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Öz

Giriş: Metisiline dirençli Staphylococcus aureus (MRSA) morbidite ve 
mortalitesi nedeniyle hastane kaynaklı önemli bir enfeksiyon etkenidir. 
Glikopeptid antibiyotiklerin, özellikle vankomisinin, kullanıma girmesiyle 
her ne kadar başarılı sonuçlar elde edilse de zamanla vankomisine karşı 
duyarlılığın azalması, tedavi başarısızlığına ilişkin endişeleri artırmıştır. 
Bu çalışma, pediyatrik olgularda metisiline dirençli izolatların, heterojen 
vankomisin orta duyarlı S. aureus (hVISA) ve vankomisin orta duyarlı 
S. aureus (VISA) sıklığını ileri mikrobiyolojik yöntemler kullanarak 
belirlemeyi ve bu fenotiplerin klinik önemini değerlendirmeyi 
amaçlamaktadır.

Gereç ve Yöntemler: Tersiyer bir merkezde retrospektif olarak yürütü-
len bu çalışmada, 2001–2016 yılları arasında kan ve diğer vücut sıvısı 
kültürlerinde MRSA saptanan pediyatrik hastalar değerlendirildi. MRSA 
tespit edilen hastalara ait saklanan izolatlarda hVISA ve VISA varlığı, 
E-test makrometodu ve popülasyon analizi profili–eğri altındaki alan  
(PAP-AUC) yöntemleri kullanılarak araştırıldı. Hastalar; demografik özel-
likler, komorbid hastalıklar, enfeksiyonun primer odağı, vankomisin mi-
nimum inhibitör konsantrasyonu (MİK), laboratuvar bulguları, hastanede 
kalış süresi ve tedavi başarısızlığı gibi parametreler açısından incelendi. 
Tedavi başarısızlığı; yedinci günde ateşin devam etmesi ve kültürlerde 

Abstract

Objective: Methicillin-resistant Staphylococcus aureus (MRSA) is 
a significant hospital-acquired infection due to its morbidity and 
mortality. Although successful results have been achieved with the 
introduction of glycopeptide antibiotics, particularly vancomycin, the 
decrease in vancomycin susceptibility over time has increased concerns 
about treatment failure. This study aims to determine the frequency of 
methicillin-resistant isolates, heterogeneous vancomycin-intermediate 
S. aureus (hVISA), and vancomycin-intermediate S. aureus (VISA) in 
pediatric cases using advanced microbiological methods and to evaluate 
the clinical significance of these phenotypes.

Material and Methods: In this retrospective study conducted at a tertiary 
center, pediatric patients with MRSA detected in blood and other body 
fluid cultures between 2001 and 2016 were evaluated. The presence of 
hVISA and VISA in stored isolates from patients diagnosed with MRSA 
was investigated using the E-test macromethod and population analysis 
profile–area under the curve (PAP-AUC) methods. Patients were examined 
in terms of parameters such as demographic characteristics, comorbid 
diseases, primary focus of infection, vancomycin minimum inhibitory 
concentration (MIC), laboratory findings, length of hospital stay, and 
treatment failure. Treatment failure was defined as the persistence of 
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üremenin sürmesi, enflamatuvar belirteçlerde düşüş izlenmemesi, tek-
rarlayan pozitif kültürlerin varlığı ve mortalite olarak tanımlandı. Hastalar 
iki gruba ayrılarak, MRSA ve hVISA/VISA grupları arasında klinik özellikler 
açısından anlamlı fark olup olmadığı değerlendirildi.

Bulgular: Çalışmaya dahil edilen 68 çocuğun 15 (%22)’inde hVISA sap-
tandı; VISA tespit edilmedi. Bakteriyemi, pnömoni ve yumuşak doku en-
feksiyonları hVISA grubunda en sık görülen enfeksiyonlardı. Vankomisin 
MİK değerleri, hVISA grubunda anlamlı biçimde daha yüksekti (p< 0.01). 
Hastanede kalış süresi hVISA grubunda daha uzun olsa da istatistiksel 
olarak anlamlı değildi. Vankomisin tedavi başarısızlığı hVISA vakalarında 
%60 oranında gözlendi. Heterojen VISA grubunda dokuz hastada tekrar-
layan üremeler devam etmiş, dört hasta ilk 28 günde kaybedilmiştir.

