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Gram-negative isolates from blood and cerebrospinal fluid were monitored for 1 year before and for 1 year
after the first-line aminoglycoside in a busy pediatric department was changed from gentamicin to amikacin.
In the general pediatric wards, the switch to amikacin resulted in no change in resistance of nosocomial
gram-negative infections to either amikacin (0% before and after) or gentamicin (23.9% [before] versus 26.5%
[after]). In the neonatal unit, the switch to amikacin was followed by an outbreak of Serratia spp. that were
commonly resistant to amikacin but susceptible to gentamicin. This outbreak abated spontaneously. In the year
after the change in aminoglycoside usage, the resistance to amikacin of nosocomially acquired gram-negative
infections increased from 7.6 to 27.7% (P < 0.001), and the resistance to gentamicin decreased from 71.2 to
60.2% (P = 0.07). The increase in amikacin resistance of gram-negative bacilli other than Serratia spp. has
persisted for more than a year after the introduction of amikacin as the sole aminoglycoside. The different
effects observed in the two sections of the pediatric department may be related to the more intensive usage of

aminoglycosides in the neonatal unit.

The effect of predominant amikacin usage on susceptibil-
ity of gram-negative bacteria (GNB) to aminoglycosides is
well documented (1, 5-7, 11, 13, 17, 19, 22-24, 28, 30). Those
studies showed that frequent usage of amikacin usually
results in no increase or only a slight increase in resistance to
amikacin and a decrease in resistance to other aminoglyco-
sides. However, in none of those studies were community-
and hospital-acquired infections analyzed separately. Also,
GNB isolated from all sites were included, and except in one
study (6), invasive disease was not separated from coloniza-
tion without invasion. Because all infections were combined,
increases in amikacin resistance of nosocomial infections
may have been “diluted’” by the inclusion of large numbers
of community-acquired isolates. Similarly, combining iso-
lates from all sections of a hospital may mask significant
changes in a specific area.

Further motivation for this study was the lack of informa-
tion on antimicrobial resistance levels in relation to amino-
glycoside usage in developing countries, where overcrowded
hospitals with very high rates of patient turnover are com-
mon.

Because of increasing resistance of GNB to gentamicin,
both the neonatal and general pediatric wards of our hospital
changed to amikacin as the sole aminoglycoside for sus-
pected GNB infections.

The purpose of this study was to record prospectively the
effect of intensive amikacin usage on the aminoglycoside
resistance patterns of invasive hospital-acquired GNB in a
busy pediatric department.

MATERIALS AND METHODS

Patient population. Baragwanath is the major hospital
serving Soweto, South Africa (population of 1 to 2 million).
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More than 20,000 babies are born at the hospital annually,
and a further 12,000 are born in the surrounding clinics. The
neonatal department has 47 intensive care beds (12 with
ventilators) and 100 intermediate care beds and runs at
nearly 100% capacity year-round. Annually, the neonatal
intensive care unit admits 2,000 to 2,100 babies, and the
intermediate care unit admits 2,900 to 3,000 patients. Ap-
proximately 5,000 more babies per year are seen in the
neonatal unit in the maternity wards (low care ward).

The five general pediatric wards (surgery and oncology
excluded) are housed in a different part of the hospital and
annually admit almost 5,000 children <13 years old. There is
only occasional transfer of patients and staff between the
two sections.

Aminoglycoside usage. In the first year of the study period,
gentamicin was the first-line aminoglycoside used in both the
neonatal and general pediatric wards (gentamicin period). At
that time, amikacin was reserved for nosocomial infections
or for community-acquired (or congenitally acquired) infec-
tions resistant to or not responding to gentamicin. Other
aminoglycosides have not been used in either the neonatal or
the general wards. Because of increasing resistance of com-
munity-acquired and congenital GNB to gentamicin, the
neonatal unit (in July 1989) and the general pediatric wards
(in February 1990) introduced amikacin as the sole amino-
glycoside (amikacin period). During this period, gentamicin
was not used in either department. The percent aminoglyco-
side usage during the gentamicin period was calculated from
pharmacy records.

