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ABSTRACT

O

bjective of the study: The accuracy of current glycated haemoglobin (HbA1c) estimation
methods can be adversely affected by the presence of haemoglobin variants. This research
was designed to evaluate HbA1c levels in diabetic patients with HbAA and HbAS genotypes
attending University of Maiduguri Teaching Hospital (UMTH). Materials and Methods: A total of
100 subjects were used in this study. The HbA1c concentration, glucose level and haemoglobin
genotypes were determined using standard techniques. Results: There was no significant (p>0.05)
difference in the means of glucose level of HbAA as compared to HbAS. The mean of HbA1c level
was significantly (P<0.05) higher in HbAA when compared with HbAS. There was no significant
difference (p>0.05) in mean values of Hb1ac and glucose concentration, respectively, in relation to
sex of diabetic patients. Conclusion: This shows that the genetic variant HbAS significantly affects
the level of glycated haemoglobin (HbA1c). This may lead to false representation of glycemic
control of diabetics with varying genotypes.
Keywords: HbA1c, HbAA, HbAS, Diabetic subjects
INTRODUCTION

H

aemoglobin genotype is the genetic constituent of
protein haemoglobin and may be disturbed
leading to conditions called
haemoglobinopathies (1). Haemoglobin is the oxygen
carrying pigment of red blood cells; defects in its genes can
produce abnormal haemoglobin which leads to conditions
known as haemoglobinopathies. Haemoglobinopathies are
conditions caused by qualitative structural abnormalities
of the globin polypeptide chains that result from alteration
of the deoxyribonucleic acid (DNA) genetic code for the
chains. Normal Haemoglobin is genotypically termed
(HbAA) and there are many other variants which are
designated based on a standard nomenclature (2). HbS is a
variant form of haemoglobin that can be homogenously or
heterogeneously inherited as a result of the substitution of
valine, a neutral amino acid for glutamic acid at position 6
in the ?-chain which causes a change in the properties of
haemoglobin that result in sickling of red blood cells (3). A
person who only inherits a copy of mutated (HbS) gene
from one of the parents is said to have sickle cell trait (Hb
AS) (4). Conversely, HbSS disease occurs when a person
inherits two copies of the haemoglobin S gene from both
parents (5). Other Hb variants include haemoglobin C
(HbC) which results from the substitution of lysine; a basic
amino acid for glutamic acid at position 6 in the ?-chain (6).
The term diabetes mellitus describes a metabolic disorder
of multiple etiologies characterized by chronic
hyperglycemia with disturbances of carbohydrates, fats
and proteins metabolism resulting from defects in insulin
secretion, insulin action, or both (7). The effects of diabetes
mellitus include Long term damage, dysfunction and
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failure of various organs. Diabetes mellitus may present
with characteristic symptoms such as thirst, polyuria,
blurring of vision, and weight loss. In its most severe forms,
ketoacidosis or a non-ketotic hyperosmolar state may
develop and lead to stupor, coma and, in absence of
effective treatment, death (8). Often symptoms are not
severe, or may be absent, and consequently hyperglycemia
sufficient to cause pathological and functional changes
which may be present for a long time before the diagnosis is
made (9). The long-term effects of diabetes mellitus
include progressive development of the specific
complications of retinopathy with potential blindness,
nephropathy that may lead to renal failure, and/or
neuropathy with risk of foot ulcers, amputation, Charcot
joints, and features of autonomic dysfunction, including
sexual dysfunction. People with diabetes are at increased
risk of cardiovascular, peripheral vascular and
cerebrovascular disease. Several pathogenetic processes
are involved in the development of diabetes. These include
processes which destroy the beta cells of the pancreas with
consequent insulin deficiency, and others that result in
resistance to insulin action. The abnormalities of
carbohydrate, fat and protein metabolism are due to
deficient action of insulin on target tissues resulting from
insensitivity or lack of insulin (10).
Glycated Haemoglobin HbA1c is an indicator for longterm glycemic control (11). Glycated haemoglobin
measurements are unaffected by daily variations of glucose
from diet and exercise (12). HbA1c is that form of glycated
haemoglobin formed by condensation of glucose with the
amino terminal valine residue of each beta chain of
haemoglobin A. It is the preferred standard for assessing
glycemic control (13).
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Reports from National guidelines of America and
consensus committee (14) have noted the problem of
interpreting HbA1c in the presence of
haemoglobinopathies. Therefore, This research was
designed to determine whether difference (s) exist between
the two forms of haemoglobins; HbAA and HbAS which
could be sufficient enough to affect the correlation between
HbA1c and serum glucose concentration used for glucose
level control among diabetic subjects.

turbidometric method in Cobas C311 fully automated
analyser (17). Statistical package for social sciences (IBM
SPSS) version 23.0 software was used for the statistical
analysis. Descriptive data were presented as mean ±
standard deviation, percentage (%) and graphs where
necessary. Means of two sample groups were compared
using paired sample t-test and chi-square at confidence
interval of 95% where p < 0.05 was considered as
statistically significant.

MATERIALS AND METHODS
The study was carried out in University of Maiduguri
Teaching hospital (UMTH) which is situated in Maiduguri
town along Bama Road. A total of 100 subjects were
recruited for this study by using random sampling
techniques. These include 50 diabetes mellitus subjects
with HbAA genotypes and 50 diabetes mellitus subjects
with HbAS genotypes attending of University of
Maiduguri teaching hospital. Subjects with Hb genotypes
other than HbAA or HbAS and haemolytic diseases were
excluded from the study. Non-diabetic subjects were also
excluded from the study. The ethical clearance approval for
the study was obtained from the research and ethical
committee of University of Maiduguri Teaching Hospital,
Borno State. Informed consent of the participants was
obtained before enrolment into the study. They were
assured of confidentiality of the information obtained from
them during and after the study.
Four (4) ml overnight fasting venous blood sample was
collected through venipucture (median cubital vein) into a
fluoride oxalate vacutainer for glucose analysis and four (4)
ml was also collected into an ethylene diamine tetra-acetic
acid (EDTA) vacutainer for glycated haemoglobin and Hb
genotype determination. Plasma glucose was determined
by Glucose Oxidase method as described by Trinder (15).
Haemoglobin genotype was determined using
electrophoresis machine based on cellulose acetate
electrophoresis developed by (16).
Measurement of glycated haemoglobin was done by

RESULTS
This is a case-control study comprising of diabetic
subjects attending UMTH; among which 50 (50%) were
haemoglobin AA genotyped and 50 (50%) were
haemoglobin AS genotyped.
In this study, a total of 54 (54%) were females while 46
(46%) were males. Based on glycated haemoglobin
levels, the subjects were classified as having normal or
high HbA1c (Table 1). The mean HbA1c level was found
to be significantly higher (p<0.05) in HbAA genotyped
subjects as compared to HbAS genotyped subjects. There
was no significant difference (p>0.05) between the means
of fasting blood glucose (FBG) of the HbAA genotyped
diabetic subjects and HbAS genotyped diabetic subjects
(Table 2).
There was also no significant difference (p>0.05)
observed between the means of male and female subjects
in both the HbA1c and FBG levels. HbAA genotyped
subjects were found to be with higher level of abnormal
HbA1c (46.0%) as compared to HbAS subjects (31.0%).
The mean glycated haemoglobin level is higher (8.8)
among HbAA genotyped male subjects as compared to the
mean glycated haemoglobin level (6.9) of HbAS
genotyped male subjects. However, no significant
difference was found between the mean glycated
haemoglobin level (8.2) of HbAA genotyped female
subjects and mean glycated haemoglobin level (8.0) of
HbAS genotyped female subjects (figure 1).

Table 1: Demographic Characteristics of Diabetic Subjects in Maiduguri
Number Observed (N)

Variable
Sex
Female
Male
Total
Haemoglobin genotype
AA
AS
Total

Glycated Haemoglobin (HbA1c)
Normal (? 6.0 %)
High (> 6.0 %)
Total

Percentage (%)

54
46
100

54.0
46.0
100.0

50
50
100

50.0
50.0
100.0

23
77
100

23.0
77.0
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Table 2: Comparison of Mean Glycated haemoglobin (HbA1c) and Fasting Blood Glucose
(FBG) of Diabetic Subjects Attending UMTH in Relation to Haemoglobin Genotypes.
Variable

HbA1c (%)
FBG (mmol/l)

Haemoglobin Genotypes of Diabetic Subjects
Haemoglobin-AA
Mean ± SD
N = 50

Haemoglobin -AS
Mean ± SD
N = 50

p-value

8.55 ± 1.97
7.30 ± 3.53

7.47 ± 2.83
7.67 ± 3.78

0.029
0.616

Key: SD = Standard deviation, HbA1c = glycated haemoglobin, FBG = fasting blood glucose
and p-value of < 0.05 was considered statistically significant.
Table 3: Comparison of Mean Glycated haemoglobin (HbA1c) and Fasting Blood Glucose
(FBG) of Diabetic Subjects in Relation to Sex.
Variable

HbA1c (%)
FBG (mmol/l)

Haemoglobin Genotypes of Diabetic Subjects
Female
Mean ± SD
N = 54

Male
Mean ± SD
N = 46

p-value

7.94± 2.23
7.52± 3.77

8.08± 2.78
7.45± 3.54

0.790
0.933

Key: SD = Standard deviation, HbA1c = glycated haemoglobin, FBG = fasting blood glucose
and p-value of < 0.05 was considered statistically significant.
Table 4: Distribution of Glycated Haemoglobin Level (HbA1c) among Haemoglobin
Genotype of Diabetic Subjects
Variable

Haemoglobin Genotype
AA
AS
Total

Glycated Haemoglobin Level (HbA1c)
Normal (≤ 6.0)
Number (%)

Abnormal (> 6.0)
Number (%)

4 (4.0)
9 (19.0)
23 (23.0)

