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Distribution and in vitro antimicrobial susceptibility of
Acinetobacter species on the skin of healthy humans

J. R. PATIL, B. A. CHOPADE

ABSTRACT
Background. Acinetobacter spp. are ubiquitous in the envi-

ronment and have emerged as important nosocomial pathogens.
The distribution of Acinetobacter spp. in some temperate
European countries has been reported. However, similar data
from a tropical country such as India are not available.

Methods. Six body sites (antecubital fossa, axilla, forehead
with hairline, neck, outer surface of nose and toe webs) from men
and women volunteers were sampled with saline-soaked cotton
swabs enriched in Baumann's enrichment medium. The isolates
were identified to the genus level by chromosomal DNA trans-
formation assay and to the species level by a 16-test biochemical
system. The minimum inhibitory concentration for 39 antibio-
tics was determined by the two-fold agar dilution method.

Results. Seven genospecies of Acinetobacter were found at
6 body sites on healthy human skin. Acinetobacter fwofm was the
most dominant comprising 40% of the total number of isolates,
followed by A. junii (35 %) and A. haemofyticus ( 16.5 %). The
antecubital fossa had the highest colonization frequency (48.5%).
The overall positivity rate of samples was higher from women
(26.3%) compared to men volunteers (25%). Only two
Acinetobacter genospecies 1- 3 isolates were isolated while no A.
radioresistens were isolated. Susceptibility testing revealed no
major differences among the 7 Acinetobacter spp. tested. Fluoro-
quinolones were the most active, while low-to-intermediate resis-
tance was exhibited towards ~-Iactams and aminoglycosides.
Acinetobacter spp. isolated from the skin showed susceptibility to
commonly used antibiotics.

Conclusion. Seven Acinetobacter genospecies were isolated
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from 6 different body sites from the skin of healthy human
volunteers. Acinetobacter fwofm was the dominant isolate. The
rate of skin carriage was higher in men than in women and the
maximally colonized site was the antecubital fossa. All the
genospecies displayed susceptibility to most of the commonly
used antimicrobials.
NatI Med J India 2001; 14:204-8

INTRODUCTION
Numerous bacteria are present on the human skin but
Acinetobacter is the only Gram-negative genus. Acinetobacter
spp. can account for up to 30% of bacteria isolated from human
skin.' A few reports have been published regarding the distribu-
tion of various Acinetobacter spp. on the skin of healthy humans
in different climatic regions of the world. While reports describ-
ing the species distribution of Acinetobacter on human skin in
temperate countries (UK and Germany) are available, there is
little or no information from tropical countries.t-' A study carried
out in the UK has reported the occurrence of 8 genospecies of
Acinetobacter' on human skin while the study from Germany
has reported the presence of 7 genospecies.' A study of skin
carriage of Acinetobacter from Hong Kong" reports the occur-
rence of 18genospecies.

The past decade has witnessed the emergence of Acinetobacter
as a potent nosocomial pathogen. Nosocomial infections caused
by Acinetobacter strains are increasing all over the world.>"
Infections caused by Acinetobacter spp. in hospitalized patients
have been reported to occur at practically all sites of the human
body. It has been established that members of the Acinetobacter
calcoaceticus-baumannii complex (Acinetobacter genospecies
1-3 is also referred to as the Acb complex) are the most dominant
in a variety of clinical specimens and are also responsible for the
majority of nosocomial infections. 9.10 A. johnsonii has beenshown
to be associated with catheter-related bacteraemia." Moreover,
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species such as A. lwoffii, A. junii, and A. haemolyticus, A.
genospecies 6,10, 11 and 12 have been recovered from various
clinical samples. 12However, in clinical specimens, isolates other
than A. baumannii are considered to be contaminants from the
environment and hence of little clinical significance.

