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Bacterial contamination of intensive care unit surfaces is of clinical concern because it is one of the major risk factors of inten-
sive care unit-acquired infections and centre point of multidrug resistant (MDR) pathogens. This study aimed to determine the 
distribution of bacteria isolated from the hands of health care workers (HCWs) and inanimate surfaces in the neonatal inten-
sive care unit (NICU) at the Windhoek Central Hospital. A cross-sectional, descriptive study carried out in NICU from Septem-
ber 2018 to October 2018 at the Windhoek Central Hospital in Windhoek. This study entailed the collection of 34 swab sam-
ples from high-contact environmental surfaces, as well as 2 swab samples from the hands of HCWs in NICU. Overall out of the 
surfaces swabbed, 52.8% yielded positive bacterial growth and 48.2% of the surfaces had no bacterial growth after 48 hours 
of incubation. Five different pathogens were identified, S. aureus, CoNS, Enterobacter species, Pseudomonas aeroginosa and 
Acinetobacter species respectively. CoNS accounted for majority of the bacterial pathogens isolated 70%, followed by Entero-
bacter species. The antimicrobial susceptibility pattern of clinically relevant pathogens tested showed similar patterns, with 
high resistant level to penicillin and cepholosporins. In the light of this, there is need therefore for thorough disinfection and 
conscientious contact control procedures to minimize the spread of these pathogens in the neonatal intensive care unit, 
where interaction between patients, HCWs, parents and caregivers is very common and frequent. 
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La contamination bactérienne des surfaces des unités de soins intensifs est une préoccupation clinique car c’est l’un des prin-
cipaux facteurs de risque d’infections acquises en unité de soins intensifs et le point central des agents pathogènes multirésis-
tants au trématent médicaux. Cette étude visait à déterminer la distribution des bactéries isolées des mains des travailleurs de 
la santé et des surfaces inanimées au sein l'unité de soins intensifs néonatals (USIN) de l'hôpital central de Windhoek. C’est 
une étude descriptive transversale réalisée à l'USIN de septembre 2018 à octobre 2018 à l'hôpital central de Windhoek. Cette 
étude a impliqué la collecte de 34 échantillons prélevés sur des surfaces exposées à l’environnement, ainsi que de 2 échantil-
lons prélevés sur les mains des travailleurs de la santé de l'USIN. Sur l'ensemble des surfaces nettoyées, 52,8% ont donné une 
croissance bactérienne positive et 48,2% des surfaces n'avaient aucune croissance bactérienne après 48 heures d'incubation. 
Cinq agents pathogènes différents ont été identifiés, S. aureus, CoNS, les espèces Enterobacter, Pseudomonas aeroginosa et 
Acinetobacter, respectivement. Le CoNS représentait la majorité des agents pathogènes bactériens isolés à 70%, suivis de l'es-
pèce Enterobacter. Le profil de sensibilité aux antimicrobiens des agents pathogènes cliniquement pertinents testés a montré 
des profils similaires, avec un niveau de résistance élevé à la pénicilline et aux céphalosporines. Il est donc nécessaire de pro-
céder à une désinfection minutieuse et à des procédures de contrôle des contacts consciencieuses afin de minimiser la propa-
gation de ces agents pathogènes dans les unités de soins intensifs néonatals, où les interactions entre patients, agents de san-
té, parents et responsables de soins sont très fréquentes et fréquentes. 

Mots-clés: infection nosocomiale, surfaces inanimées, résistance aux antibiotiques; unités de soins intensifs; multi-résistance 
aux médicaments  
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Introduction 

Each year 3.6 million infants are estimated to die 
in the first four (04) weeks of life (neonatal peri-
od) but the majority of the neonates continue to 
die at home and are uncounted. There are three 
major causes of neonatal death, mainly infec-
tions, complications of preterm birth, and intra-
partum-related neonatal deaths (birth asphyxia) 
and they account for approximately more than 
80% of all neonatal deaths globally (Lawn et al. 
2010).  
Healthcare-associated infection (HAI) is a serious 
problem in neonates who are admitted to the 
neonatal intensive care unit (NICU). The HAI is 
associated with increases in mortality, morbidi-
ty, and prolonged length of hospital stay 
(Krawczenko  et al. 2012). A Healthcare-

associated infection is defined as an infection 
not present or incubating at the time of admis-
sion, with onset after 48 hours of stay. Noso-
comial infections are usually a result of patho-
gens that are resistant to the first-line of antibi-
otics (Urzedo et al. 2014). 
New-borns admitted to intensive care units 
(ICUs) are at high risk for developing nosocomial 
infections (NIs) because of the severity of their 
illness and exposure to invasive medical devices 
such as mechanical ventilators and central ve-
nous catheters (CVCs) and resistant microorgan-
isms (Urzedo et al. 2014). According to 
Dramowski et al. (2017) hospitalized neonates 
are considered a vulnerable population due to 
their immature immune systems and frequent 
infectious disease exposures through contact 
with healthcare staff, parents, other patients, 
equipment, and the hospital environment 
(Dramowski et al. 2017).  
The epidemiology and incidence of infections 
varies widely among NICUs (7-25.5%), depend-
ing on environmental factors and differences in 
clinical practice. According to Brito et al. (2010) 
bloodstream infections (BSI) are the most fre-
quent neonatal infection in the NICU (45-55%), 
followed by respiratory infections (16-30%) and 
urinary tract infections (8-18%) (Brito et al 
2010). It was stated that low gestational age and 
birth weight are the two most frequently identi-

