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Background: Bloodstream infections (BSIs) are significant causes of morbidity and mortality in Ethiopia and worldwide. Alarming is
the rapid global spread of antimicrobial resistance (AMR) in bacteria.

Objective: To determine the microbial profile, antimicrobial susceptibility pattern, and associated risk factors for bloodstream
infections in Tikur Anbessa Specialized Hospital (TASH) Addis Ababa Ethiopia.

Methods: A cross-sectional study was conducted between September 2018 and March 2019. Blood collected twice from each septicemia
suspected patient were processed following standard bacteriological procedures. AST was performed by using the disk diffusion test
according to CLSI 2017 and 2018 guidelines. Data captured in Epidata were cleaned and analyzed by SPSS version 21 software.
Results: The prevalence of BSI was 28.06% and a higher proportion of pathogene detected were gram-negative bacteria (GNB)
(54.5%) and gram-positive bacteria (GPB) (45.43%). The most abundant bacterial species were Klebsiella pneumoniae 17.6%, CoNS
15.2%, and Acinetobacter spp 11.0%. Culture positivity was associated with age below 6 years, neonates AOR p=<0.001, infants AOR
p=<0.001, Pre-school P=0.002, ICU admission COR p=<0.001, length of admission >5 days COR P=0.016, temperature greater than
38°C, AOR p=0.013, instrument usage during medical care AOR, p=<0.001, chronic illness AOR p=0.027, and neonatal incubation
AOR p=0.013. GNB average drug resistance rate was 57.9% of the commonly used antibiotics and the most efficient and inefficient
drugs were amikacin (10.8%) and ampicillin (94.6%). The gram-negative isolates showed a 95.3% rate of multi-drug resistance; and
MDR, XDR, and PDR were observed at 55.8%, 32.2%, and 7.3%, of isolates respectively. This finding shows children especially
neonates were highly affected by drug resistant BSI.

Conclusion: Pediatric patients and ICU patients are more affected by BSI, and drug-resistant bacteria are a major problem. Therefore,
appropriate intervention approaches need to be implemented.
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Introduction

Bloodstream infections (BSI) are infectious diseases defined by the existence of viable microorganisms in the blood-
stream, which are later confirmed by the positivity of one or more blood cultures.' It is an important cause of morbidity
and mortality worldwide® and is of great impact on health care operations.® It is a preventable infection but the leading
cause of complication in critically ill patients.” Globally, Hospital Acquired Infections (HAIs) are the most frequent
adverse event to occur during hospitalization.” BSI represents about 15-20% of all nosocomial infections and affects
approximately 1% of all hospitalized patients.'®
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In Sub-Saharan countries, including Ethiopia, BSI in children, a mortality rate approaching 53%.'*'* Studies
conducted in Ethiopia from septicemia suspected cases the prevalence of BSI showed 18.2% in Gonder,'* 28% in
Mekelle,'® 39.2% in Bahir Dar,'” 15.8% in Jimma,'® 27.9% and 13.% in Addis Ababa.'**° Depending on the risk factors,
the mortality rate varies between 4.0% and 41.5%.° Patients with positive blood culture had a fivefold higher death rate
than those without bacteremia ie, 50.0% as compared to 9.8% which is the case of those without bacteremia.*®

There are several known risk factors for BSI these include immuno-suppressive conditions such as malnutrition,
environmental exposures, ICU stay, the prevalence of specific nosocomial pathogens, surgery, invasive devices and
procedures, mechanical ventilation, and dialysis, and disruption of anatomical barriers following central vein catheter
(CVC) insertion®™?'?® increased age and length of hospital stay, impaired conscious levels, and steroid therapy
inadequate and untrained health care personnel may cause contamination leading to BSIs.>* Secondary infections such
as urinary tract infections (UTI), surgical wound infections (SWI), gastrointestinal tract infections (GII), lower respira-

tory infections (LRI) peritonitis, malignancies, and skin infection™*'**>

increases the risk of acquiring BSI.

Antimicrobial resistance (AMR) is a global health and development threat. It requires urgent multisectoral action. The
World Health Organization (WHO) has declared that AMR is one of the top 10 global public health threats facing
humanity.”® Alarming is the rapid global spread of multi-resistant bacteria that cause common infections and resist
treatment with existing antimicrobial medicines.”’ >’ During the past decades, a shift in the multidrug-resistant (MDR)
dilemma has been noted from gram-positive to gram-negative bacteria, due to the scarceness of new antimicrobial
agents.'" In this study multidrug-resistant (MDR), extensively drug-resistant (XDR), and pandrug-resistant (PDR)
classifications were done according to Magiorakos’s definition.>® These AMR in a wide range of infectious agents is
a growing public health threat and concern of health care management.?” Therefore, updated information regarding
etiological agents of BSI and their antimicrobial susceptibility patterns is crucial for empirical treatment success. In this
regard, continuous assessment of the antibiogram profile is crucial to track changes in etiological agents and antimicro-
bial susceptibility patterns.

This study was carried out to determine the prevalence of bloodstream infections, microbial profiles and their anti-
microbial susceptibility patterns, and associated risk factors at Tikur Anbessa Specialized Hospital.

Materials and Methods
Study Design, Study Area, Study Population, and Sample Size

Cross-sectional studies were conducted from September 2018 up to Mar 11, 2019, in Tikur Anbessa Specialized Hospital
(TASH) which is the largest teaching and specialized hospital in Ethiopia, with over 700 beds and serve as the teaching
center for undergraduate and postgraduate medical students, and medical-related fields.>' Inpatients from all age groups
hospitalized in each ward and outpatients suspected of bloodstream infection and who are willing to participate in the
study were included. The conditions of sepsis definitions were established by the 1991 Consensus Conference, which was
updated in 2001.°** The multidrug resistance, extensive drug resistance, and pan drug resistance categories were used
by the consensus definitions proposed by Magiorakos.>® The sample size calculation is based on a single sample size
estimation.>**> The prevalence of 32.8% was taken from the study conducted in Addis Ababa Ethiopia.*®

n=2p(1 —p)/d* n=1960.328(1 —0.328)/(0.025)2=1354.80 with 10% contingency = 1490. Data on Socio-
demographic characteristics and medical information were collected by trained nurses and laboratory technicians.