Acinetobacter has been established as one of the bacteria most
resistant to commonly used antibiotics. This is of particular
concern as it complicates the treatment of patients with nosoco-
mial infections in intensive care units. Plasmids and transposons
play an important role in the drug resistance of Acinetobacter
spp.' Acinetobacter from diverse habitats have been reported to
harbour many natural antibiotic- and metal-resistance plasmids.
Taking into consideration the ecological interconnectivity among
these habitats, the genus as a whole serves as a reservoir of the
drug-resistant gene pool.' The morbidity and mortality due to
infections caused by Acinetobacter strains is increasing in the
Indian subcontinent as well.8,'3

Although Acinetobacter has been known to be a part of the
normal skin flora, its role in human health is unclear. The inter-
actions of Acinetobacter with other skin bacteria have not been
well studied, Interestingly, some species of Acinetobacter are
skin commensals and few are causative agents of severe nosoco-
mial infections, a phenomenon that demands attention. To the
best of our knowledge, there is no published report describing
the antimicrobial susceptibility of commensal Acinetobacter
spp. from healthy human skin. We describe the distribution of
Acinetobacter spp. from healthy human skin in India (tropical
region) and the susceptibility of these to commonly used anti-
biotics.

METHODS
Volunteers
Three hundred and seventy-nine healthy human volunteers com-
prising 167 women and 212 men were sampled during the present
study, All the volunteers were from a non-hospital department of
microbiology, from among university employees and their fami-
lies and the nearby residential complex. The volunteers' age
ranged from 20 to 50 years. Before actual sampling, general and
clinical details of each volunteer were recorded in a standard pre-
designed form and included the name, age, gender, skin type (dry
or moist), use of cosmetics (skin care products, deodorants, etc.),
any underlying skin or other disease, hygienic status, use of any
oral, intravenous or topical antimicrobial for any underlying skin
or other disease, time and processing of sample.

Sample collection
Samples were collected from 6 body sites of volunteers (ante-
cubital fossa, axilla, forehead with hairline, neck, outer surface of
the nose and toe webs), Sterile cotton swabs pre-moistened with
sterile saline (0.85 % aqueous NaCI) were scrubbed vigorously for
1-2 minutes at the skin site. Samples procured in the department
were collected in a laminar flow system while samples outside the
laboratory were collected in the vicinity of a burning stove taking
all precautions to avoid environmental contamination, Samples
collected outside the laboratory were maintained in sterile saline
for a maximum of one hour, transported to the laboratory and
inoculated in the enrichment medium.

The sampling was done from May to June 1997, May to June
1998, and February to June 1999. Meteorological observations
during the sampling period were also recorded. The maximum
temperture ranged from 31.7 °C to 38.98 °C and the minimum
temperature from 12,8 °C to 15 °C with an average duration of

sunshine of 6.43 to 11,12 hours/day. The relative humidity varied
from 44,2% to 74,1 %,

Sixteen volunteers each of both sexes were resampled during
the following winter and summer seasons. All the 6 body sites
were resampled and the swabs processed as already mentioned,

Enrichment and isolation of Acinetobacter spp.
The cotton swabs were immediately inoculated in Baumann's
enrichment medium!' and incubated aerobically at 37 °C at 150
rpm. Samples withdrawn at an interval of 24 hours were serially
diluted in saline. An aliquot of 100 JlIof each dilution was used
to inoculate plates of CLED agar (Hi-Media Laboratories Pvt. Ltd.
Mumbai, India) and Holton's selective medium" (excluding
cefsulodin) for isolation of Acinetobacter spp.

