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Background: Worldwide, bacterial bloodstream infections (BSIs) constitute an important 
cause of morbidity and mortality in clinical settings. Due to the limited laboratory facilities 
in sub-Saharan Africa, poor diagnosis of BSIs results in poor clinical outcomes and leads to a 
risk of antimicrobial resistance. The present work was carried out to describe the micro
biological features of BSIs using the data collected from Centre Hospitalier Universitaire de 
Kigali (CHUK).
Methods: A retrospective study was carried out at CHUK. The blood culture results of 
2,910 cases – from adults, children and infants – were reviewed in the Microbiology service 
from October 2017 to October 2018. The following variables were considered: age, gender, 
admitting department, blood culture results, and antimicrobials sensitivity test results. Data 
were entered and analyzed using Microsoft Excel 2013.
Results: Twelve percent (341/2,910) of blood culture results reviewed were positive with 
108 (31.7%) Gram positive bacteria and 233 (68.3%) Gram negative bacteria. The most 
prevalent pathogens were Klebsiella pneumoniae 108 (31.7%) and Staphylococcus aureus 
100 (29.3%). This study revealed a high resistance to commonly prescribed antibiotics such 
as penicillin, trimethoprim sulfamethoxazole, and Ampicillin with 91.8, 83.3, and 81.8% of 
resistance, respectively. However, bacteria were sensitive to imipenem and vancomycin with 
98.1 and 94.3% of sensitivity, respectively. The pediatrics and neonatology departments 
showed a high number of positive culture with 97/341 (28.4%), and 93/341 (27%) respec
tively. The overall prevalence of multidrug resistance was 77.1%.
Conclusion: The prevalence of bacterial pathogens in BSIs was found to be high. The 
antibiotic resistance to the commonly used antibiotics was high. Appropriate treatment of 
BSIs should be based on the current knowledge of bacterial resistance pattern. This study 
will help in formulating management of diagnostic guidelines and antibiotic policy.
Keywords: bloodstream infection; BSI, bacteriological profile, antimicrobials, Rwanda

Introduction
Bloodstream infections (BSIs) constitute one of the leading causes of mortality and 
morbidity worldwide.1 Additionally, the infections with antibiotic-resistant bacteria 
have made the therapeutic options difficult due to the antibiotic misuse in humans, 
animals and agriculture.2,3 Although there is a paucity of data about BSIs in low- 
and middle-income countries (LMIC), it is believed that sub-Saharan Africa (SSA) 
could count a high prevalence of BSIs.4–6 However, BSIs remain undiagnosed due 
to limited diagnostic laboratory facilities resulting in poor clinical outcomes and the 
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increasing risk of antimicrobial resistance.7–9 The rate of 
BSIs has been associated with hospitalization in intensive 
care units (ICU), insertion of foreign bodies, such as 
catheters, into blood vessels, lapses in hand washing, and 
non-adherence to infection prevention and control prac
tices of health workers.6,10,11

Worldwide, several population-based studies have 
reported a wide variation in incidence and prevalence of 
BSIs.12,13 A systematic review and meta-analysis of 22 
studies about BSI during 1984–2006 in Africa, reported 
58,296 patients receiving a blood culture request for BSI 
diagnosis of whom 2051 (13.5%) of 15,166 adults and 
3527 (8.2%) of 43,130 children had BSI.9 The most recent 
systematic review revealed a median prevalence of BSI at 
14.6% (ranging from 3.4% to 38.2%) in Africa.14 A spe
cific characteristic of BSI in African countries is that many 
patients are co-infected with malaria, human immunodefi
ciency virus, or Mycobacterium tuberculosis.15–17

The most common microorganisms isolated in BSIs 
include on one hand bacteria such as Klebsiella pneumoniae, 
Escherichia coli, Enterobacter spp., Staphylococcus aureus, 
Coagulase Negative Staphylococcus (CoNS), Streptococcus 
pneumoniae, and Streptococcus pyogens and on other hand 
fungi such as Candida albicans and other Candida spp.
12,18,19 Among bacterial BSIs, antibiotic resistant strains are 
emerging with great speed, particularly among Gram-nega
tive bacteria compromising effective treatment.14,20