Bacterial isolates and susceptibility. All blood and cerebro-
spinal fluid cultures taken in the pediatric department were
reviewed daily for 12 months before and for 12 and 15
months in the general and neonatal wards, respectively, after
the change in amikacin usage. Nosocomial infections were
defined as those occurring >72 h after admission (or birth in
the case of neonates) and not present on admission or at
birth. Only aerobic GNB (excluding Haemophilus spp.)
obtained from blood or cerebrospinal fluid are reported.
Repeat isolates were not included in the analysis. Antimi-
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TABLE 1. Numbers of total isolates of community- and hospital-acquired GNB and of isolates resistant to
aminoglycosides in general pediatric wards®

No. (%) of isolates

Period and organism Community acquired

Nosocomially acquired

Total Gentamicin Tobramycin Amikacin Total Gent.amicin Tobrfxmycin Ami}cacin
resistant resistant resistant resistant resistant resistant
Gentamicin (Feb. 1989-
Jan. 1990)
Escherichia coli 43 3 3 0 14 1 1 0
Kilebsiella spp. 9 4 4 1 14 9 7 0
Salmonella spp. 23 0 0 0 5 1 0 0
Others 38 6 4 1 13 0 0 0
All GNB 113 13 (11.5) 11 (9.7) 2(1.8) 46 11 (23.9) 8 (17.4) 0 (0)
Amikacin (Feb. 1990-
Jan. 1991)
E. coli 41 0 0 0 8 1 1 0
Klebsiella spp. 25 9 9 1 13 6 5 0
Salmonella spp. 24 1 1 0 6 1 1 0
Others 34 1 1 1 7 1 1 0
All GNB 124 11 (8.9) 11 (8.9) 2 (1.6) 34 9 (26.5) 8 (23.5) 0(0)

2 There were no significant differences when total resistance values for each of the two periods were compared.

crobial susceptibilities were determined by Kirby-Bauer disk
diffusion. Aminoglycoside resistance was confirmed period-
ically on randomly selected isolates by MIC determination
according to National Committee for Clinical Laboratory
Standards criteria (20). Gentamicin, tobramycin, and amika-
cin were the only aminoglycosides used in routine antimi-
crobial susceptibility testing.

Statistical analysis. Data obtained during the gentamicin
period were compared with data from the amikacin period by
the chi-square test with Yates’ correction or Fisher’s exact
test, depending on sample size.

RESULTS

General pediatric wards. Amikacin and gentamicin were
the only two aminoglycosides used, and 29% of children
admitted during the study period received an aminoglyco-
side. Before the introduction of exclusive amikacin usage,
gentamicin accounted for 78% of aminoglycoside usage.
During the amikacin period, gentamicin was not used. The
levels of resistance of GNB to amikacin, tobramycin, and
gentamicin are shown in Table 1. No significant changes
were observed following the change to exclusive amikacin
usage.

Neonatal unit. Before the change to exclusive amikacin
usage, gentamicin accounted for 87% of aminoglycoside
usage. During the study period, 94% of babies admitted to
the intensive care unit, 81% of babies admitted to the high
care area, and 64% of babies admitted to the intermediate
care units received an aminoglycoside. Babies in the low
care wards only rarely received aminoglycosides. The per-
centages of neonates in each ward receiving aminoglyco-
sides in the two periods of this study were similar.

The effect of exclusive amikacin usage on aminoglycoside
resistance patterns is shown in Table 2. The overall amikacin
resistance of nosocomial GNB increased from 7.6 to 27.7%
(P < 0.001), and gentamicin resistance dropped from 71.2 to
60.2% (P = 0.07). Klebsiella spp. were the most frequently
isolated nosocomial GNB (14 isolates from cerebrospinal
fluid). The resistance of Klebsiella spp. to amikacin in-
creased from 1.3 to 26.7% (P < 0.001), with no significant

change in resistance to gentamicin. One amikacin-resistant
Klebsiella isolate was found by DNA probe hybridization to
possess the aminoglycoside 6'-N-acetyltransferase-I [AAC
(6')-I] gene.

