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ABSTRACT

Background: Bacteremia is a common cause of morbidity and mortality
in children. The causative bacteria and antibiotic sensitivities differ from
region to region. Timely administration of effective antibiotics can be
life-saving for septic patients, therefore it is important for clinicians to
be aware of their local epidemiology when selecting empiric antibiotics
for the treatment of bacteremia.

Objectives: The goal of this study was to describe the microbiology and
antibiotic resistance patterns of bacteremia in the pediatric department
of the University Teaching Hospital of Kigali (UTHK).

Methods: This was a retrospective descriptive study conducted from
1st January 2015 to 31st December 2015. All admitted children with a
positive blood culture were included in the study.

INTRODUCTION

The World Health Organization (WHO) reported progress
in child survival worldwide as one of the success stories of
international development, with child deaths reduced by
half in the past two decades since the MDG (Millennium
Development Goals) baseline. Despite the obvious
achievements, 5.9 million children under 5 years old
died in 2015 [1], roughly half of which died of infectious
causes. Sepsis mortality has been reduced by antibiotics,
but antimicrobial resistance is becoming a huge problem
[2]. The changing bacteriological profile of bacteremia in
children warrants review of the etiological pathogens and
their drug susceptibility patterns [3].

In Sub-Saharan Africa, there is limited data on the
microbiology and antibiotic sensitivity patterns of sepsis
in children [4]. Sepsis is still a major cause of death,
prolonged hospital stays and morbidity among children
living in Sub-Saharan Africa. A study done in Kenya
showed 25% of hospital deaths in children were due
to community acquired bacteremia [4]. In Tanzania it
was found that one-third (34.9%) of the children with
laboratory confirmed bacteremia died [5]. Little is known
about the prevalence of bacteremia in Rwandan children.

Anecdotally, in the pediatrics department at the largest
tertiary level hospital in Rwanda (UTHK), there are many
drug resistant infections but there have been no formal
studies done to show the causes of sepsis in children ages
3 months to 15 years. A study done in the neonatology
unit of the same facility as this study reported significant
prevalence of drug resistant gram negative infections [6]
. Resistance among gram-negative bacteria is now a key
global concern. Multi-drug resistance (MDR) is increasing
yet there is limited access to the antimicrobial agents
needed to treat these infections in low-income countries

[7].

Results: Eighty children were identified with positive blood cultures
during the period of the study. The most commonly isolated bacteria were
Klebsiella species (30%, 24/80), Staphylococcus aureus (27.5%, 22/80),
and Escherichia coli (22.5%, 18/80). In terms of resistance patterns,
60.0% of S. aureus was resistant to oxacillin. Among Klebsiella species,
33.3% were resistant to cefotaxime, 77.3% to gentamicin, and 42.8% to
ciprofloxacin. There was 100% resistance to ampicillin.

Conclusion: Klebsiella species, S. aureus, and E. coli account for 80%
of the cases of bacteremia. Use of ampicillin combined with gentamicin
or cefotaxime for empiric treatment of bacterial sepsis provides poor
coverage in this pediatric department. Epidemiological surveillance must
continue to track changes in antibiotic susceptibility patterns.
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The objectives of this study were to describe the causative
organisms and antibiotic sensitivity profile of bacteremia
in children older than 3 months admitted to the largest
tertiary level hospital in Rwanda.

METHODS

This was a one-year retrospective study conducted from
1st January 2015 to 31st December 2015. The study was
conducted at the University Teaching Hospital of Kigali
(UTHK), the largest tertiary level hospital in Rwanda. The
pediatric department has 8 wards, with approximately
2315 children admitted per year from district hospitals and
surrounding private clinics.

The target population was all admitted children between
3 months old to 15 years old who had a positive blood
culture. The population was enrolled by reviewing the
microbiology records to find positive culture in the relevant
age-group of patients. Patient records of this children
were then reviewed. Admitted children with negative
blood cultures and children on antibiotics with no cultures
sent for testing were excluded.

It is standard practice at UTHK for blood cultures to be sent
to the microbiology laboratory in culture medium bottles.
Growth time is 7 days at 35 degrees Celsius. Blood culture
bottles are manually examined daily for macroscopic
evidence of microbial growth (e.g., hemolysis, turbidity
of the media, gas production, or formation of discrete
colonies). An aliquot of the contents of the aerobic
bottle are gram stained and sub-cultured after the first
overnight incubation. A terminal subculture was usually
done at the end of the incubation period. The facility did
not have an automated system during the period of data
collection. Antibiotic susceptibility testing was performed
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by disk diffusion (Kirby-Bauer testing) and interpreted
per the Clinical and Laboratory Standards Institute (CLSI)
standards.

