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Abstract

Objective: Bacterial contamination of donated blood and blood components is a major public health problem
globally. The aim of the study was to evaluate the rate and spectrum of bacterial contaminations and antimicrobial
susceptibility pattern of contaminants in stored blood and blood components.

Results: A total of 196 blood and blood components (concentrated red blood cells, fresh frozen plasma, and plate-
lets) were included. Bacterial contamination was observed in 18 (9.2%) of the blood and blood components, of which
14 (77.8%) and 4 (22.2%) were gram positive and gram negative bacteria, respectively. The predominantly isolated
bacteria were Coagulase-negative Staphylococcus, Bacillus spp., and Staphylococcus aureus. Majority of isolated gram-
negative bacteria isolates showed resistance to tetracycline and doxycycline. Multidrug resistance was observed in 12

(66%) of the isolates.
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Introduction

Bacterial contamination of donated blood is defined as
the presence of bacteria in the blood or blood compo-
nents which are collected and/or processed for transfu-
sion [1]. A ready to be transfused blood should be free
from microbial contaminants including bacteria [2]. For
this blood should be collected and processed following
aseptic technique [3]. However, bacterial contamination
of donated blood may occur as a result of endogenous
(from the donor) or exogenous (during collection and
processing) route [4, 5].

Bacterial contamination of donated blood can be
observed in different mechanisms [6]. The survival of
bacteria in red blood cell may produce gas, resulting in
unnecessary and unusual air bubbles. This results in a
pink to red discoloration that could be seen in the super-
natant [7]. Bacterial contamination of donated blood
(whole blood, concentrated red blood cell, and platelets)
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have been observed to cause a severe problem in transfu-
sion therapy in the previous 20 years and is the second
only to ABO-mismatch in causing transfusion-associated
death [8].

Globally, the exact prevalence of bacterial contamina-
tion of blood and blood Components is unknown [9].
However several studies showed that bacterial contami-
nation of donated blood was, 0.2%, 0.15%, and 0.1% in the
United States of America, UK, and France, respectively
[10-13]. It was indicated in various studies that the fac-
tors that promote bacterial contamination of donated
blood include; touching disinfected phlebotomy site, in
proper use disinfection, and double puncture at the same
hand or both hands of a donor, improper storage of blood
and donor bacteremia [13].

Other studies from sub-Saharan African countries
showed that the prevalence of contamination of donated
blood is higher than that of developed countries [14—19].
Except few studies done in Gonder and Debre Markos
[20, 21], bacterial contamination of donated blood in
Ethiopia has not been given due attention unlike that
of transfusion-transmitted viral infection. The above
studies done in Ethiopia showed considerable and

© The Author(s) 2019. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license,

and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/
publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13104-019-4217-0&domain=pdf

Agzie et al. BMC Res Notes (2019) 12:169

variable prevalence of bacterial contaminations among
blood donors were reported. This calls for further
research to be done in different settings. Therefore, this
study will evaluate the rate of bacterial contamination of
stored blood and blood components at North Command
Army and Tigray Region Blood Banks.

