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Abstract 

Introduction: Hospital acquired infections (HAI) or 
infections acquired in a hospital setting significantly 
increase morbidity and mortality, prolong hospital 
stay and increase healthcare costs. Factors like 
malnutrition and irrational use of antibiotics in a 
resource limited setting contribute to poor outcome 
in children. Thus a retrospective cross-sectional 
study was undertaken to study the different types 
of HAI in children, the different organisms causing 
them and their sensitivity to different antimicrobials 
so as to inform appropriate empirical antimicrobial 
therapy initiation and thus prevent antimicrobial 
resistance in the region. Methods: children aged 
one day to eighteen years, admitted to the hospital 
for at least 48 hours, during the period of January 
2015 to December 2016, with positive laboratory 
findings on clinical specimens and clinical features 
in keeping with HAI were included. Results: the total 
number of HAI were fifty-two infections in forty-one 
cases of which, twenty-five cases were culture 
proven bacterial HAI. Six cases had more than one 
HAI. The point prevalence of culture positive 
bacterial HAI in this study was 2.62% (95%CI: 3.8-
6.7). The gastrointestinal infections (53%), blood 
stream infections (21%), lower respiratory tract 
infections (11%) were the commonest hospital 
acquired infections. Klebsiella Pneumoniae  
was the most common bacteria causing HAI with 
61.53% of multidrug resistance strains.  
Conclusion: gastrointestinal infections were the 
commonest HAI followed by blood stream 
infections. The commonest bacteria causing HAI 
was Klebsiella pneumoniae. The multidrug resistant 
organisms were Klebsiella Pneumoniae, 
Enterobacter Cloacae and Acinetobacter baumannii 
mainly resistant to third and fourth generation 
cephalosporins and carbapenems. 

Introduction      

Nosocomial or hospital acquired infections (HAI) 
are those that are acquired in a hospital setting. The 
factors responsible for this are multiple and include 
host factors such as greater severity of illness, 

relative immunocompromised state, prior 
administration of antibiotics and treatment related 
factors necessitating the use of invasive devices 
and invasive procedures. Nosocomial infections 
significantly increase morbidity and mortality, 
prolong hospital stay and increase healthcare costs 
directly and indirectly. The incidence of nosocomial 
infections ranges from 2.8% to 21.6% [1-5]. They 
are likely to be more frequent and serious in 
developing countries, with possible risk factors 
being malnutrition, delayed presentation to 
referral centres and multi-organ involvement at 
admission [6-13]. The resource limited settings 
combined with these nosocomial infections, lead to 
a poor outcome [14]. The irrational use of 
antibiotics compounds to the existing problems. 
The indiscreet and rampant use of powerful 
empirical antimicrobial agents is very harmful as it 
fosters resistance among organisms and favours an 
increase in nosocomial infections. To reduce these 
compounding problems, intensive care units are 
required to maintain an ongoing surveillance for 
early detection of nosocomial infections, rapidly 
identify the organisms responsible and initiate 
appropriate antimicrobial agents based on the 
prevailing sensitivity patterns. 

In sub-Saharan Africa, paediatric nosocomial 
infections impose a major health burden. The 
World health organization (WHO) patient safety 
programme did a systematic review of health care 
associated infections in developing countries 
between 1995 and 2008 and found no reports 
about nosocomial bacteraemia in adults or  
children in Africa and only 6 studies of paediatric 
nosocomial bacteraemia from developing countries 
worldwide [15]. However the most recent regional 
study done in 2015, in a private hospital in Kenya 
looked at spectrum of antimicrobial agents and 
resistance patterns in all age groups [16]. Thus, a 
more comprehensive study on nosocomial 
infections in pediatric age group is warranted. This 
study was undertaken to analyse the status of 
nosocomial infections in a private paediatric 
hospital set-up. The study objectives are first of all 
to document the common HAIs and the organisms 
causing them in our setup and secondly to describe 
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the specific antibiotic sensitivity patterns among 
the bacteria causing HAIs in order to enhance the 
initiation of appropriate antimicrobial use and 
prevent irrational use of antibiotics, thus reducing 
the glaring problem of antimicrobial resistance in 
the region. 

