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Background: Blood stream infections are major cause of morbidity and mortality in children in
developing countries. The emerging of causative agents and resistance to various
antimicrobial agents are increased from time to time. The main aim of this study was to
determine the bacterial agents and antimicrobial susceptibility patterns among children
suspected of having septicemia. Methods: A cross sectional study involved about 201 pediatric
patients (≤12 years) was conducted from October 2011 to February 2012 at pediatric units of
TikurAnbessa Specialized Hospital and Yekatit12 Hospital. Standard procedure was followed
for blood sample collection, isolate identifications and antimicrobial susceptibility testing.
Results: Among 201 study subjects 110 (54.7%) were males. Majority 147 (73.1%) of them
were neonates (≤28 days). The mean length of hospital stay before sampling was 4.29 days. Out
of the 201 tested blood samples, blood cultures were positive in 56 (27.9%).Gram negative and
Gram positive bacteria constituted 29(51.8%) and 26(46.4%), respectively. The most frequent
pathogen found was Staphylococcus aureus 13 (23.2%), followed by Serratia
marcescens12(21.4%), CoNS 11(19.6%), klebsiella spp 9(16%) and Salmonella spp 3(5.4%).
Majority of bacterial isolates showed high resistance to Ampicillin, Penicillin, Co-trimoxazole,
Gentamicin and Tetracycline which commonly used in the study area. Conclusion: Majority of
the isolates were multidrug resistant. These higher percentages of multi-drug resistant
emerged isolates urge us to take infection prevention measures and to conduct other large
studies for appropriate empiric antibiotic choice.
c
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1.Background
Sepsis is a systemic illness caused by microbial invasion of
normally sterile parts of the body. It is a serious, life-threatening
infection that gets worse very quickly due to the spread of
microorganisms and their toxins in the blood. It can arise from
infections throughout the body, including infections in the lungs,
abdomen, and urinary tract [1, 2]. Blood stream infections are very
common in the pediatric age groups which are one of the common
causes of morbidity and mortality in neonates and children [3].
Infants and children are among the most vulnerable population
groups to contract illnesses because of their weak immune barrier.
Illnesses associated with bloodstream infections range from selflimiting infections to life threatening sepsis, multiple organ failure,
disseminated intravascular coagulation that requires rapid and
aggressive antimicrobial treatment. The incidence of bacteremia
in children varies widely. About 20-50% positivity has been
reported by many studies. In general sepsis is a medical
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emergency that requires timely detection and identification of
blood borne pathogens with urgent rational antibiotics therapy [4,
5, 6, 7].
In the management of sepsis in pediatric age group, empirical
antibiotic therapy should be unit-specific and determined by the
prevalent spectrum of etiological agents and their antibiotic
sensitivity pattern [8, 9].The early signs and symptoms of
septicemia can vary from site to site[10]. It is therefore important
to carry out investigations to confirm pediatric sepsis for timely
detection and identification of blood stream pathogens.
Blood is normally a sterile site, a blood culture have a high
positive predictive value and is a key component for an accurate
diagnosis of blood stream infections and an appropriate choice of
antibiotics that is important for subsequent management of septic
newborns and children [11]. For selecting empiric therapy, many
factors should be considered including the kind of pathogen that is
most probably the cause of the infection according to age, gender,
risk factors and antibiotic susceptibility pattern. Thus, rapid
detection and identification of clinically relevant microorganisms
in blood cultures is very essential and determination of
antimicrobial susceptibility pattern for rapid administration of
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antimicrobial therapy has been shown to reduce the morbidity and
mortality associated with blood stream infections. Therefore,
blood culture remains the mainstay of investigation of definitive
diagnosis and management of blood stream infection in infants
and children, despite recent advances in the molecular diagnosis
of bacterial sepsis [12, 13, 14]. Antibiotic sensitivity pattern to
common pathogen has been changing from day to day and it is
important to have latest information as this is essential in guiding
local empirical choice of antibiotics. Hence, the result of the
present study provides knowledge on the etiologic agents of
pediatric septicemia and its rational use of antibiotics.
2. Methods
Study design and data collection
A hospital based cross-sectional study was conducted at pediatric
units of Tikur Anbessa Specialized University Hospital and
Yekatit-12 Hospital in Addis Ababa, Ethiopia from October 2011 to
February 2012. Sample size was calculated based on previous
prevalence study among children suspected of septicemia in Addis
Ababa [15, 16]. Accordingly about 201 children (≤ 12 years) who
admitted to either of the pediatric ward or examined at pediatric
emergency OPD for sepsis were recruited in this study. A
predefined data collection tool was used to extract all sociodemographic data and other relevant information such as weight,
previous antibacterial therapy, and application of indwelling
medical device, hospitalization period, co-morbidities, outcome,
clinical signs and symptoms of sepsis for each patient. Appropriate
treatment was initiated after collection of blood and admitted
children were followed until discharge or death.

