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Introduction

Hospitals are high-risk environments in which in-patients
often succumb to infection within 48–72 hours of admission.
Such infections are termed nosocomial.1 Organisms
associated with nosocomial infection in hospitals originate
from human carriers, tap water and equipment used in the
hospital.2–4

Person-to-person contact among medical staff and
between medical staff and patients appears to be the most
common route of transmission of methicillin-resistant
Staphylococcus aureus (MRSA) and coagulase-negative,
methicillin-resistant staphylococci.5 Tautman et al.3 suggests
hospital water to be the most common source of nosocomial
infections due to Pseudomonas aeruginosa, Serratia marcescens
and Acinetobacter anitratus. Simor et al.6 found P. aeruginosa to
be abundant in hospital sinks, basins and baths, while
Anaissie2 attributed over 1400 deaths that occurred each year
in the USA to nosocomial infection caused by P. aeruginosa.
These deaths were associated with contamination of
bedpans, drinking water, respiratory equipment, showers
and poor hand washing procedures by hospital staff and
patients. 

Some workers have found that most stethoscopes used by
doctors are contaminated by Staphylococcus aureus,
coagulase-negative staphylococci and in some cases by
Bacillus, Candida and Aspergillus species.7 Gloves have been
found to be reservoirs for Acinetobacter anitratus, while 75%
of nosocomial infections occur in surgical patients and are
due to endogenous flora.4,8

The present study aims to determine what items present
on some wards at Sultan Qaboos University Hospital
(SQUH) serve as receptacles for bacteria associated with
nosocomial infection, the extent to which some items
introduced onto the wards from outside harbour bacteria
associated with nosocomial infections, and the antibiotic
sensitivity pattern of the organisms isolated.

It is hoped that the information obtained will gauge the
magnitude of the problem and thus contribute to
improvements in infection control processes in the hospital.

Materials and methods

Children’s, female medical and gynaecology wards at SQUH
were selected for investigation and items sampled on the
wards included children’s toys, sinks, door handles,
telephone handsets and flowers brought in by visitors. 

Swabbing of items and media inoculation
Each object was swabbed with a sterile swab moistened with
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sterile physiological saline. Swabs were broken into
trypticase soy broth and incubated for 6 h at 37˚C.
Thereafter, each was plated on blood agar (BA; Oxoid, UK),
cysteine lactose electrolyte-deficient (CLED; Oxoid) and
mannitol salt agar (MSA; Oxoid). Plates were incubated for
48 h at 37˚C, while trypticase soy broth was re-incubated 
for a further 18 h and subsequent growth cultured on BA,
MSA and CLED media. Growth was identified using

appropriate bacteriological procedures9 and API 20 systems
(bioMérieux, France). 

Sensitivity determination
Each isolate, grown overnight in brain heart infusion, was
standardised to contain 1 x 104 colony-forming units
(CFUs)/mL for Gram-negative rods and 1 x 105 CFUs/mL for
Gram-positive cocci using McFarland's Standard Opacity
Tube 0.5.9 The sensitivity pattern of each standardised isolate
was then determined on diagnostic sensitivity test agar
(DST; Oxoid) using Stokes’ method10 and appropriate
antibiotics and control organisms (S. aureus NCTC 6571 for
staphylococcal isolates, Escherichia coli NCTC 10418 and
Pseudomonas aeruginosa NCTC 10662 for enterobacteria and
oxidase-positive isolates, respectively).9

Results

Table 1 shows the types of bacteria isolated from different
objects on the three wards, while Table 2 shows the
percentage distribution of each isolate. Pseudomonas
aeruginosa (n=14, 23.0%) was the most common organism,
followed by Acinetobacter spp. (n=13, 21.3%), S. epidermidis
(n=9, 14.7%), Serratia marcescens (n=4, 6.5%), Staphylococcus
aureus (n=4, 6.6%), Stenotrophomonas maltophilia (n=4, 6.6%),
Enterobacter cloacae (n=3, 4.9%), Serratia plymuthica,
S. liquefaciens and Pantoea agglomerans (n=2 [3.3%],
respectively), and one each of S. rubidea, Klebsiella
pneumoniae, Chryseobacterium meningosepticum and 
C. indologenes (1.6%). 

The resistant pattern of the isolates is presented in Table 3.
Besides Acinetobacter spp., which showed 10 (77%) isolates
resistant to ampicillin, all the other enterobacterial isolates
were resistant to this antibiotic. However, Enterobacter spp.
were resistant to gentamicin, ceforuxime and co-trimoxazole
while Klebsiella spp. were resistant only to gentamicin. 

Although Pseudomonas aeruginosa showed varying
resistance to amikacin, imipenem and gentamicin, all the
Chryseobacterium and Stenotrophomonas species isolates were
resistant to the antibiotics. In contrast, all the
Stenotrophomonas species isolates were sensitive to 
co-trimoxazole (not shown in the table).