Methods     

Design: this was a retrospective cross-sectional 
study conducted from January 2015 to December 
2016 

Setting: Gertrude´s Children´s Hospital was 
founded in 1947 and provides services to children 
coming from all over Kenya, East and Central Africa. 
The Hospital attends to over 350,000 children as 
outpatient each year and admits more than 10,000 
children as inpatient each year. The general 
paediatric ward receives children with various 
diseases, paediatric surgical ward receives all kinds 
of pre and postoperative surgical cases and 
Intensive care unit and high dependency units 
admit critically sick children. The data used in this 
study was retrieved from three sources of 
information which includes: clinical microbiology 
register, individual electronic patient records, and 
radiological records. All admissions to the intensive 
care unit, pediatric general wards and post-surgical 
wards during the period of January 2015 to 
December 2016; with a positive culture report on 
various samples confirmed by the laboratory were 
studied in detail. We selected five main HAIs: blood 
stream infections (associated with or without 
central venous catheter), lower respiratory tract 
infections, urinary tract infections (UTI) with or 
without a catheter in situ, post-surgical wound 
infections and gastrointestinal tract infections. 

Participants 

Inclusion criteria: any child aged one day of life to 
eighteen years, admitted in Paediatric intensive 
care unit (PICU), medical and surgical wards for at 
least 48 hours with any of the following were 
included in the study. 1) Features of septicaemia 
with at least one positive blood culture associated 

with or without central venous catheterization 
obtained after 48 hours after hospitalization.  
2) Symptoms consistent with lower respiratory 
tract infections with new sputum production with 
progressive new infiltrate not present on admission 
chest radiograph with positive tracheal aspirates or 
positive sputum cultures after 48 hrs of admission. 
3) Symptoms consistent with urinary tract infection 
with or without urinary catheterization with 
positive urine cultures. 4) Patients who underwent 
surgery and had pus at incision site within 30 days 
of surgery or deep surgical wound infections <30 
days after surgery accompanied by fever.  
5) Diarrhoea with stool/rectal swabs positive for 
bacterial cultures, or antigen testing for rotavirus 
and adenovirus, or blood samples positive for 
Clostridium difficile toxins after 2-3 days of 
admission. 

Exclusion criteria: children with any of the 
following were excluded from the study. 1) Children 
with HAI acquired from other hospitals at the time 
of admission. 2) Suspected colonization of 
organisms established after the file reviews. 

Operational definitions: any infection was 
considered to be HAI if there was no evidence 
suggesting that the infection was present or 
incubating at the time of admission but became 
clinically evident after 48 hours of hospitalization. 
HAIs were defined in agreement with the Centre for 
Disease Control and Preventions definitions [17].  
1) A case with positive blood culture with or 
without central venous catheterization obtained 
from a patient after 48 hours of hospitalization and 
with clinical features of septicaemia was recorded 
as hospital acquired blood stream infections. 2) A 
case with positive culture for sputum or tracheal 
aspirates obtained after 48 hours of admission with 
symptoms consistent with lower respiratory tract 
infections and new sputum production with 
progressive new infiltrate not present on admission 
chest radiograph was recorded as hospital acquired 
lower respiratory tract infections. 3) A case with 
positive urine culture and with symptoms 
consistent with urinary tract infection with or 
without urinary catheterisation developing after 48 
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hours of admission was recorded as a hospital 
acquired urinary tract infection. 4) A case with a 
positive culture from the swab taken from a surgical 
incision site/wound, who underwent surgery and 
had pus at the incision site within 30 days of surgery 
or deep surgical wound infections <30 days after 
surgery accompanied by fever were recorded as 
post-surgical wound infections. 5) A case with 
history of diarrhoea and vomiting developing after 
3 days of admission with a positive stool culture or 
positive for rotavirus/adenovirus antigen or 
positive for Clostridium difficile toxin was recorded 
as hospital acquired gastrointestinal tract 
infections. 

