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Short Communication

Emergence of Vanconycin Intermediate Staphylococcus aureus (VISA) in Clinical

isolates of Methicillin Resistant S. aureus from South Western Region of Nigeria

Abstract

Aim: Vancomycin has been widely used in the treatment of infections caused by methicillin-
resistant Staphylococcus aureus (MRSA). The emergence of vancomycin- intermediate and -
resistant Staphylococcus aureus (VISA and VRSA, respectively) in various parts of the world
has been reported. The level of vancomycin resistance phenotypically and genotypically in
clinical isolates of S. aureus with or without methicillin resistance from south western region

of Nigeria was determined.

Methods: A total of 116 non-duplicate S. aureus previously obtained from various clinical
specimens were subjected to susceptibility testing using disc and microbroth dilution

including polymerase chain reaction amplification of mecA and van genes.

Results: The disc susceptibility testing results depict multiple drug resistance with 100%
resistance to co-amoxyclav, erythromycin and gentamicin had intermediate of 39.1 and
65.2% respectively, no strain sensitive. Vancomycin showed 100% susceptibility. The
minimum inhibitory concentrations, MICs of 116 S. aureus strains against vancomycin
showed the isolates to have MICsy of 1 ug/ml and MICy, of 2 ug/ml. Five (4.3%) of the 116
clinical isolates had intermediate MIC of 4 pg/ml. These five strains were from methicillin
resistant strains and were isolated from different clinical sites and hospitals. However, none
of these strains demonstrated the presence of van genes, vanA; vanB; vanC and vanH by

PCR.



UNDER PEER REVI EW

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

Conclusion: There is high level of multiple antibiotic resistance in S. aureus with some
MRSA also showing reduced susceptibility to vancomycin resulting in VISA. However, the

VISA strains have shown no van gene as their mechanism of acquiring reduced susceptibility.

Key words: Staphylococcus; Vancomycin; Susceptibility; van genes; Nigeria

1. INTRODUCTION

Bacteria resistance to antibiotics have become a global menace attracting public health
interest from all over the world including developing countries where the pandemic is more
pronounced. This problem cut across all species of bacteria; Gram- positive and negative
bacteria. In Nigeria, a number of cases have been reported for Gram negative bacteria [1] and
MRSA, a prevalence of 41.4% [2]. Vancomycin became antibiotic of choice for treating
serious S. aureus infections due to global emergence of S. aureus with capability of resisting
various antibiotics including methicillin [3]. Simultaneous emergence of VRSA has been
reported in several countries in the last two decades due to the use of vancomycin for
treatment of nosocomial infection, VISA in Japan [4]; four VRSA strains from America [5].
Most of these isolates appear to have developed from preexisting MRSA infections.
There has been growing resistance to vancomycin by species such as Enterococcus.
The resistance was found to be horizontally transmitted to the S. aureus where they co-
exist with E. faecalis [6]. It is noteworthy that unprecedented high level of VRSA has been
reported form the northern part of Nigeria by Olayinka et al. [7] from sick people and most
recent from healthy animals [8]. In both studies, the authors failed to use dilution method to
determine MIC - the gold standard for determining vancomycin susceptibility [9] and
genotypic detection of vancomycin resistance was also not included in their respective

studies. It was in view of these short comings that we determined the level of vancomycin
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resistance phenotypically and genotypically in clinical isolates of S. aureus with or without
mecA genes from the South Western Nigeria.

2. METHODOLOGY

2.1 Bacterial strains

A total of 116 non-duplicate S. aureus that had previously been obtained from various
clinical specimens submitted to the diagnostic laboratories of Medical Microbiology and
Parasitology department of three major tertiary hospitals in the region for a period between

January and December, 2010.

2.2 Susceptibility testing

Inoculum of pure colonies of the same morphological types was prepared to turbidity
equivalent to that of a 0.5 McFarland standard, different antibiotic discs (Oxoid, UK) were
used for by disc diffusion susceptibility testing technique. MICs of vancomycin (Sigma-
Aldrch, Germany) were determined by microbroth dilution method as described by CLSI [9].