fied individual risks for NIs. The pattern of organ-
isms causing infections differs from place to 
place and over a period of time. Additionally, the 
emergence of resistant organisms to antimicro-
bial agents has become a major health threat 
worldwide (Ingale et al. 2017). 
According to a study conducted by Gray and 
Omar (2013) the incidence and causes of infec-
tions varies widely among NICUs. However, the 
incidence of infection is higher in developing 
countries, where Gram-negative bacteria are 
usually reported to be the predominant patho-
gens (Gray and Omar, 2013). 
According to studies done by Shah et al. (2013) 
and Mehar et al. (2013) in India as cited by In-
gale et al (2017), the rate of infections in NICU is 
21.2% and 50.9% respectively. In the United 
States the frequency of infection in NICU ranges 
from 3-6% and from 8-10% in Europe, these 
differences could be due to different population 
characteristics and varying predisposing factors 
(Ingale et al. 2017). 
Intensive care unit acquired infections are a 
challenging health problem globally and they are 
also a major cause of mortality and morbidity 
worldwide. Contamination of inanimate surfaces 
(telephones, keyboard, medical charts, and 
stethoscopes) and cross-contamination in ICU 
has been identified as the major cause of out-
breaks. Contamination within the ICU may occur 
either by the transfer of microorganisms con-
taminating the health-care worker’s hands or 
direct patient shedding of microorganisms in the 
vicinity of a patient‘s bed (Russoto et al. 2015). It 
has been demonstrated that the increased inci-
dences of HAIs are related to cross-infections 
from patient to patient or hospital staff to pa-
tient, poor infection control practices and to the 
presence of pathogenic microorganisms that are 
selected and maintained within the hospital en-
vironment (Abreu et al. 2013). 
According to a study done by Sales et al. (2014) 
there is a relationship between the presence of 
resistant pathogens on hospital surfaces and 
equipment and the frequency with which they 
are cleaned, how they are cleaned, the proper 
use of disinfectants and the proper disinfecting 
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Both Gram-negative and gram-positive bacte-
ria have been isolated from inanimate surfaces 
and are able to survive up to months on dry 
surfaces, with longer persistence seen under 
humid and lower temperature conditions. 
Many factors influence and affect rate of con-
tamination and cross-contamination in the ICU 
This include type of organisms, source and des-
tination surfaces, humidity level, and size of 
inoculum. Other factors that play a role include 
hand hygiene compliance, number of nurse-

staffing levels, number of colonized or infected 
patients and ICU structural features (Russoto 
et al. 2015). This study aimed to determine the 
distribution of bacteria isolated from the hands 
of health care workers (HCWs) and inanimate 
surfaces in the neonatal intensive care unit 
(NICU) at the Windhoek Central Hospital. 
 

 

Materials and Methods 

 

Study design  
This study was a cross-sectional, descriptive study car-
ried out in a neonatal intensive care unit (NICU) in Octo-
ber 2018 at a referral government hospital (Windhoek 
Central Hospital) in Windhoek, Namibia. This study en-
tailed the collection of 34 swab samples from high-

contact environmental surfaces, as well as 2 swab 
samples from the hands of HCWs in NICU. Positive and 
negative controls were run during the processing of 
samples to ensure validity. The study only focused on 
selected bacteria that were isolated and identified. 
Other organisms such as parasites, viruses and fungi 
were excluded from this study. The permission to carry 
out the study was granted by the Department of Medi-
cal Laboratory Sciences, Namibia University of Science, 
and Technology (NUST); the Ministry of Health and So-
cial Services (MoHSS) clearance number SS 2018 was 
granted by the Ministry of Health and Social Services 
(MoHSS). Staff members and patient names were not 
used in this study. 
 

Sampling and data collection technique 

In this study convenience sampling method was used, 
whereby only identified inanimate objects/surfaces wi-
thin the neonatal intensive care unit at the Windhoek 
Central Hospital were considered. 
 

Inclusion criteria and exclusion criteria 

Inclusion criteria: The study only focused on selected 
inanimate surfaces that were identified and sampled 

within the neonatal intensive care unit. The study fo-
cused on selected bacteria that were isolated and identi-
fied.  
Exclusion criteria: unselected surfaces were not sampled 
and other organisms such as parasites, viruses and fungi 
were excluded from this study. 
 

