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In vitro activity of netilmicin against
clinical isolates of methicillin resistant
and susceptible Staphylococcus aureus

A. MANOHARAN, M. K. LALITHA, M. V. JESUDASON

ABSTRACT
Background. The emergence of methicillin-resistant Staphy-

lococcus eureus and its multidrug-resistant property has led to
the search for an effective antibiotic to combat staphylococcal
sepsis. At present, vancomycin remains the most effective
antibiotic. This study evaluated the in vitro efficacy of netilmicin
(an aminoglycoside) and compared its activity with 4 other anti-
biotics, viz. vancomycin, amikacin, tobramycin and ofloxacin.

Methods. The minimum inhibitory concentration of the
antibiotics was determined by the agar dilution method. Thirty
strains each of methicillin-resistant and -susceptible S. aureus
isolated from pus and blood cultures were included.

Results. The susceptibility to netilmicin was found to be
100% and was the same as that observed for vancomycin.

Conclusion. All the. methicillin-resistant S. .eureus strains
tested showed 100% susceptibility to netilmicin, suggesting its
use in patients with such infections as an altemative to
vancomycin. However, this finding needs to be verified in the
clinical setting.
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INTRODUCTION
Staphylococcus aureus (S. aureus) is a commonly found organ-
ism causing hospital-acquired infections. IIn the last decade there
has been a dramatic increase in the incidence of hospital-associ-
ated infections caused by strains of S. aureus. 1,2 However, methi-
cillin resistance has also been noted among these strains.

Methicillin-resistant S. aureus (MRSA) exhibit a high degree
of resistance to tetracycline, cotrimoxazole, aminoglycosides and
even to quinolones.v' Our previous studies with MRSA showed
a high degree of resistance to several antibiotics such as erythro-
mycin (84.2%), chloramphenicol (72%), tetracycline (97.9%),
gentamicin (85.5%) and cotrimoxazole (97%). Furthermore,
among quinolones, resistance to norfloxacin and ciprofloxacin
occurred in 91% of strains.'

Among the aminoglycosides tested so far, netilmicin seems to
have a better efficacy. 5.6Although vancomycin is the most effec-
tive antibiotic against MRSA, its side-effects (potential ototoxicity
and nephrotoxicity) and high cost make it necessary to find an
alternative drug. 2.7.8 At present, resistance to netilmicin is low and
also the observed post-antibiotic efficacy (PAE) with netilmicin
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is favourable, the mean PAE ranging from 5-10 hours at clinically
achievable serum concentrations (4-8 mg/L)." The present study
tested both MRSA and methicillin-susceptible S. aureus (MSSA)
against netilmicin and compared its efficacy with other amino-
glycosides such as amikacin and tobramycin. Vancomycin was
included because it is the most effective antibiotic against MRSA 7.8

and ofloxacin was included to represent quinolones, because it
has been shown to have a better efficacy against MRSA.5

MATERIAL AND METHODS
Clinical strains
Thirty strains each of MRSA and MSSA isolates from pus and
blood cultures received at the Department of Microbiology,
Christian Medical College and Hospital, Veilore from July to
December 1994 were included in the study. American Type
Culture Collection (ATCC) standard strains were used for quality
control of antibiotic testing.

Minimum inhibitory concentration (MIC)
The antibiotic susceptibility was determined by MIC. The Mueller-
Hinton agar medium (Baltimore Biologicals Ltd., USA) was used
for all organisms. The inoculum was prepared by emulsifying
portions of 4-5 discrete colonies into 4-5 ml of nutrient broth to
opacity adjusted by McFarland's standard 0.5. An aliquot of
1120dilution with normal saline was used as the final inoculum.":'?
The antibiotic concentrations used were: netilmicin 64-0.l25I1g1
ml; tobramycin 16-0.06211g1ml; amikacin 64-0.25I1g/ml; vanco-
mycin 64-0.125 ug/rnl; and ofloxacin 16-0.062 ug/ml.

The plates were dried before they were inoculated. The inocu-
lum was applied as a 'spot' about 5 mm in diameter. A microlitre
dropper pipette or a platinum loop specially calibrated to deliver
0.00 1ml of inoculum was used. Inoculated plates were allowed to
stand undisturbed until the spots of inoculum dried completely.
The plates were incubated for 18 hours aerobically at 35 ,'C9,10 and
readings taken. The end-point was the concentration of the anti-
biotic completely inhibiting growth. A barely visible haziness or
presence of a single colony was disregarded. The results were
reported as the MIC value in ug/ml,

The interpretative criteria for MIC of the 5 antibiotics tested
was in accordance with the National Committee for Clinical
Laboratory Standards (NCCLS).II