Identification and biotyping of Acinetobacter spp.
Presumptive identification of the isolates was carried out on the
basis of Gram staining, cellular morphology, oxidation-fermenta-
tion test, observation of motility, oxidase test and catalase test. All
the isolates were confirmed to belong to the genus Acinetobacter
by chromosomal DNA transformation assay." Speciation was
performed using the 16-test biochemical system.P-" A.
calcoaceticus ATCC 33305, A. calcoacetics EBF 65/65 C426, A.
calcoaceticus EBF 65/65 C4169,A. calcoaceticus BD4,A. calco-
aceuticus BD413, A. calcoaceticus MTCC 127, A. calcoaceticus
MTCC 1271, A. calcoaceticus MTCC 1425, A. lwoffii MTCC
496, Escherichia coli ATCC 35218, and E. coli ATCC 25922,
E. coli.MTCC 68, E. coli K12 HB101, E. coli K12 DH5a, E. coli
K12 JM103, E. coli K12 DHlOB, Pseudomonas fluorescens
MTCC 740, P. putida MTCC 1313, and Staphylococcus aureus
MTCC 740 were used as controls.

Antibiotic susceptibility testing
The minimum inhibitory concentrations (MIC) to 39 antimicro-
bials were determined by the two-fold agar dilution method using
Mueller-Hinton agar (Hi-Media) as recommended by the Na-
tional Committee for Clinical Laboratory Standards (NCCLS).'9
Breakpoints for sensitivity used were those defined by the NCCLS, 19
The cultures were grown in brain-heart infusion broth (Hi-Media)
and the turbidity was adjusted to match a 0,5 tube ofthe McFarland
turbidity standard to achieve a final concentration of 1x105 to
4x105coiony forming units (CFU) per spot. The plates seeded with
the desired antibiotic concentration were spot inoculated with the
test cultures and incubated for 18 hours at 37 "C. The MIC was
defined as the lowest concentration of the antibiotic that prevented
visible growth. Acinetobacter calcoaceticus ATCC 33305, A.
calcoaceticus EBF 65/65 C426, A. calcoaceticus EBF 65/65
C4169, E. coli ATCC 35218, and E. coli ATCC 25922 served as
controls.

Detection of ~-lactamase
Production of ~-lactamase was detected using the tube iodometric
method." paper-strip method" and qualitative chromogenic cepha-
losporin disks (cefinase plus, Becton Dickinson Microbiology
Systems, Cockeysville, Maryland), The detection of ~-lactamase
using cephalosporin disks was performed as per the manufacturer's
instructions.

RESULTS
Volunteers
All the volunteers were observed to have a clinically healthy skin.
None of them was using any cosmetic and had not taken any
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antimicrobial in the preceding year. All the samples were pro-
cessed within 3 hours by inoculation in the enrichment medium.
The climate in the premises of the volunteers showed no major
changes.

Genospecies distribution
Seventy-three of the 169 volunteers sampled (41 men and 32
women) had Acinetobacter on their skin giving an isolation rate
of 43.2%. The rate of skin carriage of Acinetobacter in men
(48.2%) was higher as compared to that in women (38.1 %).
Volunteers between 20 and 40 years of age carried 92.8% (90 of
97) of the Acinetobacter. The distribution of Acinetobacter spp.
at various body sites is given in Table I. Moist skin samples
yielded 95.8% (93 of 97) of the Acinetobacter spp. The coloniza-
tion frequency of the antecubital fossa was the maximum (38.8%)
in men while in women, the axilla (31.6%) was colonized most
frequently.

Acinetobacter lwoffii was the most abundant isolate (40.2%),
followed by A.junii (35.1 %) and A. haemolyticus (16.5%). Only
two isolates were found to belong to Acinetobacter genospecies
1-3 while A. radioresistens was not isolated. It was observed that
30 men and 22 women volunteers carried only one kind of geno-
species on their skin. Interestingly, 10 men and 8 women volun-
teers carried 2 distinct genospecies whereas only 1 man and 2
women volunteers showed the presence of three different geno-
species on their skin.