Sonuç: Günümüzde vankomisinin MRSA enfeksiyon tedavisinde sık 
kullanılması sonucunda, direnç olgularıyla karşılaşılmaya başlanmıştır. 
Vankomisin kullanımında tedaviye yeterli yanıt alınamadığı durumlarda 
direnç gelişiminin öncülü olarak kabul edilebilecek hVISA/VISA tarama-
ları yapılmalıdır. Her ne kadar pahalı ve zahmetli bir test de olsa PAP-AUC 
yöntemi, hVISA/ VISA suşlarının saptanmasında en hassas yöntem olma-
ya devam etmektedir.

Anahtar Kelimeler: Vankomisin-orta duyarlı staphylococcus aureus, 
vankomisin tedavi başarısızlığı, glikopeptid direnci

Introduction

Staphylococcus aureus  is a facultative anaerobic bacteri-
um capable of causing a wide spectrum of clinical diseases, 
ranging from superficial skin and soft-tissue infections to 
life-threatening conditions such as bloodstream infections 
and meningitis (1). While the introduction of penicillin initially 
brought victory in treating these infections, the rapid emer-
gence of antibiotic resistance quickly created a global health 
problem (2).

The first reports of methicillin-resistant S. aureus (MRSA) 
in the early 1960s marked a turning point in clinical practice 
(3). Glycopeptide antibiotics, particularly vancomycin, sub-
sequently became the cornerstone of therapy for methicil-
lin-resistant strains. However, decreasing susceptibility to van-
comycin has gradually emerged and now poses a significant 
therapeutic concern (4).

Among the forms of reduced susceptibility, heterogene-
ously vancomycin-intermediate S. aureus (hVISA) is of particu-
lar importance. These strains appear susceptible or intermedi-
ate by routine laboratory testing yet contain subpopulations 
with substantially reduced susceptibility that standard meth-
ods frequently fail to detect. Such heterogeneity allows a 
small but clinically relevant fraction of the bacterial popula-
tion to survive vancomycin exposure, thereby contributing to 
persistent infection. For this reason, heterogeneously vanco-
mycin-intermediate strains are widely regarded as precursors 
to fully vancomycin-intermediate S. aureus (VISA) (5).

The first well-characterized isolate demonstrating this 
phenomenon was reported in Japan in 1997, highlighting the 
need for more sensitive diagnostic approaches (6). Although 

several microbiological techniques have been developed to 
detect reduced susceptibility, population analysis profiling–
area under the curve (PAP-AUC) remains the most reliable and 
widely accepted reference method as it can reveal resistant 
subpopulations that are not apparent with broth microdilu-
tion or standard diffusion-based assays. Despite this, the tech-
nique’s labor-intensive nature and cost have limited its routine 
clinical use (7).

Evidence describing the prevalence and clinical conse-
quences of hVISA in pediatric patients remains scarce. Chil-
dren are particularly vulnerable due to age-dependent differ-
ences in immune function, pharmacokinetics, and underlying 
comorbidities; therefore, adult data cannot be directly extrap-
olated to pediatric populations (8). Given the increasing rec-
ognition of reduced vancomycin susceptibility and the pau-
city of pediatric data, the present study aimed to re-evaluate 
vancomycin susceptibility among stored isolates from chil-
dren with culture-confirmed MRSA infection, to identify the 
presence of hVISA/VISA using both screening and reference 
methods, and to examine the clinical features and outcomes 
associated with these infections. 

. Materials and Methods
Study Design and Ethics Approval

This study was approved by the Hacettepe University Fac-
ulty of Medicine Ethics Committee (Decision no: GO16/323-
05, Date: 24.05.2016). The study included children from birth 
to 18 years of age who had culture-confirmed MRSA infection 
and for whom both clinical data and stored bacterial isolates 
were available. The study period extended from November 
2001 to November 2016.

fever and continued growth in cultures on the seventh day, no decrease 
in inflammatory markers, the presence of recurrent positive cultures, and 
mortality. Patients were divided into two groups, and whether there were 
significant differences in clinical characteristics between the MRSA and 
hVISA/VISA groups was evaluated.

