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Pattern and Outcome of Childhood Respiratory Diseases Admissions at a
Specialist Hospital in Gusau, North-Western Nigeria: A Four Year Review
1

2

3

1

1
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*Garba BI , Baura MB , Mohammed BA , Ahmad MM , Yusuf T , Onazi SO

ABSTRACT
Respiratory diseases are common causes of childhood morbidity and mortality as well as hospital admission
globally with higher under five mortality especially in low income countries. Studies on specific childhood
respiratory illnesses in different parts of the world have been reported but few reported on combined pattern
and burden of the diseases. Indeed there are few published works in Nigeria and other developing countries. To
determine the prevalence and pattern of childhood respiratory disease admissions, seasonal frequency and
outcome. A retrospective observational study of respiratory disease admissions into the Emergency Paediatric
Unit (EPU)over a 4 year period. Relevant information retrieved included month of presentation, age, gender,
primary diagnosis and outcome. Results were analyzed accordingly with the level of significance set at p £ 0.05.
Five hundred and fifty-four of the 4315 children admitted during the study period had respiratory diseases,
giving a prevalence of 12.8%. Males were 309(55.8%) with a M:F ratio of 1.3:1. Mean age (±SD) was 2.62 ±
(2.50) years. Majority (81.9%) were Under-fives. Pneumonia constituted 315(56.9%), followed by
pharyngotonsillitis 173(31.2%), and then pulmonary tuberculosis 19(3.4). Majority (91.7%) were discharged,
while 37(6.7%) died, with more deaths seen in pneumonia; though asthma had the highest case fatality rate
(18.2%). Prevalence and pattern of respiratory diseases remains high and show similarities in developing
countries with under-fives being more vulnerable. Pneumonia, pharyngotonsillitis and pulmonary
tuberculosis were the commonest causes of respiratory admission. Majority of the patients were discharged,
with more deaths observed in children with pneumonia.
Keywords: Diseases, Respiratory, Outcome

There is no available data from North
Western Nigeria regarding the burden of
childhood respiratory admissions. Information
obtained from the study may be useful to ascertain
their collective impact on the health systems for
1
future intervention measures.

INTRODUCTION
Respiratory diseases have been reported
to be one of the common causes of childhood
morbidity, mortality as well as hospital admission
globally,1-6 with higher prevalence of under five
3
mortality especially in low income countries.
Studies on specific childhood respiratory
illnesses in different parts of the world have been
reported but there are few on the combined pattern
1,5-7
and burden of the diseases. Indeed there are few
published works in Nigeria and other developing
countries.8,9
Childhood respiratory diseases requiring
hospitalization include pneumonia, bronchiolitis,
pharyngotonsillitis, asthma, tuberculosis and
foreign body aspiration amongst others. 7
Pneumonia have been shown to be the
commonest respiratory disease in many
1,3,5,7,9
studies.

Objective: To determine the prevalence and
pattern of childhood respiratory disease
admissions, seasonal frequency and outcome
METHODOLOGY
A retrospective observational study of
respiratory admissions into the Emergency
Paediatric Unit of Ahmad Sani Yariman Bakura
Specialist Hospital (ASYBSH ), Gusau, Zamfara
State; from May 2013 to April 2017 was
conducted using the Unit's admission/discharge
record book. All the admitted children aged 1
month to 13 years (upper age limit for admission
in our institution's paediatric wards) were
included.
Relevant information retrieved included
month of presentation, age, gender, primary
diagnosis and outcome. Results were analyzed
using the Statistical Package for the Social
Sciences 20 (Chicago Illinois, USA).

Department of Paediatrics,1 Usmanu Danfodiyo University
Teaching Hospital Sokoto, Nigeria.
Department of Paediatrics,2 Ahmad SaniYariman Bakura
Specialist Hospital, Gusau, Nigeria
Department of Obstetrics and Gynaecology,3 Ahmad Sani Yariman
Bakura Specialist Hospital, Gusau, Nigeria.
Department of Paediatrics,6 Federal Medical Centre, Gusau.
*Corresponding author: bgilah@yahoo.com.
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Quantitative variables were presented as mean ±
standard deviation and presented as tables; while
qualitative variables were analysed using Chi
square and Fisher's exact test where applicable.
The level of significance p was set at £ 0.05.

RESULTS
A total of 4315 children were admitted
over the study period, of which 554 were due to
respiratory illnesses giving a prevalence of
12.8%. There were 309(55.8%) males and
245(44.2%) females with a M:F ratio of 1.3:1.
The mean age (± SD) was 2.62 (± 2.50) years,
with a range of 1 month to 13 years. Highest
number of admissions including respiratory
admissions occurred in 2016. The distribution of
admissions according to year is shown in figure
1.

Ethical consideration
Approval for this study was obtained from the
Ethics and Research committee of the ASYBSH,
Gusau, Zamfara State.
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Figure 1: Distribution of total and respiratory admissions according to year

Table 1: Age distribution according to gender
Age range
(years)

Males
no (%)

Females
no (%)

Total
no (%)

<5
5.0-9.9
10.0-13.0

263(47.5)
37(6.7)
9(1.6)

191(34.5)
44(7.9)
10(1.8)

454(82.0)
81(14.6)
19(3.4)

Total

309(55.8)

245(44.2)

554(100.0)

Three hundred and fifteen (56.9%) were due to pneumonia, 173(31.2%) pharyngotonsillitis and
19(3.4%) pulmonary tuberculosis as shown in table 2.
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Table 2: Pattern of respiratory diseases seen over the study period
Disease

Frequency

Percentage

315
173
19
11
11
11
6
5
3
554

56.9
31.2
3.4
2.0
2.0
2.0
1.1
0.9
0.5
100.0

Pneumonia
Pharyngotonsillitis
Pulmonary tuberculosis
Asthma
Aspiration pneumonitis
Otitis media
Bronchiolitis
Croup
Pertusis
Total
Aspiration pneumonitis cases were due to
kerosene ingestion in 6(1.1%) children, near
drowning in 3(0.5%) and soap inhalation in 2
(0.4%). There were 8 (1.4%) cases of acute otitis
media and 3 (0.5%) chronic otitis media.

There was observed seasonal variation with more
children admitted during the rainy season as
shown in figure 2.

Number of Respiratory Diseases Admitted

Frequency of Quarterly Respiratory Admission
Number of Respiratory Admission

206

124
108
Jan-Mar

Apr-Jun

Jul-Sept

116

Oct-Dec

Month of Admission

Figure 2: Frequency of quarterly respiratory admissions
The most frequent period of presentation was
between April to June (37.2%), followed by
January to February (22.4%).

signed against medical advice while 1(0.2%)
absconded. Mortality was higher among the
under-fives 31(83.8%), followed by 5-9.9 years
age group 4(10.8%) and least in >10 years age
group with 5.4%. There was no significant
association between gender and outcome
(Fisher's exact=0.07), 19 males died while 18
females died.
Thirty-two (86.5%) of the mortalities had
pneumonia; while case fatality rate was 18.2%
for asthma and 10.2% for pneumonia as shown in
table 3.

Most of the cases of pneumonia appeared more in
the months of April to June, with a peak in May
and the least in January. Pharyngotonsillitis was
seen more between February to May, with a peak
in February. There was no observed seasonal
variation with asthma presentation. Of the
admitted children, 508(91.7%) were discharged,
37(6.7%) died, 5(0.9%) were referred, 3(0.5%)
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Table 3: Case fatality rate according to diseases
Disease

Number of
admissions
Pneumonia
315
Pharyngotonsillitis
173
Asthma
11
Aspiration pneumonitis
11
Otitis media
11

Number
of deaths
32
1
2
1
1

Case fatality
rate (%)
10.2
0.6
18.2
9.1
9.1

similar to the findings reported by Yiltok et al.3 in
1,5,7,9,11
Jos and other earlier reports.
Pneumonia was the commonest cause of
1
3
hospitalisation similar to findings in Enugu, Jos,
5
7
9
10
The Netherlands, Ebonyi, Malawi, Nepal and
11
Ilorin. Pneumonia has been identified as the
leading cause of morbidity and mortality in
children aged below 5 years8,13 which is similar to
our findings. Pharyngotonsillitis was the second
most common disease, a similar finding in Jos.3
1,5,7
This was not reported in other studies.
The admission rate of tuberculosis in this
study was low, which was lower than 6.8%,
10.9% and 6.0% reported from Jos,3 Ebonyi,7 and
10
Nepal respectively. This may perhaps indicate
that tuberculosis is still under diagnosed and
under treated despite improvement in diagnostic
facilities especially with the introduction of
GeneXpert.
The prevalence of 2.0% for asthma in our
study was low, which is comparable to 2.0%
reported by Yiltok et al.3 in Jos, 2.3% by Uijen et
al.5 in The Netherlands and 2.7% Adhikari et al.10
in Western Nepal. However, it was lower than
27.7% reported by Oguonu et al.1 in Enugu and
7
higher than 0.8% reported by Ezenonu et al. in
Ebonyi. The reason for the variations may be
based on the severity of the asthma exacerbation
as not all cases of asthma exacerbation require
hospitalization.
Otitis media is not a common disease
requiring hospitalization unless complicated.
The prevalence of 2.0% was similar to 2.2%
3
reported by Yiltok et al. in Jos, but lower than
12.2% reported by Dowell et al.6 in New Zealand.
The prevalence of aspiration pneumonitis
observed in this study was low, (2.0%)
7
comparable to 2.1% obtained in Ebonyi.
Aspiration following Kerosene ingestion
observed in our study was similar to that reported

DISCUSSION
Our study demonstrated that respiratory
admissions are common causes of morbidity in
children in Gusau, our prevalence was lower than
1
3
24.7% reported from Enugu, 21.9% from Jos
10
and 28.0% from Nepal. Reason for the variations
from other studies could be attributable to sample
size, study period and climatic variations.
Over the study period, the yearly
prevalence of respiratory diseases has been
consistently high with no particular pattern over
the years but was low in 2017. Reason for this is
because the hospital commenced clinical
activities in March 2013 and steadily patient
turnover increased. Secondly, the relatively low
prevalence in 2017 could be attributable to the
fact that only 5 months from that year were
studied since the study period was between May
and April.
There were more males than females,
which is similar to what was reported by Oguonu
et al.1 in Enugu, Ezenonu et al.7 in Ebonyi and
5
Uijen et al. in The Netharlands. Reason for the
male preponderance could be due to the fact that
by culture, males are also more exposed to
outdoor interactions with the community, thus
more prone to acquiring transmissible respiratory
infections
Majority of the children were Underfives, which is similar to findings by Oguonu et
1
3
5
al., Yiltok et al. and Uijen et al. Such age group
have reduced immunity especially in those less
than one year due to decline of maternal
antibodies and their immune system is not yet
developed.
Pneumonia, pharyngotonsillitis and
tuberculosis were the predominant respiratory
diseases in descending order, requiring
hospitalisation in our centre. Other diseases
observed included bronchiolitis, aspiration
pneumonitis, otitis media etc. This finding is also
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in the Ebonyi study;7 however none of the studies
reported on aspiration of soap (during bath) or
near drowning (falling into well or gutter).
Kerosene is commonly used for cooking but
storage problems make it available to children
leading to poisoning. Even though the cases of
aspiration due to kerosene poisoning were few,
health education on domestic accident prevention
is still needed to prevent such occurrences.
Bronchiolitis was not a common cause of
admission in this study; it can be mis diagnosed in
favour of pneumonia. Similarly it was uncommon
in Jos,3 Ebonyi7 and Western Nepal reports,
nonetheless, it is a common cause of acute lower
respiratory infection (ALRI) which was reported
13
by Johnson et al. in Ibadan to constitute 28.4% of
admissions of children with ALRI.
The peak period of respiratory admissions
was found to be between April and June, followed
by the period between January and March. The
months of April to June correspond to the period
of the rainy season in Gusau which peaks in
June, hence the weather is cold. While January to
March corresponds to the dry season in Gusau
with the weather being hot and dry. Our peak
months are similar to the finding in Nairobi,14
which corresponds to the rainy season in Nairobi.
Report from Enugu showed no seasonality as the
cases were almost equal in number.1 Studies from
other parts of the country recorded peak period
between July and November,7,11,12 which can be
attributed to the variation in these seasons
between the different parts of the country. It has
been postulated that rainfall and humidity are
possible risk factors for development of
7
pneumonia in children. Acute respiratory tract
infections increase during this season, with
improperly managed upper respiratory tract
infections progressing to lower respiratory tract
7
infections that may require hospitalization.
Seasonality of respiratory diseases in this study
shows that pneumonia was most common in the
months of April, May and June; while
pharyngotonsillitis was commoner in the months
of February to May, which is not similar to the
3
findings in Jos. We did not observe any
seasonality with asthma admissions unlike report
3
from Jos.
Our discharge rate was high, similar to
1
91.9% obtained in Enugu , but higher than 85.0%

obtained in Ebonyi.7 The mortality of 6.7% was
7
lower than 7.5% obtained at Ebonyi, but higher
than 0.5% from Enugu.1 Most of the death
occurred from pneumonia similar to findings
1
7
from Enugu, Ebonyi and review by Akanbi et
al.8
Even though death from asthma is rare
and more so in the hospital setting, our study
showed asthma had the highest case fatality rate
most probably due to acute severe asthma that
was life threatening with late presentation. The
Enugu study had a low asthma case fatality rate of
1
0.2%.
CONCLUSION AND
RECOMMENDATIONS
The prevalence and pattern of respiratory
diseases remains high and show similarities in
different parts of the world, with under-fives
being more vulnerable. Pneumonia,
pharyngotonsillitis and pulmonary tuberculosis
were the commonest causes of admission.
Majority of the patients were discharged, while
pneumonia accounted for most of the recorded
deaths.
In order to reduce the impact of
respiratory diseases, more efforts are required in
strengthening immunisation which would
protect against vaccine preventable diseases.
Promoting exclusive breast feeding and general
health promotion would go a long way in
reducing the burden of infectious diseases
particularly in under- fives.
Limitation
The study being retrospective was limited by lack
of information on co-morbidities or
complications that may affect the assessment of
the outcome of the various diseases.
CONFLICT OF INTEREST- None
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A Comparative Study of Angiotensin Converting Enzyme Concentration In
Hypertensive and Non-Hypertensive Adults with Type 2 Diabetes in South-South
Nigeria
*Ene AB1, Odum EP2, Okpara HC1, Opurum HC2, Wakwe VC2
ABSTRACT
Hypertension is the commonest cardiovascular co-morbidity of type 2 diabetes mellitus (DM). Obesity and
dyslipidaemia contribute to increased peripheral resistance in obese hypertensive diabetic patients. The rising
prevalence of hypertension among adults with type 2 diabetes mellitus in Nigeria calls for the evaluation of
angiotensin converting enzyme (ACE) as blood pressure regulator. The aim is to measure and compare the
serum concentration of ACE in a group of hypertensive and non-hypertensive patients with type 2 diabetes. A
cross-sectional comparative study conducted in the University of Port Harcourt Teaching Hospital using
confirmed adult type 2 diabetic hypertensive and non-hypertensive patients, selected by simple random
sampling technique. Information obtained with a structured questionnaire. One hundred and twenty (120)
adult type 2 diabetic patients were used for the study, of which 58 (48.3%) were males and 62 (51.7%) females.
Of the 120 diabetics, the hypertensive and the non - hypertensive patients were 55 (45.8%), and 65 (54.2%),
respectively. The reference interval of ACE is 22.85- 24.53IU/L. The mean ACE concentration for the
hypertensive and the non-hypertensive diabetic patients were 26.8IU/L and 24.6IU/L respectively. There was
no significant statistical difference in ACE concentration between both groups, (p ³ 0.05). Similarly, no positive
association between the serum ACE concentration with the renal indices in both groups was observed. Rather,
there were significant statistical differences in blood pressure Body mass Index and renal indices between both
groups. There was no difference in the ACE concentration between the hypertensive and non- hypertensive
diabetic patients. Also, no correlation between the concentration of ACE and other biochemical variables in
both groups was observed, but the physical and biochemical variables showed significant differences.
Keywords: Angiotensin converting enzyme, type 2 diabetes, hypertension, Nigeria

pair sequence, marks the allele as insertion allele
(I) and its absence is termed, deletion allele (D).
Studies have shown that insertion genotype
favours lowest ACE levels while deletion
genotype favours highest ACE level, and (ID)
3
intermediate levels. This forms the genetic basis
for the pathology of several cardiovascular
disorders and diabetes.
Physiologically, renal hypoperfusion and
hyperkalaemia stimulate the renin-angiotensinsystem, which in turn enhance the function of
angiotensin converting enzyme in the renal
vascular endothelial cells.4
Functionally, it regulates blood pressure
and plays a role in diabetic micro- and macro5,6
vascular complications. Hypertension as a
common vascular co-morbidity in diabetes
affects about 20% of the world's adult population,
including Nigeria.7,8 Its homologue, angiotensin
converting enzyme 2 (ACE2) has a protective
function to the heart. And is not affected by ACE
9
inhibitors. In diabetes mellitus, certain
mechanisms resulting from hyperglycaemia
10
contribute to endothelial cell damage causing
elevated concentration of angiotensin converting

INTRODUCTION
Angiotensin converting enzyme (ACE), a
glycoprotein with a molecular weight of 1301
160kDa was discovered by Skeggs et al. in 1956.
It exists in two genetic isoenzyme and physical
forms respectively. The soluble form is found in
the blood while the insoluble form is a component
of the cell membrane.
The reference interval is 0-40 IU/L in
individuals above 20 years of age, but is higher in
age groups younger than 20 years. Its assay is
unreliable in children and adolescents, and in
patients suffering from granulomatous diseases.2
Genetically, the human ACE gene is
located on chromosome 17q23 where
polymorphism involving the insertion of 287
base-pair sequence in intron 16 and 26 exons of
the ACE gene occurs. This forms the basis for the
regulation of ACE function. Presence of the baseDepartment of Chemical Pathology, 1 University of
Calabar/University of Calabar Teaching Hospital, Calabar.
Department of Chemical Pathology,2 University of Port
Harcourt/University of Port Harcourt Teaching Hospital, Port
Harcourt.
*Corresponding author: asuquoene@yahoo.com
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enzyme. This manifests as the complications
observed in these patients.
On account of this, pharmaceutical
compounds (ACE inhibitors) were introduced to
provide a renoprotective effect,11 control of
hypertension, regulates plasma glucose
metabolism, and reduces the rate of development
12
of atherosclerosis. In diabetic patients, ACE
inhibitor is a preferred antihypertensive agent for
the management of hypertension with or without
nephropathy, because it is safer and cost
13
effective.
The rational behind this study was to
compare the serum concentration of angiotensin
converting enzyme in adult type 2 diabetic
patients who have hypertension and diabetic
patients without hypertension in South- South
Nigeria. A significant change would aid in the
management of DM with cardiovascular comorbidity.

