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Abstract

Introduction: Staphylococcus aureus has been implicated in a wide range of infections from mild skin infections to life
threatening blood stream infections. The multidrug resistant strain is widely distributed within the hospital setting and
readily transmitted by contaminated hands of healthcare workers.

Aim: The aim of this study was to investigate the susceptibility pattern and multidrug resistance index of Staphylococcus
aureus isolated from hands of healthcare workers to routine antibiotics in Jos, North central Nigeria.

Methodology: Forty-eight isolates were collected from hands of 145 healthcare workers in Jos University Teaching
Hospitals, Nigeria. The Staphylococcus aureus isolates were identified using standardized laboratory techniques.
Antibiotic susceptibility testing was done using disc diffusion method, phenotypic method was used to detect methicillin
resistance responsible for Methicillin-Resistant Staphylococcus aureus (MRSA).

Result: The in-vitro susceptibility of the Staphylococcus aureus isolates to antibiotics indicated 77.3-90% sensitivity to
clindamycin, ciprofloxacin and gentamicin with 56-90% resistance to tetracycline, erythromycin and penicillin. Out of the
48 isolates tested with methicillin, 28 (58.3%) were resistant while 20 (41.7%) were sensitive. Multiple resistance was also
observed to 6 frequently used antibiotics.

Conclusion: The current prevalence of multidrug resistant S. aureus present on the hands of healthcare workers is of great
concern. Proper hand hygiene is key, as it is the most effective infection prevention and control (IPC) principle to curbing
healthcare associated infections.
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1. Introduction
Staphylococcus aureus is a ubiquitous organism that is both a

innate defences are breached (they become invasive) such as
insertion of an indwelling catheter, or surgery and in secondary

normal microbiota and a pathogen [1]. Hand and nasal carriage
among individuals within the community ranges between 20
to 30% persistently or intermittently while within healthcare
setting is between 25% to 50% [2-4]. As colonization precedes
infection, colonized healthcare workers hands provide a
reservoir from which S. aureus can be transmitted when host

immunosuppression such as in HIV/AIDS [5,6]. In a study that
examined S. aureus isolates from blood cultures of patients,
it found out that these isolates were identical to nasal isolates
in 82% of the infected patients[7]. This, therefore points to
the fact that those with S. aureus infections may have become
infected with their colonizing strain. Furthermore, a study within
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a healthcare setting demonstrated that about 17% (9-25%) of
contacts between a HCWs and a MRSA-colonized patient
resulted in transmission of MRSA from a patient to the gloves
of a healthcare worker[8]. In another study which screened 177
healthcare workers, as much 36 (20.3%) of the HCWs were
carriers of methicillin resistant Staphylococcus aureus in both
their hand and anterior nares[9]. Beyond the healthcare setting,
colonized patients and healthcare workers are potential source
of community dissemination, thereby increasing the risk of
spreading multidrug resistant pathogen within the community
setting[10].

Timeline for development of resistance from the clinical
introduction of penicillin in 1940, indicates that penicillinase
was formally observed within a short period (less than 2 years)
[11]. Resistance to penicillin was mediated by B-lactamase which
hydrolyse the B-lactam rings and rendered the antibiotic non-
effective[12]. Subsequently, after the introduction of methicillin
between 1959 — 1960, the following year saw the emergence of
methicillin-resistant Staphylococcus aureus isolates. Resistance
to methicillin is mediated by the mecA gene, which encodes for
a penicillin-binding protein (PBP2A) with reduced uptake for
B-lactam antibiotics[13]. The aim of this study was to investigate
the susceptibility pattern and multidrug resistance index of
Staphylococcus aureus isolated from healthcare workers hands
to routine antibiotics in Jos, North central Nigeria.

2. Materials and Methods

2.1 Ethical Approval

Informed consent was received for all individual participants
while ethical approval for this work was also gotten from the
Ethical Board/Committee of Jos University Teaching hospital.
Reference number for ethical approval: JUTH/DCS/IREC/127/
XXX/2447.

2.2 Sampling

This study was a cross-sectional point prevalence study of
healthcare workers (HCWs) in the medical and surgical wards,
the intensive care unit and the special care baby unit of a
tertiary care hospital in North-central Nigeria. Hand swabs
were obtained from HCWs during clinical rounds without prior
information about the procedure. These swabs were then taken
to the Medical Microbiology laboratory for routine analysis. All
HCWs who either recently washed their hands, used hand rub
or avoided volunteering to give hand swabs were excluded from
the

study.

