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Abstract

Background:Antibiotic-resistant bacterial bloodstream infections are rapidly emerging, which makes success-
ful treatment challenging. Therefore, this study aimed to determine the patterns of bacterial pathogens and
their antimicrobial susceptibility from blood culture samples.

Methods: This was a cross-sectional study. All clinical samples were collected from patients at Wad Medani
and investigated at the Pathology Center for Diagnosis and Research, Faculty of Medicine, University of Ga-
zira, Sudan, from the 1st of January, 2020, to the 15th of October, 2023.

Results: Overall, 577 blood samples were cultured. Among these samples, 86 (14.9%) exhibited bacterial
growth. S. aureus (40.7%) and E. coli (40.7%) were the most frequently isolated bacteria. The most sensitive
drugs to S. aureus were vancomycin 100% (13/13) and linezolid 86.7% (13/15), whereas the most sensitive
drugs to E. coli were norfloxacin 88.9% (8/9), imipenem 85.7% (6/7), and levofloxacin 84% (21/25). The rate
of bacterial growth has steadily increased over time, from 5% in 2020 to 24.9% in 2023.

Conclusions: This study revealed a modest rate of 14.9% of bloodstream infections, which has steadily in-
creased over the years. The most frequently isolated bactetia were S. aureus and E. coli. Vancomycin was the
most susceptible drug to isolated bacteria.
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wotldwide'. The terms BSIs and bactere-
mia are frequently applied interchange-




a blood culture that is collected from a
patient with clinical signs of infection
after contamination has been ruled out?.
Antibiotic-resistant bacterial BSIs are
rapidly emerging, especially in gram-neg-
ative bacteria, which makes successful
treatment challenging’. The emergence
and rapid spread of resistance to anti-
biotics can be attributed, as in several
Sub-Saharan African countties, to out-
dated national guidelines for antibiotic
use, inadequate laboratory facilities for
performing blood cultures, and antimi-
crobial drug susceptibility tests*. Blood
cultures are a crucial part of the assess-
ment of a variety of diseases, especially
in patients with suspected sepsis’. A sol-
id understanding of empirical local anti-
biotic therapy on the basis of evidence
is crucial for treating specific microor-
ganisms, identifying antibiotic resistance
patterns, and creating national and in-
ternational research initiatives®.

However, identifying the offending
pathogen and determining the sensitiv-
ity pattern of the isolates via bacterial
culture remain the cornerstones for the
definitive diagnosis and management of
BSIs’. The most frequently isolated mi-
croorganisms in BSIs are bacteria such
as Enterobacter spp., Streptococcus au-
reus, coagulase-negative Staphylococcus
(CoNS), Klebsiella pneumoniae, and
Escherichia coli (E. coli) and fungi such
as Candida spp™’.

13

The World Health Organization (WHO)
global report on the surveillance of an-
timicrobial resistance revealed that there
are commonly no local data on antibi-
otic resistance and an absence of data
on the most prevalent pathogens'. Fur-
thermore, a recent report on antimicro-
bial resistance in the WHO African Re-
gion revealed that most of the studies
were from Ethiopia, and data concern-
ing antimicrobial resistance in Sudan are
lacking'!. Therefore, baseline data that
can offer essential guidance for antimi-
crobial treatment of specific pathogens
and bridge the gaps that influence fu-
ture collaboration and data sharing in
regional as well as national surveillance
projects should be developed. This
study aimed to determine the patterns
of bacterial pathogens and their antimi-
crobial susceptibility from blood culture
samples in Wad Medani, Sudan.

Methods
Study Site
Wad Medani, Gezira State, Sudan.

Study Design
This was a cross-sectional study.

Sample size and data collection

All clinical samples were collected from
patients at Wad Medani and investigated
at the Pathology Center for Diagnosis
and Research (PCDR), Faculty of Med-
icine, University of Gazira, Sudan, from
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the 1st of January, 2020, to the 15th of
October, 2023; these patients were in-
cluded in the study.

Sample collection and laboratory
methods

Sample collection

Clinical blood samples were collected
from the study population using stan-
dard microbiological methods. Aseptic
blood collection was used to obtain 10
mL of adult venous whole blood, 5 mL
of pediatric blood, and 2 mlL of neo-
natal blood". For culture and drug sen-
sitivity, every sample was subsequently
sent aseptically to the PCDR microbiol-
ogy laboratory.