Blood Culture and Antimicrobial Susceptibility Test

Duplicate blood samples were collected aseptically from patients for routine blood culture and in the case of coagulase-
negative staphylococci (CoNS), similar growth in both bottles was considered positive in addition to essential clinical
criteria. About 1-4 mL of blood for pediatrics (less than 12 years) and 5-10 mL of blood for adults (greater than 12
years) were inoculated into a ready-made.>” BacT/ALERT blood culture bottle containing Antimicrobial neutralizing
bottles with adsorbent polymeric beads were used.*® Blood culture bottles were incubated in an automatic BacT/ALERT®
3D machine at 37°C of 5% CO, gas concentration and were inspected daily for the sign of bacterial growth for up to 5
days.*®° Turbid blood samples from the blood culture bottle were sub-cultured on blood agar (Oxoid, England) (5%
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sheep blood plates), and chocolate (Oxoid, England), in microaerophilic condition (containing 5% CO,) and MacConkey
agar (BD, USA), agar in aerobic conditions at 37°C for 24 hours.*® Bacterial pathogens were identified using standard
bacteriological procedures.*' A positive culture from blood samples was characterized by gram stain and further
classified at the species level by using biochemical tests.*

Each isolate was spread onto a Mueller—Hinton agar plate. The antimicrobials for disc diffusion testing were obtained from BD
and Oxoid in the following concentrations: GNB Ampicillin (AM) (10 nug), Amoxicillin + clavulanic acid (AMC) (20/10pg),
Ampicillin — Sulbactam (SAM) (10/10 pg), Piperacillin — Tazobactam (TZP) (100/10ug), Cefotaxime — clavulanate (CTL)
(30/20pg), Ceftazidime — clavulanate (CAL) (30/10 pg), Cefotetan (CTT) (30 pg), Cefepime (FEP) (30 pg), Ceftazidime (CAZ)
(30 pg), Cefotaxime (CTX) (30 pg), Ceftriaxone (CRO) (30 pg), Cefuroxime (CXM) (30 pg), Ceftaroline (CPT) (30 pg),
Imipenem (IMP) (10 png), Meropenem (MEM) (10 pg), Dorsapenem (DOR) (10 pg), Ertapenem (ETP) (10 pg), Amikacin (AN)
(30 pg), Tetracycline (TET) (30 pg), Minocycline (MIN) (30 pg), and Levofloxacin (LEV) (5 png), were used Cefoxitin (FOX)
(30 pg), Trimethoprim-Sulfamethoxazole (SXT) 1(0.25/23.75 ng), Gentamicin (GM) (10 pg), Tobramycin (NN) (10 pg),
Ciprofloxacin (CIP) (5 pg), Doxycycline (DOX) (30 pg), Azithromycin (ATM) (30 pg), and Chloramphenicol (C) (30 ug)
were used.*! Resistance and susceptibility were interpreted according to the CLSI Laboratory Standards.*!' Escherichia coli
(ATCC 25922), Staphylococcus aureus (ATCC 25923), and Pseudomonas aeruginosa (ATCC 27853) were used as reference
strains for culture and susceptibility testing.

Statistical Analysis and Interpretation

All the data captured in Epi-data were cleaned and analyzed by using SPSS version 21 software for further analysis. The
quantitative data collected using different techniques were analyzed using simple descriptive statistics, analyzed using
Chi-square, correlation, Univariate (binary) logistic regression, and multiple linear regression model. Variables that
showed a significant association with univariate logistic regression analysis were analyzed using multivariate logistic
regression models. A p-value < 0.05 was statistically significant and the strength of the association was interpreted using
an odds ratio in a 95% confidence interval.

Ethical Clearance

This study was approved by the “College of Natural and Computational Sciences Institutional Research Ethics Review Board
(CNS-IRB) on 30/03/2018 minute no IRB/032/2018 at Addis Ababa University.” Permission was obtained from the study site
by; the College of Health Science Institutional Review Board (IRB). This study procedure fulfilled the requirements of the
declaration of Helenski. For participants whose age is below 18 years, we have collected assent (12—18) and consent from the
patient legal guardians but in cases above 18 years, we have collected consent from the patients. The purpose and procedures
of the study were explained to the study participant’s parents or guardians during the study and patient results were
communicated to the attending physicians.

Results

Study Population (Socio-Demographic Characteristics)

In this study, a total of 1486 patients suspected of bacteremia were included. Among the recruited patients 844 (56.8%)
were males and 642 (43.2%) were females with a ratio of 1.3:1. The age range of the patients was from 1 day to 91 years
with a mean age of 18.24 and a standard deviation of 20.5; 433 (29.14%) were below 2 years. The majority of them were
in-patient, 1483 (99.1%), and the rest, 13 (0.9%), were outpatients. The frequent blood culture request was from Casualty
Ward (C/W) 353 (23.8%), Emergency outpatient department (EOPD) 222 (14.9%), and neonatal ICU 195 (13.1%).
Majority of participants regarding their departments were from Medical 728/1486 (48.99%), Hematology 306/1486
(20.59%), and NICU 178/1486 (11.98%).

Blood Culture

The overall culture-positive result among the patients was 417/1486 (28.06%), and ten of them were found with double
bacterial infections in which the total bacterial isolates were 427. Among the total of 427 bacterial strains, 233 (54.57%)
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were Gram-negative and 194 (45.43%) were Gram-positive. Among the gram-negative isolates, Klebsiella pneumoniae
accounted for 75 (17.56%), Acinetobacter spp 47 (11.01%), and Escherichia coli 38 (8.9%) were the dominant ones.
Among 191 gram-positive isolates, the predominant strain was CoNS, 65 (15.22%), followed by Staphylococcus aureus
44 (10.3%), Enterococcus spp 24 (5.62%) as shown (Table 1).

Factors Associated with Positive Blood Culture

Prevalence of positive blood culture results against the age of participant showed the increased trend at very young age as
shown in Figure 1 and the difference in prevalence is associated with age as shown by the adjusted odds ratios for
different age groups; birth to one month p < 0.001; greater than 1 month up to less than 24 months, p < 0.001; and two
years up to less than six years, p = 0.002, (Table 2). An increased trend of positivity was also shown at old age (>45
years); however, the difference was not statistically significant.

We analyzed if there was a difference in the type of pathogen isolated with age, as shown in Figure 2 K. pneumoniae
33% was the predominant pathogen isolated from neonates followed by K. oxyfoca 15.17% and Acinetobacter
spp. 11.6%.

