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Background: Understanding the proportion of blood and blood products contamination during transfusion is important in developing
infection control strategy in the health system. Therefore, this study was aimed to determine bacterial contamination and susceptibility
patterns among blood and blood components at Armed Forces Comprehensive Specialized Hospital, Addis Ababa, Ethiopia.
Methods: A cross-sectional study was done on blood and blood components collected with both diverging and none-diverging
methods. Simple random sampling method was applied to select blood and blood product units from the record form and 10 mL of
sample was drawn from each blood and blood product. Culturing from collected blood and blood products and antimicrobial
sensitivity tests were done. The collected data were entered and analyzed by SPSS statistical software version 20. Binary and multiple
logistic regression analysis were done to see different factors and p-values less than 0.05 were taken as statistically significant.
Results: A total of three hundred seventy six (376) units of blood and blood product samples, 188 from non-diverging and 188 from
diverging blood donor collection methods were included. Among different blood group types, O+ blood and the majority of
components were stored from one to five days. The overall bacterial contamination among blood and blood components were n =
17 (4.5%). Among them, n = 14 (7.4%) and n = 3 (1.6%) were collected with a non-diverging and diverging method, respectively.
Staphylococcus epidermidis was the most dominant isolate. Most bacterial isolates were susceptible to different antimicrobial agents;
however, Pseudomonas aeruginosa showed resistance for gentamicin. The non-diverging collection units of blood and components
were significantly associated with bacterial contamination. Of all, n = 5/17 (29.4%) isolated bacteria were multidrug resistant.
Conclusion: The bacterial contamination of blood and blood components collected with diverging method was lower and recom-
mended to use this collection method from donors.
Keywords: bacterial contamination, diverging and non-diverging method, blood culture, susceptibility pattern

Introduction
After the discovery of blood circulation, the first recorded thriving blood transfusion was from dogs to dogs and then,
lamb to human being. In the 1800s, the blood transfusion was started among human beings then after the outcome
became successful.1 The need for blood and blood products transfusion demand was very increase significantly after the
discovery of practical anticoagulation and the ABO blood groups at the start of the 20th century.2

Blood transfusion is a medical mediation planned to offer protected blood products for those who need them.3

Nevertheless, Transfusion Transmitted Infection (TTI) can be transferred from blood products to recipients. Common
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TTI causative agents and bacteria can be screened from blood.4 Bacterial contamination of blood products could be the
causation for morbidity and mortality when transfused them to patients.5

In the half of 1990s, it was documented in the case report about bacterial transmission and this interest depicted by the
blood community.6 Either skin commensals or gastrointestinal tract flora which accounts for 75% are the principal gram-
positive aerobic pathogens.7

Blood products may be infected during blood collection, inadequate disinfection of donor skin, processing and
accidents on blood bags. In addition to that, they can also be infected from asymptomatic bacteremia in the donor.8 In
developed countries, the incidence of bacterial contamination and its related transfusion transmitted bacterial infection
(TTBI) has been greatly condensed as a result of proper donor screening,9 use of enhanced donor skin decontamination
method and diverting the first blood volume.10 As opposed to developed countries, developing countries do not put into
practice the above measures.8

African’s, bacterial contamination; gained through collection and processing, is 2500 times higher than developed
countries. Moreover, visual examination of blood bags for hemolysis is the most common means of detecting for
bacterial contamination.11

The studies done in Ethiopia showed significant and variable prevalence of bacterial contaminations and their
antimicrobial susceptibility pattern among whole blood collected by the non-diverging method11,12 but not with diverging
method. To this end, the aim of the current study was to determine bacterial contamination of blood products collected by
two different donor blood collection methods.