Identification of the Isolated Organ-
ism

The collected blood samples were inoc-
ulated onto MacConkey agar and blood
agar plates. Cultures were incubated in
an aerobic atmosphere at 37°C for 24
hours. After 24 hours, all of the plates
were first checked for growth, and those
that showed no growth underwent ad-
ditional incubation for up to 48 hours.
For all positive cultures, morphological
characteristics, Gram staining, and con-
firmatory biochemical tests were used
to identify the bacterial isolates.
Gram-positive bacteria were identified
via the catalase reaction, coagulase test,
optochin test, bacitracin test, and hemo-
lytic activity test on blood agar'. Ad-
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ditionally, gram-negative bacteria were
identified by inoculation on MacConk-
ey agar plates, followed by biochemical
tests such as H2S production, indole
production, utilization of citrate/car-
bohydrates, urease tests, and oxidase
tests'%.

Antimicrobial susceptibility

The antimicrobial susceptibilities of the
bacterial isolates were ascertained by
Mueller—Hinton agar plates (Oxoid, En-
gland) using the Kirby—Bauer disk dif-
fusion method according to CLSI 2020
guidelines®.
Gram-positive tested
against the following antimicrobials:

isolates were

vancomycin (30 ug), cotrimoxazole
(1.25/23.75 pg), cefuroxime (30 pg),
ampicillin/sulbactam (10/10 pg), imi-
penem (10 pg), ceftriaxone (30 pg),
cefotaxime (30 pg), amoxicillin/clavu-
lanic (20/10 ng), tetracycline (30 pg),
ciprofloxacin (5 ng), gentamycin (10
ug), linezolid (30 pg), cloxacillin (5 pg),
levofloxacin (5 pg), cephalexin (30 pg),
roxithromycin (50 mg), lincomycin (5
ug), chloramphenicol (30 ug), ceftriax-
one (30 pg), ofloxacin (5 pg), amikacin
(30 pg), norfloxacin (10 ug), erythromy-
cin (15 pg), and clindamycin (2 pg) (13).
Gram-negative tested
against ampicillin/sulbactam  (10/10
ug), cotrimoxazole (1.25/23.75 png),
norfloxacin (10 ug), tetracycline (30 pg),

isolates were

cloxacillin (5 pg), gentamycin (10 pg),
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imipenem (10 pg), ampicillin (10 pg),
amoxicillin/clavulanic (20/10 pg), ci-
profloxacin (5 ug), nitrofurantoin (300
ng), meropenem (10 pg), levofloxacin
(5 ng), meropenem (10 pg), chloram-
phenicol (30 ng), ceftriaxone (30 pg),
nalidixic acid (30 pg), ofloxacin (5 pg),
piperacillin/tazobactam  (100/10 png),
erythromycin (15 ug), amikacin (30 pg),
cefuroxime (30 ug), and cefotaxime (30
ug). The CLSI 2020 guideline break-
points were used to interpret zone di-
ameters'.

Quality control

As standard practice throughout the
whole laboratory work process, quality
control procedures were put in place to
ensure the validity of the results. Before
usage, the normal shelf-life of the cul-
ture media, staining reagents, and anti-
biotic discs were examined'. All culture
plates and antibiotic discs were prepared
and autoclaved at 121 °C for 15 minutes,
after which they were kept at the stated
refrigeration temperature. The standard
reference bacterial strains were exam-
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ined as positive controls on agar plates
with antibiotic discs and biochemical as-
says'®. The samples were handled care-
fully by qualified microbiologists.

Statistical analysis

The Statistical Package for Social Sci-
ence (SPSS) version 27.0 was used to an-
alyze the data. The means and standard
deviations (SDs) were used to present
the quantitative data, while the qualita-
tive data were presented as frequencies
(percentages).

Results

Sample general characteristics

Over the four-year study period, 577
blood samples were cultured. Among
these samples, 86 (14.9%) exhibited
bacterial growth. Figure 1 shows the dis-
tribution of organisms found through-
out this study period. The mean age of
the patients included in the sample was
38.23 £ 24.31 [standard deviation (SD)]
years, of whom 51 (8.8%) were less
than one year. A total of 299 (51.8%)
patients were males, and 278 (48.2%)
were females.
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Bacterial profile

In total, our results revealed that 86
(14.9%) blood samples were positive for
bacterial growth, 36 (41.86%) of which
were gram-positive, whereas the majori-
ty 50 (58.14%) were gram-negative bac-
teria.

