corroborates the work by
Shibabaw et al. [26]. In this work, healthcare workers
in oncology and orthopaedic wards had the highest
carriage for MRSA, this is similar to what was
observed by Rongharpi et al. in India, while other
works have variably noted the ICU [33.34], and the
surgical wards [23, 26]. The few numbers of MRSA
positive isolates do not provide enough statistical
power to be able to comment on factors such as length
of hospital stay and infection control practice.

Most of the MRSA isolates in this work were
resistant to at least three to four different classes of
antibiotics and this is of significance, because the
healthcare workers may transmit these multidrug
resistant strains to other colleagues and to patients
during healthcare delivery. More than 90% of S.
aureus isolates and all the MRSA isolates were
resistant to penicillin (representing beta lactams)
which was expected and consistent with the report by
Al-Abdi et al. [27], while the high resistance seen with
sulphamethoxazole-trimethoprim (90%) for MRSA
isolates was similar to that obtained by Fadeyi et al
[35] and Gonsu et al. [28]. The MRSA isolates showed
low resistance to genticin, similar to findings by Al-
Abdi et al. [27], while some other studies had variable
results - Gonsu et al. reported a resistance of 53.5%,
while Askarian et al. [36] working in Iran obtained
69%. Ciprofloxacin and erythromycin also had low
resistance, but the lowest resistance was seen against

clindamycin and chloramphenicol, probably because
they are not commonly used drugs.

CONCLUSION

This study found a low carriage of MRSA among
healthcare workers in high-risk units in ABUTH,
following screening with cefoxitin and confirmation
with latex agglutination test for PBP2a. The carriage
was highest in oncology and orthopedic units, mainly
among doctors and nurses. The isolates were
multidrug  resistant  especially to  penicillin,
sulphamethoxazole-trimethoprim and ciprofloxacin,
but retained significant susceptibility to antibiotics
like genticin, clindamycin, erythromycin and
chloramphenicol. Continuous vigilance, improved
infection control practices and antibiotic stewardship
program is necessary to maintain this low prevalence.

REFERENCES

1. WORLD HEALTH ORGANISATION. (2013).
Antibiotic resistance - a threat to global
health security. WHO Press; World Health
Organization.
https://www.who.int/drugresistance/activitie
s/wha66_side_event/en/

2. TONER, E., ADALJA, A., GRONVALL, G.K,,
CICERO, A. & INGLESBY, T.V. (2015).
Antimicrobial Resistance Is a Global Health
Emergency, 13(3): 153-155.

3.COSGROVE, S.E., Ql, Y. KAYE, KS,
HARBARTH, S., KARCHMER, AW. &
CARMELI, Y. (2005). The Impact of
Methicillin Resistance in Staphylococcus
aureus Bacteremia on Patient Outcomes:
Mortality, Length of Stay, and Hospital
Charges. Infection Control & Hospital
Epidemiology, 26(02): 166-174.
https://doi.org/10.1086/502522

4. HANBERGER, H., WALTHER, S., LEONE, M.,
BARIE, P.S., RELLO, J., LIPMAN, J,
MARSHALL, J.C., ANZUETO, A., SAKR,
Y., PICKKERS, P., FELLEITER, P.,
ENGOREN, M. & VINCENT, J.L. (2011).
Increased  mortality  associated  with
meticillin-resistant Staphylococcus aureus
(MRSA\) infection in the Intensive Care Unit:
Results from the EPIC 11 study. International
Journal of Antimicrobial Agents, 38(4): 331-
335.

5.CHAMBERS, H.F. (2001). The Changing

Epidemiology of Staphylococcus aureus?

Emerg Infect Dis, 7(2): 178-182.

Y. & MOREILLON, P. (2010).
Staphylococcus aureus (including Toxic
Shock Syndrome). In G. Mandell, J. Bennett,
& R. Dolin (Eds.), Principles and Practice of
Infectious Diseases (7th ed, pp. 2543-2578).
An Imprint of Elsevier.