Results: Heterogeneous VISA was detected in 15 of the 68 children in-
cluded in the study (22%); VISA was not detected. Bacteremia, pneumo-
nia, and soft tissue infections were the most common infections in the 
hVISA group. Vancomycin MIC values were significantly higher in the hVI-
SA group (p< 0.01). Although hospital stay was longer in the hVISA group, 
it was not statistically significant. Vancomycin treatment failure was ob-
served in 60% of hVISA cases. In the hVISA group, recurrent growth con-
tinued in nine patients, and four patients died in the first 28 days.

Conclusion: Currently, due to the frequent use of vancomycin in the 
treatment of MRSA infections, resistance cases have begun to be en-
countered. In cases where adequate response to vancomycin treatment 
is not obtained, hVISA/VISA screenings should be performed, as they can 
be considered a precursor to resistance development. Although it is an 
expensive and laborious test, the PAP-AUC method remains the most 
sensitive method for detecting hVISA/VISA strains.

Keywords: Vancomycin-intermediate staphylococcus aureus, vancomycin 
treatment failure, glycopeptide resistance
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Patient Selection and Clinical Data Collection

All pediatric patients with at least one culture positive for 
MRSA during the study period were screened. Patients were 
excluded if their stored bacterial isolates were unavailable, if 
the organism was determined to represent colonization or 
contamination rather than true infection, or if clinical records 
were incomplete. For each eligible patient, the following clini-
cal variables were recorded:

•	 Age, sex, and underlying chronic diseases

•	 Type of clinical specimen (sterile vs. non-sterile body flu-
id)

•	 Serum inflammatory markers including C-reactive protein 
(CRP) and complete blood count parameters

•	 Vancomycin treatment characteristics including dosing, 
timing of initiation, and duration of therapy

•	 Vancomycin minimum inhibitory concentration (MIC) val-
ues determined by each laboratory method

•	 Clinical response on day seven of treatment and at com-
pletion of therapy

•	 Length of hospital stay, recurrence of infection, treatment 
failure, and mortality within 28 days

•	 History of hospitalization or antibiotic exposure prior to 
the current admission

Treatment failure was defined as;

•	 persistent fever (fever still exceeding 38 ºC on the 7th day 
of treatment)

•	 Sustained elevation of inflammatory markers (CRP, Inter-
leukin-6, procalcitonin)

•	 Persistence of positive cultures

•	 Death occurring by day seven or by the end of therapy. 

Mortality within 28 days following diagnosis was consid-
ered infection-related unless an alternative cause was clearly 
documented. Recurrence was defined as continued bacterial 
growth in follow-up cultures after completion of an adequate 
therapeutic course.

Microbiological Processing of Isolates

Stored isolates had been preserved at −80 °C in brain–
heart infusion agar supplemented with glycerol. For the study, 
isolates were thawed and sub-cultured onto sheep blood agar 
and incubated at 37 °C for 24 hours to ensure viability and pu-
rity. Typical colonies were confirmed as S. aureus using cata-
lase testing and tube coagulase testing.

Determination of Vancomycin Susceptibility

To assess vancomycin susceptibility, three methods were 
applied to each isolate:

•	 Broth microdilution method

•	 Standard gradient diffusion method (E-test)

•	 Population analysis profile with area-under-the-curve cal-
culation (reference method)

All procedures were performed in accordance with accept-
ed clinical microbiology guidelines(9).

Broth Microdilution

Vancomycin was prepared in two-fold serial dilutions rang-
ing from 0.125 to 64 micrograms per milliliter in Mueller–Hin-
ton broth. Bacterial suspensions were standardized to the 0.5 
McFarland turbidity standard, diluted, and inoculated into 
microdilution wells. After incubation at 35°C for 24 hours, the 
MIC was recorded as the lowest concentration demonstrating 
complete inhibition of visible growth. Isolates were subse-
quently categorized as susceptible, intermediate, or resistant 
based on established interpretative criteria.

Standard Gradient Diffusion Method

Vancomycin gradient diffusion strips were applied to Mu-
eller–Hinton agar plates inoculated with standardized bacte-
rial suspensions. Plates were incubated for 24 hours at 35°C, 
and the MIC was read at the point where the elliptical zone 
of inhibition intersected the strip scale. When values did not 
align exactly with two-fold dilution standards, the next higher 
concentration was recorded.