Opverall, six types of bacteria were iso-

lated. Staphylococcus aureus (S. aureus)
and E. coli were the most frequently
isolated bacteria, followed by Klebsi-
ella spp. (species) and Pseudomonas
aeruginosa (P. aeruginosa) (Figure 2).
Our data revealed that S. aureus was the
most abundant gram-positive bacteria,
whereas E. coli was the most common
gram-negative bacteria (Figure 2).

45%

Percentage
FEEREEREGR

]
— —
Staphylococcus Eschenclua coli  Flebsiella Pseudomonas Coliform Strptococcus
AUIES species AeTuginosa species

Izolate

Figure 2: Bacterial isolates from blood samples

African Health Sciences, Vol 25 Issue 1, March, 2025

16



Antimicrobial Susceptibility Profile

The obtained data revealed that out of
the 28 drugs tested. Vancomycin 100%
(13/13) was the most susceptible drug
to isolated bacteria, followed by linezol-
id 86.7% (13/15) and levofloxacin
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83.7% (14/49). In contrast, imipenem
showed total resistance (12/12) to the
isolated bacteria (Figure 3). Further-
more, over time, many drugs have de-
creased susceptibility, whereas others

have increased susceptibility, as present-
ed in Table 1.
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Figure 3: Patterns of antimicrobial susceptibility among bacteria detected in blood samples.
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Table 1: Changes in antibiotic susceptibility over time

Antibiotic 2020 2021 2022 2023
Ampicillin/sulbactam 0 ND 33.3% 5%
Vancomycin ND ND 100% 100%
Cotrimoxazole 0% 57.1% 28.6% 62.5%
Cephalexin ND ND ND 37.5%
Tetracycline 33.3% 28.6% 44.1% 57.9%
Cefotaxime 0 100% 0 17.2%
Ciprofloxacin 40% ND 75% 70%
Levofloxacin 60% ND 66.7% 87.8%
Linezolid ND ND ND 86.7%
Cloxacillin ND ND ND 27.8%
Roxithromycin ND ND ND 26.7%
Lincomycin ND ND ND 45.5%
Gentamycin 40% ND 100% 79.5%
Piperacillin tazobactam 40% ND 100% 50%
Chloramphenicol 100% ND 50% 84.2%
Ofloxacin 40% ND 0 0
Amikacin 66.7% 71.4% 87.5% 69.2%
Norfloxacin 66.7% 80% 66.7% 44.4%
Nitrofurantoin 100 ND ND 333
Amoxicillin/clavulanic ND ND ND 23.5%
Ampicillin ND 21.7% 0 0
Cefuroxime ND 14.3% 0 30%
Clindamycin ND ND 0 34.2
Ceftriaxone 0 ND 34.1% 34.4%
Erythromycin ND ND 50% 35.7%
Meropenem ND ND ND 37.5%
Imipenem ND ND ND 0
Nalidixic acid ND ND ND 100%
ND: not done

Our data revealed that, collectively, van-
comycin (13/13) was 100% sensitive
to S. aureus bacteria, followed by gen-
tamicin 93.3% (14/15), chlorampheni-
col 87.7% (13/15), levofloxacin 87.5%
(14/16) and linezolid 86.7%(13/15),
while isolated S. aureus was 100% (0/2)

African Health Sciences, Vol 25 Issue 1, March, 2025

resistant to imipenem and ofloxacin. On
the other hand, Streptococcus spp. were
also collectively 100% (1/1) resistant to
ceftriaxone, norfloxacin, ciprofloxacin,
and levofloxacin, while showing com-
plete sensitivity of 100% (1/1) to gen-
tamicin and amikacin (Table 2).
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Table 2: Sensitivity of gram-positive bacteria to different antimicrobial agents.