Main text

Methods

A cross-sectional study was conducted from February to
April 2017 in North Command Army and Tigray Region
Blood Banks. The blood banks are situated in Mekelle,
Northern Ethiopia. The sample size was calculated using
a single population proportion formula, considering, 95%
confidence interval, a margin of error, d=0.05 and pre-
vious prevalence of bacterial contamination on stored
blood, p=15% [19]. A total of 196 stored blood bags were
selected for the study. Collection of blood donations in
the respective blood banks was according to the stand-
ard operating procedures (SOPs) and the average annual
blood donations were 1800 and 9000 blood bag units in
North Command Army and in Tigray Regional Blood
Banks, respectively. The sample size was proportionally
allocated to the two blood banks. Accordingly, 163 and
33 stored blood bag units were selected using a system-
atic sampling technique from North Command Army
and Tigray Regional Blood Bank, respectively. Sample
processing, transportation, and analysis were done using
standard bacteriological safety and aseptic techniques.
In this study, both stored blood and blood products bag
units (including concentrated red blood cells, fresh fro-
zen plasma, and platelets) were included. Stored blood
and blood product bags were thoroughly mixed, and
the end of the tied tubing was swabbed, disinfected, and
cut with sterile scissors. Some of the mixed blood from
the main bag was allowed to seep into the line. The end
of each line was clipped with sterile forceps to prevent
blood from flowing back into the main bag. These cut
ends were directly transported to Ayder Comprehensive
Specialized Hospital laboratory Microbiology depart-
ment for sample processing and laboratory analysis, fol-
lowing protocols stated elsewhere [22]. Two knots were
made on the line, and the last knot was swabbed with
70% ethanol and punctured with a sterile needle and
syringe to draw 5 mL of blood product. The samples were
dispensed into separate, sterile bottles containing 50 mL
of Brain—Heart Infusion (BHI) broth in culture bottle. All
of the suspensions were incubated aerobically at 37 °C
for up to seven days and observed for signs of bacterial
growth on days 2 and 7. For samples showing signs of
bacterial growth, a gram smear was made and examined
microscopically. At the same time, the samples were sub-
cultured using standard methods onto Blood agar (BA),
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chocolate agar (CA), and MacConkey agar (MA). Blood
agar and MA plates were incubated aerobically, while
CA plates were incubated in candle jars at 37 °C for up
to 48 h. Plates were inspected for bacterial growth at
24 h (BA, CA, and MA) and 48 h (BA and CA). Further
microbiological identification of isolates was done using
standard biochemical tests. Antimicrobial susceptibil-
ity test was performed using the modified Kirby—Bauer
disk diffusion method according to the Clinical Labora-
tory Standard Institute guidelines [23]. Sterile swabs were
used to seed colonies into Muller Hinton Agar to give
a confluent bacterial growth. Using a pair of sterile for-
ceps the antimicrobial disks for gram-positive isolates;
chloramphenicol (30 pg), penicillin (10 unit), erythro-
mycin (15 pg), cefoxitin (30 pg) and clindamycin (2 pg),
or gram-negative isolates; tetracycline (30 pg), amikacin
(30 pg) and Augmentin (10 pg),common drug for gram
positive and gram negative; cefotaxime (30 pg), tobramy-
cin (10 pg), doxycycline (30 pg), ampicillin (10 pg), gen-
tamicin (10 pg), ciprofloxacin (5 pg) and augmenting
(10 pg) were placed on the dry agar surface as appropri-
ate. Then the plates were incubated aerobically at 37 °C
and read after 18—24 h of incubation. Zones of inhibition
surrounding the disks were measured using a caliper.
The organisms were reported as sensitive, intermediate
or resistant. Known reference strains of Pseudomonas
aeruginosa (ATCC 27853), E. coli (ATCC 25922) and S.
aureus (ATCC 25923) were used for quality assurance
[24]. Data were analyzed by Statistical Package for Social
Sciences (SPSS) software version 22.0. (IBM, USA).
Descriptive statistics were computed and data were pre-
sented using tables.

Results

In this study, a total of 196 blood and blood components
were included. Of which 163 (83.2%) and 33 (16.8%)
were from Tigray regional blood bank and North com-
mand Army blood bank, respectively. During the time
of sample collection majority of the samples were whole
blood, 143 (72.9%) followed by concentrated red cell, 27
(13.8%) and fresh frozen plasma, 14 (7.1%) and platelets,
12 (6.1%). Of the blood collected, 63 (32.1%) were stored
for 7-8 days.

In this study, out of 196, 18 (9.2%) of the blood and
blood components were found contaminated with bac-
teria. From Tigray Region Blood Bank, 14 (8.5%) and
from North Command Army Blood Bank, 4 (1.2%) of
the blood components were contaminated with bac-
teria. Bacterial contamination of whole blood was 9
(6.3%) followed by concentrated red cell 5 (4.6%). From
the total 18 isolates, 14 (77.8%) and 4 (22.2%) were
gram positive and gram negative bacteria, respectively.
The predominantly isolated bacteria were Coagulase
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negative Staphylococcus 5 (27.7%), followed by Bacil-
lus spp., 4 (22.2%), Staphylococcus aureus 3 (16.6%),
Pseudomonas aeruginosa 3 (16.6%), Streptococcus
pneumoniae 2 (11.1%) and Escherichia coli 1(5.5%).
The majority, Coagulase-negative Staphylococcus spp.,
Bacillus spp., Staphylococcus aureus, Streptococcus
pneumoniae were isolated in the 0-3 day stored blood
and blood components (Table 1).

Table 1 Storage time and bacterial contamination
of stored blood and blood products at blood bank

Time Bacteria isolated
of storage

(days)

Frequency, N

Streptococcus pneumoniae
Pseudomonas aeruginosa
Pseudomonas aeruginosa
Escherichia coli

Pseudomonas aeruginosa

Bacillus spp.

Bacillus spp.

Staphylococcus aureus

Coagulase negative Staphylococcus
Coagulase negative Staphylococcus
Coagulase negative Staphylococcus
Staphylococcus aureus

Bacillus spp.