In the year preceding the change to amikacin, a Serratia
spp- was isolated only once. Within 3 months of the change,
an outbreak of Serratia spp. occurred, with 25 episodes of
nosocomial septicemia and four cases of meningitis in the
space of 12 months. The evolution of this outbreak is shown
in Fig. 1. Nine Serratia isolates (31%) were susceptible to
gentamicin but resistant to amikacin. No other gentamicin-
susceptible but amikacin-resistant organisms were isolated
in either the neonatal or the general wards at any time during
the study period. Despite an extensive search, no source for
the Serratia outbreak was detected, and it abated with no
specific intervention. The number of Pseudomonas isolates
doubled during the amikacin period, but the resistance of
Pseudomonas spp. to amikacin did not increase.

Amikacin-resistant isolates were also commonly resistant
to broad-spectrum cephalosporins. Of 23 amikacin-resistant
Klebsiella isolates, 20 (87%) were resistant to cefotaxime
and 10 (43%) were resistant to ceftazidime. These multiply
resistant infections were treated with an imipenem-cilastatin
combination. In addition, imipenem was frequently used for
suspected nosocomial infections not responding to amikacin.
Convulsions were not noted with the usage of imipenem in
20 neonates (2 with meningitis).

Mortality rates. The fatality rate (within 1 week of a
positive culture) among neonates infected with amikacin-
resistant organisms (50%) was not significantly different
from that of neonates infected with amikacin-susceptible
organisms (43%, P > 0.1). Similarly, the fatality rate among
bacteremic infants in the amikacin period (41%) was not
statistically different from the rate in the gentamicin period
(52%, P > 0.1).

DISCUSSION

This study differs from previous reports in four respects:
(i) we considered only isolates known to be invasive, (ii) we
separated hospital-acquired from community- or congeni-
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TABLE 2. Numbers of total isolates of congenitally and nosocomially acquired GNB and of isolates
resistant to aminoglycosides in neonatal wards

No. (%) of isolates

Period and organism Congenitally acquired Nosocomially acquired
Total Gent'amicin Tobrgmycin Amikacin Total Gentamicin Tobramycin Amikacin
resistant resistant resistant resistant resistant resistant
Gentamicin (July 1988-
June 1989)
Kilebsiella spp. 12 9 11 0 75 66 50 1
Serratia spp. 0 1 0 1 1
Pseudomonas spp. 0 11 8 10 6
Others 25 3 4 2 31 10 8 1
All GNB 37 12 (32.4) 15 (40.5) 2(5.4) 118 84 (71.2) 69 (58.5) 9 (7.6)
Amikacin (July 1989-
Sept. 1990)
Klebsiella spp. 19 15 16 1 86 67¢ 56 23°
Serratia spp. 0 29 3 29 12
Pseudomonas spp. 0 26 24 24 114
Others 29 9 9 1 51 21 20 7
All GNB 48 24° (50) 25% (52.1) 27 (4.2) 191 1157 (60.2) 129° (67.5)  53° (27.7)

“ Difference was not significant versus value for gentamicin period.
& P < 0.001 versus value for gentamicin period.

tally acquired infections, (iii) we compared the effects of
similar changes in aminoglycoside usage in two sections of
the same department in the same hospital, and (iv) during the
amikacin period, no other aminoglycoside was used. Fur-
thermore, we determined the effect on mortality of changes
in antibiotic susceptibility observed in the neonatal unit.

This study illustrates the differing effects of increased
amikacin usage that have previously been reported (1, 5-7,
9, 11, 13, 17-19, 22-24, 26, 28, 30). In the general pediatric
wards, the exclusive use of amikacin was not associated with
any appreciable change in resistance of nosocomial GNB to
amikacin. Thirteen of 16 previous studies found little or no
increase in amikacin resistance related to extended amikacin
usage.