Materials and Methods
Study Settings
A cross-sectional study was conducted from January 2017 to April 2018 at Armed Forces Comprehensive Specialized
Hospital (AFCSH), Addis Ababa, Ethiopia. The hospital provides medical service to members of the Ethiopian defense
forces, their family and community. AFCSH has 15 wards with 600 beds. There are 378 healthcare professionals with
different levels and field of training. Based on the 2016/17 annual report, the hospital provides services for 100,005
outpatients and 4229 inpatients as well as 962 deliveries and 295,549 Laboratory investigations. On average, about 8–12
units of blood and blood components are transfused daily. In 2016/17, the maximum annual required blood and blood
components were 4818 units of blood and blood components. The hospital has the access to received blood and blood
components that were collected by diverging method from Ethiopia National Defense Forces Blood Bank Service
(ENDFBBS) and non-diverging one from Ethiopia National Blood Bank Service (ENBBS).

All blood and blood components collected from ENBBS and ENDFBBS for transfusion purpose during the study
period were the source and those delivered from ENBBS and ENDFBBS for were study population.

All units of blood and blood components which were ready for transfusion were included, units which have expired
dates and those bags which showed any leakage were excluded from the study.

Study Variables
Bacterial contamination in blood, blood components, and susceptibility pattern were the dependent variable and,
diverging and non-diverging method of blood collection from the donors’, storage time, types of blood and blood
components were some of independent variables.

Operational Definition
Blood components: specific parts which can get from donated whole blood such as PRBC, FFP and Platelets.

Diverging method: a blood collection method applied by changing the first 30–40 milliliters flow of venipuncture blood
direction into diverging pouch to reduce fragments and contamination from the skin and air.Non-diverging method: a donor
blood collection method which used to collect blood without changing the first flow of venipuncture blood direction.

Multidrug resistant (MDR): bacteria resistant for more than two different antibiotics classes.
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Sample Size Determination and Techniques
The sample size was calculated based on two population proportion formula. The value of P1 was taken as 15.33%11

from the previous study on whole blood and P2 as 50%. Considered 95% confidence interval and commonly used values
for Cp, power; C0.05, 95%, were 13. We took 47 units from whole blood, 47 units from Packed Red Blood Cells (PRBC),
47 units from Fresh Frozen Plasma (FFP) and 47 units from Platelet Concentrate (PC) for each diverging and non-
diverging method, which resulted as a total of 376 units of blood and blood components. These units of blood and blood
components were selected using simple random sampling method from the recording log book of transfusion laboratory.

Data Collection Procedure
Information like unit number, types of blood and blood components, types of blood group, collection and expiry date and
storage temperature were obtained from each unit of labeled blood and blood components of bags and from the recorded
log book of the transfusion laboratory.

Laboratory Procedures
Each unit of whole blood and Packed Red Blood Cells (PRBCs) was mixed before sampling with hand shaking and
striper and then we detached 20–25 cm segment after sealed the tubing at 5–10 cm away from the end of each blood
bag’s tubing. Each detached segment was labeled with coded labeling paper. In the biological safety cabinet, each unit of
Fresh Frozen Plasma (FFP) and Platelet segments were detached and decontaminated first using packed swab saturated
with 70% isopropyl alcohol and waited for one minute and then with 2% tincture iodine then waited for three minutes. In
the sterilized brain-heart infusion (BHI) broth (Oxoid, Basingstoke, UK) blood culture bottle, 3 mL of blood samples
were drawn from each segment using sterile disposable syringe and then dispensed into 15 mL of BHI broth aseptically.
The specimens were delivered to the AFCSH Microbiology laboratory incubation room for isolation, bacterial species
identification and antimicrobial susceptibility testing.13

