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ABSTRACT 
Background and Objectives:  The burden of heteroresistant Vancomycin Intermediate Staphylococcus 
aureus (HVISA) and the issue of reduced vancomycin sensitivity are still unknown in Pakistan. This 
study was carried out to determine antimicrobial sensitivity and detect hVISA in clinical isolates of 
MRSA by Glycopeptide Resistance Detection (GRD) E test. This was a cross-sectional descriptive study, 
performed at the Pathology Department, Postgraduate Medical Institute, Lahore, from May 2014 to 
May 2015. 

Methods:  The study was carried out on 41 MRSA isolates from different specimens collected from pati-
ents admitted in Lahore General hospital, Lahore. Antimicrobial susceptibility testing was performed on 
all isolates according to modified Kirby-Bauer method and interpreted according to CLSI 2015 criteria. 
After screening for methicillin resistance by cefoxitin disc method, MIC of vancomycin was determined 
by standard E test. Isolates with a vancomycin MIC of 1-2 μg/ml were screened for heteroresistance by 
Glycopeptide Resistance Detection (GRD) E-test. 

Results:  Majority of the MRSA isolates were recovered from pus 26 (63.4%) followed by tissue sample 
04 (9.8%) and blood 03 (7.3%), two each form CVP tip, bronchoalveolar lavage and catheter tip (4.9%) 
and one each from CSF and pleural fluid (2.4%). Among the antibiotics, resistance to gentamicin was 
highest among MRSA isolates (73%), followed by TMP-SMZ (68%), ciprofloxacin (66%), erythromycin 
(51%), clindamycin (44%) and doxycycline (41%). All MRSA isolates in our study were sensitive to 
linezolid. Four (9.75%) MRSA isolates were confirmed as hVISA by E test GRD.The frequency of hVISA 
among MRSA isolates was higher in blood specimens (66.6%) followed by pus (7.69%). 

Conclusion:  The issue of heteroresistance is still unknown in Pakistan. This study is the first attempt at 
detecting heteroresistance VISA (hVISA) in MRSA isolates. Patients suffering from MRSA infection 
should be screened for hVISA so that prompt antimicrobial therapy can be initiated in order to avoid 
treatment failures. Further studies are required to address this issue and its clinical relevance in our 
country. 
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INTRODUCTION 
Methicillin resistant Staphylococcus aureus (MRSA) is 
the prototype of multi-resistant bacterial pathogens 
and is a major cause of hospital-acquired infections 
globally.1 Vancomcyin has served as a keystone anti-
biotic for the treatment of serious MRSA infections for 
the last twenty years.2 
 Reduced Vancomycin susceptibility was first repo-
rted in Japan in 1996 and was designated as Vanco-
mycin intermediate susceptible Staphylococcus aureus 
(VISA). Six years later, the first Vancomycin resistant 
Staphylococcus aureus (VRSA) was reported in the 
United States and since then, there have been 13 con-
firmed cases of VRSA worldwide.3-5 
 Another population of Staphylococcus aureus, kn-