Laboratory analysis 

Each swab was well labeled and transported in a tube 
provided by the manufacturer containing SRK solution. 
Swabs were transported to the laboratory within 1 hour 
of sample collection in a cooler box (1-4°C). Upon arrival 
to the laboratory, the swabs directly inoculated onto 5% 
horse blood agar and MacConkey agar plate and incu-
bated at 37°C for 24 hours. Discrete colonies after 24 
hours of incubation were further sub-cultured onto 
fresh prepared plates of blood and MacConkey agar 
plates to obtain pure cultures. The purified cultures 
were Gram stained and biochemical tests were done for 
identification. Analytical profile Index (API) 20E was used 
for the identification of Gram negative bacterial isolates. 
For this purpose, a Pasteur pipette was used to inoculate 
the API strips with the suspensions of the organisms, the 
tubes on the strip were inoculated as per manufac-
turer’s instructions. Whereby some tests both the tube 
and the cupule were filled with the suspension, for some 
only the tube was filled with the suspension and to 
others paraffin was added to the cupule to create an 
anaerobic environment. The Strip were incubated aero-
bically for 24 hours at 37°C, after the incubation period 
interpretation of the reactions was done by adding 
reagents to the respective tubes, hence the organisms 
were identified based on their reaction with the various 
substrates. 
 

Antimicrobial susceptibility of the isolated bacteria 

Antimicrobial susceptibility of the bacterial strains was 
tested using the Kirby-Bauer disk diffusion method on 
the Mueller-Hilton agar (MH) according to the Clinical 
Laboratory Standard Institute guidelines. Suspensions of  
the tested organism were prepared by picking well iso-
lated pure colonies of the organism with a sterile cotton 
swab. The colonies were emulsified in a sterile normal 
saline solution to give a density equivalent to that of 0.5 
McFarland standards. A sterile cotton swab was then 
dipped in the suspension and excess moisture in the 
swab head squeezed out on the inside of the tube. The 
entire surface of the MHA plate was swabbed with the 
test organism suspension, turning the plate 360 degrees 
and repeating the process three times. The antimicrobial 
disks were placed on the surface of the agar and gently 
pressed down with sterile forceps.  
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The plates were then incubated at 37oC for 24 hours ae-
robically within 30 minutes of applying the disks. After 
the incubation period, the zones of inhibition were mea-
sured with the aid of a Vernier caliper and the tested iso-
lates were classified as either “resistant”, “intermediate” 
or “sensitive” to the respective drugs. Gram-positive iso-
lates were tested against erythromycin (15 μg), clindamy-
cin (2 μg), gentamycin (10 μg), ciprofloxacin (5 μg), ce-
foxitin (30 μg), penicillin (10 μg), tetracycline (30 μg) and 
novobiocin (30 μg), as for Gram-negative isolates they 
were tested against augmentin (10 μg), amikacin (30 μg), 
ceftriaxone (30 μg), ceftazidime (30 μg), cefuroxime (30 
μg), cefepime (30 μg), ampicillin (10 μg), piperacillin-

tazobactam (10 μg), meropenem (10 μg), imipenem (10 
μg) and ertapenem (10 μg) respectively. 
 

 

RESULTS 

A total of 36 inanimate surfaces were pre iden-
tified based on their location and degree of 
usage and these surfaces were swabbed using 
the swabbing method to determine the diversi-
ty of bacterial species colonizing the ICU envi-
ronments and HCWs’ hands. Overall out of the 
36 surfaces swabbed, 19 (52.8%) yielded posi-
tive bacterial growth and 17 (48.2%) of the sur-
faces had no bacterial growth after 48 hours of 
incubation. Five different pathogens were iden-

tified, S. aureus, CoNS, Enterobacter species, 
Pseudomonas aeroginosa and Acinetobacter 
species respectively. CoNS (S. epidermidis and S. 
saprophyticus) as presented in (Table 1) ac-
counted for majority of the bacterial pathogens 
identified 14 (70%), while other pathogens are 
as follow S. aureus 1 (5%), Enterobacter species 
3 (15%), Pseudomonas aeroginosa 1 (5%) and 
Acinetobacter species 1 (5%) respectively. From 
this study as presented in (Table 2) majority of 
the organisms were isolated from door handles 
(35%), feeding bottle holder (10%), wash basins 
(10%), bed linen (5%), bed trolley (5%), stethos-
cope (5), weighing scale (5%), saturation probe 
(5%), saturation machine monitor (5%), CPAP 
line (5%) and humidifier (5%) respectively. The 
antimicrobial susceptibility pattern of clinically 
relevant pathogens tested as presented in 
(Table 3 to 7) showed similar pattern with high 
resistant level to penicillin, cefoxitin, ceftazi-
dime and cefuroxime, and high sensitivity to 
Augmentin, amikacin, ciprofloxacin, gentamy-
cin, piperacillin-tazobactam and all the carbape-
nems (meropenem, imipenem and ertapenem).  

Bacteria isolates 

 

      Frequency (n) Percentage (%) 

Staphylococcus aureus 1 5 

Coagulase negative staphylococci (CoNS) 14 70 

Enterobacter spp 3 15 

Pseudomonas aeruginosa 1 5 

Acinetobacter spp 1 5 

Table 1: The Types and frequency of bacteria isolated from inanimate surfaces in the neonatal Intensive Care Unit at Wind-
hoek Central Hospital (N = 20). 