In the age group of >1—<24 months the most prevalent bacteria were again K. pneumoniae 17.39% CoNS 15.9%, and
Acinetobacter spp 13%. In the age group of 2—<6 Klebsiella pneumoniae, Acinetobacter spp, and Staphylococcus aureus
was the most predominant. Another trend we observed in terms of pathogens isolated is the rate of CoNS 30.7% in adult.
A larger proportion of the CoNS were isolated from the age group 19—45 years. In the case of those above 65 years the
most prevalent bacteria were E. Coli 24%, K. pneumoniae 18%, and CoNS 12%, (Figure 2).

In this study, the top five departments of the blood culture request were from the internal medicine followed by
hematology, NICU, MICU, and ER. However, the highest rate of isolation was observed in SICU about 20 (59%) AOR
p=<0.001, NICU 91 (51%) AOR p=0.002, General surgery 18 (39.1%) AOR P=0.044, ICU 25 (34.2%) COR p=0.013,
and Emergency 19 (26.8%) AOR P=0.024 (Table 2). Figure 3, shows the different types of pathogens isolated from the
different departments, and the type of pathogen isolated was also different among the patient attending wards (Figure 3).

Another factor that is associated with positive blood culture test is the length of stay in the hospital (Figure 4). In our study,
although bivariate analysis has shown an increased trend of positivity following a longer stay multivariate analysis did not
show a significant difference in the length of stay in the hospital for positive blood culture results as shown in Table 2.

Other medical care factors like ICU admission COR p=<0.001, use of instrument AOR p=<0.001, nasogastric
intubation (NG tube) AOR p=<0.042, and incubation AOR p=<0.013 for pediatrics as well as patient factors such as
being febrile; having chronic illness AOR p=0.027; wound, urinary tract or respiratory tract infections; were assessed and
almost all were shown to be associated with blood stream infections as shown in (Table 2).

Antimicrobial Resistance Pattern of the GNB Isolates

Among the total 26 commonly used antibiotics against GNB 25 for Enterobacteriaceae, 16 for Acinetobacter, and 12 for
Pseudomonas were used for AST test according to CLSI 2018 standard. Excluding Neisseria meningitidis and
Chryseobacterium gleum from the total 17 GNB, 9 of them were resistant to more than 50% of commonly used
antibiotics. The percentage of drug resistance of GNB from commonly used antibiotics was S. marcescens accounts
52/76 (68.4%), Acinetobacter spp 489/750 (65.2%), K. pneumoniae 1152/1797 (64.1%), E. coli (A-D) 165/274 (60.2%),
E. cloacae 21/38 (55.3%), K. oxytoca 370/675 (54.8%), E. coli 519/950 (54.6%), K. rhinoscleromatis 53/100 (53.0%),
M. morganii 22/44 (50.0%), P. mirabilis 23/48 (47.9%), P. Rettgeri 16/44 (36.4%), C. Diversus 45/125 (36.0%),
E. aerogenes 6/19 (31.6%), K. ozaenae 23/75 (30.7%), Pseudomonas spp 15/60 (25.0%), E. agglomerans 12/50
(24.0%), and S. typhi 0/25 (0.0%).

Ampicillin was the most resisted drug, 88/93 (94.6%), whereas Amikacin, 25/231 (10.8%), was the least resisted
(Table 3). It shows S. mercensus, 100% resistant for CTX, CRO, CAZ, ATM, and 75% for FEP. Acinetobacter spp were
resistant to CTX, FEP, and CAZ, accounts 91.5%, 89.4%, 76.6%, and 68.1% respectively. K. pneumoniae were resistant
to CTX, CRO, FEP, and CAZ account for 93.3%, 94.7%, 92%, and 92%. E. coli were 81.1% resistant to CTX, and 81.8%
for CRO, FEP, CAZ. K. oxytoca resistant to CTX 85.5%, CRO 77.8%, FEP 85.2%, CAZ 66.7% and E. coli (4-D)
resistant to CTX 71.1%, CRO 73.7%, FEP 65.8%, CAZ 68.4%.
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Table | Bacterial Isolates from BSI Patients at TASH

Gram-Negative Bacteria (GNB) N(%)
Total GNB 233(54.57)
K. Pneumoniae 75(17.56)
Acinetobacter spp 47(11.01)
E. coli 38(8.9)
K. cxytoca 27(6.32)
E. coli (A-D) 11(2.58)
C. diversus 5(1.17)
Pseudomonas spp 5(1.17)
K. rhinoscleromatis 4(0.94)
S. marcescens 4(0.94)
K. ozaenae 3(0.7)
E. cloacae 2(0.47)
E. agglomerans 2(0.47)
M. morganii 2(0.47)
P. mirabilis 2(0.47)
P. rettgeri 2(0.47)
C. gleum 1(0.23)
E. aerogenes 1(0.23)
S. typhi 1(0.23)
N. meningitidis 1(0.23)
Gram-Positive Bacteria (GPB) N(%)
Total GPB 194(45.43)
CoNS 65(15.22)
S. aureus 44(10.3)
Enterococcus Spp 24(5.62)
S. viridian 17(3.98)
S. Lugdunensis 13(3.04)
Bacillus Spp 13(3.04)
Corynebacterium Spp 7(1.64)
E. faecium 5(1.17)
S. pneumoniae 2(0.47)
Micrococcus spp 2(0.47)
S. pyogenes 1(0.23)
S. milarie 1(0.23)
Total number of bacteria 427(100)

Abbreviations: GNB, Gram-negative bacteria; GPB, Gram-
positive bacteria.
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Figure | Proportion of bacterial identification among the age of the participant in BSI suspected patients at Tikur Anbessa Specialized Hospital.

Among the WHO global priority list Carbapenem-resistant Acinetobacter spp were about 30 (63.8%), Carbapenem-
resistant Pseudomonas spp were 40% (2/5), Carbapenem-resistant K. pneumoniae were about 20 (26.7%), 3rd generation
cephalosporin-resistant K. pneumoniae were 71 (94.7%), Carbapenem-resistant E. coli were 7 (18.4%); and 3rd genera-
tion cephalosporin-resistant . coli 28 (73.7%).

Multidrug Resistance and Their Risk Factors in GNB

In this study, gram-negative MDR organisms were highly prevalent. As shown in Figure 5 among 233 gram-negative
organisms, 222 (95.3%) were MDR and above MDR, and 11 (4.7%) were not. Of the total gram-negative organisms, 130
(55.8%) were MDR, 75 (32.2%) were XDR, and 17 (7.3%) were PDR.

When we looked at the type of pathogens that were either MDR or XDR the large majority of them were Klebsiella
pneumoniae, Acinetobacter spp, Escherichia coli, Klebsiella oxytoca as shown in (Figure 6). The large majority of PDR
pathogens were Acinetobacter.