own as heteroresistant VISA emerged in 1996, which is 
defined as the presence of subpopulation of VISA with-
in the population of MRSA at the rate of one organism 
per 105 to 106 organisms.3,7 
 hVISA infection is associated with prolonged fever 
and bacteremia thus lengthening hospital stay and an 
inability of vancomycin to cure the infection.8 
 Major factors leading to emergence of VISA and 
hVISA phenotypes are cell wall changes, which include 
reduced turnover of the cell wall, decreased autolysis, 
and in certain instances, triggered cell wall synthesis. 
All of these events lead to decreased access of vanco-
mycin to its functioning site, which is confined at the 
division septum.9 
 Infection caused by hVISA pose a clinical chall-
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enge, as these bacteria are usually not detected in the 
laboratory because these are considered vancomycin 
susceptible by routine MIC tests.7 
 Standardized susceptibility methods, such as CLSI 
broth micro dilution, agar dilution and standard E test 
methods fail to detect heteroresistant VISA probably 
due to small inoculums used or the relatively poor gro-
wth support on Mueller-Hinton agar plates, or a com-
bination of both.10 
 Detection of hVISA, therefore, relies on the testing 
of a higher inoculum and techniques to promote the 
growth of this sub-population, such as prolonged incu-
bation (usually 48 hours) or use of more nutritive me-
dia (e.g. brain heart infusion agar and Mueller-Hinton 
agar with 5% blood).9 
 PAP-AUC has been considered a gold standard but 
it is time-consuming, laborious and not suitable for 
routine microbiology laboratory.1 
 Alternatively, various screening methods, includ-
ing macro E test method (MET), Glycopeptide Resis-
tance Detection (GRD) E test and agar screening me-
thods have been developed.9 
 The burden of heteroresistant Vancomycin Inter-
mediate Staphylococcus aureus and the issue of redu-
ced vancomycin sensitivity are still unknown in Pakis-
tan. 
 Therefore, our study was aimed at detection of het-
eroresistance among clinical isolates of MRSA using 
GRD E test. 
 
METHODOLOGY 
The present study was carried out on 41 consecutive 
isolates of Staphylococcus aureus recovered from var-
ious clinical specimens including pus, blood, wound 
swab, urine, sputum and aspirates of patients admitted 
in Lahore General Hospital, Lahore. 
 All specimens were brought to microbiology labo-
ratory, Department of Pathology, PGMI, Lahore for 
culture and sensitivity within two hours of collection. 
These specimens were inoculated on blood agar and 
MacConkey agar plates and incubated at 37°C for 24 
hours. 
 Preliminary identification of Staphylococcus aur-
eus was done by observing the colony morphology on 
blood agar plates and Gram staining. The isolates were 
subjected to catalase and coagulase tests for confirma-
tion. 
 Antimicrobial susceptibility testing was performed 
on all isolates according to modified Kirby-Bauer me-
thod and interpreted according to CLSI 2015 criteria. 
 Methicillin resistance was detected by using cefo-
xitin disc diffusion method. MRSA ATCC 43300 and 
MSSA ATCC 25923 control strains were used. Inter-
pretation was done according to CLSI criteria 2015. 
 All MRSA isolates were subjected to E test for de-
termination of Vancomycin MIC. The MICs were inter-
preted according to CLSI guidelines 2015. 

 All MRSA isolates having MIC ≤ 2 μg/ml as deter-
mined by Vancomycin E strips were subjected to fur-
ther testing for heteroresistance by using Glycopeptide 
Resistance Detection (GRD) E test. 
 
1. Glycopeptide Resistance Detection (GRD) E 
test: 
E-test GRD is a double-sided predefined gradient (0.5-
32 μg/ml) of vancomycin and teicoplanin for the dete-
ction of VISA or hVISA phenotypes. MIC test strip 
GRD consists of a screening method and can be tested 
with 0.5 McFarland and Mueller-Hinton blood agar 
plates. 
 GRD E test strips, manufactured by Liofilchem Di-
agnostics were used. The strips were stored at -20°C. 
 A 0.5 McFarland turbidity standard suspension 
prepared from well isolated colonies of the bacterial 
isolates was swabbed onto the surface of Mueller-Hin-
ton blood agar plates. 
 GRD E strips were applied on the Mueller-Hinton 
blood agar plates and incubated at 35°C for up to 48 
hours. 
 The zone of the GRD E test strip was read at 24 
hour and 48 hour of incubation. MIC showing com-
plete inhibition of growth was recorded. 
 The isolate was considered a potential hVISA if the 
MIC was ≥ 8 μg/ml for either vancomycin or teico-
planin (Figure 1). 
 