Antibiotic S. aureus Streptococcus species Overall
Ampicillin/sulbactam 7.1% (1/14) ND 7.1%
Vancomycin 100% (13/13) ND 100%
Cotrimoxazole 55% (11/20) ND 55%
Cephalexin 37.5% (6/16) ND 37.5%
Tetracycline 60.7% (17/28) ND 60.7%
Cefotaxime 26.7% (4/15) ND 26.7%
Ciprofloxacin 73.7% (14/19) 0 (0/1) 70%
Levofloxacin 87.5% (14/16) 0(0/1) 82.4%
Linezolid 86.7% (13/15) ND 86.7%
Cloxacillin 33.3% (5/15) ND 33.3%
Roxithromycin 26.7% (4/15) ND 26.7%
Lincomycin 45.5% (5/11) ND 45.5%
Gentamycin 93.3% (14/15) 100% (1/1) 93.8%
Chloramphenicol 86.7% (13/15) ND 86.7%
Ofloxacin 0(0/2) ND 0%
Amikacin 66.7% (2/3) 100% (1/1) 75%
Norfloxacin 100% (2/2) 0 (0/1) 66.7%
Amoxicillin/clavulanic 66.7% (2/3) 0 (0/1) 50%
Cefuroxime 50% (2/4) ND 50%
Clindamycin 76.9% (10/13) ND 76.9%
Ceftriaxone 41.2% (7/17) 0 (0/1) 38.9%
Erythromycin 40% (6/15) ND 40%
Imipenem 0(0/2) ND 0

S. aureus: Staphylococcus aureus; ND: not done

Our data revealed that among the
gram-negative  bacteria, norfloxacin
(88.9%, 8/9), imipenem 85.7% (6/7),
and levofloxacin 84% (21/25) were the
most sensitive drugs to E. coli (Table 3).
Amikacin was collectively 100% (3/3)
sensitive to P. aeruginosa, whereas chlor-
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amphenicol and imipenem were collec-
tively 100% (2/2) sensitive to Klebsiella
spp. (Table 3). On the other hand, levo-
floxacin, norfloxacin, meropenem, and
imipenem were collectively 100% (1/1)
sensitive to isolated coliform bacteria
(97.7%) (Table 3).
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Table 3: Sensitivity of gram-negative bacteria to different antimicrobial agents

Antibiotic E. coli P. aeruginosa Klebsiela Coliform Overall
Ampicillin/sulbactam  9.1% (1/11) ND 0 (0/3) ND 7.1%
Cotrimoxazole 37.5% (9/24) 33.3% (1/3) 0% (0/6) 0 (0/1) 29.4%
Tetracycline 27.8% (5/18) 33.3% (1/3) 83.5% (5/6) 100% (1/1) 42.9%
Cefotaxime 20% (4/20) 66.7% (2/3) 14.3% (1/7) ND 23.3%
Ciprofloxacin 69.6% (16/23) ND 50% (3/6) ND 65.5%
Levofloxacin 84% (21/25) ND 83.3% (5/6) 100% (1/1) 84.4%
Cloxacillin 0(0/1) ND 0(0/2) ND 0
Gentamycin 60.9% (14/23) ND 85.7(6/7) ND 66.7%
Piperacillin tazobactam 54.5% (6/11) ND 66.7% (2/3) ND 57.1%
Chloramphenicol 62.5% (5/8) ND 100% (2/2) ND 70%
Ofloxacin 10% (1/10) ND 25% (1/4) ND 14.3%
Amikacin 72.4% (21/29) 100% (3/3) 57.1% (4/7) ND 71.8%
Nitrofurantoin 0 (0/1) ND ND 0 (0/1) 0
Norfloxacin 88.9% (8/9) ND 66.7% (2/3) 100% (1/1) 84.6%
Amoxicillin/clavulanic  22.2%(2/9) ND 0 (0/3) 0 (0/1) 15.4%
Ampicillin 11.1% (1/9) 0% (0/3) 0% (0/3) ND 6.7%
Cefuroxime 11.1% (1/9) 0% (0/3) 25% (1/4) 0% (0/1) 11.8%
Ceftriaxone 26.1% (6/23) ND 0 (0/5) ND 21.4%
Erythromycin 0 (0/1) ND ND ND 0
Meropenem 20% (1/5) ND 50%(1/2) 100%(1/1) 37.5%
Imipenem 85.7% (6/7) ND 100%(2/2) 100%(1/1)  90%
Nalidixic acid ND ND 100(1/1) ND 100%