Bacillus spp.

- A N U= N TN W W o NN O
¢ TN NS

Staphylococcus aureus
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Among gram positives Streptococcus pneumonia,
Staphylococcus aureus, Bacillus spp. and Coagulase
negative Staphylococcus of the isolates was sensitive to
chloramphenicol, 13 (93%), clindamycin, 13 (93%), cip-
rofloxacin, 9 (64%), gentamicin, 8 (57%) doxycycline 5
(36%), cefoxitin, and Tobramycin 1(7%). Staphylococ-
cus aureus showed 3 (100%) resistance to cefotaxime,
Penicillin, and erythromycin (Table 2). Majority of iso-
lated Gram-negative bacteria isolates showed increased
resistance to tetracycline and doxycycline. However, all
gram-negative isolates showed 100% sensitivity to both
ciprofloxacin and gentamycin. Pseudomonas aeruginosa
showed a high level of resistance to tetracycline and
doxycycline. In addition to this, increased resistance of
Escherichia coli to ampicillin, tetracycline, and amikacin
was also observed (Table 3). Multidrug resistance was
seen in 12 (66%) of the isolated bacteria.

Discussions

Though blood banks have standard operating proce-
dures to minimize bacterial contamination of donated
and stored blood bags, there are reports of bacterial
contamination from different blood banks with different
rates. Performing studies focusing on bacterial contami-
nation of stored blood is important to provide informa-
tion to policymakers on the safety of the collected blood.
This is a cross-sectional study focusing on evaluating
the rate of bacterial contamination of stored blood and
blood products. In the study, the prevalence of bacterial
contamination of blood and blood component was 9.2%.
The bacterial contamination on this study is lower than

Table 2 Antimicrobial susceptibility pattern of Gram-positive bacteria isolated from blood and blood component

Isolates (N) Pattern  CXT AMP PEN ERY CAF cul cIp DOX  CEF GEN TOB
Spneumoniae (2) S 0(0) 0(0) 0(0) 0(0) 2(100)  2(100) NA NA 0(0) NA NA

\ 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) NA NA 0(0) NA NA

R 2(100)  2(100)  2(100)  2(100)  0(0) 0(0) NA NA 2(100)  NA NA
S.aureus (3) S 0(0) NA 0(0) 0(0) 3(1000  3(100)  3(100) 2(67) NA 3(100)  NA

[ 0(0) NA 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) NA 0(0) NA

R 3(1000  NA 3(100)  3(1000  0(0) 0(0) 0(0) 133 NA 0(0) NA
CoNS (5) S 5(100)  NA 0(0) 1(20) 4(80) 4(80) 3(60) 3(60) 1(20) 5(1000  NA

[ 0(0) NA 0(0) 1(20) 1(20) 1(20) 2 (40) 2(40) 2 (40) 0(0) NA

R 0(0) NA 5(100) 3 (60) 0(0) 0(0) 0(0) 0(0) 2 (40) 0(0) NA
Bacillus Spp. (4) S 0(0) NA 2(50) 2(50) 4(100)  4(100)  3(75) NA NA 3(75) 1(25)

\ 1(25) NA 0(0) 0(0) 0(0) 0(0) 0(0) NA NA 1(25) 2(50)

R 3(75) NA 2(50) 2(50) 0(0) 0(0) 1(25) NA NA 0(0) 1(25)
Total (14) S 5 (36) 0(0) 2(14) 321 13(93)  13(93)  9(64) 536 1) 1(78)  1(7)

| 1) 0(0) 0(0) 1(7) 1(7) 1) 2(14) 2014 2014) 1(7) 2(14)

R 8(57) 2(14) 12(86) 10(71)  0(0) 0(0) 1(7) 1(7) 4(29) 0(0) 1(7)

CXT Cefotaxime, AMP ampicillin, PEN penicillin, ERY erythromycin, CAF chloramphenicol, CLI clindamycin, CIP ciproflaxin, DOX doxycycline, CEF cefoxitin, TOB

tobramycin, GEN gentamicine, NA not applicable
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Table 3 Antimicrobial susceptibility pattern of Gram-negative bacteria isolated from blood and blood component

