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Staphylococcus aureus with reduced susceptibility to vancomycin has been reports worldwide. Here
we report the first pediatric case of heterogeneous vancomycin intermediate resistance Staphylacoccus aureus
(hVISA) causing endocarditis in Thailand. A 4 months old girl with truncus arteriosus type IV and ventricular
septal defect developed methicillin-resistant S. aureus (MRSA) bacteremia and endocarditis after total repair
operation. The patient did not respond to combination antimicrobial treatment including vancomycin. The
strain was susceptible to trimethoprim-sulfamethoxazole and vancomycin by conventional antimicrobial
susceptibily test. The vancomycin minimal inhibitory concentration by E-test was 2 µg/ml. The strain was
judged to be possible heteroresistant when screening was done by one-point population analysis. The subse-
quent population analysis and testing for the emergence of mutants with reduced susceptible to vancomycin
confirmed that this strain was hVISA. Despite the treatment with vancomycin, amikacin, rifampicin and
cotrimoxazole, the patient died.

hVISA should be suspected in MRSA infections that were refractory to vancomycin therapy could be
due to. The emergence hVISA underscored the importance of the prudent use of antibiotics, the laboratory
capacity to identify MRSA and hVISA and proper communication with treating clinicians, and the meticulous
infection-control measures to prevent transmission.
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Staphylococcus aureus is an important cause
of serious infections in children, including pneumonia,
bone and joint infections, soft tissue infections and
endocarditis. In the 1980s, methicillin-resistant S.
aureus (MRSA) emerged; leading to increasing use
of vancomycin(1).  In 1997, the first clinical isolate of
S. aureus with reduced susceptibility to vancomycin
(MIC 8 µg/ml; strain Mµ 50) was reported from
Japan(2). Subsequently, vancomycin or glycopeptide

intermediately resistant S. aureus (VISA/GISA) and
heterogeneous resistance to vancomycin (hVISA) have
been identified in the United States(3-5), Asia(6-8), and
Europe(9-13).  To date, three documented cases of infec-
tion caused by vancomycin-resistant S. aureus (VRSA)
have been reported in the United States(14-16). In Thai-
land, there was a report of MRSA with reduced sus-
ceptibility to vancomycin in 3 adult patients in 2001(17).
Here we report the first pediatric case of infection with
hVISA endocarditis in Thailand.

Case Report
In March 2002, a 4 month-old girl with truncus

arteriosus type IV and ventricular septal defect devel-

Case Report
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oped MRSA bacteremia and endocarditis 20 days
after total repair operation with homograft.  MRSA
was isolated from her blood after prolonged exposure
to various antibiotics, i.e, cefotaxime, cefipime,
meropenem and 7 day-course of vancomycin. Three
subsequent blood specimens grew MRSA and she had
persistent fever even after 10 days of the combination
treatment with vancomycin, amikacin and rifampicin.
The vancomycin minimal inhibitory concentration
(MIC) was 2 µg/ml by E-test. This MRSA strain was
susceptible to cotrimoxazole; therefore, cotrimoxazole
was added to the treatment regimen.  Bacteremia was
cured and fever subsided 10 days thereafter, but three
repeated echocar-diogram demonstrated enlarging
vegetation at homo-graft. Despite the treatment with
vancomycin, amikacin, rifampicin and cotrimoxazole,
the patient died 48 days thereafter.

Materials and Methods
Definition of hVISA

In the United States, The National Committee
for Clinical Laboratory Standards (NCCLS) has devel-
oped guidelines to define susceptibility for S. aureus.
Isolates for which MIC of vancomycin ≤ 4µg/ml are
susceptible, and isolates for which the MIC of vanco-
mycin is 8-16 µg/ml are intermediate.  Resistance is
defined as an MIC of vancomycin of ≥ 32 µg/ml(18).

hVISA strains are defined as strains of S.
aureus that contain subpopulations of vancomycin-
intermediate daughter cells but for which the MICs of
vancomycin for the parent strain are only 1-4 µg/ml.
The prototype strains (Mµ3) was described by
Hiramatsu et al(6).

Bacterial strain
P2 was an MRSA strain isolated from blood of

this patient.  ATCC 29213 was a representative vanco-
mycin susceptible S. aureus (VSSA) strain, and Mµ3
(ATCC 700698) was the strain isolated in Japan in 1996
with heterogeneous resistance to vancomycin.  Mµ50
(ATCC 700699), isolated in Japan in 1996, was the first
VRSA.  Both of Mµ3 and Mµ50 were used as positive
control strains of heterogenous and homogeneous
vancomycin resistance, respectively.

Screening of hVISA
Screening was done by one-point population

analysis method proposed by Hiramatsu et al(6). The
strain was judged to be possible heteroresistant if a
countable number (1-30) of colonies was apparent
within 48 hours:   hVISA was considered definite if the

strain produced a subclone(s) with vancomycin MIC
of 8 µg/ml or above upon selection with vancomycin,
and based on population curve with a heterogeneous
pattern, and a positive result in resistant mutant
emergence test.

Resistant-mutant emergence test
Subclones of P2 was selected from  brain heart

infusion (BHI) agar plate containing 4 µg/ml of  van-
comycin and subculture on the drug free medium. The
mutant strain was cultivated overinght in BHI broth.
The MIC of vancomycin was determined using the agar
dilution method with 1 µg/ml increments of vanco-
mycin in the range 1-9 µg/ml.

