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ABSTRACT

I

ntroduction: The accuracy of current glycated haemoglobin (HbA1c) estimation methods can
be adversely affected by the presence of haemoglobin variants. Objective of the study: This
research was designed to evaluate HbA1c level in diabetic patients with HbAA and HbAS
genotypes attending University of Maiduguri Teaching Hospital (UMTH). Materials and Methods:
A total of 100 diabetic subjects participated in this study. The HbA1c concentration, fasting plasma
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. However, the mean 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 in relation to the sex of diabetic patients. Conclusion: 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). HbA1c 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 plasma 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 and 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 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 Glycated haemoglobin and Fasting Blood Glucose
of Diabetic Subjects in Relation to HbAA and HbAS Genotypes in Maiduguri.
Variable

HbA1c (%)
FBG (mmol/l)

p-value

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

Haemoglobin -AS
Mean ± SD
N = 50

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 Glycated haemoglobin and Fasting Blood Glucose of Diabetic
Subjects in Relation to Sex in Maiduguri.
Variable

HbA1c (%)
FBG (mmol/l)

Sex

p-value

Female
Mean ± SD
N = 54

Male
Mean ± SD
N = 46

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 in HbAA and HbAS Genotypes of
Diabetic Subjects in Maiduguri.
Variable

Haemoglobin Genotype
AA
AS
Total

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

Abnormal (> 6.0)
Number (%)

4 (4.0)
19 (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.
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Figure 1: Glycated Haemoglobin (HbA1c) Level Based on Sex and Haemoglobin
Genotype of Diabetic Subjects
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
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 study 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
HbAA (20). Bleyer and colleagues (20) investigated the
HbA1c-glucose association in 385 African-American inpatients, majority of whom had diabetes and among whom
there was an unusually high prevalence of HbAS; however,
the authors did not find that Sickle cell trait (HbAS)
significantly altered the relationship between HbA1c and
plasma glucose. Sumner 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
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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.

7)

Taylor S. I. (1995). Diabetes mellitus In: C. R.
Scriver, A. L. Beaudet, W. S. Sly, and D. Valle(Eds),
The Metabolic and Molecular Bases of Inherited
Disease, 7th ed. New York: McGraw Hill, pp. 843896.

8)

The Diabetes Control and Complications Trial
Research Group (1993). The effect of intensive
treatment of diabetes on the development and
progression of long-term complications in insulindependent diabetes mellitus. N Engl J Med;
329:977-986.

9)

American Diabetes (2012). Diagnosis and
classification of diabetes mellitus. Diabetes Care; 35
(1): 64-71.

10)

WHO (1999). General Definition, Diagnosis and
Classification of Diabetes Mellitus and its
Complications World Health Organization
Department of Noncommunicable Disease
S u r v e i l l a n c e G e n e v a . Av a i l a b l e f r o m
http://www.who.int . Accessed on December 12,
2018.

11)

Goldstein DE., (1986). Glycated haemoglobin:
Methodologies and clinical applications. Clin
Chem; 32:64-70.

12)

Sneider, H., Pamela, A. S., Lseley, R., James, W.,
Tim, D. S. and R. David Graham(2001). HbA (1c)
levels are genetically determined even in type 1
diabetes: evidence from healthy and diabetic twins.
Diabetes, 50, 2858-2863.

13)

Koda-Kimble MA, Young LY, Philadelphia,
Lippincott, Williams and Wilkins,(2001). IFCC
Standardization of HbA1c. Applied Therapeutics:
The Clinical Use of Drugs, edition (7). Available
from: http:// www.ngsp.org/prog/IFCCstd.pdf.
Kohne E (2011). Haemoglobinopathies.
DtschArzteblInt; 108:532-540.

14)

Consensus Committee (2007).Consensus statement
on the worldwide standardization of the
haemoglobin A1C measurement: American
Diabetes Association, European Association for the
Study of Diabetes, International Federation of
Clinical Chemistry and Laboratory Medicine, and
the International Diabetes Federation. Diabetes
Care; 30:2399 -2400.

15)

Trinder, P.,( 1966). Determination of glucose in
blood using glucose oxidase with an alternative
oxygen acceptor. Ann Clin. Biochem. 6: 24

16)

Kohn, J. (1969). Separation of haemoglobin on
cellulose acetate. J. Clin. Path., 22, 109-111

17)

Groche D, Hoeno W and Hoss G (2003).
Standardization of two immunological HbA1c
routine assays according to the new IFCC reference
method. Clin Lab; 49: 657-661.

CONCLUSION
In conclusion, this study investigated the relationship
between HbA1c and plasma glucose concentrations in
diabetic subjects with normal haemoglobin genotypes
(HbAA) and sickle cell trait (HbAS); 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

T

he use of iodized salt for prevention of nutritional disorders is gaining ground in Nigeria.
Intake pattern and iodine content of commonly used cooking salt were evaluated in IgedeEkiti, Irepodun/Ifelodun local government area of Ekiti state. Three brands of commonly
used cooking salt in the community were identified and their pattern of consumption was assessed. A
structured & semi-structured questionnaire was designed and administered to 101 respondents who
participated in the study. The questionnaire obtained background information on social
demographic data, habits of salt purchase and consumption pattern among household member in
the study area. The three branded salt commonly consumed among the people were further
analyzed for their iodine content, moisture content, bulk density, PH and water insoluble matter
using AOAC methods, 2005. The results showed sample B to be the most consumed salt among the
households, sample A was noted for its highest iodine content of 24.75±2.23mg/kg while sample C
contained the least of iodine of the analyzed samples (8.43±11.55mg/kg. The PH of sample A and C
was neutral (7.76±0.57 and 7.50±1.00) respectively while that of sample B was slightly alkaline
(8.43±11.55). The moisture content of sample B was 8.20±0.17 and that of sample A was 5.60±0.43.
The result of the bulk density revealed that Sample A was 2.96±0.0 g/cm, sample B was, 2.96±0.0g/cm
while that of sample C was 2.94±0.00g/cm. The study concluded that the pattern of salt intake
revealed that half of the population used between a pinch of salt to a teaspoon for each pot of soup
while level of iodine content showed that sample A contained iodine level above the recommended
fortification level, however, there was no significant difference (p<0.05) in the bulk density of the salt
samples.

INTRODUCTION

I

odine (I2) present in food as iodine (I-) and other no
elemental forms, is unique in many ways from other
trace minerals. It is an element needed for human
health and is responsible only function in the body
synthesis of thyroid hormones. Iodine Deficiency (ID) is
the most common preventable cause of intellectual
impairment. Globally, 241 million population are
estimated to have insufficient iodine intakes. The problem
is worse in Southeast Asia and Africa, where 76 million and
58 million populations have inadequate iodine intake
respectively (Andersson and Zimmermann, 2012)
Plant-based foods also may provide iodine if the soil in
which they were grown was rich in this mineral. However,
soil content can vary significantly from region, resulting in
great differences in iodine content. Iodine-rich soil tends to
be near oceans because seawater is naturally high in iodine
in the air falls on nearby soil. For many Americans, iodized
salt used in cooking and at the table provides most of their
iodine. Iodized salt contain 76ug of iodize per gram of salt.
In practical terms, this means that about a half teaspoon

20

(about 2g of salt supplies the adult RDA for iodine, although
many Americans also have a significant salt intake from
processed foods, non iodized salt is typically used in
processed foods. World health organization (WHO)
recommends that the median iodine urinary level need to be
within the range (100-199 ?g/l) to ensure adequate iodine
content in salt and other sources of iodine in the diet. Or
iodized salt containing 15 to 40 ppm of iodine at the
household level regarded as adequately iodized (WHO,
UNICEFF, ICCIDD, 2017}. Therefore, this study aimed at
assessing the iodine content and intake pattern of cooking
salt among different household in Irepodun/Ifelodun Local
Government Area of Igede-Ekiti, Ekiti State.
Method of Data Collection
Structued and semi-structued self- administered
questionnaire was used to obtain data on socio- economic,
pattern of salt intake, habit of salt purchase and respondent
knowledge of salt usage.
Determination of bulk density
Procedure: The bulk density determination was carried
out as described by Onwuka (2015) with little modification.
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10ml measuring cylinder was weighed and noted. (W1 )
about 2g of the sample was added and re-weighed and was
gently tapped to eliminate air spaces between the samples.
The volume of the sample in the measuring cylinder was
noted as the volume of the sample and the mass of the
measuring cylinder with the sample was obtained (W2 ).
Calculation
bulk density = W2 - W1 x 100
V
Where
Bulk Density = BD
weight of sample = W2
volume of sample = V
weight of cylinder = W1
Determination Of Iodine Value
The iodine value was determined using iodometric titration
method.
10g salt sample was weighed into 250ml beaker, 30ml of
water (H2O) was added to make up to 50ml, 1ml H2SO4.
was added to it, then 5ml 10% KI was equally added to
obtain yellow colour. It was brought out `and titrate with
Na2S2O3 to have pale yellow and 2ml starch was added to
have dark purple colour, with continuous titration until
pink colour was observed and finally colourless. Free
iodine is consumed by sodium thiosulfate in the titration
step. The amount of thiosulfate used is proportional to the
amount of free iodine which is liberated from the salt
(WHO, 2007) The volume of Na2S2O3 was recorded and
calculated as follow:
Iodine content = TV X M
x 100
Weight of sample
TV = Titre value
M = Molarity of thiosulphate Na2S2O3
KI = Pottasium iodide
Determination PH
10g of salt sample was weighed and transferred into 250ml
beaker, 50ml distilled water added and stirred for
30minutes to dissolve, the mixture was transferred into
100ml standard flask made up to mark with distilled water.
This 100% saturated solution, was then transferred to
250m beaker and PH meter electrode already calibrated
with buffer 4 and 9 was inserted and the value obtained
recorded (AOAC, 2005).
Determination Of Moisture Content
The evaporating dish was washed and dried in the oven,
cooled in dessicator, weighed and recorded as W1. About
3-5gram of sample was added, weighed and recorded as
W2 ,then transferred into the oven at 1050c for 3 hours. It
was brought out from the oven and cooled in dessicator and
weighed again, and recorded as W3 the weighing and
cooking was, continued until content constant weight is
obtained (AOAC, 2005). Then the moisture content
calculated as follows:
Moisture content = Weight loss x 100
Weight of sample
Wt loss
wt of sample