Out of the organisms that were isolated, 15 
(75%) were Gram positive cocci (in clusters) 
and 5 (25%) of the organisms were Gram nega-
tive bacilli. Among the organisms isolated, 19 
(95%) of them were isolated from inanimate 
surfaces and 1 (5%) was isolated from the 
hands of a health care worker (HCW). Of the 

organisms that were isolated and identified, 
5% were Staphylococcus aureus, 50% were 
Staphylococcus epidermidis, 20% were Staphy-
lococcus saprophyticus, 15% were Enterobacter 
species, 5% were Pseudomonas aeroginosa and 
5% were identified as Acinetobacter species. 
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Table 2: Distribution of different pathogens in the neonatal intensive care unit at the Windhoek Central Hospital.  
 

 

 

 

Surfaces swabbed Organisms isolated 

Store room door (outside) handle Staphylococcus saprophyticus 

Store room (files) No organism isolated 

Apron No organism isolated 

Keyboard and mouse Staphylococcus aureus (MRSA) 

Telephone No organism isolated 

Intensive care unit door handle No organism isolated 

Acute care room door handle No organism isolated 

Baby room door handle A No organism isolated 

Baby room door handle B Staphylococcus epidermidis 

Isolation room door handle (Entrance door) Staphylococcus epidermidis 

Isolation room 1 door handle No organism isolated 

Isolation room 2 door handle Staphylococcus epidermidis 

Isolation room 3 door handle Staphylococcus saprophyticus 

Isolation room 4 door handle Staphylococcus epidermidis 

Basin (isolation room 3) Staphylococcus epidermidis 

Basin (baby room) Staphylococcus saprophyticus 

Bed rails Staphylococcus saprophyticus 

Stethoscope Staphylococcus epidermidis 

Bed trolley Staphylococcus epidermidis 

Medical charts No organism isolated 

Weighing scale Staphylococcus epidermidis 

Saturation probe Staphylococcus epidermidis 

Ventilator pipes No organism isolated 

Incubator outside surfaces No organism isolated 

Health care worker’s hands A No organism isolated 

Health care worker’s hands B Enterobacter spp 

Saturation machine monitor Staphylococcus epidermidis 

Humidifier rim No organism isolated 

Fridge door handle (Feeding room) No organism isolated 

Basin (Feeding) No organism isolated 

Feeding room door handle No organism isolated 

Feeding bottle holder Enterobacter spp and Pseudomonas aeroginosa 

CPAP lines from CSSD Enterobacter spp 

Humidifier Acinetobacter spp 

Ambubag- from CSSD No organism isolated 

Electro-cardiogram lead wires No organism isolated 
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Most bacterial isolates 6 (30%) were isolated 
from door handles and the least number of 
bacteria 1 (5%) were isolated from keyboard 
and mouse, feeding bottle holder and humidifi-
er respectively. The most common bacteria 
that was isolated from the inanimate surfaces 

were CoNS 14 (70%). The Bacteria were only 
isolated from 54.1% of the swabbed surfaces 
and no bacteria was isolated from 45.9% of the 
swabbed surfaces within the neonatal inten-
sive care unit.  
 

Organism Antimicrobials Total 
tested 

Sensitive 

n (%) 
Intermediate 

n (%) 
Resistant 

n (%) 
Staphylococcus 

aureus 

  

  

Erythromycin 

Clindamycin 

Gentamycin 

Ciprofloxacin 

Cefoxitin 

Penicillin 

Tetracycline 

 

 

1 

1 

1 

1 

1 

1 

1 

  

  

1 (100%) 
1 (100%) 
1 (100%) 
1 (100%) 

0 (0%) 
0 (0%) 

1 (100%) 

  

  

0 (0%) 
0 (0%) 
0 (0%) 
0 (0%) 
0 (0%) 
0 (0%) 
0 (0%) 

  

  

0 (0%) 
0 (0%) 
0 (0%) 
0 (0%) 

1 (100%) 
1 (100%) 
0 (0%) 

Table 3: The antibiotic sensitivity profile of Staphylococcus aureus 

Although the isolates were too few to provide a meaningful antimicrobial sensitivity analysis this organism (S. aureus), was 
sensitive to all the antimicrobial except for cefoxitin and penicillin.  

Organism Antimicrobials Total 
tested 

Sensitive 

n (%) 
Intermediate 

n (%) 
Resistant 

n (%) 
CoNS   14       

  Erythromycin 14 2 (14.3%) 2 (14.3%) 10 (71.4%) 
  Clindamycin 14 7 (50%) 0 (0%) 7(50%) 
  Gentamycin 14 10 (71.4) 0 (0%) 4 (28.6%) 
  Ciprofloxacin 14 6 (42.9%) 0 (0%) 8 (57.1%) 
  Cefoxitin 14 0 (0%) 0 (0%) 14 (100%) 
  Penicillin 14 0 (0%) 0 (0%) 14 (100%) 
  Tetracycline 14 10 (71.4%) 0 (0%) 4 (28.6%) 