In SSA, BSIs management is affected by the lack of 
bacteriological support for coordinated program that pro
motes the appropriate use of antibiotics and useful data for 
appropriate empirical antimicrobial treatment.21,22 In 
Rwanda, there are limited data of antimicrobial resistance 
in BSIs. Like several SSA countries, the lack of updated 
national guidelines for antibiotic use, absence of good 
laboratory facilities to perform blood culture and antimi
crobial drug susceptibility tests lead to emergence and 
rapid spread of resistance.23,24

Despite the growing body of literature, there is wide 
geographic variation in causes of BSIs and in antimicro
bial susceptibility patterns of identified microorganisms. 
Therefore, the present work was conducted to describe and 
extend the understanding of local laboratory characteristics 
of BSIs in Rwanda for better management of BSIs at 
Centre Hospitalier Universitaire de Kigali (CHUK) also 
known as Kigali University Teaching Hospital (KUTH). It 
is the largest hospital located in district of Nyarugenge in 
Kigali City. It is also the biggest referral hospital of the 
country with a capacity of 519 beds.

Materials and Methods
This was a retrospective study using available laboratory 
data from CHUK, Pathology Department from October 
2017 to October 2018. Data were obtained from 
Microbiology unit log book of blood culture and antimi
crobial sensitivity test results of both inpatients and out
patients. This study included laboratory records of all 
patients from whom BSIs were suspected. All laboratory 
data of blood culture samples with contamination and all 
laboratory records of bacterial isolates from blood culture 
samples that were not tested for antimicrobial susceptibil
ity were excluded in the present study. Overall, s' the 
blood culture records of 2,910 patients were included 
and analyzed. The following variables were included: 
age, gender, admitting department, name of organism, 
antibiotics used for susceptibility testing and susceptibility 
results of each antibiotic tested. Microbial identification 
was performed following the laboratory standard operat
ing procedures: the collected blood samples were incu
bated in BD BACTEC (Becton-Dickinson, Franklin 
Lakes, USA) bottles at 37°C and processed with the 
BACTEC system to identify bacteria. Positive samples 
for bacterial growth were sub-cultured on appropriate 
media after Gram stain results. Gram-positive cocci were 
cultured on Mannitol Salt Agar (MSA) and blood agar, 
and Gram-negative bacilli were cultured on MacConkey 
Agar and Xylose Lysine Deoxycholate Agar (XLD) 
media. In addition, identification of Gram-positive cocci 
species was done using catalase and coagulase tests. 
Gram-negative bacilli were identified by colony morphol
ogy. Additionally, biochemical tests were performed, 
including Triple Sugar Iron (TSI), Motility Indole Urea 
(MIU), and citrate tests to identify and differentiate 
Enterobacteriaceae species. The Antibiotic susceptibility 
testing was performed by the Kirby Bauer disk diffusion 
method, following laboratory protocol and the interpreta
tion of the diameter of inhibition was done according to 
2012 Clinical and Laboratory Standards Institute (CLSI) 
guidelines.

The ethical approval (Ref: EC/CHUK/7212/2018) to 
carry out the study was obtained from the Ethics 
Committee of Centre Hospitalier Universitaire de Kigali 
(CHUK). For retrospective studies, the informed consent 
to review the medical records of study participants was not 
required by the Ethics Committee. However, the data 
confidentiality and the right to privacy were respected in 
compliance with the Declaration of Helsinki.
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Results
Out of 2,910 patient blood culture records reviewed, 1,530 
(52.6%) were from males and 1,380 (47.4%) were from 
females. The majority of participants were in the age 
group 2–14 years, accounting for 29.4% (n=856) which 
was followed by 0–1-year age group (26.9%, n=785) and 
this trend was similar in both sexes.