46 (46.0)
31 (31.0)
77 (77.0)

p-value

0.0006

Keys: Fisher exact test was performed, % = percentage and p-value of < 0.05 was considered
statistically significant.
DISCUSSION
Studies have shown that several medical conditions can
affect the HbA1c value, including haemoglobinopathies.
Awareness of alternate ways of diagnosing and monitoring
diabetes is therefore important for patients who might have
haemoglobinopathies (18).
This study aimed to evaluate whether difference exists in
the level of glycated haemoglobin (HbA1c) among diabetic
subjects in the study area in relation to the differences in
their haemoglobin genotypes - HbAA and HbAS;
independent of their glucose levels.
From the analysis of data in the present study, it was found
clearly that the mean HbA1c of diabetic subjects with
HbAA genotypes was significantly (P<0.05) higher
compared to diabetic subjects with HbAS genotypes. The
difference was independent of their glucose levels but due
14

to their differences in Hb genotypes as indicated in table 2.
This finding was in agreement with a previous study of
Mary et al. (19); but in contrast to other two different
studies conducted by Bleyer et al. (20). In a retrospective
cohort study of African Americans participating in two
large US cohorts, it demonstrated that, at the same fasting
or 2-hour glucose concentration, HbA1c was significantly
lower among participants with sickle cell trait (HbAS) as
compared to those without sickle cell trait HbAS (20).
Bleyer and colleagues (20) investigated the HbA1cglucose association in 385 African-American in-patients,
the majority of whom had diabetes and among whom there
was an unusually high prevalence of HbAS: 109 (28%) had
HbAS genotype; however, the authors did not find that
Sickle cell trait (HbAS) significantly altered the
relationship between HbA1c and serum glucose. Sumner
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Figure 1: Glycated Haemoglobin (HbA1c) Level Based on Sex and Haemoglobin Genotype of Diabetic Subjects
and colleagues (21) evaluated the sensitivity of HbA1c to
detect impaired glucose tolerance in a cohort of 216 African
immigrants without diabetes, 46(21%) of whom had either
HbC trait or HbAS. They found no significant difference in
the sensitivity of HbA1c by variant haemoglobin status in
the detection of prediabetes.
The previous studies cited above were carried out not
purely on diabetes subjects and this could be an interfering
factor when compared with the present study in which non
diabetic subjects were excluded. Additionally, to our
knowledge, a study such as this has never been carried out
in Nigeria let alone in the specific study area, Maiduguri.
This indicates the need for more studies to further evaluate
the aforementioned findings.
In all the studies however, two ways in which Sickle Cell
Trait (HbAS) could alter the ability of HbA1c to accurately
reflect past glycaemia are considered. First, the lifespan of
the red blood cells in persons with Sickle Cell Trait (HbAS)
may be shortened compared with those with normal
haemoglobin (HbAA), resulting in less time available for
glycation. However, the evidence to support this
hypothesis remains limited and conflicting (22). Secondly,
the presence of HbS can result in assay interference with
the common HbA1c measurement methods (23).
Furthermore, in the current study, gender had no
association with HbA1c level which means no interaction
effect on the association between Haemoglobin and HbA1c

in diabetic subjects as depicted in table 3. This serves as a
control against other interfering factors that could affect the
outcome of the study.
CONCLUSION
In conclusion, this study investigated the relationship
between HbA1c and serum glucose concentrations in
subjects with normal haemoglobin genotypes (HbAA) and
sickle cell trait (HbAS) subjects. Among the subjects
recruited for the studies, who were well-established
diabetes mellitus patients; participants with HbAA
haemoglobin genotypes had higher levels of HbA1c at any
given concentration of fasting glucose compared with
participants with HbAS haemoglobin genotypes. This
finding suggests that HbA1c may not be systematically and
accurately used to estimate past glycaemia in diabetes
mellitus patients with the HbAS haemoglobin variant as it
could falsely decrease the HbA1c level and this should be
considered whenever HbA1c levels are to be measured to
assess the level of glycemic control.
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ABSTRACT
ackground: Monosodium Glutamate is used in the food industry as a flavor enhancer. Its'
umami taste intensifies the meaty, savory flavor of food, as naturally occurring glutamate
does in foods such as stews and meat soups. Its effect on the reproductive system however is
poorly studied. This study evaluated the effect of monosodium glutamate (MSG) on sex hormones
and semen quality in male Wistar rats. Methodology: Twenty (n= 20) male albino wistar rats
weighing 150-180 grams were divided into four (n=4) groups ,the first group served as control group,
Group1 animals received Monosodium Glutamate 5mg/kg, Group2 animals received Monosodium
Glutamate 10mg/kg and the Group3 animals received Monosodium Glutamate 15mg/kg orally for
15 days. On the 16th day the animals were sacrificed and some semen parameters including, sperm
count, motility, morphology and mortality and the hormonal levels for Follicle Stimulating
Hormone and Testosterone were assayed. Results: The result of this study showed that there was a
significant decrease in sperm counts in groups 1,2 and 3 (31.57 + 0.9, 20.44 + 0.4 and 15.14 + 0.24)
treated with monosodium glutamate compared with the control (60.93 + 0.47) (P<0.05). There were
significant decrease in sperm motility in groups 1,2 and 3( 86.34 ± 6.35, 77.38 ± 4.89 and 67.78 ±
4.56) treated with monosodium glutamate compared with the control(88.18 ± 4.55) (P<0.050).
There was a significant increase in the sperm abnormalities in groups 1,2 and 3 (Head: 3.87 ± 1.64,
3.87 ± 1.64 and 1.83 ± 0.60) ,(Tail: 5.04 ± 2.65, 4.67 ± 2.06 and 3.50 ± 1.04) treated with monosodium
glutamate compared with the control group (Head: 1.74 ± 0.69, Tail: 0.82 ± 0.73) (P< 0.05). There
was no statistical significant Changes in FSH in treated groups 1and2 (2.06±0.60 and 1.84±0.48)
compared with control group (1.79±0.33). However, there was a significant increase in FSH in
group 3 (2.68±1.10) compared with control group (1.79±0.33) (P<0.05). There was significant
increase in Testosterone level in treated groups 1 and 2 (0.33±0.09and0.40±0.10) compared with
control group (0.23±0.05)(P< 0.05). However, there was no change in Testosterone in group
3(0.26±0.10) compared with control group (0.23±0.05)(P < 0.05). Conclusion: This study has shown
that the consumption of Monosodium glutamate has decreases sperm motility, sperm count and
increased abnormalities in the sperm morphology and when taken in higher doses can cause an
increase in FSH and Testosterone levels.

B

INTRODUCTION

M

onosodium glutamate (MSG)
(C5H8NO4NaH2O), a sodium salt of naturally
occurring (non- essential) L- form of glutamic
acid, constituties about 20% of total amino acids found in
natural protein source. Glutamate is found in two forms
(bound) glutamate (like to other amino acids forming a

protein molecule and peptides of the most tissues) and free
glutamate (not linked to protein) that is effective in
enhancing the flavor of food Glutamate is a normal
neurotransmitter in the brain existing in very small
concentrations acting as an excitatory neurotransmitter; it
basically causes the nerve cells to discharge an electrical
impulse and it use as a flavor enhancer (Pavlovic et al,
2006).
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Monosodium glutamate (MSG) is also used intravenously
as an adjunct in the treatment of encephalopathies
associated with hepatic disease. Eweka (2007) reported
the distortion of the cyto-architecture of the renal cortical
structures and cellular necrosis associated with the kidney.
MSG consumption may have some deleterious effects on
the cerebellum of adult wistar rats at higher doses and by
extension may affect the functions of the cerebellum and
may lead to tremor, unstable and uncoordinated movement,
and ataxia (Eweka et al, 2007). Exposed laboratory
animals suffered brain lesions and neuroendocrine
disorders. Despite these, several international
organizations and government institutions have declared
MSG safe for consumption.
Infertility is a common problem affecting one couple in six.
It can be defined as the incapacity to fulfill pregnancy after
reasonable time of sexual intercourse with no contraceptive
measures taken. The evidence for changes in the
prevalence of infertility is difficult to establish. This
increase could be due to at least four factors: delayed
childbearing, alterations in semen quality due to habits
such as cigarette smoking and alcohol, changes in sexual
behaviour and eliminations of most taboos.
One of the most important problems in the human health
nutrition field is the use of food flavor. Monosodium
glutamate is one of the main flavors used as an ingredient in
various food products, however it produces physiological
and biochemical changes (Pavlovic et al, 2006)

Animals were anaesthetized with acetone prior to blood
withdrawal. Cardiac puncture was used to collect about
2ml of blood into EDTA bottles and plan tubes for FSH,
Testosterone, FSH, Testosterone and PAF were determined
using ELISA technique
Semen Collection and Analysis
Semen were collected from right cauda epididymis. The
epididymis was placed and excised in a watch glass contain
1.5 mL of NaCl 0.9% at 37°C. The motility, viability,
abnormality, and concentration of sperm were examined by
a light microscope at 100 and 400x magnifications.
Sperm Motility (SM)
Total of 10µL semen were added to object glass. The
movement of sperm at 5 microscope fields was observed by
a light microscope at 100x magnification. The percentage
of sperm motility was recorded and scored by McMaster
Sperm Count (SC)
The semen was diluted 50x (20µL of liquid semen was
added to 980µL of fixative solution from (1:1) NaHCO3
and formalin 10%). The spermatozoa were counted at 400x
magnification using a Neubauer Hemocytometer. The
number of sperm was calculated at 5 small chambers per
sample using formulation :
RESULTS
SEMEN ANALYSIS

BLOOD SAMPLE COLLECTION

Table 1: Result for the semen analysis for the effect of monosodium glutamate on the following parameters.
CONTROL

GROUP 1
5mg

GROUP 2

GROUP 3
10mg 15mg

SPERM COUNT (106)