6. QUE,

Nigerian Journal of Scientific Research, 21(2): 2022; July—December; journal.abu.edu.ng; ISSN-0794-0378 390



Abdulaziz et al. (2022); Nasal carriage of methicillin resistant staphylococcus aureus

7.MILLER, L.G. (2010). Managing an Elusive
Pathogen : How can MRSA be Contained ?
Clinical Updates in Infectious Diseases,
13(3): 1-8.

8. ALBRICH, W.C., HARBARTH, S. & BERN, H.
(2008). Health-care workers : source , vector
, or victim of MRSA? Lancet Infectious
Diseases, 8(May): 289-301.

9.LIN, Y.C., LAUDERDALE, T.L., LIN, H.M,,
CHEN, P.C., CHENG, M.F., HSIEH, K.S. &
LIU, Y.C. (2007). An outbreak of
methicillin-resistant Staphylococcus aureus
infection in patients of a pediatric intensive
care unit and high carriage rate among health
care workers. Journal of Microbiology and
Immunology of Infections, 40(4): 325-334.

10. KLUYTMANS, J, VAN BELKUM, A. &
VERBRUGH, H. (1997). Nasal carriage of
Staphylococcus  aureus:  epidemiology,
underlying mechanisms, and associated risks.
Clinical Microbiology Reviews, 10(3): 505—
520.

11. OLONITOLA, O., INABO, H., OLAYINKA, B.
& BUGO, 1. (2007). Nasal carriage of
methicillin-resistant Staphylococcus aureus
by primary school pupils in a university staff
school, Zaria, Nigeria. International Journal
of Biology and Chemical Sciences, 1(1): 71—

75.
12. PRICE, JR., COLE, K., BEXLEY, A,
KOSTIOU, V., EYRE, D.W.,

GOLUBCHIK, T., WILSON, D. J., CROOK,
D.W. WALKER, S. PETO, T.EA,
LLEWELYN, MJ. & PAUL, J. (2017).
Transmission of Staphylococcus aureus
between health-care workers, the
environment, and patients in an intensive care
unit: a longitudinal cohort study based on
whole-genome sequencing. The Lancet
Infectious Diseases, 17: 207-214.

13. HALL, I.M., BARRASS, |, LEACH, S., PITTET,
D. & HUGONNET, S. (2012). Transmission
dynamics of methicillin-resistant
Staphylococcus aureus in a medical intensive
care unit. Journal of the Royal Society
Interface, 9(75), 2639-2652.

14. BERTIN, M.L., VINSKI, J.,, SCHMITT, S.,
SABELLA, C., DANZIGER-ISAKOQV, L.,
MCHUGH, M., PROCOP, G.W., HALL, G.,
GORDON, S.M. & GOLDFARB, J. (2006).
Outbreak of Methicillin-Resistant
Staphylococcus aureus Colonization and
Infection in a Neonatal Intensive Care Unit
Epidemiologically Linked to a Healthcare
Worker With Chronic Otitis. Infection
Control & Hospital Epidemiology, 27(06):
581-585.

15. BEN-DAVID, D., MERMEL, LA &
PARENTEAU, S. (2008). Methicillin-
resistant Staphylococcus aureus

transmission: The possible importance of
unrecognized health care worker carriage.
American Journal of Infection Control,

36(2): 93-97.
16. MOLLEMA, F.P.N., RICHARDUS, JH.,
BEHRENDT, M. VAESSEN, N,
LODDER, W.  HENDRIKS, W,

VERBRUGH, H.A. & VOS, M.C. (2010).
Transmission of methicillin-resistant
Staphylococcus aureus to  household
contacts. Journal of Clinical Microbiology,
48(1): 202-207.

17. CLINICAL LABORATORY STANDARDS
INSTITUTE. (2009). Performance
Standards  for  Antimicrobial Disk
Susceptibility Tests; Approved Standard (M.