Bacteria on hospital wards in Oman

Ward Object Samples Bacteria isolated No. of 
isolates

CH4 Toys 34 P. aeruginosa 2

S. epidermidis 4

Acinetobacter spp. 5

S. plymuthica 2

S. rubidaea 1

S. maltophilia 2

P. agglomerans 2

Sinks 4 P. aeruginosa 3

S. liquefaciens 1

Door handles 10 P. aeruginosa 4

Acinetobacter spp. 2

Telephones 2 S. aureus 1

GYNI Flowers 10 P. aeruginosa 2

S. epidermidis 1

Acinetobacter spp. 3

K. pneumoniae 1

Sinks 6 P. aeruginosa 1

Acinetobacter sp. 1

S. marcescens 1

S. liquefaciens 1

C. meningosepticum 1

C. indologenes 1

Door handles 6 S. aureus 1

Acinetobacter spp. 2

S. maltophilia 1

Telephones 5 S. aureus 1

S. marcescens 1

S. maltophilia 1

FMW1 Flowers 4 P. aeruginosa 1

S. epidermidis 1

E. cloacae 2

Sinks 5 P. aeruginosa 1

S. marcescens 2

Door handles 6 S. epidermidis 3

Telephones 8 S. aureus 1

E. cloacae 1

Total 100 61

CH4: Children’s Ward 4, 
GYN1: Gynaecological Neonatal Ward 1, 
FMW1: Female Medical Ward 1.

Table 1. Types of objects sampled from each ward and bacteria isolated.

Ward CH4 GYN1 FWM1 Total

28 21 12 61

P. aeruginosa 9 3 2 14 (23.0)

Acinetobacter species 7 6 0 13 (21.3)

S. aureus 1 2 1 4 (6.6)

S. epidermidis 4 1 4 9 (14.7)

Serratia species 4 3 2 9 (14.7)

Pantoea species 2 0 0 2 (3.3)

S. maltophilia 2 2 0 4 (6.6)

E. cloacae 0 0 3 3 (4.9)

K. pneumoniae 0 1 0 1 (1.6)

Chryseobacterium species 0 2 0 2 (3.3)

Table 2. Percentage ( ) distribution of isolates according to ward.



Organisms Total isolates Antibiotic resistant patterns

AK IMI PIP CAZ CN CIP

P. aeruginosa 14 3 (21) 2 (14) 1 (7) 3 (21) 4 (27) 2 (14)

Chryseobacterium spp. 2 2 (100) 2 (100) 2 (Nil) 2 (100) 2 (100) 2 (Nil)

Stenotrophomonas spp. 4 4 (100) 4 (100) 4 (100) 1 (25) 4 (100) 4 (Nil)

CN CRO CXM AMP SXT CTX

Acinetobacter spp. 13 3 (23) 3 (23) 7 (54) 10 (77) 3 (23) 4 (31)

Serratia spp. 9 2 (22) 2 (22) 7 (77) 9 (100) 3 (33) 2 (22)

Enterobacter spp. 3 3 (100) 2 (67) 3 (100) 3 (100) 3 (100) 2 (67)

Klebsiella sp. 1 1 (100) 1 (Nil) 1 (Nil) 1 (100) 1 (Nil) 1 (Nil)

Pantoea spp. 2 1 (50) 2 (100) 1 (50) 2 (100) 2 (Nil) 2 (100)

MET SXT CN FD P E

S. aureus 4 4 (Nil) 1 (25) 2 (50) 4 (Nil) 3 (75) 2 (50) 

Nil: no resistance (sensitive), AK: amikacin, AMP: ampicillin, CAZ: ceftazidime, CIP: ciprofloxacin, CRO: ceftriaxone, 
CN: gentamicin, CTX: cefotaxime, CXM: cefuroxime, E: erythromycin, FD: fusidic acid, IMI: imipenem, MET: methicillin, 
P: penicillin, PIP: piperacillin, SXT: co-trimoxazole.

Table 3. Antibiotic resistant patterns (%).

Discussion

Many types of bacteria and fungi are associated with
nosocomial infections.7,11 The sources of these organisms in
most cases originate from objects found in the hospital
environment.2,3,6,7,12 Trautman et al.3 found contaminated tap
water to be a reservoir of nosocomial pathogens as 
P. aeruginosa, S. maltophilia and other bacteria of faecal and
plant origin were present.

In the present study, P. aeruginosa was more prevalent than
other organisms and was found mostly on toys and on the
sinks used by hospital staff and patients (Tables 1 and 2). 
The presence of P. aeruginosa on objects used regularly by
children is not encouraging, as this organism is a highly
opportunistic pathogen associated with infant pneumonia
and bacteraemia.2,11 Although sinks and toys are disinfected
from time to time, P. aeruginosa is known to withstand the
sterilising effect of disinfectants.13 The toys were disinfected
after the children had used them and swab samples were
taken as the children were playing with them. Thus, it is
likely that the organism was not killed by the disinfectant
used or that the toys were recontaminated by the children or
by the receptacles used to store the toys after disinfection. 

Anaissie et al.2 found that infection control measures alone,
even though very important in the hospital, were
insufficient to prevent nosocomial infections due to
pseudomonads and other waterborne pathogens. Therefore,
they recommended heightened surveillance for organisms
associated with nosocomial infections.