RESULTS
All the 30 MRSA strains tested were susceptible to netilmicin and

TABLEI. Comparison of susceptibility of methicillin resistant and
susceptible Staphylococcus aureus to various antibiotics

Antibiotic ResistantS.aureus (n=30) SensitiveS. aureus (n=30)

tested Susceptible M1C'IOMIC,o Susceptible MIC.o MIC,o

Netilmicin 30 (100) 8 4 30 (100) 2 0.125
Tobramycin 8 (26.6) 16 8 27 (90) 8 0.125
Amikacin 19 (60.3) 32 16 30 (100) 8 2
Vancomycin 30 (100) 0.5 0.25 30 (100) 2 I
Ofloxacin 8 (26.6) 16 8 27 (90) 4 0.5

MIC breakpoints for netilrnicin, tobramycin, amikacin, vancomycin and ofloxacin
are 32, 8, 32, 32 and 8 respectively!' MIC minimum inhibitory concentration
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vancomycin (Table I). The MIC value for netilmicin was 8 ug/ml
against 33% of the MRSA strains tested. The rest of the strains
showed an MIC value <2 ug/ml. All strains were uniformly sus-
ceptible to vancomycin, the MIC50being 0.25 ug/ml. All MSSA
strains were uniformly susceptible to vancomycin and netilmicin.
Of the MRSA strains tested 75% were resistant to tobramycin and
ofloxacin with an MIC of 16 ug/ml for both antibiotics.

The MSSA strains showed a 90% susceptibility to tobramycin
and ofloxacin and the MIC50of tobramycin was 0.125 ug/ml,
Forty per cent of the MRSA strains were resistant to amikacin, the
MIC50was 16 ug/ml. The MSSA strains were uniformly suscep-
tible to amikacin; their MIC50being 2 ug/ml.

DISCUSSION
We found that netilmicin had very good in vitro activity against
the tested MRSA strains. The in vivo effectiveness of netilmicin
has been studied by various workers and its in vivo activity in
combination with minocycline is very high.12.13 This fact coupled
with the 100% susceptibility of netilmicin in this in vitro study
suggests that it could possibly be used in the treatment of MRSA
infections. However, 33% of MRSA strains had an MIC value of
8 ug/ml, suggesting that potential resistant strains could emerge
in the future. Such emergence of resistant strains to ofloxacin has
been documented earlier; a definitive increase in resistance to
ofloxacin was seen over two years-from 50% to 75%.5 This
trend has discouraged the use of this quinolone in the treatment of
MRSA infections. Tobramycin resistance was also high (74%),
suggesting that it would be ineffective in treating MRSA infec-
tions. The resistance to amikacin was about 40% and also repre-
sents an increase in the percentage resistance. Of the 30 MRSA
strains tested only 2 were susceptible to all 5 antibiotics. The
results of the MSSA strains showed a 100% susceptibility to
netilmicin, vancomycin and amikacin.

Netilmicin is also cheaper than vancomycin-Rs 462 per day
compared to Rs 1534. For the above reasons and also because the

Aetiology of severe vitamin A deficiency
in children
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ABSTRACT
Background. Severe forms ofvitamin A deficiency or kerato-

malacia are common in young children. Keratomalacia is
thoughtto be associated with malnutrition due to poor weaning
practices and manifests at 3-4 years of age. As survival rates
for infants have increased, keratomalacia is being seen in
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MRSA strains are uniformly susceptible to netilmicin, this drug
may be considered in patients with MRSA infections. However,
clinical trials are necessary to confirm the efficacy.
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children less than 6 months of age. Hence, keratomalacia
shows two peaks--one in early infancy and the other in the
toddler or pre-school age group. However, the reasons for its
occurrence at these ages may be different.

Methods. Records of children admitted to the Nutrition
Rehabilitation Centre at the Government Rajaji Hospital during
1971-89 and at the Aravind Children'S Hospital during 1991-
93 were reviewed for severity of vitamin A deficiency associ-
ated with protein-energy malnutrition. Records of 1990 were
not available.

Results. During 1971-89,4691 children were admitted to
the Nutrition Rehabilitation Centre for nutritional rehabilitation
and treatment of vitamin A deficiency. Of these, 1575 (33.6%)
children had comeal involvement due to vitamin A deficiency.
During 1991-93,7439 children in the age group of 0-15 years
were seen atthe Aravind Children'S Hospital-185 had vitamin
A deficiency; 133 were below the age of 5 years and 69 had
keratomalacia. Fifteen children with keratomalacia were be-
low the age of one year and 12 were below 6 months of age.

Conclusion. The incidence of severe vitamin A deficiency or
keratomalacia shows two peaks; one in early infancy «6
months) and the other in the pre-school age group. The first