Wikler (ed.); Tenth Edit). Clinical
Laboratory Standards Institute.

18. CLINICAL AND LABORATORY
STANDARDS INSTITUTE. (2013).

Performance standards for antimcrobial
susceptibility  testing; twenty  third
informational supplement. (H. D. Cockerill
FR, Wikler MA, Bush K, Dudley MN,
Eliopoulus GM (ed.); 23rd ed.). Clinical and
Laboratory Standards Institute.

19. POPOVICH, K.J., DAVILA, S., CHOPRA, V.,
PATEL, P.K., LASSITER, S., OLMSTED,
R.N., & CALFEE, D.P. (2019). A tiered
approach for preventing methicillin-resistant
Staphylococcus aureus infection. Annals of
Internal Medicine, 171(7): S59-S65.

20. CHUN, J.Y., SEO, H.K,, KIM, M.K., SHIN, M.J.,
KIM, S.Y., KIM, M., KIM, C.J., SONG,
K.H., KIM, E.S., LEE, H. & KIM, H.B.
(2016). Impact of a hand hygiene campaign
in a tertiary hospital in South Korea on the
rate of hospital-onset methicillin-resistant
Staphylococcus aureus bacteremia and
economic evaluation of the campaign.
American Journal of Infection Control,
44(12): 1486-1491.

21. CALFEE, D.P., SALGADO, C.D., MILSTONE,
AM., HARRIS, AD. KUHAR, D.T,
MOODY, J., AUREDEN, K., HUANG, S.S.,
MARAGAKIS, L.L. & YOKOE, D.S.
(2014). Strategies to Prevent Methicillin-
Resistant Staphylococcus aureus
Transmission and Infection in Acute Care
Hospitals: 2014 Update. Infection Control &
Hospital Epidemiology, 35(7): 772-796.

22. EGWUATU, C. (2013). Prevalence and Risk
Factors for Carriage of Methicillin-Resistant
Staphylococcus aureus (MRSA) among
Healthcare workers in a tertiary Institution in
Nigeria. IOSR Journal of Dental and Medical
Sciences (IOSR-JDMS), 8(4): 09-13.

23. AKUJOBI, C.N,, ILO, ILA., EGWUATU, C.C. &
EZEANYA, C.C. (2013). Prevalence of
methicillin-resistant Staphylococcus aureus

Nigerian Journal of Scientific Research, 21(2): 2022; July—December; journal.abu.edu.ng; ISSN-0794-0378 391



Abdulaziz et al. (2022); Nasal carriage of methicillin resistant staphylococcus aureus

(MRSA) among healthcare workers in a
tertiary institution in Nigeria. In Orient
Journal of Medicine, 25(3-4): 82-87

24. EDEM, E., ONWUEZOBE, I.,, OCHANG, E.,
ETOK, C. & JAMES, 1. (2013). Antibiogram
of Bacterial Isolates from the Anterior Nares
and Hands of Health Care Workers in
University of Uyo Teaching Hospital
(UUTH) Uyo, Akwalbom State, Nigeria.
Journal of Bacteriology & Parasitology,
04(03): https://doi.org/10.4172/2155-
9597.1000168

25. CONCEICAO, T., SANTOS SILVA, I, DE
LENCASTRE, H. & AIRES-DE-SOUSA,
M. (2014). Staphylococcus aureus Nasal
Carriage Among Patients and Health Care
Workers in S8 Tomé and Principe.
Microbial Drug Resistance, 20(1): 57-66.

26. SHIBABAW, A., ABEBE, T. & MIHRET, A.
(2013). Nasal carriage rate of methicillin
resistant Staphylococcus aureus among
Dessie Referral Hospital Health Care
Workers; Dessie, Northeast Ethiopia.
Antimicrobial Resistance and Infection
Control, 2(1): 25.