Data collection: data was collected using data 
abstraction form designed as per the objective of 
the study. The data was collected in three steps. 
Step 1: the clinical microbiology register from the 
laboratory was accessed to retrieve the unique 
hospital identification number (UHID) for all the 
cases who had tested positive on blood, urine, 
sputum and stool cultures. The isolated 
microorganisms and their antibiotic susceptibility 
patterns, interpreted according to Clinical and 
Laboratory Standard Institute (CLSI) guidelines 
were collected. All cases with positive antigen 
testing for rotavirus, adenovirus and positive for 
Clostridium difficile toxins were also retrieved from 
the register. Step 2: with the help of the UHID 
number, each of these cases were studied in detail 
from the electronic medical records. All cases that 
met the above operational definition of HAI were 
selected for the study. Step 3: information 
regarding the clinical presentation, diagnosis at 
admission, history of prior antibiotic use,  
duration of treatment, risk factors (age, 
immunocompromised state, malnutrition, blood 
transfusion, multi-organ involvement, invasive 
devices and invasive procedures), investigations 
including chest radiographs, mortality rate and 
length of stay was recorded. The data collected was 
entered into Epidata 3.1. 

Outcomes of interest: the primary outcome of 
interest was the prevalence of culture positive HAI 
in our institution. The secondary outcome of 

interest was to assess the burden of antimicrobial 
resistance among the organisms causing HAIs. 

Sample size and statistical analysis 

Sample size: as we were aiming to have 
comprehensive information on HAI in our setting, 
we enrolled all positive culture reports on various 
samples, positive reports for rotavirus/adenovirus 
antigen and positive reports for Clostridium difficile 
toxins, confirmed by the laboratory in the hospital 
during the study period. 

Statistical analysis: to address the objectives of our 
study, we conducted mainly a descriptive statistical 
analysis by summarising participant demographics 
and overall clinical outcomes. We described the 
spectrum of organisms causing specific HAI and the 
antibiotic sensitivity patterns for gram negative and 
gram positive organisms. We used proportion 
(percentages) to describe categorical variables; 
mean (± standard deviation) for continuous 
variables; and median (interquartile range) for 
count variables. Analyses in general employed 
normal theory methods and residual diagnostics 
evaluated validity of assumptions; where 
appropriate. We calculated the point prevalence of 
culture positive bacterial hospital acquired 
infections using the below formula with 
corresponding 95% confidence intervals: 

 

All statistical analyses were conducted on Stata 
(Stata Corp V.15.1, Texas, USA). 

Ethical consideration: in order to ensure 
confidentiality and privacy of study participants, 
the data were entered in a secured database with 
private login access to only study investigators and 
statistician. All patient data were anonymised using 
the UHID number in the Electronic Health Records 
within the hospital. The study protocol was 
reviewed and approved by the institutional review 
board at Gertrude's children hospital (Reference 
number: GCH051/2020) including the waiver of 
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informed consent before the implementation of 
the study. 

Results     

The general patient demographics and clinical 
outcomes are summarised in Table 1. The major 
risk factors in this study were history of prior 
antibiotic use, invasive devices, multi-organ 
involvement, blood transfusions and protein 
energy malnutrition. The total number of 
admissions for the year 2015 and 2016 were 16,829 
cases. The total number of cultures grown in the 
laboratory between the year 2015 and 2016 were 
952 cases. The total number of HAIs in the year 
2015-2016 was 52 infections in 41 cases. Six cases 
had more than one HAI. Out of this 52 HAI, only 25 
cases were culture proven bacterial HAIs. The point 
prevalence of culture positive bacterial HAI in this 
study was 2.62% (95% CI: 3.8-6.7). 