= W2 - W3
W2 - W1

W1 = Empty dish

x 100
1

W2 = Dish + sample before drying
W3 = Dish + simple after drying
Determination of water insoluble matter
10g of sample was dissolved in 100ml of distilled water,
stirred constantly for 30minutes, the sample filtered,
through a known (W1 ) weight the filtre paper was dried to
constant weight (W2 ) in the oven at 1050 c , the water
insoluble matter was calculated as this (AOAC, 2005).
Water insoluble matter = W2 - W1 x 100
10g
1
Statistical Analysis
Data were analyzed using SPSS version 20.0 descriptive
statistics such as frequency, mean median and percentage
were determined while Analysis of Variance (ANOVA) was
used to determine correlation between the variables at P =
0.05.
RESULT
Table 1 shows the social demographic characteristics of the
respondents. The results indicated that 31.7% were males
and 68.3% were females while the age group shows that
Table 1: Socio-demographic characteristic of respondent
Characteristics
Frequency
Percentage (%)
Sex
Male
32
31.7
Female
69
68.3
Total
101
100.0
Age group
16-30
35
34.7
31-60
52
51.3
61-90
14
13.9
Total
101
100.0
Marital Status
Single
25
24.8
Married
74
73.3
Divorce
2
2.0
Total
101
100.0
Religion
Christian
89
88.1
Islam
10
9.9
Non respondent
2
2.0
Total
101
100.0
Education qualification
Primary
14
13.9
Secondary
26
25.7
Tertiary
57
56.4
Non respondent
4
4.0
Total
101
100.0
Occupation
Civil servant
47
46.5
Unemployed
19
18.8
Trader
10
9.9
Farmer
6
5.9
Others
17
16.8
Non respondent
2
2.0
Total
101
100.0
Monthly income
N5000 above
11
10.9
N10,000above
4
4.0
N15,000 above
17
16.8
N20,000 above
57
56.4
Non respondent
2
11.9
Total
101
100.0
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Table 2 results shows that 70.30% of the respondents
purchased their salt from the open market. salt in different
household were bought from the open market, 1.58%
bought their salt from super market while 13.9% purchased
salt from lock up shops. from table 2, 38.6% preferred
Dangote salt, 41.6% Mr.Chef' and 16.8% preferred
Anapuna products.
The results also revealed that 5.0% of the respondents
considered the texture of salt before purchase, 12.0%
considered brand name while 7.9% considered the price.

Table 3: Intake pattern of iodine by the respondents
Characteristic
Do you always add salt
to all yours food
Yes
No
Total
Quality of salt per soup
Pinch
Teaspoon
<½ teaspoon
<¼ teaspoon
Non respondent
Total
How do you consume
your salt
Raw
Cooked
Non respondent
Total
How long you keep your salt
1month
1 year
3 week
3month
Non respondent
Total
Why you use salt in your
different foods
To add it sweetness
To get iodine content
Non respondent
Total

Frequency Percentage

70
31
101

69.3
30.7
100.0

37
25
21
17
1
101

36.6
24.8
20.8
16.8
1.0
100.0

13
84
4
101

12.9
83.2
4.0
100

26
2
54
17
1
101

25.7
2.0
53.5
16.8
1.0
100.0

73
26
2
101

72.3
25.7
2.0
100.0

Table 3: Intake pattern of iodine by the respondents
Characteristic
Do you always add salt to
all yours food
Yes
No
Total
Quality of salt per soup
Pinch
Teaspoon
<½ teaspoon
<¼ teaspoon
Non respondent
Total
How do you consume your salt
Raw
Cooked
Non respondent
Total
How long you keep your salt
1month
1 year
3 week
3month
Non respondent
Total
Why you use salt in your
different foods
To add it sweetness
To get iodine content
Non respondent
Total

Percentage

70
31
101

69.3
30.7
100.0

37
25
21
17
1
101

36.6
24.8
20.8
16.8
1.0
100.0

13
84
4
101

12.9
83.2
4.0
100

26
2
54
17
1
101

25.7
2.0
53.5
16.8
1.0
100.0

73
26
2
101

72.3
25.7
2.0
100.0

The table 4 shows knowledge of respondents on iodized
salt, the table revealed that 86.1% have heard about
iodized salt before the study while 13.9% have not heard
about it. Fifteen respondents (14.9%) of the respondents
stated that headache & diabetes are the deficiencies of
intake of iodized salt, 36.6% (37 respondents) accepted that
hypertension & anemia is the disease caused by deficiency
of iodized salt in food while 38.6% said goiter and
cretinism is caused by deficient intake of iodized salt in
food.

Table 3 shows the intake pattern of salt. The table shows
that 69.3% of the respondents always added salt to all
there foods while 30.7% always avoided addition of salt to
food with 20.8% used up to <½ teaspoon per soup,
16.8% used <¼ teaspoon per soup while 36.6%

used pinch of salt per soup.
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Table 4:
Respondent knowledge of usage of iodized salt
Characteristic

Frequency

Have you heard of iodized salt
Yes
No
Total

(%)

87
14
101

86.1
13.9
100.0

Do you see reason to take iodized salt
Yes
86
No
14
Non-respondent
1
Total
101

86.1
13.9
1.0
100.0

Deficiency of nutrient in iodized salt
Headache and diabetes
Goiter and cretinism
Hypertension and aneamia
Non-respondent
Total
In what other food can we get iodize
Milk
Sea foods
Wheat
Fruit and vegetable
Non respondent
Total
Why did you use iodized salt
Sweetness
Packaging
Non-respondent
Total
What is the importance of taking
iodine in terms of health benefit
To reduce weight
Low cholesterol
To prevent goiter and poor
physical growth
For named clothing of blood
Non-respondent
Total
Agree with this statement
Yes
No
Non-respondent
Total
Are you facing any of those
health changes
Hypertension
Diabetes mellitus
Nil
Non-respondent
Total

15
39
37
10
101

14.9
38.6
36.6
9.9
100.0

20
43
17
14
7
101

19.8
42.6
16.8
13.9
6.9
100.0

59
33
9
101

58.4
32.7
8.9
100.0

12
17

11.9
16.8

55
15
2
101

54.5
14.9
2.0
100.0

84
9
8
101

83.2
8.9
7.9
100.0

19
11
53
18
101

18.8
10.9
52.5
17.8
100.0

The results of iodine content and physico-chemical
properties of salt is shown in table 5. the results showed
that Sample A has iodine content of 24.75±2.23, sample B
contains 8.04±3.34 while sample B has iodine content of
13.48±2.63.

Table5: Iodine content and physico-chemical properties
of analyzed salt
Parameter

Sample A

Sample B

Sample C

Bulk density (g/cm)
Iodine (mg/kg)
PH
Moisture
Water insoluble
matter

2.96± 0.0a
24.75±2.23a
7.76±0.57b
5.60±0.43b
1.96±0.50b

2.96±0.0a
8.04±3.34c
8.43±11.55a
8.20±0.17 a
1.56±2.51b

2.94 ±0.00A
13.48±2.63b
7.50±1.00b
3.26±1.11c
3.63-+2.089

significant (P <0.05)
DISCUSSION
All the three samples of salt represented the salt popularly
consumed in different households in Igede-ekiti, Ekiti
State. The study revealed that high number of respondents
68.3% were females with half of the population within the
ages of 31 to 60 years. The reason for this might be based
on the fact that women mostly associate with cooking than
men. Married people are likely to cook food themselves
than single individuals, hence majority of the participant
(73.3%) were married. Igede-Ekiti is a small town and
purchase of foods are mostly done in the open market as
revealed in the study, and that was why majority of the
population purchased their salt from the open market.
Majority of the respondents (73.3%) considered the
approval of the regulatory agency (National Agency For
Food and Drug Control) before buying their salt for use
while less than 10.0% considered price of product before
purchase. The most preferred salt by the respondents was
Mr. Chef while Dangote salt was the second preferred in
the study area. The amount of salt used per soup varies, but
few respondents (16.8%) used less than quarter teaspoon
per soup. The study revealed that a high number (13.9%) of
the population have not heard about iodized salt before,
even many of the respondents don't know the disease the
deficient intake of iodized salt could cause. This calls for
intensive awareness among the people, educating them on
deficiency of iodine and other food sources aside iodized
salt. Sample A has the highest level of iodine while sample
B has the lowest. A similar results were reported by Moyib,
2018 about the iodine content of Nigerian iodized salt. The
iodine value of the three samples were significantly
different with sample A having the highest value of
24.75±2.23mg/kg followed by sample C, with value of
13.48±2.63mg/kg and sample B is very low in iodine with
value of be 8.04±3.34mg/kg. The low iodine in sample B
may have resulted from improper packaging, direct
exposure to heat and high humidity, by the marketers o, r
the end users this is in accordance with the report of
FAO/WHO, 2001 that loss in iodine content of salt may be
attributed to improper packaging material, exposure to
direct sunlight and a high humidity (above 76%).
The other physico-chemical properties of the analysed
salts i.e the bulk density, moisture content and the Ph level
have a lot of influence on the storage and keeping qualities
of salt. The recommendation of World Health Organization
is that iodization of salts should be maintained between the
concentration of 20 to 40ppm world
(WHO/UNICEF/ICCIDD, 1996). The result of this
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analysis indicated that two of the samples were below
(sample A and C the recommend minimum iodization and
one (sample A) was within recommended iodization level.
Conclusion
The study concluded that the pattern of salt intake revealed
that half of the population used between a pinch of salt to a
teaspoon for a pot of soup while the level of iodine content
showed that sample A contained iodine level above the
recommended fortification level while other samples did
not meet up the required recommendation standard level,
however, there was no significant difference (p<0.05) in
the bulk density of the salt samples.
Recommendation
This study showed clearly that was reasonable number of
people who have not heard about iodized salts and its
health importance, therefore, it is necessary that nutrition
practitioners, health workers should intensify advocacy to
support iodized salt consumption in all the comunities.
Aside this, Since some salts did not meet the standard salt
iodization recommendation, deliberate effort should be
made by the government and stakeholders in food &
nutrition matters tot ensure that salt manufacturers meet
the minimum iodization standards before allowing such
products get to the consumers.
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ABSTRACT