Population Analysis Profile with Area-Under-the-Curve 
Determination

This method was used as the reference standard for iden-
tifying hVISA/VISA. Suspensions of each isolate were pre-
pared at defined bacterial concentrations and plated onto 
brain–heart infusion agar containing increasing vancomycin 
concentrations (0, 0.5, 1, 2, 2.5, 4, and 8 micrograms per mil-
liliter). After incubation for 48 hours at 35 °C, colony counts 
were plotted against vancomycin concentrations to generate 
a growth-inhibition profile for each isolate.

The area under the curve for each isolate was then calcu-
lated and normalized to the reference heterogeneously van-
comycin-intermediate strain Mu3, resulting in the following 
classification:

•	 ≤0.9: Vancomycin-susceptible S. aureus 

•	 0.9 to 1.3: hVISA

•	 ≥1.3: VISA

Statistical Analysis

Statistical analyses were performed using software for 
quantitative research. The distribution of continuous variables 
was assessed using the Shapiro–Wilk test along with inspec-
tion of skewness and kurtosis values. Normally distributed 
variables were summarized using means and standard devi-
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ations; non-normally distributed variables using medians and 
ranges. Associations between categorical variables were test-
ed using the chi-square test or, when assumptions were not 
met, Fisher’s exact test. Comparisons of continuous variables 
between groups were performed using the Mann–Whitney 
U test for non-parametric data. A two-sided p-value less than 
0.05 was considered statistically significant.

Results
A total of 92 patients with culture-confirmed MRSA in-

fection were identified and 68 of these included the study. 
Re-evaluation of retained isolates using both screening tech-
niques and reference PAP-AUC revealed that 15 isolates (22%) 
were hVISA, while 53 isolates were solely MRSA. There were no 
VISA isolates (Figure 1).

Mean age of patients with hVISA was younger than that of 
those with MRSA; their mean ages were 26.07 ± 8.97 and 60.62 
± 8.69 months, respectively. There were eight newborn pa-
tients in the MRSA group and two in the hVISA group (Table 1).

Mean MICs obtained by liquid microdilution method were 
1.13 ± 0.41 micrograms/milliliter in children with MRSA infec-
tion and 1.70 ± 0.49 micrograms/milliliter in those with hVISA. 
Gradient diffusion testing yielded similar patterns, with values 

of 1.17 ± 0.40 and 1.50 ± 0.30 micrograms per milliliter, respec-
tively. MIC values determined by gradient diffusion were sig-
nificantly higher in children with hVISA (p< 0.01), supporting 
the association between elevated values and the presence of 
subpopulations with diminished responsiveness to vancomy-
cin (Table 1).

Vancomycin was administered to infants and children at 
a dose of 60-70 mg/kg/day, given intravenously four times a 
day in divided doses, as recommended by the American Acad-
emy of Pediatrics. For neonates, it was given according to the 
appropriate week following a loading dose. Day-seven treat-
ment failure occurred in 62.3% of the children with hVISA and 
in 53.3% of the MRSA group. By the end of therapy, treatment 
failure was documented in 60% of the hVISA group compared 
with 30.2% of the MRSA group. One patient was changed to 
linezolid treatment in the MRSA group, while no patients in 
the hVISA group were changed to this treatment. Treatment 
was unsuccessful in nine patients in hVISA group and 15 pa-
tients in MRSA group, and recurrent bacterial growth was ob-
served. Duration of hospitalization was longer in the hVISA 
group compared with the MRSA group. Mortality rate within 
28 days was 53.3% and 28.3% in hVISA and MRSA groups, re-
spectively (Table 1).

Figure 1. Patient eligibility flowchart.
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Although underlying medical conditions were general-
ly similar between the groups, hVISA was more common in 
males (60%). Clinical manifestations tended to be more severe 
in children with hVISA, who showed higher frequencies of 
bloodstream infection, pneumonia, and soft-tissue infection. 
Baseline laboratory findings—including CRP, white blood cell 
count, hemoglobin concentration, and platelet count—were 
comparable between the two groups (Table 2)

In 88.2% of the cases, antimicrobial treatment was initiated 
within the first hour of the diagnosis. Mortality rate was 37.5% 
in patients who did not receive treatment within the first hour. 

