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Abstract

Background: Bacteremia are serious and dreaded diseases, due to their high associated mortality, for which blood culture
is the key examination for establishing the diagnosis. Little is known about the epidemiology of sepsis in the Central African
Republic (CAR).

Objective: To determine the epidemiology and antibiotic susceptibility profile of bacteria isolated from blood cultures in the
CHUPB, in order to optimize the probabilistic antibiotic therapy used in first line.

Methodology: This was a cross-sectional study conducted at the University Hospital of Bangui (CHUPB) over a period of 12
months (January 1 to December 31, 2021), covering all bacteria isolated from blood cultures taken from children hospitalized
in intensive care and neonatal intensive care units. The data were analyzed with the STATA version 14 software. The Chisquare
test and ANOVA test were used to compare proportions at the p<0.05 threshold.

Results: Out of four hundred and fifty-five blood cultures performed during the 12 months, the positivity rate was 13.17%
(n=56/425). The neonatal intensive care unit had a positivity rate of 75% (n=42) versus 25% (n=14) for the intensive care unit.
The mean age of the blood culture positive children was 19 days (3 days to 15 years) and the sex ratio was 1.94. Among the
56 isolates, a high prevalence of gram-negative bacilli 98.21% (n=55) was noted. The most frequently isolated species were
Klebsiella pneumoniae 75% (n=42) and Escherichia coli 19.64% (n=11). Staphylococcus aureus 1.78%(n=1) was the only
Gram-positive cocci isolated. Enterobacteriaceae were multi-resistant to empirical antibiotics at CHUPB. Only Tigecycline
and Amikacin were still more than 90% sensitive to Klebsiella pneumoniae. Escherichia coli had a sensitivity greater than
80% for Ertapenem, Imipenem and chloramphenicol.

Conclusion: This study, which was the first at the CHUPB, underlined the importance of regular monitoring of blood culture
isolates, while determining antibiotic sensitivities in order to better guide the probabilistic antibiotic therapy of bacteremia.
Key words : Blood cultures - epidemiology - isolates - CHUPB.

Introduction of germs in blood cultures [5,6]. Indeed, blood culture represents
Bacteremia are serious conditions responsible for a very high the most reliable means of recognizing the germ responsible for a
morbidity worldwide. [1,2]. The mortality rate attributable to bac- bacteremia, but it requires a delay that is often incompatible with
teremia remains very high, especially in cases of polymicrobial the urgency of the situation. Bacteria responsible for bacteremia
bacteremia, but their clinical importance is often underestimated are very varied, and it is sometimes necessary to show ingenuity
in sub-Saharan Africa where the majority of fevers are associated to isolate and identify them [5]. The results of this examination
with malaria [3,4]. This bacteremia constitutes a diagnostic and require, depending on the case, from 24 hours to several days [7].
therapeutic emergency. They are generally evoked on clinical However, probabilistic antibiotic therapy remains necessary while
grounds, but their diagnosis is essentially based on the isolation  waiting for the results of the blood culture, and must be as effective
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as possible [6]. For this, it is necessary in health facilities to know
the bacterial ecology that may be responsible for bacteremia and
their antibiotic sensitivity profile, in order to provide an objective
basis for the probabilistic antibiotic therapy of these infections.
It is with this in mind that we conducted this study to determine
the epidemiological profile and the sensitivity of bacteria isolated
from blood cultures of children hospitalized at the CHUPB. The
final objective was to optimize probabilistic antibiotic therapy to
improve the management of bacteremia in the intensive care unit
and in the neonatology department of the hospital.

Material and methods

Type and period of the study

This was a cross-sectional and descriptive study conducted over
a period of 12 months (January 1 to December 31, 2021) at the
CHUPB. This is the only pediatric facility in the country where
all sepsis and septic shock cases from Bangui and its surroundings
are referred for better management. The study focused on all blood
culture isolates validated by the Bangui Pasteur Institute and com-
municated to clinicians in the intensive care unit and the neonatal
resuscitation unit of the CHUPB.

Criteria for selecting children for blood cultures

Blood cultures are taken from any child presenting

- Suspicion of sepsis not responding to the empirical antibiotics
used at CHUPB.