Patient records were reviewed for demographic data,
clinical presentation, comorbidities (such as surgery,
burn, trauma, congenital heart disease, etc.), and clinical
outcome (death or discharge home). The microbiologic
data collected was species of bacterium and antibiotic
susceptibility. The collected data were analyzed using
Statistical Package for the Social Sciences (SPSS) version
23.0 (Armonk, NY: IBM Corp). Ethical clearance for this
study was obtained from the UTHK research department
prior to data collection.

RESULTS

There were 80 children with a positive blood culture
during the study period (Table 1). Nineteen children
(23.8%) died. Thirty-one children (38.8%) were treated
empirically. Twenty (24%) received ampicillin combined
with gentamicin, and 11 (13.75%) received cefotaxime
as a monotherapy.

The most common isolated bacteria found were
Klebsiella spp. (30%), S. aureus (27.5%), and E. coli
(22.5%) (Table 2). There was only 1 isolate of Group B
Streptococcus. Sixty percent of S. aureus isolates were
resistant to oxacillin, and therefore classified as MRSA
(Methicillin-resistant Staphylococcus aureus) (Table 3).
19% of S. aureus also had resistance to vancomycin,
7% had resistance to clindamycin, and no resistance
to TMP-SMX was reported. All Klebsiella isolates had
resistance to ampicillin, ceftazidime and cefuroxime;
77% to gentamicin; 43% to ciprofloxacin; and 33% to
cefotaxime (Table 2). All E. coli isolates had resistance to
ampicillin, 47% to cefotaxime, and 40% to gentamicin.
There was no E. coli resistance to ciprofloxacin.

Overall, there were no gram-positive cocci (GPC) or
gram-negative bacilli (GNB) sensitive to ampicillin (Table
4). When grouped together, GPC were 100% resistant
to cefotaxime and gentamicin., while 69% of GNB had
resistance to cefotaxime and 65% to gentamicin. Among
all GNB, only 1 isolate was multi-drug resistant (MDR),
defined as resistance to gentamicin, cefotaxime and
ciprofloxacin.

DISCUSSION

Among children with bacteremia admitted at UTHK,
80% of the causative bacteria were Klebsiella spp., S.
aureus, and E. coli. Sixty percent of tested S. aureus
isolates were classified as MRSA. Gram negative bacilli
constituted 65.1% of infections, and 69% were resistant
to cefotaxime, and 65% were resistant to gentamicin,
both of which are the most common gram-negative
antibiotics used locally in septic children.

The high frequency of Klebsiella spp. and S. aureus
correlates with other studies [6] [8]. Specifically in eastern
African countries, a review found high levels of antimicrobial
resistance (AMR) to commonly used antibiotics, including
50%-100% resistance to ampicillin, emerging resistance
to gentamicin (20-47%), and relatively high levels of
resistance to third generation cephalosporins (46-69%)
among gram-negative infections [9]. Moreover, most of the
resistance was reported to be among Klebsiella spp. and
E. coli. Among Gram-positive infections, 100% resistance
was reported to ampicillin which is similar to this study;
however we report a much higher level of MRSA (60%)
compared to 2.6%-4% reported in a review of articles
from the East African regions [9].

The Rwanda national pediatric guidelines recommend
cefotaxime or ceftriaxone as the first line treatment for
septicemia [10] but our results show that only 41% of all
gram-negative bacilli were sensitive to these drugs. For
pneumonia, the national guidelines recommend the use
of ampicillin and gentamicin, but our study results show
that gram-positive cocci are 100% resistant to ampicillin
and gentamicin. Granted, we are reporting on hospitalized
patients with bacteremia so our antibiogram may not
necessarily reflect the epidemiology of community-acquired
pneumonia in Rwanda. Furthermore, not all children with
pneumonia have bacteremia, so further studies need to be
done on the antibiotic sensitivity of respiratory pathogens
in admitted children in this setting. Overall, these results
suggest that current empiric antibiotic guidelines provide
inadequate coverage for bacteremia in our setting, and
this is likely the key contributor to the mortality rate of
23.8% in this study. Based on the high rate of MRSA
and the significant gram-negative resistance rates to
cephalosporins and aminoglycoside, the best empiric
antibiotic regimen for a child older than 3 months admitted
with suspected sepsis at would be vancomycin combined
with a carbapenem.