From blood culture records, the results showed that 
341/2,910 (11.71%) were positives. The number of 
pathogens isolated and represented by 10 types of bac
teria was 341. Gram positive and Gram negative bacter
ial isolates constituted 108/341 (32%) and 233/341 
(68%), respectively. Among Gram positive, S. aureus 
(29.3%) were predominant followed by Streptococcus 
spp. (2.1%) and Coagulase-negative Staphylococci 
(0.3%). The isolated Gram negative bacteria were K. 
pneumoniae (31.7%), followed by Acinetobacter spp. 
(14.3%), E. coli (13.2%), Salmonella typhi (5.6%), P. 
aeruginosa (2.9%), Citrobacter spp. (0.3%), and Proteus 
spp. (0.3%).

The distribution of blood culture samples based on the 
admitting department is summarized in the Table 1. Out of 
the 2,910 samples received, 1,012 (34.8%) were from the 
pediatrics department, 725 (25%) were from the medicine 
department and others. As shown in the Figure 1, predo
minant culture isolates were from pediatrics department 
97/341 (28.4%), followed by neonatology 93/341 (27%). 
K. pneumoniae was the most common isolate in the neo
natology 46/108 (42.6%) and pediatrics 36/341 (10.6%). S. 
aureus and S. typhi were the most isolate in Internal 
medicine department with 28/100 (28%) and 11/19 
(57.9%), respectively.

Table 2 presents the susceptibility pattern of isolated 
pathogens. The antimicrobial susceptibility pattern of 
Enterobacteriaceae showed a high level of resistance of K. 
pneumoniae to the majority of antibiotics except imipenem 
and amikacin where it was sensitive at 100% and 88.1%, 
respectively. E. coli showed also a high resistance to the 
majority of antibiotics but was 100% sensitive to imipenem, 
clindamycin and piperacillin-tazobactam. S. typhi showed 
high level of sensitivity to amikacin (100%), ciprofloxacin 
(100%), clindamycin (100%), gentamycin (100%), imipe
nem (100%), ceftazidime (90%) and to amoxicillin-clavula
nic acid (76.5%). However, the isolates were resistant to 
chloramphenicol (100%), trimethoprim–sulfamethoxazole 
(80%), piperacillin-tazobactam (66.7%), ampicillin (60%) 
and ceftriaxone (57.1%). Notably, all isolates were uni
formly sensitive to imipenem (100%). In non-fermenting 
Gram negative rods, P. aeruginosa was sensitive to clinda
mycin (100%), imipenem (71.4%) and amikacin (66.7%). It 
showed 100% resistance to amoxicillin-clavulanic acid and 
penicillin, 75% piperacillin–tazobactam and gentamycin, 
66.7% ceftazidime and piperacillin. Acinetobacter spp. 
showed high resistance to majority of antibiotics except 
gentamycin (100%), imipenem (100%), and amikacin 
(85.7%) where it was sensitive. Gram positive cocci showed 
a high level of resistance of S. aureus to amoxicillin-clavu
lanic acid (100%), penicillin (91.2%), trimethoprim – sulfa
methoxazole (80%), and ampicillin (61.5%) but the isolates 
were sensitive to ceftriaxone (100%), vancomycin (96.3%), 
cefotaxime (88.9%), gentamycin (83.3%), and clindamycin 
(81.1%). CoNS showed also a high level of resistance to 
majority of antibiotics except vancomycin where it was 
100% sensitive. Additionally, Streptococcus spp. showed a 

Table 1 Distribution of Blood Culture Results Based on Service

Service Blood Culture Result n [%]

Positive Negative Total

EM 29[13.2] 190[86.8] 219[7.5]

ENT 1[33.3] 2 [66.7] 3[0.1]
GO 8 [13.3] 52[86.7] 60[2.1]

ICU 24[18.2] 108[81.8] 132[4.5]

IM 69[9.5] 656[90.5] 725[25]
NEO 93[15.5] 506[84.5] 599[20.6]

OPD 8 [9.5] 76 [90.5] 84[2.9]

PED 97[9.6] 915[90.4] 1012[34.8]
SURGERY 12[15.8] 64[84.2] 76[2.5]

TOTAL 341[12] 2569[88] 2910[100]

Abbreviations: EM, emergency; GO, gynecology obstetrics; ICU, intensive care unit; IM, internal medicine; OPD, outpatient department; PED, 
pediatrics; SURG, surgery; ENT, ear, nose and throat; NEO, neonatology.
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high level of resistance to majority of the antibiotics except 
ciprofloxacin (100%) and vancomycin (60%) where it was 
sensitive.

