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ABSTRACT

The discovery of Saphylococcus aureus (S aureus) which are resistant to vancomycin, threatens the relief had on
vancomycin as the antibiotics of choice for the treatment of infections caused by methicillin resistant Saphylococcus
aureus. The study was aimed at determining the prevalence of vancomycin-resistance Staphylococcus aureus (VRSA) and
antibiotic resistance profile of isolates from various anatomical sites of patients attending Alex Ekwueme Federal Teaching
Hospital, Ebonyi. A cross-sectional prevalence study was carried out on 121 samples including sputum, ear swab, urine,
oropharyngeal abscess, wound swab, throat swab, endocervical swab, nasal swab, blood, and semen randomly collected
from admitted patients. Staphylococcus aureus was isolated and identified using standard bacteriological techniques. The
susceptibility testing was done using Kirby-Bauer disc diffusion method. 51 Saphylococcus aureus isolates were
recovered from the 121 samples. None of the isolates identified was resistant to vancomycin. Resistance to other
antibiotics were 19 (19.6%) to Ampicillin, 9 (17.6%) to methicillin, 5 (9.8%) to norfloxacin, 4 (7.8%) to each of
erythromycin, streptomycin and gentamicin, 2 (3.9%) to chloramphenicol as well as ciprofloxacin and 1 (1.9%) to
rifampicin. Most of the isolates were resistant to more than one antibiotic. More Saphyl ococcus aureus were isolated from
the male than the female patients. However, there was insignificant observable difference in their resistance to the
antibiotics. The 0% prevalence of VRSA observed in the present study reveals an in-depth knowledge of drug interaction
among the health caregivers as well as the awareness of the danger associated with self-medication by the patients.
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INRODUCTION effective mostly against Gram-positive bacteria®*, where it
Saphylococcus aureus (S. aureus), a Gram positive cocci, acts by mitigating proper cell wall synthesis by forming a
catalase positive and coagulase positive bacteria, has been bond with the terminal D-alanyl-D-alanine moiety of the
recognized as an important cause of human diseases nascent cell wall lipid, thereby triggering the
ranging from skin to systemic infections for over a decomposition of the cell wall and consequently causing
century®. A global challenge faced in the therapy for S lysis of the bacteria’**®. Most Gram-negative bacteria are

aureus is the emergence and consistent increase of strain intrinsically resistant to vancomycin because their outer
of S aureus which is resistant to penicillin, macrolides, membrane is impermeable to glycopeptides molecules'.
tetracycline and aminoglycosides®. Saphylococcus aureus Saphylococcus aureus resistance to vancomycin had long
is one of the most common causes of nosocomial been suspected in the clinics®?, but its reliance as an

infections, especialy pneumonia, surgical site infection as aternative to methicillin beclouded the fear of future
well as systemic infections, it continues to be a major problem. However, in 1997 it generated a significant
cause of community-acquired infections. The battle concern in the medical community after its isolation in
against S. aureus remains a worry worldwide due to its  Japan and the United States****.,

ability to adapt to different environments, even to cope The evolution of microbial resistance to vancomycin is a
with antibiotic pressure®. Methicillin-resistance S aureus rising problem, especially within health care facilities such
(MRSA) was first detected approximately 40 years ago as hospitals. While newer alternatives to vancomycin
and remain in the list of priority 2 (high) bacteriato which exist, such as linezolid and daptomycin, the widespread

antibiotics are urgently needed*®. With the misuse of use of vancomycin makes resistance to the drug a
antibiotics, methicillin-resistant S aureus strain became significant worry, especially in patients where resistant
more prevalent, exceeding 70% of all S aureusin Asia™®, infections are not quickly identified and the patients

and account for the majority of S aureus infection with its continue the ineffective treatments'®. An increase in
consequent increased morbidity and mortality®®. The vancomycin-intermediate and resistance S aureus have
therapy for MRSA infections began to shift to the use of been reported in many countries®™. Initially, vancomycin-
glycopeptide antibiotics in the 1980s, particularly intermediate S. aureus (VISA) noted in Japan in 1996 and
vancomycin which was considered to be an aternative subsequently in the United States in 1997 was believed to
drug for the treatment of MRSA™. Vancomycin is  be dueto the thickened cell wall? where many vancomycin
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molecules were trapped. The trapped molecules clog the
peptidoglycan meshwork and finally form a physical
barrier towards further incoming vancomycin molecules™®.
The second noted in the United States in 2002 among S
aureus, was identica to the mechanism seen in
vancomycin-resistant enterococci®.