Resampling revealed that 75% of the Acinetobacter-positive
men and 62.5% of the women volunteers showed the presence of
Acinetobacterspp. on their skin. The recovery of skinAcinetobacter
spp. during summer and winter displayed minor differences in the
genospecies distribution at the sampled sites. Only 2 men volun-
teers who showed A. lwoffii and A. genospecies 6 on their skin
during summer were observed to lack A. genospecies 6 during
winter. Resampling during the following summer was observed to
yield a similar pattern of genospecies isolation and distribution as
during the winter.

Antimicrobial susceptibility pattern
All the isolates were maximally susceptible to the fluoroquinolones
tested (Table II). A very low degree of resistance to the ~-lactam
group of antibiotics was observed among the isolates. However,
the ~-lactam-~-lactamase combinations used (ampicillin-
sulbactarn, amoxycillin-clavulanic acid, ticarcillin-clavulanic acid)
effectively inhibited all the isolates (MIC90 3.12 and 12.5 ug/ml,
respectively).

In the case of cephalosporins, an intermediate resistance was
detected with a comparatively lower resistance towards cefazolin
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and cefotaxime. Among the arninoglycosides tested, erythromy-
cin showed the strongest inhibition of all the isolates followed by
streptomycin. However, intermediate resistance was observed to
the rest of the aminoglycosides.

Of the other antimicrobials tested, 100% sensitivity was ob-
served to chloramphenicol, doxycycline, tetracycline, rifampicin,
trimethoprim, co-trimoxazole, polymyxin B and vancomycin while
intermediate resistance was observed to metronidazole.

In terms ofMIC90, the most active agents were pefloxacin and
sparfloxacin (MIC90 0.12 ug/ml) followed by norfloxacin (MIC90

0.16 ug/rnl). No correlation between the site of isolation of the
strains and their antimicrobial susceptibility pattern was seen.

In case of ~-lactamase detection, 6 strains showed very weak
activity using the tube iodometric and paper-strip methods but
activity was confirmed using the nictrocefin discs. A colour
reaction was visible within 3-4 hours of incubation for these 6
strains while only 2 hours were required for an intense colour
reaction in the remaining strains.

The recently developed carbapenems such as imipenem and
meropenem were not included in the present study since the
hospitals in the region have not yet introduced these agents into
their routine chemotherapeutic practice. Moreover, these drugs
are not recommended for topical application on wounds.

DISCUSSION
Members of the genus Acinetobacter are ubiquitous in the envi-
ronment and can be found in soil, water, food and sewage. 22.23 They
are also a part of the normal flora of the human skin," which is
inhabited by a variety of microorganisms dominated mainly by
Gram-positive bacteria. 1.25 Acinetobacteris the only Gram-negative
bacterium reported to be a part ofthe normal microflora of human
skin.26•27 It has been observed to be present in 20%-25% of the
human population. 27.28 Members of genusAcinetobacter are mostly
found in moist areas of the skin such as the axilla, toe webs and
groin."

In recent years, Acinetobacter spp. have been recognized to
cause nosocomial infections resistant to commonly used antibio-
tics and hence pose a major obstacle in the chemotherapy of micro-
bial diseases." Acinetobacter spp. are also known to harbour
many naturally occurring antibiotic- and metal-resistance plas-
mids and thus serve as a reservoir of the antibiotic- and metal-
resistance gene pool. 8.30-33

The isolation rate (43.2%) ofAcinetobacter spp. from the human
skin observed by us is in agreement with earlier reports. 2-4 Earlier
studies have also reported a maximum recovery of A. lwoffii from
various body sites.v Only 2 samples belonging to A. genospecies
1-3 were isolated. Thus, the natural reservoir of this nosocomially

TABLE 1. Distribution of Acinetobacter species on the skin of healthy human volunteers

Species Numberofisolates Total
Antecubital Axilla Nose(outer Forehead Toewebs Neck

fossa surface)