S. aureus ATCC 25923 was used as a reference strain for both techniques.

2.3 PCR Amplification of mecA gene

DNA lysates were prepared from colonies of the same morphology type by rapid alkaline
lysis and PCR for the mecA gene was carried out on all the strains as previously described
[10]. Briefly, the DNA template from each isolate was amplified with GeneAmp PCR
system 9700 thermal Cycler (Applied Biosystems) using mecA primers (Table 1) in a 25 pl
reaction using the cycling parameter - denaturation temperature at 94°C for 30 sec, annealing
temperature at 55°C for 30 sec, followed by extension at 72°C for 1 min for 40 cycles.
Positive control (MRSA DNA) and negative control DNA from NCTC 6571 (Oxford S.

aureus) were included in each batch of PCR run.
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2.4 PCR Amplification of van genes

PCR was performed on a DNA thermal cycler described above to detect genes encoding
vancomycin resistance (vanA, vanB, vanC, vanH) (Table 1). The cycles comprised 94°C for 2
min for the first cycle; 94°C for 1 min, 54°C for 1 min, and 72°C for 1 min for 35 cycles; and
72°C for 10 min for the last cycle. All PCR products were resolved by electrophoresis on a
1% agarose—Tris—borate—EDTA gel containing Midori green.

3.0 RESULTS

3.1 Distribution of S. aureus and Disc susceptibility

Table 2 shows the distribution of 116 S. aureus according to specimen/body site. The highest
number of S. aureus strains was obtained from wound infection followed by urine, while
none was obtained from ear swab and high vaginal swab. Ten were isolated from hospital A,
65 from hospital B, while hospital C had 41. The susceptibility pattern of all the strains
against panel of antimicrobial agents including vancomycin was reported in Table 3. Briefly,
the disc susceptibility results depict multiple drug resistance with 100% resistance to co-
amoxyclav, erythromycin and gentamicin had intermediate of 39.1 and 65.2% respectively,
no strain sensitive. Vancomycin showed 100% susceptibility though this not a reliable

method while linezolid also showed a very high potency against the strains.

3.2 Minimum Inhibitory Concentrations

The MICs of 116 S. aureus strains against vancomycin showed MICs of 1 pg/ml and MICy
of 2 pg/ml; five strains (4.3%) had intermediate of MIC 4 pg/ml. These five strains were
from methicillin resistant strains and were isolated from different clinical sites and hospitals.
Three of these patients were suffering from chronic osteomyelitis, 2 were from hospital B

while 1 was obtained from hospital C. Similarly, two were burn patients from hospitals B and
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C. However, none of these strains demonstrated the presence of van genes, vanA; vanB; vanC

and vanH by PCR.

4.0 DISCUSSION

This study has shown the emergence of VISA accounting for 4.3% in the south west region
and none of the strains displayed presence of van genes (vanA, vanB, vanC and vanC) by
PCR. Five of the strains that were MRSA displayed a reduced susceptibility to vancomycin
of MIC 4 pg/ml and are recommended to be vancomycin intermediate S. aureus [9]. Three of
the patients were suffering from chronic osteomyelitis while the other two were burn patients,
obtained from two of the three hospitals in two states of the region. This reduced
susceptibility to vancomycin may be attributed to frequent exposure of the patients to heavy
dosage of different antibiotics including vancomycin. The reduced susceptibility to
vancomycin is of great concern and threat to public health all over the world; the first
reported case was in Japan in 1996 [4]. It has been reported that the presence of a thickened
cell wall with several more peptidoglycan layers, compared with non- VISA isolates is the
primary factor that causes reduced susceptibility to vancomycin among VISA isolates [11].
Another mechanism reported in USA was identical to that seen in vancomycin-resistant
Enterococcus. Vancomycin resistant Enterococcus faecium harbours the vanA operon, which
contains five genes [12]. However there has been report of VRSA without van gene, this is
related to our study where VISA had no van gene [13].

Pockets of documented infections due to vancomycin-intermediate S. aureus as revealed in
this study is a recipe for a full blown development into VRSA if no proper measures are put
in place to control the spread. There are certain common features among documented cases of
VRSA or VISA [4,5]; the most prominent among which is prior infections with methicillin-
resistant S. aureus for which patients received repeated and prolonged vancomycin therapy.