Nalidixic acid (30μg), Cefoxitin (30μg), Ceftriaxone (30μg),
Ciprofloxacin (5μg), Gentamicin (10μg), Chloroamphinicole (30μg),
Sulphamethaxazole/trimethoprim (25μg) and Tetracycline (30μg)
discs were used. The reference strains used as control for disc
diffusion testing and BACTEC PEDS Plus/F culture media were S.
aureus (ATCC-25923), P. aeruginosa (ATCC-27853), E. coli (ATCC25922), Haemophilus influenzae (ATCC-49247), Streptococcus
pneumoniae(ATCC-49029) and Enterococus fecalis(ATCC-29212).
Data analysis
Data were entered, cleared, and analyzed using SPSS version19 software package and MS excel 2007. Statistical test between
dependent and independent variables was done using Chi squared
test (χ2) and odds ratio to test the strength of association. Where
the numbers in a cell was less than five, a Fisher's exact test was
used. Logistic regression analysis was used to identify factors
independently associated with bacteraemia. The
Hosmer–Lemeshow test was used to test the final model for
goodness-of-fit. P-values ≤ 0.05 were considered statistically
significant.
Ethical considerations
Approval for this study was obtained from Department of
Medical Laboratory Science Departmental Research and Ethics
Review Committee (DRERC Addis Ababa University, AHRI/ALERT
Ethics Review Committee (AAERC) and National Ethics Review
Committee (NERC). Prior to data collection, necessary support
letter from the study sites and written informed consent from the
parents or legal guardians of each eligible case were obtained.
3. Results

Blood culture and antibacterial sensitivity

Characteristic of study population

Using aseptic technique about 2-5 ml of blood was obtained
after cleaning the venous site with 70% alcohol and subsequently
by 10% povidone iodine solution. About 1-3 ml of venous blood
were immediately inoculated into BACTEC PEDS Plus/F culture
vials containing enriched broth (Soybean-Casein Digest broth
with resins) and incubated in BACTEC 9050 blood culture
instrument (Beckton-Dickenson, USA) at 35.5°C±1.5°C for 5 days.
The remaining 1-2 ml blood was used for complete blood count.
Microbial growth that could be detected by flag and audible sound
of the instrument was sub-cultured on 5% blood agar, chocolate
agar and MacConkey agar plates and was incubated at 37°C for 1824 h for bacterial isolation. The blood and MacConkey agar plates
were incubated aerobically while chocolate agar were incubated in
microaerophilic atmosphere (5-10% CO2) using a candle jar [17,
18, 19]. Identification of culture isolates were done according to
standard bacteriological techniques and their characteristic
appearance on their respective media, Gram smear technique,
hemolytic activity on sheep blood and rapid bench tests such as
catalase, coagulase and optochin tests for Gram positive bacteria
were used. In case of Gram negative bacteria API20E (Biomerieux,
France) was used and followed by serological identification for
Salmonella species. Finally, the Kirby-Bauer diffusion method was
used to test the susceptibility of the isolates on Muller-Hinton agar
according to procedures of Clinical Laboratory Standard Institute
(CLSI 2010) [20]. For Gram positive bacteria discs tested included;
Ampicillin (10μg), Cefoxitin (30μg), Ciprofloxacin (5μg),
Clindamycin (2μg), Erythromycin (15μg), Chloroamphinicole
(30μg), Penicillin (10U), Vancomycin (30μg), Gentamicin (10μg),
Ceftriaxone (5μg), Sulphamethaxazole/trimethoprim (25μg) and
Tetracycline (30μg). For Gram negatives Ampicillin (10μg),