- An unexplained prolonged fever

- In children with catheters and those with urinary catheters who
present an unexplained worsening of their clinical condition 72
hours after admission to the neonatology or intensive care unit.

Course of The Study

At the IPB, the bacteriology department has carried out the identi-
fication of bacteria based on cultural, morphological and biochem-
ical characteristics (API gallery, bio Mérieux SA, Marcyl’Etoile/
France). Antibiotic susceptibility testing is performed using the
Mueller-Hinton agar diffusion technique (with 5% toned soft blood
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for demanding germs) with an interpretative reading according to
the recommendations of the French Society of Microbiology (CA-
SFM) antibiogram committee [8]. Antibiotic resistance of different
bacteria was detected by the antibiogram method associated with
other complementary tests necessary in certain situations.

The same applies to the detection of meticillin resistance using
a cefoxitin disc (30 micrograms); for strains with a diameter be-
tween 25 and 27 mm, the PLP2a protein is tested by latex parti-
cle agglutination technique (Slidex MRSA Detection bioMérieux
Marcyl’Etoile/France) from colonies collected on the edge of the
inhibition zone of a cefoxitin disk on Mueller-Hinton agar, after 24
hours of incubation. In establishing the percentages of resistance
of the different bacterial species, the IPB had included the “inter-
mediate” category in the “resistant” category.

Once the blood culture isolates were validated by the IPB, the re-
sults were shared with the CHUPB clinicians. Data regarding the
frequency of blood cultures by month and department, age and
sex of children, germs isolated, and their antibiotic susceptibility
were recorded by Access 2019 software and kept secret to ensure
confidentiality.

Data Processing and Analysis

The data were analyzed with the STATA version 14 software. Chi-
square test and ANOVA test had been used to compare the propor-
tions at the p <0.05 threshold.

Results

Frequency of blood culture requests at CHUPB

During the study period, 425 blood cultures were collected and
sent to the bacteriology department of the IPB. The highest num-
ber of requests was in June (106) and July (101). Blood cultures
were less requested in January (8) and November (6).

101
50
34
6
) X L < L <
S& P q?% &Oz 3 & & é&
w & o° & &
%Q,Q é° Qe
Months

Figure 1: Monthly distribution of positive blood cultures and number of requests

J Pediatr Neonatal Biol, 2022

Volume 7 | Issue 2 | 88



Frequency of positive blood cultures and positivity rate

Of the 425 blood cultures taken during the study period, 56 were
positive, i.e. a positivity rate of 13.17%. The samples were posi-
tive throughout the year with a peak in September 50% (n=11/22)

and November 50% (n=3/6). The lowest positivity rate was noted
in May 3.7% (n=1/27). The distribution of the positivity rate by
month is shown in figure 2.
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Figure 2: Distribution of blood culture positivity rate by month.

General Characteristics of Positive Blood Cultures

The sex ratio was 1.94. The mean age of the children was 19 days
with extremes of 3 days to 15 years. Isolates were more common
in children less than 28 days of age (75%, n=42) than in children

older than 28 days (25%, n=14). The majority of positive blood
cultures were from neonates hospitalized in the neonatal unit 75%
(n=42) versus 25.01% (n=14) for intensive care.

See table I

Table I: Distribution of Positive Blood Cultures According To General Characteristics.

Characteristics of positive blood cultures (N= 56) | Number Percentage
Sex

Male 37 66,07
Female 19 33,93
Age range in days

[0-3] 4 7,14
[3-7] 13 23,21
[7 -14] 16 28,57
[14 -28 9 16,07
>29 14 25,01
Unit of origin of blood cultures

Neonatology 42 75,00
Intensive care 14 25,00

Distribution of bacteria isolated from positive blood cultures

During the study period, gram-negative bacilli accounted for
98.21% (n=55) of isolates versus 1.78% (n=1) of gram-positive
cocci. The 55 gram-negative bacilli were subdivided into two major
groups. These were Enterobacteriaceae which represented 98.18%
(n=54/55) of cases, with a predominance of Klebsiella pneumo-
niae in 77.77% (n=42/54) of cases, Escherichia coli in 20.37%

(11/54) of cases and Enterobacter cloacae in 1.85% (n=1/54) of
cases. Concerning the non-closing Gram-negative bacteria, we
isolated only one strain, Acinetobacter Baumanii (1.81%). Finally,
the only gram-positive cocci isolated was Streptococcus spp. 1.78
(n=1/56).