Table 4: The antibiotic sensitivity profile of coagulase negative Staphylococci (CoNS)  

All of the CoNS showed 100% resistance to cefoxitin and penicillin. Most of them were sensitive to Clindamycin (50.0%), Gen-
tamycin (71.5%), Ciprofloxacin (42.9%) and Tetracycline (71.4%) respectively. Variable resistance was seen with erythromycin 
(71.4%), Clindamycin (50%), Gentamycin (28.6%), ciprofloxacin (57.1%) and tetracycline (28.6%) respectively.  
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Table 5: The antibiotic sensitivity profile for Enterobacter species 

Organism Antimicrobials Total 
tested 

Sensitive 

n (%) 
Intermediate 

n (%) 
Resistant 

n (%) 
Enterobacter 

spp 

          

  Augmentin 3 1 (33.3%) 0 (0%) 2 (66.7%) 
  Cefoxitin 3 0 (0%) 0 (0%) 3 (100%) 
  Ceftazidime 3 0 (0%) 0 (0%) 3 (100%) 
  Cefuroxime 3 0 (0%) 0 (0%) 3 (100%) 
  Ceftriaxone 3 0 (0%) 1 (33.3%) 2 (66.7%) 
  Cefepime 3 1 (33.3%) 0 (0%) 2 (66.7%) 
  Ciprofloxacin 3 3 (100%) 0 (0%) 0 (0%) 
  Ampicillin 3 1 (33.3%) 1 (33.3%) 1 (33.3%) 
  Gentamycin 3 3 (100%) 0 (0%) 0 (0%) 
  Amikacin 3 3 (100%) 0 (0%) 0 (0%) 
  Piperacillin-

Tazobactam 

3 3 (100%) 0 (0%) 0 (0%) 

   Meropenem 3 2 (66.7%) 0 (0%) 1 (33.3%) 
  Imipenem 3 3 (100%) 0 (0%) 0 (0%) 
  Ertapenem 3 2 (66.7%) 0 (0%) 1 (33.3%) 

Enterobacter species showed high degree of resistance to cefoxitin 3 (100%), Ceftazidime 3 (100%) and Cefuroxime 3 (100%).  
Among the Enterobacter species, 100% sensitivity was observed with gentamycin, amikacin and piperacillin-tazobactam. They 
were also 3 (100%) sensitive to imipenem, 2 (66.7%) sensitive to meropenem and ertapenem respectively.  

Organism Antimicrobials Total 
tested 

Sensitive 

n (%) 
Intermedi-

ate 

n (%) 

Resistant 
n (%) 

 P. aeroginosa           

  Amikacin 1 0 (0%) 1 (100%) 0 (0%) 
  Gentamycin 1 0 (0%) 0 (0%) 1 (100%) 
  Cefepime 1 1 (100%) 0 (0%) 0 (0%) 
  Ceftazidime 1 0 (0%) 0 (0%) 1 (100%) 
  Ciprofloxacin 1 1 (100%) 0 (0%) 0 (0%) 
  Piperacillin-

Tazobactam 

1 1 (100%) 0 (0%) 0 (0%) 

  Meropenem 1 1 (100%) 0 (0%) 0 (0%) 
  Imipenem 1 0 (0%) 0 (0%) 1 (100%) 

Table 6: The antibiotic sensitivity profile for Pseudomonas aeroginosa 

Although the isolates were too few to provide a meaningful antimicrobial sensitivity analysis this organism (Pseudomonas 
aeruginosa) had an intermediate resistance to amikacin, but it was resistant to gentamycin (100%), ceftazidime (100%), and 
imipenem (100%). It was sensitive to cefepime (100%), ciprofloxacin (100%), piperacillin-tazobactam (100%) and meropenem 
(100%), respectively.  
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Organism Antimicrobials Total 
tested 

N 

Sensitive 

n (%) 
Intermediate 

n (%) 
Resistant 

n (%) 

Acinetobacter spp           

  Augmentin 1 1 (100%) 0 (0%) 0 (0%) 
  Cefoxitin 1 0 (0%) 0 (0%) 1 (100%) 
  Ceftazidime 1 0 0%) 0 (0%) 1 (100%) 
  Cefuroxime 1 0 (0%) 0 (0%) 1 (100%) 
  Ceftriaxone   0 (0%) 0 (0%) 1 (100%) 
  Cefepime 1 0 (0%) 0 (0%) 1 (100%) 
  Ciprofloxacin 1 1 (100%) 0 (0%) 0 (0%) 
  Ampicillin 1 1 (100%) 0 (0%) 0 (0%) 
  Gentamycin 1 0 (0%) 0 (0%) 1 (100%) 
  Amikacin 1 1 (100%) 0 (0%) 0 (0%) 
 Piperacillin-

Tazobactam 

1 1 (100%) 0 (0%) 0 (0%) 

  Meropenem 1 1 (100%) 0 (0%) 0 (0%) 
  Imipenem 1 1 (100%) 0 (0%) 0 (0%) 
  Ertapenem 1 1 (100%) 0 (0%) 0 (0%) 