The hospital acquired infections were 
gastrointestinal tract infections (53%), blood 
stream infections (21%), respiratory tract infections 
(11%), urinary tract infections (9%) and surgical site 
infections (6%). Thus gastrointestinal tract 
infections were the most common HAI in this study 
followed by blood stream infections and 
respiratory tract infections. The spectrum of 
organisms causing specific HAI is as shown in the 
graph (Figure 1). Gastrointestinal tract infections 
(27) among which rotavirus were 22 (81.48%), 
Adenovirus were 4 (14.8%), Clostridium difficile 
toxins were positive in 1 (3.70%) case. There were 
11 cases of blood stream infections, among which 
Klebsiella pneumoniae, 4 (36.36%), Enterococcus 
cloacae 2 (18.18%) and Pseudomonas aeruginosa 1 
(9.09%). Catheter related blood stream infections 
were caused by staphylococcus aureus 1 (9.09%) 
and Klebsiella pneumoniae 3 (27.27%). There were 
6 cases of lower respiratory tract infections with 
1(16.6%) infection caused by Klebsiella 
pneumoniae, 2 (33.33%) caused of Pseudomonas 
aeruginosa, 1 (16.6%) each by Acinetobacter 
baumannii, Staphylococcus aureus and alpha 
haemolytic streptococcus respectively. Urinary 
tract infections (5 infections) were Klebsiella 

pneumoniae 3 (60%), Pseudomonas aeruginosa 1 
(20%) and Escherichia coli 1 (20%). Surgical site 
infections (3 infections) were Pseudomonas 
aeruginosa 1 (33.3%) and Klebsiella pneumoniae 2 
(66.6%). 

Rotavirus was the commonest organism with 22 
infections (42.3%) of hospital acquired infections 
followed by Klebsiella pneumoniae with 13 
infections (25%). Klebsiella pneumoniae was the 
commonest bacterial pathogen contributing to all 
HAI. The other micro-organisms were 
Pseudomonas aeruginosa with 6 infections (9.6%), 
adenovirus with 4 infections (7.6%), Enterobacter 
cloacae and Staphylococcus aureus with 2 
infections each (3.8%). Alpha haemolytic 
streptococcus, Escherichia coli, Clostridium difficile 
and Acinetobacter baumannii caused one infection 
each (1.9%). 

The antibiotic sensitivity patterns for Gram 
negative and Gram positive organisms is as 
depicted in Table 2 and Table 3. The bacterial HAI 
were mainly caused by Gram negative than Gram 
positive organisms. Of the thirteen (13) infections 
caused by Klebsiella Pneumoniae, 8 (61.5%) were 
resistant to cephalosporin mainly cefuroxime and 
cefotaxime. An average of 2 (18.2%) were resistant 
to ciprofloxacin, meropenem, piperacillin-
tazobactum and amikacin. In total, 8 (61.53%) 
Klebsiella pneumoniae species were multidrug 
resistant. Out of the five infections caused by 
Pseudomonas aeruginosa, 3 (60%) were resistant 
to Cefotaxime and Ceftriaxone, 1 (16.66%) each 
was resistant to Cefepime and Piperacillin-
Tazobactum. There was one infection caused by 
multidrug resistant Acinetobacter baumannii. The 
two Enterobacter cloacae were resistant to the 
Cephalosporins and Amoxicillin-clavulanic acid. The 
two Staphylococcus aureus in the study were 
Cloxacillin sensitive but one was Clindamycin 
resistant. 

Discussion     

The point prevalence of the culture positive HAI in 
our study was 2.62%. This is much less, than that 
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reported in the developing countries [18], but was 
comparable to that noted in Algeria [15]. In a HAI 
surveillance done in three Kenyan hospitals in 
2010-2012 showed a prevalence of HAI in 
paediatric age group was 5.8%, however none of 
them were bacteriologically confirmed [19]. The 
gastrointestinal infections were the commonest 
hospital acquired infections followed by blood 
stream infections and respiratory tract infections in 
our study, unlike most other studies where the 
respiratory tract infections were the commonest 
hospital infections, followed by blood stream 
infections and urinary tract infections [20-24]. 
Although surgical site infection was the commonest 
HAI reported in the systematic review in sub-
Saharan African countries [25], we did not 
encounter the same. Rotavirus was found to be the 
major etiologic agent of pediatric nosocomial 
diarrhoea in our study, similar to that seen in 
European settings [26]. 