See table II.
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Table II: Distribution of Bacteria Isolated In Positive Blood Cultures

Categories Groups Species Number Percentage
Enterobacteria Klebsiella Pneumoniae 42 75,0
Gram-negative bacillus Escherichia coli 11 19,64
Enterobacter cloacae 1 1,78
Non-closing bacteria | Acinetobacter Baumanii 1 1,78
Gram-positive bacillus Cocci Streptocoque spp 1 1,78

Distribution of isolated bacteria according to services
The distribution of bacteria by service is shown in Figure 3.
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Figure 3: Distribution of bacteria isolated by department.

Study of the sensitivity of Klebsiella pneumoniae to antibiotics The antibiotic resistance rate for Klebsiella pneumoniae was about
(N=42) 100%(n=42) for Ampicillin; Ticarcillin; Cefalexin; Cefepime;
Klebsiella pneumoniae was susceptible to Tigecycline Imipenem; Ertapenem; and Methicillinam. This resistance was
92.85%(n=39);Amikacin 92.85%(n=39); Cefoxitin 64.28%(n=27); 97.61%(n=41); for Ceftriaxone; 88.09%(n=37) for Gentamicin;
Netilmicin 57.14%(n=24); Chloramphenicol 23.81%(n=10) Amox-  88.09%(n=37) for Tobramicin; 85.71%(n=36) for Amoxicillin +
icillin + Clavulanic Acid 14.28%(n=6); Gentamicin 11.90%(n=5); Clavulanic acid; 85.71%(n=36) for Ciprofloxacin; 83.33%(n=35)
Tobramicin 9.52%(n=4); Nalidixic Acid 9.52%(n=4); Ciprofloxa- for Nalidixic acid; 76.19%(n=32) for Chloramphenicol;
cin 7.14%(n=3) and Ceftriaxone 2.38%(n=1). 40.47%(n=17) for Netilmicin; 35.71%(n=15) for Cefoxitin;

7.14%(n=3) for Tigecycline and

2.38%(n=1) for Amikacin.
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Figure 4: Distribution of blood cultures by antibiotic sensitivity of klebsiella pneumoniae
Study of the sensitivity of Escherichia Coli to antibiotics (N=11)  The rate of resistance of Escherichia Coli to antibiotics was 100%
The sensitivity of Escherichia Coli was 90.91% (n=10) for Ertap- for (Meticillinam and Tigecycline); 90.91% for (Ampicillin, Ti-
enem and Imipenem. It was 81.81% (n=9) for chloramphenicol, carcillin, Cefalexin, Ceftriaxone, Gentamicin, Tobramicin and Ci-
63.63% (n=7) for Amikacin; 27.27% for (Amoxi + Clavulanic profloxacin); 81.81% for (Cefoxitin and Cefepime); 72.72% for
acid, Nalidixic acid and Netilmicin); 18.18% for (Cefoxitin and (Amoxi+Clavulanic acid and Nalidixic acid); 54.54% (n=6) for

Cefepime); 9.09% for (Ampicillin, Ticarcillin, Cefalexin; Netilmicin; 18.18% for (Amikacin and Chloramphenicol); 9.09%
Ceftriaxone; Gentamicin; Tobramicin and Ciprofloxacin). (n=1) for Ertapenem.
10 10 10 10 10 10
5 8
=
E 6
z
4
& & & & & & N z
& S &S o> Y & & & . &
$\~.\~.x~¢o-ooo-o 6500'~z®
& ¥ W F S S & ‘ é“’ "& S
S 3@9 .@
& W C“
R
&S
&
H Resistant H Sensitive v = Intermediate

figure 5: distribution of blood cultures according to sensitivity of escherichia coli to antibiotics.