A

bnormal and non-viable sperm cells have contributed greatly in male factor infertility. This
study compared and correlated the levels of fructose, testosterone and heavy metals such as
selenium, lead, mercury, and arsenic in the seminal plasma of infertile males in Uyo
Metropolis of Akwa Ibom State, Nigeria. A total of 92 males participated in the study of which 38
were oligospermic and 54, normospermic. Semen specimens were collected after 3-5 days
abstinence according to WHO standard while seminal plasma were obtained by centrifuging the
0
semen for 10 minutes at 4500 rpm and stored at -70 C prior to laboratory analysis. Atomic
absorption spectrometer (AAS) was used to assay for the heavy metals while testosterone and GSH
were done using ELISA techniques. TAC and fructose were assayed using spectrophotometric
methods. Results of comparative analysis indicated significantly higher values of lead, arsenic, and
mercury in seminal plasma of subjects with head, middle piece and tail abnormalities
(teratozoospermic tendencies) compared against subjects with normal sperm cells. More so, these
heavy metals were observed to be significantly higher in oligospermic subjects with higher
percentage of non-viable cells (dead sperm cells) (of >50 and >30) compared against those with <20
dead sperm cells. However, significantly lower values of testosterone, TAC, GSH and selenium were
seen in the subjects with sperm cells abnormalities compared with subject with normal sperm cells.
Furthermore, the correlation results showed significant negative relationship between heavy metals
(except selenium) and TAC, GSH and testosterone in subjects with sperm cells abnormalities. The
teratozoospermic characteristics (abnormal sperm cells), non-viability of sperm cells, and the
significantly lower values of testosterone seen in oligospermic subjects could be as a synergetic
effect of poor anti-oxidant capacity, insufficient selenium concentration, as well as significant
presence of heavy metals in the seminal plasma.
Keywords: Teratozoospermic, Oligospermic, Heavy Metals, Fructose, Seminal Plasma, Niger
Delta
INTRODUCTION

M

ale infertility has been a major problem among
couples globally (1). The increasing prevalence
of male infertility is becoming a strong burden
with socioeconomic, clinical, and environmental events
playing critical roles as prominent causative factors behind
this decline especially in developing countries (2,3). In
countries like Nigeria, male factor infertility accounts for
up to 50% of all infertility cases but the society still blame
the females for problems of childlessness (4, 5). Clinically,
the presence increased of abnormal sperm cells
(teratozoospermia), non-viable sperm cells, hypovolumic
semen, azoospermia, oligospermia, asthenozoospermia,
low testosterone concentration among others are factors
associated with male factor infertility. Teratozoospermia is

26

the presence of predominantly abnormal sperm cells such
pin head, big head, double head and tail, bent neck, lack of
middle piece and tail, round head, etcetera in a semen
specimen. The presence of these abnormalities or defects
makes it impossible for sperm cells to swim and fertilize
mature ovum. In addition, the lack or poor motility of
sperm cells (asthenospermia), dead sperm cells (nonviable) have also contributed greatly to infertility among
males. More so, environment factor such as hydrocarbon
pollution and contamination of environment especially in
the Niger Delta of Nigeria resulting in non-essential heavy
metals presence in blood have also been reported to affect
male fertility in these area.
Therefore, in our study teratozoospermic tendencies,
heavy metals (such as lead, mercury, arsenic and
selenium), anti-oxidant parameters, fructose and
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testosterone were considered among males. Testosterone is
produced by the testes. Testosterone is the predominant
male sex hormone responsible for spermatogenesis, sexual
differentiation, and maturation (6). Low concentrations of
testosterone in blood and arguably in seminal plasma are
associated with male infertility (9). However, it has been
reported that testosterone could also be affected by the
presence of heavy metals and other toxic substances in the
blood or seminal plasma acting as endocrine disruptors (6,
7). Heavy metals especially the non-essential ones have
been documented to be toxic in biological system inducing
oxidative damages to cells by disrupting cell membranes.
On the other hand, anti-oxidant are saddled with the
responsibility of mitigating or eliminating reactive oxygen
stress species due to the presence of toxic substance or
metabolic processes. Oxidative stress or damages ensues
when the generation of ROS overwhelms the anti-oxidant
capacity or as a result anti-oxidant depletion owing over
usage (8, 9).
Hydrocarbon pollution and contamination of the
environment has been one of the major anthropogenic
activities strongly associated with ill-health as well as
infertility. Akwa Ibom State in the south-south of Nigeria is
a major region for oil and gas exploration and therefore
prone to crude spill, illegal bunkering, and consumption of
contaminated seafoods. This study is therefore designed to
evaluate and correlate anti-oxidant parameters, fructose
content, and some heavy metals levels in seminal plasma of
oligospermic males with teratozoospermic tendencies and
varying dead sperm cells in Uyo metropolis of Akwa Ibom
State.
MATERIALS AND METHODS
Materials
Equipment used in this research work include binocular
microscope (Olympus, Japan), MPW bucket centrifuge
Model 351 (Poland), Stat Fax 4200 Microplate Reader
( Aw a r e n e s s , U S A ) , a n d A t o m i c A b s o r p t i o n
Spectrophotometer (Buck 158 Model 211, USA).
Reagents used were glutathione peroxidase (GSH) and
testosterone ELISA kits purchased from Bioassays
Technology Laboratory (China), fructose and total
antioxidant capacity (TAC) reagents purchased from
Fortress Diagnostics (Antrim, United Kingdom).
Study Area
Sampling was carried out among males attending the
Urology clinic of Ibom specialist hospital, University of
Uyo Teaching Hospital, and St. Luke's Hospital, Anua,
Uyo, Akwa Ibom State. However, laboratory assay was
performed at the Department of Medical Laboratory
Science, Rivers State University, Port Harcourt, Nigeria.
Study Design
The study was a cross-sectional study in which a total of 92
males were randomly selected aged 25-45 years. Of the 92
subjects, 38 were classified as oligospermic and 54 as
normospermic according to the WHO classification [10]
following semen analysis.
Subject Selection Criteria
Inclusion criteria
A structured questionnaire was provided to all participants

to get demographic details, medical history and lifestyle.
Those included in the study as infertile subjects were those
attending urology clinic due to established male factor
infertility without presence of other diseases like obesity,
diabetes mellitus, thyroid disorder, cardiovascular diseases
or any other chronic disorder. Also, they have not
established pregnancy within the last 2 years with sperm
count of 1.0-19 x 106 cells/ml (oligospermic). Those
include were also non-smokers, non-alcoholics and
without history of substance abuse. On the other hand, the
control subjects were males that have had at least
established pregnancy within the study period with sperm
count of ?20 x 106 cells/ml. They are also non-smokers,
non-alcoholic as well as without history of any diseases as
mentioned above.
Exclusion criteria
Subjects excluded from the study were those that did not
give their consent, did not abstain for 3-5days, as well as
those that spilled in the course of semen collection. Obese
subjects (BMI of > 30.0kg/m2) as described by Elekima &
Ugwu (11); Elekima & Inokon, (12) were also excluded.
More so, subject with history or have diabetes mellitus
(FBS>7mmol/L), prostate hyperplasia or prostate
disorders, thyroid disorders, cardiovascular diseases, on
anti-hypertensive or lipid lowering drugs were also
excluded from the study.
Ethical Consideration and Approval/Informed
Consent
Ethical clearance was obtained from the Ethical Review
Boards of the University of Uyo Teaching Hospital, Uyo
and Akwa Ibom State Ministry of Health with approval file
no of UUTH/AD/S/96/VOLI/401and
MH/PRS/99/vol.V/923 respectively. In addition, informed
written consent was given by the participants before being
enrolled into the study.
Specimen collection and Preparation
Subjects recruited were educated prior to collection of
semen specimens by means of masturbation into a sterile
universal container as described by WHO [10]. The time of
production, reception, and examination were recorded. All
semen specimen collected were allowed to liquefy in the
incubator at 370C and later examined within 45 minutes.
The examination covered the determination of sperm
volume, viscosity, concentration, motility, morphology
and viability according to the WHO manual for semen
analysis [10]. Seminal plasma samples for biochemical
analysis were obtained by centrifuging the semen at 4500
rpm for 10 minutes and aliquoting the supernatant (seminal
plasma) into another clean, dry plain container and stored
at -700C prior to analysis.
Laboratory Assays of Semen and Seminal Plasma
Establishment of Total Sperm Count
The total sperm count was estimated manually using
Neubauer haemocytometer. The semen samples were
properly mixed and diluted 1 in 20 using semen diluting
fluid consisting of sodium bicarbonate, formalin and
distilled water. The counting chamber was prepared and
charged with the diluted seminal fluid and allowed to stand
for 15 minutes. The counts were established in four
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secondary squares and five tertiary squares of the central
secondary square as described by WHO (10). The total
number of spermatozoa per ml was calculated by
multiplying the number of complete, morphologically
mature sperm cells counted x dilution factor (20) x
multiplication factor (50,000). According to WHO
classification, participants with 1-19 x106 sperm cells/ml
were grouped as oligospermic and ?20 x 106 sperm
cells/ml as normospermic.
Microscopic Evaluation of the Sperm cells
Examination of fields using x40 objective lens were carried
out after wet preparation to check for the presence of pus
cells, red blood cells, epithelial cells and to determine the
motility, morphology, and viability of the sperm cells as
described by WHO [10]. The methylene blue - eosin
staining procedure was used to determine the morphology
of the cells after incubation at 250C with trypsin for
10minutes. A minimum of a hundred cells were examined
at a magnification of x1000, to determine the percentage
sperm cell motility as described by WHO (10).
Evaluation of Heavy Metals, Fructose Anti-oxidant
parameters and testosterone in Seminal Plasma
The concentration of Lead, Arsenic, Mercury, and
Selenium were determined with atomic absorption
spectrometer (AAS) with samples digestion done
according to the method described by Kayne et al. (13).
More so, the levels of testosterone and glutathione
peroxidase enzyme in the seminal plasma were done using
ELISA technique as documented by Adele et al. (14).
Fructose was determined using the resorcinol
spectrophotometric method as described by Yaphe &
Arsenault [15], while the estimation of total antioxidant
capacity (TAC) was done as described by Mahfouz et al.
(16).
Statistical Analysis
Graphpad Prism 8.02 (California, USA) was the statistical
software used. Comparative analysis was carried out using
one-way ANOVA while correlation analyses were
performed using the Pearson's correlation matrix. was the
statistical software employed. Results of ANOVA were
expressed as ?±SD while statistical significance was set at
p=.05.
RESULTS
Comparative Analysis (ANOVA) of Heavy Metals,
Fructose, Anti-Oxidative Markers, and Testosterone in
Seminal Plasma of subjects with Abnormal
Morphologies and Varying Viability
The comparative analyses of values of sperm cells with
abnormal heads indicated significant increase in Pb
concentration of in subjects with big head, double head,
and round head compared against normal sperm cells.
Arsenic also indicated significant increases in sperm cells
with big heads and pin heads. However, selenium, TAC,
GSH, and testosterone showed significantly lower values
in sperm with abnormal heads compared against normal
sperm head except TAC that indicated significantly lower
value only in sperm cells with round heads. No significant
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difference was observed in the values of fructose when
these abnormal heads were compared against normal heads
(table 1).
In addition, when abnormal sperm cells with defects in
middle piece, neck and tails were considered, significant
increases in the values of Pb and As were seen in subjects
with middle piece, neck and tails defects compared against
normal sperm cells. However, Hg indicated significant
increases in sperm cells with only coiled tail. However,
selenium, TAC, GSH, and testosterone showed
significantly lower values in sperm with abnormal heads
compared against normal sperms. Again, no significant
difference was observed in the values of fructose when
these abnormal heads were compared against normal heads
(table 2).
Furthermore, the comparison of viable and dead cells, it
was observed that values of Pb and As were significantly
higher in subjects with higher percentage of non-viable
(dead sperm cells) of those >50% and those between
?50%>30% dead sperm cells when compared against
subjects with ?30%>20% and ?20% dead or non-viable
sperm cells. Also, significantly lower values were
observed in selenium, TAC, and GSH in subjects with
higher percentage of non-viable (dead sperm cells) of those
>50% and those between ?50%>30% when compared
against subjects with ?30%>20% and ?20% dead or nonviable sperm cells. However, no significant differences
were seen in the values of fructose and testosterone (table
3).
Correlative Analysis (Pearson's) of Heavy Metals,
Fructose, Anti-Oxidative Markers, and Testosterone in
Seminal Plasma of Subjects with Abnormal Sperm
Cells Morphologies
The results of Pearson's correlation in the seminal plasma
of the subjects with big heads indicated significant
negative relationship between Hg and GSH and
testosterone. Also, selenium indicated significant positive
correlation with TAC and testosterone while GSH
significant had positive relationship with testosterone
(table 4). In sperm cells with double head abnormalities,
significant positive relationship was seen only between
TAC and GSH (table 5). In addition, sperm cells with pin
heads indicated significant negative relationship between
Pb and GSH as well as testosterone. However, it was
observed that selenium had significant positive correlation
with GSH and testosterone while TAC had same
relationship with GSH and testosterone (table 6).
Furthermore, when sperm cells with round heads were
considered, Hg showed significant negative correlation
with selenium and testosterone while selenium had
significant positive relation with testosterone. TAC also
had significant positive correlation with GSH and
testosterone while GSH had positive relationship with
testosterone as well (table 7).
When biochemical parameters of sperm cells with middle
piece and tail defects were correlated, As had significant
negative and positive relation with Hg and fructose
respectively while selenium further indicated significant
positive relationship with GSH and testosterone in subjects
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with middle piece defect (table 8). In subjects with bent
neck, significant positive correlation between Hg and As
was also seen (table 9). Also, subjects with abnormal short
tails indicated that testosterone had positive relationship