On the other hand some of the patients had poor clinical response to vancomycin therapy,
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which is a similar scenario to the five patients with VISA in this study. This finding is a clear
signal and warning to development of VRSA in the region where several reports of
antimicrobial resistance has emanated for different bacteria [1,14] including MRSA [2].
Moreover, there have been reports of VRSA from the northern part of the country by
Olayinka et al. [7] and Onanuga et al. [15] with the prevalence rates of 57.7% and 89.2% at
University Teaching Hospital, Zaria and among healthy women in Zaria respectively,
including purported 5.4% in fresh and fermented milk from animals [8]. The studies from the
northern part of Nigeria based their VRSA assessment on disc susceptibility which is not in
line with the recommendation of various international guidelines on antibiotics or
vancomycin susceptibility. Also genotypic detection of vancomycin resistance was not
included in their respective studies. There is therefore dire need to urgently look into this to
ascertain the report coming from this region in view of the possible high level of VRSA from
the north and VISA from the south of Nigeria, the most populous black nation in the world is
set for serious public health challenge.

5.0 CONCLUSION

In conclusion, there is a high level of multiple antibiotic resistance in S. aureus with some
MRSA also showing reduced susceptibility to vancomycin resulting in emergence of VISA.
However, the VISA strains have shown no van gene as their mechanism of acquiring reduced
susceptibility. It is important to prudently recommend vancomycin for treating MRSA or use
it in combination therapy. Monitoring for colonization or infection with S. aureus with
intermediate vancomycin resistance is inevitable among patients who are often treated with

vancomycin such as patients on dialysis.



UNDER PEER REVI EW

141

142
143
144

145
146
147
148

149
150
151
152

153
154
155
156

157
158
159
160

161
162
163
164

165

166
167
168

169
170
171
172
173
174
175
176
177

178
179
180
181
182

183
184
185

186

REFERENCES

1.

10.

11.

Ogbolu DO, Webber MA (2014) High level and novel mechanisms of carbapenem
resistance in Gram negative bacteria from tertiary hospitals in Nigeria. Int J
Antimicrob Agents 43: 412-417.

Alli OAT, Ogbolu DO, Mustapha JO, Akinbami R Ajayi AO (2012) The non-
association of Panton-Valentine leukocidin and mecA genes in the genome of
Staphylococcus aureus from hospitals in South Western Nigeria. Indian Journal of
Medical Microbiology 30: 159-164.

Cui L, Hiramatsu K (2003) Vancomycin-Resistant Staphylococcus Aureus. In A.C.
Fluit & F.J. Schmitz (Eds.), MRSA Current Perspectives (pp. 187-212). Norfolk,
England: Caister Academic Press.

Hiramatsu K, Hanaki H, Ino T, Oguri YT, Tenover FC (1997) Methicillin-resistant
Staphylococcus aureus clinical strain with reduced susceptibility. J Antimicrob
Chemother 40: 135-6.

Weigel LM, Donlam RM, Shin DH, Jensen B, Clark NC, McDougal LK, Zhu W,
Musser KA, Thompson J, Kohlerschmidt D, Dumas N, Lumberoer RJ, Patel B (2007)
High-level of vancomycin- resistant Staphylococcus aureus isolates associated with a
polymicrobial biofilm. Antimicrob Agent Chemother 5: 231-238.

Cookson B, Fluit AC, Schmitz FJ (2003) Introduction. In A.C. Fluit & F.J. Schmitz
(Eds.), MRSA Current Perspectives (pp. 1-9). Norfolk, England: Caister Academic
Press.

Olayinka BO, Olayinka AT, Onaolapo JA, Olurinola PF (2005) Pattern of resistance
to Vancomycin and other Antimicrobial Agent in Staphylococcal isolates in a
University Teaching Hospital. Afr J Clin Expt Microbiol 6(1): 21-27.

. Umaru GA, Kabir J, Umoh VI, Bello M, Kwaga JKP (2013) Occurrence of

vancomycin-resistant staphylococcus aureus (VRSA) in fresh and fermented milk in
Nigeria: A preliminary report. International Journal of Publiic Health and
Epidemiology 3(8): 54-58.

Clinical and Laboratory Standards Institute. Performance standards for antimicrobial
susceptibility testing: twenty informational supplement M100-5S20. Wayne, PA: CLSI;
2010.

Murakami K, Minamide W (1993) PCR identification of Methicillin-Resistant
Staphylococcus aureus. In Diagnostic Molecular Microbiology: Principles and
Applications. Edited by D. Persing, T. Smith, F. Tenover & T. White. Washington,
DC: American Society for Microbiology pp. 534-538.