60.93 + 0.47

31.57 + 0.9

20.44 + 0.4

15.14 + 0.24

MOTILITY PROGRESSIVE

88.18 ± 4.55

86.34 ± 6.35

77.38 ± 4.89

67.78 ± 4.56

SLUGGISH

10.64 ± 0.74

12.19 ± 1.32

18.24 ± 21

25.43 ± 3.86

DEAD

0.95 ± 0.46

1.35 ± 0.87

3.70 ± 1.66

5.81 ± 2.03

NORMAL MORPHOLOGY

97.44 ± 0.94

91.09 ± 2.91

91.60 ± 3.37

90.52 ± 1.12

ABNORMAL HEAD

1.74 ± 0.69

3.87 ± 1.64

3.65 ± 2.42

1.83 ± 0.60

TAIL

0.82 ± 0.73

5.04 ± 2.65

4.67 ± 2.06

3.50 ± 1.04

The results of semen analysis in table 1 shows that there was a significant decreased in sperm counts in groups 1,2 and 3
(31.57 + 0.9, 20.44 + 0.4 and 15.14 + 0.24) treated with monosodium glutamate compared with the control (60.93 + 0.47)
(P<0.05). There were significant decreased in sperm motility in groups 1,2 and 3( 86.34 ± 6.35, 77.38 ± 4.89 and 67.78
± 4.56) treated with monosodium glutamate compared with the control (88.18 ± 4.55) (P<0.050). There was a significant
increase in the sperm abnormalities in groups 1,2 and 3 (Head: 3.87 ± 1.64, 3.87 ± 1.64 and 1.83 ± 0.60) ,(Tail: 5.04 ±
2.65, 4.67 ± 2.06 and 3.50 ± 1.04) treated with monosodium glutamate compared with the control group( Head: 1.74 ±
0.69, Tail: 0.82 ± 0.73) (P< 0.05) ..
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Table 2 : HORMONAL ASSAY ANALYSIS OF FSH AND TESTOSTERONE
Groups

FSH

Testosterone

Control

1.79±0.33

0.23±0.05

Group 1

2.06±0.60

0.33±0.09

Group 2

1.84±0.48

0.40±0.10

Group 3

2.68±1.10

0.26±0.10

F

0.347

0.746

P

0.792

0.554

The result showed no significant difference (P<0.05)

Graph .1: FSH Data analyzed using One–way ANOVA followed by LSD post hoc test.
There was no statistical significant Changes in Follicle Stimulating Hormone (FSH) in treated groups 1and2
(2.06±0.60 and 1.84±0.48) compared with control group (1.79±0.33) (P<0.0.792). However, there was a
significant increase in FSH in group 3 (2.68±1.10) compared with control group (1.79±0.33) (P<0.05). There
was significant increase in Testosterone level in treated groups 1 and 2 (0.33±0.09 and 0.40±0.10) compared with
control group (0.23±0.05) (P< 0.05). However, there was no changes in Testosterone in group 3(0.26±0.10 )
compared with control group (0.23±0.05)(P < 0.05).

Graph 2: Testosterone Data analyzed using One–way ANOVA followed by LSD post hoc test
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DISCUSSION
This study was aimed at studying and discovering the
effect of monosodium glutamate on some reproductive
parameters in adult male wistar rats. The result of this study
showed that there was a significant decrease in sperm
counts in groups 1,2 and 3 treated with monosodium
glutamate compared with the control. There were
significant decreased in sperm motility in groups 1,2 and 3
treated with monosodium glutamate compared with the
control (P<0.050). There was a significant increase in the
sperm abnormalities in groups 1,2 and 3 treated with
monosodium glutamate compared with the control group
(P< 0.05). Agarwal et al.2014, noted that the use of
Monosodium glutamate has been associated with various
abnormalities in the microarchitecture of the testis as well
as semen characteristics. Sperm have numerous glutamate
receptors, therefore the increase in consumption rates of
MSG can increase vulnerability to oxidative damage
attributable to the high polyunsaturated fatty acid (PUFA)
content and low antioxidant protection and even make the
sperm susceptible to ROS attack Consumption of
Monosodium glutamate causes oligozoospermia,
increased abnormal sperm morphology, and various
degenerative changes (Onakewhor et al, 1998). It has
deleterious effects on the Sertoli cells and Leydig cells
of the testis, and consequently, adversely affects
spermatogenesis,
spermiogenesis
and testosterone
production in adult male Wistar rats (Shema,2019).
Aioadio et al,2019 suggests that consumption of high
dose of monosodium glutamate resulted in damage to
the testes and the viability and efficiency of the sperm is
also reduced due to distortion of the sperm characteristics
and this can be a major cause of infertility in males. This is
also reflected in the finding of this study which showed that
treatment of MSG in groups 1,2 and 3 caused a significant
decline in sperm quality which was observed in the
reduction of sperm count, sperm motility and viability as
well as increased abnormally morphed sperm. The actual
mechanism by which MSG induced cellular degenerative
and atrophic changes is not well understood, but induction
of oxidative stress has been suggested Degenerative
changes caused by the administration of monosodium
glutamate have been reported to result in cell death, by
apoptosis and necrotic cell death; these two types of
cell death differ morphologically and biochemically
(Wyllie, 1980). This finding agrees with previous study
which revealed reduction in sperm count in epididymis
cauda in animals treated with MSG (Nayanatara et al.
2008). Dong et al.2015 recorded that adult administration
of MSG in male rats, whether oral or intraperitoneal,
appears to cause significant reductions in sperm count
and serum testosterone levels in addition to
morphological and histological changes to testicular
tissue.
It has also been reported in previous studies that Chronic
dosing with monosodium glutamate in albino Wistar rats
(at a dose consistent with the human ADI) led to increased
mortality, fertility impairment, and significant changes in
major organ function tests and histology.(Nnadozie et al.,
2019).Again in previous studies it was discovered that rat
that were fed with about 120mg of msg for 28 days showed
decreased reproductive organ mass is an index of
reproductive toxicity and could indicate atrophic and
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degeneration of tissue (Michael et al. 2007). This proves
that the higher the dosage and the period of administration
is a factor that is likely to affect the effects of MSG on
reproductive parameters.
There was no statistical significant Changes in Follicle
Stimulating Hormone (FSH) in treated groups 1and2
(2.06±0.60and1.84±0.48)compared with control group
(1.79±0.33) (P<0.0.792). However, there was a significant
increase in FSH in group 3 (2.68±1.10) compared with
control group (1.79±0.33) (P<0.05). Increased FSH level
shows that there is a disturbance in the spermatogenesis
which cause excessive signaling to the brain to secret FSH.
There was significant increase in Testosterone level in
treated groups 1 and 2 (0.33±0.09and0.40±0.10) compared
with control group (0.23±0.05)(P< 0.05). However, there
was no changes in Testosterone in group 3(0.26±0.10)
compared with control group (0.23±0.05)(P < 0.05) and
this shows that MSG did not cause extensive damage to the
Leydig cells in the testis that are responsible for production
of testosterone.
This study corresponds with the study by Michael et al.,
2007 where treatment of MSG at 120 mg/kg body weight
for 28days caused no significant differences testosterone
levels of these rats when compared to the normal control
group (this may be due to the increase in amount and period
of msg administration). However, disturbance in these
hormone levels were observable by the change in trends
where the level of FSH increased in MSG120. Previous
reports have suggested that MSG could cause toxicity
through neurotoxic effect (Onaolapo et al. 2016; Yonden et
al. 2016). In regard to reproductive system, MSG alters the
neural control of reproductive hormone due to its ability to
damage nerve cells of the hypothalamus, which leads to
defect in synthesis and secretion of FSH and LH (Ismail.,
2012, WHO,). In contrast, increased FSH level shows that
there is a disturbance in the spermatogenesis which cause
excessive signaling to the brain to secret FSH. Unstable
levels of FSH after MSG supplementation show that there
might be a damage or disturbance to the hormonal
secretion pathways in the hypothalamus caused by this
substance (Belluardo et al., 1990).
RECOMMENDATION
MSG is a seasoning that is used widespread around the
world as an ingredient that adds flavor to a variety of dishes
on a daily basis in restaurants, and canteens and even in
Bingham university and from this study, it has been
discovered that there are adverse effects of MSG on the
male reproductive parameters especially the sperm cells
and It is recommended that caution should be taken to
avoid excess consumption of MSG in average daily intake
of food and other safer options should be used.The
government through the National Agency For Food And
Drug Control (NAFDAC) should regulate the amount of
MSG in processed and packaged food. Further studies
should be carried out to discover the effects of MSG on
DNA fragmentation of sperm cells.
CONCLUSION
In conclusion this study has shown that the consumption of
Monosodium glutamate has varying effects on the semen
parameters, it decreases sperm motility, sperm count and
increased abnormalities in the sperm morphology. MSG
should be taken with caution as it was observed that when
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taken in an increased amount it has tendencies of adversely
affecting the overall health of the sperm cells and its
production.
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ABSTRACT

T

he zoonotic potential of Escherichia coli from chicken and beef food products is well
documented. The uses of antibiotics on agriculture encourage the development of resistance
bacteria capable of causing human disease and passing resistance to human pathogens.
This study aimed to detect the antibiotic susceptibility and production of extended-spectrum betalactamase (ESBL) of E. coli strains isolated from meat. E. coli was isolated and identified according
to standard techniques using traditional and chromogenic media and confirmed by biochemical
reaction. Kirby-Bauer disk diffusion method was used to determine antimicrobial susceptibility
towards twelve commonly used antibiotics. The resistance of the isolated E. coli towards the third
generation of cephalosporins was detected using cefotaxime (30μg), ceftriaxone (30 μg) and
ceftazidime (30 μg). ESBL producer E. coli was investigated using combination test. The results
showed that 135 (75%) of the 180 meat samples revealed positive isolation of E. coli. 77.33% of the
chicken meat samples showed positive isolation of E. coli, while 63.33% (19/30) of minced beef meat
samples showed positive growth of E. coli. From these isolates, it was clear that most of them were
highly resistant to tetracycline (10 μg), amoxiclav (30 μg) and cefalexin (30 μg). The lowest
resistance was observed with ceftriaxone (30 μg) and ceftazidime (30 μg). The resistance of the
isolated E. coli towards the third generation of cephalosporins was ranged between 5 to 33%. This
study revealed that the isolated E. coli was ESBL producer as 85.71, 83.33, 70.83, 68.18 and 66.66%
were detected in chickens leg, skin, wing, abdomen and chest respectively; while minced meat
showed isolation of 15.78% of the ESBL producer E. coli. The study concluded that chicken and beef
minced meat sold in Khartoum state have high hazardous risk for transmission of ESBLs producing
E. coli; thus quality control application is highly needed. Policy actions should be implemented in
order to prevent cross transmission of ESBLs producer E. coli to human.
Key words: E. coli, ESBL producer E. coli, susceptibility pattern, meat quality.
INTRODUCTION