In contrast, the exclusive usage of amikacin in the neona-
tal unit was associated with a significant increase in resis-

No. Serratia isolates
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FIG. 1. Evolution of a Serratia outbreak in a neonatal unit. [1,
gentamicin and amikacin (AK) susceptible; , gentamicin sus-
ceptible but AK resistant; lll, gentamicin and AK resistant.

tance to this antibiotic, and there was a trend (P = 0.07)
toward lower gentamicin resistance. It should be noted that
amikacin resistance was 7.6% before the start of exclusive
amikacin usage, indicating that resistant organisms were
already present in the hospital environment. An outbreak of
Serratia spp. occurred soon after the change in aminoglyco-
side usage. Many of the isolates of this organism were
resistant to amikacin but susceptible to gentamicin. An
increasing number of mechanisms by which GNB become
resistant to amikacin are being described with the AAC(6")
mechanism being the most common (8, 13). Serratia strains
are known to commonly produce AAC(6') (12, 25). The gene
coding for this enzyme has been shown to be carried on
transposons which may conjugate with multiple plasmids
and thereby be widely disseminated (15, 29). Nontransfer-
able (i.e., chromosomally specified) AAC(6') production by
Serratia strains resulting in amikacin resistance without
concomitant gentamicin resistance has also been reported
(10). Recently, two other aminoglycoside-modifying en-
zymes, 4'-aminoglycoside nucleotidyltransferase and a 3'-
phosphotransferase, have been reported to result in resis-
tance to amikacin without concomitant resistance to
gentamicin (4, 9).

Increased amikacin usage has been reported to result in
increased bacterial production of AAC(6') (13, 21), although
Larson et al. (12) found decreased production of this enzyme
with continued amikacin usage. The mechanism of amikacin
resistance in one Klebsiella isolate from our neonatal unit
was due to AAC(6')-I. The mechanism of amikacin resis-
tance among the Serratia isolates was not determined, but it
is likely that AAC(6') was responsible.

Outbreaks of Serratia marcescens are well documented,
particularly outbreaks in neonatal units (14, 16, 27, 31). One
reported outbreak was caused by netilmicin-resistant S.
marcescens shortly after netilmicin had been introduced as
the primary aminoglycoside (16). Outbreaks of amikacin-
resistant but tobramycin-susceptible Acinetobacter spp.
have also recently been reported (2). Since outbreaks due to
various pathogens have previously occurred in our neonatal
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unit (unpublished data), the Serratia outbreak described
here may be unrelated to the change in aminoglycoside
usage. However, it is likely that amikacin-resistant strains
were selected through antibiotic pressure (15).

Increased resistance to amikacin in the neonatal unit was
also noted in strains of Klebsiella spp., and the overall GNB
resistance to amikacin increased to 27%. This is among the
highest reported amikacin resistance levels for GNB other
than Pseudomonas spp. or Acinetobacter spp. Although the
increased amikacin resistance raised therapeutic dilemmas,
there was no statistically significant increase in mortality
from GNB infection during the amikacin period.

We have previously reported the high level of resistance to
cephalosporins that developed in our neonatal unit (3). The
high proportion of babies receiving antimicrobial agents
(e.g-, 94% receiving aminoglycosides in the neonatal inten-
sive care unit) and the crowded conditions in this unit are
likely to have contributed to the rapid development of high
levels of resistance to various antimicrobial agents.

Resistance to both amikacin and the broad-spectrum ceph-
alosporins necessitated the introduction of a new agent for
the treatment of nosocomial infections resistant to or not
responding to amikacin. Imipenem-cilastatin was the only
agent available at our hospital to which GNB were uniformly
susceptible and is currently the agent of choice for unrespon-
sive nosocomially acquired infections in our neonatal unit.
We will continue to monitor resistance patterns to assess the
effect of this latest change in antimicrobial agent usage.

Data from the general pediatric wards and similar studies
illustrate that increased resistance to amikacin usually does
not develop following its use as a first-line aminoglycoside.
However, an increase in amikacin usage (particularly in
overcrowded conditions) may result in a significant increase
in amikacin resistance of invasive hospital resident bacterial
flora.
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