Cui L, Ma X, Sato K, Okuma K, Tenover FC, Mamizuka EM, Gemmell CG, Kim MN
(2003) Cell wall thickening is a common feature of vancomycin resistance in
Staphylococcus aureus. Journal of Clinical Microbiology 41: 5-14.



UNDER PEER REVI EW

187 12. Arthur M, Molinas C, Depardieu F, Courvalin P (1993) Characterization of Tn/546, a
188 Tn3-related transposon conferring glycopeptide resistance by synthesis of
189 depsipeptide peptidoglycan precursors in Enterococcus faecium BM4147. J Bacteriol
190 175:117-27.

191

192 13. Tiwari HK, Sen MR (2006) Emergence of vancomycin resistant Staphylococcus
193 aureus (VRSA) from a tertiary care hospital from northern part of India. Infect Dis 6:
194 156

195

196 14. Ogbolu DO, Daini OA, Ogunledun A, Alli OAT, Webber MA (2011) High levels of
197 multidrug resistance in clinical isolates of Gram-negative pathogens from Nigeria. Int
198 J Antimicrob Agents 37: 62—66.

199 15. Onanuga A, Oyi AR, Onaolapo JO (2006) Prevalence of MRSA with reduced
200 susceptibility to vancomycin among healthy women in two Nigerian metropolitan
201 cities. Afr J Clin Expt Microbiol 7(3): 205-211.

202

203  Table 1. Primers used to amplify van genes

Gene Sequence (5’ to 3°) Size (bp)
Forward Reverse

MecA AGTTCTGCAGTACCGGATTG AAAATCGATGGTAAGGTTCGC 533

VanA GGGAAAACGACAATTGC GTACAATGCGGCCGTTA 732

VanB ATGGGAAGCCGATAGTC GATTTCGTTCCTCGACC 635

VanC-1 GGTATCAAGGAAACCTC CTTCCGCCATCATAGCT 822

VanC-2, CTCCTACGATTCTCTTG CGAGCAAGACCTTTAAG 439

VanC-3

VanH ATGAATAACATCGGCATTAC CTATTCATGCTCCTGTCTCC 969

204

205  Table 2. Distribution of 116 S. aureus strains from various body sites

Body site No. Specimen No. of Strain (%) No. of strain from Hospital (%) MecA
A B C
Urine 56 25 (21.6) 2 (8.0) 20 (80.0) 3(12.0) 16

Nasal swab 9 54.3) 0 (0) 5(100.0) 0(0) 0



UNDER PEER REVI EW

Seminal fluid 5 1(0.9) 1(100) 0 (0) 0 (0) 0
Blood 11 9(7.8) 2(222) 5(55.6) 2(222) 6
Wound swab 54 49 (42.2) 3(6.1) 21(42.9) 25(51.0) 14
Urethral swab 8 3 (2.6) 0 (0) 2(66.7) 1(333) 2
ECS 13 7 (6.0) 1(143) 2(286) 4(57.1) 6
HVS 3 0 (0) 0 (0) 0 (0) 0 (0) 0
Catheter tip 9 6(5.2) 0 (0) 3 (50) 3 (50) 1
Ear swab 5 0 (0) 0 (0) 0 (0) 0 (0) 0
Aspirate 7 5(4.3) 1(20) 4 (80) 0 (0) 5
Eye swab 11 6(5.2) 0 (0) 3 (50) 3 (50) 5
Total 191 116 10 65 41 55

206  HVS-High vaginal swab; ECS-Endocervical swab

207

208  Table 3. Antibiotics susceptibility pattern of 116 S. aureus strains

Antimicrobial Agent (ug) Number Sensitive % Resistant % Intermediate % Sensitive
Tetracyclin (10) 25 78.4 0.0 21.6
Ceftazidime (30) 50 43.9 13.0 43.1
Pefloxacin (5) 80 30.4 0.0 69.0
Vancomycin (30) 116 0.0 0.0 100.0
Linezolid (30) 110 52 0.0 94.8
Erythromycin (5) 0 34.8 65.2 0.0
Gentamycin (10) 0 60.9 39.1 0.0
Co-amoxyclav (30) 0 100.0 0.0 0.0

209

210