This study had 2 major limitations. First, there was
intermittent stock-out of some antibiotic disks, leading
to inconsistent reporting of antibiograms. Second, the
isolates per species of organism were not enough for every
bacteria, as CLSI recommends a minimum of 10 isolates
per species of organism for an antibiogram to be very
effective [11].

CONCLUSION

We report a high level of antibiotic resistance in children
with bacteremia at the largest tertiary hospital in Rwanda.
Based on the study antibiogram, empiric use of ampicillin
with gentamicin or cefotaxime/ceftriaxone as recommended
by the national guidelines provides poor coverage. There is
universal resistance to ampicillin, therefore it should not be
used for empiric treatment of bacterial sepsis in Rwandan
children. Epidemiological surveillance must continue to
track changes in antibiotic susceptibility patterns.
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Table 1: Characteristics of children with bacteremia admitted
at the University Teaching Hospital of Kigali. (N=80)

Sex

Patient’s origin

Referred from

Age (months)

Comorbidities

Male

Female

Kigali

East Province
North pravince
South province
West province
District hospital
Private clinic
Others

3-12 months
12 months
Malnutrition
Infection ather than
bacteremia

Hematologic diagnasis™®

37 (46%)
43 (54%)
34 (42.3%)
23 (28.7%)
9 (11.3%)
8 (10%)

6 (7.5%)
59 (74%)
12 (15%)
9 (11%)
50 (63%)
30 (37%)
30 (37.5%)
35(43.8%)

24 (30%)

Legend:

Most common was anemia

Table 2: Organisms isolated from children with bacteremia
admitted at the University Teaching Hospital of Kigali.

Organism
Klebsiella spp.

Stophylococcus aureus

Escherichia coli

Acinobocter spp.

Proteus spp.

Salmaonella typhi

Pseudomonas aeroginasa

Streplococcus spp.
Group B streptococcus

Total

Freguency
24 (30%)
22 (27.5%)
18 (22.5%)
5 (6.3%)

80 (100%)

Table 3: Antibiotic resistance of organisms isolated from children with bacteremia admitted at the
University Teaching Hospital of Kigali.

Strept
Antibiotic ococe

us

Sp. e
Penicillin 100
Ampicillin 100
Oxacillin 0
amoxicillin 0
Piperacillin 0
Amaoxicillin- 0
clavulanate
ceftazidime 0
Cefotaxime 0
Cefuroxime 0
Vancomycin 50
Clindamycin 0
Gentamicin D
Amikacin 0
Ciprofloxacin 0
Pefloxacin 0
Tetracycline 0
Erythromycin 50
TMP-SNX 100
Chloramphenicol 0

5. GBS**
aureus ¥

S

29 100
100 0
60 0
100 0

0 0

0 0

0 0

0 0

7 0
19 100
7 100
100 0

0 0

0 0

7 0
10 0
02 100
0 0

0 0

Klebs Prote Pseudom
iella  ussp. onas
sp. aerugino
53
50 0 n/a
100 100 n/a
0 0 n/a
100 0 n/a
1 D 25
18 &7 n/a
100 11 50
33 0 n/a
100 &7 n/a
n/a n/a n/a
n/a n/fa n/a
77 0 0
23 0 0
43 D 0
27 D 0
D D 0
0 0 n/a
100 50 n/a
1 11 0

Acinetob  E.
acter coli
100 0
100 100
0 0

0 3
12 0

D 17
67 15
0 a7
0 2
n/a n/a
n/a n/fa
40 40
0 44
0 0
12 2

0 2
n/a 0

D 4

0 ]

Salmonella

typhi

o o0 o0 o o

100
n/a

Note that the percentage reported is the resistance of the tested bacteria of each species.
Legend: *15 of 22 isolates were the only ones tested for Oxacillin sensitivity; ** 2 isolates found;
*** Only one isolate found; n/a — not applicable

Table 4: Overall antibiotic RESISTANCE of gram-positive cocci and gram-negative bacilli isolated from
children with bacteremia at the University Teaching Hospital of Kigali.

Antibiotics
Ampicillin
Oxacillin
Cefotaxime
Ciprofloxacin
Gentamycin
Amikacin

Gram positive cocci

100%
B0%*

100%™

0%
100%

Gram negative bacilli

100%

B69%
27%
B65%
23%

Legend: * only S. aureus was tested for Oxacillin ** for Streptococcus species and GBS
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