Bacterial Isolation and Identification
The inoculated BHIs were incubated at 37 °C aerobically, and then observed daily for any possible signs of bacterial
growth such as pellicle formation, hemolysis, gas formation, clotting and turbidity for 7 days. After overnight incubation,
the BHI bottles were mixed, then one mL blood sample was taken from the bottle with a sterile disposable syringe and
subculture two drops of samples were sub cultivated on to sheep Blood Agar Plate (BAP), MacConkey Agar Plate
(MAP) and Chocolate Agar Plate (CAP) after overnight incubation. Inoculated BHI bottles; that show bacterial growth at
2 to 7 days, were also sub-cultured on sheep BAP, MAP, and CAP and also again sub-cultured until we got the pure
colony. The inoculated MAP was incubated aerobically but BAP and CAP were incubated with 5–10% CO2 atmosphere
overnight. Whenever bacterial growth was observed on the incubated media, identification of bacterial species was done
based on bacterial cultural characteristics, Gram stain and biochemical tests. The home-brew biochemical tests biochem-
ical tests were done depending on their Gram reaction result. For Gram-positive bacteria, we used catalase, coagulase,
CAMP, bile esculin, novobiocin, TSI tests and so on. We also used for Gram-negative bacteria TSI, citrate, indole,
motility, urease, and oxidase. The result of biochemical referred to the chart of Gram-negative and positive bacteria to
identify the species level of the bacteria. In addition, differential media like Mannitol salt agar was used to differentiate
staphylococci species.14

Antibiotic Susceptibility Testing
The antibiotic susceptibility testing was performed according to Kirby-Bauer disk diffusion method on Mueller Hinton
Agar plates (MHA). By comparing the bacterial cell suspension to a ready-made 0.5 McFarland standards, we were able
to achieve turbidity standardization. Antibiotics were selected based on the recommendation of clinical and laboratory
standards institute guideline (CLSI).15 The known volume and concentration of recommended antibiotics for Gram-
positive bacteria such as amikacin (30 μg), cefoxitin (30 μg), clindamycin (2 μg), erythromycin (15 μg), penicillin (10
μg), gentamicin (10 μg), trimethoprim-sulphamethoxazole (1.25/23.75 μg), tobramycin (10 μg), ceftriaxone (30 μg),

Infection and Drug Resistance 2022:15 https://doi.org/10.2147/IDR.S360515

DovePress
1679

Dovepress Tsegaye et al

Powered by TCPDF (www.tcpdf.org)

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


ampicillin (10 μg), chloramphenicol (30 μg) and cefotaxime (30 μg) and also antibiotics for Gram-negative bacteria like
amikacin (30 μg), amoxicillin+ clavuninic acid (10/20 μg), cefepime (30 μg), ceftriaxone (30 μg), ciprofloxacin (5 μg),
gentamicin (10 μg), meropenem (10 μg), piperacillin-tazobactam (10/100 μg), tobramycin (10 μg) and trimethoprim-
sulphamethoxazole (1.25/23.75 μg) were (li_60) used. The zone of inhibition of those drugs was measured after 18–24
hours inculcation to the adjacent millimeter of the caliper. Interpretation of identified bacteria as susceptible, inter-
mediate, or resistant according to the recent CLSI specified interpretive criteria.15

Data Quality Control
Using aseptic techniques and following Standard Operating Procedures (SOPs), units of blood and blood component
information’s such as unit number, blood group, collection date, expiration date and types of blood and components were
collected. Additionally, we used quality control strains such as Geobacillusstermophilus (ATCC 7953), Staphylococcus
aureus (ATCC 25923), Staphylococcus epidermidis (ATCC 12228), Escherichia coli (ATCC 25922), Pseudomonas
aeruginosa (ATCC 27853), Enterococcus faecalis (ATCC 29212), Streptococcus pyogenes (ATCC 19615), Proteus
mirabilis (ATCC 35659) and Klebsiella pneumonia (ATCC 13883).

Data Analysis
Data entered and analyzed using SPSS statistical software version 20. Binary logistic regression analysis was used to see
the association between the dependent and independent variables and to assess their significance level. In all cases,
p-value, less than or equal to 0.05 were considered as statistically significant. Finally, the results were presented in words,
percentages, graphs and tables.