2.3 Sample size determination
The minimum sample size will be calculated using the following
formula[13];

2
A

N= L1
d

Where;

N = minimum sample size

Z = the standard normal deviation corresponding to 95% levels
of significance (1.96)

P =local prevalence rate of Methicillin resistant Staphylococcus
aureus in previous studies is 5.3

%14

q=1-p

d = degree of accuracy desired, set at 5% = 0.05
Substituting the equation above;

N=  1.962x0.053 x 0.947
0.052
N= 44 4
0.0025

Therefore, N =77.13

2.4 Attrition

However, 10% of the calculated sample size was added to allow
for attrition.

The final sample size was approximately 85, but total sample
size obtained at the end was 145.

2.5 Randomization
This was a non-randomized study.

2.6 Blinding
This study did not involve blinding.

3. Inclusion and Exclusion Criteria

Participants included in the study were all HCWs posted
in selected wards and intensive care units (ICUs) of JUTH.
Samples taken from hands of all health workers who gives
consent. Participants excluded from the study includes All
healthcare workers who would be found to have recently used a
hand sanitizer or just washed their hands as at the time of sample
collection.

4. HCWs who decline consent and participation

4.1 Laboratory Protocol and Phenotypic of MRSA
Forty-eight Staphylococcus aureus isolates from hands of one
hundred and forty-five (145) healthcare workers taken while
at their duty post using sterile water moistened swab. The
swabs were then inoculated onto Mannitol Salt Agar (Oxoid
Basingstoke, UK). These inoculated media plates were incubated
aerobically for 24 hours at 37°C. After overnight incubation,
yellow colonies which signified Staphylococcus species were
examined further. The organisms on the positive plates were
characterized using gram stain; catalase test and coagulase test
(both slide and tube test) with standard requirements.

Antimicrobial susceptibility testing was done to observe the
resistance pattern to conventional antibiotics. Antibiotics used
was based on the various classes such as Inhibitors of the cell
wall synthesis (penicillin and methicillin), protein synthesis
(gentamycin, tetracyclines and erythromycin), and nucleic acid
synthesis (ciprofloxacin). Susceptibility testing using the disc
diffusion method on Muller Hinton agar according to Bauer
et al. (1966) was employed[14]. The interpretation of the zone
of inhibition of the single disc used was done according to
manufacturers’ instruction and CLSI manuals. The percentage
resistance, multiple antibiotic resistance (MAR) was calculated
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as follows: Percentage resistance = (No of resistant isolates/
No of isolates tested with the antibiotic) x 100. Methicillin
resistance was tested using methicillin (30g) disc with cut-off
zone of inhibition of 21mm on each isolate. For internal quality
control a known clinical isolate of MRSA was used as a positive
control and Staphylococcus aureus ATCC 25923 as a negative
control.

DNA extraction was carried out following standard protocol
according to Zymo DNA mini-prep extraction kit (Zymo
research, USA). The detection of mecA using a primer with
162 bp was carried out according to Larsen et al., (2008). Data
interpretation and statistical analysis was done using SPSS. The
quantitative data are expressed as numbers and percentages.

5. Results

Forty-eight isolates of Staphylococcus aureus were recovered
from hands of 145 healthcare workers. The demographic
distribution of the healthcare workers is depicted in Table 1.

Forty-three isolates (90.0%) were most resistant to beta lactam
antibiotics: penicillin. As high as 29 (60.4%) and 27 (56.3%)
isolates were resistant to protein inhibitors: erythromycin and
tetracycline. However, other protein inhibitors showed less
resistance, 12 (25%) and 13 (27%) respectively for gentamycin
and clindamycin. Beta lactam stable fluoroquinolones:
ciprofloxacin demonstrated less resistance with 15 (31%) isolates
being resistant. Out of the 48 isolates tested with methicillin, 28
(58.3%) were resistant while 20 (41.7%) were sensitive (Table
2). Many isolates demonstrated multidrug resistances. Only one
isolate was (2%) resistant to all 6 antibiotics while a total of 16
(33.3%) isolates had highest multidrug resistance to 4 antibiotics
(MAR of 0.333). A multiple resistant index per isolates of 0.02
was observed for 6 tested antibiotics (Table 3). High percentage
of multiple drug resistance quantified as index per isolates
(Table 3) was illustrated in percentage. The resistance pattern of
the isolates (figure 1) is shown.