E. coli; Escherichia coli; P. aeruginosa; Pseudomonas aeruginosa; ND; Not done

Discussion

This study aimed to estimate the fre-
quency of clinically important blood—
borne pathogens and to examine their
antimicrobial resistance patterns. The
bacterial isolation rate in this study was
14.9%, which was comparable with the
results conducted in Dhaka, Bangla-
desh 13.6%", Germany 13.2%'", Gha-
na 13.1%", and Kathmandu, Nepal
12.6%'". However, fewer than studies
have been conducted in Kigali, Rwan-
da 31.7%", Mekelle Hospital, Ethiopia
28%, and Cairo University Children
Hospital 31.7%'. However, lower rate
have been reported in other study con-
ducted at Arba Minch General Hospital,
Ethiopia 9.8%. This difference in the
bacterial isolation rate from blood sam-
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ples among countries could be due to
variations in the technical facilities for
laboratories, patient population, geo-
graphic location, etiological agent ep-
idemiology, seasonal fluctuations, and
differences in infection control regula-
tions between countties.

In this study, the majority of the isolat-
ed bacteria were gram-negative bacte-
ria. This finding was in line with stud-
ies conducted in Dhaka, Bangladesh,
which reported that the majority were
gram-negative 72.1%", Kigali, Rwanda
68.3%", Cairo University Children Hos-
pital 65.3%', and in Nigeria 67.6%%. In
contrast, gram-positive bacteria have
been reported as the most common

bacteria in Mekelle, Ethiopia 72.2%;
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Italy 57.8%%; and Arba Minch Hos-
pital, Ethiopia 59.1%%. On the other
hand, a study conducted in Lahore, Pa-
kistan showed that the percentages of
gram-positive and gram-negative bacte-
ria were nearly the same™.

The most common type of bacteria iso-
lated in this study was S. aureus, followed
by E. coli, which contradicts other stud-
ies conducted in Germany reported that
E. coli 25.4% was the most commonly
detected pathogen, followed by S. aureus
15.2%'%; Karbala, Iraq; E. coli 22.1%, S.
aureus 20.3%7%; and in Nigeria, E coli
29.4% and S. aureus 23.5%%. Howev-
er, another study conducted in Dhaka,
Bangladesh, identified Salmonella typhi
as the most frequently isolated organ-
ism at 36.9%", whereas Enterococcus
spp- at 23.71% and Acinetobacter spp.
at 22.16% were the most frequently iso-
lated bacteria in India®".

Regarding the susceptibility profile of
isolated bacteria. Overall, vancomycin,
linezolid, and levofloxacin were the
most susceptible drugs, whereas imipe-
nem showed total resistance to isolat-
ed bacteria. The findings of this study
differed from those of other national
studies. In a study conducted at Mekelle
Hospital, Ethiopia, gentamicin, cipro-
floxacin, and amoxicillin-clavulanic acid
were the most sensitive drugs to isolated
bacteria, while a high resistance rate was
reported for trimethoprim-sulphame-
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thoxazole 70.1%, ofloxacin 62.5%, and
ceftriaxone 58.9%%. However, a study
carried out in Kigali, Rwanda, revealed
high resistance rates to penicillin 91.8%,
trimethoprim-sulfamethoxazole 83.3%,
and ampicillin 81.8%, while bacteria ex-
hibit high sensitivity to imipenem 98.1%
and vancomycin 94.3%". In addition, a
study conducted in Nigeria revealed that
all isolated bacteria were susceptible to
meropenem and imipenem at 97.1%,
whereas a low sensitivity rate of 38.2%
for cotrimoxazole and 32.4% for ampi-
cillin was reported®.

Our data revealed that S. aureus bacte-
ria are collectively sensitive to vanco-
mycin and highly sensitive to gentami-
cin, chloramphenicol, levofloxacin, and
linezolid. The isolated S. aureus was
completely resistant to imipenem and
ofloxacin. This result was compara-
ble with the results of most published
studies. Of which, a study conducted at
Mekelle Hospital, Ethiopia, which re-
ported that all gram-positive bacteria are
completely sensitive to vancomycin®,
in Lahore, Pakistan, the sensitivity of
gram-positive organisms to vancomy-
cin, teicoplanin, and linezolid is 100%>,
in Cairo University Children Hospital,
gram-positive bacteria are 100% sensi-
tive to vancomycin and linezolid, where-
as all gram-positive bacteria are resistant
to ciprofloxacin, cephalosporin, imipen-
em, and beta lactamase combinations as
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well as a high resistance rate to gentami-
cin, and levofloxacin®, in Nigeria all iso-
lated gram-positive bacteria are sensitive
to vancomycin®, and in Sharif Medical
City Hospital, Pakistan, all gram-pos-
itive bacteria are 100% susceptible to
vancomycin and linezolid*.