Vancomycin-resistant Enterococcus faecium harbors the
van A operon, which contains five genes, van S, -R, -H, -
A and -X [23]. Further isolation of VISA and VRSA
isolates from different countries®"*? has confirmed that
the emergence of this strain is of global concern. The
increasing reports of S aureus which are resistant to
vancomycin as well as severa currently accessible
antibiotics has compromised treatment options with its
consequent increased morbidity and  mortality®.
Therefore, the current study was carried out to determine
the prevalence of vancomycin-resistant S. aureus and
antibiotic resistance profile of isolates from a federa
teaching hospital in southeastern Nigeria.

MATERIALSAND METHODS

Sample collection

A total of 51 pure isolates of S aureus were recovered
from 121 samples including sputum, ear swab, urine,
oropharyngeal abscess, wound swab, throat swab,
endocervical swab, nasal swab, blood, and semen
randomly collected from admitted patients in Alex
Ekwueme Federal Teaching Hospital, Abakaliki between
November 2018 and February 2019. The samples were
immediately taken to Ultramodern Diagnostic Laboratory
and Research Center, Ebonyi State University, where they
were inoculated on media with minimum delay.
Processing of Samples

Sputum: The purulent part of the sputum was washed in
sterile physiological saline and then the washed sputum
was inoculated onto a blood agar plate and incubated at 37
°C for 24h.

Swabs: A sterile swab sticks were used to collect samples
from wounds, throat, ear, nostril and cervix and inocul ated
onto plates of blood agar and incubated aerobically at 37
°C for 24h.

Urine: The urine samples (freshly collected clean-catch
urine) were mixed by rotating the container. Then using a
sterile wire loop, a loopful was plated on blood agar and
inoculated aerobically at 37 °C for 24h.

Blood: 1ml of blood samples were collected and
inoculated into 9ml of cooked meat broth and incubated at
37 °C for 48h, after which they were sub-cultured on blood
agar plates and incubated aerobically at 37 °C for 24h.
Suspected isolates were purified by sub-culturing on
mannitol salt agar and incubated at 37 °C for 24h, after
which they were characterized by biochemical tests.
Isolation and Identification of S. aureus

The characterization of S aureus isolates was carried out
by Gram staining technique, catalase and coagulase tests,
beta hemolysis of blood and sugar fermentation. The
identification of S aureus isolates was based on observed
characteristics compared to the characteristics of reference
S aureus as published in reputable references particularly,
Manual of Clinical Microbiology®.
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Antimicrobial susceptibility test

The modified disc diffusion method of Kirby and Bauer
was used to determine the susceptibility of S aureus
isolates to the following antibiotics; Ciprofloxacin (10 pg),
Gentamicin (10 pg), Streptomycin (30 pg), Rifampicin (20
ug), Erythromycin (30 pg), Chloramphenicol (30 pg),
Ampicillin (10 pg), Vancomycin (30 pg), Norfloxacin (30
pg) and Methicilin (cefoxitin) (30 pg) from Oxoid Ltd,
Hampshire, UK. Mueller-Hinton agar (Oxoid, Ltd.,
Hampshire, UK) medium was used for the test as
recommended by the Clinical and Laboratory Standard
Institute (CLSI)?.

Preparation of inoculum and detection of vancomycin-
resistant S. aureus (VRSA)

This was done using the colony suspension method. A
colony of the overnight cultured isolate was picked with a
sterile wire loop and inoculated into 0.5mL of sterile
sdline. This was incubated at 37°C for 6 hours to achieve
the same turbidity as 0.5 McFarland standard which is
equivalent to 1.5 x 10° CFU/mL%?. Thereafter, a loopful
of the bacteria suspension was inoculated onto the
Mueller-Hinton agar plates, spread evenly to cover the
surface. The antibiotic discs were placed aseptically on the
inoculated agar plates and incubated at 37°C for 24hr, after
which the zones of inhibition were measured and the
interpretation was done based on CLSI guidelines. A
>15mm in diameter zone of inhibition of vancomycin was
regarded as sensitive?” %,

Statistical Analysis

Data were analyzed using Statistical Package for Social
Science (SPSS) version 20.0 (IBM SPSS Statistics 22,
Chicago, IL, USA). Results were presented as frequency
and percentages.

Ethical approval

Ethical approval was gotten from Ebonyi State University,
Abakaliki management. Informed consents were signed by
the participants after explaining the purpose and benefit of
the study.