The highest percentage of drug resistance was found in neonates and children. Among the total drug resistance
bacteria, 148 (66.67%) of them were identified in patients below six years, and from the total of 17 PDR, bacteria 35.29%
of them were from the age of <28 days (Figure 7). This finding shows children especially neonates were highly affected
by drug-resistant bacteria.

Discussion

The study result showed microbial profile, antimicrobial susceptibility pattern, and associated risk factors of bloodstream
infections caused by GNB in relatively large number of patients. This may help in the management of potentially life-
threatening infections caused by MDR organisms in the health care services.

The overall prevalence of culture-positive results in this study, 28.06%, was comparable with the study done in
Mekelle, Ethiopia, 28%,'® in Addis Ababa Ethiopia, 27.9%,'? in Weldia, Ethiopia, 25.78%,* and Athens, Greece, 29%.**
However, the current prevalence is lower than the study done in Addis Ababa, Ethiopia, 40.2%,* in Bahir Dar, Ethiopia,
39.2%,'” and in Addis Ababa, Ethiopia, 32.8%.%° On the other hand, the current finding is higher than the study done in
Addis Ababa, Ethiopia, 20.8%,15 Gonder, Ethiopia, 18.2%,14 and Malawi 30%.%° It is also higher compared to reports
from other countries such as Nepal 16.2%,%” Tanzania 13.9%,*® Ghana, 13.08%,*’ Iran 11.9%"° and in Atlanta, USA,
11%.°" Meta-analysis data shows in Africa and Asia 19.1 (95 CI: 12.0-27.5); in Africa 15.5 (8.4-24.4) and in Asia 28.0
(13.2-45.8).>% The possible explanation for the lower and higher prevalence compared with other studies could be due to
differences in the study population, study design, geographical location, etiological agents, patient clinical case, seasonal
variations, and differences in infection prevention policies and implementation between countries and institutions.

The higher involvement of GNB 54.57%, than GPB 45.43%, in BSI, detected in the current study is similar to
previous reports from Addis Ababa, Ethiopia,'*** and Bahir Dar, Ethiopia.'>'” The difference could be due to the greater
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Table 2 Socio-Demographic Characteristics and Clinical History of BSI Suspected Patients with Blood Culture-
Positive Results Crude and Adjusted Odds Ratio at TASH

Variables Culture Results in Bivariate Regression Multivariate Regression
N(%) Analysis Analysis

Negative Positive | P-value COR (95% CI) P-value AOR (95% CI)
Age of participants
Birth to | month | 122(53.3%) | 107(46.7%) | <0.001 3.571(2.470-5.162) <0.001 3.96(2.026-7.738)
>1-<24 months 137(67.2%) | 67(32.8%) 0.001 1.991(1.345-2.947) <0.001 3.237(2.043-5.128)
02-<06 years 137(71.7%) | 54(28.3%) 0.024 1.605(1.066-2.416) 0.002 2.035(1.292-3.206)
06-<I3 years 147(76.6%) | 45(23.4%) 0.309 1.246(0.816—1.905) 0.104 1.479(0.923-2.368)
13-<19 years 81(77.1%) | 24(22.9%) 0.484 1.206(0.713-2.040) 0.128 1.555(0.881-2.745)
19-<45 years 285(80.3%) | 70(19.7%) 0
45-<65 years 113(76.9%) | 34(23.1%) 0.391 1.225(0.770-1.948) 0.318 1.288(0.784-2.114)
>65 years 47(74.6%) 16(25.4%) 0.306 1.386(0.742-2.589) 0.594 1.205(0.607-2.391)
Department of Follow-up
Medical 573(78.7%) | 155(21.3%) 0
Emergency 52(73.2%) 19(26.8%) 0.288 1.351(0.776-2.352) 0.024 2.011(1.098-3.686)
MICU 48(65.8%) | 25(34.2%) 0.013 1.925(1.150-3.222) 0.076 1.651(0.948-2.874)
NICU 87(48.9%) | 91(51.1%) | <0.001 3.867(2.743-5.451) 0.002 2.638(1.423-4.890)
General Surgery 28(60.9%) 18(39.1%) 0.006 2.376(1.281-4.410) 0.044 2.015(1.018-3.989)
SICU 14(41.2%) | 20(58.8%) | <0.001 | 5.281(2.608—-10.695) <0.001 6.823(3.112-14.9¢)
Gyn & Obstetrics | 2(66.7%) 1(33.3%) 0.617 1.848(0.167-20.518) 0.502 2.456(0.178-33.951)
Gynecology 6(75.0%) 2(25.0%) 0.799 1.232(0.246-6.165) 0.177 3.201(0.592-17.313)
Oncology 25(80.6%) 6(19.4%) 0.796 0.887(0.358-2.201) 0.735 0.847(0.325-2.212)
Hematology 229(74.8%) | 77(25.2%) 0.174 1.243(0.909-1.700) 0.874 1.03(0.713-1.488)
Orthopedics 3(60.0%) 2(40.0%) 0.325 2.465(0.408-14.879) 0.346 2.594(0.358-18.811)
Others 3(75.0%) 1(25.0%) I
Inpatient, Length of admission
1-2 days 443(76.6%) | 135(23.4%) 0.008 0.341
3—4 days 157(73.7%) | 56(26.3%) 0.393 1.17(0.816-1.679) 0.969 1.008(0.677—1.501)
5-6 days 109(67.3%) | 53(32.7%) 0.016 1.596(1.091-2.335) 0.24 1.29(0.843-1.975)
7-8 days 104(69.3%) | 46(30.7%) 0.066 1.451(0.976-2.159) 0.296 1.27(0.811-1.987)
>9 days 256(66.8%) | 127(33.2%) | 0.001 1.628(1.222-2.169) 0.062 1.402(0.983-2.001)
ICU Admission
No 903(76.2%) | 282(23.8%) 0
Yes 166(55.1%) | 135(44.9%) | <0.001 2.604(2.001-3.389)
Body Temperature
<36.0 78(64.5%) | 43(35.5%) 0.186 1.523(0.817-2.838) 0.238 1.495(0.766-2.919)
36.0-36.5 35(70.0%) 15(30.0%) 0.673 1.184(0.540-2.593) 0.78 1.13(0.480-2.661)
36.6-37.5 58(73.4%) | 21(26.6%) 0 0
37.6-38.0 327(83.8%) | 63(16.2%) 0.029 0.532(0.302-0.938) 0.354 0.748(0.406—1.380)
>38 571(67.5%) | 275(32.5%) 0.282 1.33(0.791-2.236) 0.013 2.064(1.165-3.659)
History of using the instrument during med care
No 510(82.4%) | 109(17.6%) 0 0
Yes 559(64.5%) | 308(35.5%) | <0.001 2.578(2.009-0.308) <0.001 1.988(1.493-0.646)

(Continued)
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Table 2 (Continued).