27. AL-ABDI, N.E. & BAIU, S.H. (2014). Nasal
Carriage of Staphylococcus in Health Care
Workers in Benghazi Hospitals. American
Journal of Microbiological Research, 2(4):
110-112.

28. GONSU, K., KOUEMO, S., TOUKAM, M.,
NDZE, V. & KOULLA, S. (2013). Nasal
carriage of methicillin resistant
Staphylococcus aureus and its antibiotic
susceptibility pattern in adult hospitalized
patients and medical staff in some hospitals
in Cameroon. Journal of Microbiology and
Antimicrobials, 5(3): 29-33.

29. KATEETE, D.P., KIMANI, C.N., KATABAZI,
F.A.,, OKENG, A. OKEE, M.S,
NANTEZA, A. JOLOBA, ML. &
NAJIUKA, F.C. (2010). Identification of
Staphylococcus aureus: DNase and Mannitol
salt agar improve the efficiency of the tube
coagulase test. Annals of Clinical
Microbiology and Antimicrobials, 9(1): 23.

30. OMUSE, G., KABERA, B., & REVATHI, G.
(2014). Low prevalence of methicillin
resistant ~ Staphylococcus  aureus  as
determined by an automated identification
system in two private hospitals in Nairobi,

Kenya: a cross sectional study. BMC
Infectious Diseases, 14(1): 669.

31. OLAYINKA, B., OLAYINKA, A,
OBAJULUWA, A., ONAOLAPO, J. &
OLURINOLA, P. (2010). Absence of mecA
gene in methicillin-resistant Staphylococcus
aureus isolates. African Journal of Infectious
Diseases, 3(2):
https://doi.org/10.4314/ajid.v3i2.55081

32. ZER, Y., KARAOGLAN, I., NAMIDURU, M.,
BALCI, I, KARAGOZ, 1.D., OZASLAN,
M., KILIC, H.I., & SUNER, A. (2009).
Investigation of nasal colonization of health
care workers by  methicillin-resistant
Staphylococcus aureus with using new
generation real-time PCR assay : Discussing
of risks. Journal of Biotechnology, 8(20):
5542-5546.

33. RONGPHARPI, S.R., HAZARIKA, N.K. &
KALITA, H. (2013). The prevalence of nasal
carriage of Staphylococcus aureus among
healthcare workers at a tertiary care hospital
in assam with special reference to MRSA.
Journal of Clinical and Diagnostic
Research : JCDR, 7(2), 257-260.

34. GOULD, I.M. (2005). The clinical significance of
methicillin-resistant Staphylococcus aureus.
The Journal of Hospital Infection, 61(4):
277-282.

35. FADEYI, A., BOLAJI, B.O., OYEDEPO, 0.0,,
ADESIYUN, 0.0., ADEBOYE, M.AN,,
OLANREWAJU, T.0., ADERIBIGBE, A.,
SALAMI, ALK, DESALU, 0.0,
FOWOTADE, A., NWABUISI, C,
AKANBI 1I, A, RAHEEM, RA. &
OLALERE, A. (2010). Methicilin Resistant
Staphylococcus aureus Carriage amongst
Healthcare Workers of the Critical Care
Units in a Nigerian Hospital. American
Journal of Infectious Diseases, 6(1): 18-23.

36. ASKARIAN, M., ZEINALZADEH, A., JAPONI,
A., ALBORZI, A. & MEMISH, Z.A. (2009).
Prevalence of nasal carriage of methicillin-
resistant Staphylococcus aureus and its
antibiotic susceptibility pattern in healthcare
workers at Namazi Hospital, Shiraz, Iran.
International Journal of Infectious Diseases,
13(5): e241-e247.
https://doi.org/10.1016/j.ijid.2008.11.026

Nigerian Journal of Scientific Research, 21(2): 2022; July—December; journal.abu.edu.ng; ISSN-0794-0378 392