In addition to the presence of waterborne microbial
pathogens on the toys, bacteria of faecal origin (e.g., Serratia
and Acinetobacter species) were also present, which suggests
inadequate hand washing by the medical staff or by the
children who use them or by the parents who assist their
children when playing with the toys.

Pantoea agglomerans, although an opportunistic pathogen,
is primarily of plant origin but can be found in the saliva of
alligators and occasionally in the faeces of humans.14 The
organism is associated with bacteraemia, endocarditis and

wound infections.14,15 Its presence on toys indicates that some
organisms are brought in from the community to the
hospital environment.

The presence of Chryseobacterium meningosepticum and 
C. indologenes on the surface of sinks suggests that cleaning
and disinfection of sinks after use is not effective, that the
tap water used in the hospital may not be effectively
chlorinated or filtered or that there are leaks in the water
distribution system. Anassie et al.2 recommended the use 
of hot water for rinsing most hospital equipment after
cleaning.

The spread of Serratia marcescens in some hospitals was
traced to contaminated washing solutions. Bosi et al.16 found
S. marcescens on surfaces where chlorhexidine disinfectant
was used for cleaning sinks. As sinks are used for cleaning or
rinsing dirty articles, such articles can be re-contaminated by
the sinks.

All the bacteria isolated in this investigation are known to
survive on wet surfaces for a very long time and this may
explain their occurrence in such areas as sinks, door handles,
toys and telephone hand sets.9,17 Chryseobacterium spp. were
associated with neonatal and non-neonatal septicaemia and
meningitis.18–20

In this study, it was observed that flowers that visitors to
the hospital brought in harbour Acinetobacter, Klebsiella and
Enterobacter species in addition to Pseudomonas aeruginosa
(Table 1). The sources of contamination may be due to the
water used for watering them during culture or for keeping
them alive during their stay with the patient. It is likely that
such items can serve as reservoirs from which to
contaminate the wards.

The resistant pattern of the isolates in this study conforms
to the antibiotic pattern of the clinical isolates in the hospital,
which has suffered no major outbreak of nosocomial
infection. The Pseudomonas spp. isolates contained only two
strains that were resistant to imipenem and ciprofloxacin.
These two strains may have been hospital-acquired,
although no further investigation was conducted. 

Studies have shown that Stenotrophomonas spp. are strong
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β-lactamase producers.9,17 This is confirmed by the findings
of the present study, as the organism was resistant to
imipenem and piperacillin. Other Gram-negative rod
isolates showed variable resistance to gentamicin,
ceftriaxone, cefuroxime, co-trimoxazole and cefotaxime
(Table 3). However, the highest resistance was noted with
ampicillin, while three strains of Acinetobacter spp. and one
strain of Pantoea sp. were sensitive to this antibiotic. 

Husni et al.21 found Acinetobacter spp. involved in
nosocomial infection to be multidrug resistant. This is in
contrast to the three Acinetobacter spp. encountered in the
present study. Staphylococcus spp. contained no methicillin-
resistant strains, suggesting that they were not hospital-
acquired strains, which are usually resistant to methicillin
(Table 3);9,17 however, more work is necessary to confirm this
observation.

Pen-Yi et al.18 and Bloch et al.19 found isolates of
Chryseobacterium spp. to be sensitive to ciprofloxacin but
resistant to most β-lactamase inhibitors including imipenem.
The present study demonstrates isolates to be sensitive to
piperacillin and ciprofloxacin but resistant to imipenem,
ceftazidime, gentamicin and amikacin.

Conclusions

This study demonstrates that children’s toys, hospital sinks,
telephone hand sets, door handles and flowers brought from
outside serve as reservoirs for some bacteria found on
hospital wards. Some of these organisms (e.g., Pseudomonas,
Stenotrophomonas and Chryseobacterium species) are known to
be waterborne pathogens. Organisms of faecal/plant origin
(e.g., Acinetobacter, Klebsiella, Staphylococcus, Enterobacter,
Serratia and Pantoea species) were also isolated. 

Organisms such as Pantoea, Chryseobacterium and
Stenotrophomonas species are emerging opportunistic
pathogens that should not be found readily on wards
because they are strong β-lactamase producers and the
drugs for their treatment are usually costly. In addition to
Stenotrophomonas and Chryseobacterium species, which show
multiple resistance to some antibiotics, other strains
encountered in this study show varying resistances to the
antibiotics used in their antibiograms. 

It is strongly recommended that effective control
measures be implemented to check the spread of some of the
organisms by sampling the hospital water supply,
disinfecting children’s toys thoroughly, appropriate hand
washing and checking some of the washing solutions for 
the presence of organisms associated with nosocomial
infection. 5

The authors are grateful to Mrs Ruwayla Al Ghassany, infection
control nurse at Sultan Qaboos University Hospital, for her
guidance on the collection of specimens. Thanks are also due to staff
of the Department of Microbiology and Immunology for providing
the media and antibiotics used in the investigation.
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