Among the gram-negative bacteria, nor-
floxacin, imipenem, and levofloxacin
were the most sensitive drugs to E. coli;
however, E. coli showed total resistance
to cloxacillin, nitrofurantoin, and eryth-
romycin as well as high resistance rates
to ampicillin, cefuroxime, and ampicil-
lin/sulbactam. This result contrasts with
that of a study conducted in Lahore, Pa-
kistan, which revealed that the most sus-
ceptible to gram-negative bacteria were
colistin, imipenem, meropenem, and
amikacin®. Furthermore, a study con-
ducted in Karbala, Iraq, reported that
the most sensitive drugs for E. coli were
colistin 97%, imipenem 89%, meropen-
em 88%, and amikacin 79%, whereas
the highest resistance rates were benzyl
penicillin 93%, and oxacillin 86% (26).
P. aeruginosa is the greatest challenge
pathogen because of its high prevalence
of antibiotic resistance. In this study, P.
aeruginosa exhibited total sensitivity to
amikacin, in contrast to the results of
a study conducted at Cairo University
Children’s Hospital, which reported to-
tal susceptibility to polymyxin and 50%
susceptibility to amikacin®.
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Another essential aspect is that the rate
of bacterial growth steadily increased
over time, from 5% in 2020 to 24.9% in
2023. This alarming increase in growth
emphasizes the importance of continu-
ous evaluation of bacterial BSI profiles
and their antibiotic resistance patterns.
Integrating these results allows for the
planning of long- and short-term strate-
gies, and a good understanding of these
trends would assist us in avoiding the
use of highly ineffective empirical an-
tibiotic choices, such as meropenem,
ceftriaxone, and imipenem, which are
currently being utilized.

Strengths and limitations

In the strength of this study, include the
analysis of data from four consecutive
years, which provides an accurate depic-
tion of the bacteriological profile and
antibiotic resistance pattern of BSIs.
Furthermore, the data were collected
from the Pathology Center for Diagno-
sis and Research, Faculty of Medicine,
University of Gazira. This facility works
as the reference laboratory and encom-
passes all hospital settings at Wad Med-
ani.

The current study has some limitations.
In particular!, a complete patient profile
was not available given the retrospective
nature of the study, such as the patient
setting, due to incomplete documenta-
tion®. Furthermore, there is no infor-
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mation available regarding the patients'
diagnosis or medications administered,
given that the clinical samples were
obtained for diagnostic purposes inde-
pendently of this study’. In addition to
the absence of facilities in the micro-
biology laboratory, anaerobic microor-
ganisms could not be included.

Conclusions

This study revealed a modest rate of
BSIs of 14.9%, which steadily increased
over time, from 5% in 2020 to 24.9%
in 2023. The majority of the isolat-
ed bacteria were gram-negative bacte-
ria 58.14%. S. aureus and E. coli were
the most frequently isolated bacteria.
Vancomycin, linezolid, and levoflox-
acin were the most susceptible drugs
to isolated bacteria, whereas imipen-
em showed total resistance. In the long
term, these data can support related and
subsequent studies in meta-analyses to
further local, regional, and international
guidelines.

Declarations

Ethical approval

The study protocol was approved by the
Ethical Committee, Faculty of Medi-
cine, University of Gezira (7/9/2023).
Patient consent was also waived by the
Ethical Committee, Faculty of Medi-
cine, University of Gezira (7/9/2023),
because this was a retrospective study in
which the samples were collected for di-

23

agnostic purposes independently of the
study, and the data were provided to us
anonymously. This study complied with
the Declaration of Helsinki.

Consent of publications
Not applicable.

Funding

This study did not receive any specific
grants from funding agencies in the
public, commercial, or not-for-profit
sectors.

Disclosure
The authors declare that they have no
conflicts of interest.

Data Sharing Statement

The datasets used and/or analyzed
during the current study are available
from the corresponding author upon
reasonable request.