Biodata, blood pressure and
anthropometric measurements were variables
used for the study. Body Mass Index (BMI ) was
calculated for the patients. 10mls of blood was
collected and shared into plain bottle without
anticoagulant for ACE, fluoride/oxalate bottle for
glucose, lithium heparin bottle for electrolyte,
urea, creatinine, albumin and ethylene diamine
tetra acetic acid (EDTA) bottle for lipids. Urine
was collected into urine plain bottle. ELISA kit
(Eton Bioscience, Lot number: 2631128313) was
used for the ACE measurement; Ion selective
electrode (URIT-910 Electrolyte Analyzer), for
electrolytes, and the respective methods of
14,15,16
analysis for glucose, creatinine, urea.
Microalbuminuria17 and lipid profile were also
determined in the study. Safety measures adopted
included the wearing of laboratory coats, gloves,
shoes and observation of laboratory instructions.
Quality control samples were analysed
simultaneously in each batch of 10 samples to
ensure analytical accuracy and precision. The
intra-batch and inter-batch coefficient of variation
for ACE were 3.03% and 4.17% respectively.
Statistical Package for Social Sciences
(SPSS version 20.0) software was used for
analysis of data generated. Variables were
compared using Pie-chart and Student's t-test, and
Pearson's Correlation. Confidence interval was
95%, while p-value of £ 0.05 was considered
statistically significant.
The BMI, physical and biochemical
variables were compared in both hypertensive
and non-hypertensive diabetic patients.

MATERIALS AND METHODS
This is a cross sectional comparative
study conducted at the University of Port
Harcourt Teaching Hospital (UPTH), Port
Harcourt, Rivers State in South-South Nigeria.
Questionnaires and the management records were
used for subject selection in all the treatment units
of the hospital. Patients were adults with type 2
diabetes whose treatment did not include
angiotensin converting enzyme inhibitors
(ACEI). Informed written consent was obtained
after disclosing the objective of the study and
explaining the required tests to the patients.
Ethical clearance was obtained before the
study was carried out, and at no cost and minimal
risk to the consented patients. The study was
carried out over six (6) months.
Type 2 diabetic patients (hypertensive and
non-hypertensive) who were 21 years and above
were included in the study. The diabetic patients
were further stratified according to gender. Those
excluded from the study were: type 1 DM
patients, type 2 diabetic patients who were less
than 21 years old and who were on angiotensin
converting enzyme inhibitors (ACEI),
individuals with renal disease on treatment,
tuberculosis, asthma, lung cancer, emphysema,
alcoholic hepatitis, chronic liver disease,
sarcoidosis, pregnancy and those on steroid
therapy.

RESULTS
Characteristics of study population
One hundred and twenty (120) confirmed
adult type 2 diabetic patients who met the
inclusion criteria were screened for the study. The
patients comprised 58 males (48.3%) and 62
females (51.7%). Of the 120 diabetic patients, 55
(45.8%) were hypertensive while 65 (54.2%) had
no hypertension. According to gender, equal
number of male patients (29) were hypertensive
and non-hypertensive. Thirty six (36) female
diabetic patients were non-hypertensive and 26
had hypertension. (Figure 1).
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difference in angiotensin converting enzyme
(ACE) concentration between male hypertensive
(26.48) and male non-hypertensive diabetic
(25.75) was not significant (p = 0.69). The ACE
concentration in female hypertensive was 27.07,
when compared with female non-hypertensive
diabetic patients (23.73). This was equally not
statistically significant (p = 0.06). (Table 2).
There was no significant statistical
difference between the calculated mean (sum of
ACE concentration divide by number of diabetic
patients) for the hypertensive and the nonhypertensive diabetic patients (p=0.09).In
contrast, there were higher and statistically
significant differences in sodium (p = 0.04,
potassium (p = 0.005, urea (p = 0.001), creatinine
(p = 0.001) and microalbuminuria (p = 0.003)
between the hypertensive and the nonhypertensive diabetic patients. In the index study,
concentration of ACE, total cholesterol,
triglyceride, low density lipoprotein cholesterol
in hypertensive were 26.76IU/L, 4.91mmol/L,
1.15mmol/L and 3.23mmol/L respectively; these
values were comparatively higher than values in
non- hypertensive patients. The HDL-cholesterol
was significantly lower in hypertensive patients
compared to the non-hypertensive diabetic
patients (p = 0.04). (Table 3).
Table 4 shows correlation between ACE
concentration and other biochemical variables. In
this study, there was no significant relationship
between the ACE and other biochemical variables
in both groups of patients. The variables were
similar except microalbuminuria which was
evidently higher in diabetic patients with
hypertension than diabetic patients without
hypertension.

Figure 1. Distribution of diabetic patients
according to gender
All the patients used for the study were
aged between 26 years and 78 years. The mean
age was 42.70 years in hypertensive and 41.23
years in non-hypertensive diabetic patients.
Hypertensive patients were not significantly older
than the non-hypertensive diabetic patients
(p =0.18). Both groups of patients were averagely
overweight, with BMI of 28.26 and 25.20
respectively. This was significantly higher in
hypertensive than the non-hypertensive diabetic
patients (p = 0.001). However, the blood pressure
of the hypertensive diabetic patients were
significantly different from those of the group of
non-hypertensive DM patients. (Table 1).
The lower and upper reference limits of
the serum ACE were 22.85 IU/L and 24.53 IU/L,
respectively. The mean (± SD) serum ACE
concentration for the overall diabetic patients was
25.61(± 0.63) IU/L. The mean statistical

Table 1: Demographic and Clinical Characteristics of diabetic subjects grouped by the presence
of hypertension
Characteristic
Age (years)
Body mass index(kg/m2)
Systolic blood pressure
(mmHg):
Male
Female
Diastolic blood pressure
(mmHg)
Male
Female

Mean(SD)
Hypertensive (n=55)

Mean(SD)
Non-hypertensive (n=65)

42.70(1.10)

41.23(0.84)

28.26 (0.75)

25.20 (0.50)

139.31
144.00

122.07
118.14

85.38
85.12

77.24
76.81

*Significance (p < 0.05); SD- Standard Deviation
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p-value
0.18
0.001*
0.001*
0.001*
0.009*
0.004*
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Table 2: Comparing mean differences in ACE concentration in accordance with gender

ACE concentration
Mean (SD)
Hypertensive males (n = 29)
26.48 (1.24)
Non-hypertensive males (n = 29)
25.75 (1.29)
Hypertensive females (n = 26)
27.07 (1.52)
Non-hypertensive females (n = 36)
23.73 (1.01)

p-value
0.69

0.06

*Significance (p < 0.05); SD - Standard Deviation

Table 3: Comparing mean biochemical variables in diabetic subjects with and without hypertension
Hypertension
N=55
Mean(SD)

No hypertension
N=65
Mean(SD)

p-value

26.76(0.96)

24.63(0.81)

0.09

9.03(0.60)

9.18(0.49)

0.85

139.51(0.43)

138.18(0.45)

0.04*

Potassium(mmol/L)

4.15(0.07)

3.93(0.04)

0.005*

Urea(mmol/L)

4.67(0.23)

3.68(0.12)

0.001*

95.64(2.87)

82.31(2.85)

0.001*

TC(mmol/L)

4.91(0.15)

4.70(0.12)

0.25

TG(mmol/L)

1.15(0.07)

1.05(0.07)

0.34

HDL-c(mmol/L)

1.16(0.03)

1.26(0.03)

0.04*

LDL-c(mmol/L)
Microalbuminuria
(ACR) (µg/mg)

3.23(0.15)

2.97(0.11)

0.16

1.88(0.04)

1.65(0.07)

0.003*

ACE concentration (IU/L)
FPG(mmol/L)
Sodium(mmol/L)

Creatinine(µmol/L)

*Significance (p < 0.05); SD - Standard Deviation

Table 4: Correlation between the ACE concentration and the biochemical variables
D M without hypertension
A CE concentration
FPG
.102
sodium
.004
potassium
.160
Urea
.068
Creatinine
-.065
TC
-.051
TG
-.033
HDL
-.055
LDL
-.034
microalbuminuria
-.056
*Significance
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D M with hypertension
A CE concentration
.102
.004
.160
.068
-.065
-.051
-.033
-.055
-.034
.009
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with the BMI. In related studies, obesity has been
implicated in the development of diabetes, and its
co-morbidities.22,23,24 On the other hand, elevated
ACE concentration has been reported in obesity,
which is a major risk factor in diabetic
25
complications.
In the index study, the ACE concentration
was observed to be higher in male than female
diabetic patients. Studies have shown similar
observations with elevated blood pressure in
hypertensive and non-hypertensive males and
26
females. However, the systolic blood pressure in
this study was found to be higher in females than
the male hypertensive diabetic patients contrary
to the study above. This observation may be due to
the effect of DM on reducing the elasticity of
blood vessels, and increasing body water in
females. The overall study did not observe any
significant difference in ACE concentration
among the different genders.
Many controversial hypotheses centering
on the renin-angiotensin system have been
elucidated; however, a study has shown a
connection between elevated glucose
concentration and renin release from the
27
juxtaglomerular apparatus. This finding is
further corroborated by a study done in Austria
where a relationship between diabetes and higher
concentration of angiotensin converting enzyme
28
was established.
Furthermore, the role of angiotensin
converting enzyme in blood pressure control
cannot be over-emphasized. Consequently, its
concentration was expected to be increased in
diabetic patients with hypertension though not
significantly different from that of the nonhypertensive diabetic patients.
The glucose concentration is an evidence
of the level of understanding of diabetic
management by the groups of studied patients.
The regularity of glucose check was not
considered in the course of the study.
This study observed an insignificant
relationship between the hypertensive and the
non-hypertensive diabetic subjects in terms of the
glucose level. The glucose concentration is an
evidence of the level of understanding of diabetic
management by the groups of studied patients. A
strong basis for this argument would have been
established if regularity of glucose check and
assessment of glycaemic control were considered
in the course of the study.

DISCUSSION
Angiotensin converting enzyme is an
enzyme that plays a central role in blood pressure
regulation ranging from vascular volume to
constriction.4 It was known as hypertension
1
converting enzyme initially. It is recently
5
identified by its function.
This study compared the concentration of
ACE in two different groups of adults having type
2 DM- a group with hypertension and another
without hypertension. The female gender was
more than the males in distribution. The males had
equal distribution, while the female diabetic
patients without hypertension were more than the
female diabetic patients with hypertension. The
recruitment of more females in this study
indicates a higher prevalence of female diabetic
patients than the males in Nigeria. This is similar
to the observation made by Chinenye et al.18 In
addition, it could be adduced to the fact that
women are likely to be more sensitive to their
health, thus they seek health care early compared
to men.
The index study revealed that the mean
average age of the patients was greater than forty
(40) years as a major predictor of hypertension, in
diabetic patients. The prevalence of hypertension
in these patients was in relation to the older age
and weight. With the insignificant difference in
age, there is a possibility of the development of
hypertension in due course among those who are
yet to be hypertensive as they advance in age.
Overweight is an established risk factor in the
development of hypertension. Similar
observations were made in two independent
studies carried out in the Southern and Northern
Nigeria where age, and weight were implicated in
the development of hypertension.7,19 In a review
conducted in 2011, it was estimated that up to
40% of patients with hypertension have a body
mass index (BMI) in the obese range.20 This study
did not stratify the BMI in order to specifically
identify the subclass of the obese class. Rather, the
observation was collectively reported in the study
above. In a study on the prevalence of type 2
Diabetes (DM) and hypertension in overweight
and obese people, it was reported that obesity
contributes immensely to the development of
21
hypertension in DM. A similar observation
occurred in this study. This shows that the
prevalence of type 2 DM and hypertension rises
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The significant mean differences among
the markers of renal function in both studied
patients proved the relationship between
cardiovascular complications of diabetes and the
renal function. ACE genetic studies have shown
the correlation between elevated blood pressure
and sodium sensitivity at older age.29 Any
associated renal co-morbidity worsens the
cardiovascular complication as seen in elevated
low density lipoprotein cholesterol (LDL-c).The
diabetic patients without hypertension showed an
elevated concentration of alphalipoproteins
which seems to reduce the risk for hypertension.
The microalbuminuria showed a higher
risk of developing nephropathy in hypertensive
than non-hypertensive patients though both
groups showed a significant relationship. It is an
evidence of long standing diabetes. Odum et al. in
their study showed similar observation.30
There was no significant correlation
between angiotensin converting enzyme and
other biochemical variables measured in both the
hypertensive and non-hypertensive diabetic
patients recruited in the study. The studied
population and other factors such as awareness,
duration of diabetes, onset of hypertension and
compliance to treatment may be the contributing
factors to the lack of correlation.
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Frequency of Hypomagnesemia among Hospitalized Patients in a Nigerian
Tertiary Hospital
1

*Abdullahi M , Ibrahim MB

2

ABSTRACT
Magnesium deficiency is associated with increased morbidity and mortality among hospitalized patients and
yet it was reported to be one of the most under-diagnosed electrolyte disturbances, as plasma magnesium is not
part of the routine electrolyte panel in most hospitals in our setting. Previous studies reported varied
prevalence of magnesium deficiency among hospitalized patients. We aimed have to determine the frequency
of hypomagnesemia, and the underlying clinical conditions associated with it, among hospitalized patients at a
tertiary hospital in north eastern Nigeria. Across-sectional study carried out among one hundred and eighty
(180) hospitalized patients. Clinical details of study subjects were obtained from hospital case notes. Plasma
magnesium was measured using colorimetric method and frequency of hypomagnesemia determined.
Frequency of hypomagnesemia was 18.3%. 81.7%had normal plasma magnesium levels and none of the
subjects had hypermagnesemia. Proportion of subjects with hypomagnesemia was higher in subjects aged
> 50 years compared to the younger subjects aged <50 years (59.1% vs. 12.7%, p < 0.05). Hypomagnesemia was
common among type 2 diabetic patients and those on diuretic therapy (proportion of 20% and 29.4%
respectively). Hypomagnesemia is common among hospitalized patients in our setting, with type 2 diabetic
patients and those on diuretics therapy frequently affected. We recommend routine estimation of magnesium
status among hospitalized patients at risk of low magnesium status.We also recommend further studies that
will investigate the role of magnesium deficiency in the outcome (morbidity and mortality) of hospitalized
patients in our setting.
Keywords: Magnesium, Hospitalization, Nigeria

hypomagnesemia can induce electrolytes
imbalances including hypocalcemia,
hypokalemia and hypophosphatemia which
might further aggravate neuromuscular and
cardiovascular functions.2 Other consequences of
magnesium deficiency include depressed
immune response, arrhythmias, seizures,
depression, osteoporosis and sudden cardiac
3,4
death. Previous clinical studies have shown that
hypomagnesemia is relatively common in
5,6,9-11
hospitalized patients.
Routine measurement of plasma
magnesium as part of the electrolyte panel, for
hospitalized patients, is not done in most hospitals
in our setting, and because signs and symptoms of
hypomagnesemia are non specific nor do they
constitute a syndrome that is easily detectable
clinically,12 hypomagnesemia and its associated
complications often will go undetected. The aim
of this study was to determine the need for
recommending routine measurement of plasma
magnesium for patients on admission at a tertiary
hospital in north eastern Nigeria. We also aimed to
identify the underlying primary medical
conditions as well as other predisposing factors
associated with magnesium balance.

INTRODUCTION
Magnesium is the fourth most abundant
cation and second most abundant intracellular
1,2
divalent cation.
It plays an essential
physiological role in over 300 intracellular
biochemical reactions. Magnesium is required for
a number of cellular functions including cellular
energy production, protein synthesis and
degradation, regulation of intracellular free
calcium ion concentration, release of
neurotransmitters and maintenance of
1,2
neuromuscular excitability.
Alterations in plasma magnesium levels,
especially hypomagnesemia, are associated with
increased morbidity and mortality rates in
3-6
hospitalized patients. Different organ systems
are affected by magnesium deficiency, mainly,
because of disturbances in the function of
excitable membranes of neuromuscular and
cardiac conducting system.2 It is also known that
Department of Chemical Pathology,1 Gombe State University,
Gombe, Nigeria
Department of Internal Medicine,2 Federal Teaching Hospital,
Gombe, Nigeria
*Corresponding author: drgombe@gmail.com

14

Abdullahi & Ibrahim

W J Biomed Res 2018, Vol. 5 No. 2, p. 14-18

PATIENTS/MATERIALS AND METHOD
This is a cross sectional analytical study
conducted at the medical, surgical and emergency
wards of a Federal Teaching Hospital in Gombe,
north eastern Nigeria. The study protocol was
approved by the Health Research Ethics
Committee of the Federal Teaching Hospital
Gombe, Nigeria. We used non-probability
sampling method in which consecutive adult
(aged > 18 years) patients, were enrolled as they
were admitted in to the hospital for various
clinical conditions. We screened 340 hospital
admissions, and 180 subjects fulfilled the
selection criteria.
All study subjects were enrolled in the
study after an informed consent was sought and
obtained. All study subjects are Nigerians of
African descent and living in Gombe State. We
excluded from the study, patients receiving
magnesium containing antacids and/or any form
of magnesium supplementation prior to and/or
during admission in the hospital. Cigarette
smoking and/or alcohol ingestion were also part
of the exclusion criteria.
Detailed history and physical examination
findings of each study subject were recorded at
the time of blood sample collection. The study did
not interfere with the management of the study
subjects throughout their hospital stay in any way.

Laboratory analysis
During analysis, the plasma samples
were thawed, and aliquots were taken and
assayed for plasma total magnesium level using a
colorimetric assay kit (Agappe Diagnostics
Limited, Kerala, India). Magnesium reacts with
Xylidyl Blue to form a colored compound in
alkaline solution. The intensity of the colour
formed is proportional to the concentration of
magnesium in the sample. Hypomagnesemia was
defined as plasma magnesium levels less than
0.75 mmol/L.13 Hemolyzed samples were
excluded and delayed separation of plasma from
cells was avoided. All blood samples were treated
the same throughout the process of blood
collection, transport and analysis. All laboratory
analyses were conducted at the Chemical
Pathology Laboratory of Gombe State
University/Federal Teaching Hospital, Gombe.
Statistical analysis
Statistical package for social sciences
(SPSS) version 20.0 was used for statistical
analysis. Data are summarized using frequencies
and proportions and presented using tables and
figures. Mean differences between groups were
determined using t-test. We compare proportion
differences between groups using chi-square test.
All p-values were two-sided and considered
significant if less than 0.05.