Study of the sensitivity of other bacteria to antibiotics
The sensitivities and antibiotic residues of Salmonella spp, Acinetobacter baumanii and Enterobacter cloacae are shown in Table III.

] Pediatr Neonatal Biol, 2022 Volume 7 | Issue 2 | 91



Table III: Distribution of bacteria isolated in positive blood cultures.

Bacteria

Salmonella spp (N=1)
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Discussion

Epidemiology

Bacteremia are serious diseases, responsible for significant mor-
bidity and mortality worldwide [1]. For any clinician, knowledge
of the most frequently encountered bacterial species in a disease
and their susceptibility to the main antibiotics is essential to initi-
ate an effective treatment [1]. This is particularly true for bactere-
mia, which is often observed in 25%-31% of sepsis, and in almost
70% of septic shock [9]. Sometimes in 15-30% of cases, no portal
of entry is identified and about one third of patients with septic
shock have no bacteriological documentation [10]. In this case,
probabilistic antibiotic therapy must be adapted from the outset
because it conditions the prognosis of the disease [11]. The blood
culture is the key examination that allows the detection and iden-
tification of the pathogen in question and the characterization of
its sensitivity profile to anti-infectives. This last point is essential

since the mortality in case of sepsis is multiplied by three when
the antibiotic treatment is not adapted [10]. Continuously updated
knowledge of bacterial epidemiology and antibiotic susceptibili-
ty of blood culture isolates is essential for the implementation of
this adapted presumptive antibiotic therapy [12]. In fact, in current
practice at the CHUBP, the initial antibiotic therapy often remains
empirical during the first 72 hours, while waiting for the therapeu-
tic response before considering a probable blood culture in order
to readjust the initial antibiotic therapy according to the results
of the antibiogram. However, the importance of blood culture
for the detection of bacteremia on admission before any antibiot-
ic therapy is well known and many studies have been devoted to
it [13]. During the study period, the blood culture positivity rate
was 13.17%. This rate was superposable to those of several Afri-
can and Asian authors who reported rates varying from 14.24% to
15.9% as mentioned in Table IV.

Table I'V: Corroborating Blood Culture Positivity Rates at our In Different Developing Countries.

Authors Country Year Positivity rate
Banik et al [14] India 2018 14,24%
Eshetu et al [15] Ethiopia 2018 15,2%
Bhandari et al [16] Nepal 2015 15,4%

Maiga et al [17] Mali 2004 15,5%
Bahwere et al [18] Democratic Republic of Congo 2001 15,9%

Our study CAR 2019 13,17%

When the indications for blood cultures are well defined and sam-
ples are taken during fever peaks in patients who have not yet taken
antibiotics, the positivity rate increases, as shown by other studies

conducted in African, Asian and American countries, with positiv-
ity rates higher than our own, ranging from 16.5% to 45.5%.
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Table V: Blood Culture Positivity Rates Above our In Different.

Authors Country Year Positivity rate
Gupta et al [19] India 2016 16,5%
Archibald et al [20] Tanzania 2006 18,3%

Soraa et al [21] Morocco 2011 19,7%
Ki-Zerbo et al [22] Dakar 1996 19,8%
Mylotte et al [23] USA 2000 19,8%
Mahmoud et al [6] Morocco 2010 20%
Akoua-Koffi et al [24] Ivory Coast 2015 22,5%
Elouennass et al [25] Morocco 2008 45,5%

Our study CAR 2022 13,17%

Finally, positivity rates lower than ours have also been reported by several African authors ranging from 4.1% in Senegal to 12.8% in

Cameroon, see Table VI.

Table VI: Positivity rates of blood cultures lower than ours in different studies on a continental scale.