Variables Culture Results in Bivariate Regression Multivariate Regression
N(%) Analysis Analysis
Negative Positive | P-value COR (95% CI) P-value AOR (95% CI)

History of using NG tube

No 537(65.2%) | 286(34.8%) 0
Yes 22(50.0%) | 22(50.0%) | 0.042 | 1.878(1.022-0.449)

History of having a chronic illness

No 346(66.0%) | 178(34.0%) 0 0
Yes 723(75.2%) | 239(24.8%) | <0.001 | 0.643(0.509-0.811) 0.027 1.503(1.048-2.156)

History of having wound infection on skin

No 712(75.7%) | 228(24.3%) 0
Yes 11(50.0%) | 11(50.0%) | 0.009 | 3.123(1.336-0.298)

History of having ureteral tract infection

No 703(76.2%) | 220(23.8%) 0
Yes 20(51.3%) | 19(48.7%) | 0.001 | 3.036(1.591-0.791)

History of having respiratory tract infection

No 663(76.0%) | 209(24.0%) | 0.002
Yes 60(66.7%) | 30(333%) | 0.052 | 0.63(0.396-1.004)

The educational level of family

llliterate 19(61.3%) | 12(38.7%) 0 0.204 0.417(0.108-1.610)
Read and write | 48(71.6%) | 19(284%) | 0307 | 0627(0.256-1.537) | 0.021 0.23(0.066-0.799)
Primary School 30(53.6%) | 26(464%) | 0488 | 1.372(0.562-3.353) 0.242 0.476(0.137-1.651)
Seco school 20(32.8%) | 41(67.2%) | 0.0l 3.246(1.321-0.975) 0916 1.07(0.308-3.720)
Higher Education | 5(333%) | 10(66.7%) | 0.08I 3.167(0.868-1.551) 0.003

History of incubation

No 43(69.4%) | 19(30.6%) 0 0.003
Yes 79(47.0%) | 89(53.0%) | 0.003 | 2.55(1.373-0.735) 0.013 2.318(1.194-4.500)

Premature rupture of membrane

>18 hours 31(68.9%) | 14(31.1%) | 0.33 0 0.137
<18 hours 81(50.9%) | 78(49.1%) | 0.035 | 2.132(1.055-4.309) 0.118 1.809(0.86 1-3.804)
No rupture 10(38.5%) | 16(61.5%) | 0.014 | 3.543(1.289-9.739) 0.059 2.904(0.958-8.802)

Note: Values in bold are statistically significant.
Abbreviations: COR, Crude odds ratio; AOR, Adjusted odds ratio; Cl, Confidence interval.

tendency of Gram-negative organisms in becoming a major drug-resistant cause of nosocomial infections.!' Unlike this
study, a lower prevalence was recorded for GNB than for GPB.'®!%3¢

Among the different gram-negative bacteria, Klebsiella pneumoniae accounted for 75 (17.56%), Acinetobacter spp 47
(11.01%), Escherichia coli 38 (8.9%), Klebsiella oxytoca 27 (6.32%), and Escherichia coli (A-D) 11 (2.58%) were the
predominant isolates. This study has similar findings to a study done in Addis Ababa and Ethiopia.'”*’

In this study, there was no significant difference between being males 240 (28.3%) and female 185(28.5%) p=0.916
(0.79—1.24) on positivity rate for blood culture results. This finding is in line with the study done in Ethiopia,'® and

Nigeria.>*
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Figure 2 Distribution of bacterial isolated with age category from BSI suspected patients Tikur Anbessa specialized Hospital.

180
160
]
.
140
120
100
==
80 —
. B
60
40 I
20 |
I EeEEE
o HEEEEN-
&(;b\ @(,0 o\oo§ \05 Q’QC\ C)\& ) ng\ (}005\ 0\0‘9 eb\g o’ S 0\0® \\9?}5
& &,5\, & N OQ(J &o \(\OQ R é\ (((5‘ O
& & o & & ¢ &

B Neisseria meningitidis

B Streptococcus milarie
Streptococcus pyogenes
Salmonella typhi
Enterobacter aerogenes
Chryseobacterium gleum
Micrococcus
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B Proteus mirabilis

m Morganella morganii
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W Viridian streptococcus
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Figure 3 Bacterial isolates and their frequency in patient admission ward from blood culture of BSI suspected patients at Tikur Anbessa Specialized Hospital.

However, a significant association of bacterial growth with patient age was found in this study comparable with

studies done in Ethiopia.'*'?~% In Africa Ghana shows under 5 ages, the highest bacteremia were recorded.*’ Again, in

the US severe sepsis occurs more frequently in infants and elderly individuals than in other age groups.* Similar findings
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Figure 4 Length of hospital stays with culture positivity of patients from BSI patients in Tikur Anbessa Specialized Hospital.

were observed in the study of all age groups in Tanzania.>® From this study, we can understand that the small age groups
are more affected by bacterial bloodstream infection. These predominant bacteria are known to cause nosocomial
infection in children less than two years.” The more we go from preschool to neonates in TASH setting the infection
rate increases, probably this could be due to the immaturity of their immune system, contamination due to high workload,
length of admission, loosen IP protocol, and the optimal temperature for bacterial growth along with crowdedness of
neonatal ICU, were the possible reasons. Therefore, due to their susceptibility, health care institutions serving pediatric
patients should give special attention to nosocomial infections, and a strong infection prevention protocol should be
implemented.