Table 7: The antibiotic sensitivity profile for Acinetobacter species 

Discussion 

Patients in ICUs are at the highest risk for HAIs 
because of invasive medical procedures du-
ring their hospitalization because of their low 
immunity. The ICU staff and physicians can 
serve as vehicles for the spread of resident 
pathogens from different hospital wards to 
ICUs. Accordingly, the hands of HCWs and ICU 
personnel require the greatest hygiene stan-
dards, contamination of the ICU environment 
also plays an important role in the acquisition 
of nosocomial pathogens by both patients and 
HCWs. Investigation of the rate of bacterial 
contamination of the hands of HCWs and the 
ICU environmental surfaces could provide re-
commendations for preventing transmission 
of pathogenic bacteria to patients and person-
nel in health-care settings (Tajeddin et al. 
2015). Normal human skin is colonized by bac-
teria, with total aerobic bacterial counts rang-

ing from more than 4×104 CFU/cm to 1×106 
CFU/cm. The total bacterial counts on the 
hands of HCWs ranges from 3.9×104 to 
4.6×106 CFU/cm. HCWs are often contaminat-
ed with microbial agents in the hospital envi-
ronment. Contact between the contaminated 
HCWs and hospitalized patients in ICUs might 
cause serious infections. Because nearly 106 
skin squamous contains viable microorgan-
isms that are shed daily from normal skin, it is 
not surprising that patient gowns, bed linens, 
bedsides and other objects in the ICU environ-
ment become contaminated (Tajeddin et al. 
2015). Bacterial contamination of ICU is the 
major factor responsible for increased inci-
dence of nosocomial infections, with 
attendant consequential effects on patient 
and hospital management (Yusuf et al. 2017). 
Inanimate surfaces have often been described 
as the source for outbreaks of nosocomial in-

Table 7 shows that, Acinetobacter species was resistant to cefoxitin, ceftazidime, ceftriaxone, cefepime and gentamycin. 
This organism was sensitive to augmentin, ciprofloxacin, ampicillin, amikacin, piperacillin-tazobactam, meropenem, 
imipenem and ertapenem respectively.  
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Most Gram-positive bacteria, such as Staphylo-
coccus aureus, including methicillin resistant 
Staphylococcus aureus (MRSA), survive months 
on dry surfaces (7 days to 7 months). Many 
Gram-negative species, such as Acinetobacter 
spp, Escherichia coli and Klebsiella spp are able 
to survive for up to 30 months on dry inani-
mate surfaces (Holma, 2015). 
In this study, the swabbing method was used 
instead of the direct plating method to deter-
mine the diversity of bacterial species colo-
nizing the ICU environments and HCWs’ hands. 
The results of our study showed contamination 
of the inanimate environments by diverse 
groups of bacteria, including both Gram-

positive bacteria (75%) and Gram-negative bac-
teria (25%). This is comparable to a study done 
by Tajedinn et al. (2015) in Iran, were Gram-

positive bacteria comprised a greater percent-
age of the bacterial isolates (60.7%) compared 
to Gram-negative bacteria (39.3%) (Tajeddin et 
al. 2015). In this study more Gram-positives 
were isolated as compared to Gram negatives 
and these results are consistent with the re-
sults of a study done in Nigeria, where majority 
of the isolates were Gram positive organisms 
(52.2%) as compared to the Gram negatives 
(47.8%). The isolation of more Gram-positive 
organisms is because they are known to be 
members of the body flora of both asympto-
matic carriers and sick persons. These organ-
isms can be spread by the hand, expelled from 
the respiratory tract or transmitted by animate 
or inanimate objects (Maryam et al. 2014). 
Result from this study is different from a study 
done in Zimbabwe in Intensive Care Units of a 
Tertiary Hospital in Bulawayo, in which Gram-

negative bacteria (66.18%) comprised the 
greater percentage of the bacterial isolates as 
compared to Gram-positive bacteria (33.82%) 
(Mbanga et al. 2018). The result from this 
study is also in line with that of a study done at 
Kiwoko Hospital, a rural setting in the central 
region of Uganda, in which Gram-positives 
comprised a greater percentage of the bacteri-
al isolates (59.4%) when compared to Gram-