 
 

Fig. 1: E test GRD showing a positive test (hVISA) MIC= 
8 μg/ml 

 
 Reference control strains used with each batch 
testing include ATCC 29213 (VSSA), ATCC 700698 
(hVISA; Mu3) and ATCC 700699 (VISA; Mu50). 
 Data was entered and analyzed in SPSS 20.0 ver-
sion. Continuous numerical variables like age are des-
cribed as mean and standard deviation while catego-
rical descriptive variables like gender, heteroresis-
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tance, isolates with methicillin resistant S. aureus were 
presented as frequencies and percentages. 
 

RESULTS 
All isolates were recorded as Gram-positive, catalase 
and coagulase test positive and were resistant to cefo-
xitin. 
 The distribution of MRSA isolates among various 
clinical specimens was that majority of the isolates 
were recovered from pus 26 (63.4%) followed by tissue 
sample 4 (9.8%) and blood 3 (7.3%), two each form 
CVP tip, bronchoalveolar lavage and catheter tip 
(4.9%) and one each from CSF and pleural fluid 
(2.4%). 
 The resistance pattern of MRSA isolates to other 
antibiotics is shown in Table 1. 
 

Table 1: Antibiotic Resistance pattern of MRSA isola-
tes (n = 41) 

 

Drugs 
Resistant 

Number Percentage 

Penicillin 41 100 

Erythromycin 21 51.2 

Clindamycin 18 43.9 

Doxycycline 17 41.5 

Gentamicin 30 73.2 

TMP-SMZ 28 68.3 

Ciprofloxacin 27 65.9 

Linezolid   0 0 

 

 All the strains were 100% resistant to penicillin. 
Among other antibiotics, resistance to gentamicin was 
highest among MRSA isolates (73%), followed by 
TMP-SMZ (68%), ciprofloxacin (66%), erythromycin 
(51%), clindamycin (44%) and doxycycline (41%). All 
MRSA isolates in our study were sensitive to linezolid. 
 The frequency distribution of MIC values of vanco-
mycin for 41% isolates of MRSA is shown in Figure 2. 
Twenty-nine (71%) isolates had a vancomycin MIC of 
2 μg/ml, whereas for 12 (29%) isolates, the vancomy-
cin MIC was 1 μg/ml. 
 The results of E test GRD are shown in Table 2. An 
isolate showing MIC value of ≥ 8 μg/ml was conside-
red a possible hVISA. Four (9.75%) MRSA isolates 
were hVISA positive, whereas 37 (90.2%) had a MIC 
less than 8 μg/ml and therefore were taken as hVISA 
negative. 
 The frequency of hVISA among MRSA isolates was 
higher in blood specimens (66.6%) followed by pus 
(7.69%). However, the difference was statistically non-
significant. 

29(71%)

12(29%)

Vaocomycin MIC(1 µg/ml)

Vancomycin MIC(2 µg/ml)

 
 

Fig. 2: Distribution of MRSA isolates according to MIC for 
Vancomycin (n = 41). 

 
Table 2: Frequency of hVISA among MRSA isolates 

as determined by E test GRD (n = 41). 
 

hVISA by Etest GRD No. of Isolates Percentage (%) 

Positive* 04   9.75 

Negative** 37 90.2 

 