Sample collection and preparation
Each patient was properly identified and
the antecubital fossa was cleaned with a
methylated spirit-soaked swab and allowed to air
dry. A tourniquet was applied to the upper arm, for
a maximum of 1-2 minutes, to visualize the
superficial veins. The most prominent vein was
then identified and punctured with a sterilized 5ml syringe and 21-G needle. Blood sample (5 ml)
was collected and the needle gently withdrawn
and hemostasis secured by applying pressure with
a clean dry cotton wool. The blood collected was
transferred to a lithium heparin bottle and
transported immediately to the laboratory at room
temperature, where it was centrifuged at 4000
rpm for 10 min. The supernatant plasma was
0
pipette into another plain bottle and kept at -20 C
until analyzed for plasma total magnesium. Arms
with indwelling intravenous lines were avoided.
Prolonged application of tourniquet was also
avoided.

RESULTS
We screened 340 hospital admissions,
and 180 subjects fulfilled the selection criteria.
Clinical and biochemical characteristics of the
selected study subjects are summarized in Tables
1 and 2.The mean age of the study subjects,
which were predominantly females (n=101,
56.1%), was 51.0±5.2 years. Majority of the
2
subjects were overweight, BMI > 25kg/m (n=96,
53.3%).When the study subjects were
categorized in to two age groups (< 50 years and
³ 50 years); most of the subjects were less than
fifty years of age (n=158, 87.8%).
The frequency distribution of plasma
magnesium of the study subjects is shown in
Figure 1. Frequency of hypomagnesemia was
18.3% (33/180). About 81.7% (147/180) had
normal magnesium levels and none of the
subjects had hypermagnesemia. It was also
observed that subjects aged ³50 years had higher
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incidence of hypomagnesemia compared to the
younger subjects aged < 50 years (59.1% vs.
12.7%, p < 0.05).
The underlying clinical conditions that are
known to cause magnesium deficiency identified
in subjects with hypomagnesemia were
summarized in Table 3. The clinical conditions
included; type 2 diabetes mellitus (7 out of 35),

diuretics therapy (5 out of 17), enterocutaneous
fistulae (2 out of 3), gentamicin therapy (1 out of
2), proton pump inhibitors (PPIs) therapy (1 out
of 4), malignancy (4 out of 31), chronic diarrhoea
(1 out of 5) and nasogastric suction. In some of
the subjects, more than one condition might have
contributed to the development of the
hypomagnesemia.

Table 1. Clinical characteristics of the study subjects by plasma magnesium category

All
patients
180
51.0 ± 5.2
79/101
26.6 ± 2.1
0.79 ± 0.03

Number
Age (years)
Sex ratio (M/F)
BMI (kg/m2)
Plasma Mg (mmol/L)

Hypomagnesemia
(m ± SD)
33
57.4 ± 4.6
12/21
28.2 ± 2.5
0.63 ± 0.02

Normomagnesemia
(m ± SD)
147
49.2 ± 6.0
67/80
26.0 ± 1.9
0.82 ± 0.02

p-value
< 0.05*
< 0.05*
< 0.05*

Mg, magnesium, BP, blood pressure, BMI, body mass index, m, mean, SD, standard deviation
statistically significant

*

Table 2. Frequency of Hypomagnesaemia in study subjects according to relevant demographic
characteristics
Hypomagnesemia
Variables
Number of subjects
Proportion
Percentage
p-value
Age
<50 years (n=158)
20
20/158
12.7%
> 50 years (n=22)
13
13/22
59.1%
> 0.05
Sex
Males (n=79)
12
12/79
15.2%
Females (n=101)
21
21/101
20.8%
< 0.05*
Body mass index
<25kg/m2 (n=84)
15
15/84
17.9%
>25kg/m2 (n=96)
18
18/96
18.8%
< 0.05
*

statistically significant
80

Frequency (%)

60

40

20

0
0.56 0.60

0.64 0.68 0.72 0.76 0.80

0.84 0.88 0.92 0.96 1.00 1.04

Plasma magnesium levels (mmol/L)

Figure 1. Frequency distribution of plasma magnesium levels among study subjects
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Table 3. Summary of clinical conditions of patients with hypomagnesemia
Clinical condition

Frequency

Type 2 diabetes mellitus
Diuretics therapy
Malignancy
Chronic diarrhoea
Aminoglycoside therapy
Enterocutaneous fistulae
Nasogastric suction
Proton pump inhibitors therapy
Multiple conditions
Others
Total (overall prevalence)

35
17
31
5
2
3
1
4
28
54
180

Number of
subjects with
hypomagnesemia
(%)
7 (20.0)
5(29.4)
4(12.9)
1(20.0)
1(50.0)
2(66.7)
1(100.0)
1(25.0)
6(21.4)
5(9.2)
33(18.3)

development of magnesium deficiency, such as
prolonged loop diuretics therapy and losses of
magnesium in gastrointestinal fluids via
vomiting, diarrhoea or nasogastric suction.
In the present study, about 20% (7 of 35)
of the subjects with type 2 diabetes mellitus had
hypomagnesemia. Type 2 diabetes mellitus has
long been known to be associated frequently with
magnesium deficiency. The pathogenesis of
hypomagnesemia in type 2 diabetes is related to
the increased urinary excretion of magnesium
associated with hyperglycemia and osmotic
15
diuresis in poorly controlled diabetes. Also, a
high proportion (29.4%) of patients on loop
diuretics therapy were found to have
hypomagnesemia. Loop diuretics therapy also
may cause renal wasting of magnesium.
Magnesium reabsorption at the thick ascending
limb (TAL) of the loop of Henle is inhibited by
loop diuretics, causing an increased urinary
excretion of magnesium.16,17 There was no clear
explanation for the hypomagnesemia seen in
some cases among the study subjects.

DISCUSSION
We s t u d i e d t h e p r e v a l e n c e o f
hypomagnesemia and the clinical conditions
associated with it in a cohort of hospitalized
patients at a tertiary hospital in north eastern
Nigeria. The prevalence of hypomagnesemia in
the present study was 18.3%. It was also observed
in this study that hypomagnesemia is frequently
associated with diuretics therapy and type 2
diabetes mellitus.
Several studies have investigated the
incidence of hypomagnesemia in hospitalized
5-9,10
patients ranging from 14% -70%.
The wide
range might be explained by the differences in the
type of patient populations in the various studies
and also the definition of hypomagnesemia used
by the different authors and whether total or
ionized magnesium was measured. The
prevalence rate was generally observed to be
higher in studies where total magnesium was
measured rather than ionized magnesium and in
those whom the study subjects were
predominantly critically ill patients.
K a g i m a J W, i n a p r o s p e c t i v e
observational study done among critically ill
patients in a tertiary hospital in Kenya, reported
an incidence of admission hypomagnesemia of
14
16.7% which was comparable to our findings.
Our study subjects were predominantly
chronically ill patients from the medical and
surgical wards, and therefore were more likely to
have had factors known to predispose to the

LIMITATIONS
The small sample size could be a
limitation for the analysis of data and the
measurement of magnesium was limited to the
plasma compartment. Magnesium deficiency can
exist even when plasma magnesium is normal,
and therefore, there is possibility of
misclassification of subjects.
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CONCLUSIONS
Magnesium deficiency, as measured by
plasma magnesium level, has been shown to be
common among hospitalized patients in our
setting. Magnesium deficiency may be associated
with serious clinical consequences, but because
the associated clinical signs and symptoms are
often non specific, its presence is not readily
detected clinically. In none of all the cases of
hypomagnesemia in this study was there an
indication that the team responsible for care of the
patients suspected the presence of the
hypomagnesemia. This suggests the need to
consider including a routine measurement of
plasma magnesium in patients at risk of
developing magnesium deficiency, and possibly
as part of the baseline investigations done for
newly admitted patients in our setting.
We recommend further studies that will
investigate the role of magnesium deficiency in
the outcome (morbidity and mortality) of
hospitalized patients and the benefits of routine
plasma magnesium determination on patient care
in our setting.
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An Evaluation of the Anti-Atherogenic Property of Ageratum conyzoides against
Nigerian Bonnylight Crude Oil-Induced Dyslipidaemia in Female Rats
*Ita SO, King OI
ABSTRACT
This study was designed to evaluate the ameliorating efficiency of the ethanol leaf-extract of Ageratum
conyzoides on Nigerian Bonnylight crude oil-induced dyslipidemia. Twenty female Wistar rats (120-150g body
weight) were divided into four groups of five rats each. The rats in group I served as the control group and were
oral gavaged 3ml/kg body weight of normal saline; group II gavaged 748.33mg/kg body weight of the extract of
A. conyzoides, which was 20% of the LD50 (3741.66mg/kg). Group III was oral gavaged 3 ml/kg body weight of
NBLCO. This dose was calculated as 20% of the lethal dose (LD50) of 14.14 ml/kg, while group IV animals were
gavaged 748.33mg/kg body weight of the extract of A. conyzoides, and 3ml/kg body weight of Nigerian
Bonnylight crude oil (NBLCO). In all cases, doses were applied daily for 31 days according to animal's most
recent body weight.The results showed that while the NBLCO administration to group III animals
significantly reduced high density lipoprotein (HDL-C), it significantly increase levels of total cholesterol
(TC), triglyceride (TG), low density lipoprotein cholesterol (LDL-C), very low density lipoprotein cholesterol
(VLDL-C), total lipid (TL) an atherogenic index (AI) compared with control and extract groups (I and II)
(p<0.05). In group IV that A. conyzoides was co-administered with NBLCO, there was a significant increase in
HDL-C level, while TC, TG, LDL-C, VLDL-C, TL, and AI were all significantly reduced (p<0.05). It is
evidently demonstrated in this study that NBLCO administration induced dyslipidaemia by increasing the
atherogenic indices with concomitant reduction in HDL-C levels that were ameliorated by co-administration
of ethanol leaf extract of Ageratum conyzoides.
Keywords: Ageratum conyzoides, Nigerian Bonnylight crude oil, lipid profile, atherogenic index,
cardiovascular disorder

micro-structure of wall of arteries. This is because
when LDL-C particles get oxidized, the
endothelial cells respond by attracting monocytes
and causing them to leave the bloodstream and
enter the artery where they developed into
macrophages. The macrophages in turn ingest
oxidized LDL particles to triggers a cascade of
immune responses leading to accumulation of fat
which thicken the wall of artery. This can in turn
result in the development of atherosclerosis,
considered the leading cause of death globally.4
The major known risk factors of cardiovascular
disorders are unnecessarily high LDL cholesterol
and concomitant inadequate HDL cholesterol,
hypertension and non-insulin dependent diabetes
5
mellitus. So protocol aimed at lowering serum
LDL cholesterol and enhancing HDL cholesterol
fractions is considered a strategy that can delay
the on-set of hyperlipidemic disorders. 6
Considering the important of medicinal plants
which have continued to provide valuable
therapeutic agents in traditional and modern
medicine practices, Ageratum conyzoides, an
herbal plant with enormous beneficial effects is

INTRODUCTION
The bioaccumulation of petroleum
hydrocarbon which may be due to unrestricted
exposure could alter the physiology and
biochemical activities of tissues and vital organs
in the body resulting in disease conditions such as
atherosclerosis. Atherosclerosis by the way is a
1
condition associated with dyslipidemia directly
linked with lipid peroxidation and micro2,3
inflammation, where cholesterol fractions
distribution play prominent role. Cholesterol
fractions are very important factors in the
development of cardiovascular disease (CVD),
thus the ratio of triglyceride, LDL and HDL are of
immense importance. There is supportive
evidence in literature that crude petroleum has
atherogenic dyslipidemic tendency in mammals.
The synergy between LDL-C, particularly
oxidized LDL with some fractions of WBC in the
phase of inadequate HDL can be harmful to the
Department of Physiology, Faculty of Basic Medical Sciences,
College of Health Sciences, University of Uyo, Uyo, Nigeria.
*Corresponding author: uloro2003@yahoo.com
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one of such herbal plants. This common annual
herbaceous weed with history of traditional
medicinal benefits in folk medicine in many
countries including Nigeria is used as purgative,
analgesic,7 to cure wounds and burns,8 treatment
of high blood pressure, fever, diabetes,
pneumonia and numerous infectious diseases,9 as
10
11
a blood booster and hepato-protective effect.
The present study therefore focused on the
possibility of using ethanol leaf extract of
Ageratum conyzoides to improve dyslipidemic
effect of NBLCO with a view to preventing
associated cardiovascular disorders in rats.

groups were administered 3000mg/kg,
3500mg/kg, 4000mg/kg, 4500mg/kg and
5000ml/kg of body weight respectively
(intraperitoneally). All experimental animals
were observed for physical signs of toxicity such
as gasping, palpitation, writhing, decreased
respiratory rate, body limb and death after 24
hours.
The median lethal dose of Ageratum
conyzoides was calculated as geometrical means
of the maximum (most tolerable) dose producing
0% mortality (a) and the minimum (least
tolerable) dose producing 100% mortality (b)
using the formula:

MATERIALS AND METHODS
Crude oil
The crude petroleum used in this study
was obtained from the Exxon Mobil laboratory,
Ibeno, Nigeria.

LD50
LD50

= Öab
= Ö3500 x 4000
= 3741.66mg/kg

The acute toxicity test for the NBLCO
also involved 25 mice weighing between 15-22g
were divided into five groups with five mice per
group. Mice in the five groups were administered
intraperitoneally 10ml/kg, 15ml/kg, 20ml/kg,
25ml/kg and 30ml/kg of body weight
respectively.

Collection of plant material
The whole plant was obtained from the
Botanical farm of the Department of
Pharmacognosy and Natural Medicine,
University of Uyo, Uyo, Nigeria. Specimen of the
leaves was authenticated in the Department of
Botany and Ecological Studies, University of
Uyo, Uyo. A voucher specimen (UUH 3517) was
deposited at the Herbarium.

LD50

Preparation of leave extract
The leaves of Ageratum conyzoides were
rinsed with distilled water and dried under shade.
The dried leaves were ground into powder with an
electric blender. Four hundred grammes of the
blended leaves sample was macerated in 700ml
70% ethanol, agitated for 10 minutes with an
electric blender and left overnight in a refrigerator
o
at 4 C. The mixture was filtered with a cheese
cloth and the filtrate obtained concentrated under
reduced pressure using a rotary evaporator (at
37oC) to about 10% of its original volume. The
concentrate was then allowed in a water bath at
37oC for complete evaporation to dryness yielding
40.64g (10.15%) of the extract.

= Ö10 x 20
= 14.14ml/kg

Experimental design and treatment of
animals
Female Albino Wistar rats weighing
between 120-150g were obtained from the
Animal House of the Faculty of Basic Medical
Sciences University of Uyo, Uyo, Nigeria and
were kept in a well-ventilated section of the
Animal House. They were allowed access to feed
(Chow: vital feeds, Grand Cereals Ltd, Jos) and
water adlibitum. The animals were kept in
separate experimental room and allowed to
acclimatize for a period of one week before
commencement of studies. These rats were
randomly divided into four groups (group I, II, III
and IV) of five (5) rats each. Group I served as the
control and was oral gavaged 3 ml/kg body
weight of normal saline. Group II was oral
gavaged 748.33mg/kg body weight of ethanol
leaf extract of Ageratum conyzoides, this dose
was calculated as 20% of the lethal dose (LD50) of

Acute toxicity test
Acute toxicity study (LD50) was estimated
using Lorke's method.12 A total of 25 mice
weighing between 15-22g were divided into five
groups with five mice per group. Mice in the five
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3741.66 mg/kg. Group III was oral gavaged 3
ml/kg body weight of NBLCO. This dose was
calculated as 20% of the lethal dose (LD50) of
14.14 ml/kg, while group IV in addition to 3 ml/kg
body weight of NBLCO, were supplemented
with 748.33 mg/kg body weight of ethanol leaf
extract of Ageratum conyzoides. In all cases, the
doses were based on the rat's most recently
recorded body weight. The calculated volume in
milliliter (ml) was applied daily for thirty one (31)
days. The experimental procedures involving the
animals and their care were conducted in
conformity with the approved guidelines by the
Research and Ethical Committee of the Faculty of
Basic Medical Sciences, University of Uyo, Uyo.
Nigeria.

VLDL (mg/dL) =

TG (mg/dL)
5

Atherogenic index (AI) was calculated as the
ratio of serum levels of cholesterol to serum
levels HDL-cholesterol.
AI =

Total cholesterol/HDL-C

Statistical analysis
Data were expressed as the mean +
standard error of the mean. Statistical analysis
was carried out using window SPSS package
(SPSS 22.00 version). Data were analyzed using
one way analysis of variance (ANOVA), results
obtained were further subjected to test for least
significant difference (LSD). Values of P<0.05
were considered significant.

Collection of blood sample for analysis
After the thirty one (31) days of
administration, the rats were anaesthetized with
chloroform soaked in swap of cotton wool in a
killing chamber. Blood was collected by cardiac
puncture with a 5ml sterile syringe and needle.
The total volume of blood collected was 4ml,
which was transferred into plain sample bottles.
This was allowed to stand for 2 hours to clot after
which the serum was separated by centrifugation
(RM-12 micro centrifuge, REMI, England) at
4000 rpm for 10 minutes. The serum obtained was
o
stored at -20 C until required for analysis.

RESULTS
The results of the lipid profile obtained
after 31 days administration are shown in Table 1.
The administration of the leaf extract of
Ageratum conyzoides to group II did not alter
total cholesterol, LDL-C,
total lipid and
atherogenic index significantly compared with
group I (control), but significantly increased
triglyceride, HDL-C and VLDL-C compared
with the control
group (p<0.05). The
administration of Nigerian Bonnylight crude oil
to group III animals significantly increased the
total cholesterol, triglyceride, LDL-C, VLDL-C,
total lipid and the atherogenic index, but
significantly reduced HDL-C. The coadministration of extract of Ageratum conyzoides
to group IV animals caused significant
reductions in total cholesterol, triglyceride, LDLC, VLDL-C, total lipid and the atherogenic
index, while it significantly increased HDL-C
comparatively (p<0.05). The co-administration of

Lipid profile test
The lipid components such as total
cholesterol were estimated using standard kits
from Randox (USA), while triglyceride, HDL-C
and LDL-C were estimated in serum using
standard kits supplied by Randox (UK), Dialab
(France) and Sunlong Biotech co limited (China)
respectively.
The rat total lipid assay was determined
spectrophotometrically using standard kits from
Randox (UK) according to the method of
Fringsand Dunn (1970).13

Ageratum conyzoides with NBLCO to group IV rats
did not alter LDL-C significantly compared with
NBLCO group III.