Acknowledgments
None.

Disclosure
The authors declare that they have no
conflicts of interest.

Funding

This study did not receive any specific
grants from funding agencies in the
public, commercial, or not-for-profit
sectors.

African Health Sciences, Vol 25 Issue 1, March, 2025



References

1. Zenebe T, Kannan §, Yilma D, Bey-
ene G. Invasive Bacterial Pathogens
and their Antibiotic Susceptibility Pat-
terns in Jimma University Specialized
Hospital, Jimma, Southwest Ethiopia.
Ethiop J Health Sci. 2011;21(1):1-8.
Doi  10.4314/ejhs.v21i1.69038.  Doi
10.1111/1469-0691.12144.

2. Laupland KB. Incidence of blood-
stream infection: a review of popu-
lation-based studies. Clin Microbiol
Infect. 2013 Jun;19(6):492-500. Doi
10.1111/1469-0691.12144.

3. Laupland KB, Church DL. Popula-
tion-based epidemiology and micro-
biology of community-onset blood-
stream infections. Clin Microbiol Rew.
2014;27(4):647-64.  Doi  10.1128/
CMR.00002-14.

4. Opintan JA, Newman M], Arhin
RE, Donkor ES, Gyansa-Lutterodt M,
Mills-Pappoe W. Laboratory-based na-
tionwide surveillance of antimicrobial
resistance in Ghana. Infect Drug Resist.
2015;8:379—-89 PubMed . Doi 10.2147/
IDR.S88725.

5. Yagupsky P, Nolte F'S. Quantitative
Aspects of Septicemia. Clin Microbiol
Rev. 1990;3(3):269 PubMed —79.

6. El Kholy A, Baseem H, Hall GS, Pro-
cop GW, Longworth DL. Antimicrobial
resistance in Cairo, Egypt 1999-2000: A
survey of five hospitals. ] Antimicrob
Chemother. 2003;51(3):625-30. Dot
10.1093 /jac/dkg101.

African Health Sciences, Vol 25 Issue 1, March, 2025

7. Qureshi M, Aziz F prevelence of
antimicrobial isolates in blood cultures
and their antimicrobial susceptibili-
ty prrofile. Biomedica. 2011;27:136-9
PubMed .

8. Lochan H, Pillay V, Bamford C, Nut-
tall ], Eley B. Bloodstream infections at a
tertiary level paediatric hospital in South
Africa. BMC Infect Dis. 2017;17(1):1
PubMed —9. Doi 10.1186/s12879-017-
2862-2.

9. Droz N, Hsia Y, Ellis S, Dramows-
ki A, Sharland M, Basmaci R. Bacterial
pathogens and resistance causing com-
munity acquired paediatric bloodstream
infections in low- And middle-income
countries: A systematic review and me-
ta-analysis. Antimicrob Resist Infect
Control. 2019;8(1):1-12. Doi 10.1186/
s13756-019-0673-5.

10.  Antimicrobial Resistance Global
Report on Surveillance 2014. WHO.
2014;1-8.

11.  Antimicrobial Resistance in the
WHO African Region: A Systematic
Literature Review. WHO, Reg Off Af-
rica. 2021

12, Cheesbrough M. District Labora-
tory Practice in Tropical Countries. sec-
ond. Cambridge university press; 2006.
doi: 10.1017/CB0O9780511543470

13. Clinical and Laboratory Standards
Institute, Testing AS. M100 Perfor-
mance Standards for Antimicrobial. 30™
Edition, Clinical and laboratory Stan-
dards Institute: Wayne, PA, USA, 2020.

24



14. Kumari S, Bhatia, R. Quality Assur-
ance in Bacteriology and Immunology.
Second Edition. WHO Regional Of-
fice for South-East Asia, New Delhi,
2003;(28). ISBN 92 9022 2118.

15, Ahmed D, Nahid A, Sami AB,
Halim F, Akter N, Sadique T, et al. Bac-
terial etiology of bloodstream infections
and antimicrobial resistance in Dhaka ,.
Antimicrob Resist Infect Control [In-
ternet]. 2017;1-11. doi.org/10.1186/
$13756-016-0162-z

16. Schéneweck F, Schmitz RPH, Rif3ner
F, Scherag A, Loffler B, Pletz MW et al.
The epidemiology of bloodstream in-
fections and antimicrobial susceptibility
patterns in Thuringia, Germany: a five-
year prospective, state-wide surveillance
study (AlertsNet). Antimicrob Resist
Infect Control  2021;10(1):1-9. doi.
org/10.1186/s13756-021-00997-6.