A.lwoffii 14 (14/0) 15 (2/13) 3 (112) 3 (1/2) 2 (111) 2 (012) 39 (19/20)
A.junii 22 (12/10) 6 (511) 3 (112) I (011) 2 (111) 0(0/0) 34 (19115)
A. haemolyticus 9 (6/3) 4 (1/3) 2 (2/0) I (011) 0(0/0) 0(0/0) 16 (9/7)
A. johnsonnii 0(0/0) 2 (2/0) 0(0/0) 0(0/0) 0(0/0) 0(0/0) 2 (2/0)
A. genospecies1-3 2 (1/1) 0(0/0) 0(0/0) 0(0/0) 0(010) 0(010) 2 (1/1)
A. genospecies6 0(0/0) 2 (1/1) 0(010) P (010) 0(0/0) 0(0/0) 2 (111)
A. genospecies11 0(0/0) 2 (2/0) 0(0/0) 0(0/0) 0(0/0) 0(0/0) 2 (2/0)

Total 47 (33/14) 31 (13/18) 8 (4/4) 5 (1/4) 4 (2/2) 2 (0/2) 97 (53/44)

Figures in parentheses indicate the number of isolates from men and women volunteers
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TABLEII. In vitro activities of antimicrobial agents against

Acinetobacter species from healthy human skin

Drug MIC % of strains (n= 97)*
range

(ug/ml) Sensitive Intermediate Resistant

Ampicillint 12.5-25 0 99 1
Ampicillin! 3.1-6.2 100 0 0
sulbactam
Amoxycillint 12.5-25 95.9 4.1 0
Amoxycillinl 3.1-6.2 100 0 0
clavu1anicacid+
Cloxacillin+ 12.5-25 95.9 4.1 0
Penicillin Gt 25-50 0 97.1 2.9
Piperacillin 12.5-50 0 97.1 2.9
Ticarcillin 12.5-50 100 0 0
Ticarcillin! 6.12-12.5 100 0 0
c1avu1anicacid

Cefazolint 12.5-25 0 96.9 3.1
Cefotaxime 12.5-25 0 96.9 3.1
Ceftazidime 6.2-12.5 0 97.1 2.9
Ceftriaxone 12.5-25 0 97.1 2.9
Cefuroximej 12.5-25 0 99 1
Amikacin 25-50 0 94.8 5.2
Erythromycin+ 12.5-25 94.8 5.2 0
Gentamicin 12.5-50' 4.1 95.9 0
Kanamycint 25-50 0 94.8 5.2
Neomycin] 12.5-50 0 96.9 3.1
Netilmicin 12.5-50 0 94.8 5.2
Streptomycint 25-50 0 92.8 7.2
Tobramycin 12.5-50 0 94.8 5.2
Ciprofloxacin 0.39-0.78 100 0 0
Levofloxacin 0.5-1 100 0 0
Lomefloxacin 0.5-1 100 0 0
Nalidixic acid+ 6.25-12.5 100 0 0
Norfloxacin 0.08-0.16 100 0 0
Ofloxacin 0.25-1 100 0 0
Pefloxacinj 0.06-0.24 100 0 0
Sparfloxacint 0.1-0.2 100 0 0
Chloramphenico1t 25-50 100 0 0
Doxycycline 6.2-12.5 100 0 0
Tetracycline 6.25-12.5 100 0 0
Metronidazole+ 6.25-50 0 94.8 5.2
Rifampicint 8-16 100 0 0
Trimethoprimt 6.25-50 99 0 1
Trimethoprim- 3/57-61114 97.9 2.1 0
sulphamethoxazo1e
PolymyxinBt 6.25-12.5 100 0 0
Vancomycin+ 6.2-12.5 100 0 0
• these 97 strains consisted of39 A. lwoffii, 34 A.junii, 16A. haemolyticus, and 2
each of A. genospecies 1-3,6, and II t breakpoints for these antimicrobials are
not available from NCCLS, 1999 MIC minimum inhibitory concentration

important species remains to be established. However, the obser-
vations are in agreementwith the fact that nosocomially important
Acinetobacter spp. such as A. baumannii are rarely found on
healthy human skin." Also, we did not isolate A. radioresistens
from any of the samples. Similar findings have been reported in the
German study! whereas the Hong Kong and London studies report
2.5% and 8%, respecti vely of the isolates to be A. radioresistens. 2.4

Resampling of the volunteers earlier found to be Acinetobacter
positive and negative revealed that Acinetobacter constituted a
part of the resident microflora of their skin and could be obtained
upon repeated specimen collection. Sampling during summer was

found to be more favourable than during winter probably due to a
higher degree of perspiration.