negatives (40.6%) (Segujja et al. 2011). This 
could be due to the fact that different surfaces 
were sampled, it can also be attributed to ir-
regular disinfection, difference in the types of 
disinfectants used, hygienic conditions and 
overcrowding.  
Overall the bacterial contamination rates from 
this study was 52. 8 %, this is similar to a study 
done at a tertiary hospital in Bauchi, North-
eastern Nigeria in which contamination rates 
of 52. 8% was seen in the neonatal intensive 
care unit (NICU) and 40.8% in the adult inten-
sive care unit (AICU) respectively (Yusuf et al. 
2017). The contamination rate of 52.8% in this 
study is in line with the results of a study done 
by Saka et al. (2016) at University of Ilorin 
Teaching Hospital, Ilorin, Nigeria, in which a 
rate of 67.7% was reported (Saka et al. 2016) 
and this was slightly higher than the rate in this 
study. The contamination rate in this study was 
also similar to a study done in Uganda were a 
contamination rate of 57.6% was reported 
(Segujja et al. 2011). A much higher contamina-
tion rate of 86.1% was seen in a study done in 
Zimbabwe in Intensive Care Units of a Tertiary 
Hospital in Bulawayo (Mbanga et al. 2018). The 
difference could be attributed to difference in 
the types of disinfectants used, hygienic condi-
tions and overcrowding.  
The contamination rate in this study is also 
much lower, when compared to a study done 
in Morocco in which a contamination rate of 
96.3% was reported (Lalami et al. 2016). The 
high contamination rate recorded in NICU in 
this study and other similar studies around the 
globe is due to reasons such as high number of 
neonates with different clinical conditions be-
ing admitted frequently for clinical attention 
and evaluation. This clinical practice requires 
the frequent presence and attention of the 
mothers for breastfeeding and health care 
worker, thus increasing the unit occupancy 
density, traffic and human activities (Yusuf et 
al. 2017). Variation in hand hygiene and sterili-
sation procedures in different neonatal inten-
sive care units, could account for the differ-
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The predominant bacterial contaminants in 
study as presented in (Table 1) were Coagulase 
Negative Staphylococci (CoNS), which account-
ed for (70%) of all isolates, followed by Entero-
bacter species which accounted for (15%), S. 
aureus, P. aeroginosa and Acinetobacter spe-
cies each contributed (5%). These results are in 
line with that of a study done in Nigeria in 
which the CoNS (19.2%) were one of the pre-
dominating organisms that were isolated to-
gether with Staphylococcus aureus (26.8%) and  
Bacilli species (33.0%), except that the study by 
Yusuf et al. (2017) did not report on Enteobac-
ter species, P. aeroginosa and Acinetobacter 
species. The high contamination rate with CoNS 
and S. aureus is attributed to the fact that these 
pathogens are normal flora of human skin, and 
clothing fabrics that are continuously shed dur-
ing routine activity and clothing fabrics (Yusuf 
2017). In this study 70% of the bacterial isolat-
ed were CoNS, this is similar to the results of a 
study done in an Intensive Care Unit of the Uni-
versity of Maiduguri Teaching Hospital in Nige-
ria, were CoNS accounted for 39.4% (15) of all 
the isolates (Barma et al. 2017). However result 
from our study is different from the study done 
in a teaching hospital (Abuth Zaria) in northern 
Nigeria, in which S. aureus (21.7%) was the pre-
dominating isolate (Maryam et al. 2014). Result 
from our study is different from that of a study 
done in the paediatric wards of the University 
of Ilorin Teaching Hospital in Nigeria, were 
Staphylococcus aureus (39.4%) and Acinetobac-
ter baumannii (23.8%) were the two most com-
mon organisms isolated respectively.  From this 
same study eight different organsism were iso-
lated mainly S. aureus (39.4%0), A. baumannii 
(23.8%), E. faecalis (2.5%), E. coli (3.1%), K. peu-
moniae (20%), P. aeroginosa (1.3%) and CoNS 
(10%) (Saka et al. 2016). This is different from 
the result of our study in which five different 
organisms were isolated mainly CoNS (70%), S. 
aureus (5%), Enterobacter spp (10%), P. aer-
oginosa (5%) and Acinetobacter spp (5%). This 
difference might be due to the fact that our 
sample size was small (36) compared to the 

sample size of (201) used by Saka et al. (2016) 
and it can also be attributed to difference in 
cleaning procedures and no strict adherence to 
simple hand washing technique among health 
care workers From this study as presented in 
(Table 2) majority of the organisms were isolat-
ed from door handles (35%), feeding bottle 
holder (10%), wash basins (10%), bed linen 
(5%), bed trolley (5%), stethoscope (5), weigh-
ing scale (5%), saturation probe (5%), satura-
tion machine monitor (5%), CPAP line (5%) and 
humidifier (5%) respectively. This is different 
from the results of a study done in Nigeria by 
Maryam et al. (2014) were bacteria were most-
ly isolated from surfaces such as uniforms 
(17.4%), intravenous fluid (IVF) stand (17.4%), 
tables (13.0%), stethoscopes (13.0%), pens 
(13.0%), door handles (13.0%) and chairs 
(13.0%) respectively. These differences can be 
attributed to the fact that different surfaces 
were sampled. 
In antimicrobial susceptibility profiles, S. aureus 
in this study (as seen in Table 3) showed a high 
sensitivity to erythromycin (100%), clindamycin 
(100%), gentamycin (100%), ciprofloxacin 
(100%) but it was resistant to penicillin (100%) 
and cefoxitin (100%). These results are in line 
with those reported in study by Maryam et al. 
(2014), were (100%) sensitivity was seen 
against erythromycin. In the same study S. au-
reus had a 40% and 60% sensitivity pattern to 
gentamycin and ciprofloxacin respectively 
(Maryam et al. 2014). Result from our study is 
also in line with the results of a study carried 
out in Bauchi, Nigeria where high sensitivity of 
S. aureus to erythromycin (100%), gentamycin 
(100%) and ciprofloxacin (100%) (Yusuf et al. 
2017). The results of our study do not agree 
with the results of a study done at Kiwoko Hos-
pital, a rural setting in the central region of 
Uganda, were 90.7% sensitivity to cefoxitin was 
reported (Segujja et al. 2011). This study found 
that CoNS (as presented in Table 4) had a mod-
erate sensitivity against gentamycin (71.4%), 
tetracycline (71.4%), clindamycin (50.0%) and 
Ciprofloxacin (42.9%).  
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A low sensitivity against erythromycin (14.3%), 
with an intermediate resistance of (14.2%) was 
noted. These microorganisms were highly re-
sistant to cefoxitin (100%) and penicillin 
(100%).  