M

icrobes in meat have a matter of great public
health concern especially those causing food
borne diseases (Pepin et al., 1997), particularly
poultry, can be a source of ExPEC strain transmission to
humans (Jakobsen et al., 2010; Overdevest et al., 2011;
Manges and Johnson, 2012). Meats are especially common
source of Escherichia coli contamination, which may be
acquired during slaughter through fecal contact (Cohen et
al., 2007).
Extraintestinal pathogenic E. coli (ExPEC) is an important
group of pathogenic E. coli causing a diversity of infection
in both animals and humans including septicemia,
meningitis and urinary tract infections (UTIs).
Also they are a major cause of economic loss to the poultry
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industry (Mellata, 2013; Kohler and Dobrindt, 2011;
Russo and Johnson, 2003). Antibiotic resistance is a
worldwide health problem in many fields, such as
environment, livestock, human, veterinary medicine, and
agriculture (Marshall and Levy, 2011). Livestock animals
are considered important reservoirs of antibiotic- resistant
Gram-negative bacteria (Aiello and Larson, 2003; Seiffert
et al., 2013); these bacteria automatically bring
antibioticresistant from animals to humans via
consumption of meat. Major bacterial infections in humans
can be traced back to livestock (Jakobsen et al., 2010;
Overdevest et al., 2011). The overuse of antibiotics in food
animal production contributes to increasing rates of
antibiotic resistance (Ventola, 2015).
ESBL producing E. coli strains have emerged as a potential
health hazard from food producing animals (Costa et al.,
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2009; Smet et al., 2008), they confer resistance to
penicillins, cephalosporins and aminopenicillins including
the third-generation cephalosporins cefovecin and
ceftiofur and the fourthgeneration cephalosporin
cefquinome, which are approved veterinary drugs (Ewers
et al., 2012; Madec et al., 2017). ESBL-producing E. coli
has also been detected in wild animals, emphasizing the
wide distribution of these resistance determinants
(Guenther et al., 2011).
Many studies have demonstrated the presence of
ESBLproducing E. coli in animals and meat, most likely
caused by the use of the third-generation cephalosporin
ceftiofur in food animals. Since the late 1990s, ESBLproducing E. coli have been detected in retail meat and
production animals in Europe, Asia, Africa, and the United
States (Jouini et al., 2007; Blanc et al., 2006). This study
aimed to detect presence of E. coli in frozen packed raw
chicken meat and red minced meats, determine the
antibiotic susceptibility of the isolated E. coli and to detect
the presence of the extended spectrum beta lactamase
enzyme in the isolated E. coli.
MATERIALS AND METHODS
Collection of samples
A total of 180 samples were collected as 150 samples of
poultry included thirty samples from each part (wing, leg,
abdomen, skin and chest). The chickens were purchased
randomly from different factories in the Khartoum state
from July 2015 to March 2018. The chicken samples were
divided with sterile knives and assessors and kept
separately in sterile collection bags at 4oC. 30 minced beef
Omer et al. 371 meat from different company were
purchased from super markets. Each package of minced
meat was opened with sterile knife and forceps, and then
collected in sterile bags.
Isolation and identification of Escherichia coli
Five grams of each food parts sample were blended by
stomacher blinder. The samples were enriched in 45 ml
Brain Heart Infusion Broth (Micromaster, MaharashtraIndia) and incubated aerobically at 35 ‹C for 3 h, then preenrichment by transferred to 45 ml of tryptone phosphate
(TP) broth and incubated at 44oC for 20 h. Each broth
samples were inoculated on MacConkey agar medium
(Himedia, Mumbai-India) and Eosin methylene blue
(Levine) (Oxoid, Hampshire-England), then incubated
aerobically for 18 h at 37 ‹C; then confirmed by cultured
on chromogenic agar (brilliance green E. coli/ coliform

agar (Himedia, Mumbai-India) at 37oC for 18h. A positive
E. coli bacteria were observed as purple colonies, then
confirmed using indole test, vogues proskauer test, methyl
red test, citrate test, motility test, Oxidase test and sugar
fermentation test according to Cowan and Steel (1999).
Antibiotic susceptibility test
The standard Kirby-Bauer disk diffusion method was used
to determine antimicrobial susceptibility of E. coli isolates
according to Clinical and Laboratory Standards Institute
guidelines (Clinical Laboratory Standards Institute
Manual, 2013). The following antibiotics discs (Himedia,
India) were tested: ciprofloxacin (5ƒÊg), cefixime (5ƒÊg),
ceftazidime (30ƒÊg), ceftriaxone (30ƒÊg), cefotaxime (30
ƒÊg), amoxiclav (10ƒÊg), cefalexin (30ƒÊg), tetracycline
(10ƒÊg), gentamicin (10ƒÊg), chloramphenicol (30ƒÊg),
amikacin (30ƒÊg), and co-trimexazole (30ƒÊg). 18 h broth
cultures were prepared and equivalent to the 0.5
McFarland turbidity standards. The antibiotic discs were
impressed on inoculated plates and incubated at 37oC for
24 h. Diameter of inhibition zones of E. coli isolates around
each antimicrobial disc was measured in mm, then the
results were reported as sensitive (S), intermediate (I), and
resistant ®.
Screening of extended spectrum beta lactamase
enzyme production
The discs of antibiotics containing cephalosporin alone
(cefotaxime 30 ug, ceftazidime 30 ug, ceftriaxone 30 ug)
and in combination with clavulanic acid were applied onto
isolated E. coli inoculated plates, and then sufficient space
between individual discs was ensured to allow proper
measurement of inhibition zones. The plates were
incubated at 37 ‹C for 18 h. The inhibition zone around
the cephalosporin discs combined with clavulanic acid was
compared with the zone around the disc with the
cephalosporin alone. The test is positive (ESBL producer)
if the inhibition zone diameter is . 5 mm larger with
combined cephalosporin and clavulanic acid than
cephalosporin alone.
RESULTS
Number and percentage of the isolation of E. coli E. coli
was identified according to the morphological culture
characteristic and biochemical reactions as shown in Table
1 and Figure 1. E. coli was isolated from 135 (75.00%) out
of 180 samples, while the negative isolation

Table 1. Identification of E. coli.
Test

Isolated E. coli reaction Test

Isolated E. coli reaction

Gram stain

Gram negative

MR

Positive

Motility

Motile

VP

Negative

Oxidase production

Negative

Citrate

Negative

Catalase production

Positive

Growth on MacConkey agar

Pink colonies

Indole production

Positive

Growth on chromogenic media

Purple colonies
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Figure 1. Purple colonies of E.coli chromogenic agar (brilliance green E. coli/ coliform agar).

Table 2. Number and percentage of Escherichia coli isolated from meats.
Samples

No. of samples

No. (%) of positive isolation of E . coli

No. (%) of negative isolation of E. coli

Chicken Inside wing

30

24 (80.00)

6(20.00)

Chicken Chest

30

18 (60.00)

12(40)

Chicken Abdomen

30

22 (73.33)

8(26.66)

Chicken Leg

30

28 (93.33)

2(6.66)

Chicken Skin

30

24 (80.00)

6(20.00)

Red minced meat

30

19 (63.33)

11( 36.66)

Total number

180

135 (75.00)

45 (25%)

of E. coli was observed in 45 (25%). The highest number of
isolation of Escherichia coli was recorded generally in
chicken meats part samples as 116 (64.44%), while red
minced meats showed percentage of 63.33%. There were
variations in the number of isolation of E coli among
chicken meats. The highest isolates was observed in leg
part samples as 28 (93.33%) out of 30 samples, followed by
both inside wing and skin part which showed isolation of 24
(80.00%) out of 30 samples of each. The abdomen revealed
22 (73.33%) out of 30 samples, while chest showed 18
(60.00%) out of 30 samples. A positive isolates of E. coli
from red minced meat were 19 (63.33%) out of 30 samples
(Table 2).
Antimicrobial susceptibility of the isolated E. coli
The antibiotic resistance pattern of the isolated E. coli from
wing parts of frozen chicken meats was recorded as 79.2%
resistance against tetracycline, 66.7% towards both of
gentamicin and amoxiclav, while cefalexin and
cotrimexazole were resistant with percentage of 45.8%. E.
coli isolated from skin of the chicken showed highest
percentage of resistance towards tetracycline and
amoxiclav as 70.8% and Cefalexin as 54.2%. On the other
hand, all isolated E. coli showed clear sensitivity towards
ceftriaxone. Similarly E. coli isolated from chest part of the
chickens showed the highest percentage of resistance for
tetracycline (72.2%) followed by amoxiclav (55.6%),
cefalexin (50%) while all isolates (100%) showed clear
sensitivity towards both ceftriaxone and ceftazidime. The
E. coli isolated from the abdomen of the chicken showed
resistance towards cephalexin and tetracycline as 63.6%
and cefixime as 54.5%. The isolated E. coli showed
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resistance to amoxiclav and gentamicin with percentage of
50% (Table 3). On theother hand E. coli isolated from
minced meat showed lower resistance towards tested
antibiotics. The highest resistance was observed with
cefixime as 57.9%, followed by cefalexin and amoxiclav
as 31.6% for both. All isolated E. coli from minced meat
were sensitive to ciprofloxacin.
Resistance of the isolated E. coli towards third
generation of cephalosporins.
The study revealed that the highest percentage of
resistance to third generation cephalosporins were detected
in chicken parts, especially wing parts as 33% to
cefotaxime followed by ceftazidime (8%) and ceftriaxone
(4%) compared with E. coli isolated from red minced
meats which showed 11% resistance for ceftriaxone, 5% to
both cefotaxime and ceftazidime. The highest percentages
of resistance were detected in E. coli isolated from chicken
parts towards cefotaxime which were distributed as
follows: wing parts, 33%, chest parts, 22%; both abdomen
and leg 18%; and skin 13%. All isolated E. coli from chest
parts showed clear sensitivity towards ceftriaxone and
ceftazidime. In skin parts isolates, no resistance was
observed towards ceftriaxone. Among all isolates of E. coli
from red minced meats, the highest rate of resistance
towards ceftriaxone was 11% (Table 4).
Detection of extended spectrum beta lactamase enzyme
The results revealed that out of 116 isolates of E. coli from
chicken samples, 75.86% were positive as ESBL E. coli
producer, while out of 19 isolates of E. coli from red
minced meat samples only three of them showed
production of ESBL enzyme (15.78%). Among the
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Table 3. Percentage of the resistance of the isolated E. coli towards antibiotics.