Characteristics Frequency (n:145) (%) | S. aureus (n: 48)
Age group (years)

<47 113 84.2 |38
> 47 21 15.7 |10
Sex

Female 75 52.1 |29
Male 69 479 (18
Department/ward

Medical ward 52 359 |18
Surgical ward 59 40.7 | 10
ICU 10 69 |7
Others 16 11.0 |6
Profession

Doctor 81 55.8 |22
Nurse 43 29.7 | 16
others 21 14.5 |10

Table 1: Demographic and Clinical Characteristics of Study Participants

Antibiotics Number (%) of Number (%) of susceptible
resistance isolates isolates
Methicillin 28/48 (58.3) 20 (41.7)
Table 2: Methicillin Resistance
Number of Antibiotics to Number of Multiple Resistance
which Resistance occurred | Resistant Isolates Index
0 0 0
1 6 0.125
2 10 0.208
3 12 0.250
4 16 0.333
5 3 0.063
6 0 0
7 1 0.021
Total 48

Table 3: Multiple Resistance Index with Respect to Isolates
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Figure 1: Resistance Pattern of Staphylococcus aureus isolates

6. Discussion

Staphylococcus aureus remains responsible for most clinical
infections within the healthcare and community settings. Their
ability to cause disease is largely based on its ubiquitous nature as
a normal microbiota and an opportunistic pathogen. Multidrug-
resistant infections have been associated with increased cost,
prolonged length of hospital stay, and excess in-hospital
mortality[15]. Most importantly, invasive infections resulting
from multidrug resistance strain of S. aureus carries with it a
poor patient outcome and economic implications. Acquisition of
the multidrug resistance features by Staphylococcus aureus have
further impacted on the poor outcome of healthcare-associated
infections. Specifically, methicillin resistance have been directly
correlated with prolonged length of stay after infection[16]. A
systematic analytic study done in 254 cases of methicillin-resistant
Staphylococcus aureus-Blood stream infection (MRSA-BSI),
found out that death related to BSI occurred in 81 cases (31.9%)
of the MRSA-BSI while only 12 cases (14.1%) of methicillin-
sensitive Staphylococcus aureus-Blood stream Infection (MSSA-
BSI) had a poor (death) outcome[17]. Therefore, colonization
with multidrug resistant S. aureus increases the chances of
infection up to 13 times[4]. Within the community setting, S.
aureus, most importantly MRSA is estimated to cause up to
90% of skin and soft tissue infections (SSTI), pus and abscess
formation[4,18]. In a study which surveyed 914 members of 321
households found the prevalence of S. aureus and MRSA to be
25% and 0.4% respectively with Seventy-eight (24%) households
reporting serious skin infection[19]. Furthermore, acquisition
of methicillin resistance was associated with resistance to
macrolides, lincosamides, and streptogramin B (MLSB) rendering
S[20]. aureus resistant to most classes of the readily available
antibiotics. The SCCmec complex which carries the mecA gene
and other gene regulatory components has been classified into
twelve known SCCmec types (I-XII)[4]. This SCCmec types
has been employed to group MRSA into health-care-associated
MRSA (HA-MRSA) community-associated MRSA (CA-MRSA)
and livestock-associated MRSA (LA-MRSA) strains[4].

Highlevels of resistance of Staphylococcus aureus to penicillin was
noted in this study up to 90%. This in keeping with other studies,
such as this which reported a high proportion (89.9%) of S. aureus
isolates being resistant to penicillin[21]. This high resistance to
penicillin is also seen in erythromycin and tetracycline which is
keeping with acquired resistance to macrolides, lincosamides,
and streptogramin B (MLSB) associated with methicillin

resistance[20].

There was high susceptibility of Staphylococcus aureus to
gentamicin class of the protein inhibitors and to ciprofloxacin,
which is in keeping with a similar study which observed high
susceptibility to amikacin and gentamicin[22]. Multidrug
resistance of Staphylococcus aureus isolates gotten from
healthcare-associated infection and community acquired
infections show different resistant patterns.

The multiple antibiotic resistance (MAR) being an easy and cost-
effective way to tract antibiotic resistance was employed to access
the level of resistance using a cut off 0.2 which signifies high level
of antimicrobial resistance[23]. The highest number of isolates
were resistant to 4 groups of antibiotics (33.3%) which was also
observed in another study with 53.8% of isolates resistant to 4
antibiotics [22]. Low MAR index was observed with resistance to
one and five antibiotics while only one isolate was resistant to all 6
antibiotics. The limitations of this study include the few numbers
of antibiotics discs tested against the isolates and inability to test
all 48 isolates for molecular detection of A gene.

7. Conclusion

The high levels of multidrug resistance observed with
Staphylococcus aureus isolated from hands of HCWs is a cause
for concern. Regular hand hygiene audit and MRSA surveillance is
critical to ensure that patient, healthcare workers and the hospital
environment are kept free of this pathogen. Proper hand hygiene
is key as it is the most effective infection prevention and control
(IPC) principle to curbing healthcare associated infections.
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