Ethical Considerations
An ethical clearance with reference number SR/LS/019/18 was obtained from ethics and research committee, department
of medical laboratory Sciences, School of Allied Health Sciences and College of Health Sciences of Addis Ababa
University. Permission was obtained from the AFCSH administrator. Samples were coded and the confidentiality of
donors’ blood was maintained throughout the study. Information was given to the AFCSH laboratory director about those
blood and blood components units which showed bacterial growth to take any action.

Results
In this study, we included 376 blood samples from blood and blood products which were collected with both blood
donor collection methods and delivered to AFCSH with equal proportion. Of this, blood group O with Rh-positive was
the highest to be examined which accounts 137 (36.4%). The minimum and maximum storage temperatures for whole
blood were 3.5 and 5 °C, PRBC 3.5 and 4.8 °C, FFP −40 and −38 °C and for platelet 23 and 25 °C. Among the different
types of blood products, majority of the storage time of whole blood, PRBC, FFP and platelet were up to 1 week
accounts 26 (27.7%), 1–2 week 51 (54.3%), more than six weeks 30 (31.9%) and 1–5 days 94 (100%) respectively
(Table 1).

The overall bacterial contamination among blood products was n=17 (4.5%). Of these, whole blood and PRBC took
the highest to be contaminated with bacteria n=6 (35.3%). In addition, the most contaminated blood group type was
O Rh-positive n=6 (35.3%). From the overall bacterial contamination, both Gram-positive and Gram negative were
isolated. Of the, Gram-positive bacteria, n=14 (82.4%) took the largest number and Gram-negative bacteria accounted;
n=3/ (17.6%). The most frequent isolated bacteria were Staphylococcus epidermidis; n=6 (35.3%) followed by
Staphylococcus aureus; n=4/ (23.5%).

The bacterial contamination from those blood products which were collected with non-diverging; n=14 (7.4%) was
higher than diverging method=3(1.6%). In addition, PRBC n=5 (2.7%) was the most bacterial contaminated one prior to
whole blood n=4 (2.1%) from those collected with non-diverging. There was a statistical significant association between
blood donor collection method and bacterial contamination (AOR (CI): 7.8 (1–60.1), p-value: 0.05) (Table 2).

The most frequently isolated bacterium from blood products collected with non-diverging and diverging method was
Staphylococcus epidermidis (n= 4, 28.57%) and (n = 2, 66.7%) respectively.
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Among gram positive bacteria such as Staphylococcus aureus, Staphylococcus epidermidis, Listeria monocytogenes and
Listeria species which were isolated from those blood products collected with non-diverging method. Most isolates were
sensitive to ceftriaxone (100%), ampicillin (100%), tobramycin (100%) and cefotaxime (100%) antibiotics. High resistant were
observed for trimethoprim-sulphamethoxazole (27%) and erythromycin (27%) antibiotics. Similarly, Gram-negative isolates
were sensitive for the antibiotics such as amoxicillin+ clavulanic acid (100%), piperacillin-tazobactam (100%), cefepime
(100%), ceftriaxone (100%), tobramycin (100%), amikacin (100%), ciprofloxacin (100%) and trimethoprim-
sulphamethoxazole (100%). The only isolates which showed (33.3%) resistant to gentamicin was Pseudomonas aeruginosa
(Tables 3 and 4).

Staphylococcus epidermidis and Listeria spp were isolated from blood and blood components collected with
diverging blood collection method.

Among the isolated organisms, 5(29.4%) were shown to be multidrug resistant, and Staphylococcus epidermidis
which accounted 3(17.6%) took the highest MDR bacteria (Table 5).