Calculation of very low density lipoprotein
(VLDL)
The value of VLDL was obtained
mathematically using the formula as described by
Friedewald et al.14.
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Table 1: Comparison of lipid profile and the atherogenic index in rats following exposure to NBLCO and
ethanolic leaf extract of Ageratum conyzoides for 31 days.

Groups TC
TG
HDL
LDL
VLDL
Total
(mg/dL) (mg/dL) (mg/dL) (mg/dL) (mg/dL) Lipid
(mg/dL)
I
II
III
IV

30.50 ±
1.48
37.83 ±
3.30
50.83 ±
4.41a,b
46.00 ±
2.25a,c

25.67 ±
1.82
37.50 ±
1.72a
56.50 ±
2.23a,b
40.00 ±
1.93a,c

26.17 ±
2.96
33.33 ±
2.12a
19.50 ±
0.76a,b
52.33 ±
1.93a,b,c

21.83 ±
1.97
29.33 ±
1.69
44.63 ±
2.12a,b
44.33 ±
1.02a,b

5.03 ±
0.35
7.50 ±
0.35a
11.30 ±
0.45a,b
0.80 ±
0.39a,c

59.67 ±
3.43
67.00 ±
2.48
142.83 ±
9.45a,b
109.33 ±
8.27a,b,c

Atherogenic
index
1.02 ± 0.10
1.13 ± 0.02
2.62 ± 0.08a,b
0.78 ± 0.06a,b,c

Legend:
a = significantly different from group I (p<0.05)
b = significantly different from group II (p<0.05)
c = significantly different from group III (p<0.05)

turn accelerate atherogenic activities including
recruitment of macrophages, cytokines and other
cells.19 High concentration of LDL-C in the
plasma with corresponding low HDL-C
concentration exposes LDL-C to oxidation
process, this in turn raises the atherogenic
potential of the body.20 Atherogenic index could
be used to diagnose the atherosclerotic risk which
is estimated by the ratio of TG to HDL.21 The coadministration of Ageratum conyzoides with
NBLCO significantly reversed the results
including atherogenic index indicating its
possible usefulness in management of associated
cardiovascular disease of dyslipidaemia origin.
It appears the efficiency with which the
crude ethanol leaf extract of Ageratum
conyzoides exert the significant reversal in the
levels of the aforementioned lipoproteins and the
atherogenic index can be attributed to its antioxidative properties.22 Substances with efficient
anti-oxidative tendencies can effectively
mitigate oxidant activities by reducing the energy
of the already formed oxidant radicals to stop
23
further production of free radicals in a
cascading fashion. Although the anti-oxidative
properties of the medicinal plant was not
investigated in this present study, but information
available in literature indicates that the medicinal
plant discussed is very rich in antioxidants22 and
could exert its ameliorative effects through this

DISCUSSION
This study was designed to evaluate the
ameliorating efficiency of the ethanol leaf extract
of Ageratum conyzoides on Nigerian Bonny light
crude oil-induced dyslipidaemia. The oral
administration of Nigerian Bonny light crude oil
(NBLCO) to the rats significantly elevated the
serum concentrations of total cholesterol,
triglyceride (TG), low density lipoprotein
cholesterol (LDL-C), very low density
lipoprotein cholesterol (VLDL-C), total lipid, and
the atherogenic index (AI), while it significantly
reduced high density lipoprotein cholesterol
(HDL-C) of female Wistar rats. These results with
particular reference to TG and VLDL-C are
contrary to similar reports on male Wistar rats,
where NBLCO was reported to have significantly
reduced TG and VLDL-C.15,16 This finding agrees
with documented evidence that continuous
exposure to crude oil by ingestion, inhalation and
17
skin contact causes increase in lipid profile, and
consequently increase atherogenic index15,16
which could expose the rats to the risk of
developing cardiovascular disorder. It has been
reported that an increase in TC, LDL-C and
concomitant HDL-C reduction are predisposing
risk factors for the development of cardiovascular
disorder15,16 such as atherosclerosis among
18
others. The toxicant present in crude oil could
probably have induced inflammation; this can in
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mechanism. The medicinal efficacy of Ageratum
conyzoides is associated with its many bioactive
chemical compounds which have enhanced its
value in medicinal field, it is reported that these
chemical compounds constitute the secondary
metabolites, which are responsible for most
23
pharmacological activities of the plant. Other
than the antioxidant property of the plant, the
metabolite, saponins in particular prevent
excessive intestinal cholesterol uptake and thus
reduce the risk of cardiovascular diseases such as
hypertension.24

7.

8.
9.

10.

CONCLUSION
It is evidently demonstrated in this study
that NBLCO administration induced
dyslipidaemia by increasing the atherogenic
indices with concomitant reduction in HDL-C
levels that were ameliorated by co-administration
of ethanol leaf extract of Ageratum conyzoides.
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Prevalence of Insulin Resistance among Medical Students of University of Benin,
Benin-City, Nigeria
1

*Adaja TM , Ayinbuomwan E

2

ABSTRACT
The dwindling population of medical doctors worldwide, most especially in Nigeria necessitates the
maintenance of good health among the current medical students who will transform to medical doctors in the
nearest future. Insulin resistance has been identified as the major aetiologic factor for most noncommunicable diseases worldwide. This study determined the prevalence of insulin resistance among the
medical students in University of Benin, Benin City, Nigeria. A total of 90 medical students ranging from 1835 years old were randomly selected from the medical student population who have spent at least one year in
the school. Thirty-nine (43.3%) of the students were males while 51 (56.7%) were females. Anthropometric,
fasting glucose, insulin and lipid parameters were determined. Insulin resistance was determined using
homeostasis model assessment of insulin resistance (HOMA-IR). Students were categorized based on gender
and levels of their lipid. Biochemical parameters were compared using Students T-test. Homeostasis model
assessment of insulin resistance (HOMA-IR) among male and female medical students were 0.208±0.20 and
0.624±0.70 respectively (p=0.0002). Female medical students have higher fasting plasma insulin than the
males. The prevalence of insulin resistance among medical students was found to be 3.3%. Prevalence of
insulin resistance among the medical students was low. Though, fasting plasma insulin was a bit higher
among female medical students, there is a need for health education on the effect of insulin resistance among
medical students most especially the females.
Keywords: Insulin resistance, medical students, lipids
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INTRODUCTION
Insulin resistance is currently an
underlying phenomenon in the aetiology of most
non-communicable diseases.1 Insulin resistance
(IR) is commonly referred to as impairment of
insulin action with abnormalities in glucose
uptake in the muscle and increased hepatic
glucose production resulting in hyperglycaemia
2
in both the fasting and postprandial states.
Insulin resistance is a pathological situation
characterized by absence of physiological
response of peripheral tissues to insulin action,
leading to metabolic and haemodynamic
disturbances like dyslipidaemia, hypertension,
glucose intolerance or frank diabetes mellitus,
h y p e r u r i c a e m i a , a b d o m i n a l o b e s i t y,
hypercoagulability and abnormalities in
fibrinolytic system, hyperandrogenism, fatty
liver, coronary artery disease (CAD), metabolic
syndrome, polycystic ovarian syndrome and
3,4
some cancers. In insulin resistant individuals,
elevated plasma insulin, atherogenic
dyslipidaemia and endothelial dysfunction are
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commonly seen. It is the main culprit in the
association between visceral obesity and
3
metabolic/non-metabolic diseases.
Abnormalities in lipid metabolism have been
documented as one of the driving forces in the
aetiopathogenesis of insulin resistance.2,6 Lipid
derangements commonly seen in insulin resistant
individuals include: markedly reduced high
density lipoprotein- cholesterol (HDL-C),
elevated very low density lipoprotein (VLDL) and
less commonly, elevated low density lipoproteincholesterol (LDL-C); as levels of VLDL have
6
been reported to be controlled by insulin.
Hyperinsulinaemia enhances hepatic VLDL
production and hence contributes immensely to
hypertryglyceridaemia seen in insulin resistance
7
and diabetes mellitus.
Common health problems among medical
students range from psychiatric disorders,
infections, violence, smoking and alcohol intake. 8
Are they predisposed to common metabolic
diseases as a result of insulin resistance? This is
the thrust of this study among the medical
students.
Insulin resistance is one of the hallmarks
of metabolic syndrome.9 Few studies have
reported the prevalence of insulin resistance
among medical students. Charpe et al. reported
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the prevalence of insulin resistance as 40% among
Indian male medical students in Bhopal with a
significant association with central obesity.24 A
similar study examined obesity indices (body
weight, body mass index, waist circumference,
waist hip ratio etc) are positively associated with
insulin resistance in apparently healthy Korean
26
high school students. Lavalle et al. reported the
prevalence of metabolic syndrome among 213
students of the Faculty of Medicine, University
Hospital, Mexico as 9.8-14.5% while central
9
obesity was seen in 17.8-28.6% of the students.
Low HDL-C (59.1%), hypertriglyceridaemia
(38.1%), hyperglycaemia (25.8%) and
hypertension (13.6%) were noticed among the
9
students. High prevalence of insulin resistance
and obesity was documented among 100 healthy
10
young Omani medical students. Saad et al.
reported hyperinsulinaemia in normoglycaemic
11
patients with elevated blood pressure. They
opined that these patients might have insulin
resistance as elevated insulin levels stimulate the
sympathetic nervous system, increase renal
sodium retention, modulate cation transport and
induce vascular smooth muscle hypertrophy.11
Akande et al. reported high fasting insulin and
homeostasis model assessment of insulin
resistance (HOMA-IR) among Nigerian
hypertensive patients.2 In another study to
determine the basal insulin resistance and insulin
secretion among Nigerians with type-2 diabetes
(T2DM), Oli et al. reported 95% prevalence of
12
IR in type 2 diabetes mellitus patients. In a study
by Raimi et al., the prevalence of insulin
resistance among 50 Nigerians without prior
history of hypertension was 42%, taking IR as
HOMA-IR >2, with the women being more
affected.13 Bakari and Onyemelukwu in Zaria,
Northern Nigeria reported a mean HOMA-IR of
1.96 ± 1.04 among
hypertensive-diabetic
14
patients. Little is known about the level of
insulin resistance among medical students in
Nigeria. This study was carried out to determine
the fasting plasma glucose, insulin and lipid levels
in medical students and used homeostatic model
of assessment for insulin resistance (HOMA-IR)
to determine the prevalence of insulin resistance
amongst these students.

MATERIALS AND METHODS
Study location/population
This cross-sectional study was carried out
among medical students in the University of
Benin, Benin City, South-South, Nigeria; who
have studied for at least a year in the University.
Ninety apparently healthy medical students were
randomly selected from various levels in the
school. Participants were recruited through class
announcement and words-of-mouth. Medical
students who are diabetic or currently on steroids
or lipid lowering medications were excluded
from this study. Ethical clearance was obtained
from the Ethical Committee of the University of
Benin Teaching Hospital, written informed
consent was obtained from the students and
utmost confidentiality maintained throughout the
study. Data was protected with password in
personal computer and subjects' reports were
issued as requested by the students.
Blood pressure and anthropometric
measurement
Consented and eligible subjects who have
fasted were made to rest for five minutes before
blood pressure was measured. Blood pressure
(systolic and diastolic) was measured using
Acousson® sphygmomanometer and Litmann®
stethoscope by the same person. The cuff was
wrapped round the left mid-upper arm, systolic
blood pressure was detected initially by palpation
and later by the Korotkov sounds I and V for
systolic and diastolic blood pressures
respectively. Subjects were weighed with light
clothing, without shoes to the nearest 0.5 kg and
height measured (to the nearest 0.1cm) using a
stadiometer (RGZ-120) the reception of the
Advanced Clinical Investigation Laboratory in
the Department of Chemical Pathology. Body
Mass Index (BMI) was calculated as weight
divided by height square metre in kg/m2. BMI of
2
18-24.9, 25-29.9 and >30 kg/m were considered
as ideal weight, overweight and obesity
respectively using National Institute of Health
2 0 0 0 c l a s s i f i c a t i o n c r i t e r i a . 1 5 Wa i s t
circumference was measured midway between
the inferior margin of the last rib and the iliac
crest in a horizontal plane with the measuring
tape not compressing the soft tissue and subject
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standing erect with the feet 25-30cm apart to
ensure weight as evenly distributed. Waist
circumference of >102cm and > 88cm were
considered as elevated for male and female adults
respectively.
Hip circumference was measured around
the pelvis at the point of maximum protrusion of
16
the buttocks. Hip circumference of >95cm and >
98cm are elevated in male and female
respectively.15

Estimation of Insulin resistance
19
Insulin resistance was estimated by
calculating the homeostatic model assessment
for insulin resistance (HOMA-IR)
HOMA-IR= [Fasting plasma insulin (µU/ml)
x plasma Glucose (mmol/L)]
HOMA-IR > 2.0 was reported as elevated,
13
hence insulin resistance in the subject.
Data analysis
Data collected using a structured
questionnaire were analysed using SPSS version
20 (IBM/SPSS Amonk, USA). Data was
categorized by gender and level of glycaemia.
Subjects are either normoglycaemic or having
impaired fasting glucose. None of the subject was
diabetic. Data was tested for normality using
Komolgorov-Smirnov test; and then presented in
tables and bar charts. Quantitative variables were
presented as mean and standard deviation while
qualitative variables were expressed as
frequencies, percentages and proportions.
Differences in the mean values between the two
groups were compared using Student T-test.
Statistical significance was taken as p-value less
than 0.05.

Subject preparation and sample collection
The students picked their questionnaires
from the reception of Advanced Clinical
Investigation Laboratory a day before. They were
encouraged to fast overnight for at least 12 hours
before presenting themselves for sample
collection. Venipuncture site was cleaned using
70% methylated spirit and allowed to dry. A total
of 6 ml of blood was collected from the subjects.
Four milliliters of blood was dispensed
into an EDTA bottle for fasting plasma insulin and
lipids while 2ml of blood was collected into a
fluoride-oxalate bottle for fasting plasma glucose.
Lipid and insulin specimens were centrifuged at
3000 revolution per minute and separated into
0
plain bottles and stored in the -80 C freezer
located in the Advanced Clinical Investigation
Laboratory in the Department of Chemical
Pathology until they were analysed not later than
two weeks. Fasting plasma glucose specimens
were analysed immediately using glucose oxidase
method. The cost of reagents and consumables
were paid for by the researchers.

RESULTS
A total of 90 medical students (51 males
vs 39 females) with age range of 18 to 35 years
were recruited for this study. The mean age was
24.5 ± 2.30 years. The average fasting plasma
glucose and insulin in male and female subjects
were 4.88±1.11 vs 4.67 ± 0.71mmol/L and
0.867±1.23 and 3.09 ± 4.29µU/ml respectively.
None of the students has hypoglycaemia.
Homeostatic assessment model for insulin
resistance (HOMA-IR) in both male and female
was 0.208±0.20 and 0.624 ± 0.77 respectively
(p=0.000). The mean plasma total cholesterol
and triglyceride, LDL-cholesterol, Non HDLCholesterol and HDL-Cholesterol were
4.64±0.86, 0.93±0.25, 3.4±0.87, and 3.64±0.87
and 1.00±0.14mmol/L respectively. Elevated
total cholesterol was found in 28.2 and 27.5% of
male and female medical students respectively.
A total of thirty (33.3%) students had
elevated total cholesterol of > 5.12 mmol/L while
60 students have their total cholesterol within the
reference interval. Medical students with
elevated cholesterol have a significantly higher
fasting plasma insulin and insulin resistance
(3.17±4.86 vs 1.16±1.41µU/ml, p=0.001) and

Biochemical assay of fasting plasma insulin
and lipids
Fasting plasma insulin was assayed using
a sandwich immunoassay technique (Insulin
ELISA, Calbiotech®, CA92020; LOT INS5275),
plasma total cholesterol and triglyceride levels
were determined using enzymatic
spectrophotometric methods (752N-VIS
Spectrophotometer),
plasma high density
lipoprotein-cholesterol was determined using
17
method described by Burstein et al. while low
density lipoprotein-cholesterol (LDL-C) was
estimated using Friedewald equation (LDLC ( m m o l / L ) = To t a l c h o l e s t e r o l - H D L - C 18
Triglyceride/2.2). Non HDL-cholesterol was
estimated using the formula: NonHDL-C = Total
19
cholesterol- HDL- cholesterol.
27
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0.646±0.89 vs 0.259±0.29, p=0.000 respectively.
Female medical students have a slightly higher
total cholesterol than their male counterparts
(4.85±0.96 vs 4.58±0.56mmol/L, p=0.128).
Twenty medical students were found to have
impaired fasting glucose. However, there was

slight elevation of fasting plasma insulin
(2.024±3.47 vs 1.15±1.476, p=0.003) and insulin
resistance (0.40 5± 0.638 vs 0.33 ± 0.093,
p= 0.002) among students with normoglycaemia.
Fifteen of the male students have impaired
glucose

Table 1: General characteristics of the study population

Characteristics
Age(years) :18-23
24-29
30-35
Sex :
Male
Female
Marital status: Single
Married
Religion :
Christianity
Islam
Class(Level): 200
300
400
500
600
Tribe:
Bini
Yoruba
Ibo
Esan
Etsako
Urhobo
Others

Frequency (n)
45
38
7
39
51
89
1
89
1
3
3
39
20
25
26
5
16
7
4
4
28

Percentage(%)
50.0
42.2
7.8
43.3
56.7
98.8
1.2
98.9
1.1
3.3
3.3
43.3
22.3
27.8
28.9
5.6
17.8
7.8
4.4
4.4
31.0

Table 2 :Blood pressure and anthropometric parameters of the study population

Weight (kg)
Height (m)
BMI (kg/m2)
WC (cm)
HC (cm)
WHR
Systolic pressure
Diastolic pressure

Male
72.4±12.3
1.58±0.09
24.66±5.72
88.2±15.5
78.5±12.4
0.878±0.06
109.5±15.4
68.5±14.62

28

Female
74.3±14.5
1.56±0.07
26.21±6.10
86.0±14.8
88.7±13.1
0.95±0.05
110.2±13.81
70.3±15.01

p-value
0.506
0.231
0.128
0.167
0.004
0.221
0.124
0.301
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Table 3: Biochemical parameters of the study population based on gender

Biochemical
parameters
FPG (mmol/L)
FPI (µU/ml)
HOMA-IR
TC (mmol/L)
TG (mmol/L)
HDL-C (mmol/L)
LDL-C (mmol/L)
Non-HDL-C (mmol/L)

Mean ± SD
(n=90)

Mean ± SD
Male (n=51)

Mean ± SD
Female (n=39)

p-value

4.79 ± 0.96
1.80 ± 3.15
0.39 ± 0.59
4.64±0.86
0.93±0.25
1.00±0.14
3.46±0.87
3.64±0.87

4.89±1.11
0.867±1.23
0.208±0.29
4.67±1.07
0.91±0.29
1.03±0.11
3.44±1.06
3.62±1.06

4.67±0.71
3.09±4.3
0.624±0.78
4.63±0.51
0.95±0.18
0.96±0.16
3.48±0.55
3.67±0.54

0.212
0.0001
0.0002
0.128
0.417
0.207
0.301
0.115

FPG: fasting plasma glucose, fasting plasma insulin Homeostatic model assessment of insulin resistance, TC: total
cholesterol, TG: triglyceride, HDL-C: high density lipoprotein- cholesterol, LDL-C: low density lipoproteincholesterol.