Authors Country Year Positivity rate
Lakhe et al [26] Senegal 2018 4,1%

Mnif Chaabene et al [27] Tunisia 2017 10%
Benjemaa et al [28] Tunisia 2004 10,5%

Okalla Ebongue et al [5] Cameroon 2014 12,8%

Our study CAR 2019 13,17%

The disparities in the literature concerning the rates of bactere-
mia in relation to the number of blood cultures performed can be
explained by several factors. On the one hand, this positivity rate
may be due to the heterogeneity of the different services in which
the samples are taken and the indications for blood cultures, as
shown by the data of the French national observatory of the epi-
demiology of bacterial resistance to antibiotics (ONERBA), which
reports that the positivity rate varies from 6.5 to 13.3% depending
on the hospitals in France [11]. On the other hand, the time of
sampling is crucial for the search for bacteria in the blood: thermal
peaks and shivering are the most favourable (except for bacterial
endocarditis, where the time is of little importance). The positivity
rate can thus be high in studies performed in hospitals insisting
on these recommendations. This was done by Bahwere et al., who
found that the rate of positivity in febrile patients increased from
15.9% for all specimens to 24.4% [18]. Finally, the clinical con-
text is a major element in the prediction of bacteremia. Indeed, the
source of the infection allows to stratify patients into low, medium
and high risk of bacteremia. For example, cellulitis is at low risk
(2%) compared to pyelonephritis (19%-25%), acute bacterial men-
ingitis (53%) or septic shock (69%) [29].

Bacteriological profile of isolates

During the study period, the bacteriological profile of the isolates
in our series was marked by the predominance of gram-negative
bacilli, which represented 98.21% (n=55) of cases. Several au-
thors have reported the predominance of gram-negative bacteria in
different proportions. [5,6,19,23,28,30]. In contrast to our series,
several authors from developed countries have reported a predom-
inance of gram-positive bacteremia in the isolates [11,22,31,32].
[11,22,31,32]. Some African countries, such as Banik et al, have

found higher rates of grampositive bacteria than gram-negative
bacteria [14]. The same is true of the Moroccan study [25] and the
Tanzanian study [20]. Finally, another study carried out in Burkina
Faso by Lankoande noted a predominance of gram-negative bac-
teremia [33]. The authors explain this change in the epidemiology
of Gram-negative bacteria, compared to Gram-positive bacteria,
by the increasingly frequent use of biomaterials and by the im-
provement of antibiotic regimens directed towards Gram-negative
bacteria, particularly in oncology and intensive care patients, as
well as by the increase in the overall number of blood cultures per-
formed [34]. In our study, the nosocomial or community character
of bacteremia was not explored. Of course, the nature of the germs
isolated in our series and their multidrug-resistant profiles pointed
more towards a nosocomial origin. Thus, the predominance of
Klebsiella Pneumoniae (75.0%) and Escherichia coli (19.64%) as
the two main Gram-negative bacilli reported in our study and their
multidrug resistance to most of the empirical antibiotics used in
the department testifies to the nosocomial origin of bacteremia at
the CHUPB. This resistance of Klebsiella Pneumoniae to antibi-
otics was 100% to (ampicillin; Ticarcillin; Cefalexin; Cefepime;
Imipenem; Ertapenem; and to Meticillinam). The same findings
were made by two authors [12,28].

In our study, Enterobacteriaceae represented 98.18% of all bacte-
ria isolated and thus correspond to the 1st cause of infections in
the neonatal intensive care unit of CHUPB. They were represent-
ed essentially by Klebsiella pneumoniae (75.0%) and Escherichia
coli (19.64%). Several authors have reported a predominance of
Enterobacteriaceae but in different proportions to ours as shown
in Table VII.
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Table VII: Rate of Gram-negative bacteria in relation to the total bacteria identified and according to different studies

Série Pays Entérobactéries Klebsiella Pneumoniae | Escherichia coli
Our study CAR 98,18% 75,0% 19,64%

Okalla Ebongue et al [5] Cameroon 68,60% 40,5 % 36,00%

Gupta et al [19] India 58,34% 19,70% 22,40%

Lakhe et al [26] Senegal 58,10% 5,8% 8,10%

Banik et al [14] India 37,54% 9,96% 4,21%

Marty et al [35] France @~ |- 3.6% 30,00%

The high frequency of Klebsiella Pneumoniae and Escherichia coli
in our series, contrary to other studies, could be explained by the
nosocomial character of bacteremia in our series, which suggests a
problem of control of the hospital environment in Bangui. Indeed,
Klebsiella Pneumoniae and Escherichia coli are nosocomial bac-
teria par excellence, essentially found in the hospital environment,
having a capacity to acquire and easily accumulate several antibi-
otic resistance mechanisms.