with TAC and GSH (table 10) while significant negative
relationship was observed between Hg and GSH as well as
testosterone (table 11).
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DISCUSSION
The significant increases seen in heavy metals such as
Lead, Mercury and Arsenic in the oligospermic subjects
could probably account for the varying degrees of
abnormal heads, middle piece, neck, and tail seen in these

subjects when compared against subjects with normal
sperm cell morphology. More so, these subjects with
significant higher levels of these heavy metals in their
seminal plasma had significantly higher number of dead
sperm cells compared to those with lower values of these
heavy metals. The morphological defects or
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teratozoospermic tendencies as well as dead sperm cells
observed in the oligospermic subjects could probably be
due the high concentrations of heavy metals in the seminal
plasma. The seminal plasma is the immediate environment
in which sperm cells interact and derive nutrients for
energy and optimal function. Therefore, if such
environment is contaminated by increased presence of
heavy metals, sperm cells deformities and death is
inevitable. Heavy metals are strongly linked with oxidative
damages to cells by distorting the cell membranes via lipid
peroxidation and other cellular mechanism. Our findings
concur with the report of Fatima et al. (17) who
documented that >40µg/L of lead in blood induces
significant reduction in sperm count, motility, and
morphological deformities.
The significant reduction in the concentration of selenium,
TAC and GSH in the seminal plasma of these subjects with
teratozoospermic tendencies and increased dead sperm
cells compared to normal subject with normal sperm
morphology further suggest oxidative stress in the seminal
plasma of the oligospermic subjects. Selenium and GSH
are anti-oxidant entities that mitigate or eliminate reactive
oxygen species (ROS) in biological system. Selenium has
been reported to be vital for normal mammalian
spermatogenesis and protection against oxidative DNA
damage and this vital role is mainly mediated by
selenoproteins. Ben-Chioma & Elekima [18], Morbat et al.
[19], also reported in their study that selenium acts as a
potent antioxidant in biological systems, scavenging ROS
and radicals. Therefore, their depletion in the seminal
plasma indicates overwhelming usage of these biomolecules (anti-oxidants) leading their loss or depletion.
The reduction in the level of anti-oxidant coupled with
increased heavy metals concentrations could also have
accounted for the significantly lower levels of testosterone
observed in oligospermic subjects with abnormal sperm
cells and non-viable sperm cells.
Furthermore, the significant negative correlation of heavy
metals such as lead, mercury and arsenic with selenium,
TAC, GSH, and testosterone also indicates that the
depletion of these of anti-oxidant bio-molecules are
strongly associated with increase in heavy metals like lead,
mercury, and arsenic. These strong negative correlations
were observed mainly in the subjects with significantly
varying sperm cells morphological defects and dead sperm
cells. These findings are in line with the reports of Emad et
al. [20]. They also documented that lead and cadmium
correlated with impaired sperm motility, and non-vitality
percentage as well as ROS levelIn addition, the strong
positive relationship seen between mercury and arsenic
especially in subjects with middle piece and bent neck
defects also suggest that the presence of a given heavy
metal can synergize with another (heavy metal) to induce
far more severe oxidative impact. Likewise, the negative
association between arsenic and fructose as observed in
middle piece deformities also suggest that the presence of
heavy metals such as arsenic could hinder the nutritional
quality of the seminal plasma or environment thereby
limiting the nutritional accessibility of the sperm cells.
However, the significant positive correlation of selenium
with other anti-oxidant molecules indicates that improved
selenium seminal plasma content could enhance the anti-
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oxidant properties of the seminal plasma. Our observation
is also corresponding with the finding of Minguez-Alarcon
[21]. They also reported negative correlation between
different heavy metals and human sperm parameters such
counts, and morphological characteristics. In addition, our
findings also concur with the reports of Akinloye et al. [22],
Qazi et al. [23]. Significant positive correlation of
selenium with testosterone and sperm motility, viability
and morphology was also documented in their work.
In addition, Kim & Kim [24]; Kumar [25], documented in
their respective studies that heavy metals such as lead and
arsenic are endocrine disruptors hindering sperm motility
and viability by binding directly to sperm cells and
apoptosis of sertoli cells of the testis. The increase in such
heavy metals in the seminal plasma of infertile males could
also be linked with high degree of hydrocarbon
impactation following incessant crude spillage and gas
flaring, reckless illegal bunkering, and consumption of
crude contaminated seafoods within the Niger Delta and
particularly in Akwa Ibom State which is host to several
local and multinational oil and gas companies. It was also
established by Elekima et al. [26] in their study that most of
the commonly consumed seafoods in the Niger Delta are
heavy metal contaminated above WHO permissible limits.
It will be unfortunate that if nothing is done to mitigate
these anthropogenic activities, male infertility cum
infertility could be a strong burden in years to come to the
people of the Niger Delta.
CONCLUSION
The teratozoospermic tendencies, non-viability of sperm
cells, and the significantly lower values of testosterone
seen in oligospermic subjects could be could be as a
synergetic effect of poor anti-oxidant capacity, insufficient
selenium concentration, as well as significant presence of
heavy metals in the seminal plasma.
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ABSTRACT

T

he fungi are living organisms of great importance around agriculture, food industry, and the
pharmaceutical industry. The usage of these microorganisms in agriculture is for the
biocontrol of diseases in plants of commercial interest. Some yeasts can fight
phytopathogens through secondary metabolites produced, inhibiting their development. Some
species show positive results in the control of pathologies in different cultures. Yeasts have been used
as biocontrol agents, and among them, a Lachancea (Kluyveromyces) thermotolerans, which is
present in plants (such as grapes), soil and insects, can be adapted to different environments and,
possibly perform biological control, although it is not known its mode of action. This work aimed to
analyze and identify secondary metabolites used by the yeast L. thermotolerans CCMA 0763 isolated
from commercial grapes in the Agricultural Microbiology Laboratory (Federal University of
Lavras-MG/BR), using the analytical method of Ultra High-Efficiency Liquid Chromatography
(UHPLC) (HRMS) and Tandem Mass Spectrometry (MS/MS). Four heterocyclic compounds of the
Alkaloids class were identified, three (03) natural: 4-Hydroxyquinoline, Xanthine and Calistegine
A3, and one (01) synthetic: Clausehainanine C. Therefore, these compounds can be tested against
phytopathogenic microorganisms.
Keywords: Yeast, biological control, secondary metabolite, ultra high-efficiency liquid
chromatography (UHPLC), mass spectrometry.
INTRODUCTION

N

on-Saccharomyces yeasts are sources of complex
aromatics, glycerol content and responsible in
ethanol reduction and polysaccharide
concentrations in industrial processes. Its main
functionality is associated with the production of alcoholic
beverages from fermentation processes (Contreras et al.,
2014; Belda et al., 2015, 2017; Domizio et al., 2017). This
fungus is mainly in the production of wine, on substrates
containing hexoses, playing an important role in the
characteristics of the drink not producing spores or
allergenic toxins; and are not nutritionally demanding.
They present rapid growth, they do not present risks to the
consumer and they act as antagonists, either through
competition for nutrients, antibiosis or hyperparasitism
(Domizio et al., 2017; Mehlomakulu et al., 2014, 2015).
However, its use is not limited to wines, beers, breads and
cheeses productions, but on other products for example
control of phytopathogens. The good performance of
yeasts as biocontrol agents is due to the different modes of
action of these microorganisms against phytopathogens.
Among these, we can highlight the competition with
phytopathogens for space and nutrients, mycoparasitism,
antibiosis, resistance induction in plants and the