During the study period 201 blood samples from clinically
suspected cases of pediatric septicemia were obtained. Of this, 110
(54.7%) were males resulting in an overall male to female ratio of
1.2:1. The median age of the participants was five days with a range
of one day to twelve years from which the majority 147 (73.1 %) of
them were neonates, the median weight was 3.0kg. The majority
(94.5%) of blood culture specimens were obtained from inpatients (patients decided to be admitted or already admitted at
time of sampling). Among admitted cases the mean length of
hospital stay from the date of admission to blood sample collection
for culture was 4.29 days with a range of 1 to 78 days. Indwelling
medical device such as intravenous (IV) usage were observed in
129 (64.2%) of the study participants [Table 2].
The clinical features which usually rule out sepsis and help to
request for blood culture and initiation of proper empirical
management in pediatric sepsis cases are summarized in Table 1.
Of the 201 patients investigated for blood stream infections, the
commonest clinical finding was tachypenea 104 (51.7%). It
followed by fever (auxiliary temp>37.50C), feeding/sucking
failure, hypothermia (Temp < 36oC), tachycardia and cough which
was observed in 96 (47.8%), 91 (45.3%), 79 (39.3%), 71 (35%)
and 39 (19.4%), respectively. More than one clinical features of
sepsis were observed in the majority of the study subjects. Among
the present clinical features lethargy (OR=3.125; 95%CI =1.0209.572 and P= 0.046) was found to be significantly associated with
positive blood culture as analyzed by logistic binary regression.
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Table 1: Clinical features of 201 children investigated for blood stream infections
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Table 2: Background characteristics and blood culture results in children suspected of having sepsis
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Table 3: Antimicrobial resistance pattern of bacteria isolated from blood culture

Fig. 1: Study enrollment chart and isolates recovered from blood cultures of 56 children
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Factors associated with positive blood culture
We had seen different demographic and clinical characteristic
factors such as gender, age groups, weight at enrolment, length of
hospital stay before sampling, history of indwelling medical
device, history of antibiotic usage before sampling, existence of comorbidities and some hematological parameters of the 201 study
subjects [Table 2]. When we evaluate and compare blood culture
confirmed sepsis cases characteristics with that of culture
negative, weight at enrollment were significantly statistically
associated with culture proven septicemia. On the other hand
children at lower weight of their age at enrolment found to be more
prone to acquire culture proven sepsis as compared to children
with considerably normal and high weight.
Culture results
Of 201 children with clinical sepsis positive blood culture was
found in 56 (27.9%). Among the 56 cases with blood culture
confirmed sepsis 30 (53.6%) were males. The majority 46 (82.1%)
of them were neonates (≤ 28 days). The Gram positive and Gram
negative bacteria accounted for 26 (46.4%) and 29 (51.8%),
respectively. The commonest Gram positive bacterial isolates were
Staphylococcus aureus 13 (23.2%) and Coagulase negative
Staphylococci (CoNS) 11 (19.6%), while Enterococcus spp and
Streptococcus spp accounts only one isolate each. Among Gram
negative bacterial isolates the most predominate organisms were
Serratia marcesence12 (21.4%) followed by Klebseiella spp 9
(16%) (Klebsiella pneumoniaeand Klebsiella terrigena), 3 (5.4%)
Salmonella spp and 2 (3.6%) Enterobacter cloacae while
Escherichia coli, Acinetobacter baumanniand Pseudomonas luteola
were only accounts one isolate each as shown in fig. 1. With the
exception of few Staphylococcus aureus (4) and CoNS (3) as well as
Escherichia coli, Streptococcus spp and Candida spp, all other
organisms were identified from neonates.
Antimicrobial resistance of blood culture isolates
Antimicrobial agents were used before and after blood culture
results. Out of the 201 patients included in this study 99 (49.3%)
had received antibiotic empirically before 72 hours of sampling. Of
the 99 patients who were treated with empiric antibiotics, 32
(32.3%) had positive blood culture. Ampicillin and Gentamicin
were among the most common empirically used antibiotics during
our study. The resistance patterns of isolates from blood culture
against 13 antimicrobial agents are presented in Table 3. The
highest degree of resistance in Staphylococcus aureus was seen
against Penicillin 92.3% followed by Ampicillin 84.6%, Cotrimoxazole 61.5% and Tetracycline 53.8%. CoNS isolates were
100% resistant to Ampicillin, 81.8% to Penicillin and Cotrimoxazole each. Serratia marcescenswas found to be 100%
resistance to Ampicillin followed by Gentamicin, Tetracycline and
Co-trimoxazole (91.7% each) on the other hands it was 100%
sensitive to Ciprofloxacin and Nalidixic acid. For Klebsiella spp,
Ampicillin, Gentamicin and Ceftriaxone, the common empirically
used agents for sepsis, were 100% resistance followed by Cotrimoxazole 77.8% and Tetracycline 55.5%. Salmonella spp was
100% resistant to Ampicillin, Chloramphinicol, Gentamicin,
Tetracycline, Co-trimoxazole and Ceftriaxone in other ways it was
100% sensitive to Ciprofloxacin, Nalidixic acid and Cefoxitin. For
Enterobacter cloacae, Ampicillin, Tetracycline, Co-trimoxazole
and Ceftriaxone were 100% resistance while 100% sensitive to
Ciprofloxacin, Nalidixic acid, Cefoxitin, Chloramphinicol and
Gentamicin. Multidrug resistance (resistant to three or more