In our study, the Gram-positive cocci isolates were essentially
Streptococcus spp., whose proportion was 1.78% of all isolates.
This proportion is the lowest compared to the literature data as
mentioned in Table VIII.

Table VII : Rate of Gram-positive bacteria in relation to the total bacteria identified according to different studies.

Authors Country Gram-positive cocci (+) Streptococcus spp
Gupta et al [19] India 41,65% 18,30%

Lakhe et al [26] Senegal 41,8% 10,5%

Banik et al [14] India 62,37% 42,14%

Our study CAR 1,78% 100%

Antibiotic Resistance Profile

The proper use of antibiotics is the therapeutic act that leads to the
cure of the patient by limiting the emergence of resistant bacterial
strains and its consequences. Poor quality prescriptions affect the
patient’s prognosis, entail a risk of therapeutic failure and expose
the patient to the risk of emergence of bacterial resistance [36-
38]. Analysis of the resistance profiles of isolated strains showed
that enterobacteria were multi-resistant to most of the empirical
and second-line antibiotics in the neology department and inten-
sive care unit of the CHUPB (ampicillin; Ceftriaxone, Gentamicin;
Amoxicillin + Clavulanic acid; Ciprofloxacin; Chloramphenicol).
This very alarming multiresistance suggested by our study had no
correspondent in the literature and testifies to the nosocomial ori-
gin of our infections. Indeed, during this period, we were confront-
ed with an epidemic of Klebsiella pneumoniae in the neonatology
department. An alternative was noted for Klebsiella pneumoniae
which kept a sensitivity higher than 50% for two antibiotics absent
from the Central African mache (Tigecycline, Netilmicin) and to
two other antibiotics present in Bangui but very expensive (Amik-
acin; Cefoxitine). The alternative for Escherichia Coli was Ertap-
enem and Imipenem which had a sensitivity of 90.91% but were
very expensive in CAR. The other alternative was Chlorampheni-
col whose sensitivity was 81.81% but contraindicated in neonatal
period. Finally, Amikacin is also an alternative with a sensitivity
of 63%. The high frequency of nosocomial bacteremia related to
multidrug-resistant bacteria justifies the recommendation of first-
line treatment with imipenem associated with amikacin in inten-
sive care units. The search for the entry point must be a key step in
orienting this anti-infectious treatment while waiting for the pos-

itivity of the blood culture, the treatment must then be adapted to
the microbiological results and evaluated according to the clinical
evolution.

Conclusion

Bacteremia are a daily concern for the clinician, especially in a
country with limited resources such as the CAR. The initiation of
an adequate antibiotic treatment as soon as possible conditions the
evolution of the disease. Thus, this study reported the predomi-
nance of Gramnegative bacteria of nosocomial origin with very
high rates of resistance, in particular to empirically used antibi-
otics, within the CHUPB. The data from this study will allow us
to adapt the probabilistic antibiotic therapy of bacteremia in the
intensive care unit and in the neonatal intensive care unit of this
hospital. Another approach will be to develop a strategy to con-
trol the development of multi-resistant bacteria in Bangui by in-
creasing hospital hygiene measures and strict aseptic conditions
during medical care. It therefore seems timely and urgent to set
up a program to control nosocomial infections and multi-resistant
bacteria in order to control the spread of these epidemic strains
and avoid the evolution towards therapeutic impasse in Bangui.
However, more specific studies taking into account factors related
to bacterial resistance are essential to complete the more general
data presented.

Limitations of the study

The present study had some pitfalls related to the very long delays
in obtaining blood culture results (the first results being delivered
after 48 hours and the final results after 10 days, sometimes after
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the death of the patients) and to the high cost of only one blood
culture per child. However, this study has the advantage of being
conducted in the only referral hospital for the management of se-
verely ill children in the CAR. This provides sufficient coverage
of the child population of Bangui. In addition, the methodologi-
cal rigor and sample size increased the reliability of the statistical
analysis.
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