RESULTS

Out of the 51 pure isolates of S aureus examined to
determine the prevalence of vancomycin resistance and
susceptibility to other antibiotics ranging from methicillin,
ciprofloxacin, erythromycin, chloramphenicoal,
norfloxacin, streptomycin, rifampicin, Ampicillin and
gentamicin, 12 were isolated from urine, 9 from wound
swab, 8 from sputum, 5 from ear swab, 4 from throat swab
as well as endocervical swab and blood, 2 each from
semen, oropharyngeal abscess and 1 from nasal swab.
Although none of the isolates was observed to be
vancomycin-resistant, the antibiotic resistance profile
showed that isolates from wounds had the highest
prevalence of resistance to the antibiotics with the highest
in ampicillin (44.4%). While isolates from sputum, blood,
throat swab and ear swab showed minimal resistance to
some of the antibiotics, isolates from urine, endocervical
swab, nasal swab and semen were al susceptible to the
antibiotics (Table 1 and figure 1).
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TABLE 1: Prevalence of S aureus and antibiotic resistance profile in relation to different types of sample

Types of Number
specimen of Prevalence (%) of Resistance

isolates

Cipr Ery Chlor Norf Strep Met Rif Amp Van Gen

Sputum 8 0(0) 1(12.5) 0(0) 0(0) 1(12.5) 1(125) 0(0) 1(12.5) 0(0) 0(0)
Ear swab 5 0(0) 0(0) 1(20.0) 0(0) 1(20.0) 1(20.0)  0(0) 1(20.0) 0(0) 0(0)
Urine 12 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
Oropharyngeal 2 0(0) 0(0) 1(50.0) 1(50.0) 0(0) 1(50.0)  0(0) 1(50.0) 0(0) 1(50.0)
abscess
Wound swab 9 2(22.2) 2(22.2) 0(0) 2(22.2) 2(222) 3(33.3) 1(11.1) 4444 0(0) 1(111)
Throat swab 4 0(0) 0(0) 0(0) 0(0) 0(0) 1(25.0) 0(0) 1(25.00 0(0) 1(25.0)
Endocervical 4 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
swab
Nasal swab 1 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
Blood 4 0(0) 1(25.0) 0(0) 2(50.0) 0(0) 2(50.0) 0(0) 2(50.00 00 00
Semen 2 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
TOTAL 51 239 A78) 239 5098 4(7.8) 9(17.6) 1(1.9) 10(19.6) 0(0) 4(7.8)

Cipr = ciprofloxacin, Ery = erythromycin, Chlor = chloramphenicol, Norf = norfloxacin, Strep — streptomycin, Met = methicillin, Rif =
rifampicin, Amp = Ampicillin, Van = vancomycin, Gen = Gentamicin
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FIGURE 1: Prevalence of S aureusisolates among the various specimen

TABLE 2: Prevalence of vancomycin and other antibiotics resistant S aureus (n = 51)

Antibiotics Susceptible Resistant
Number % Prevalence  Number % Prevalence

Vancomycin 51 100 0 0
Methicilin 42 824 9 17.6
Chloramphenicol 49 96.1 2 39
Ciprofloxacin 49 96.1 2 39
Erythromycin 47 92.2 4 7.8
Norfloxacin 46 90.2 5 9.8
Streptomycin 47 92.2 4 7.8
Rifampicin 50 98.0 1 19
Ampicillin 11 80.4 10 19.6
Gentamicin 47 92.2 4 7.8

As shown in table 2, Ampicillin-resistant S. aureus
(19.6%) had higher resistance prevalence compared to
other antibiotics and was closely followed by methicillin-
resistance S aureus (17.6%). others were 9.8%, 7.8%,
7.8%, 7.8%, 3.9%, 3.9% and 1.9% for norfloxacin-
resistant S aureus, erythromycin-resistant S aureus,
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streptomycin-resistant S. aureus, gentamicin-resistant S
aureus, chloramphenicol- resistant S aureus,
ciprofloxacin- resistant S. aureus and rifampicin-resistant
S aureus respectively. All the isolates were susceptible to
vancomycin.
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Higher number of isolates were recovered from the males
than the females. While 29 (56.9%) of the total isolates
were gotten from the male subjects, 22 (43.1%) were from
the female patients. the antibiotics sensitivity profile of the
isolates indicated that 2 (100%) and 0 (0%) isolates from
the males and females respectively were resistant to
ciprofloxacin, 3 (75.0%) and 1 (25.0%), was resistant to
erythromycin, 0(0%) and 2 (100%) was resistant to

chloramphenicol, 3 (60.0%) and 2 (40.0%) was resistant to
norfloxacin, 2 (50.0%) and 2 (50.0%) was resistant to
streptomycin, 5 (55.6%) and 4 (44.4%) was resistant to
methicillin, 0 (0%) and 1 (100%) was resistant to
rifampicin, 5 (50.0%) and 5 (50.0%) was resistant to
Ampicillin, 0 (0%) and 0 (0%) was resistant to
vancomycin, and 1 (25.0%) and 3 (75.0%) was resistant to
gentamicin (Table 3).