The three most common bacteria identified in our 
study were Klebsiella pneumoniae followed by 
Pseudomonas aeruginosa and Enterobacter 
cloacae, which was similar to that seen in other 
parts of Africa [27,28]. A local study in Kenyatta 
National Hospital reported Pseudomonas 
aeruginosa, Klebsiella pneumoniae, Citrobacter 
species and Staphylococcus aureus as the most 
common organisms isolated among the HAI 
acquired in a mixed intensive care settings [29]. 
Klebsiella (28.5%) followed by Enterococcus species 
(24.4%) were the organisms associated with device 
associated HAI as seen in most other developing 
countries [30]. 

Multiple antibiotic resistance to different  
classes of antibiotics, including the  
penicillins, cephalosporins, aminoglycosides, and 
fluoroquinolones, has been reported to be on the 
rise amongst most Gram negative pathogens, 
especially Klebsiella pneumoniae, Pseudomonas 
aeruginosa, and Acinetobacter baumannii. Multi-
drug resistance organisms pose the greatest threat 
to infection control measures in the hospital and 
give rise to frequent hospital outbreaks. In this 
study, the antimicrobial resistance for Klebsiella 

Pneumoniae was 54.5% which was comparable to 
the antimicrobial resistance global report on 
surveillance on African region by World Health 
Organization (WHO) [31]. Moreover, the resistance 
of Klebsiella Pneumoniae to potent antibiotics like 
Gentamycin and Ceftriaxone was 54.5% and 38.5% 
which was comparable to the systematic review of 
antimicrobial resistance in children in sub-Saharan 
Africa [32]. Seventy six point nine percent (76.9%) 
of Klebsiella pneumoniae showed sensitivity to 
Ciprofloxacin compared to 35-40% sensitivity, and 
only 15.4% showed sensitivity to Piperacillin -
Tazobactum compared to 60% sensitivity in a study 
from India [33]. Pseudomonas aeruginosa was 
100% sensitive to ciprofloxacin and meropenem 
similar to that in India but had 20% resistance to 
Piperacillin-Tazobactum. Pseudomonas species 
resistance to Ceftazidime reported in Madagascar 
was 62% [34], unlike our study which showed  
60% sensitivity to Ceftazidime. Acinetobacter 
baumannii was a multidrug resistant organism in 
this study which was similar to that demonstrated 
in other developing countries [24,35,36]. 

Increased antibiotic resistance has been associated 
with transmission of resistant bacteria within 
hospitals by cross contamination and colonisation 
of patients via the hands of healthcare staff and 
subsequent spread between hospitals by transfer 
of such colonised patients [37]. Strategies to 
control antibiotic resistance in hospitals would 
need multidisciplinary team approach in 
implementing hospital policies on the use of 
antibiotics and infection control measures, timely 
detection and reporting of the antibiotic resistant 
strains, improved surveillance, and control of 
transmission of resistant bacteria. Bacterial 
resistance in device associated infections in six 
hospitals of Iran showed that 100% of 
Staphylococcus aureus isolates were resistant to 
oxacillin [36]. The incidence of methicillin resistant 
Staphylococcus aureus in our setting appears to be 
low. 

The limitations of this study were first of all a 
positive culture was an essential criterion for our 
study so the actual prevalence of HAI could have 
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been much higher and there was a high likely hood 
of missing the infections caused by organisms that 
failed to grow in the laboratory. Secondly, not all 
viral HAIs could be identified due to limitations in 
the availability for the appropriate tests. All the 
data for patient related information was collected 
from an electronic based patient data system which 
contained all the information the study intended to 
collect, however considering the retrospective 
nature of the study design, a prospective study 
design would provide more information and aid in 
HAI surveillance in the hospital. 