Table 1 Sample Characteristics of Blood and Blood Components in AFCSH Addis Ababa City, Ethiopia, 2018

Types of Blood
and Blood
Components

Donor Blood Collection Method Total
(%)

Non-Diverging (%) Diverging (%)

Whole blood 47(25) 47 (25) 94 (25)

PRBC 47 (25) 47 (25) 94 (25)
FFP 47 (25) 47 (25) 94(25)

Platelet 47(25) 47 (25) 94(25)

Total 188 (100) 188 (100) 376
(100)

Types of blood groups

A+ A− B+ B− AB+ AB− O+ O− Total
N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%)

Whole blood 20(21.3) 2(2.1) 23(24.5) 1(1.1) 12(12.8) 1(1.1) 32(34) 3(3.2) 94(100)
PRBC 18(19.1) 2(2.1) 19(20.2) 4(4.3) 11(11.7) 2(2.1) 36(38.3) 2(2.1) 94(100)

FFP 21(22.3) 1(1.1) 17(18.1) 2(2.1) 18(19.1) 1(1.1) 39(31.9) 4(4.3) 94(100)

Platelet 19(20.2) 1(1.1) 23(24.5) 2(2.1) 4(4.3) 1(1.1) 39(41.5) 5(5.3) 94(100)
Total 78(20.7) 6(1.6) 82(21.8) 9(2.4) 45(12) 5(1.3) 137(36.4) 14(3.7) 376(100)

Storage temperature in OC

−38 −39 −40 23 24 25 3.5–5 Total
N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%)

Whole blood 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 94(100) 94(100) 0(0)

PRBC 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 94(100) 94(100) 0(0)
FFP 44(46.8) 21(22.3) 29(30.9) 0(0) 0(0) 0(0) 0(0) 94(100) 44(46.8)

Platelet 0(0) 0(0) 0(0) 23(24.5) 53(56.3) 18(19.1) 0(0) 94(100) 0(0)

Total 44(11.7) 21(5.6) 29(7.7) 23(6.3) 53(14.1) 18(4.8) 188(49.8) 376(100) 44(11.7)

Storage time

1–5 dys 6 −7 dys 8–14 dys 9–21 dys 22–28 dys 29–35 dys 36–42 dys >43 dys Total
N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%)

Whole blood 0(0) 26(27.7) 18(19.1) 25(26.6) 21(22.3) 4(4.3) 0(0) 0(0) 94(100)

PRBC 0(0) 11(11.7) 51(54.3) 17(18.1) 12(12.8) 3(3.2) 0(0) 0(0) 94(100)

FFP 0(0) 5(5.3) 13(13.8) 2(2.1) 1(1.1) 25(26.6) 18(19.1) 30(31.9) 94(100)
Platelet 94(100) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 94(100)

Total 94(100) 42(11.2) 82(21.8) 44(11.7) 34(9) 32(8.5) 18(4.8) 30(8) 376(100)

Abbreviations: PRBC, packed red blood cell; FFP, fresh frozen plasma; OC, degree centigrade; dys, days.
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Discussion
The awareness of bacterial contamination among blood products which are used for blood transfusion as well as their
sources of contamination is imperative for setting up the preventive measure at blood transfusion centers. Moreover, it is
significant to offer action and improve the blood collection practice, education and policy.

In our study, the overall prevalence of bacterial contamination among blood products was 4.5% (17/376). Blood
group type O+ 35.3% (6/17) showed the most contaminated. The result was consistent from the study done in Debre
Markos, Northwest Ethiopia.12

The proportion of bacterial contamination among those blood products which were collected with non-diverging
donor blood collection method was 7.4% (14/188) and almost close to previous studies reported from Ghana stated as 9%
(28/303)8 and that of Nigeria 8.8%, (14/162).16 The bacterial contamination of blood products collected with diverging
method also was more or less similar to other finding like in Malaysia’s study, 1.7% (12 /702).17

Among the blood products, the highest bacterial contamination was observed in whole blood and PRBC. The study
done in Ghana also showed that whole blood was the first blood component to be contaminated.8

The isolated bacteria in this study were both Gram-positive bacteria (S. aureus, S. epidermidis, L. monocytogenes, and
Listeria spps) and Gram-negative bacteria (Klebsiellae spps, Proteus line_240 mirabilis and Pseudomonas aeruginosa).
Our finding was concordant with different studies like in Nigeria16 and India.18