These results are not in line with those found 
by a study done in Nigeria where 90%, 100% 
and 100% sensitivity was reported against 
ciprofloxacin, gentamycin and erythromycin 
respectively (Yusuf et al. 2017). The results 
from this study do not agree with that of a 
study done in Abuja, Nigeria, where 90% sensi-
tivity against ciprofloxacin, 80% sensitivity 
against gentamycin and 87% sensitivity against 
erythromycin was reported (Barma et al.  
2017). Results from this study is also different 
from the results of a study done in Intensive 
Care Units of a Tertiary Hospital in Bulawayo, 
Zimbabwe where a higher resistance rate to 
ciprofloxacin (88.2%), a lower resistance rate to 
erythromycin (64.7%) and gentamycin (23.5%) 
was reported (Mbanga et al. 2018). 

In this study (as shown in Table 5) Enterobacter 
species showed a high sensitivity to ciprofloxa-
cin (100%), gentamycin (100%), amikacin 
(100%), piperacillin-tazobactam (100%), mero-
penem (66.7%0 and ertapenem (33.3%) re-
spectively. High resistance was seen with 
cefoxitin (100%), ceftazidime (100%), and ce-
furoxime (100%). Additionally Enterobacter 
species showed moderate sensitivity to mero-
penem (66.7%), ertapenem (66.7%), augmentin 
(33.3%), cefepime (33.6%) and ampicillin 
(33.3%) respectively. These results do not 
agree with results from a study done in Iran, 
were high resistance levels were reported 
against amikacin (88%), gentamycin (90%), 
ciprofloxacin (53%) and a low resistance rate 
was seen against ceftazidime (20%) (Ekrami et 
al. 2011) 

The result obtained in this study (as reported in 
Table 6) for the antimicrobial susceptibility 
patterns of Pseudomonas aeroginosa showed 
high sensitivity to cefepime (100%), ciprofloxa-
cin (100%), piperacillin-tazobactam (100%) and 
meropenem (100%). It was also resistant to 

gentamycin, ceftazidime and imipenem. These 
results were not consistent with the results of a 
study done in Bulawayo, Zimbabwe, in which 
high resistance to gentamycin (62.5%), pipera-
cillin-tazobactam (50%) and amikacin (12.5%) 
was reported (Mbanga et al. 2018). Similar 
findings were also reported in a study done in 
Iran, which showed a high resistant to gen-
tamycin (79%), ceftazidime (25%) and amikacin 
(83%) (Ekrami et al. 2011). 

Acinetobacter spp as presented (in Table 7) was 
resistant to ceftazidime, cefoxitin, cefuroxime, 
ceftriaxone, cefepime and gentamycin. Hun-
dred percent sensitivity to carbapenemens, 
ampilicillin, ciprofloxacin, amikacin and pipera-
cillin-tazobactam was observed. These findings 
are in line with the findings from a study done 
in Iran, in which 100% (12/12) of Acinetobacter 
isolates were resistant to ceftazidime, 
imipenem and gentamicin (Shamsizadeh et al. 
2017). This is due to the fact that, they produce 
a wide variety of β-lactamases, enzymes that 
degrade the β-lactam ring. This enzyme confers 
resistance to penicillins, cephalosporins, and 
carbapenems. They resist broad-spectrum ce-
phalosporins by AmpC cephalosporinase en-
zyme that is encoded in chromosome (Nandi 
and Arjuna, 2017). 
 

 

Conclusion 

 

The isolation of pathogenic bacteria from inani-
mate surfaces in this study indicates that they 
can be vehicles for disease transmission. In the 
light of this, there is a need therefore for tho-
rough disinfection and conscientious contact 
control procedures to minimize the spread of 
these pathogens in the neonatal intensive care 
unit, where interaction between patients, 
HCWs, parents and caregivers is very common 
and frequent. It is also necessary to encourage 
the effective use of disposable hand gloves bet-
ween patients and to avoid touching inanimate 
surfaces with gloved hands, which may be ac-
ting as sources of infection.  
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The hospital environment is a complicated 
ecosystem and many interventions are needed 
for optimal infection control. Lack of a univer-
sal procedure for surveillance of nosocomial 
infection, poor hand hygiene, and high level of 
bacterial contamination on hospital environ-
mental surfaces are the most important prob-
lems in hospital settings. 
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