The overall prevalence of multidrug resistance (MDR) 
(bacteria with non-susceptibility to at least one in three or 
more antimicrobial agents), was 77.1% (n=263). However, 
6.5% (n=22) bacterial isolates were sensitive to all anti
biotics tested. 194/233 (83.3%) Gram negative bacteria 
and 69/108 (63.9%) Gram-positive bacteria were multi
drug resistant. 100% of CoNS and 62% (n=62) of S. 
aureus were multidrug resistant. Furthermore, 100% of 
Citrobacter, 100% of Proteus spp., 93.5% (n=101) of K. 
pneumoniae, 81.6% (n=40) of Acinetobacter spp. 73.3% 
(n=33) of E. coli, 63.2% (n=12) of S. typhi and 60% (n=6) 
of P. aeruginosa were multidrug resistant (Table 3).

Discussion
It is well known that antibiotic- resistance represents a major 
public problem in SSA due to poor sanitation and weak 
public health system.25 To our knowledge, this is the first 
study in Rwanda to assess the prevalence, and some factors 
associated with BSI and the prevalence of resistance in 
isolates by admission source using a large sample size.

The results of this present study are comparable with the 
observations made by Rani et al who reported 60.2% in 
males and 36.7% in females.26 Similar studies have reported 
surprisingly the high prevalence of BSI in males without 
supporting explanations.2 In fact, it has been reported that 

the high proportion of BSI originate from urinary tract infec
tions, which are more common in females than in males.27

This study revealed that the majority of blood culture 
results reviewed and the majority of culture isolates were 
from pediatrics department followed by neonatology. 
Consequently, a high proportion of participants were 
under 14-years-old and this trend was similar in both 
sexes. Children especially neonates are particularly vulner
able to BSIs mainly due to of their weak immune system; 
there is a clear evidence that immune dysregulation con
tributes to enhanced susceptibility of children to BSIs.28 

The maximum number of isolates (116) was in the age 
group of 0–1 year, accounting for 34% of the total 341 
culture positive cases. In the age group 2–14 years, the 
number of isolates was 86 accounting for 25.2% culture 
positive cases. Similar findings have been reported by 
Nkrumah et al who reported culture positivity in infants 
up to 20.9%.29

There is a very high variation of prevalence across the 
world. The isolate rate in this study was 11.7% (341/ 
2910), which is similar with the reports in Zanzibar 
14%4 and Nigeria 13.1%.30 However, the rate was high 
compared to the study conducted in Nepal31 and 
Tanzania32 with 7.2 and 7.7%, respectively but lower 
than the study in Ethiopia with 28%.33

In the present study, the frequency of isolation of Gram 
negative bacteria (68.3%) was found to be higher than 
Gram positive bacteria (31.7%). Previous studies have 
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reported similar trends with around 51% of Gram negative 
bacteria and 45% of Gram positive bacteria.34 In contrast, 
some studies have shown a higher incidence of Gram 
positive bacteria than Gram negative bacteria.35 This dif
ference might be related to geographical variation and/or 
seasonal variation. It has been reported that temperatures 
are associated with substantially increased frequency of 
septicemia, particularly among clinically important Gram 
negative bacteria.36 Most common bacteria isolated in this 
study were K. pneumoniae and S. aureus with 31.7% and 
29.3%, respectively. Similar observations were reported in 
a number of studies.15,34

In this study, among the antibiotics used for susceptibility 
testing for Gram positive isolates, vancomycin showed high
est (85.4%) activity. S. aureus was high sensitive to many 
antibiotics but was high resistant to commonly used antibio
tics. This could be explained by the fact that Staphylococcal 
species could display completely different aggressiveness 
traits.37 This study revealed that among the Gram negative 
isolates, imipenem showed the highest sensitivity (100%) 
which is consistent with the study conducted by Jhajhria et 
al and who also showed imipenem as most effective drug for 
Gram negative bacilli. Common antibiotics [erythromycin, 
penicillin, tetracycline, chloramphenicol and trimethoprim 
sulfamethoxazole] used for Gram negative showed the max
imum resistance.38