Among admission wards, NICU, MICU, and PEOPD have a high association with bacterial growth. A study done on
TASH shows a high rate (44.7%) of positive blood cultures (reported in NICU'®*” and MICU).* Identification of
bacteria in admission wards shows that K. pneumoniae has been identified abundantly from NICU, C/W, and MICU
respectively. CoNS were identified from MICU, C/W, and EOPD. The need to report CoNS or not has been a discussion
point and in our settings, we Report CoNS only when their isolation is consistent with the clinical findings. Acinetobacter
spp was identified from NICU, C/W, and B4.”® In this regard, NICU, and C/W, are highly affected by Klebsiella
pneumoniae, Klebsiella Oxytoca, and Acinetobacter spices.”’°

Like wards, we analyzed the association of culture-positive results with departments where the medical service is
given. Univariate and multivariate logistic regression analysis show SICU, NICU, General Surgery, MICU, and both Pedi
and adult Emergency show strong statistical association with the culture-positive result. Several factors could account for
this, the patient attending ICUs have a higher risk of acquiring such infections because of their being immune-
compromised, higher incidence of outbreaks, and use of the invasive device that provides access for pathogen entry to
BSI. A study done in Tanzania shows patients admitted to ICU had a higher incidence of BSI and surgical wards and
ICUs have an increased risk of mortality.® Prolonged hospital stays greater than five days have an association with
positive blood culture. Similarly, a study in Egypt showed a stay greater than one week,® in Ghana greater than one
week® in Turkey®' and Italy longer ICU stay >19.5 days has associated with Nosocomial infection.®? The variation could
be their health care IP protocol and implementation.

Among departments, bacterial identification in NICU K. pneumoniae, K. oxytoca, and Acinetobacter spp were found
in high numbers compared with other bacteria whereas, in G. Surgery K. pneumoniae, CoNS, Acinetobacter spp, and
S. Lugdunensis and in Emergency CoNS, S. aureus, and E. coli were found abundantly. In SICU and MICU shows
Acinetobacter spp, K. pneumoniae, CoNS, and E. coli were found abundantly in addition to S. aureus in SICU. In general
K. pneumoniae, CoNS, and Acinetobacter spp, were found predominantly in ICU and surgery”® in Leal study similar
results were found except for CoNS.®® Therefore, intervention on fumigation, minimizing patient load, and strong
infection prevention protocol should be implemented focusing on above-mentioned wards and departments.

5052  rees Infection and Drug Resistance 2022:15

Dove!


https://www.dovepress.com
https://www.dovepress.com

§1:770T @>uelsisay Snu pue uonddyu|

:sdyy

a0

€505

Table 3 Gram-Negative Bacteria and Their Percentage Drug Resistance from Isolates of BSI Patients at TASH

Bacteria Total S. marce Acinetobacter K. pneum E.coli (A-D) Entero K Escherichic K. Rhi e Morganelle P. mirabilis Providencia C. diversus E. aero K Pseudo E. agglo S. typhi Total DR
Identified scens spp oniae bacter oxytoca coli romatis morganii Rettgeri genes ozaenae monas merans
cloacae spp
n=4 n=47 n=75 n=11 n=2 n=27 n=38 n=4 n=2 n=2 n=2 n=5 n=| n=3 n=5 n=2 n=| n=231

Ampicillin R(%R) NA NA NA 11(100) NA 26(96.3) 38(100) 3(75) NA 2(100) NA 4(80) NA 3(100) NA 1(50) 0(0) 88(94.6)
Tetracycline R(%R) 4(100) NA 72(96) 11(100) 2(100) 25(92.6) 37(97.4) 2(50) 2(100) NA NA 4(80) 1(100) 3(100) NA 2(100) 0(0) 165(94.3)
Amp-Sulbactam R(%R) NA 40(85.1) 75(100) 10(90.9) NA 26(96.3) 37(97.4) 3(75) 1(50) 2(100) 2(100) 5(100) NA 3(100) NA 2(100) 0(0) 206(94.1)
Cefuroxime R(%R) NA NA 75(100) 11(100) NA 23(85.2) 33(86.8) 3(75) NA 1(50) 2(100) 2(40) NA 3(100) NA 2(100) 0(0) 155(91.2)
Augmentin R(%R) NA NA 70(93.3) 10(90.9) NA 23(85.2) 33(86.8) 3(75) NA 2(100) NA 5(100) NA 1(33.3) NA 0(0) 0(0) 147(87.5)
Doxycycline R(%R) NA 41(87.2) NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 41(87.2)
Tri R(%R) 4(100) 36(76.6) 69(93.2) 10(90.9) 2(100) 25(92.6) 32(84.2) 2(50) 1(50) 2(100) 2(100) 3(60) 0(0) 3(100) NA 1(50) 0(0) 192(85.3)
-sulfamethoxazol