antibiotics) was observed among 92.7% (51 of 55) of Gram
positive and Gram negative bacterial isolates. Among the tested
antibiotics the highest degree of resistance was seen against
Penicillin, Ampicillin, Gentamicin, Tetracycline and Cotrimoxazole. The overall range of resistance for different
antibiotics was from 0% to 100%.
4. Discussion
Despite advances in diagnosis and treatment, bacterial sepsis
remains a major cause of pediatric morbidity and mortality,
particularly among neonates in developing countries. The
causative agents of sepsis and their antibiotic susceptibility
patterns also become varied from time to time and from place to
place. Detection of bacteria in blood has an important role in
diagnosis for a febrile patient; to establish the presence of
infection, to reassure the clinician about the chosen empirical
therapy, and to provide up-to date information on the local
etiologic patterns and antibiotic sensitivities as this will guide the
clinician in the management of the patient. Therefore for the
effectual management of septicemia in children, study of
bacteriological profile along with the antimicrobial sensitivity
pattern plays a great role. The present study included 201
pediatric patients from the neonatal to 12 years of age with two or
more clinical signs and symptoms of sepsis. Although not
statistically significant tachypenea (51.7%) were among the most
prevalent clinical signs and symptoms in our study and followed
by fever (47.8%), failure to feed/suck (45.3%), hypothermia
(39.5%), tachycardia (35.3%) and cough (19.4%). However
lethargy were statistically significant indicator of sepsis in the
present study (P=0.046). This is inconsistent with the previously
done studies in which temperature instability, poor feeding and
respiratory distress were predominating [21, 22].
In this study, out of 201 children who visited the study sites
with suspicious of septicemia during the study period, blood
culture confirmed septicemia was 56 (27.9%). These findings are
consistent with reports from other studies done in Lahore (27.9%)
[23], Cameroon (28.3%) [24] and Nigeria (22%) [25]; but it is
higher than the study done in Tanzania (13.4%) [26], Uganda
(17.1%) [27], Nepal (4.2%) [28] and Ethiopia (7.7%) [22]. This
difference might be due to difference in blood culture system, age
of children, infection prevention practice or the increment of
multidrug resistant organisms for different reasons or variation in
study sites and time of the studies. It may be also due to the
emerging of a number of pathogens being as a nosocomial or
community acquired. Among 56 blood culture isolates, 26 (46.4%)
had sepsis with Gram positive bacteria and 29 (51.8%) with Gram
negative bacteria of which 27 (93.1%) belonged to
Enterobacteriaceae family. The remaining one of the isolate was
yeast (Candida spp). Out of the positive cultures only 3.6% were
done on an outpatient basis which may be insinuating that
clinicians readily admit patients when there is an indication for
septicemia that evidenced by physical condition of the child.
In this study, the rate of isolation was found highest among
newborns 46 (31.3%), while the other age groups of this study
accounts only for 10 (18.5%) of positive blood culture within age
groups. The higher rate of bacterial isolation among neonates
compared to other pediatric age groups may be related to
immaturity of the immune system at birth; hence they are more
vulnerable to infections. This result is consistent with other
studies done among neonates in Ethiopia (28%) [22] and
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Cameroon (34.9%) [24]. On the other hand, a relatively high rate of
positive blood culture was reported among neonates in NICU of
TikurAnbessa Specialized Hospital (44.7%) [22], Gondar (63%)
[29] and Nepal (64%) [28]. A possible explanation for this might
be that the difference in time variation or epidemiological
difference of etiological agents or infection prevention practice.