Conclusion     

In summary, HAI were common in our setup with 
gastrointestinal infections as the commonest 
followed by blood stream infections. Thus, the 
infection control priorities in our hospital should 
focus in controlling and preventing them. 
Moreover, the multidrug resistant organisms in our 
setting (Klebsiella Pneumoniae, Enterobacter 
Cloacae and Acinetobacter baumannii mainly 
resistant to third and fourth generation 
cephalosporins and carbapenems) gave us an idea 
about the antibiotic resistance among organisms 
causing HAI in our region. These findings will form 
a basis for HAI surveillance and will aid in the 
antimicrobial stewardship program in our 
institution and other paediatrics hospitals in the 
country to enhance the initiation of appropriate 
antimicrobials 

Funding: none of the authors received any funding 
from the Gertrude's Children's Hospital research 
fund for their contribution to the study. 

What is known about this topic 

 Hospital acquired infections or healthcare 
associated infections significantly increase 
morbidity and mortality, prolongs hospital 
stay and increases healthcare costs directly 
and indirectly; 

 Hospital acquired infections together with 
resource limited settings lead to poor 
outcomes in children; 

 Empirical antimicrobial therapy for 
suspected hospital acquired infection in a 
particular region must be guided by the 
antimicrobial sensitivity and resistance 
patterns of the organisms isolated from the 
region or location. 

What this study adds 

 Hospital acquired infections or healthcare 
associated infections significantly increase 
morbidity and mortality, prolongs hospital 
stay and increases healthcare costs directly 
and indirectly; 

 Hospital acquired infections together with 
resource limited settings lead to poor 
outcomes in children; 

 Empirical antimicrobial therapy for 
suspected hospital acquired infection in a 
particular region must be guided by the 
antimicrobial sensitivity and resistance 
patterns of the organisms isolated from the 
region or location. 
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Tables and figure     

Table 1: demographic characteristics and clinical 
outcomes of study participants, recruited at 
Gertrude's Children's Hospital in Nairobi (Kenya), 
from January 2015 to December 2016 (N=41) 
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Table 2: antibiotic sensitivity patterns in gram 
negative organisms of study participants, recruited 
at Gertrude's Children's Hospital in Nairobi (Kenya), 
from January 2015 to December 2016 
Table 3: antibiotic sensitivity patterns in gram 
positive organisms of study participants, recruited 
at Gertrude's Children's Hospital in Nairobi (Kenya), 
from January 2015 to December 2016 
Figure 1: spectrum of organisms causing specific 
hospital acquired infections in study participants, 
recruited at Gertrude's Children’s Hospital in 
Nairobi (Kenya), from January 2015 to December 
2016 
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Table 1: demographic characteristics and clinical outcomes of study participants, recruited at Gertrude's 
Children's Hospital in Nairobi (Kenya), from January 2015 to December 2016 (N=41) 

Characteristics Number % 

Gender    

Female 19 46.3 

Male 23 56.0 

Case fatality rate 6 14.6 

Immuno compromised 1 2.4 

Prior antibiotic use 35 85.3 

Invasive device 23 56.0 

Multi-organ involvement 22 53.6 

Transfusion 23 56.0 

Protein energy malnutrition    

Grade I 1 2.4 

Grade II 5 12.1 

Grade III 36 87.8 

Median (IQR) duration of antibiotic (days) 14(7-21)   

Median (IQR) duration of hospitalization (days) 18 (7-42)   

Median (IQR) age (days) 716 (153-1460)  
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Table 2: antibiotic sensitivity patterns in gram negative organisms of study participants, recruited at Gertrude's Children's Hospital  in Nairobi (Kenya), from January 2015 to December 2016 