However, the current finding lower than studies conducted in Debre Markos, Northwest Ethiopia, 12.5% (15/120)2

and Gondar, 15.3% (21/137)11 and the study conducted in Ghana, 16.5% (16/97).13,19 This difference might be due to
sample size. Our result showed high bacterial contamination than the study done in Zimbabwe, 3.1% (6/196),20 and
Uganda. 3.5% (18/510).5 The reason for this discrepancy might be using only 70% alcohol disinfecting method in our
situation. The proportion of bacterial contamination in the diverging method of the current study is higher than
different countries; such as New Zealand which was 0.04% (2378/59,461).21 The difference may be lack of imple-
mentation of a compressive activity like proper donor screening, double disinfection, and closed processing system in
our country.

The non-diverging collection method bacterial contamination was higher than diverging method one, additionally,
7.8 more likely higher to be contaminated than diverging method. Those blood products which were collected in both
method share same conditions like application of single disinfection method, the absence of bacterial contamination
screening and active national haemovigilance programme except changing the direction of the first 30–40 mL of
blood into the diverging pouch. So, switching the first flow of blood reduced the contamination rate by 5.8%. This
concept is also supported by the reviewed study done in Italy by Liumbruno et al. The purpose of diverting the first
40–50 mL of donated blood to reduce the microbes or skin fragments especially comes from donor skin entering into
the collection bag.22 In addition, other study in Japan by Satake et al also maintained that the positivity rate of
bacterial contamination were 36/21,786 (0.17%) and 11/21,783 (0.05%) without and with diversion method in that
order.23

Table 2 Multivariable Analysis of Bacterial Contamination Among Blood and Blood Components at AFCSH, Ethiopia, 2018

Characteristics Positive N (%) Negative N (%) Total N (%) COR (95% CI) P- value AOR (95% CI) P- value

Non-diverging 14 (7.4) 174 (92.6) 188 (50) 4.96 (1.4–17.6) 0.013 7.75 (1–60.1)1 0.05
Diverging 3 (1.6) 185 (98.4) 188 (50) 1

WBCs 6 (35.3) 88(24.5) 94 (25) 2.07 (0.5–8.53) 0.31

PRBCs 6 (35.3) 88 (24.5) 94 (25) 2.07 (0.5–8.53) 0.31

Platelets 3 (17.6) 91 (25.3) 94 (25) 0.66 (0.1–4.04) 0.65
FFP 2 (11.8) 92 (25.6) 94 (25) 1 1

Total 17 (100) 359 (100) 376 (100)
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Table 3 Antimicrobial Susceptibility Pattern of Gram-Positive Bacteria Collected by Non-Diverging Method, 2018

Bacterial N P GEN CTR CLD AMK CXT AMP COT PEN ERY TOB CHL CXM Total

Isolates N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%)

S. aureus 4 S 3 (75) ND 3 (75) 3 (75) 4 (100) ND 3 (75) 3 (75) 3 (75) 4 (100) ND ND 26 (81)
I 1 (25) ND 1 (25) 1 (25) 0 (0) ND 1 (25) 0 (0) 0 (0) 0 (0) ND ND 4 (13)

R 0 (0) ND 0 (0) 0 (0) 0 (0) ND 0 (0) 1 (25) 1 (25) 0 (0) ND ND 2 (6)

S. epidermidis 4 S 4 (100) ND 4 (100) 4 (100) 2 (50) ND 2 (50) 3 (75) 2 (50) 4 (100) ND ND 25 (78)
I 0 (0) ND 0 (0) 0 (0) 0 (0) ND 0 (0) 0 (0) 1 (25) 0 (0) ND ND 1 (3)
R 0 (0) ND 0 (0) 0 (0) 2 (50) ND 2 (50) 1 (25) 1 (25) 0 (0) ND ND 6 (19)