through parenteral nutrition, skin cleansers, breast milk, breast
pumps, soap and disinfectant dispensers, ventilators and air
conditioning ducts or spread via contact with the patient during
care [34, 35]. Over all, this finding is evidence for the change of
organisms over time and difference in different geographic areas
that are associated with pediatric sepsis.

In the present study there was no significant difference
between males and females in the overall blood culture growth
positive rate (males 27.3% vs females 28.6%, P = 0.838). This
finding is in agreement with report from Nigeria (males 21.10%
and females 23. 38% [25], although the age of patients in that study
ranged from 0 -5 years. On the other hands, this finding does not
agree with several other studies who had reported high culture
positivity in males as compared to females [23, 28, 30, 31]. The
reason for this difference is unclear and need further study with
large sample size.

Klebsiella(19%) such as Klebsiella pneumoniae(8.9%) and
Klebsiella terrigena(7.1%) were the second predominantly
identified Gram negative bacteria. The finding of K.
pneumoniaewas in agreement with report from Jordan [30], Nepal
[28]), and Cameroon [24]. On the other hand, this is a lower finding
when compared with other studies on neonatal sepsis by
Ghiorghis (38%) [20] and Shitaye et al (37% for K.
pneumoniaeand 2.2% for K. terrigena) in Ethiopia [21] and in Gaza
which reported 25.5% K. terrigena[36] as the causative agents of
neonatal sepsis. Enterobacter cloacae blood stream infections also
accounted for 3.6% in our study. This finding was in agreement
with study done in Gondar (2.6%) [29] and Cameroon (5.5%) [24].

The frequency of isolation of Gram negative and Gram positive
bacteria from blood culture in this study was 51.8% and 46.4%,
respectively. This finding is similar to several other studies in
Lahore (50.1% vs 47.5%) [23], Uganda (58% vs 42%) [27] and
Addis Ababa (56.3% vs 43.7%) [21]. In contrast to the present
finding, high Gram positive bacteria were reported by other
studies done in Cameroon (56.2% versus 43.8%) [24], Tanzania
(82.1% vs 17.9%) [26] and Gondar (70.2% vs 29.8%) [29]. The
difference might be related to the difference in the practice of using
medical device for which some Gram positive bacteria are directly
associated or due to geographical variations.
The most predominant Gram positive bacteria identified in
this study were Staphylococcus aureus (23.2%). In support to our
study, other studies in Jimma [32], Jordan [30], Nepal [28] and
Nigeria [25] also reported Staphylococcus aureus as the most
common cause of septicemia. CoNS were the second most
prevalent Gram positive bacteria (19.6%). Out of this, the highest
rate (14.3%) was observed in neonates. Similar finding was also
reported from Jimma (22.9%) [32]. However, our current finding is
different from previous findings in Gondar (33.3%) [29], Addis
Ababa (7.7%) [21] and Tanzania (67.4%) [26]. CoNS have long
been considered as non-pathogenic and were rarely reported to
cause severe infections. However, as a result of the combination of
increased use of intravascular devices and increased number of
hospitalized immunocompromised patients, CoNS have become
the major cause of nosocomial bloodstream infections [24, 26, 31,
32]. In children from whom multiple blood cultures could not be
applied the decision for CoNS as pathogen is relied on the
observation of clinical features of sepsis, follow up the prognosis
and also on the laboratory markers like time for positivity [33].
The most common Gram negative bacteria identified in this
study were Serrratiamarcescens(21.4%). It is also the second
most predominant cause of septicemia in our study next to S.
aureus. As it was reported by other authors S. marcescenscan
cause rapidly spreading outbreaks of severe and potentially fatal
infections in neonatal units. It is an important nosocomial
pathogen, especially in NICU, and it may cause serious infections,
including sepsis, meningitis, and pneumonia, with significant
associated morbidity and mortality in newborns [34]. Similarly, all
isolates (21.4%) of S. marcescens were identified from NICU in
our study. This was the highest finding when compared with other
previous studies in Ethiopia [21]. This may be due to these bacteria
emerging as nosocomial pathogen in the area of NICU. Although
the source of this bacteria is not known clearly by our study as
reported by other authors it may be transmitted to neonates