Organism total 
teste
d 

ty
p
e 

genta
mycin 

trimethoprim/su
lfamethoxazole 

amoxicillin/cl
avulanic acid 

cefur
oxim
e 

cefot
axim
e 

ceftri
axon
e 

ceftaz
idime 

ami
kaci
n 

ciprofl
oxacin 

mero
pene
m 

cefe
pim
e 

piper
acilli
n 

piperacillin 
/tazobactu
m 

nitrofu
rantoin 

ampicillin 
sulbactum 

ampi
cillin 

Klebsiella 
pneumoniae*
* 

13 n
R 

7 7 6 8 8 5 2 1 2 2 1 0 3 1 0 0 

   %
R 

53.8 53.8 46.2 61.5* 61.5* 38.5* 15.4* 7.7* 15.4* 15.4* 7.7* 0 23.1* 7.7* 0 0 

   n
S 

4 6 6 4 4 0 0 8 10 8 0 0 2 2 0 0 

   %
S 

30.8 46.2 46.2 30.8 30.8 0 0 61.5
*** 

76.9**
* 

61.5*
** 

0 0 15.4*** 15.4** 0 0 

Pseudomonas 
aeruginosa** 

5 n
R 

0 0 0 0 3 3 0 0 0 0 1 0 1 0 0 0 

   %
R 

0 0 0 0 60* 60* 0 0 0 0 20* 0 20* 0 0 0 

   n
S 

5 0 0 0 0 0 3 5 5 5 4 0 4 0 0 0 

   %
S 

100 0 0 0 0 0 60 100 100 100 80 0 80 0 0 0 

Escherichia 
coli** 

1 n
R 

0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 1 

   %
R 

0 100* 100* 0 100* 0 0 0 0 0 0 0 0 0 0 100* 

   n
S 

0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 

   %
S 

0 0 0 100 0 0 0 0 0 0 0 0 0 100 0 0 

Enterobact-er 
cloacae** 

2 n
R 

1 2 1 2 1 1 1 0 0 0 0 0 0 0 0 0 

   %
R 

50 100 50 100 50 50 50 0 0 0 0 0 0 0 0 0 

   n
S 

1 0 0 0 1 0 1 2 2 2 1 1 0 0 0 0 

   %
S 

50 0 0 0 50 0 50 100 100 100 50 50 0 0 0 0 

Acinetobac-ter 
baumannii** 

1 n
R 

1 0 0 1 1 1 1 0 1 0 0 0 1 0 1 0 

   %
R 

100* 0 0 100* 100* 100* 100* 0 100* 0 0 0 100* 0 100* 0 

   n
S 

0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 

    %
S 

0 100 0 0 0 0 0 100 0 0 0 0 0 0 0 0 

* Resistance; ** Gram negative organism; *** Sensitivity 
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Table 3: antibiotic sensitivity patterns in gram positive organisms of study participants, recruited at Gertrude's Children's Hospital in Nairobi 
(Kenya), from January 2015 to December 2016 

Organism tota
l 
test
ed 

t
y
p
e 

pe
nic
illi
n 

am
pici
llin 

clo
xac
illin 

eyth
rom
ycin 

gen
tam
ycin 

clin
dam
ycin 

trimethopri
m/sulfamet
hoxazole 

cef
ota
xim
e 

ceft
riax
one 

van
com
ycin 

cef
uro
xim
e 

ceft
azid
ime 

cef
epi
me 

pip
era
cilli
n 

cipr
oflo
xaci
n 

am
ika
cin 

mer
ope
nem 

Staphylococ
cus 
aureus** 

2 n
R 

2 2 0 1 0 1 2 0 0 0 0 0 0 0 0 0 0 

   %
R 

10
0* 

10
0* 

0 50 0 50* 100 0 0 0 0 0 0 0 0 0 0 

   n
S 

0 0 2 1 2 1 0 0 0 0 0 0 0 0 0 0 0 

   %
S 

0 0 100 50 100 50 0 0 0 0 0 0 0 0 0 0 0 

Alpha 
hemolytic 
streptococc-
us** 

1 n
R 

0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 

   %
R 

0 0 0 100 0 0 0 0 0 0 0 0 0 0 0 0 0 

   n
S 

0 0 0 0 0 1 0 1 1 1 0 0 0 0 0 0 0 

    %
S 

0 0 0 0 0 100 0 100 100 100 0 0 0 0 0 0 0 

*Resistance; ** Gram positive organism 
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Figure 1: spectrum of organisms causing specific hospital acquired 
infections in study participants, recruited at Gertrude's Children’s 
Hospital in Nairobi (Kenya), from January 2015 to December 2016 
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