Isolates (n) Pattern TOB AMP CXT TTC AMK DOX cip GEN AUG
P.aeruginosa (3) S 0(0) NA 1(25) 0(0) 0(0) 0(0) 3(100) 3(100) NA
I 2(67) NA 0(0) 0(0) 2(67) 0(0) 0(0) 0(0) NA
R 1(33) NA 2(75) 3(100) 1(33) 3(100) 0(0) 0(0) NA
E. coli (1) S 1 0(0) 1 0(0) 0(0) 1 1 1 1
I 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 000 000
R 0(0) 1 0(0) 1 1 0(0) 0(0) 0(0) 0(0)
Total (4) S 1(25) 0(0) 2(50) 0(0) 0(0) 1(25) 4 (100) 4(100) 1(25)
| 2(50) 0(0) 0(0) 0(0) 2(50) 0(0) 0(0) 0(0) 0(0)
R 1(25) 1(25) 2(50) 4(100) 2(50) 3(75) 0(0) 0(0) 0(0)

TOB Tobramycin, AMP ampicillin, CXT cefotaxime, TTC tetracycline, AMK amikacine, DOX doxycycline, CIP ciproflaxin, GEN gentamicine, AUG augumentine, NA not

applicable

other similar studies done in Gondar and Debre Markos
[19, 20], Ghana; 17.5% [17] and Egypt 17.9% [25]. How-
ever, result of this study is relatively higher than study
conducted in America; 0.2% [10], UK; 0.15%, [11], France;
0.1 [12], Zimbabwe; 3.1% [26], Uganda; 3.5% [27]. The
difference for higher prevalence in this study is might be
due to poor infrastructure setup and practice of infection
prevention standards, recent achievements of the screen-
ing test for viral contamination of donor’s blood, have
obscured the need of screening for bacterial contami-
nates [28].

Unlike most of the study reports in our country and
elsewhere in the world, our findings showed that major-
ity of the etiological agents for bacterial contamination of
stored blood were gram-positive bacteria. In this study,
Coagulase-negative Staphylococcus was the most predomi-
nant isolate with an isolation rate of 5 (27.7%), which is in
line with studies conducted in the same country; (Gonder
and Debre Markos) [19, 20]. and in most of the studies con-
ducted in African countries, such as Kenya [13]. Nigeria
[14], and Ghana [17]. The major contributing factor for iso-
lating such higher rate CoNS might be due to the improper
disinfection procedures during blood donor collection.
The fact that Bacillus spp. was the second dominant bac-
terial isolates, in this study, might be related to poor skin
cleansing techniques before donor blood is obtained. Com-
parable results were reported from other previous studies
conducted in Kenya [13]. On top of this finding of Pseu-
domonas aeruginosa in this study was also supported by
other studies from Kenya and Ghana [13, 17]. A high level
of bacterial contamination was observed within 0—3 days of
storage. Similar results were observed in different studies.
A study from Denmark on fresh donated blood high level
of bacterial contamination 21 (35%) of 60 RBC-fractions
was reported [29]. Moreover, other studies in Kenya, Ethi-
opia, Ghana and Nigeria significant level of bacterial con-
tamination reported within short period of storage time

[13, 14, 17, 20]. In this study, a high level of bacterial con-
tamination was observed in the platelets and concentrated
red cell. The possible explanation for the higher bacterial
contamination of blood components more susceptibility
for bacterial contamination during component processing
and agitation. Platelets are stored between 22 °C and 24 °C
with constant agitation, which is favorable for bacterial
proliferation [26, 27].

Considering the drug resistance pattern, the finding s of
this study were similar other similar studies done in Ethio-
pia [19, 20]. According to the international standard for
the definition of drug resistance [30], Multidrug resistance
(MDR =Non-susceptible to > 1 agent in > 3 antimicrobial
categories) was observed in12 (66.6%). Of the total isolated
bacterial contamination of stored blood. This was in line
with the finding of a study conducted in Gondar Hospital
Blood Bank North West Ethiopia [19]. But it is higher than
that of Debre Markose Referral Hospital Northwest Ethio-
pia [20] and Mbarara Regional Blood Bank South Western
Uganda. On the other hand, it is lower than that of Tertiary
Hospital Nigeria [14].

In conclusion, bacterial contamination was observed in
18 (9.2%) of the blood and blood components, of which
14 (77.8%) and 4 (22.2%) were gram positive and gram
negative bacteria, respectively. In addition high resistance
patterns were observed for a single and multiple antimi-
crobials that need urgent attention. Therefore, blood bank
centers should improve their standard in infection preven-
tion of bacterial contamination of donated blood. Further
study should be conducted to determine the sources of bac-
terial contamination of stored blood and its components.

Limitations

The small sample size in the blood components was dif-
ficult to make a descriptive analysis about the blood com-
ponents and further analyze the factors associated with
bacterial contamination.
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