17. Deku ]G, Dakorah MP, Lokpo SY,
Orish VN, Ussher FA, Kpene GE, et al.
The Epidemiology of Bloodstream In-
fections and Antimicrobial Susceptibili-
ty Patterns : A Nine-Year Retrospective
Study at St . Dominic Hospital , Akwa-
tia , Ghana. ] Trop Med. 2019;2019. Dot
10.1155/2019/6750864.

18. Pandey S, Raza S, Bhatta CP. The
aetiology of the Bloodstream Infec-
tions in the Patients Who Presented to
a Tertiary Care Teaching Hospital in
Kathmandu, Nepal. | Clin Diagnostic
Res. 2013;7(4):638-41. Doi 10.7860/
JCDR/2013/4752.2871.

25

19. Habyarimana T, Murenzi D, Musoni
E, Yadufashije C, Niyonzima FN. Bac-
teriological Profile and Antimicrobial
Susceptibility Patterns of Bloodstream
Infection at Kigali University Teaching
Hospital. Infect Drug Resist. 2021:699-
707 DOI: 10.2147/1IDR.S299520

20. Wasihun AG, Wlekidan LN, Gebre-
mariam SA, Dejene TA, Welderufael AL,
Haile TD, et al. Bacteriological profile
and antimicrobial susceptibility patterns
of blood culture isolates among febrile
patients in mekelle hospital, Northern
Ethiopia. Springerplus. 2015;4(1). Dot
10.1186/s40064-015-1056-x.

21. Nabih M, Eltahlawy E, Reda NM.
Pattern of bacterial profile and antibiot-
ic susceptibility among neonatal sepsis
cases at Cairo University Children Hos-
pital. ] Taibah Univ Med Sci. 2020;(Feb-
tuary):1-9.mdoi.org/10.1016/j.
jtumed.2019.12.005

22. Birru M, Woldemariam M. Bacte-
rial profile , antimicrobial susceptibility
patterns , and associated factors among
bloodstream infection suspected pa-
tients attending Arba Minch General
Hospital , Ethiopia. Scientific Reports.
2021;1-13.  doi.org/10.1038/s41598-
021-95314-x

23. Opyekale OT, Ojo BO, Olajide AT,
Opyekale OI, Babalola A, Ekiti A, et al.
Bacteriological profile and antibiogram
of blood culture isolates from blood-
stream infections in a rural tertiary hos-
pital in Nigeria. Afr | Lab Med. 2022;1—
7.

African Health Sciences, Vol 25 Issue 1, March, 2025



24. Licata I, Quirino A, Pepe D, Matera
G, Bianco A. Antimicrobial resistance
in pathogens isolated from blood cul-
tures: A two-year multicenter hospital
surveillance study in Italy. Antibiotics.
2021;10(1):1-13. Doi 10.3390/antibiot-
ics10010010.

25. Ejaz A, Khawaja A, Arshad F, Tau-
seef A, Ullah R, Ahmad I. Etiological
Profile and Antimicrobial Patterns in
Blood Culture Specimens in a Tertiary
Care Setting, Cureus. 2020;12(10):2—6.
Doi 10.7759/cureus.11000.

26. Hameed RM, Jabbar F. M. Ala-
floogee GKM. Bacteriological Profile

African Health Sciences, Vol 25 Issue 1, March, 2025

and Antibiotics used for Septic Pa-
tients. Med | Babylon. Published on-
line 2021:195-199. doi:10.4103/M]BL.
MJBL

27. Deva A, Namitha BN. Aerobic
Bacterial Profile of Sepsis and Its An-
tibiotic Susceptibility Pattern Among
Patients in a Rural Tertiary Care Center.
Cureus. 2023;15(12). Doi 10.7759/cu-
reus.49942.

28. Inam S, Ikram S, Malik 1Y, Jabeen
K. Current Trends In Blood Stream In-
fections-Pathogens And Their Antimi-
crobial Susceptibility Pattern Pak Postgr
Med J. 2023;34(02):83-7.

26