Table 4: Biochemical characteristics based on the level of plasma total cholesterol in the study
population

Biochemical parameters
FPG (mmol/L)
FPI (µU/ml)
HOMA-IR
TG (mmol/L)
HDL-C (mmol/L)
LDL-C (mmol/L)
Non HDL-C (mmol/L)

Normocholesterolaemia
(n=60)
Mean ± SD

Hypercholesterolaemia
(n=30)
Mean ± SD

p-value

4.84±0.99
1.16±1.41
0.259±0.29
0.93±0.27
1.00±0.13
3.41±0.99
3.59±0.99

4.69±0.91
3.17±4.86
0.646±0.89
0.93±0.19
0.99±0.15
3.54±0.55
3.73±0.55

0.182
0.001
0.0001
0.561
0.432
0.320
0.128

Table 5 :Biochemical characteristics based on the level of glycaemia in the study population

Biochemical parameters
FPI (µU/ml)
HOMA-IR
TC (mmol/L)
TG (mmol/L)
HDL-C (mmol/L)
LDL-C (mmol/L)
Non HDL-C (mmol/L)

Normoglycaemia Impaired fasting glucose
(n=70)
(n=20)
Mean ± SD
Mean ± SD
2.024±3.47
0.405±0.638
4.598±0.939
0.889±0.228
0.996±0.141
3.545±0.786
3.723±0.783

1.15±1.48
0.331±0.09
4.80±0.542
1.07±0.265
1.024±0.123
3.144±1.099
3.560±1.112

p-value
0.003
0.002
0.000
0.000
0.000
0.000
0.000

FPG: fasting plasma glucose, fasting plasma insulin Homeostatic model assessment of insulin resistance, TC: total
cholesterol, TG: triglyceride, HDL-C: high density lipoprotein- cholesterol, LDL-C: low density lipoproteincholesterol.
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Figure 1: Bar chart showing the frequencies of glycaemic levels in the study population (NG: Normoglycaemia,
IFG: Impaired fasting glucose)
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Figure 2: Prevalence of insulin resistance among the study population
0.00-0.99

blood glucose brings about various forms of
disease conditions such as prediabetes, diabetes
4
mellitus, metabolic syndrome, dyslipidemia etc.
Our study assessed insulin resistance
among the medical students who will later
occupy the medical positions in the future. The

DISCUSSION
Insulin resistance is a pathological
condition in which cells fail to respond normally
to insulin.4 The body cells lose sensitivity to
insulin preventing glucose delivery into the cells
for energy production. The resulting increase in
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prevalence of insulin resistance among the
medical students was 3.3%. Our finding is not in
agreement with the higher prevalence of insulin
resistance of 45% among the college students in
Mexico.20 This might be as a result of difference
in prevalence of overweight and obesity in
Nigeria and Mexico. Mexicans have been
reported to have more overweight and obese
individuals.21 Female medical students have
higher fasting plasma insulin (FPI) and insulin
resistance. This finding could be as a result of
higher adipocytes found in females than their
male counterparts.22 Insulin resistance is a major
component of metabolic syndrome. Turchiano et
al. reported that the use of HOMA-IR identifies
more college students with metabolic syndrome
than using impaired fasting glucose threshold.23
Our study observed higher levels of fasting
plasma insulin and HOMA-IR even among
medical students with normoglycaemia. This
implies that, there could be high prevalence of
metabolic syndrome among the medical students.
Higher levels of insulin found in female medical
students was at variance with the report of Charpe
et al.24 where 40% of male medical students had
their HOMA-IR ³ 2.0. Our study showed that
only three (3.3%) students had HOMA-IR ³2.00.
On the average, impaired fasting glucose
was seen in 20 students; however, more male
medical students have impaired fasting glucose.
Elevated total cholesterol was observed in 30
students but fasting plasma insulin in female
students was three times higher among students
with hypercholesterolaemia than
normocholesterolaemic students (p=0.000). This
also strengthens the view that metabolic
syndrome might be high among the medical
students. Plasma total cholesterol was higher
among female medical students than their male
counterparts (p=0.000). This could be as a result
of more adipocytes among the females than the
male students.22
Therefore, our study has shown that some
medical students have been programmed for
metabolic and non-communicable disease in
future. Studies have shown that medical doctors
are prone to non-communicable diseases like
obesity, diabetes mellitus, heart diseases.25

resistance is higher among the female medical
students than their male counterparts. There is an
urgent need for health education, routine medical
checkup and instituting therapeutic lifestyle
modification among the medical students to avert
the danger of non-communicable diseases later in
future when the society would be in dire need of
qualified healthcare professionals.
1.

2.

3.

4.

5.

6.

7.

CONCLUSION
The prevalence of insulin resistance
among the medical student is 3.3%. Insulin
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Alternate Pathway Haemolytic Complement (AH50) Activity among under 12
Years Children with some Bacterial and Malaria Parasite Infections
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ABSTRACT

Complement system is an essential part of our body's defense against infections. It helps the cells in our
immune system to better recognize and capture microbes and can also lead to direct elimination of microbes by
destroying their cell membrane. There is increase in the incidence of complement deficiencies globally. There
is paucity of data on complement activity among children especially in our locality. This study was set to
evaluate the AH50 Complement activity among children with some bacterial and malaria parasite infections.
This is a cross sectional study in which71 children with some bacterial and malaria parasite infections
attending Usmanu Danfodiyo University, Sokoto, were recruited. Blood sample was collected from the children
then processed to obtain a serum. The serum AH50 was analysed using sandwich enzyme linked
Immunosorbent assay (ELISA).The AH50 activity in the children was found to be between 71.3 U/ml-176.9
U/ml. Children whose ages fall between 9-12 years have higher AH50 activity (94.63 U/ml) compared with other
age groups, but statistically not significant. Children diagnosed with malaria parasite have higher AH50 activity
(87.49 U/ml) compared with those diagnosed with bacterial infection (p=0.05). Among the causative
organisms, children with Staphylococcus aureus infection have higher AH50 activity (88.17 U/ml) compared
with other infectious agent, but the differences is not statistically significant. AH50 activity fall within the assay
range this indicate normal activity. There is significant difference in AH50 activity between children diagnosed
with malaria parasites and bacterial infections. Therefore we recommend further research to identify the
reasons behind the differences.
Keywords: Alternate Complement Pathway, Enzyme-Linked Immunosorbent Assay, Immunity, Immune
System, Innate

earliest possible diagnosis on a population scale
have already been developed in the USA and few
European countries.4 In addition, complement
deficiencies has been shown to be between 1 and
10% of all primary immunodeficiencies. 5
Deficiencies of complement system is more likely
among young children that have had recurrent and
6
persistent infections and affect both sexes
equally.7
A study show that complement cascade is
activated during malaria infection.8 Among the
infections, Malaria remains one of the world's
most important infectious diseases and is
responsible for over 1 million deaths each year
9
globally. Furthermore deficiencies in the
complement cascade can lead to overwhelming
5
infection and sepsis . Patients with deficiency of
either classical or alternative pathway suffer
recurrent pyogenic infections with Streptococcus
pneumoniae, Haemophilusinfluenzae or
Neisseria meningitidis infections which may later
manifest as meningitis, sepsis, or arthritis.10,11
Early detection of Complement
deficiencies will enable aggressive treatment of
microbial infections with appropriate

INTRODUCTION
Complement protein plays a role as a
central part of innate immunity and constitutes the
first line of defence in the detection and removal
of pathogens that have breached the host's
1
protective barriers. It serve as a link between
innate and acquired immune responses that allow
an integrated host responses to pathogenic
challenges.2 The Complement system is a
component of the innate immune system that
defends the host against microbial infections by
promoting inflammatory response and
opsonization.3
Severe Primary Immuno deficiencies
(PID) are increasingly becoming appreciated as a
relevant health problem, indeed diagnostic
procedures and screening profiles to allow
Department of Immunology,1 School of Medical Laboratory
Sciences, Usmanu Danfodiyo University, P.M.B 2346, Sokoto,
Nigeria.
Department of Paediatrics,2 Usmanu Danfodiyo
University/Usmanu Danfodiyo Univeristy Teaching Hospital,
Sokoto, Nigeria.
*Corresponding author: kabirhamid11@gmail.com
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was obtained from children greater than seven
years using an assent form.

antimicrobial therapy. We realized that there is
paucity of data regarding alternative pathway
haemolytic complement (AH50) activity in
children especially in our locality. Therefore this
study is set to give an insight on AH50 activity
among children and find out whether there is
differences between the children with some
bacteria and malaria parasite (MP) infections.
This could serve as baseline information for
Clinical and Laboratory practice.

Sample Collection and Processing
Three millilitres (3ml) of venous blood
sample was collected aseptically from each
participant and dispensed into a plain Vacutainer.
The sample was allowed to clot, and then
centrifuged at 3000 revolution per minute for 5
minutes. The serum was transferred into prelabelled 2ml plain container and stored at -20ºC
until assay.

MATERIALS AND METHODS
Study Area
This research was conducted at Usmanu
Danfodiyo University Teaching Hospital
(UDUTH) Sokoto. The Hospital is a tertiary
institution located within the Sokoto metropolis.
Sokoto is the capital city of Sokoto State located
in the extreme North-west geopolitical region of
Nigeria.

Determination of alternate pathway
haemolytic complement Activity (AH50)
The Complement activity was
determined quantitatively using human AH50
Complement ELISA kit (Sunlong Biotech, Co.,
Ltd, China). The assay uses sandwich ELISA
technique. The procedure was performed
according to the manufacturer's instructions. The
concentrations of AH50 in the samples were
calculated by comparing the OD of the samples
to the standard curve. The assay range was 6.25
U/ml- 200 U/ml. Sensitivity is 1.0 U/ml.

Study Design
This is a cross sectional study set to
determine the AH50 complement activity in
children with some bacterial and MP infections
attending Paediatric unit of Usmanu Danfodiyo
University Teaching Hospital (UDUTH)

Statistical Analysis
The results obtained were entered into
SPSS version 21 for analysis. Test for normality
was carried out to ascertain normal distribution
of the variables. Data was not normally
distributed based on tests of normality results.
Categorical variables were expressed in
percentage whereas continuous variables were
expressed in Median. Mann Whitney U test and
Kruskal Wallis test were carried out to compare
between two non-parametric variables. The pvalue of < 0.05 was used to determine the level of
statistical significance.

Study Population
A total of 71 children diagnosed with
bacterial or MP infections attending paediatric
unit of UDUTH, Sokoto were randomly recruited
for this study. The recruitment was based on
Clinical and Laboratory diagnosis. Children who
did not assent or whose parent(s) or guardians did
not give consent and children suffering from any
other disease ormalnourished as well as children
co-infected with bacteria and MP were excluded
from this study. A semi structured interviewer
questionnaire was administered to all consenting
parent(s)/guardians or assenting children to
obtain information on their socio-demographic
and medical history.

RESULTS
Demographic Characteristics of the
Children
As depicted from Table 1, seventy one
(71) children, aged <1-12 years participated in
this study, 45 (63.4%) were males and 26 (36.6%)
were females. Based on age group of the children,
the age group 1-4 years has the highest frequency
26 (36.6%) whereas <1 year had least frequency
of 7 (9.9%). More than half of the children 47
(66.4%) resides in the urban area. Based on
infections, 36 (50.7%) of the children were

Ethics Statement
Approval for this study was obtained from
Ethics and Research Committee of Usmanu
Danfodiyo University Teaching Hospital, Sokoto
with reference number UDUTH/HREC/2017/No.
616. Informed consent for inclusion into the study
was obtained from the child's parent/guardian
using a standard informed consent form; assent
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suffering from MP infection whereas 35 (49.29%)
had bacterial infections.

From Table 3, the result indicated that Female
children have higher median concentration of
AH50 complement (86.56 U/ml) compared with
that of male children (84.61 U/ml)(p>0.05). The
result in Table 4 shows that Children that had MP
infection have higher (87.49 U/ml) AH50
complement activity compared to children that
had bacterial infection (83.45 U/ml) (p=0.05).
Among the causative organisms, children
diagnosed with Staphylococcus aureus infection
have high concentration of AH50 complement
(88.17 U/ml) whereas those with Escherichia
coli have the lowest AH 50 complement
concentration (78.1 U/ml) (p>0.05) as shown in
Table 5.

AH50 Complement Activity of the Children
The range of AH50 Complement activity in
the children was between 71.3 U/ml-176.9 U/ml.
As depicted from Table 2, the comparison of
children's AH50 complement activity based on
their age range shows that children between the
ages of 9-12 years have the highest median
concentration of Ah50 complement (94.63 U/ml)
compare to other age groups. While children
within the age range of 1-4 years have the lowest
(82.90 U/ml) AH50 complement activity (p>0.05).

Table 1: Socio-Demographic characteristics of the children
Characteristics

Frequency (N)

Percentage (%)

45
26
71

63.4
36.6
100

7
26
21
17
71

9.9
36.6
29.6
23.9
100

47
24
71

66.2
33.8
100

35
36
71

49.29
50.7
100

Gender
Male
Female
Total
Age group (years)
<1
1-4
5-8
9-12
Total
Residence
Urban
Rural
Total
Infections
Bacterial
Malaria parasite
Total
N= number of children
Table 2: Relationships between age ranges and AH50 complement activity
Age group
Frequency
AH 50Median
p-value
(years)
N (%)
concentration
(U/ml)
<1
7(9.9)
90.64
1-4
26(36.6)
82.90
5-8
21(29.6)
84.19
0.19
9-12
17(23.9)
94.63
Total
71(100)
Kruskal Wallis test: c2= 4.734.
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Table 3: Comparison between genders on AH50complement activity
Gender

Frequency
N (%)

AH 50 Median
Concentration
(U/ml)

Male
Female
Total

45 (63.4)
26 (36.6)
71 (100)

84.61
86.56

p-value

0.73

Mann Whitney U Test: 557.000.

Table 4: Comparison between Bacterial and MP infections on AH50 complement
Infection
Frequency N (%)
AH 50 median
p-value
concentration (U/ml)
Bacterial
MP
Total

35 (49.29)
36 (50.70)
71 (100)

83.45
87.49

0.05

MP = Malaria Parasite, Mann Whitney U Test: 462.5

Table 5: Relationship between different causative organisms and AH50 complement
Causative organism

Escherichia coli
Salmonella spp
Streptococcus spp
Staphylococcus aureus
Neisseria spp
Plasmodium falciparum
Total

Frequency N (%)

AH 50median
concentration
(U/ml)

20 (28.2)
2 (2.8)
6 (8.5)
5 (7.0)
2 (2.8)
36 (50.7)
71 (100)

78.10
87.62
86.91
88.17
87.77
87.49

p-value

0.23

Kruskal Wallis: c2= 6.768

deficiencies. It measures functional activity of
the pathway. Of note classical complement
pathway is activated by pathogen-bound
antibody whereas the alternative pathway
activation is due to spontaneous C3 hydrolysis or
immunogen.
Out of 71 children who participated in
this study, 36 (50.7%) were infected by MP while
35 (49.2%) were infected by bacteria.
Plasmodium falciparum malaria is a major cause
13
of mortality in sub-Saharan Africa. In this study,
although not significant statistically, we
observed that children at the age range between
9-12 years have higher AH50 complement activity
on comparison with other age groups, this is in
line with report which indicates that the level of

DISCUSSION
The complement system is part of innate
immunity, which can be activated quickly
whenever it recognise a sterile and nonsterile
stimuli as threat to the host.13 The alternative
pathway has a wide range of binding site provided
by variety of polysaccharides and glycoproteins,
including Lipopolysaccharides from Gramnegative, teichoic acids from Gram-positive and
14
viral membrane glycoproteins.
The range of AH50 Complement activity in
the children was between 71.3 U/ml-176.9 U/ml.
Therefore it falls within the assay range this
possibly indicate the normal activity of the
alternative complement pathway. The AH50 is the
primary screening test for alternative complement
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complement protein is significantly lower in
elderly and middle age group and slightly higher
15
in children of 10-15 years old. However, it has
been reported that concentrations of complement
proteins are lower in children at early infancy but
return to normal level within weeks after birth.16
Between the two infections this study
shows higher AH50 complement activity (87.49
U/ml) among children diagnosed with MP than
those with other bacterial infections. This finding
support the notion that indicate complement is
8,17
activated during malaria infection. However,
the complement level differs depending on the
severity of malaria. For instance severe malaria is
associated with lower complement haemolytic
activity as well as decreased activity of alternative
pathway and other two complement pathways.18,19
Based on causative organisms, in this
study we observed high AH50 complement activity
(88.17 U/ml) in children infected with
Staphylococcus aureusthan other infectious agent
such as Plasmodium falciparum, Streptococcus
spp etc. However, children infected with E. coli
tend to have lowest AH50 complement activity
(78.10 U/ml). Our finding highlights normal
complement activation in response to infections
as such it complements the health status of the
children. Moreover, peptidoglycan layer of some
bacteria such as S. aureusand others were shown
to activate complement.20 Specifically these
organisms can activate the alternative
complement pathway.21 Therefore the degree of
complement activation varies among organisms.
In addition the plasma proteins of the complement
system are essential in the innate immune
response against bacteria.22 The disparity between
our result and other study may be associated to
sample collection, processing, subject and
techniques used which likely dictate the result.