In East Africa, high levels of antimicrobial resistance 
to commonly used antibiotics have been reported includ
ing 50–100% of resistance to ampicillin, 20–47% of resis
tance to gentamicin and 46–69% of resistance to 
cephalosporins among Gram-negative infections.39

Based on susceptibility tests in the present study, multi- 
drug resistance was observed in most of the isolates 
(77.1%). Similar study reported also a high multi drug 
resistance for blood culture isolates.40

It is important to continually review and update the 
epidemiology of BSI mainly with respect to the antibiotic 
susceptibility pattern of the common pathogens, so that it 
is useful for prompt treatment of patients with BSIs.41

Overall, this preliminary study is descriptive and infor
mative: (i) it reveals a high resistance to the commonly 
prescribed antibiotics, (ii) shows the predominance of 
positive cultures in pediatrics department. However, 
some limitations have been noticed including the absence 
of correlating the antibiotic susceptibility pattern of iso
lated bacteria according to the age of patients, the lack of 
some data such as the distribution of inpatients versus 
outpatients and the lack of data on antibiotic consumption.

Conclusion
In this study, the prevalence of bacterial pathogens in 
blood stream infections was found to be high and was 

Table 3 Multiple Antibiotics Resistance Pattern of Bacterial Isolates from Blood Culture

Bacteria Antibiotic Resistance n [%]

R0 R1 R2 R3 R4 R5 R6 R7 R8

Acinetobacter [n=49] 5 [10.2] 4 [8.1] 12 [24.5] 14 [28.6] 10 [20.4] 2[4.1] 1[2] 1 [2] 0 [0]

Citrobacter [n=1] 0 [0] 0 [0] 1[100] 0 [0] 0 [0] 0 [0] 0 [0] 0 [0] 0 [0]

E. coli [n= 45] 3 [6.7] 9 [20] 5 [11.1] 9 [20] 13 [28.9] 6[13.3] 0 [0] 0 [0] 0 [0]

K. pneumoniae [n= 108] 3 [2.8] 4 [3.7] 18 [16.7] 38 [35.2] 17 [15.7] 16 [14.8] 5[4.6] 2 [1.9] 5[4.6]

P. aeruginosa [n= 10] 3[30] 1[10] 1 [10] 2 [20] 1[10] 2 [20] 0 [0] 0 [0] 0 [0]

Proteus spp. [n=1] 0 [0] 0 [0] 0 [0] 1 [100] 0 [0] 0 [0] 0 [0] 0 [0] 0 [0]

S. typhi [n= 19] 3 [15.8] 4 [21.1] 5 [26.3] 6 [31.6] 0 [0] 0 [0] 1 [5.3] 0 [0] 0 [0]

S. aureus [n= 100] 5[5] 33[33] 24 [24] 14 [14] 13[13] 4[4] 4 [4] 2 [2] 1[1]

CoNS [n=1] 0 [0] 0 [0] 0 [0] 1[100] 0 [0] 0 [0] 0 [0] 0 [0] 0 [0]

Streptococcus spp. [n= 7] 0 [0] 1[14.3] 0 [0] 0 [0] 4[57.1] 1 [14.3] 1 [14.3] 0 [0] 0 [0]

Total [n = 341] 22[6.5] 56 [16.4] 66[19.4] 85 [24.9] 58[17] 31[9] 12 [3.5] 5 [1.5] 6[1.8]

Notes: R0: sensitive to all antibiotics tested; R1, R2, R3, R4, R5, R6, R7, R8, resistant to one, two, three, four, five, six, seven and eight antibiotics respectively. 
Abbreviation: CoNS, coagulase negative staphylococci.
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caused by both Gram positive and negative bacteria. The 
presence of drug resistance and multiple antimicrobial 
resistances bacteria to most commonly used antibiotics 
was high. Therefore, further studies are needed to draw 
consistent conclusions and recommendations to better sup
port appropriate antimicrobial prescribing.
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