The standards recommended by NCCLS were referred to for
interpretation of the susceptibility data. However, to the best of our
knowledge, no such standard is available for the Indian subconti-
nent. Antimicrobial susceptibility testing revealed minor differ-
ences at the species level. A low degree of resistance to ~-lactam
antibiotics is also evident from the ability of these strains to grow
on Holton's medium (containing 0.016 g/L ampicillin) during
isolation. Members of the genus Acinetobacter have been shown
to be resistant to ~-lactams and aminoglycosides=" and thought
to be a reservoir of antibiotic resistance genes in the hospital
environment." However, the ~-lactam resistance and the ~-
lactamase activity displayed by Acinetobacter isolated from the
skin has been very low and hence believed to be of less clinical
importance. In the remaining group of antibiotics tested, a trend of
high to intermediate sensitivity was observed. This finding is
important because none of the volunteers sampled had received
any antimicrobial therapy for a considerable period of time.

A high degree of resistance to ~-lactams and aminoglycosides
has been reported, with almost 100% resistance in environmental
isolates and a comparatively lower resistance in clinical iso-
lates.8.13.30.31Fluoroquionolones were not tested in earlier studies
since these agents had not been introduced into therapeutic prac-
tice at that time. In view of the same geographical location and
microbiological techniques of the present and earlier studies, the
overall response of Acinetobacter spp. to various antimicrobials
is similar, irrespective of their origin. However, as expected, the
Acinetobacter strains isolated from the skin exhibited a pattern of
higher susceptibility to the antibiotics tested as compared to the
clinical and environmental strains. Moreover, a correlation bet-
ween metal and antibiotic resistance has been established among
the clinical and environmental strains.30.31.37.38The strains isolated
from the skin included in the present study also showed a high
degree of metal resistance (data not shown). This finding is of
importance in view of the frequent use of various metal salts in the
manufacture of a number of cosmetics and skin care products."

The literature published so far on Acinetobacter spp. from
human skin dealt with strains from the skin of patients hospital-
ized for the treatment of an underlying disease" and/or the
laboratory stafU·34 These two populations were observed to have
clinically healthy skin. However, the stay of volunteers (patients
and laboratory staff) in a hospital environment makes them
distinct from community volunteers sampled by us, as the prob-
ability of skin colonization with nosocomial Acinetobacter stains
in the former case is high. The report from Hong Kong" describing
skin carriage of Acinetobacter spp. had volunteers working under
controlled temperature and humidity whereas in our study the
alteration in temperature and humidity during sampling periods
showed differences in the Acinetobacter spp. isolated. The occur-
rence of multiple genospecies in the same volunteer or the same
genospecies in different volunteers was observed in our study as
well as in the report from Hong Kong." This distribution pattern
can be attributed to cross-transmission of strains among volun-
teers.

The study of Acinetobacter spp. isolated from the skin may
provide a model system for investigation into the evolution of
antibiotic resistance in skin commensal microorganisms. The
conclusions arrived at in the present study will help us plan and
implement better means of controlling infections caused by
Acinetobacter spp. in this part of the developing world. In view of
the growing number of cases of infections caused by Acinetobacter
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in India and worldwide, our findings could form the baseline for
investigations into the evolution of antibiotic resistance among
skin commensal bacteria in general and specifically among the
members of the genus Acinetobacter.
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