production of antimicrobial toxins and alcohol by yeasts.
Understanding these biocontrol mechanisms is essential to
improve the action of these microorganisms in combating
plant diseases (Hatoum et al., 2012; Muccilli and
Restuccia, 2015). Biological control is an important
management strategy for fungal diseases, with the basic
principle of using antagonistic microorganisms to reduce
and/or keep the population of a phytopathogen below
levels that cause economic loss (Carmona- Hernandez et
al., 2019). Organic control using biological agents against
mycotoxins is considered a safer option until now, gaining
popularity in the food industry (Tsitsigiannis et al., 2012).
In fact, the application of yeasts (cells and their volatiles)
and yeast derivatives has great potential to minimize the
economic losses caused by mycotoxigenic fungi. Several
of yeast and bacteria species have been identified as having
effective fungi biological control activities at pre- and posharvest, where they were tested against toxigenic fungi to
inhibit their growth and mycotoxin synthesis (Catara,
2007; Haiissam, 2011). Within the microorganisms tested,
the non-saccharomyces yeasts are promising antimicrobial
and bio-remediation agents (Ùbeda et al., 2014). However,
the antimicrobial properties associated with yeast are
linked to the production of killer toxins. Killer toxins have
been identified as glycosylated proteins that bind to
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specific receptors. Their strains were called killer yeast.
Killer yeasts secrete lethal toxins to and their strains are
insensitive to their own toxins (Alturki et al., 2019;
Mannazzu et al., 2019).
In addition, the biological properties associated with this
type of microorganism are not limited only to the
production of proteins, but in the direct and/or indirect
interactions between the different strains through the
physical-transformed changes in the environment caused
by the reaction of one strain to another. The effect of a
specific yeast strain on its environments is unique suited to
its metabolites and their respective (Roullier-Gall et al.,
2020). Thus, it is evident that non-saccharomyces yeasts
have a favorable metabolic engineering for the production
of new and well-known compounds with wide biological
activity (Kulkarni et al., 2015; Liu et al., 2020). Currently,
thousands of secondary metabolites have been identified
from various living organisms, mostly plants. However, it
Torres et al. 389 is estimated that this number is higher,
being, in part, limited to analytical techniques. With the
instrumental advance, compounds with a high degree of
difficulty in analysis, whether due to their abundance,
structural diversity or the complexity of the matrix, have
been constantly identified (Zhao et al., 2013). Among the
technological tools used to identify these molecules, is
Ultra High Efficiency Liquid Chromatography (UHPLC)
(HRMS), to analyze the yeast metabolome, for its excellent
resolution, mass accuracy, new possibilities for improving
analytical methods for matrices complex samples
(ingredients, food and biological samples) and a wide
range of spectrometric data (Motilva et al., 2013). Thus, the
present work aimed to partially characterize the secondary
metabolites produced by the yeast Lachancea
thermotolerans CCMA 0763, isolated from commercial
raisin, using the analytical technique of (UHPLC)(HRMS)
and Tandem Mass Spectrometry (MS/MS).
MATERIALS AND METHODS
Crude extract obtainment
The yeast L. thermotolerans CCMA 0763 (Sample)
belonging to the Agricultural Microbiology Culture

Collection at the Federal University of Lavras - Minas
Gerais/Brazil was grown in a Petri dish containing PotatoDextrose-Agar (PDA) (Culture Medium) for 2 days and
inoculated in 500 ml Erlenmeyers containing PotatoDextrose (PD) with pH 6.8 and incubated without shaking
for 21 days at 28°C (Quality Control). The mycelium was
separated from the fermented broth by filtration in cotton
and hydrophobic gauze and the aqueous phase was
centrifuged at 2750 rpm for 15 min. The liquid-liquid
extraction was performed with Ethyl Acetate in the
proportion of 1:3 (Ethyl acetate: fermented broth) in a
separating funnel. This step was repeated three times. The
solvent was collected and evaporated in a Rotary
Evaporator (Tecnal TE-210) at 400°C and the Crude
Extract (1.014 g) subjected to Ultra High Efficiency Liquid
Chromatography Analysis (UHPLC) (HRMS) and
Tandem Mass Spectrometry (MS/MS). The same
procedure was used for the Quality Control sample.
Chemical analyses
The solvents used were: Acetonitrile grade UHPLC-MS
(JT Baker- Phillipsburg, NJ, USA), Deionized Water from
a Millipore Milli-Q water reagent system (Millipore,
Bedford, MA, USA) and Analytical grade Formic Acid
(85%). The extract of the yeast L. thermotolerans (1.0141
g) was solubilized in methanol and the concentration of the
solution corrected to 1.0 mg. mL-1. For the Mass
Spectrometry Analysis, a volume of 1.0 ml of Yeast Extract
was collected and 10.0 μl of 0.1% Formic Acid (v/v)
(Analysis in positive mode) was added and stored in a vial
for analysis.
Liquid chromatography
The extracts (Sample and Control) were analyzed by UltraHigh Performance Liquid Chromatography (Shimadzu,
Nexera X2, Japan) coupled to a High Resolution Mass
Spectrometer (Impact II, Bruker Daltonics Corporation,
Germany) equipped with an ionization source by
eletrospray. The chromatographic separation was
performed with an Acquity UPLC® CSHTM C18 column,
particle size of 2.1 μm, with 2.1 × 100 mm (Waters, Ireland)

Figure 1. UPLC-Q-TOF/MS BPI chromatogram in mode positive from Quality Control (a), and yeast
Lachancea thermotolerans (b).
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and flow rate of 0.200 ml min-1. The gradient of the solvent
mixture A (H2O with 0.1% (v/v) formic acid) and B
(acetonitrile with 0.1% (v/v) formic acid) as follows: 5% B
0-1 min, 50% B 1- 5 min, 95% B 5-10 min and maintained
at 95% B 10-16 min, 5% B 16-18 min and maintained at 5%
B 18-32 min at 40°C.
Mass spectrometry
The ionization source was operated in positive ionization
modes and set to 4500V with a potential displacement of
the final plate of 500V. The drying gas parameters were
adjusted to 8 L min-1 at 180°C and the nebulizer gas
pressure was set to 4 bar. The data were collected from m/z
50 to 1300 with an acquisition rate of 5 Hz and the 4 most
intense ions were selected for automatic fragmentation
(Auto MS/MS).
Data processing and statistical analyses
The software used for data processing for peak detection,
multivariate analysis and identification was Data Analysis
4.0 (Bruker, Germany). The specialized databases were:
MoNa (http://mona.fiehnlab.ucdavis.edu/), ChemSpider
(http://www.chemspider.com/) and Metlin (https:
//metlin.scripps. Edu) for the identification of compounds.
The search parameters in the online databases were:
precursor mass with error ≤ 10 ppm and fragment tolerance
≤ 10 ppm. Principal component analysis (PCA) and
projection discrimination in an orthogonal latent structure

(OPLC-DA) were generated using the ProfileAnalysis 2.1
software.
RESULTS AND DISCUSSION
Figure 1 represents the diversity of the chemical profiles of
L. thermotolerans and Quality Control extracts in the
positive mode chromatogram generated from the UHPLCHRMS. The chromatographic run had an injection time of
28.0 min with 4.0 min for column balance and cleanliness.
It was revealed in this first analysis that in the time between
1.0 to 6.0 min, the two chromatograms behave differently
in relation to the intensity and areas of the peak. This is also
seen in the time between 14.0 and 25.5 min. However, the
chromatographic profile is very similar between the
Control and the Sample, little difference between them.
However, UHPLC-HRMS analyzes provide coverage of
the chemical space based on MS and MS/MS data and are
capable of presenting the best differentiation between
Sample and Control. For this experiment, the molecular
masses studied were 50 to 1300 Dalton (Da). This mass
distribution of precursors was based on studies in the
literature (Maciá-Vicente et al., 2018).
The global chemical space observed in the complete data
set comprised eight thousand exclusive MS/MS spectra
after the first performed for a sample and control. To
minimize and discard potential noise or artifacts present in
the UHPLC-HRMS analyzes, three boundary conditions
were imposed: first, the removal of the spectra present only

Table 1. Results of high resolution UHPLC-HRMS mass spectrum analysis.
+

Compound

[M+H]
m/z

RT
(min)

Exact
mass

Formula

Mona

1

1.460.585

6.49

1.450.528

C9H7NO

Mona

2

1.530.395

2.70

1.520.334

C5H4N4O2

3

1.600.958

1.03

1.590.895

C7H13NO3

52; 103.0385; 94.0648; 86.0600; 82.0648

4

2.921.332

0,34

2.911.259

C19H17NO2

246.1301; 200.1253; 158.1159; 1121110

Library

Goldmann et al.
(1990)
Ma et al. (2018)
Intens. 22.

MS/MS
128.1057;
118.0634;
111.0423;
104.1057;99.0426; 86.0953
136.0133; 110.0343 142.0853; 130.0854;
124.0748; 112.07
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Figure 2. ESI-MS/MS spectrum for 4-Hydroxyquinoline.
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ppm to decrease the number of candidates, fragmentation
profile to justify and prove the identification and the
probability of ionization by ESI.
This attention with several exclusion factors is associated
with the possibility of compounds within a mass range of
0.5 to 5 ppm, which generally have very different numbers
of carbon atoms and the biosynthesis of units with a
common elementary composition that provides
information limited. Thus, mass accuracy and isotopic
ratio, are almost orthogonal parameters that can be used to
exclude hypothetical elementary compositions, but do not
establish a consistent identification (Nielsen et al., 2011).
In these cases, MS/MS, or preferably by Sequential Mass
Spectrometry (MSn), with subsequent fragmentation
patterns is more efficient, assuming that reference
standards are available to model the fragmentation of the
class of compounds (Sharma et al., 2007). Thus, all
precursors were submitted to the parameters presented
here to support their identification. Four compounds were

in the control or in the whites; second, consider the final
spectra that occurred only in the sample; third, consider
spectra with acquired MS/MS, an important identification
of the compounds in the sample. All spectral data were
collected and processed using centralization, isotopic
pattern, filtering, retention time and peak recognition
methods to generate a datamatrix including sample
identity, ion identity and ion abundance. The result of this
mathematical deconvolution procedure provided 126
exclusive ions from the sample. The software used for data
processing for peak detection, multivariate analysis and
identification was DataAnalysis 4.0 (Bruker, Germany)
and Software ProfileAnalysis 2.1. For the identification of
compounds, specialized Database sites were used, such as:
MoNa, ChemSpider and Metlin. Other parameters, such as
fragmentation score and bibliographic record on the
occurrence of the molecules, were also considered for
disambiguation. The main exclusion factors used for
identification were: mass error less than or greater than 10
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Figure 3. ESI-MS/MS spectrum for Xanthine.
Intens. 2.

190423 MOACIR AMOSTRA_1-77_01_7374.d: +MS2(160.0958), 19.5eV, 1.03min #294
112.0752
103.0385

2500

2000

94.0648

86.0600

142.0853

124.0748

1500

82.0648
1000

84.0805
96.0800
500

114.0906
80.0496

130.0854

98.0593

144.1011

116.9705

90.0543

158.0802

0
70

80

90

100

110

120

130

Figure 4. ESI-MS/MS spectrum for Calystegine A3.