L. monocytogenes 2 S 2 (100) 2 (100) ND ND ND 2 (100) 1 (50) 2 (100) 1 (50) 2 (100) 1 (50) 2 (100) 15 (83)
I 0 (0) 0 (0) ND ND ND 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (50) 0 (0) 1 (6)

R 0 (0) 0 (0) ND ND ND 0 (0) 1 (50) 0 (0) 1 (50) 0 (0) 0 (0) 0 (0) 2 (11)

Listeria spp 1 S 1 (100) 1 (100) ND ND ND 1 (100) 1 (100) 1 (100) 1 (100) 1 (100) 1 (100) 1 (100) 9 (100)
I 0 (0) 0 (0) ND ND ND 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
R 0 (0) 0 (0) ND ND ND 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Total 1 S 10 (91) 3 (100) 7 (88) 7 (88) 6 (75) 3 (100) 7(64) 9 (82) 7(64) 11 (100) 2 (67) 3 (100) 75 (85)
1 I 1 (9) 0 (0) 1 (22) 1 (22) 0 (0) 0 (0) 1 (9) 0 (0) 1 (9) 0 (0) 1 (33) 0 (0) 6 (6)

R 0 (0) 0 (0) 0 (0) 0 (0) 2(25) 0 (0) 3 (27) 2 (18) 3 (27) 0 (0) 0 (0) 0 (0) 10 (9)

Total 11(100) 3 (100) 8 (100) 8 (100) 8 (100) 3 (100) 11 (100) 11 (100) 11 (100) 11 (100) 3 (100) 3 (100) 91 (100)

Abbreviations: N, number; P, pattern; ND, not done; GEN, gentamicin; CTR, ceftriaxone; CLD, clindamycin; AMK, amikacin; CXT, cefoxitin; AMP, ampicillin; COT, trimethoprim-sulphamethoxazole; PEN, penicillin; ERY, erythromycin;
TOB, tobramycin; CHL, chloramphenicol; CXM, cefotaxime; S, sensitive; I, intermediate; R, resistant.
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As opposed to the current study, a study done in Zimbabwe the finding showed the highest contaminated among blood
products was platelet 10.3% (4/36) followed by PRBC 1.3% (2/149). There was no unit of whole blood was con-
taminated by bacteria. The difference may be they took unequal amount of from each blood products.20

Considering the drug resistance pattern, the findings of this study was concordant with a study from Nigeria and they
also reported that gram-positive bacteria were sensitive for gentamicin and ceftriaxone but the majority of the antibiotics
were resistant.16 The only antibiotic that showed resistant to the Pseudomonas aeruginosa was gentamicin. Majority of

Table 4 Antimicrobial Susceptibility Pattern of Gram-Negative Bacteria Collected by Non-Diverging Method, 2018

Bacterial N P GEN CPR CTR AMK MER CFP PIP- COT AUG TOB Total

Isolates TAZ

N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%)

Klebsiella spp 1 S 1 (100) 1 (100) 1 (100) 1 (100) 0 (0) 1 (100) 1 (100) 1 (100) 1 (100) 1 (100) 9 (90)
I 0 (0) 0 (0) 0 (0) 0 (0) 1 (100) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (10)

R 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Proteus mirabilis 1 S 0 (0) 1 (100) 1 (100) 1 (100) 0 (0) 1 (100) 1 (100) 1 (100) 1 (100) 1 (100) 8 (80)
I 1 (100) 0 (0) 0 (0) 0 (0) 1 (100) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 2 (20)

R 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Pseudomonas
aeruginosa

1 S 0 (0) 1 (100) ND 1 (100) 1 (100) 1 (100) 1 (100) ND ND 1 (100) 6 (85.7)
I 0 (0) 0 (0) ND 0 (0) 0 (0) 0 (0) 0 (0) ND ND 0 (0) 0 (0)