TABLE 3: Prevalence of antibiotic resistance S. aureus in Relation to Gender

Gender  Number of Prevalence (%) of resistance
isolates Cipr Ery Chlor Norf Strep Met Rif Amp Van Gen
(%)
Mae 29 (56.9) 2(100.0) 3(75.00 0(0) 3(60.0) 2(50.0) 5(55.6) 0(0) 5(50.0) 0(0) 1(25.0)
Female 22 (43.1) 0(0) 1(25.0) 2(100.0) 2(40.0) 2(50.0) 4(44.4) 1(100.0) 5(50.0) 0(0) 3(75.0)
Total 51 (100) 2(100) 4(100)  2(100) 5(100)  4(100) 9(100)  1(100) 10(100) 0(0) 4(100)

Cipr = ciprofloxacin, Ery = erythromycin, Chlor = chloramphenicol, Norf = norfloxacin, Strep = streptomycin, Met = methicillin,
Rif = rifampicin, Amp = Ampicillin, Van = vancomycin, Gen = Gentamicin

DISCUSSION

Saphylococcus aureus has been recurrently implicated in
infections ranging from mild superficial skin lesions to
deep-seated infections such as osteomyelitis and
endocarditis’, having several potential virulence factors
which include expression of surface protein for
colonization of host tissues, host tissue-damaging toxins
and phagocytosis inhibiting factors amongst others®.
Saphylococcus aureus is one of the most dreadful
pathogenic organisms, being able to resist the effect of
many antibiotics including methicillin and vancomycin®.
It increased resistance to multiple antibiotics posed a
challenge in the clinics, redirecting attention to the use of
vancomycin in the treatment of infections caused by
MRSA. However, recent publications have identified and
documented S. aureus which is not only methicillin-
resistant, but also vancomycin-resistant.

In the present study, all the isolates showed complete
(100%) susceptibility to wvancomycin, depicting that
vancomycin is still an effective antibiotic to be relied on
for the treatment of infections caused by S. aureus. This
agrees with the report of Otobo et al.*, who reported a
zero resistance of S aureus isolated within a university
premise in Nigeria. The 0% resistance to vancomycin
observed in this study may be attributed to the in-depth
knowledge of drug interaction and interference among the
health caregiversin the hospital, being a teaching hospital.
This could have reduced the chances of drug abuse as
drugs administered to the patients are dispensed at the
hospital pharmacy. However, with regards to the
contradictory reports of Alo et al.*, Olajuyigbe et al.** and
Elsayed et al.*. The observed 0% resistance may be
attributed to improved healthcare services and awareness
after the publication and recommendations as suggested by
Alo et al.®2. Relatively high resistance to most of the
antibiotics used in the study was observed among isolates
from wounds while those isolated from semen, nasal
cavity, cervix, as well as urine were susceptible to all the
antibiotics in the study. Isolates from sputum, ear,
oropharyngeal abscess, blood showed minimal resistance
to afew of the antibiotics. Similar research carried out in a
tertiary hospital in Kano, Nigeria, also revealed that more
S aureus (30.7%) were isolated from wounds than any
other specimen®. Among the commonly isolated bacterial
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from severe wounds are S aureus and Pseudomonas
aeruginosa. Careful management of these organisms has
been advocated due to their ability to develop resistance to
multiple antibiotics®. Hospital environment poses a risk of
acquiring infections and wounds are a risk factor for
colonization by methicillin-resistant S. aureus as well
other multidrug-resistant bacterial and this increases the
severity of wounds and delays healing®™*®, The prevalence
of antibiotic resistance concerning the different samples
showed that there was a higher prevalence in wound swab
samples when compared to other samples®.

The resistant patterns of the isolates to the various
antibiotics in the present study were found to be highly
variable. This is in agreement with global reports of an
increasing antibiotics resistance to S aureus™. This could
be attributed to the self-medication of antibiotics mixture
and indiscriminate use of antibiotics by patients. Other
contributory factors may be the prolonged stay in the
hospital as most people get infected in healthcare facility
and such bacterial quickly develop resistance to several
antibiotics, including beta-lactam™. Similar studies,
showing the multi-drug resistance of nosocomial S. aureus
carried out within Nigeria, showed similar results®,
However, Alo et al.* reported the existence of VRSA
among the sample, the studies included out-patients who
visited the hospital. There was a dlight difference in the
prevalence of the S aureus between the males and the
females. The preponderance of the isolates was observed
among the male patients when compared to the female. A
similar not significant difference in the prevalence of S
aureus between males and females has been reported in

previous studies**,

CONCLUSION

The 0% prevaence of VRSA reported in the present study
does not discredit reports indicating the presence of VRSA
in the areas of study. However, it may reflect the
healthcare givers’ level of awareness of antibiotics
resistance development due to improper administration of
antibiotics, as well as encourage the use of vancomycin in
sensitivity testing of S. aureus and it probable use for
treatment of S aureusinfections. A limitation to the study
was the inability of the authors to identify and detect
resistance by molecular methods due to unavailability of
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PCR/RT-PCR machine or the high cost of the test where
available.
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