38

Nigerian Biomedical Science Journal Vol. 18 No 3 2021

140

150

m/z

Moacir Torres
identified (Table 1), with their ESI-MS/MS spectra,
respectively (Figures 2 to 5).
All compounds identified are alkaloids (Figure 6). They
have nitrogen atoms and a differentiated fragmentation
profile in their chemical skeleton. The compound identified
as 4-Hydroxyquinoline belongs to the group of nitrogenous
heterocyclic compounds of the quinoline alkaloids class.
They play an important role in several areas of knowledge
and have a wide range of natural substances. Quinolones
are molecules structurally derived from the heterocyclic
Quinoline, being distributed in nature as a product of the
secondary metabolism of several species of plants and

sepium and Atropa belladonna. The chemical structures
contain a Nortropane ring system with 3-, 4-, or 5- Hydroxyl
groups (Calistegines A, B or C, respectively), located in
various positions with different stereochemistry
(Aminocetal functionality), and an Amino bridge group
(Asano et al., 2000). These compounds were identified in
several genera such as Atropa, Datura, Duboisia,
Hyoscyamus and Escopolia belonging to the Solanaceae,
Convolvulaceae, Erythroxylaceae and Brassicaceae
families (Schimming et al., 2005; Brock et al., 2005, 2006;
Torres-Romera et al., 2019). The biological activities
associated with polyhydroxylated alkaloids are their levels
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Figure 5. ESI-MS/MS spectrum for Clausehainanine C.

fungi, mainly in species of the family Rutaceae (Suárez et
al., 2011). Several derivatives of Quinolone have been
isolated from this family with analgesic, amebicidal,
antiviral, herbicidal and fungicidal activities (Barrera and
Suarez, 2007). The compound 8-Hydroxyquinoline and its
derivatives are a subclass of Quinolines with a wide variety
of biological activities. They have been used as a fungicide
in agriculture and a preservative in the textile, wood and
stationery industries (Oliveri and Vecchio, 2016).
Xanthines are a class of Purine Alkaloids found in many
different plants, including yerba mate (1,3- and 3,7Dimethylxanthine), coffee (1,3,7-Trimethylxanthine) and
cocoa (Athayde et al., 2000). Another particularity
associated with these compounds is their biological
function in conjunction with the enzyme Xanthine A
dehydrogenase (XDH), a Hydroxylase containing
Molybdenum, being important for regulating the
metabolism of Purines and Uric Acid responsible for the
regulation of Arabidopsis aging and resistance to stress,
peas, corn and grapes (Barabás et al., 2000; ZdunekZastocka and Lips, 2003; Brychkova et al., 2008; Werner
and Witte, 2011; Shuanghong et al., 2017; Han et al., 2020).
Calistegines are a group of alkaloids (glycoalkaloids)
initially discovered in the roots of cultures of Calystegia

of toxicity to bacteria, fungi, viruses, insects, animals and
humans (Friedman, 2006).
Carbazolic Alkaloids are characterized by a basic aromatic
tricyclic skeleton consisting of a central Pyrrole ring fused
with two Benzene rings. Carbazol itself was originally
isolated from the Anthracene fraction of coal tar (Greger,
2017). They have been found in bacteria, myxomycetes,
fungi, sponges, tunicates and in the related plant families
Apocynaceae and Loganiaceae. The vast majority of
Carbazoles, comprising more than 330 derivatives, have
been shown to be derived from 3- Methylcarbazole as a
common precursor (Ryvolova et al., 2012). The vast
majority of Carbazoles, comprising more than 330
derivatives, have been shown to be derived from 3Methylcarbazole as a common precursor. This type of
Carbazoles was called Fitocarbazoles (Chakraborty and
Roy 2003). However, there is no scientific evidence from
recent studies related to the application of this compound in
the area of agriculture, so it can be the object of research to
be investigated.
CONCLUSION
The crude extract of secondary metabolites from the yeast
L. thermotolerans presents eight thousand exclusive
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Figure 6. Compounds identified in the extract of Lachancea thermotolerans.

MS/MS spectra through the UHPLC-HRMS analysis.
These data were included in the mathematical
deconvolution procedure, obtaining 126 exclusive ions
from the sample. The analytical method of UHPLC-HRMS
has been a high performance tool for the identification of
compounds and biomolecules of great structural diversity
for the analysis of secondary metabolites. Thus, four
components of the class of heterocyclic alkaloids were
identified, three (03) naturals: 4-Hydroxyquinoline,
Xanthina and Calistegina A3; and one (01) synthetic:
Clausehainanina C from the crude extract of L.
thermotolerans.
These compounds present, through the literature:
antimicrobial, antiproliferative, inhibitory and regulatory
activities, applied in the most diverse areas of knowledge,
being able to be tested as biocontrol agents in antagonistic
tests of biological tests against phytopathogens that cause
fungal and bacterial diseases in agricultural cultures
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ABSTRACT:

C

oronavirus disease 2019 (COVID-19) pandemic began in December 2019 in Wuhan City
China where it is believed to have been transmitted to humans from an unknown animal
species. The public health, social and economic impact of the pandemic world over is
detrimental. Health care providers at the frontline in the fight against COVID-19 are at the greatest
risk of infection and so far, many have been infected and some have already died from the disease.
Thus, it is imperative that healthcare providers have adequate knowledge of infectious diseases and
microbial pathogens to comprehend the scale of risk for better recognition and response.
Microbiological concepts of infection prevention and control, hand hygiene and aseptic techniques
are essential in slowing down the spread of the virus. COVID-19 has proven that infectious agents
can emerge from any region in the world and can spread rapidly with ominous consequences to all
humanity. This narrative review discusses the role of college-learnt microbiology in health care
provider preparedness for emerging infectious diseases in light of the current pandemic.
Keywords: Emerging; Infections; Preparedness; Response; Microbiology; COVID-19; Training.
INTRODUCTION

E

merging infectious diseases (EIDs) represent
significant threats to global public health. Frequent
outbreaks and epidemics continue to occur and
exert immense pressure on healthcare systems all over the
world (1). Over 75% of EIDs are zoonotic in nature,
transmitted by direct contact with animals or their products
(1). Human-to-animal interaction remains the major risk
factor, and perceptions on the impact of the increasing
incidence of these infections to the general public and
health care workers (HCWs) influence the health system
preparedness and policy interventions (2). Emerging
infectious pathogens range from viruses, bacteria, fungi
and protozoa (3). The emergence and global spread of
antimicrobial resistant (AMR) organisms also threatens
the clinical use of available antimicrobial agents for
prophylaxis and management of infections (4).
COVID-19 pandemic is believed to have originated from a
sea food market in Wuhan, China from an unknown animal
source in December 2019 when the first case was reported.
Further investigations revealed that the infection was
caused by a novel strain of beta-coronavirus (CoV) that
was subsequently named Severe Acute Respiratory
Syndrome Coronavirus-2 (SARS-COV-2) (5). The disease
quickly spread from the epicenter and on January 15, 2020,
the first death was reported from Wuhan. Infection among
HCWs was discovered on January 20, 2020 suggesting

possible human to human transmission. The World Health
Organization (WHO) declared the outbreak a Public
Health Emergency of International Concern (PHEIC) on
January 30, 2020 based on the imminent potential of the
disease to spread internationally (6). Since the beginning of
the COVID-19 pandemic, the impacts on all facets of
human life including economic, political and social
disruptions have been catastrophic. The pandemic has
evolved tremendously and new variants of concern (VOC)
have emerged in various countries, although the impact of
the new strains in the human population is not yet clear.
However, the virus has become more adaptive and highly
virulent with marked transmissibility (7). The UK variant
of SARS-CoV-2 (VOC 202012/01) for instance has been
reported in over 80 countries prompting the institution of
new restrictions and lockdowns to curb its spread. At the
time of concluding the manuscript for this review, the
number of confirmed cases of COVID-19 globally stood at
130,459,184 with 2,842,325 cumulative deaths (8).
Healthcare systems in various countries were ill prepared
for huge influx of patients with pneumonia requiring
intensive care services and ventilation (9). COVID-19
exhibits severe disease in vulnerable individuals who
already have various underlying conditions that have
weakened the immune system. This in part coupled with
accompanying health system constraints (e. g. slow
diagnostic rollout processes) have resulted in high death
toll in some countries (10). At the forefront in the fight
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against the pandemic are HCWs, who are mostly doctors,
nurses, pharmacists, public health experts, medical
laboratory personnel, medical micro- biologists and other
responders providing the much-needed services. It is
indisputable that these professionals need a solid
knowledge of the nature of infectious diseases (e. g. transmission and pathogenesis) and fundamental principles of
microbiology, which are essential for diagnosis, treatment,
management, epide- miology, biocontainment and
infection preven tion and control (IPC) (11). Substantial
contents of microbial pathogens and infectious diseases
are entrenched in the respective HCW training curriculum,
and for non-microbiology majors, these courses are
usually taught at the pre-clinical level (12). HCWs need to
constantly adapt and respond safely to changing infectious
disease patterns and the unprecedented public health
emergencies occasioned by COVID-19 pandemic and
other EIDs that may arise in the future.
Overview of emerging infectious diseases:
An EID is primarily defined as one that has existed before
but is rapidly increasing in incidence or geographic scope
or one that has newly appeared in the population. Other
defini- tions include drug resistant pathogens or new
emerging infections which incidence has increa- sed in the
last two decades or which incidence is likely to increase in
the future (3). The definition may however vary depending
on classifications adopted by various experts as a result of
the complex nature of these infections. Nevertheless, these
emerging infectious diseases remain a serious threat to
global health and security. Over the years, epidemiological
and geospatial information have demonstrated a steady
increase in the incidence and geographic distribution of
emerging pathogens. This pheno- menon is thought to be
driven mainly by socioeconomic, ecological and
environmental factors. The peak incidence of EID was
recorded in 1980s associated with the emergence of the
human immunodeficiency virus (HIV) pandemic (13).
Previous attempts to understand the trends and biology of
EIDs have classified viral pathogens (particularly RNA
viruses) as the most significant threat due to lack of a
proof-reading error-correction mechanism in their
genome replication cycle. As a result, they possess higher
capacity to acclimatize to new hosts including humans (1).
One study analyzed a database of 355 EIDs between 1940
and 2004 consisting events caused by newly emergent
strains of pathogens such as multi drug resistant
tuberculosis (MDR-TB) and the severe acute respiratory
syndrome (SARS) coronavirus. The report showed that the
majority of pathogens involved in EID events are bacterial
or rickettsial (54.3%) due to the emergence of antibacterial
resistant strains. Viral pathogens or prions constituted only
25.4% of the EID events. The report further concurred
with previous informa- tion regarding the incidence of
EIDs due to other pathogen types which were found to be
10.7% for protozoa, 6.3% for fungi and 3.3% for helminths
(13). Over 75% of EIDs are due to zoonotic pathogens
transmitted to humans from a non-human animal species.
Wildlife sources have previously been implicated in
numerous emer- gent EIDs, for instance the occurrence of
Nipah virus in Perak, Malaysia and SARS in China,
Guangdong Province (14). A number of vectors are also
responsible for EID events, previous estimates reporting
EIDs attributed to vector-borne diseases was put at 22.8%
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and 28.8% in the last decades (13). The beginning and scale
of an EID is often unpredictable. Many EIDs have been
identified while many remained to be discovered. The
HIV/AIDS pandemic has caused great human suffering
and till the present time, there has been no cure for the
disease. The impacts on the healthcare system globally
have been detrimental particularly in developing countries
with limited resources, high population growth rate, and
poverty. In 2010, the global deaths reported were 1.5
million (15). Other EIDs identified in the past years include
the 2009 H1N1 influenza, enterovirus 68, hepatitis C and
E, Bordetella pertussis, poliovirus, and rubeola virus (16).
Several factors are responsible for the emerging and
reemerging infectious diseases. Primarily, the interface
between humans, animal and the environment. Human
encroachment into new environments is one key factor
fueling exposure to new infectious agents such the Ebola
Virus Disease in 2014/2015 in West Africa (17).
Chikungunya and Zika are other examples of emerging
viruses that have made headlines in past few years.
Chikungunya, a mosquito-borne virus which was first
reported in 1952, recently mutated causing infections in
several regions mainly Africa, Asia and the Americas with
more than 1.25 million cases (17). In 2009, an emerging
fungal pathogen Candida auris was identified in a Japanese
patient. The organism exhibited extreme antifungal
resistance and caused severe invasive disease among
indivi- duals with underlying co-morbidities (16). Other
factors responsible for the emer- gence and re-emergence
include changes in human social behavior (cultural, sexual
and war). Increased international travel in particular has
fueled the spread of such pathogens from their source to
new environments and vast regions which has been a key
factor in the current COVID-19 pandemic (18). Evolution
of microbial pathogens, the emergence of anti- biotic
resistant or antigenic microbial variants, intentional
release of infectious agents (bio- terrorism), lack of
political will coupled with breakdown of public health
systems are other key drivers (3). The classic
epidemiological triad depicted in Fig 1 below explains the
interaction between microorganism, host and
environment, which determine disease outcome (19).