R 1 (100) 0 (0) ND 0 (0) 0 (0) 0 (0) 0 (0) ND ND 0 (0) 1 (14.3)

Sub Total 3 S 3 (33.3) 3 (100) 2 (100) 3 (100) 1 (33) 3 (100) 3 (100) 2 (100) 2 (100) 3 (100) 23 (85.2)
I 3 (33.3) 0 (0) 0 (0) 0 (0) 2 (67) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 3 (11.1)

R 1 (33.3) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (3.7)

Total 3
(100)

3
(100)

2
(100)

3
(100)

3
(100)

3
(100)

3
(100)

2
(100)

2
(100)

3
(100)

27
(100)

Abbreviations: N, number; P, pattern; ND, not done; GEN, gentamicin; CPR, ciprofloxacin; CTR, ceftriaxone; AMK, amikacin; MER, meropenem; CFP, cefepime; PIP, TAZ,
piperacillin-tazobactam; COT, trimethoprim-sulphamethoxazole; AUG, amoxicillin+ clavulanic acid; TOB, tobramycin; S, sensitive; I, intermediate; R, resistant.

Table 5 Multidrug Resistant Level of Isolated Bacteria Collected by Non-Diverging and Diverging Method, 2018

Number of Bacterial Isolates (n) Non-Divergent Method Divergent Method Number of MDR

R0 R1 R0 R1

N (%) N (%) N (%) N (%) N (%)

S. aureus (4) 4(23.5%) 0(0) 0(0) 0(0) 0(0)

S. epidermidis (6) 3(17.65%) 1(5.88%) 0(0) 2(11.76%) 3(17.65%)

L. monocytogenes (2) 1(5.88%) 1(5.88%) 0(0) 0(0) 1(5.88%)

Listeria spp (2) 1(5.88%) 0(0) 0(0) 1(5.88%) 1(5.88%)

Klebsiella spp (1) 1(5.88%) 0(0) 0(0) 0(0) 0(0)

Proteus mirabilis (1) 1(5.88%) 0(0) 0(0) 0(0) 0(0)

P. aeruginosa (1) 1(5.88%) 0(0) 0(0) 0(0) 0(0)

Total (17) 12(70.6%) 2(11.76%) 0(0) 3(17.64%) 5(29.4%)

Abbreviations: N, number; MDR, multidrug-resistant; R0, isolates which were sensitive for all/intermediate for at least one antibiotics/resistant for one antibiotics; R1,
resistant for one group of antibiotics.
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the antibiotics were sensitive for Klebsiella spp and Proteus mirabilis. But a study from Debremarkos indicated that all
the Gram-negative organisms isolated were resistant to cotrimoxazole and susceptible to ciprofloxacin and cefoxitin.12

The level of MDR were 5 (29.4%), which was lower than study done here in Gondar, Ethiopia (66.7%).11

Conclusion
This study showed bacterial contamination in the blood and blood components was higher with non-diverging collection
method. The most commonly isolated bacteria were Staphylococcus epidermidis. A considerable level of resistant
bacteria and MDR organisms were observed. Therefore, blood bank should switch blood donor collection method
from non-diverging to diverging method.

Abbreviations
AFCSH, Armed Forces Comprehensive Specialized Hospital; AST, Antimicrobial Susceptibility Test; BAP, Blood Agar
Plate; BHI, Brain-Heart Infusion; CAP, Chocolate Agar Plate; CLSI, Clinical and Laboratory Standards Institute; CNS,
Coagulase negative Staphylococci; ENDFBBS, Ethiopia National Defense forces Blood bank service; FFP, Fresh Frozen
Plasma; MAP, MacConkey Agar Plate; PC, Platelet Concentrates; PRBC, Packed Red Blood Cell; TSI, Triple sugar Iron
test; TTBI, Transfusion transmitted bacterial infection; TTI, Transfusion Transmitted Infection.
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