Antibiotics (µg)
Cefalexin (30)
Ceftriaxone ( 30)
Cotrimexazole ( 25)
Gentamicin (10)
Cloramphenicol (30)
Cetazidime (30)
Tetracycline (10)
Amikacin (30)
Ciprofloxacin (5)
Cefixime (5)
Cefotaxime (30)
Amoxiclav (30)

Percentage of the resistance of isolated E. coli
Chicken
Wing
Skin
Leg
Chest
45.8
54.2
50
50
4.2
0
7.1
0
45.8
29.2
35.7
38.9
25
45.8
46.4
16.3
41.7
37.5
39.3
38.9
8.3
8.3
3.6
0
79.2
70.8
57.1
72.2
16.7
41.7
39.3
22.2
29
29.2
32.1
22.2
37.5
50
32.1
44.4
33.3
12.5
17.9
22.2
66.7
70.8
17.9
55.6

Abdomen
63.6
4.5
36.4
50
36.4
4.5
63.6
18.2
31.8
54.5
18.2
50

Cattle red
minced Meat
31.6
10.5
15.8
10.5
10.5
5.3
26.3
15.8
0
57.9
5.3
31.6

Table 4. Percentage of resistance of isolated E. coli towards third generation of cephalosporins.

Antibiotic (30 µg)
Ceftriaxone
Ceftazidime
Cefotaxime

Percentage of resistance of isolated E. coli
Chest
Abdomen
Skin
Leg
0
5
0
7
0
5
8
4
22
18
13
18

Wing
4
8
33

Cattle red minced meat
11
5
5

Table 5. Percentage of ESBL producer E. coli from chicken meats and cattle red minced meat.
Test
Positive for combination test
Number of the positive E. coli

Percentage of positive isolation of ESBL E. coli
Cattle red minced meat
skin
abdomen
3(15.78%)
20(83.33%) 15(68.18%)
19
24
22

isolated E. coli from chicken meats parts, the leg
partrepresented the highest percentage of isolation of
ESBLE. coli producer (24%), followed by skin samples
(20%), wing samples (17%); whereas abdomen samples
represented 15% (Table 5).
DISCUSSION
In this study, 75% of the collected samples revealed
positive growth of E. coli. The isolation of E. coli indicates
low quality of food, fecal contamination and the presence
of high risk of transmission of enteric dangerous
pathogens; otherwise some strain of E. coli is considered as
pathogens that causes very serious disease. In fact, during
and after slaughtering, the bacteria from the animal
microbiota, the slaughter house environment, hands and
equipment might contaminate carcasses.
Some of these bacteria may grow and survive during
storage, other pathogenic bacteria such as Salmonella,
Listeria, Campylobacter, Aeromonas, Staphylococcus and
toxin producing aerobic and anaerobic gram positive
bacteria might be present. These confirm the findings of
Authority (2016), Praveen et al. (2016), Holl et al. (2016),
Line et al. (2013), and Veluz et al. (2012) who reported
isolation of E. coli and pathogenic bacteria from poultry
meat.
In this study, the isolated E. coli showed high resistance
towards many commonly used antibiotics, these strongly

wing
17(70.83%)
24

leg
24(85.71%)
28

chest
12(66.66%)
18

pointed to the misuse of the antibiotic in animal production
sector. Antimicrobials are used extensively in food animal
production for disease prevention, treatment and growth
promotion. Sarma et al. (1981) discovered that
approximately 80% of isolated E. coli from healthy and
diseased poultry was resistant to chlortetracycline,
tetracycline, oxytetracycline and triple sulfas. Similarly,
Paula Signolfi et al. (2019) found that more than 67% of
isolated Escherichia coli were resistant to tetracycline,
nalidixic acid and ampicillin. The inappropriate use of
antibiotics, not only in human medicine but also in animal
husbandry has been considered a main driver leading to the
increase of multi-drug resistant bacteria (Chantiziaras et
al., 2014). The higher rates of antimicrobial resistance and
multi-drugs resistance of the isolated E. coli in this study
could be due to poor monitoring by regulatory bodies as the
use of antibiotics in animal farms that used production of
meat for human consumption, which have been prohibited
in several countries. Furthermore, transmission via
consumption of meat products has been suggested as a
potential source of multidrug resistant bacteria in Africa
(Alonoso et al., 2017; Eibach et al., 2018).
The increasing incidence of infections caused by extendedspectrum beta-lactamase (ESBL) Escherichia coli is of
serious concern, as many studies from countries with a
highly industrialized poultry industry suggested that meat
products of poultry farms might be an important source for
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transmission of (ESBL) Escherichia coli to human (Linda
et al., 2019; Poirel et al., 2018). Hawkey (2008),
Kumarasamy et al. (2010) and Mathai et al. (2002) found
that 70-90% of Enteroacteriaceae are ESBL producers in
India. Kar et al. (2015) conducted systematic study on
multiple drugs resistant ESBL producing E. coli in food
producing animals. Paula Signolfi et al. (2019) found that
more than 31% of the isolated Escherichia coli were ESBl
producer. Furthermore, ESBL producer E.coli was found
to be more resistant to a higher number of antimicrobial
substances compared to non ESBL producing E.coli.
Alonso et al. (2017) reviewed lower prevalence of (ESBL)
Escherichia coli among poultry meat products in African
countries compared with European countries. However
previous studies did not use any (ESBL) screening plates
for the detection of Escherichia coli which might under
estimate the ESBL production. Studies from the
Netherland, Sweden and Vietnam detected (ESBL)
Escherichia coli not only in chickens but also in high
numbers among humans (Borjesson et al., 2016). These
studies concluded that poultry farms or meat products
might be an important source of (ESBL) Escherichia coli.
Furthermore, ESBL strains of Escherichia coli. were found
to be 1.40 times more likely to contain more virulence
genes than non ESBL producing strain and it could be
transmitted to human via food chain.
The percentage of the isolation of third generation
cephalosporin resistant E. coli varied in this study
according to meat source and parts in chicken, wing, chest,
abdomen, legs and skin showed resistance of 33, 22, 18, 18
and 13% respectively towards cefotaxime (30ƒÊg). These
results indicate the highest use of cefotaxime in poultry
farms and confirm the fact that the broiler farms are
beginning to shift to more recently developed drugs, such
as third generation cephalosporin as mentioned by Zekar et
al. (2017). Third generation cephalosporin are used to treat
urinary tract infections caused by Gram negative bacteria
and have recently received research attention because of
the rapid spread of multidrugresistance.
This resistance related to a novel gene called fos A3, which
has been reported in Escherichia coli and Klebsiella
pneumonia and often detected in bla CTX-M producing
and multi-resistant Escherichia coli both in animals and in
clinical isolates (Ho et al., 2013). These findings raised the
possibility that Escherichia coli present in the intestinal
tract of healthy individuals could acquire those genes from
Escherichia coli derived from chicken meat, which could
act as reservoir for bacteria harboring resistance genes
(Manges and Johnson, 2012). This study concluded that
there is a high need for application of the quality control
measurements to ensure serving good and safe food as well
as prevent transmission of food borne pathogen and control
the rise of antimicrobial resistance microorganisms.
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ABSTRACT

C

onvalescent plasma has again re-emerged as a therapy during coronavirus disease
(COVID-19) outbreaks currently use as a prophylactic or an interventional treatment in
infected patients. Convalescent plasma has been used in the 20th century confronting
different infectious diseases where there was no other therapy available. Conceivably, this
convalescent plasma therapy tends to be proving a game-changing treatment in some COVID-19
patients and could support treatment, in addition to the current interventions before other developed
therapies are available for the population.
Key words: Antibodies, Covalescent Plasma, SARS-CoV-2
INTRODUCTION