Fig 1: The classic epidemiologic triad explaining the interaction
of pathology, host and environment. Source: (19)
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General features of coronaviruses and SARS-COV-2
Coronaviruses are enveloped consisting of a single
stranded positive sense RNA genome with up to 32
kilobases. These viruses belong to the family
Coronaviridae, subfamily Corona- virinae in the order
Nidovirales according to the International Committee on
Taxonomy of Viruses (ICTV). The viruses are named
after the arrangement of spike proteins on the envelope
having a crown like appearance (20). Corona- viruses
were not considered highly virulent until the outbreak of
severe acute respiratory syn- drome (SARS) in 2002 and
2003 in Guangdong Province of China. A highly
pathogenic strain Middle East respiratory syndrome
coronavirus (MERS-CoV) appeared later in 2012. It was
established that direct transmission of SARS-CoV to
humans occurred from market civets. Animal contact was
consistent in all index cases and later discoveries
identified SARS-CoV- related viruses in horseshoe bats
of the genus Rhinolophus, suggesting that bats are the
natural reservoirs of SARS-CoV. Related strains have so
far been identified in various regions globally including
Africa, South East Asia and Europe (21). Similarly, the
index cases of MERS-CoV had a history of contact with
dromedary camels from which direct transmission to
humans originated. However further investiga- tions
identified MERS-CoVs in at least 14 species of bats from
two bat families, Nycteridae and Vespertilionidae
confirming that camels were intermediates (21). Patients
infected by MERS-CoV present with fever and cough,
which progress to severe pneumonia and in some cases
diarrhea is the first symptom to appear following an
incubation of up to 14 days (17). Similar to the COVID19 pandemic caused SARS-CoV-2, MERS-CoV causes
severe disease in individuals with weak immunity and
those with underlying conditions such as diabetes and
chronic lung disease.
Severe acute respiratory syndrome-coronavirus-2
(SARS-CoV-2) is a beta-corona- virus that was initially
named novel coronavirus- 2019 (nCoV-2019). The virus
is responsible for the worst global pandemic in the current
civilization. The disease began in Wuhan, Hubei
Province, China, around December 2019 where the first
cases of flu-like disease with pneumonia of unknown
aetiology were reported (22). The likely source of the
infections was traced to Huanan seafood market where it
was believed to have been transmitted to human from an
animal species. The virus primarily targets the respiratory
system leading to complication of acute respiratory
distress syndrome (ARDS). Patients with COVID-19
have shown abnormal respiratory symptoms such as
pneumonia, ground glass opacities and cardiac injury as
well as increased leukocyte counts and pro-inflammatory cytokines which promote disease seve- rity (10).
COVID-19 has exhibited unique features particularly
with the possibility of asymptomatic individuals to
transmit the virus before any symptom becomes
apparent. The virus is also highly transmissible with
some studies reporting an average basic reproductive
number (Ro) of 3.28 and a median of 2.79 (23). The new
virus variants of concern (VOC) present a more complex scenario with the UK variant for instance exhibiting
a 43–90% (95% CI 38–130) higher reproduction number