Septicemia caused by Salmonella spp accounted for 3(5.4%) in
our study. All three non-typhoidal Salmonella isolates were
Salmonella paratyphi group C1 and were isolated from neonates.
Our study is similar with study results by Abrhaet al in Jimma
(8.6%) [32]. However this finding was lower compared with
previously reported blood culture results from Defense Hospital in
Addis Ababa (57%) [21]. This may be due to difference in the
nature of the study participants as in our case majority of the
patients were inpatients while in their cases the participating
were from outpatients.
Based on susceptibility tests in the present study; multi-drug
resistance (resistant to three or more commonly used drugs) was
observed in most of the isolates (92.7%) in our study. Similarly
other studies also reported high multi drug resistance for blood
culture isolates [32, 37]. The most common resistance was seen to
Ampicillin in almost all isolated bacteria. Staphylococcus aureus
was the most resistant to Penicillin (92.3%) followed by Ampicillin
(84.6%), Co-trimoxazole (61.5%) and Tetracycline (53.8%).This
finding is similar with other investigators as reported by Mehta et
al. [14]. Out of the 13 isolated Staphylococcus aureus 38.5% were
resistance to Cefoxitin which indicates Methicillin resistance
Staphylococcus aureus (MRSA) [20, 38]. In support of our finding,
Yusuf et al [31] and Latifet al [23] reported 41.7% and 31.25%
MRSA, respectively. None of Serratia marcescens were resistant to
Ciprofloxacin and Nalidixic acid, while low resistance was seen
against Ceftriaxone (16.7%) and Chloramphinicol (25%). High
resistance was observed to Ampicillin (100%), Gentamicin,
Tetracyline and Cotrimoxazole (91.7 % for each). Salmonella spp
was found to be the most sensitive to Ciprofloxacin, Nalidixic acid
and Cefoxitin. On the other hand, all the three Salmonella isolates
were 100% resistant to Ampicillin, Chloramphinicol, Gentamicin,
Tetracycline, Co-trimoxazole and Ceftriaxone. Over all,
Ciprofloxacin and Nalidixic acid were comparatively the most
effective drugs against the tested Gram negative bacteria, while
Vancomycin and Clindamycin were most effective to Gram
positives. In support of our finding, other previous study in Gondar
[29], Addis Ababa [21], Tanzania [26] and Uganda [27]
demonstrated better effectiveness of Ciprofloxacin however it is
contraindicated in children.

Adugna Negussie et.al Int J Biol Med Res. 2015; 6(1): 4709-4717
4716

5. Conclusion
In conclusion, the present study showed that blood stream
infection constituted about 27.9%. Staphylococcus aureus and
Serratia marcescens were the most common isolates identified
from blood culture in the current study. The most obvious finding
of this study is that most of the isolates were multi-drug resistant.
The detection of multi-drug resistant isolates may further limit
therapeutic options so that it calls for further studies to determine
the most feasible combination of antibiotics for the management
of blood stream infection in children.
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