REFERENCES
1.
Kolev M, Kemper C. Keeping It All
Going-Complement Meets Metabolism.
Frontiers in Immunology. 2017; 8:1.
2.
Dunkelberger JR, Song WC.
Complement and its role in innate and
adaptive immune responses. Cell
Research, 2010; 20:34-50.
3.
Skattum L, van Deuren M, van der Poll T,
Truedsson L. Complement deficiency
states and associated infections.
Molecular Immunology. 2011;48:164355.
4.
Borte S, Reichenbach J. Newborn
Screening for Primary Immuno
deficiencies: Focus on Severe Combined
Immunodeficiency (SCID) and Other
S e v e r e T- C e l l Ly m p h o p e n i a s .
International Journal of Neonatal
Screening. 2015;1:89-100
5.
Stiehm RE. The four most common
pediatricimmuno deficiencies. Advances
in Experimental Medicine and
Biology.2007; 601:15-26.
6.
Pettigrew HD, Teuber SS, Gershwin ME.
Clinical significance of complement
deficiencies. Annals New York Academic
Sciences.2009; 1173:108-23.
7.
Pandiripally V, Wei L, Skerka C, Zipfel
PF, Cue D. Recruitment of Complement
Factor H-Like Protein 1 Promotes
Intracellular Invasion by Group A
Streptococci. Infection and immunity.
2003;71:7119-28.
8.
Biryukov S, Stoute JA. Complement
activation in malaria: friend or foe?
Tr e n d s i n M o l e c u l a r
Medicine.2014;20:293-301.
9.
Murray CJ, Rosenfeld LC, Lim SS,
Andrews KG, Foreman KJ, Haring D, et
al. Global malaria mortality between
1980 and 2010: a systematic analysis.
Lancet. 2012;379:413-431.
10.
Reust CE. Evaluation of Primary
Immunodeficiency Disease in
Children.American Family Physician.
2013;87:773-8.
11.
Ram S, Lewis LA, Rice PA. Infections of
people with complement deficiencies and
patients who have undergone
splenectomy. Clinical Microbiology
Review. 2010; 23:740-80.

CONCLUSION
This study shows that the AH50 activity
among children with some bacterial and malaria
parasite infections fall within the normal assay
range which indicate normal activity. It revealed
that there is significant difference in AH50 activity
between children diagnosed with malarial
parasite and bacterial infections. Therefore we
recommend further investigation that will lead to
identify the possible causes of the difference.

38

Hamid et al.

W J Biomed Res 2018, Vol. 5 No. 2, p. 34-39

12.

13.

14.
15.

16.
17.

18.

Gray MG, Lackey BR, Patrick EF, Gray
SL, Hurley SG. Multiple Integrated
Complementary Healing Approaches:
Energetic and Light for bone. Medical
hypothesis. 2016;86:18-29
Berg A, Patel S, Gonca M, David C,
Otterdal K, Ueland T, et al. Cytokine
network in adults with falciparum Malaria
and HIV-1: increased IL-8 and IP-10
levels are associated with disease severity.
PLoS One. 2014;9(12): e114480.
Mold C. Role of complement in host
defense against bacterial infection.
Microbes and Infection.1999;1:633-8.
Davis CA, Vallota EH, Forristal J. Serum
Complement levels in infancy: age related
c h a n g e s . P e d i a t r i c R e s e a rc h .
1979;13:1043-46.
Ygberg S, Nilsson A. The developing
immune system from foetus to toddler.
ActaPediatric. 2012; 101:120-7.
Garred P, Nielsen MA, Kurtzhals JA,
Malhotra R, Madsen HO, Goka BQ, et al.
Mannose-binding lectin is a disease
modifier in clinical malaria and may
function as opsonin for Plasmodium
falciparum-infected erythrocytes.
Infection and Immunity. 2003; 71:524553.
Stoute JA, Odindo AO, Owuor BO, Mibei
EK, Opollo MO, Waitumbi JN. Loss of
red blood cell-complement regulatory

19.

20.

21.

22.

39

proteins and increased levels of
circulating immune complexes are
associated with severe malarial anemia.
Journal of Infectious Disease. 2003;
187:522-5.
Nyakoe NK, Taylor RP, Makumi JN,
Waitumbi JN. Complement consumption
in children with Plasmodium falciparum
malaria. Malaria Journal. 2009; 81-8.
Verbrugh HA, Van Dijk WC, Peters R,
Van Erne ME, Daha MR, Peterson PK, et
al. Opsonic recognition of staphylococci
mediated by cell wall peptidoglycan:
antibody-independent activation of
human complement and opsonic activity
of peptidoglycan antibodies. Journal of
Immunology.1980; 124:1167-73.
Verbrugh HA, Van Dijk WC, Peters R,
Van Der Tol ME, Verhoef J. The role of
Staphylococcus aureus cell-wall
peptidoglycan, teichoic acid and protein
A in the processes of complement
activation and opsonization.Immunology.
1979;37:615-621.
Laarman A, Milder F, van Strijp J,
Rooijakkers S. Complement inhibition
by gram-positive pathogens: molecular
mechanisms and therapeutic
implications.Journal of Molecular
Medicine.2010;88:115-120

Akinjogunla et al.

W J Biomed Res 2018, Vol. 5 No. 2, p. 40-49

Inducible Macrolide-Lincosamide-Streptogramin B (MLSBi) Resistance,
Penicillin Binding Protein 2a (PBP2a) and Virulence Factors in Staphylococcus
Isolates from Clinical and Food Sources
*Akinjogunla OJ1, Ekuma AE2, Adaka, FN1, Udeson AS1
ABSTRACT
Inducible macrolide-lincosamide-streptogramin B (MLSBi) resistance, penicillin binding protein 2a (PBP2a)
and virulence factors in Staphylococcus spp from clinical and food samples were detected using erythromycinclindamycin D-zone test, rapid latex agglutination kit and culture media. Seventeen S. aureus and 5 coagulase
negative (CoN) Staphylococcus spp were obtained from food samples, while clinical samples had 18
Staphylococcus spp. The percentage occurrences of Staphylococcus spp in food samples were: 60% (garri),
46.7% (fufu), 40.0 % (rice). One methicillin resistant CoN Staphylococcus spp (MRCoNS) and 7 methicillin
sensitive S. aureus (MSSA) were obtained from clinical samples, while 6 methicillin resistant S. aureus
(MRSA), MSSA (11), MRCoNS (2) and MSCoNS (3) were isolated from food samples. Of the S. aureus (n=13)
and CoN Staphylococcus spp (n=5) obtained from clinical samples, 6 (46.2%) and 2 (40.0%) had PBP2a,
respectively. The results showed that 67.5% staphylococcal isolates were sensitive to ciprofloxacin; between
52.5% and 60.0% isolates were sensitive to tetracycline and chloramphenicol, while 88.9% MRSA, MSSA and
MRCoNS were clindamycin sensitive. Out of 19 erythromycin resistant isolates, 8 (42.1 %), 6 (31.6 %) and 5
(26.3%) had macrolide-streptogramin, MLSBi and constitutive macrolide lincosamide-streptogramin B
phenotypes, respectively. < 41.7% MRSA produced TNase and protease, between 66.7% to 83.3% MRSA were
DNase, phospholipase and lipase producers, < 83.3 % MSSA produced DNase and haemolysin, 55.6% MSSA
produced amylase, while < 16.7 % MSSA were encapsulated strains. The D-zone test for detection of MLSBi in
Staphylococcus spp should be a part of routine antibiotic susceptibility testing so as to prevent treatment failure.
Keywords: Clindamycin, Erythromycin, Inducible, Staphylococcus, Virulence

on infection caused by this organism in
6
developing countries. Contamination of food
products by Staphylococcus spp may occur during
manufacturing and handling of final products. In
African region, a large proportion of foods are
sold by the informal sector, especially as street
foods. The hygienic aspects of vending operations
and the safety of these foods are problematic for
food safety regulators.7
The increasing occurrence of
staphylococcal infections such as impetigo,
scalded skin syndrome, endocarditis,
bacteraemia, and the changing pattern of
antimicrobial resistance have led to the use of
clindamycin for the treatment of staphylococcal
infections.8 The methicillin-resistant
Staphylococcus spp exhibited high-level
resistance to b-lactam antibiotics owing to
expression of penicillin-binding protein 2a
(PBP2a), a transpeptidase that catalyzes cell-wall
crosslinking in the face of the challenge by blactam antibiotics.9 Clindamycin, a protein
synthesis inhibitor, is a frequent therapeutic
option for staphylococcal infections and is
equally considered as a worthwhile alternate

INTRODUCTION
The staphylococci are facultative
anaerobes, Gram positive bacteria, in the family
1
Staphylococcaceae and order Bacillales.
Staphylococcus aureus has been vastly studied
owing to its potential pathogenicity against
human and animals2 and infections caused by
methicillin-resistant S. aureus (MRSA) are of
global concern. 3 The pathogenicity of
Staphylococcus spp is attributable to the
production of repertoire of virulence factors such
as DNase, haemolysin, phospholipase, protease
and amylase that promote colonization of hosts'
tissues, bacterial spread in tissue and inhibition of
phagocyte engulfment. 4,5 Most developed
countries have reported an increase in
colonization and infection in hospitalized patients
caused by coagulase negative (CoN)
Staphylococcus spp, while there are scanty data
Department of Microbiology1, Faculty of Science, University of
Uyo, P.M.B. 1017, Uyo, Akwa Ibom State.
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agent for treatment of staphylococcal infections
in penicillin-allergic patients.10,11 Clindamycin is
effective, inexpensive and obtainable in oral and
parenteral forms; inhibits production of toxins in
Staphylococcus spp. and has an excellent tissue
penetration.12
The widespread use of macrolidelincosamide-streptogramin B (MLSB) antibiotics
such as telithromycin, clindamycin and
erythromycin for the treatment of staphylococcal
infections has led to an increase in MLSB
resistant strains.10, 11 Resistance of Staphylococcus
spp to MLSB antibiotics is either due to an active
efflux mechanism encoded by the msrA gene
(conferring resistance to macrolides and
streptogramin B) or ribosomal target
11
modification mediated by erm genes. The erm
genes encode enzymes confer inducible or
constitutive resistance to MLSB agents through
methylation of the 23S rRNA, reducing the
10,13,14
binding of MLSB agents to the ribosome.
The
prompt detection of MLSBi resistance aids in the
use of clindamycin only in infections caused by
clindamycin susceptible Staphylococcus spp and
consequently helps in reduction of treatment
failure11. Consequently, this study determined the
occurrence of inducible macrolide-lincosamidestreptogramin B resistance, penicillin binding
protein 2a (PBP2a) and virulence factors in
staphylococcal isolates.

incubation, the yellow colonies on each plate was
subcultured onto each nutrient agar plate and
incubated for 24 hr at 37°C. Pure culture of
isolate was streaked onto nutrient agar slants,
incubated at 37°C for 24 hr and stored in the
refrigerator at 4°C for characterization and
identification. All isolates were Gram stained,
subjected to biochemical (coagulase, urease,
indole, citrate, catalase, Vogues Proskauer) and
sugar fermentation tests.
Phenotypic Detection of Methicillin Resistant
(MR) Staphylococcus spp
Methicillin resistant Staphylococcus spp isolated
from the clinical and food samples were detected
15
phenotypically using disc diffusion test. Zero
point one (0.1)ml of Staphylococcus spp
prepared directly from an overnight agar plate,
adjusted to 0.5 McFarland Turbidity Standard,
was pipetted and inoculated onto plate containing
Mueller-Hinton Agar (MHA). Cefoxitin disc
(30mg) were placed on MHA plates and
o
incubated at 37 C for I8 hrs. Inhibitory zones
after incubation were observed and measured in
millimetre (mm). The interpretation of the
measurement as methicillin sensitive (MS) and
methicillin resistant (MR) was made as follows:
(MS: ³ 22; MR £21).16
Antibacterial Susceptibility Testing of
Methicillin Resistant (MR) and Methicillin
Sensitive (MS) Staphylococcus spp
The antibacterial susceptibility testing was
performed by disc diffusion technique.15 Zero
point one (0.1)ml of Staphylococcus spp.,
prepared directly from an overnight agar plate
adjusted to 0.5 McFarland Turbidity, was
inoculated onto plate containing MHA.
Antibiotic discs: ciprofloxacin (CIP, 5mg),
clindamycin (CLI, 2mg), cotrimoxazole (COT,
25mg), chloramphenicol (30mg), erythromycin
(ERY, 15mg), gentamicin (GEN, 10mg),
tetracycline (TET, 30mg), and penicillin (PEN, 10
units) (Oxoid, UK) were placed onto MHA plates
and incubated at 37oC for I8 hrs. Inhibitory zones
after incubation were observed and measured in
millimetre. The interpretation of the
measurement as sensitive and resistant was made
according to the standard interpretative zone
16
sizes given by CLSI guidelines.

MATERIALS AND METHODS
Collection of Samples
A total of 85 samples comprising 40 clinical (midstream urine, n = 20; wound n = 20) and 45 readyto-eat (RTE) food (rice, n=15; garri, n= 15; fufu,
n=15) samples were aseptically collected using
sterile wide - necked containers and swab sticks.
The samples were properly labelled and
transported to the Microbiology Laboratory for
bacteriological analyses.
Bacteriological Analysis of Samples
Each of the wound swabbed samples was
inoculated into nutrient broth for 4-6 hrs and then
inoculated onto Mannitol Salt Agar (MSA) plates.
Ten (10) gram of each RTE-food and 10ml of each
mid-stream urine (MSU) sample was added into
90ml of peptone water, respectively. The samples
were shaken vigorously and 1 ml of each serially
diluted sample was transferred onto each MSA
plate and incubated at 37°C overnight. After
41
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shaped zone of inhibition around CLI with
flattening towards ERY disc were identified as
having inducible MLSB phenotype (iMLSB).
Staphylococcus spp that were both ERY resistant
r
r
(ERY ) and CLI resistant (CLI ) were considered
as having constitutive MLSB resistance type
(cMLSB).

Serological Detection of Penicillin Binding
Protein 2a (PBP2a)
The Penicillin Binding Protein 2a (PBP2a) in
staphylococcal isolates from clinical and food
samples was detected using latex agglutination
test (Oxoid, DR0900). Each of the staphylococcal
isolates was grown on a plate of Brain Heart
Infusion (BHI) Agar and aerobically incubated at
37oC for 18 hrs. After incubation, a loopful of the
staphylococcal isolate was suspended in 4 drops
of Extraction Reagent 1 in a micro-centrifuge
tube, vortexed, boiled for 3 min and allowed to
cool at room temperature. Thereafter, a drop of
Extraction Reagent 2 was added to the lysate in
each micro-centrifuge tube, mixed, centrifuged at
1,500 x g for 5 mins and the supernatant was
collected for PBP2a detection assay. Each circle
of the test card was labelled, and a drop of Test
Latex particle sensitised with a monoclonal
antibody against PBP2a and 50ml of supernatant
were added on the test card and thoroughly mixed
using a mixing stick. The control latex particle
was also used as prescribed by the manufacturer.
Each test card was examined for agglutination
under normal lighting conditions. A large clumps
against a very clear background indicated positive
reaction, while a homogeneous suspension of
particles with no visible clumping indicated
negative result.

Detection of Deoxyribonuclease (DNase)
Producing Staphylococcus spp
The DNase agar plates were inoculated with
Staphylococcus spp and aerobically incubated at
37 oC for 24 hr. The growths on the surface of the
agar were flooded with 1N HCL. Clear zones
around the colonies indicated the production of
DNase.1
Detection of Thermostable
Deoxyribonuclease (Tnase) Producing
Staphylococcus spp
Toluidine Blue DNA agar plates were inoculated
with Staphylococcus spp and aerobically
incubated at 37oC for 24hr. Formation of a pink
halo around the colonies indicated the production
17
of TNase.
Detection of Lipase Producing Staphylococcus
spp
Suspension (10µl) of each Staphylococcus spp
was spot inoculated onto plate of tributyrin
agar medium and aerobically incubated at 37ºC
for 24-48hr. Clear zone around the colony
1
indicated the production of lipase.

Detection of Inducible MLSB resistant
Staphylococcus spp
The inducible MLSB resistant Staphylococcus
spp were detected using double-disc diffusion
test.14 Zero point one (0.1) ml of Staphylococcus
spp prepared directly from an overnight agar
plate, adjusted to 0.5 McFarland Turbidity
Standard, was inoculated onto MHA plate.
Erythromycin and clindamycin discs were placed
15mm edge-to-edge distance on Staphylococcus
spp inoculated on MHA plate and incubated at
o
37 C for 18 hr. Inhibitory zones after incubation
were measured in millimetre (mm) and the results
interpreted as follows: ERY (Sensitive: 23mm;
Resistant: £ 13mm) and CLI (Sensitive: 21mm;
Resistant: £14mm). 15 Staphylococcus spp
exhibiting resistance to ERY, sensitive to CLI and
giving a circular zone of inhibition around CLI
were assigned as MS (Macrolide-Streptogramins)
phenotype. Staphylococcus spp showing
resistance to ERY, sensitive to CLI and giving D-

Detection of Protease Producing
Staphylococcus spp
Each Staphylococcus spp was streaked on gelatin
agar plate and aerobically incubated for 24 -48 hr
at 37ºC. Transparent zones around the colonies
18
indicated production of protease.
Detection of Amylase Producing
Staphylococcus spp
Each Staphylococcus spp was streaked on starch
agar plate and aerobically incubated for 24 -48 hr
at 37ºC. After incubation, 3 drops of 10% Lugol
iodine was put on the culture plate and allowed to
react for 10 min. Clear zones around the colonies
showed amylase production.18
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Staphylococcus spp from RTE samples, 2
(40.0%) were MRCoNS and 3 (60.0%) were
MSCoNS (Table 3). The results of the penicillin
binding protein 2a (PBP2a) in staphylococcal
isolates from the clinical and RTE food samples
using latex agglutination assay are presented in
Table 4. Of the S. aureus (n=13) and CoN
Staphylococcus spp (n=5) obtained from clinical
samples, 46.2% (6/13) and 40.0% (2/5) were
P B P 2 a p r o d u c e r s , r e s p e c t i v e l y. N i n e
staphylococcal isolates comprising S. aureus (7)
and CoN Staphylococcus spp (2) obtained from
RTE food samples positive for the PBP2a (Table
4). The antibiotic susceptibility profiles of MRand MS-Staphylococcus spp from clinical and
RTE food samples are shown in Table 5. Of the 40
isolates tested, 27(67.5%), 35(87.5%) and 28
(70.0%) isolates were sensitive to ciprofloxacin,
clindamycin and gentamycin, respectively. The
results showed that between 52.5 % and 60.0 %
isolates were sensitive to erythromycin,
chloramphenicol and tetracycline, while 47.5 %
isolates showed sensitivity to penicillin and
cotrimoxazole. All the MSCoNS were
r
erythromycin resistant (ERY ), ³ 88.9 % MRSA
s
and MSSA were clindamycin sensitive (CLI ),
while 71.4 % and 85.7 % MRCoNS were
sensitive to clindamycin and gentamycin,
respectively (Table 5).
Of the 40 staphylococcal isolates from
the clinical and RTE food samples, 21 (51.8 %)
were both erythromycin and clindamycin
sensitive, while 19 (48.2 %) ERYr staphylococcal
isolates had macrolide-streptogramin (MS),
inducible macrolide-lincosamide-streptogramin
B (MLSBi) and constitutive macrolide lincosamide-streptogramin B (MLSBc)
r
phenotypes. Out of the 19 ERY staphylococcal
isolates, 8(20.0%), 6(15.0 %) and 5(12.5%) had
the MS, MLSBi and MLSBc phenotype,
respectively. The eight (8) ERYr staphylococcal
isolates with MS phenotype were MRSA (n=2),
MSSA (n=3), MRCoNS (n=1) and MSCoNS
(n=2). The MLSBi (ERYr, CLIs and D-test
positive) phenotype was observed in MRSA
(n=2), MSSA (n=2), MRCoNS (n=1) and
MSCoNS (n=1). Resistance of staphylococcal
isolates to both CLI and ERY, indicating MLSBc,
was detected in five (5) Staphylococcus spp,
comprising two MSSA and one MRSA,
MRCoNS and MSCoNS each (Table 6).