Cefotaxime R(%R) 4(100) 43(91.5) 70(93.3) 9(81.1) 1(50) 23(85.5) 27(71.1) 2(50) 1(50) 1(50) 2(100) 2(40) 1(100) 1333) NA 1(50) 0(0) 188(83.2)
Ceftriaxone R(%R) 4(100) 42(89.4) 71(94.7) 9(81.8) 1(50) 21(77.8) 28(73.7) 2(50) 1(50) 1(50) 1(50) 2(40) 1(100) 133.3) NA 1(50) 0(0) 186(82.3)
Ceftaroline R(%R) 2(50) NA 71(95.9) 8(80.0) 1(50) 23(85.2) 28(73.7) 2(50) 1(50) 1(50) 2(100) 2(40) 1(100) 1(33.3) NA 1(50) 0(0) 144(81.4)
Cefepime R(%R) 3(75) 36(76.6) 69(92) 9(81.8) 1(50) 23(85.2) 25(65.8) 2(50) 1(50) 1(50) 1(50) 2(40) 0(0) 0(0) 2(40) 0(0) 0(0) 175(75.8)
Aztreonam R(%R) 4(100) NA 68(90.7) 8(727) 1(50) 18(66.7) 26(68.4) 2(50) 1(50) 1(50) 1(50) 2(40) 0(0) 1(33.3) 3(60) 0(0) 0(0) 136(73.9)
Ceftazidime R(%R) 4(100) 32(68.1) 69(92) 9(81.8) 1(50) 18(66.7) 26(68.4) 2(50) 1(50) 1(50) 0(0) 2(40) 0(0) 1333) 1(20) 1(50) 0(0) 168(72.7)
Gentamycin R(%R) 3(75) 26(56.5) 60(80) 6(54.5) 1(50) 20(74.1) 16(42.1) 2(50) 1(50) 1(50) 0(0) 0(0.0) 0(0) 1(33.3) 1(20) 0(0) 0(0) 138(60.0)
Ciprofloxacin R(%R) 2(50) 25(53.2) 50(66.7) 10(90.9) 1(50) 10(37.0) 24(63.2) 2(50) 2(100) 0(0) 0(0) 2(40) 0(0) 0(0) 0(0) 0(0) 0(0) 128(55.4)
Chloramphenicol R(%R) 3(75) NA 42(56) 2(18) 1(50) 19(70) 10(26) 2(50) 1(50) 1(50) 2(100) 1(20) 1(100) 0(0) NA 0(0) 0(0) 85(47)
Pip-Tazobactam R(%R) 2(50) 27(57.4) 36(48) 7(63.6) 1(50) 7(25.9) 21(55.3) 2(50) 1(50) 0(0) 0(0) 1(20) 0(0) 0(0) 2(40) 0(0) 0(0) 107(46.3)
Tobramycin R(%R) 2(50) 24(52.2) 41(54.7) 3(27.3) 1(50) 10(37) 8(21.1) 1(25) 0(0) 0(0) 0(0) 1(20) 0(0) 0(0) 0(0) 0(0) 0(0) 91(39.6)
Cefoxitin R(%R) NA NA 31(41.3) 3(27.3) NA 7(25.9) 15(39.5) 3(75) 1(50) 1(50) 0(0) 3(60) NA 1(33.3) 0(0) 0(0) 0(0) 65(37.8)
Levofloxacin R(%R) 2(50) 19(40.4) 21(284) 9(81.9) 1(50) 4(14.8) 23(60.5) 2(50) 1(50) 0(0) 0(0) 1(20) 0(0) 0(0) 0(0) 0(0) 0(0) 83(36.1)
Dorsapenem R(%R) 2(50) 30(63.8) 20(26.7) 2(182) 2(100) 5(185) 7(18.4) 2(50) 1(50) 1(50) 0(0) 0(0) 0(0) 0(0) 2(40) 0(0) 0(0) 74(32.0)
Meropenem R(%R) 2(50) 28(59.6) 15(20) 2(182) 1(50) 3(11.1) 4(10.5) 2(50) 1(50) 1(50) 0(0) 0(0) 0(0) 0(0) 2(40) 0(0) 0(0) 61(26.4)
Imipenem R(%R) 1(25) 22(46.8) 17(22.7) 2(18.2) 1(50) 33111 3(7.9) 2(50) 1(50) 1(50) 1(50) 0(0) 0(0) 0(0) 2(40) 0(0) 0(0) 56(24.2)
Cefotetan R(%R) NA NA 19(25.3) 2(182) NA 4(14.8) 1231.6) 2(50) 1(50) 1(50) 0(0) 0(0) NA 0(0) NA 0(0) 0(0) 41(23.8)
Ertapenem R(%R) 3(75) NA 18(24) 2(182) 1(50) 4(14.8) 5(13.2) 2(50) 1(50) 1(50) 0(0) 0(0) 1(100) 0(0) NA 0(0) 0(0) 38(212)
Amikacin R(%R) 1(25) 18(38.3) 34) 0(0) 0(0) 0(0) 1(2.6) 1(25) 0(0) 0(0) 0(0) 1(20) 0(0) 0(0) 0(0) 0(0) 0(0) 25(10.8)
Total DR R(%R) 52(68.4) 489(65.2) | 1152(64.1) 165(60.2) 21(553) | 370(54.8) 519(54.6) 53(53) 224(50) 238(47.9) 164(36.4) 45(36) 6(31.6) 23(30.7) 15(25) 12(24) 00) | 2983 (57.9)

Abbreviations: R, resistance; NA, Non-applicable; DR, Drug resistance; n, number of isolates.
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Figure 5 Antibiotic treatment before 5 days and after 5 days versus culture positive result in Tikur Anbessa Specialized Hospital.
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Figure 6 MDR category of BSI suspected patients gram-negative isolates from Tikur Anbessa Specialized Hospital.
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Figure 7 MDR category with the age of participants from septicemia suspected patients at Tikur Anbessa Specialized Hospital.
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Among the total culture-positive patients, 67.6% of them have acquired bloodstream infections after three days of
admission, due to the admission other than BSI clinical diagnosis. Length of admission greater than five days in General
Surgery, SICU, and MICU shows 71.7%, 67.6%, and 67.1% percentage culture-positive results respectively. The
similarity of organisms identified from EOPD, MICU, NICU, SICU, and general surgery shows that nosocomial infection
is the major source of BSI in the hospital. Due to different mentioned factors ICU patients are vulnerable to nosocomial
infection.”-*!1:62

In this study Body temperature greater than 38°C have an association with positive blood culture. This finding is in
line with a study in Thailand.®* Usage of medical instrumentation or indwelling medical devices during medical care
has an association with positive blood culture. Studies were done on the peripheral intravenous devices and any surgery
in Arba Minch,®® on catheters and central venous lines in Gonder,” mechanical ventilation, and extracorporeal
membrane oxygenation in Italy®® intravenous line in Egypt® invasive procedures in Turkey®' have statistically
significant for BSI.

Having a history of chronic illness is one of the factors of BSI. Similar results were found in the study of Endris in
Ethiopia.”> Among chronic illnesses; wound infection, ureteral tract infection, and respiratory tract infection was
associating factors for BSI. These results are in line with the study done in Finland on wound infection.” In this case,
chronic illness causes depletion of the patient immune status, increased length of admission, and exposure to different
medical devices can cause a high chance of acquiring nosocomial infection.

Among neonates, a history of incubation in NICU was a factor associated with positive blood culture. Review result
in developing countries shows neonatal infections were 3—20 times higher in hospital-borne babies.®® Similarly in the US
NICU was a risk factor for neonatal BSI.%’
Zaidi’s findings. This is because sharing limited resources of medical instruments, crowdedness, humidity, and optimal

As long as our hospital is in developing countries, we expect similar results to

temperature for bacterial growth in NICU wards were aggravating factors for nosocomial infection.