Population analysis
 100 µl of a starting cell suspension, corre-

sponding to an optical density at 578 nm of 0.3, and
7-fold serial dilution were spread on BHI agar plates
containing various concentrations of vancomycin.
After incubation for 48 hours, the colonies on each
plate were counted.  The number of resistant cells con-
tained in 100 µl of starting cell suspension was calcu-
lated and plotted on a semilogarithmic graph.

Results
Vancomycin susceptibility of P2 strain

Base on the NCCLS criteria, P2 strain were
judged to be susceptible to vancomycin by E test
(vantomycin MIC =  2 µg/ml) and  disk-diffusion
susceptibility tests.

Analysis of vancomycin-resistant subpopulations
of the P2 MRSA strain

With an inoculum size of 106 cfu/ml, 8 colo-
nies of  P2 grew on BHI agar containing 4 µg/ml of
vancomycin within 48 hours, reflecting the presence
of vancomycin resistant subpopulation.

Mutants with vancomycin MIC of 8 µg/ml
was obtained from P2 strain by this one-step selection
procedure.

Discussion
Although the incidence of VISA and VRSA

remains low, there has been an increasing number of
reports of hVISA from several countries.  Song JH and
the Asian Network for Surveillance of Resistant Patho-
gens (ANSORP) study group reported 4.3% prevalence
of hVISA among 1,357 clinical isolates of MRSA col-
lected from 12 Asian countries between January 1997
and March 2000. Of 96 MRSA isolates from Thailand, 2
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(2.1%) were hVISA. Fortunately, neither VISA nor
VRSA isolates were found among isolates from Asian
countries among this survey(8). However, the emergence
of VISA or VRSA strains in this region can be antici-
pated.

The proposed mechanism of reduced suscep-
tibility to vancomycin of  S.  aureus is the thickening
of cell wall.  In addition, the increased production of
nonamidated muropeptides may also contribute to van-
comycin resistance by increasing the efficiency of af-
finity trapping and clogging of the mesh of the pepti-
doglycan outer layers. The thicker the cell wall, the
vancomycin molecules would be trapped within the
cell wall, thus allowing a decreased number of vanco-
mycin molecules to reach the cytoplasmic membrane
where the real functional targets of vancomycin are
present(19,20). Cui, et al have demonstrated that cell wall
thickness had high correlation with the MICs of the
two glycopeptides (correlation coefficient = 0.908 for
vancomycin and = 0.655 for teicoplanin)(20).

Fridkin, et al reported that the risk factors for
infection with S. aureus with reduced susceptibility to
vancomycin(21) were the antecedent use of vancomy-
cin in prior month (OR = 13; 95% CI 1.8-100) and in 3-6
months (OR = 2.8; 95% CI 1.1-7.0), and the isolation
of MRSA from a culture in prior 2-3 months (OR =
32.5; 95% CI 1.1-947). The prior use of vancomycin
may be the risk factor in this patient.

The clinical significance of hVISA strains is
still controversial. However, there have been reports

of vancomycin treatment failure, some with fatal out-
come associated with hVISA(17, 22-24). Wong, et al re-
ported that the overall mortality from bacteremia due
to S. aureus with reduced susceptibility to vancomy-
cin was higher than that in patient with vancomycin-
sensitive isolates (44% vs 10%)(25).

Unfortunately, conventional antimicrobial
susceptibility test cannot detect hVISA.  Clinicians
should keep in mind that MRSA infections that were
refractory to vancomycin therapy could be due to
hVISA( 26).

Currently, there is no guidelines for treatment
of infection due to S. aureus with reduced susceptibil-
ity to vancomycin. Removal of infected indwelling hard-
ware and debridement of infected sites is most impor-
tance and must be considered in every patient(27). Most
isolates of hVISA (87%) have been susceptible to trime-
thoprim-sulfamethoxazole (TMP-SMX)(28), and this
agent has been used in various combinations for the
treatment of S. aureus with reduced susceptibility to
vancomycin. The addition of rifampicin to therapy can
also be considered if the isolate is susceptible(27). We
were able to eradicate bacteremia in this patient with
this combination antibiotics, however, the vegetation
persisted, and resulted in a fatal outcome.  Several new
drugs such as linezolid, quinopristin-dalfopristin and
daptomycin have shown promising in the treatment of
infection with S. aureus with reduced susceptibility to
vancomycin. In addition, decolonization should be at-
tempted with mupirocin if the patient is colonized with

Fig. 1 Comparison of the population analysis of Mµ3, Mµ50, P2 and VSSA strain, ATCC29213. Mµ3 and P2
contained resistant subpopulation that grew in the present of 5-7 µg/ml of vancomycin
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this organism in the anterior nares and chlorhexidine
washes can be considered in select cases(27).

A patient infected with h VISA and VRSA
should be placed in isolated room and have dedicated
patient-care items.  Health-care workers providing care
to such patients should follow contact precautions(29).

Conclusion
The emergence of S. aureus with reduced sus-

ceptibility to vancomycin underscored the importance
of the prudent use of antibiotics, the laboratory capac-
ity to identify resistant strain and the meticulous
infection-control measures to prevent transmission.
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