Detection of Phospholipase (Lecithinase)
Producing Staphylococcus spp
Each Staphylococcus spp was streaked on egg
yolk agar plate and aerobically incubated for 24 hr
at 37 ºC. Opaque zones around the colonies
indicated positive lecithinase reaction.18
Detection of Haemolysin Producing
Staphylococcus spp
Each Staphylococcus spp was streaked on human
blood agar plate and aerobically incubated for
48hr at 37ºC. Translucent zone around the
colonies indicated haemolysin production.6
Detection of Capsule Producing
Staphylococcus spp
Each Staphylococcus spp was emulsified in sterile
distilled water on a clean slide using sterile wire
loop. The smear was air dried, stained with crystal
violet for 5-7 min, washed off with 20% copper
sulphate, air-dried and examined microscopically
using 100 X oil immersion objective. Bacterial
capsule appeared as faint blue-violet around dark6
blue bacterial cells.
RESULTS
The results of the morphological and
biochemical characteristics of S. aureus and
CON-Staphylococcus spp. isolated from the
clinical and RTE food samples are presented in
Table 1. A total of twenty two (22) staphylococcal
isolates comprising seventeen (17) S. aureus and
five (5) CoN Staphylococcus spp were obtained
from rice (n=15), garri (n=15) and fufu (n=15).
The total percentage occurrences of S. aureus and
CoN-Staphylococcus spp in the RTE food samples
in decreasing order were as follows: 60 % (garri)
> 46.7 % (fufu) > 40.0 % (rice). Of the 18
staphylococcal isolates from the clinical samples,
8 Staphylococcus spp were obtained from the
MSU samples, while 10 Staphylococcus spp were
obtained from the wound samples (Table 2).
Less or equal to 20.0 % methicillin
resistant CoN Staphylococcus spp (MRCoNS)
and 53.8 % methicillin sensitive S. aureus (MSSA)
were obtained from the clinical samples (Table 3).
A total of 6 (35.3%) methicillin resistant S. aureus
(MRSA) and 11 (64.7%) methicillin sensitive S.
aureus (MSSA) were obtained from the RTE
samples. The occurrence of MRSA in the RTE
food samples were: rice (n=1, 20.0%), garri (n=3,
42.9%), and fufu (n=2, 40.0%). Of the 5 CoN
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The results showed that between 66.7 % to
83.3 % MRSA were DNase, haemolysin,
amylase, phospholipase and lipase producers,
while £ 41.7% MRSA produced TNase, protease
and capsule (Fig. 1). Of the eighteen (18) MSSA
tested for their capabilities to produce
extracellular enzymes and capsule, between 83.3

% and 72.2 % MSSA produced DNase and
haemolysin, 55.6 % produced amylase,
phospholipase and lipase each, while £ 16.7 %
MSSA were encapsulated strains (Fig. 2). The
percentage occurrences of virulence factors in
MRCONS and MSCONS from clinical and food
samples are shown in Figs 3 and 4, respectively.

Table 1: Morphological and Biochemical Characteristics of Staphylococcus spp from Clinical and Food
Samples
Morphological /
Biochemical
Tests
Shape
Gram Stain ing
Catalase
Coagulase
Indole
Citrate Utilization
Methyl Red
Vogues Proskauer
Oxidase
Urease
Glucose
Mannitol
Sucrose
Maltose
Lactose
Galactose

Staphylococcus
aureus

CoN- Staphylococcus
spp

Cocci in cluster
+
+
+
+
+
+
+
+
+
+
+
+

Cocci in cluster
+
+
+
+
+
+
+
+
+
+
+

Keys: CoN: Coagulase negative; +: positive; - : negative

Table 2: Occurrence of Staphylococcus spp in Clinical and Food Samples
Staphylococcus aureus
No. of
% of
Occurence
Occurence

CoN-Staphylococcus spp
No. of
% of
Occurence
Occurence

Source

Samples

Clinical

Urine (n=20 )
Wound (n=20 )
Total (n=40)

5
8
13

25.0
40.0
32.5

3
2
5

15.0
10.0
12.5

8 (40.0 )
10 (50. 0)
18 (45.0 )

Fufu (n=15 )
Rice (n=15)
Garri (n=15 )
Total (45)

5
5
7
17

33.3
33.3
46.7
37.8

2
1
2
5

13.3
6.7
13.3
11.1

7 (46.7 )
6 (40.0)
9 (60.0 )
22 (48.9)

Food

Keys: CoN: Coagulase negative
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Table 3: Frequency Occurrence of Methicillin Susceptible Staphylococcus spp from Clinical and Food Samples

Keys: CoN: Coagulase negative; MRSA: Methicillin Resistant S. aureus; MRSA: Methicillin Sensitive S. aureus; MRCoNS: Methicillin
Resistant Coagulase negative Staphylococcus spp; MSCoNS: Methicillin Sensitive Coagulase negative Staphylococcus spp.

Table 4: Detection of Penicillin Binding Protein 2a in Staphylococcus spp from Clinical and Food Samples

Key: PBP2a: Penicillin Binding Protein 2a; Values in parenthesis represent percentages.

Table 5: Antibiotic Susceptibility of Staphylococcus spp from Clinical and Food Samples
Bacterial
Isolates

No of
Isolates

CIP
No (%)

CLI
No (%)

CHL
No (%)

ERY
No (%)

GEN
No (%)

TET
No (%)

COT
No (%)

PEN
No (%)

MRSA
MSSA
MRCoNS
MSCoNS
Total

12
18
3
7
40

9 (75.0)
12 (66.1)
2 (66.7)
4 (57.1)
27 (67.5)

11 (91.7)
16 (88.9)
2 (66.7)
6 (85.7)
35 (87.5)

8 (66.7)
10 (55.6)
2 (33.3)
4 (57.1)
24 (60.0)

7 (58.3)
11 (61.1)
0 (0.0)
3 (42.9)
21 (52.5)

9 (75.0)
13 (72.2)
1 (33.3)
5 (71.4)
28 (70.0)

9 (75.0)
8 (44.4)
1 (33.3)
3 (42.9)
21 (52.5)

6 (50.0)
8 (44.4)
2 (66.7)
3 (42.9)
19 (47.5)

7 (58.3)
7 (38.9)
1 (33.3)
4 (57.1)
19 (47.5)

Keys: MRSA: Methicillin Resistant S. aureus; MSSA: Methicillin Sensitive S. aureus; MRCoNS: Methicillin Resistant Coagulase negative
Staphylococcus spp; MSCoNS: Methicillin Sensitive Coagulase negative Staphylococcus spp; CIP: Ciprofloxacin; CLI: Clindamycin;
COT: Cotrimoxazole; CHL: Chloramphenicol; ERY: Erythromycin; GEN: Gentamicin ; TET: Tetracycline; PEN: Penicillin.

Table 6: Frequency Occurrence of Inducible Macrolide-Lincosamide-Streptogramin B Resistance in
Staphylococcus spp

Bacterial No of ERY and CLI
Isolates Isolates
Sensitive
No (%)
MRSA
12
7 (58.3)
MSSA
18
11 (61.1)
MRCoNS
3
0 (0.0)
MSCoNS
7
3 (42.9)
Total
40
21 (52.5)

MSB
Resistance
No (%)
2 (16.7)
3 (16.7)
1 (33.3)
2 (28.6)
8 (20.0)

MLSBi
Resistance
No (%)
2 (16.7)
2 (11.1)
1 (33.3)
1 (14.3)
6 (15.0)

MLSBc
Resistance
No (%)
1 (8.3)
2 (11.1)
1 (33.3)
1 (14.3)
5 (12.5)

Keys: MRSA: Methicillin Resistant S. aureus; MRSA: Methicillin Sensitive S. aureus; MRCoNS: Methicillin Resistant Coagulase negative
Staphylococcus spp; MSCoNS: Methicillin Sensitive Coagulase negative Staphylococcus spp; ERY: Erythromycin; MLSB: MacrolideLincosomides-Streptogramins B: MS: Macrolide-Streptogramins B.
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Figure 2: The Percentage Occurrences of Virulence Factors in
MSSA from Clinical and Food Samples
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Figure 1: The Percentage Occurrences of Virulence
Factors in MRSA from Clinical and Food Samples
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Figure 3: The Percentage Occurrences of Virulence Factors in
MRCoNS from Clinical and Food Samples

Figure 4: The Percentage Occurrences of Virulence Factors in
MSCoNS from Clinical and Food Samples

isolation of CoN Staphylococcus spp from the
wound and MSU urine samples in this study
21
agrees with the results of Azih and Enabulele.
The detection of methicillin resistance in
staphylococci depends on prompt synthesis of
the peptidoglycan precursors as well as
production of penicillin binding protein with
chromosomal factors regulating the whole
22
process. The MRSA, MRSA and MRCoNS
were isolated from the clinical and food samples
in this study. The occurrence of MRSA in RTE
food samples in this study was in conformity with
23
the reports of Wang et al. who detected S. aureus
and MRSA in various food products, including
RTE food samples. In our study, £ 25.0% MRSA
were resistant to ciprofloxacin and gentamicin,
and this value was lower than ³ 65 % reported in

DISCUSSION
The varied occurrences of Staphylococcus
spp in the clinical and RTE food samples have
been reported worldwide. Food supplies the
nutrients needed by the body for effective
functioning and metabolism. Globally, S. aureus
is the frequent cause of bacterial foodborne
19
disease. S. aureus and CoN Staphylococcus spp
were isolated from RTE fufu, rice and 'garri' in
this study. The occurrence of S. aureus in rice and
'garri' corroborated the reports of Anibijuwon and
20
Sunday who obtained S. aureus and other
bacterial isolates from RTE foods collected from
two selected restaurants in Ilorin. The RTE food
may be contaminated by Staphylococcus spp via
sneezing, coughing, soil, air and the food sellers
who have skin lesions containing organism. The
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showing iMLSB resistance than MSSA. These
results contradict that of Schreckenberger et al.35
who reported higher percentage of MSSA with
iMLSBresistance phenotype than MRSA.
The pathogenicity of Staphylococcus spp
comes from their production of impressive
repertoire of virulence factors. In our study,
MRSA, MSSA, MRCoNS and MSCoNS from
the clinical and food samples produced DNase,
haemolysin, TNase, amylase, phosphokinase,
capsule, Lipase and protease in varied
proportions. The productions of DNase by
Staphylococcus spp have been reported by
36
Prescott et al. and this study confirmed it. The
occurrence of capsule, TNase, lipase and
haemolysin producing Staphylococcus spp in this
study corroborates the results of Akinjogunla et
al.1; Azih and Enabulele21; Odeyemi et al.37

northern Taiwan. Also, the high resistance of
MRCoNS to erythromycin, cotrimoxazole and
penicillin corroborates the results of Khadri and
Alzohairy.25
The increasing occurence of
staphylococcal infections and the changing
pattern of antimicrobial resistance have resulted
in the use of clindamycin for treating infection
26
caused by of Staphylococcus spp. Clindamycin
is a good substitute to treat Staphylococcus spp
infections owing to its low cost, fewer side
effects, availability in oral and parenteral forms,
lack of need for renal adjustment, ability to
directly inhibit toxin production11 and good bone
27
marrow and tissue penetration. However,
several studies on the occurence of iMLSB in
Staphylococcus spp and failure of clindamycin to
treat infections caused by this organism have been
9
reported. Our study showed a relatively high
(> 40.0 %) erythromycin resistant staphylococcal
isolates and this concurs with the results of Mittal
28
29
et al. and Sasirekha et al. who obtained 44.2 %
and 41.2 % erythromycin resistant
Staphylococcus spp, respectively. Staphylococcus
spp can be resistant to erythromycin through erm
or msrA genes. Strains with erm mediated
erythromycin resistance may possess inducible
but may appear susceptible to clindamycin by
disc diffusion.10
The detection of PBP2a in the
staphylococcal isolates using rapid latex
agglutination kits in our study agrees with the
reports of Cavassini et al.30 and Mbaba and
Ateba.31 Among the 21 erythromycin resistant
Staphylococcal isolates, only 6 isolates were
positive for iMLSB by D-zone test. The
occurrence of iMLSB Staphylococcus spp in this
study corroborates the findings of Deotale et al.32
The percentage of occurrence (15.0 %) of iMLSB
Staphylococcus spp in this study was slightly
lower than the value (23.0 %) obtained by Mittal
et al.28 The iMLSB resistance has been detected
33
in S. aureus. Of the 30 S. aureus isolated in this
study, only 13.3 % S. aureus were iMLSB
resistance phenotypes and this value was lower
than 35 % documented in Greece.33 In our study
percentage of iMLSB resistance was higher
amongst MRSA with 16.7 % as compared to
MSSA with 8.3 %. These results were in
concordance with that of Deotale et al.32 and
34
Gadepalli et al. who obtained higher MRSA

CONCLUSION
Owing to a low occurence of clindamycin
resistant Staphylococcus spp from clinical and
food samples in this study, clindamycin will be an
appropriate alternative drug for the treatment of
staphylococcal infections and also the simple to
perform, inexpensive erythromycin-clindamycin
D-zone test for detection inducible MLSB
phenotypes and should be considered a part of
routine antibiotic susceptibility testing so as to
prevent treatment failure.
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Awareness and Knowledge of Glaucoma among General Medical Outpatients in a
Nigerian Tertiary Hospital, Uyo Experience
*Abraham EG, Megbelayin EO, Uwah AI
ABSTRACT
Glaucoma is the second leading cause of blindness worldwide and the leading cause of irreversible blindness.
Awareness and knowledge about this blinding disease will increase the uptake of screening services. The aim of
this research was to determine the level of awareness of glaucoma by general outpatient attendees and also
their knowledge of the disease. This was a cross-sectional study of consenting patients attending the general
medical outpatient between February and July 2016 using a semi- structured interviewer administered
questionnaire to collect data on demographics (including education), awareness and knowledge of glaucoma.
Of the 255 that responded to the questionnaire, 116(45.5%) were males and 138(54.5%) were females; age
range 17-79 years (42.31±16.84). Twelve (4.7) had no formal education, 29(11.4) had primary education only,
17(6.7%) had junior secondary school only, 70(27.5) had senior secondary school only, while 127(49.8%) had
tertiary education. Sources of information were hospital and mass media 43(35.0%) each.One hundred and
twenty three(48.2%) had heard about glaucoma while 132(51.5%) gave a 'no' response. Eighty eight (34.5%)
knew that glaucoma was an eye disease but only 1(0.4%) related it to the nerve and 3(1.2%) said it was caused by
raised intraocular pressure while 40(18.0%) said it can be inherited. Sixteen (6.3%) said that loss of field of
view was a sign of glaucoma. Ninety (35.3%) said that glaucoma can be treated. Only 21(8.2%) had ever had eye
screening and 194(75%) of those who had not done eye screening had no reason for not doing. Knowledge of
glaucoma in this population is very low. Health education through use of different media of information
should be adopted.
Keywords: Awareness, Knowledge, Glaucoma, Eye screening

The prevalence of glaucoma in East,
Central, and Southern Africa is estimated at
10,000 people per one million population. This
may be higher in West Africa and Nigeria is in
West Africa.9 Most cases of glaucoma in Africa
are the primary open angle glaucoma (POAG).9 It
may occur at an earlier age, it may be associated
with a higher or normal intraocular pressure. At
other instances it may be more rapidly
progressive, causing patient to present to the
hospital at the late stages of the disease.9
Glaucoma has no specific symptoms or signs
from the actual onset of disease or the period prior
to clinical manifestation of the disease but
symptoms and signs at onset are what usually
qualifies for complete screen-able disease.10 It is
thus very important that the level of awareness of
this disease in the general population be assessed
and the need to raise awareness be ascertained as
increased awareness about glaucoma will likely
lead to increase case detection and by this may
lead to reduction in blindness and visual
impairment from glaucoma. Earlier studies have
reported low level of awareness and knowledge of
11,12,13
glaucoma in patients,
as well as workers in
14,15
health institutions.
Blindness from glaucoma
can be prevented if the disease is detected early
and effective treatment initiated. Since this is one

INTRODUCTION
Glaucoma is a group of eye diseases
which is characterised by progressive optic
neuropathy and characteristic changes and loss of
visual field.1 It has also been described as a
neurodegenerative disorder of the optic nerve
2
with acquired loss of retinal ganglion cells.
Glaucoma is the second leading cause of
blindness worldwide and the leading cause of
irreversible blindness.3 About 65 million people
in the world are affected by glaucoma and a good
4,5
number of them are unaware of their condition.
The Nigerian national blindness and
visual impairment survey of those 40 years and
above of 2007 showed that glaucoma is the
second most common cause of blindness and the
commonest cause of irreversible blindness in
6
Nigeria. It is also the most common cause of
functional low vision in Nigeria.7 From available
epidemiological reports, up to 50% of glaucoma
patients are already blind in one eye at
8,9
presentation in Africa.
Department of Ophthalmology, University of Uyo Teaching
Hospital, Uyo, Nigeria
*Corresponding author: ememabraham@yahoo.com
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disease with no symptoms or signs at the early
stages, timely diagnosis is made possible by
regular eye check.
Awareness was taken to mean that a
person has heard something about the disease.
Knowledge was taken to mean if the person knew
what the disease was, what organ of the body was
affected, some ways of presentation and possible
methods of treatment. Without awareness and
knowledge people will not likely avail themselves
of the various screening programmes made
available at the different levels of eye care.
Studies have also shown that late diagnosis of
glaucoma is an important risk factor for
subsequent blindness and this has been seen to be
associated with poor knowledge about the
16
disease. Eye health education which influences
people to participate in regular ophthalmologic
care may be an important step to detect glaucoma
early, thereby preventing needless blindness.
To the author's knowledge, few hospital
based studies on awareness and knowledge of
glaucoma have been carried out in other parts of
the country but there is no known study done in
this state, hence the need for this study. The aim of
this study is to evaluate the awareness and
knowledge level of glaucoma among general out
patients who attend hospital for other disease
conditions and the outcome of this study will
provide baseline data for planning health
education programs.

conditions. Sample size was determined using
the formula
N=Z2p(1-p)/d2
n=minimum sample size,
z=1.96at 95% confidence interval
p=estimated prevalence of awareness and
knowledge of glaucoma from previous work
d= maximum allowable margin of error
Instrument
A semi structured questionnaire was
administered to consecutive patients 17 years and
above who attended the general outpatient
department (GOPD) to collect data on
demographics (including education) awareness
and knowledge of glaucoma by two research
assistants between February and July 2016. The
questionnaire was pretested and fine-tuned. Nonconsenting subjects were excluded from the
study. The questionnaire was given to consenting
consecutive patients /care givers in the GOPD
The response “heard of glaucoma” even
before being recruited for the study was defined
as awareness and having some understanding of
the eye disease was defined as knowledge.
The following risk factor options were presented
in the questionnaire: obesity, increased
intraocular pressure (IOP), smoking, alcohol use,
some drugs, family history, race, hypertension,
diabetes, age, refractive errors, trauma and do not
know. Treatment options presented in the
questionnaire were eye drops, surgery, laser, no
treatment and cannot say. Oral consent was
obtained from the participants. Resident doctors
of the department of Ophthalmology served as
research assistants who administered the
questionnaires.
Data collected was analysed using SPSS
version 17 and results presented in tables and
charts. Categorical variables were analyzed with
the independent t-test and Pearson's chi- square
test. A P value of less than 0.05 was considered
statistically significant. Ethical clearance was
obtained from the Ethical committee of
University of Uyo Teaching Hospital.