In this study educational level of the family, place of delivery, mode of delivery, Prolonged rupture of membranes,
history of maternal fever, and neonatal body weight during delivery do not have an association in logistic regression with
positive blood culture. Among all selected antibiotics for gram-negative bacteria antimicrobial susceptibility test, the
isolates were resistant to 57.9% of the drug tested, and more than half of bacteria have resisted the antibiotics above
72.7%. In terms of the pathogens isolated Serratia marcescens 52/76 (68.4%) and Salmonella typhi 0/25 (0.0%), the
highest and lowest bacteria resistant to the drugs tested even though their rate of isolation is lower n < 5 compared to
other pathogens. Whereas among the common pathogens isolated, Acinetobacter spp, K. pneumoniae, and E. coli (4-D)
were resistant to commonly used antibiotics at the rate of 65.2%, 64.1%, 60.2% respectively. The top drug resistance was
observed against Ampicillin 88 (94.6%) followed by Tetracycline 94.3%, and Ampicillin—Sulbactam 94.1%. and the list
was against Amikacin 25 (10.8%) followed by Ertapenem 21.2%, and Cefotetan 23.8%. Almost similar resistance
findings were reported from Jimma against Ampicillin, cephalothin, and tetracycline accounting 85.7%, 71.4%, and
71.4% respectively.'® In our country, Amikacin is one of Anti TB treatments. It is reserved for RRZ/MDR-TB treatment
and not used for routine purposes, it is still one of the most effective drugs against similar pathogens reported by.®®
Another study was done in Ethiopia also showed Amikacin has similar efficacy against Enterobacteriaceae 13.8% and
K. pneumoniae 21.3%.°""° Our study and similar findings by others show the importance of the implementation of
antibiotic stewardship in Ethiopia. The highest number of resisted drugs by non-fermenter bacteria were Cefotaxime
91.5%, Ceftriaxone 89.4%, Doxycycline 87.2%, and the lowest number of resisted drugs by non-fermenter bacteria were
Amikacin 34.6%, Levofloxacin 36.5%, and Imipenem 46.2%. Among the total gram-negative bacteria, the highest
Amikacin-resistant bacteria were Acinetobacter spp accounts 38.3% but still less resistance compared with other non-
fermenter drugs. Study done In India, on ICU instruments all Acinetobacter baumanii, were resistant to Amikacin.>
Highly susceptible drug Cefotetan was resistant 25.3% to K. pneumoniae and 31.6% to E. coli (A-D) other bacteria were
below 18.2%.

Among gram-negative bacteria, S. marcescens, K. pneumoniae, E. coli (A-D), Acinetobacter spp, K. oxytoca, and
E. coli were in average resistant to 93.8%, 93.0%, 81.6%, 81.4%, 78.8%, and 69.8% for cephalosporin (Cefotaxime,
Ceftriaxone, Cefepime, Ceftazidime) drugs. K. pneumoniae had the highest number of carbapenem-resistant bacteria with
a rate of resistance to Dorsapenem 26.7%, Meropenem 20% Imipenem 22.7% next to Acinetobacter, with Dorsapenem
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63.8%, Meropenem 59.6%, and Imipenem 46.8%. These organisms are the known cause of nosocomial infection and
acquire drug-resistant genes from surrounding organisms by different mechanisms. A study done in India shows that
>80% K. pneumoniae and E. coli were resistant to commonly used antibiotics.>®> Therefore, reducing bacterial coloniza-
tion in the health care setup means reducing the occurrence of nosocomial infection and drug-resistant organisms.®*>>?

In this study, MDR organisms were predominant. Among gram-negative bacteria, 95.3% were multi-drug resistant
and only 4.7% were not. Among the total drug-resistant gram-negative organisms MDR, XDR, and PDR accounted for
55.8%, 32.2%, and 7.3% respectively. A study was done in Jimma also showed similar findings among GNB 80%
P=0.438 of them were MDR and above,'® and in Gaza, Palestine, and Addis Ababa, 92.7% were MDR and above.'?"!
This is worrisome to ICU patients treating physicians. Lesser rate amount was observed in Tanzania from nosocomial
infection 70.5% of isolates were MDR.>® In Italy, 56% of MDR,%* and in Egypt 52% of MDR was identified.® Among the
17 total PDR bacteria isolated, Acinetobacter spp accounts for 76.47%, and K. pneumoniae accounts for 11.76% the rest
of each account 5.88%. Among 13 PDR Acinetobacter, 9(52.9%) of them were isolated from B4 (MICU) and B6 (NICU)
account for 5(29.4%) and 4(23.53%) respectively Other studies showed similar findings neonatal and pediatric ICUs
were more affected by PDR Acinetobacter species.”*"?

K. pneumoniae, Acinetobacter spp, E. coli, K. oxytoca, and E. coli (A-D) were the most prevalent multi-drug
resistance bacteria isolates in our study. Drug resistance with age category shows that the highest percentage of drug
resistance is found in neonates and children. Among the total of 222 drug resistance bacteria, 66.67% of them were
identified in patients below six years. The highest amount of the pathogens isolated in the age group of birth to <1 month
81 (36.49%), >1-<24 months 33 (14.86%), and 02—<06 years 34 (15.32%). Of the total 17 PDR, 35.29% of them were
found in the age of 1 day—<28 days. This finding shows children were highly affected by drug-resistance bacterial and
bloodstream infections in our study and similar findings were also reported elsewhere.”*

MDR distribution in the admission ward shows that B6 (NICU), C/W, and B4, were the top three most affected wards
that account for 75 (32.19%), 36 (15.45%) 25 (10.73%) by drug-resistant bacteria. This result demonstrates that hospital
pediatric patients are more affected by drug-resistant bacterial bloodstream infections.”> Usage of Indwelling medical
devices has exposure to multidrug resistance bloodstream infection. History of incubation has exposure to MDR bacterial

infection.

Conclusion

In conclusion, the study determined the prevalence of BSI among septicemic patients and the most abundant bacteria and
their susceptibility pattern. Our findings showed both GNB and GPB cause BSI. The most common bacteria isolated
include K. pneumoniae, CoNS, Acinetobacter spp, S. aureus, and Escherichia coli. Like, in the other part of the world the
isolates were highly resistant to commonly prescribed antibiotics and their rate of resistance against carbapenem is
alarming. Among the factors associated with BIS infection age, ICU admission, indwelling medical devices, and chronic
illness were the most important. In the neonate, incubation has the most significant association with bloodstream
infection. Individuals below 6 years old were more vulnerable to bacterial bloodstream infection. Special attention and
intervention are needed for neonatal and pediatric patients that are more affected by drug-resistant bacterial bloodstream

infections.

Abbreviation

AMR, Antimicrobial resistance; AST, Antimicrobial susceptibility tests; BSI, Blood Stream Infection; CVC, Central Vein
Catheter; GII, Gastrointestinal Tract Infection; GNB, Gram-negative bacteria; GPB, Gram-positive bacteria; HABS,
Hospitals acquire bloodstream infection; HAI, Hospital Acquire Infection; HCAI, Health Care Acquire Infection; ICU,
Intensive Care Unit; IP, Infection Prevention; NICU, Neonatal Intensive Care Unit; LRI, lower respiratory infections;
MDR, Multi-drug resistance; PDR, Pan drug-resistant; SWI, Surgical Wound Infections; TASH, Tikur Anbessa
Specialized Hospital; UTI, Urinary Tract Infections; XDR, Extensively drug-resistant.
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