*MIC ≥ 8 μg/ml      **MIC ≤ 8 μg/ml 

 
DISCUSSION 
Methicillin resistant Staphylococcus aureus (MRSA) is 
the prototype of multi-resistant bacterial pathogens 
and is a major cause of hospital-acquired infections 
globally. The emergence and spread of MRSA has cha-
nged drastically over the past decade. MRSA is not 
only resistant to methicillin, but it is also multi-drug 
resistant.1 
 The last ten years has witnessed a remarkable rise 
in cases of MRSA in Pakistan.11-13 Although the inci-
dence of MRSA differs from one region to another, Saf-
der et al in 2003 reported the incidence of MRSA in 
various hospitals of Pakistan in a range of 10 – 65%.14 
 Multiple phenotypes with decreased sensitivity to 
glycopeptides are on the rise due to increased vanco-
mycin usage in critically ill patients with MRSA infect-
ions.15 It is possible that vancomycin treatment failures 
against putatively vancomycin-susceptible Staphyloco-
ccus aureus are due to undiagnosed VISA or hVISA.16 
 The resistance pattern of MRSA isolates to various 
antibiotics is shown in Table 1. Antimicrobial suscepti-
bility testing was performed by modified-Kirby Bauer 
method. All the strains were 100% resistant to penici-
llin. Among other antibiotics, resistance to gentamicin 
was highest among MRSA isolates (73%), followed by 
TMP-SMZ (68%), ciprofloxacin (66%), erythromycin 
(51%), clindamycin (44%) and doxycycline (41%). All 
MRSA isolates in our study were sensitive to linezolid. 
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Similar findings were reported in studies carried out 
by different researchers in Pakistan as well as abroad. 
MRSA was generally multidrug resistant with incre-
ased resistance to gentamicin, ciprofloxacin, erythro-
mycin and clindamycin.17,18 
 In our study, 12 (29%) isolates showed a vanco-
mycin MIC of 1 μg/ml while remaining 29 (71%) isola-
tes showed a vancomycin MIC of 2 μg/ml. Vancomycin 
MICs distribution among MRSA isolates can vary am-
ong institutions. Edwards et al and Joana et al repor-
ted majority of MRSA isolates in their study showing a 
vancomycin MIC in the range of 1 μg/ml with a lesser 
percentage inhibited at 2 μg/ml.19,20 The trend of in-
creasing vancomycin MIC is alarming because high 
vancomycin MICs in the susceptible range has been 
associated with treatment failures and poor clinical 
outcomes.21 Researchers in Pakistan have observed 
similar trends of increasing vancomycin MIC.22,23 
 A number of laboratory tests have been used to 
detect hVISA. These include Macro E test method 
(MET), which uses a higher inoculum (2 McFarland 
standard), screening agars containing varying concent-
ration of vancomycin, specialized MIC test strips (E 
test GRD) and population analysis profile- area under 
the curve (PAP-AUC).9 
 The present study employed E test GRD for the 
detection of heteroresistance among Methicillin-resis-
tant Staphylococcus aureus in our setup. 
 Four MRSA isolates were hVISA positive (9.75%) 
as determined by GRD E test. 
 The rates of hVISA vary from region to region. In 
Australia, hVISA and VISA have been increasingly 
reported since 2001 and range from 9.3% to 12%.24 
 Wang et al, at their institution in China in 2013 
detected 20.2% hVISA among 122 MRSA isolates.25 In 
France, Filleron et al (2011) detected 8.3% hVISA amo-
ng cystic fibrosis patients who were either colonized or 
infected with MRSA.26 
 Prevalence of hVISA was 4.6% at a Malaysian hos-
pital.21 The prevalence of hVISA in a study conducted 
by Chaudhari et al in India in 2014 was 6.9% amongst 
58 MRSA isolates.27 
 More studies at different institutions are required 
in order to define the burden of hVISA in our country 
and its clinical implications. As there is no single gen-
etic mechanism for detection of hVISA, we have to rely 
on the phenotypic detection methods. It is the need of 
time to establish methods for detection of hVISA and 
determining its prevalence rates, especially isolates 
from patients in whom vancomycin therapy fails to tre-
at the infection. 
 It is concluded that the phenomenon of hetero-
resistant VISA is still unknown in Pakistan. This study 
is the first attempt at detection of hVISA among Me-
thicillin resistance Staphylococcus aureus. Our study 
detected four hVISA among 41 MRSA isolates with a 
vancomycin MIC in the susceptible range (≤ 2 μg/ml). 

Further research should be conducted at various ins-
titutions to find out the burden of this problem in our 
country. Patients suffering from MRSA infection sho-
uld be screened for hVISA so that prompt antimicro-
bial therapy can be initiated in order to avoid treat-
ment failures. 
 Owing to the excessive usage of vancomycin the-
rapy for infections caused by MRSA, screening for 
hVISA should be made part of the infection control 
practice. 
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