In our study, the most significant differences between the 
hVISA and MRSA groups were hospitalization frequency (p= 
0.022), history of vancomycin treatment within the last three 
months (p= 0.95), and admission to the intensive care unit (p= 
0.066). 

Discussion
Decreased susceptibility to vancomycin in S. aureus has 

transformed the clinical management of methicillin-resist-
ant infections and raised significant concerns about treat-
ment efficacy. While this phenomenon has been extensively 
described in adults, pediatric data are limited, and its clinical 
implications in children are not well understood due to devel-
opmental differences in immune function, antimicrobial phar-
macokinetics, and underlying comorbidities. In this context, 
the present study offers one of the comprehensive assess-
ments of heterogeneously decreased susceptibility to vanco-
mycin in children with culture-confirmed MRSA infection.

In our study, vancomycin susceptibility was evaluated 
using both screening methods and the PAP-AUC technique, 
which is widely regarded as the most sensitive method for 
detecting heteroresistant subpopulations. Although labor-in-

Table 1. Demographic and clinical data of the patients

hVISA (n= 15) MRSA (n= 53) P value

Demographics

Mean (month) 26.07 ± 8.97 60.62 ± 8.69 0.041

Median (month) 11 36

Male 60% (n= 9) 75,5% (n= 40) 0.329

Female 40% (n= 6) 24,5% (n= 13)

C-Reactive Protein 4.2 ± 4.2 mg/L 9.8 ± 10.4 mg/L 0.247

Complete Blood Count

Hemoglobin 10.08 ± 2 g/dl 10.3 ± 1.8 g/dl 0.437

White blood cell 13.8x105 ± 5.4x103/μl 15.7x103 ± 20.9x103/μl 0.515

Platelet 267 ± 190.000/μl 304 ± 208.000/μl 0.515

Vancomycin MIC mean 1.7 ± 0.49 μg/ml 1.13 ± 0.41 μg/ml

 <0.01E-test mean 1.5 ± 0.3 μg/ml 1.17 ± 0.4 μg/ml

MIC ≥1.5 μg/ml 80% (n= 12) 17% (n= 9)

Vancomycin treatment duration (day)
23.4 ± 16.8 19.45 ± 16.7 0.147

(median= 18) (median= 14) 0.571

Duration of hospital stay (day)
85.67 ± 91.7 60.9 ± 64.4 0.243

(median= 44) (median= 37) 0.571

Treatment Response

No regression in findings on the 7th day of vancomycin treatment 53.3% (n= 8) 62.3%(n= 33) 0.745

No response at the end of treatment 60% (n= 9) 30.2% (n= 16) 0.070

Vancomycin treatment unresponsiveness 60% (n= 9) 44.4% (n= 24) >0.05

Relapse 15.1% (n= 2) 56.6% (n= 30) >0.05

Mortality 53.3% (n= 8) 28.3% (n=15) 0.183

Mortality in the first 28 days (infection-related) 26.6% (n= 4) 18.9% (n= 10) 0.673

hVISA: Heterogeneously vancomycin-intermediate S. aureus, MRSA: Methicillin-resistant S. aureus, MIC: Minimum inhibitory concentration.
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tensive and costly, this technique is essential for accurately 
identifying strains that may contribute to therapeutic failure. 
By applying this approach to stored isolates from pediatric pa-
tients, the study provides valuable insight into the prevalence 
and clinical implications of hVISA in childhood, an area where 
published data remain scarce.

A limited number of pediatric studies have assessed the 
presence of hVISA, and most have relied on screening tests 
alone. Jimenez-Truque et al. reported a prevalence of 2.82% 
using gradient diffusion, while Welsh et al. identified only one 
case among 22 children with bloodstream infection (10,11). 
Mirza et al. conducted the only pediatric study using the pop-
ulation analysis profile method and demonstrated that heter-
oresistance was strongly associated with higher vancomycin 
MIC values, reaching 53.6% among isolates with a value of 2 
µg/mL (9). In the present study, a similar relationship was ob-
served; hVISA exhibited significantly higher vancomycin MIC 
values by gradient diffusion (p< 0.01), supporting the associa-
tion between elevated values and reduced susceptibility.