C

onvalescent plasma is blood plasma extracted
from human patient who has “convalesced” or
recovered from infection with a particular disease.
Clinical trials with convalescent plasma for COVID-19
have significantly outnumbering those for other infectious
disease outbreaks to date. This is primarily driven by
continuity of spread of COVID-19. The ongoing
investigational studies with convalescent plasma for
COVID-19 globally had share some common features in
the study design, protocol, such as patient population,
disease status, dosage, and primary outcome measures. In
the meantime, these studies vary in other features,
including randomization, blinding, and sample size which
had been lacking in the 20th century clinical trials.
The history of plasma as a treatment began in the 1890s
when the German scientist Emil von Behring demonstrated
serum therapy, the use of blood from an animal or human
who had recovered from a disease to treat that disease in
another animal or human. Serum therapy uses the same
principle as convalescent plasma today, although scientists
could not yet separate plasma from whole blood during this
period. In 1901, Behring won the first Nobel Prize in
Physiology or Medicine for his achievement.
During influenza outbreak of 1918 is known as the
“Spanish flu,” with the fatality rates cut in half for patients
who were treated with blood plasma compared to those
who were not. The method seemed particularly effective
when patients received the antibodies in the early days of
their infection, before their own immune systems had a
chance to react excessively and causes damage to vital
organs.(1)
The separation of plasma from whole blood became
conceivable for the first time by Edwin Cohn, a
biochemist, figured out how to separate whole blood in
component. A model of the fractionation machine he used
is now stored in the Smithsonian’s National Museum of
American History.(2)

Plasma on its own is much more stable than whole blood,
making it possible to move across borders to provide
lifesaving transfusions. In addition, plasma had played a
crucial component in a ground-breaking treatment for
hemophilia, a rare blood disorder where patients lack the
clotting factors. By the 1940s and 1950s, antibiotics and
vaccines began to replace the use of convalescent plasma
for treating many infectious disease outbreaks, but the outof-date method came in accessible yet again during Korean
hemorrhagic fever, also known as Hantavirus.(3) With no
other treatment available, field doctors transfused
convalescent plasma to sickened patients and saved
numbers of lives. Convalescent plasma was repeatedly
deployed against the 21st century outbreaks novel viruses
that spread through communities with no natural
immunity, the SARS, MERS, and EBOLA outbreak, where
no vaccine and effective antiviral treatment is available.(4)
Convalescent plasma offers “passive immunity.” Since the
infected patients cannot produce antibodies, they can
derive them from another person who has successfully
recovered from the infection and produce an
immuneresponse.(5,6,7)
Unlike a vaccine, the protection does not last a lifetime, but
antibodies derived from the recipient can reduce recovery
times and even be the difference maker between life and
death. Convalescent plasma interacts differently with the
immune system than a vaccine. When a person is treated
with a vaccine, their immune system actively produces its
own antibodies that can activate an immune response when
encounters with the target pathogen. This is called active
immunity. The mechanism of action of convalescent
plasma has yet to be fully understood, several
corresponding effects have been hypothesized. The
therapeutic effects are thought to be stimulated primarily
through blocking the early steps in the viral replication
cycle by neutralizing antibodies. Klasse(8,9) explained, the
binding to surface of virus, the antibodies may also inhibit
attachment and entry of viral particles to target cells by
disrupting interactions between viral envelop
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glycoproteins and cell surface receptors, or inhibit transfer
of genetic materials from viral particles to target cells.
However, antibodies in convalescent plasma may facilitate
killing of infected virus-producing cells through the
mechanism of antibody-dependent cellular toxicity. In
addition to the antibodies, convalescent plasma also
contains cytokines andother molecules that provide
immune-modulatory effects.
Early clinical experience through case reports and small
clinical trials in had shown some promising outcomes. As
the pandemic spreads, additional clinical data have
become available in many regions outside, as the trials tend
to be larger with more robust study designs the efficacy
looks promising. This observation is consistent with the
generally recognized principle that passive immune
therapies, including convalescent plasma, and are most
efficacious early in diseases. The data in the same reported
by Liu et al.(10) suggested that the survival effect
convalescent plasma may begin to manifest more than 1
week after transfusion, and the authors speculated that
convalescent plasma may prevent longer-term
complications, such as acute lung injury or multiorgan
dysfunction syndrome. The country’s first convalescent
plasma transfusion trial results have been peer-reviewed
and published, showing 19 out of 25 patients improving
with the treatment and 11 discharged from the hospital.
Houston Methodist became the first academic medical
center in the nation to transfuse plasma from recovered
COVID-19 patientsinto two critically ill patients. There
was first described in The American Journal of Pathology.
This is the first peer reviewed publication on convalescent
plasma use in the United States.(11)
The main hypothesis of this trial was that in patients with
severe SARS CoV-2 pneumonia, treatment with
convalescent plasma would be associated with improved
clinical outcomes at 30 days. The use of convalescent
plasma did not result in a significant clinical benefit as
compared with placebo in patients with severe COVID-19
pneumonia. Our trial ensured that more than 95% of the
transfused convalescent plasma units had a total anti–0CoV-2 antibody titer of at least 1:800 and that the plasma
volume infused had a correction factor according to the
participant’s weight. This finding is in contrast to the
findings of a series of non-randomized studies claiming
convalescent plasma to be of substantial benefit and
illustrates the importance of randomized, controlled trials,
especially in the context of a pandemic.(12)
The data on the previous use of convalescent whole blood
or plasma for the treatment of Ebola Virus are limited.(7)
The largest case series involved eight patients who were
treated with convalescent whole blood during the Kikwit
outbreak of EVD in 1995; of these patients, seven
survived. However, it was not possible to assess whether
the low case fatality rate was due to treatment with
convalescent whole blood or other factors, such as
characteristics of the patients or the period during the
illness at which treatment was given. Because of
uncertainty about the therapeutic value of convalescent
blood products in the treatment of EVD, we conducted the
Ebola-Tx trial to assess the safety and efficacy of
convalescent plasma for the treatment of EVD in Conakry,
Guinea. The study’s authors recognized the important need
for controlled clinical trials to determine its therapeutic
efficacy, a randomized controlled trial is currently being
30

considered.(13,14)
Another study looked at the efficacy of convalescent
plasma in relation to dose of Ebola Virus, but the levels of
neutralizing antibodies were low in many donations. The
dose of IgG antibodies showed an association with larger
increases in cycle-threshold values after transfusion but no
significant association with mortality. Neither outcome
showed an association with the estimated doses of
neutralizing antibodies received. Further studies are
needed to assess the effectiveness of an antibody dose
higher than the doses used in this study. Although
uncertainty remains about our findings because of the nonrandomized nature of the study and the use of historical
controls, we could not detect a marked survival effect of the
administration of a dose of 200–250 mL of convalescent
plasma twice daily. It remains to be assessed whether
plasma with high levels of EBOVneutralizing antibodies,
possibly administered repeatedly, would show efficacy and
whether sub-groups of patients, such as young children and
pregnant women, would be more likely to benefit.(15,16)
Transfusion of immune plasma is a standard therapy for
South American hemorrhagic fevers caused by Arena
viruses, and it has been used successfully for treating
people infected with other infectious agents. For instance,
in Hantavirus infection, convalescent plasma was safe and
reduced the case fatality rate to 14% in 29 treated cases
versus 32% in 199 untreated cases.(3) Nevertheless, only
anecdotal evidence suggests the possible efficacy of
convalescent plasma, and evidence of the efficacy of
convalescent whole blood among patients with Ebola virus
disease is disputed.
CONCLUSION
The design of robust randomized and controlled clinical
trials for convalescent plasma should be consider critical
elements, including patient population, outcome measures,
study power, required minimal and optimal titers, and dose
frequency and volume.(17,18,19) In this unprecedented time of
COVID-19 pandemic, the opportunity is greater than ever
to develop convalescent plasma therapy into a safe and
effective treatment option, as well as to develop better
understanding of the mechanism of action of convalescent
plasma therapy in general. The experiences learned
through this process will be invaluable in combating future
outbreaks of infectious diseases and explore risk factors of
hospital deaths in relation to viral shedding and laboratory
findings during hospital admission.(20)
The importance of ensuring adequate, accessible, and safe
blood and blood components must also be a global priority.
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B

ackground: Coronavirus disease 2019 (COVID-19) is a novel disease that has spread to
nearly every country worldwide. Medical laboratory professionals are key in the fight
against COVID-19 as they provide confirmatory diagnosis for subsequent management and
mitigation of the disease. Objective: This study investigated the knowledge, attitude and practices
of COVID-19 and their predictors among medical laboratory personnel in Zambia. Methods: We
conducted a cross-sectional study among medical laboratory professionals in Zambia from 10 to 29
June 2020. Data were collected using Google Forms and exported to Statistical Package for Social
Sciences version 23 for statistical analysis. Independent predictors of COVID-19 knowledge and
practices were determined. Adjusted odds ratios (AOR) and their 95% confidence intervals (CI) are
reported. Results: A total of 208 medical laboratory professionals, 58.2% male, participated in the
study. The majority of respondents had good knowledge (84.1%) and practice (75.0%) regarding
COVID-19. Predictors of good knowledge included having a bachelor's degree (AOR: 5.0, CI:
1.13–22.19) and having prior COVID-19 related training (AOR: 8.83, CI: 2.03– 38.44). Predictors
of good practice included having a master's or Doctor of Philosophy (PhD) qualification (AOR:
5.23, CI: 1.15–23.87) and having prior COVID-19 related training (AOR: 14.01, CI: 6.47–30.36).
Conclusion: Our findings revealed that medical laboratory professionals in Zambia have good
knowledge regarding COVID-19. There is need for continuous professional development to ensure
that medical laboratory professionals are well informed and aware of best practices to aid in curbing
the pandemic.
Keywords: COVID-19; medical laboratory professional; knowledge; attitude; practices.
INTRODUCTION:

C

oronavirus disease 2019 (COVID-19) is a
respiratory disease caused by severe acute
respiratory syndrome coronavirus 2.1
Coronaviruses have been known to affect humans,
infecting the respiratory tract and causing infections
ranging from mild to severe.2 In the past, different
strainsof coronaviruses have caused severe acute
respiratory syndrome and Middle East respiratory
syndrome. Research has shown that COVID-19 is more
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contagious compared to the previous outbreaks, but less
lethal.3 Transmission occurs through the inhalation of
droplets or contact with surfaces that have been
contaminated with the severe acute respiratory syndrome
coronavirus 2. As of this writing, there is currently no
known vaccine or documented specific treatment for
COVID-19 disease.4 Drugs that show potential to treat
critically ill patients are still being investigated for safety
and efficacy.4,5,6 Prevention and control of the spread of
COVID-19 is done by social distancing, wearing face
masks to prevent both the inhalation and transmission of
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infectious droplets, as well as effective hand hygiene by
regularly washing hands or using alcohol-based hand
sanitisers.7,8 The first cases of COVID-19 were reported in
December 2019 in Wuhan, Hubei province, central China.
Since then, the disease has spread to nearly every country
worldwide leading to the World Health Organization
declaring COVID-19 a pandemic on 11 March 2020.9 As
of 27 October 2020 there were 44 055 642 confirmed cases
and 1 168 306 deaths reported globally, with 1 740 720
confirmed cases and 38 830 deaths reported in Africa.10 In
Zambia, 16 243 confirmed cases and 348 deaths were
reported as of 27 October 2020, including a high
proportion of community deaths.11,12
Few publications and national situation reports exist
that detail the number of healthcare workers (HCWs)
including medical laboratory personnel around the world
infected with COVID-19.13 In China where the disease
first started, 2055 HCWs were infected as of 24 March
2020.14 In the United States, 9282 HCWs were infected as
of 14 April 2020.15 The World Health Organization
estimates that over 1000 HCWs in Africa had been
infected with COVID-19 by 23 July 2020.16 Information
on the source of infection among HCWs in countries that
have recorded the disease remains limited.
Medical laboratory professionals are key personnel in the
diagnosis of COVID-19 in Zambia. Although they are not
in the front line, which precludes them from prominence,
their role inproviding confirmatory diagnosis is the main
basis upon which cases are identified and clinical
management is instituted. The work areas of biomedical
laboratory professionals are veryhazardous due to both
suspected and unsuspected infectious agents. Lack of
knowledge and good attitude, as well as poor laboratory
practices, can have a twofold effect. Firstly, a wrong
diagnosis leading to wrong patient management could
portend severe consequences for the patient as well as
underminetransmission prevention efforts; this is
particularly true with COVID-19. Secondly, poor attitude
and practices could resultin safety incidents (such as
infection transmission) which couldbe deleterious to both
the concerned staff and their immediate environment,
including co-workers, families and patients orlaboratory
clients.17
Therefore, this study aimed at evaluating the
knowledge, attitudes and practices of medical laboratory
professionals in Zambia who are integral in the diagnosis
of COVID-19.
Methods
Ethical considerations
Ethical clearance for this study was obtained from the
Tropical Diseases Research Centre Institution Review
Board (registration number: 00002911). The
questionnaire contained an information sheet regarding
the study and an informed consent statement for
participants to agree to participate or not. All participants
who declined to take part in the study were immediately
withdrawn and could not proceed to respond to the
questionnaire. Access to the online portal for the
questionnaire was limited to investigators who were
assigned user rights by the principal investigator toensure
confidentiality of collected data.
Sample size determination

We used the methods for calculating the sample size for
prevalence studies as described by Pourhoseingholi and
others.18 Assuming an 82% prevalence of good knowledge
and practice regarding COVID-19 obtained from a similar
study among HCWs,19 a confidence level of 95% and a
precision level of 5%, we obtained a minimum required
sample size of 227 participants. By extrapolating to a finite
population of 1900 medical laboratory personnel officially
recognised under the medical laboratory register of the
Biomedical Society of Zambia, we obtained a final sample
size of 204 participants.
Study design
This cross-sectional survey was conducted among 208
medical laboratory professionals in Zambia. Due to
COVID 19 related restrictions imposed during this period,
it was not feasible to conduct face-to-face interviews and
therefore we administered an online questionnaire using
Google Forms (Alphabet, Inc., Mountain View, California,
United States).
Data collection
Content validation of the questionnaire was done by
administering the questionnaire to faculty in the
Biomedical Sciences unit at the Copperbelt University,
Ndola, Zambia. The results from the pre-test were not
included in the final analysis but were used to modify the
questionnaire based on feedback. The questionnaire had
two main components: demographics and knowledge,
attitudes and practices. Thedemographic section had 8
questions while the knowledge, attitudes and practices
section was divided into the following subsections:
knowledge (8 questions), attitude (5 questions) and
practices (13 questions).
To ensure that only target respondents participated in
the survey we distributed the link to the survey through the
email database and WhatsApp (Facebook Inc, Menlo Park,
California, United States) group facilitated by the
Biomedical Society of Zambia during data collection from
10 to 29 June 2020. A total of 750 participants were availed
the link for the questionnaire. There were 210 medical
laboratory personnel who participated in the study, giving a
response rate of 28%. Participants who consented to
participate in the study by checking the consent box in the
preliminary page of the questionnaire were allowed to
proceed with the rest of the questionnaire. Only
participants who completed the questionnaire by clicking
on the ‘Submit’ button had their responses recorded.
Data management and statistical analysis
Collected data were downloaded and cleaned in Microsoft
Excel (Microsoft Corp., Redmond, Washington, United
States) and exported to Statistical Package for Social
Sciences version 23 (IBM Corp., Armonk, New York,
United States) for statistical analysis. To ensure the internal
consistency and reliability of the data, we used Cronbach’s
alpha coefficient according to methods described in a
previous study.20 We obtained an alpha value of 0.645,
indicating adequate reliability.21 The outcome variables in
this study were COVID-19 knowledge levels and practice
towards COVID-19. Attitude was investigated but limited
to descriptive analysis due to the limited number of
questions.
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TABLE :1Demographic characteristics of medical laboratory professionals,
Zambia, June 2020.
Number of
participants (n)

%

Female

87

41.8

Male

121

58.2

20–29

104

50.0

30–39

79

38.0

≥ 40

25

12.0

Factor
Sex

practice towards COVID-19, bivariate analysis was
performed. All factors that were statistically significant as
reported by 95% confidence interval (CI) in bivariate
logistic regression were included in a forward stepwise
multivariate logistic regression model to identify factors
that were independently associated with good knowledge
and practice.

Age (years)

Current qualification
Certificate in Biomedical Sciences

2

1.0

Diploma in Biomedical Sciences

155

74.5

BSc Biomedical Sciences

40

19.2

MSc Biomedical Sciences

9

4.3

PhD

2

1.0

Less than 5 years

106

51.0

5–10 years

60

28.8

More than 10 years

42

20.2

Work experience

Facility type
Clinic laboratory

14

6.7

Health centre laboratory

26

12.5

Hospital laboratory

134

64.4

Private or non-governmental
organisation

20

9.6

Others

14

6.7

Central

12

5.8

Copperbelt

61

29.3

Eastern

17

8.2

Lusaka

40

19.2

North-western

18

8.7

Northern

11

5.3

Southern

30

14.4

Participant’s province

Others
Total

19

9.1

208

100.0

BSc,Bachelor of Science; MSc, Master of Science; PhD, Doctor of Philosophy.

Eight questions were used to assess COVID-19
knowledge, each scoring 1 point for a correct answer.
Thirteen questions were asked to determine whether a
participant had good practice towards COVID-19 or not,
each scoring 1 point for positive practice and 0 for negative
practice. Bloom’s cut-off of 80%22 was used to determine
good knowledge and good practice. Questions were
adapted from a previous study.23
To identify factors that predict good knowledge and

Results
Demographic characteristics
A total of 208 medical laboratory professionals from seven
provinces of Zambia took part in this study. There were
more men (n = 121, 58.2%) than women. Half of the
participants were aged 20–29 years while more than half
had a diploma. Most of the respondents were from a
hospital laboratory (n = 134, 64.4%) (Table 1).
Participants showed good knowledge regarding awareness
of practical measures to stop the spread of COVID-19 (n =
208, 100.0%), the techniques used to test for COVID-19 (n
= 208, 100.0%) and symptomatic management of COVID19 (n = 202, 97.1%) (Table 2 and Table 3). One-quarter (n =
52, 25.0%) of the participants reported being involved in
sampling for COVID-19 while slightly over a third (n = 73,
35.1%) reported having been trained in sample handing
and
transportation.
Factors associated with COVID-19 knowledge
A high proportion of respondents were knowledgeable
about COVID-19 (n = 175, 84.1%). Bivariate logistic
regression analysis showed that having a bachelor’s degree
compared to having a certificate or diploma (crude odds
ratio (OR): 4.68, CI: 1.07–20.44) and COVID-19 training
(crude OR: 8.72, CI: 2.02–37.65) among participants were
associated with COVID-19 knowledge. Therefore,
participants with higher academic qualifications and
COVID-19 training were 4.68 and 8.72 times more likely
to have good COVID-19 knowledge (Table 4).
Practice towards COVID-19 by medical laboratory
personnel
Poor practices towards COVID-19 were recorded among
three-quarters of the participants. Having a master’s degree
or a Doctor of Philosophy compared to having a certificate
or diploma (crude OR: 4.51, 95% CI: 1.30–15.70), private
or research laboratories compared to clinic or health centre
laboratories (crude OR: 3.09, 95% CI: 1.01– 9.45) and
COVID-19 training (crude OR: 12.97, 95% CI:

TABLE: 2 Characteristics of responses for knowledge and practice towards COVID-19, Zambia, June 2020.†
KAP aspect

Knowledge of COVID-19

Question

Correct
%

n

%

The main clinical symptoms of COVID-19 are fever, fatigue, dry cough
and myalgia
COVID-19 is a disease caused by SARS-CoV-2

194

93.3

14

6.7

177

85.1

31

14.9

The COVID-19 virus spreads via respiratory droplets of infected individuals

207

99.5

1

0.5

Our institution has informed us about COVID-19

199

95.7

9

4.3

I am aware of the practical measures to help stop the spread of COVID-19

208

100.0

0

0.0

I am aware of the techniques used to test for COVID-19

208

100.0

0

0.0

There currently is no effective cure for COVID-19, but early symptomatic and
supportive treatment can be helpful
Persons with COVID-19 cannot transmit the virus to others when a fever is
not present

202

97.1

6

2.9

175

84.1

33

15.9

COVID-19, coronavirus disease 2019; KAP,
Knowledge, A翿 tudes and Practices
; SARS-CoV-2, severe acute respiratory coronavirus 2.
†, Number of participants = 208.