Fig 2: Schematic representation of coronavirus

Source: https://viralzone.expasy.org/764?outline=all_by_species

(7). Globally, the number of cases and deaths are
increasing and as of 4th April 2021, over 4 million new
cases were reported in a week, with 11% increase in
morta- lity rate (8).
Consequences of emerging and re-emerging infectious
diseases on healthcare workers (HCWs)
Emerging infectious agents such as the SARS-CoV-2,
MERS-CoV, Ebola virus and multi- drug resistant (MDR)
organisms exhibit high virulence in humans. This is
mainly due to well adapted pathogen virulence factors
and lack of immunity in the population. The COVID-19
pan- demic has had its greatest impact on frontline
healthcare workers ever witnessed in the recent years. As
of March 2020, there were 3300 infections of HCWs in
China and by February at least 22 HCWs had died. In
Italy, over 20% of HCWs responding to the pandemic
have acqui- red the infection and some had died (5). The
trend is the same in other regions across the world and
keeping HCWs safe is now a top priority for most
governments. In part this has been attributed to shortages
of personal protective equipment (PPE) such as aprons,
gloves, medical masks, goggles, respirators, gowns and
face shields. The shortage has been occasioned by the
high-rate consumption due to huge influx of COVID-19
patients to healthcare settings increasing exposure rates
for HCWs.
The WHO estimated through modeling that 89 million
medical masks and 76 million examina- tion gloves are
needed for COVID-19 response each month with
international demand for goggles standing at 1.6 million
per month (24, 25). During the outbreak of Ebola Virus
Disease (EVD) in 2014-2015, many HCWs were infected
and the WHO reported 874 cases of EVD with 509 deaths
among HCWs in West Africa (26). A systematic review
including 94 articles linked to 22 outbreaks exploring the
infection rates and associated risk factors for infection
among HCWs during Ebola and Marburg virus outbreaks
highlighted inadequate and inappro- priate use of PPEs
and exposure to individuals with asymptomatic Ebola and
Marburg infection (27). The highest of HCWs exposed
were nurses (61%) and medical staff, hence over half of
the cases were in this occupation. A similar trend has been
observed in China where approxi- mately 60% and 30%
of HCWs infected were nurses and clinical personnel
(28). However, with continued integration of healthcare
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services and patient management in healthcare delivery,
there is an increased risk to other occupations which
should be considered in infection prevention and control
(IPC) efforts (27). With the emergence of new pathogens
such as the current COVID-19 pandemic, lessons learnt
from previous outbreaks should be implemented
appropriately and best practices adopted to reduce the
impact on health care works and the entire population.
Some of the important measures imple- mented in the
current COVID-19 pandemic include social distancing,
hand hygiene, HCW training on IPC and supply of
adequate PPEs. Many countries have also implemented
lock- downs to restrict movement and human interactions as well as cancellation of international travels and
extensive screening at entry points. As new infections
emerge, there is a greater need for sufficiently trained IPC
specialists for proper response to these extraordinary
events (29). The impact of EIDS to countries and the
global community are enormous as witnessed in the
current COVID-19 pandemic. Therefore, every country
should prepare and build the necessary capacity and
infrastructure in disease surveillance, diagnostics,
education, training, research, communication and
strategic planning to be able to quickly recognize and
respond adequately to any such events (30). Prompt and
well-structured response limits the overall mortality and
morbidity as well as economic implications. Newly EIDS
often compete with other healthcare priorities and
existing diseases hence vital resources in the healthcare
system are overstretched (2). The extensive systematic
review highlighted the risk factors associated with HCW
infections during Ebola and Marburg outbreaks. Key
among them was insufficient and inappropriate use of
PPEs, lack of training in PPE and hand hygiene, multiple
use of disposable PPEs and HCW refusing PPEs while
caring for patients. Other important factors included
inap- propriate risk assessment and lack of environmental controls (27).
Significance of basic microbiology training on
infection control practices by healthcare providers
Medical microbiology is a subject of medicine concerned
with the study of human infectious diseases and
responses to such infections. The main focus includes
aetiology, pathogenesis, laboratory diagnosis, treatment,
epidemiology and infection control. The subject is
generally taught as a pre-requisite basic science in
medical, nursing, public health, clinical medicine and
other relevant paramedical courses. The subject is meant
to equip learners with the knowledge of medically
important microorganisms such as bacteria, viruses,
protozoa, fungi and other infectious agents. The preclinical curricular for non-microbiology courses (nurses,
doctors and public health) covers most of the infectious
diseases. However, there is a continuously expanding
content in this subject as new infectious agents emerge
and more discoveries are made on the existing organisms
(31). Some of the most important areas of concern to
medical practice currently include IPC, antimicrobial
resistance (AMR), EIDs, and global health, which are
supposed to be taught along with the foundational microbiology course (32). In this regard, there is a greater need
for adaptability in the teaching and training as well as
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medical microbiology content evaluation from time to
time. In recent years, there has been a surge in the
frequency of healthcare associated infec- tions which has
greatly impacted patient care as well as HCWs.
Healthcare associated infections (HAIs) are mainly
caused by highly resistant microorganisms such as
methicillin-resistant Staphylococcus aureus (MRSA) and
multi-drug resistant tuberculosis (MDR-TB). The
microbes colonize the hospital environment and the cycle
of transmission and outbreaks can occur for an extensive
period of time. The sources are either endogenous (from
the patient’s own flora) or exogenous (from healthcare
worker's hands) (33). Prevention of HAIs is now
considered part of safe and quality healthcare delivery
which has created new demands in the health care system
with significant cost implications when imple- menting
enhanced IPC measures and the resulting longer hospital
stays for infected indi- viduals (34). Occurrence of HAIs
may also have judicial consequences for responsible
health facilities (35). It is estimated that 10% of
hospitalized patients in the developed countries will
develop a HAI while the risk in developing countries is 220 times more (33). EIDs such as COVID-19 (SARSCoV-2 infection) are often noticed when HCWs have
already been infected and other patients within the
healthcare setting are always at risk. In view of the
emerging complexities regarding infectious diseases, it is
crucial that HCWs involved in patient care possess
sufficient IPC knowledge and skills in order to address
these challenges in a safe manner. Basic micro- biology
training should empower medical students to understand
the nature of infectious diseases (e. g. transmission,
pathogenesis and diagnosis) and the risk level for
adoption of proper IPC measures in their future clinical
practice. The relevant topics include appropriate use of
antibiotics, safe collection of specimen for microbial
analysis, preparation of specimens for shipment and
delivery, communicating micro- biological results to
patients and healthcare teams, and appropriate care for
patients based on microbiological results and their
immune status (36). Regarding IPC, the most vital
concepts include use of PPEs, hand hygiene, handling and
safe disposal of sharps, aseptic techniques, clean clinical
environment and decontamination (37). A number of
studies have highlighted challenges in IPC compliance
among nurses and clinicians. One online survey sought to
evaluate the experience of student nurses in clinical
placement where they were presented with a range of
questions as to whether they had witnessed some lapses in
IPC and the frequency of such lapses. All participants
reported to have witnessed lack of compliance
particularly for hand hygiene and over 75% reporting
failure to clean hands between patients contact. Other
lapses were witnessed in isolation precautions, poor
cleaning of patient environment, changing of PPE
between patients, and improper handling of sharp
instruments (38). Another study that sought to evaluate
the effectiveness of a special IPC training offered to
nursing students before graduation reported a positive
influence of the program on the students IPC knowledge,
attitudes and compliance. The study used an experimental
design where participants were randomly assigned to two
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groups with pre and post-tests which demonstrated the
importance of such programs in supplementing basic
curricula training (37). It has been demons- trated that
nursing students have a positive attitude towards hand
hygiene and IPC signi- fying their concern for safety and
patient care. Infection prevention and control is deeply
anchored in a thorough understanding of microbiological
principles, particularly pathogen characteristics
(transmission and pathogenesis). Therefore, IPC
decisions should be based on these factors. It has been
shown that HCWs often make decisions regarding IPC
based on their perceived (often inaccurate) judgment of
risk rather than rational application of micro- biological
principles (39). Therefore, failure to correctly assess the
risk may compromise safety of the HCWs. Some reasons
for the significantly high HCWs infections in the
COVID-19 pandemic apart from the shortage of PPEs
include lack of understanding of the pathogen, poor
knowledge of IPC, exposure to a large number of infected
patients for a long period of time, work intensity, lack of
rest and pressure, lack of training on IPC for respiratory
borne pathogens and lack of pro- fessional supervision
and guidance on the pan- demic response (28). These
factors contributed to substantial HCWs exposure and
infections at the onset of the outbreak. Infectious agents
are generally catego- rized into four biosafety levels
which determine the level of containment and safety
precautions needed when handling them. One factor that
influences the adoption and compliance to IPC
precautions has been explained through the Health
Believe Model (HBM), a theory developed to explain
health related behaviors. The HBM suggests that the
likelihood of an individual to engage in a health related
behavior is deter- mined by their perception of four
important variables; susceptibility, severity, benefit and
barriers (40). Threat perception is based on two beliefs;
perceived susceptibility of the individual to a certain
disease and the perceived severity of the disease to the
individual. Based on this concept, there is need to
influence behavior change and health beliefs of HCWs to
enhance the adoption of safe practices (41).
Strengthening medical microbiology in academic
medical training institutions.
The discovery of microorganisms in the 17th century by
Robert Hooke and Antoine van Leeuwenhoek due to their
interest in micro- scopes laid the foundation for today’s
technolo- gical advancements in microbial studies (42).
The world over, medical training institutions are the
epitome of knowledge that can be leveraged to develop
vital remedies in times of public health emergencies. As
the pandemic rages, a number of vaccines have been
developed and universities such Oxford in the UK have
played a key role in this endeavor. Despite the development and rollout of COVID-19 vaccines, cons- traints
still exist particularly the availability of enough doses for
the entire population as well variants of concern (VOC)
that could impact on the efficacy of the existing vaccines.
Continuous research on the virology of SARS-CoV-2 is
paramount for better control strategies. One significant
milestone was the successful genomic sequencing of the
virus which enabled further informed experiments for
vaccine development (5). Academic medical institutions

are man- dated to train competent healthcare personnel
who can diligently serve in the community. Medical
students are future HCWs and as such, sufficient training
to inculcate sound knowledge of medical microbiology
and IPC competency is indispensable. To facilitate
compliance with set safety precautions among nursing
students, it has been proposed that IPC competence
should entail theoretical, practical, and decision-making
competence (39). Based on this pro- posed approach,
students would need to understand, analyze, synthesize,
and apply the knowledge of microbiology. The decisionmaking competence would be essential for effective
response in the event of an emerging infectious agent such
as the current SARS-CoV-2, MERS-CoV or Ebola virus
which requires an in-depth understanding of
microorganisms (e. g. mode transmission and portals of
entry) rather than simple memorization of procedures.
Another approach is the provision of additional
microbiology classes and special programs focusing on
important IPC concepts. Data have shown that adequate
understanding of IPC and consequences of breach among
HCWs improves the overall compliance (43). To be able
to recognize and respond adequately to future emerging
and re-emerging infectious diseases, and to address the
rising challenge of AMR, medical students should be
exposed to these important concepts early in their career.
The concept of “One Health” is critical considering that
the majority (>70%) of EIDs are zoonotic and mainly
related to wild animals (44). Medical students need to
have understandings of the interface between human,
animal, and environmental health. This will promote
future interactive multidisciplinary efforts both locally
and internationally to address AMR and zoonotic diseases
(2,45). Medical students, nurses and clinicians should be
given opportunities to participate in multidisciplinary
teams involved in community and patient education on
“One Health” to promote better understandings and reallife applications. This can be augmented by mentor- ship
programs to stimulate interests in this important subject.
Antimicrobial stewardship (AMS) has been embraced as
the means to address the rapidly emerging resistance to
antimicrobials and to promote accountability and rational
use of these medicines which are vital global resources
that need to be safeguarded (46,47). One of the key
challenges to this initiative that has been highlighted
include communication barriers between microbiology
laboratories and other care units within health settings. In
essence, the clinicians and the nursing staff have had
challenges interpreting some of the microbiology reports
while the laboratory could miss vital information in
request forms mainly due to the lack of in-depth
knowledge into each other’s areas of expertise (48). This
impediment could be addressed by equipping medical
students with knowledge of various aspects of such
initiatives for effective communication and
implementation later in clinical practice. This will also
enhance accurate patient management and timely
notification of unusual infectious disease diagnosis and
resistant strains. As a public health endeavor, medical
students should also be equipped with adequate
knowledge of infectious disease epidemiology and
sensitized on reporting of notifiable infec- tious agents.
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This will empower them to capture quality data (such as
person time relationship) that can be synthesized to
generate vital inferences to trace EIDs and implement
timely response decisions to prevent escalation of such
unusual events. Essentially this will ultimately contribute
to international surveillance of EIDs and epidemic
intelligence (49). Currently, there is extensive
automation of microbiology and sophisticated analytic
plat- forms for diagnosis and research on infectious
diseases. Therefore, medical students should be kept
abreast with the progress so far as new instruments are
introduced in routine diag- nostics and patient care. Most
significantly is the utility of molecular tests in diagnosis
and treatment monitoring. One such platform is the
GeneXpert, a cartridge based molecular assay which was
developed for rapid detection of Mycobacterium
tuberculosis and resistance to rifampicin (50). This
technology has also been explored for the diagnosis of
current COVID-19 pandemic and was granted
emergency use authorization (EUA) approval by the US
Food and Drug Admiration (FDA) on March 22, 2020
(51). Innovative pedagogical approaches are also critical
in delivery of medical microbiology, which can be
adopted for concepts such as EIDs and AMS (46). There
have been important developments in current education
practice mainly geared towards excellence in teaching
and professional development (52). One impor- tant
concept is the application of a flipped classroom (FC)
approach where students are first exposed to the learning
materials which may be readily available online or shared
by the instructor. Thereafter, time is dedicated where
learners are engaged in student-centered activi- ties that
encourage active learning. This method has gained
acceptance since it promotes the development of lifelong skills for self-directed learning among medical
students (53). Other approaches include adoption of
technology and online teaching platforms which could
facilitate sufficient course coverage and are equally
engaging and interactive (54,55). Periodic curriculum
reviews are also vital to incorporate new developments in
medical microbiology relevant to healthcare delivery.
CONCLUSION
Emerging infectious diseases remain the greatest threat to
international public health and the global economy. The
current COVID-19 pan- demic is causing untold human
suffering with significant fear and mortality. HCWs all
over the world are at the greatest risk of infection and the
number infected globally is alarming while some have
died. There are number of reasons for these which include
among others, shortage of PPEs, inadequate training on
IPC and extreme work intensity. Consequently,
governments of countries have undertaken drastic
measures to ensure adequate PPE supplies, training and
re-training of HCWs and most importantly prioritization of HCWs in vaccine rollout.
To address these challenges now and in the future, there is
need to strengthen founda- tional microbiology and IPC
concepts during college training. Furthermore, health
students should be encouraged to develop positive health
beliefs to promote adoption and implementation of safe
healthcare delivery practices later in their careers. To
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address the concerns of EIDs, sufficient infectious disease
experts should be trained and international collaboration
fostered. EIDs are primarily zoonotic and therefore
patho- gen surveillance in both domestic and wild animals
should be heightened. It is now evident that infectious
agents can emerge from any region across the world and
as such affluent nations should invest and support
countries with limited diagnostic and surveillance
capacity to be able to detect and control such pathogens
early. This will in future serve to avert the wide- spread
damage as witnessed with the current COVID-19
pandemic.
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