In our study, mean age was significantly lower in the hVISA 
group compared with the MRSA group (26.07 ± 8.97 months 
vs. 60.62 ± 8.69 months, p= 0.041), indicating a notable age 
imbalance between the study groups. This difference repre-
sents a potential confounding factor that should be consid-
ered when interpreting the clinical outcomes. Age was not 

adjusted for in the primary analysis; therefore, part of the 
observed differences in treatment response, hospitalization 
frequency, and mortality may be influenced by age-related 
factors rather than pathogen-related characteristics alone. 
Younger patients, particularly infants and toddlers, have im-
mature immune responses, limited physiological reserves, and 
a higher susceptibility to severe infections, which may predis-
pose them to poorer outcomes independent of antimicrobial 
resistance patterns. In addition, the inclusion of newborns and 
very young children—who constitute a clinically distinct and 
more vulnerable subgroup—may have contributed both to 
outcome severity and to the lack of statistical significance in 
some comparisons. 

Although treatment failure did not differ statistically be-
tween the groups, failure rate was clinically higher in hVISA 
infections (60% vs. 30.2%). This finding is consistent with 
adult studies, such as those by Casapao et al., which reported 
vancomycin treatment failure in more than 80% of heterore-
sistant bloodstream infections (12). Despite statistically not 
significant, high mortality rates were observed in the hVISA 
group (53.3%). This statistical insignificance in comparison 
may be attributed to the small number of hVISA cases and the 
inclusion of newborns, who represent a clinically distinct and 
physiologically vulnerable subgroup.

Table 2. Patients’ comorbidities and primary infection sites

hVISA (n= 15) MRSA (n= 53) P value

Comorbidity (n)

Chronic lung disease 3 7 0.680

Epidermolysis bullosa 1 6 1.000

Hematological/Oncological malignancies 0 14 0.029

Heart disease 2 3 0.303

Immunodeficiencies 3 2 0.067

Metabolic/Storage diseases 0 4 0.569

Anatomical disorder 3 4 0.175

Chronic renal failure 2 1 0.120

Burn or drowning 0 4 0.569

Muscle disease 0 2 1.000

No additional disease 1 6 1.000

Primary Disease Site

Bacteremia 6 24 0.776

Pneumonia 3 8 0.696

Soft tissue infection 3 12 1.000

Meningitis 1 1 0.395

Peritonitis - 1 1.000

Catheter-related bacteremia 2 7 1.000

hVISA: Heterogeneously vancomycin-intermediate S. aureus, MRSA: Methicillin-resistant S. aureus.
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An important observation was the higher frequency of 
heteroresistance in children under one year of age. To date, 
no study has specifically examined the prevalence of heter-
oresistant strains in newborns, and the present findings high-
light the need for further research in this population. Age-re-
lated physiological differences, including immature immune 
function and altered pharmacokinetics, may influence both 
the host response and the selection of resistant bacterial 
subpopulations. This underscores the limitations of apply-
ing adult-derived susceptibility breakpoints and treatment 
thresholds to newborns and infants.

Fatsis-Kavalopoulos et al. investigated the prevalence, risk 
factors, and clinical effects of the hVISA phenotype in a study 
involving 842 adult patients with MRSA bacteremia (13). This 
prospective study revealed strong positive correlations be-
tween previous MRSA treatment, vancomycin exposure, and 
especially vancomycin MIC. Patients in the hVISA group had 
higher mortality rates and similarly longer durations of bacte-
remia. Similar to our study, patients with MRSA-diagnosed an-
tibiogram results were re-evaluated using the PAP-AUC meth-
od to assess their clinical status. The number of hVISA cases in 
this study was 184. Compared to our study, this is a significant 
clinical study due to its larger patient count and prospective 
nature. Our study, however, is the first in the literature to ex-
amine the pediatric and especially the neonatal period.

Conclusion

The findings of this study reinforce the importance of rec-
ognizing hVISA as a clinically significant phenomenon in pedi-
atric practice. High vancomycin MIC values and inadequate 
clinical response should lead clinicians to consider the pos-
sibility of hVISA infection and evaluate alternative treatment 
strategies. This study provides the first pediatric data on the 
clinical significance of hVISA in Turkiye.  Multicenter studies 
with larger pediatric cohorts may give better clinical out-
comes associated with hVISA in the childhood.
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