34

Incorrect

n
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6.19–27.18) were associated with good COVID-19
practices (Table 5).

Factors independently associated with good
knowledge and practice about COVID-19
After controlling for possible confounding factors, having
a higher current qualification (bachelor’s degree) and
COVID-19 training were independently associated with
good COVID-19 knowledge among biomedical
professionals in Zambia. Similarly, having a higher current
qualification(master’s degree or a Doctor of Philosophy)
and COVID-19 training were independently associated
with good COVID-19 practice (Table 7).

Attitude towards COVID-19 among medical
laboratory personnel
About 93.8% of participants reported that they would
accept isolation from the community if diagnosed with
COVID-19. A few (46.6%) would accept to be vaccinated
against COVID-19 if a vaccine was available. On the other
hand, many participants (97.6%) were ready to take part in
antiepidemic community activities. Our study revealed
that 77.9% were confident that Zambia could win the
battle against the COVID-19 virus (Table 6).

Discussion

TABLE:3Characteristics of responses for knowledge and practice towards COVID-19, Zambia, June 2020.†
KAP aspect
Practices towards COVID-19

Question

Yes

No

n

%

n

%

I practise social distancing during work

167

80.3

41

19.7

I wear masks to help reduce transmission of COVID-19

199

95.7

9

4.3

I put on PPE when processing samples

195

93.8

13

6.2

I process samples from the respiratory tract in a safety cabinet

103

49.5

105

50.5

I disinfect my work surfaces

204

98.1

4

1.9

We effectively dispose of all processed samples

194

93.3

14

6.7

We effectively dispose of disposable PPE

181

87.0

27

13.0

I wear masks when going out

195

93.8

13

6.3

I avoid crowded places

191

91.8

17

8.2

I have been trained in laboratory safety against COVID-19

71

34.1

137

65.9

I have been involved in sampling a COVID-19 suspected patient

52

25.0

156

75.0

We have adequate sample referral systems

94

45.2

114

54.8

I have been trained in packaging of COVID-19 samples

73

35.1

135

64.9

COVID-19, coronavirus disease 2019; KAP,
Knowledge, A翿 tudes and Practices
; PPE, personal protective equipment.
†, Number of participants = 208.

TABLE:4COVID-19 knowledge of participants and associated factors, Zambia, June 2020.
Factors

Knowledgeable about COVID-19

Crude odds ratio

95% confidence interval

Yes

%

No

%

Male

104

86.0

17

14.0

1

-

Female

71

81.6

16

18.4

0.73

0.34-1.53

20–29

88

84.6

16

15.4

1

-

30–39

65

82.3

14

17.7

0.84

0.39-1.85

≥ 40

22

88.0

3

12.0

1.33

0.36-4.99

Certificate or diploma

126

80.30

31

19.7

1

-

Bachelor’s

38

95.0

-

25.0

4.68

1.07-20.44

Master’s or PhD

11

100.0

0

0.0

316182818.76

0.0

Clinic and health
centre laboratories

32

80.0

8

20.0

1

-

Hospital laboratories

111

82.8

23

17.2

1.21

0.49-2.95

Others †

32

94.1

2

5.9

4.00

0.79-20.32

Northern

8

72.7

3

27.3

1

-

Eastern

13

76.5

4

23.5

1.22

0.22-6.92

Others

15

78.9

4

21.1

1.40

0.25-7.90

Lusaka

32

80.0

8

20.0

1.50

0.32-6.97

North-western

15

83.3

3

16.7

1.88

0.31-11.52

Central

10

83.3

2

16.7

1.88

0.25-14.08

Southern

27

90.0

3

10.0

3.30

0.57-20.10

Copperbelt

55

90.2

6

9.8

3.44

0.71-16.55

No

112

78.3

31

21.7

1

-

Yes

63

96.9

2

3.1

8.72

2.02-37.65

Total

175

84.1

33

15.9

-

-

Sex

Age (years)

Current qualification

Facility

Participant’s province

Trained in COVID-19

COVID-19, coronavirus disease 2019; PhD,Doctor of Philosophy.
†, Private laboratories, research laboratories.
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TABLE:5COVID-19 practices of participants and associated factors, Zambia, June 2020.
Factors

Practice towards COVID-19

Crude odds ratio

95% confidence interval

Poor

%

Good

%

Male

92

76.0

29

24.0

1

-

Female

64

73.6

23

26.4

1.14

0.61-2.15

20–29

78

75.0

26

25.0

1

-

30–39

62

78.5

17

21.5

0.82

0.41-1.65

≥ 40

16

64.0

9

36.0

1.69

0.67-4.28

Certificate or diploma

124

79.0

33

21.0

1

-

Bachelor’s

27

67.5

13

32.5

1.81

0.84-3.89

Master’s or PhD

5

45.5

6

54.5

4.51

1.30-15.70

Clinic and health
centre laboratories

34

85.0

6

15

1

-

Hospital laboratories

100

74.6

34

25.4

1.93

0.74-4.99

Others †

22

64.7

12

35.3

3.09

1.01-9.45

Central

11

91.7

1

8.3

1

-

Northern

10

90.9

1

9.1

1.10

0.06-20.01

North-western

16

88.9

2

11.1

1.38

0.11-17.09

Southern

25

83.3

5

16.7

2.20

0.23-21.11

Others ‡

15

78.9

4

21.1

2.93

0.29-30.01

Copperbelt

46

75.4

15

24.6

3.59

0.43-30.14

Eastern

10

58.8

7

41.2

7.70

0.80-74.05

Lusaka

23

57.5

17

42.5

8.13

0.96-69.17

No

129

90.2

14

9.8

1

-

Yes

27

41.5

38

58.5

12.97

6.19-27.18

Total

156

75

52

25

-

-

Sex

Age (years)

Current qualification

Facility

Participant’s province

Trained in COVID-19

COVID-19, coronavirus disease 2019, PhD,Doctor of Philosophy.
†, Private laboratories, research laboratories
‡, Luapula, Muchinga and Western provinces

TABLE:6A翿 tude of biomedical professionals towards coronavirus disease 2019,
Zambia, June 2020.

TABLE :7Factors independently associated with good COVID-19 knowledge
and practice, Zambia, June 2020.

Variables

Independent factors

Response
n

%

Yes

195

93.8

No

8

3.8

Don’t know

5

2.4

Ready to participate in anti-epidemic activities in the
community
Yes

203

97.6

No

2

1.0

Don’t know

3

1.4

Agree that COVID-19 will finally be successfully
controlled
Yes

183

88.0

No

10

4.8

Don’t know

15

7.2

Would accept to be vaccinated against COVID-19 if a
vaccine was available
97

46.6

No

75

36.1

I don’t know

36

17.3

Yes

162

77.9

No

24

11.5

Don’t know

22

10.6

208

100.0

Have confidence that Zambia can win the battle
against the COVID-19 virus

36

Certificate or diploma

1

-

Bachelor’s

5

1.13–22.19

316182818.8

0

Master’s or PhD
Trained in COVID-19
No

1

-

Yes

8.83

2.03–38.44

Good COVID-19 practices
Current qualification
Certificate or diploma

1

-

Bachelor’s

2.35

0.93–5.95

Master’s or PhD

5.23

1.15–23.87

-

-

Trained in COVID-19
No

1

-

Yes

14.01

6.47–30.36

COVID-19, coronavirus disease 2019, PhD,Doctor of Philosophy.

Yes

COVID-19, coronavirus disease 2019.

95% confidence interval

Current qualification

Would accept isolation from the community if
diagnosed with COVID-19

Total

Adjusted odds ratio

Good COVID-19 knowledge

Very few studies worldwide have documented knowledge,
attitudes and practices among HCWs towards COVID-19
due to the novel nature of the disease.22 Our study findings
showed that the majority of medical laboratory
professionals in Zambia had good knowledge of COVID19. The level of knowledge on COVID-19 among
participants was similar irrespective of their gender, age
and laboratory facility. These findings are encouraging as
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found in rural areas. Poor
practices can lead to delayed or wrong laboratory
diagnosis, leading to poor patient management or safety
incidents that could harm the personnel and their
immediate co-workers, families and patients or laboratory
clients.25
Current qualification and COVID-19 training among
participants were significantly associated with good
COVID-19 knowledge, a finding similar to that obtained
by a study in Vietnam,26 but contrary to the findings of
Bhagavathula and others.27 Our findings show that
participants with higher academic qualifications and
COVID-19 training were 4.68 and 8.72 times more likely
to have good COVID-19 knowledge. The current
qualification was also significantly associated with good
COVID-19 practices which agrees with study findings
from Uganda.22 On the other hand, the type of laboratory
facility and COVID-19 training were significantly
associated with good COVID-19 practices. This shows
that participants who received COVID-19 training were
12.97 times more likely to have good practices towards
COVID-19 and general infection prevention; this is in
agreement with similar studies in Nepal and Ethiopia.19,28
Limitations
The study may be susceptible to self-presentation bias as it
was based on an online questionnaire. The study was
limited by the level of responses available and could have
been strengthened by increasing the range of answers
using, for example, a five-point Likert scale. The questions
on attitude were limited and therefore not powerful
enough to generate meaningful conclusions on the attitude
of respondents. The study could not capture dropouts and
respondents who refused consent as only individuals who
consented and submitted the questionnaire had their
responses recorded.
Conclusion
Our study found that medical laboratory professionals in
Zambia have good knowledge regarding COVID-19. The
current qualification and COVID-19 training were
independently associated with COVID-19 knowledge and
practice. As cases of COVID-19 continue to be recorded in
the country, there is need for continuous professional
development among medical laboratory personnel as a key
intervention in improving their contribution to COVID-19
control efforts.
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