METHODS
Study area
Akwa Ibom State is located in south-south geopolitical zone of Nigeria, lying between latitudes
4°321 and 5°331 North, and longitudes 7°251 and
8°251 East. The State is bordered on the east by
Cross River State, on the west by Rivers State and
Abia State, and on the South by the Atlantic Ocean
and the southernmost tip of Cross River State.
Ibibios, Annangs and Oros are the predominant
tribes.
The University of Uyo teaching hospital (UUTH)
is the only tertiary health institution in the state
and caters for eye care needs of patients both
within the state and the neighboring states.

RESULTS
Of the 300 questionnaires 255 (98.5%)
responded. Of this, 116(45.5%) were males and
138(54.5%) were females (1:1.16). Age range1789 years (42.31±16.84). Majority 174(68.8%)
were below 50years while 81(31.8%) were over
50years.
Twelve (4.7%) had no formal
education, 29(11.4%) had primary education
only, 17(6.7%) had junior secondary school only,

Study design/Sample size Determination
A cross sectional study on consecutive consenting
patients/care givers attending the general outpatient department (GOPD) for other disease
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70(27%) had senior secondary school only, while
127(49.8%) had tertiary education. Fifty
three(20.9%) of our respondents were students
and most in tertiary institution. Ninety four
(36.9%) were artisans/petty traders, 15 (5.9%)
were pensioners, 10 were dependants/ applicants,
20 were teachers /clergy, 63 were professionals/
public servants. One hundred and twenty three
(48.2%) responded '.yes' to having heard about
glaucoma while 132(51.5%) gave a 'no' response.
Source of information was hospital
43(35.0%),mass media 43(35.0%), schools 14
(11.4%) patient with the disease 11(8.9%)

relations and colleagues at work 8(6.5%) and
from many sources 4(3.25%). There were
various responses to the symptoms of glaucoma
with 29 (11.4% ) saying that blurring of vision
was an initial symptom, 26(10.2%) itching and
tearing; 18(7.1%) related it to blindness as
symptom, 9(3.5%) said pain was the initial
symptom. Thirty five (13.2%) said that increased
intra ocular pressure (IOP) was a sign of
glaucoma, 16(6.3%,17(67% ) said loss of field
of vision and loss of side vision respectively was
a sign of glaucoma.

Table 1: Socio-demographic details of participants
Age
Sex
Educational
attainment
Occupation

<50years

>50years

174(68.8%)
male
116(45.5%)
No formal
education
12(4.7%)
students

81(31.8%)
female
138(54.5%)
Primary
education only
29(11.4%)
Artisans/petty
traders

53(20.8%)

94(36.9%)

Junior
secondary
17(6.7%)
pensioners

15(5.9%)

Senior secondary Tertiary
education
70(27.5%)
127(49.8%)
Dependa Teachers/clergy Professionals
nts/applic
/public
ants
servants
10(3.9%) 20(7.8%)
63(24.7%)

yes
48%

no
52%

Figure 1: Awareness of glaucoma
Table 2: Heard of glaucoma * educational qualification Crosstabulation
Educational qualification

Heard of
glaucoma
Total

Yes
No

No
Primary
formal
education

Junior
Senior
Tertiary
secondary secondary

Total

2
10
12

1
16
17

123
132
255

6
23
29

52

25
45
70

89
38
127

Abraham et al.

W J Biomed Res 2018, Vol. 5 No. 2, p.50-56
45
40
35
30
25
20
15
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5
0
media

hospital
source

school

from many patient with relation and
sources
glaucoma colleagues

Figure 2: Bar chart showing the different sources of information about glaucoma
Table 3: Response on the knowledge of glaucoma
What is glaucoma?
Eye disease

Increased
Disease of
IOP
the nerve
88(34.5%)
12(4.7%)
1(0.4%)
What causes glaucoma?
Environmental
Poor
Increased
factors
diet/evil
IOP
spirit
5(2.0%)
5(2.0%)
6(2.4%)
What symptoms of glaucoma do you know?
Pain
Blurring of
Blindness
vision
9(3.5%)
29(11.4%)
18(7.1%)
Do you know any sign of Glaucoma?
Increased IOP
Poor field of Loss of
vision
side vision
35(13.2%)
16(6.3%)
Can glaucoma be treated?
Yes 90(35.3%)
No 15(5.9%)

17(6.7%)

Dont know
150(58.8%)
What available treatment do you know
Eye drops
Operation
Laser
34(13.3%)
39(15.3%)
2(0.8%)
Can glaucoma be inherited?
Yes
No
Dont know
46(18.0%)
28(11.0%)
181(71.0%)
What are the risk factors of glaucoma?
DM/HTN/
High IOP
Use of some
Obesity17(6.7%)
drugs
10(3.9%)
(4(1.6%)
Eye screening done
Yes
No
21(8.2%)
234(91.8%)
If no why?
Dont know
where to do
screening
19(7.5%)

My eyes are
good, I dont
need
42(16.5%)

Do not know
154(60.4%)

Trauma

Hereditary

Itching
/infection

3(1.2%)

14(5.5%)

9(3.5%)

Itching
/redness
26(10.2%)

All listed
symptoms
6(2.4%)

No
symptoms
4(1.6%)

Increased
IOP +loss of
side vision
5(2.0%)

Do not know

Eye drop
&operation
5(2.0%)

Native
/spiritual
2(0.8%)

Do not know
173(67.8%)

Family
History
21(8.2%)

Age

Smoking/
Alcohol
4(1.6%)

No reason

194(75%)

53

Increased
blood
pressure
3(1.2%)

Does not
know
206(80.8%)

Dont know
163(63.9%)

180(70.6%)

3(1.2%)

Multiple
factors
19(7.4%)

Dont know
172(69.4%)
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this study sufficient knowledge appears to be
lacking and is well manifested in the poor uptake
of eye screening opportunities by the participants
as also shown by this study 21(8.2%). In
developed countries such as Canada and
Australia studies found that 73% of 243 &70% of
1711 respondents had heard of glaucoma while
29% &20% could identify the accurate definition
of awareness respectively.23,24
Regarding treatment, 90(35.3%) knew
that glaucoma is treateble. Thirty nine of
this(15.3%) knew about treatment with drugs,
34(13.3%) treatment by operation, 5(2.O%) both
drug and surgery. This is lower than what was
seen in Western Nigeria1 which is known to have
longer established eye care services. Finding is
similar to that of southern India where the survey
showed that (39%) of the participants accepted
that glaucoma can be treated but then 46% would
25
not accept surgery.
Major source of information was hospital
43(34.9%) and the media43(34.9%). This is
similar to findings in other surveys,17,26 but in a
survey by Pradesh et al,25 oral communication
from person to person was the commonest source
of information. These two avenues should be
further explored to not only create awareness but
also give more knowledge about the disease. Our
study also showed that schools played a
significant role in health education as14(11.4%)
got information from school and this can be
improved upon by consciouly reviewing the
schools' curricum to include mention of some
commonly occuring diseases as is done in the
case of HIV/AIDS. Those with higher education
(senior secondary and tertiary education were
more aware of glaucoma 114(57.9%) than those
with little or no formal education 9(18.4%), and
was statistically significant (p=.ooo). Other
17,26
studies also collaborated his finding.

DISCUSSION
Glaucoma is the commonest cause of
irreversible blindness in the world. While we may
not be able to stop glaucoma from occurring as the
medical world is still unaware of the cause of
primary glaucomas, we can stop blindness from
glaucoma so thus effectively reducing the
prevalence of blindness and moderate/severe
visual impairment as we approach the end of
'Vision 2020 the Right to Sight. One sure way of
doing this is by improving the awareness
/knowledge level of the people about this disease
In this study 255 participants responded to
the questionnaire, 116(45.5%) males,
138(54.4%) female1:1.2. The slight female
preponderance is similar to the findings by
Ogbonaya et al. in Ebonyi17and Isawunmi1where
more women than men participated in the study
but different from the studies in Ethiopia and
18,19
Nepals.
This difference may be cultural where
the women may not be free to express themselves
in the public without a family male's approval.
Mean age of 42.3±16years is higher than that of
17
Ebonyi but lower than in many other studies
which focused on those 40 years and above.6
Since glaucoma can also occur in those younger
than 40 years, the authors thought it necessary to
include the younger age group in this study.20,21 In
our study, 123(48.2%) admitted to have heard of
glaucoma. This is lower than the finding of
20
Tenkir in a clinic study in Ethiopia, but higher
than the findings of Komolafe22 et al. on
awareness among non- clinical hospital workers
in a tertiary institution in Western Nigeria and
17
Ogbonaya in Eastern Nigeria. This positive
difference may be because of the eye health
campaign that has been going on in Akwa Ibom
state where the study was carried out in last few
years.
Knowledge of glaucoma was seen to be
very shallow. Only 88(34.5%) persons associated
the disease with the eye, 12(9.7%) associated the
disease with intraocular pressure and 14(5.5%)
said it was heridetary. There is a wide gap between
awareness and knowledge and knowledge is what
empowers someone to take decision. This is the
17
pattern also seen in an earlier study. Just being
aware of a disease is not enough, there must be a
reasonable level of knowledge about the disease
to enable the person take an informed decision. In

CONCLUSION:
Knowledge of glaucoma in this
population was very low. Health education
through use of information, education &
communication (IEC) materials, radio and
television and inclusion in school curriculum
should be broadly targeted at the population to
educate people about the risk factors and thereby
prevent needless blindness.
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A Joint to Remember- A Case Series of Sternoclavicular Joint Swelling in Nigeria
1

2

*Nottidge TE , Nottidge BA , Uduma FU

3

ABSTRACT
The sternoclavicular joint (SCJ) is the forgotten joint of the pectoral girdle. Swelling of this joint is not a
common clinical presentation but due to its prominence at the base of the neck and its subcutaneous location,
most patients present early. Yet, due to the small size of the joint, advanced imaging (CT scan or MRI) is usually
required for definitive diagnosis, which may be too expensive for most patients in low to medium resource
settings. This lack of a definitive diagnosis in non-traumatic lesions of the SCJ may contribute to the paucity of
articles on this condition from Africa. We report five cases of swelling in this joint, four of which were
diagnosed as Osteoarthritis and one as a ligament sprain. All patients were treated with NSAIDS and those with
Osteoarthritis also had Physiotherapy. The pain resolved in three of the patients, but the swelling persisted. The
remaining two stopped attending clinic for follow up.
Keywords: Osteoarthritis, sternoclavicular, manubriosternal, Nigeria, Africa

Nigeria, with reference to the SCARE template.3
The objective of this case series is to bring
to the fore diseases that occur in this joint,
highlight the constraints in managing these
conditions in resource limited settings and
suggest a template for managing these conditions
despite the constraints. These patients were
managed in a tertiary hospital in Southern
Nigeria, in which the CT scan had frequent off
seasons at the time. This also highlights the reality
that in resource limited settings, not only may the
patient be unable to afford advanced imaging,
there may also be major difficulties maintaining
the device(s). Ethical approval for this case report
was granted by the Institutional Research Board.

INTRODUCTION
The sternoclavicular joint is the forgotten
joint of the pectoral girdle. Anatomically, it is the
manubriosternal joint but has traditionally been
termed the sternoclavicular joint (SCJ). It is the
latter term that will be used in this discourse. The
SCJ is a synovial joint and thus subject to the
afflictions of synovial joints-injuries and
degenerative, inflammatory and infective
arthritis.1
The joint is a shallow saddle joint
comprising the medial end of the clavicle and the
superomedial manubrium. The posterior relations
of the SCJ are major neurovascular structures, the
oesophagus and the trachea.2 Involvement of
these structures during injury or surgery (direct
injury or migration of implants), can result in
fatality. The subcutaneous position of the joint
makes swellings readily visible and the joint
easily palpable. Hence disease in the joint which
usually results in swelling and sometimes skin
changes, are quickly appreciated by the patient
and detected by the doctor.
There have been numerous cases and case
series reported in the English literature on SCJ
disease or injury, but it would appear there is a
paucity of articles from Africa-search of PubMed
on the 18th of August 2018 did not yield any such
report but search of African Journals Online
yielded one case report. Here we report a case
series of SCJ swelling in five patients in Southern

CASE SERIES
Case 1
She was 46-years-old, with a 2-month
history of pain and swelling at the right SCJ.
There was no stiffness in moving the right upper
limb and no related disability. There wasn't any
related trauma, fever, night sweats or difficulty
swallowing. She did not have a prior history of a
similar swelling nor marked pain in other joints.
She was not pale or febrile. She had an
enlarged right SCJ, which was not warm, elicited
mild tenderness and was solid (see Figure 1).
There was full range of motion of the ipsilateral
upper limb and its neurovascular status was
normal. A radiograph revealed an irregular sternal
end of the right clavicle. A diagnosis of right
Sternoclavicular joint osteoarthritis was made.
She was placed on NSAIDS and Physiotherapy.
However, she was lost to follow-up and her case
note could not be located at the medical records
department for this report.

Department of Orthopaedics and Traumatology,1 University of
Uyo, Akwa Ibom State, Nigeria.
Department of Physiotherapy,2 University of Uyo Teaching
Hospital, Uyo, Akwa Ibom State, Nigeria.
Department of Radiology,3 University of Uyo, Akwa Ibom State,
Nigeria.
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Figure 3: Radiograph of both SCJ in a 53-year-old
woman revealing normal features.

Figure 1: Clinical photograph showing swelling of
the right SCJ in a 46-year-old woman.

Case 2

Case 3

She was 53 years old, with a 1-month
history of gradual onset pain at the left SCJ. The
pain occurred mostly at night. There wasn't any
stiffness of the left upper limb or related disability.
There wasn't any related trauma. She did not have
difficulty swallowing neither was there a prior
history of swelling. She was not pale or febrile.
There was an enlarged left SCJ (see Figure 2).
Overarm and posterior thrust movements of the
left shoulder were painful but there was full range
of motion. She had deep tenderness over the left
sternoclavicular joint. A radiograph of both SCJ
revealed normal findings. A working diagnosis of
Osteoarthritis of the left SCJ was made. She was
placed on NSAIDS and Physiotherapy. Recent
contact with her revealed that the pain had
resolved but the swelling of the left SCJ has
persisted.

He was 44 years old, with a 2-month
history of pain and swelling at left
sternoclavicular joint. There weren't any
symptoms referable to adjacent structures. There
wasn't a history of direct trauma. He also had pain
in the left shoulder. He was not pale and not
febrile. There was an enlarged left SCJ. He had
full range movement of the ipsilateral shoulder. A
radiograph revealed no marked anomalies. A
working diagnosis of Osteoarthritis of the left
SCJ was made. He was lost to follow up and his
records could not be located.
Case 4
This was a case of a 60-year-old male
with a 2 month history of pain and swelling at the
right SCJ. There wasn't direct trauma. He did not
have difficulty with shoulder motion. He had
received care by a traditional bone setter without
improvement in his symptoms. He had chronic
low back pain.
He was not pale and not febrile. There
was an enlarged right SCJ (see Figure 4). It was
mildly edematous and tender. There was mild
pain at the extremes of shoulder movement but
full range neck movement.
The radiograph revealed irregular joint
margins and subchondral sclerosis of the right
SCJ (see Figure 5). A diagnosis of right SCJ
osteoarthritis was made. He was commenced on
NSAIDS and Physiotherapy. Recent contact with
him revealed that the pain in his right SCJ had
resolved, though the swelling persisted.

Figure 2: Clinical photograph showing swelling of the
left SCJ in a 53 year old woman.
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any lesion in the joint. A diagnosis of a sprained
left SCJ ligament was made. She was placed on
NSAIDS and Vitamin E and made a rapid
recovery. She is very satisfied with the treatment
and feels Vitamin E was essential to her recovery.
It was noted that despite the resolution of the
pain, the swelling persisted. She gave written
consent for the anonymous use of her materials,
including the pictures.

Figure 4: Clinical photograph showing swelling of the
right SCJ in a 60-year-old man in case 4 above.

Figure 6: Radiograph of both SCJ in a 32-year-old
woman.

Figure 5: Radiograph of both SCJ in the 60-year-old
man in case 4, showing irregular joint margins and
subchondral sclerosis of the right SCJ. Unfolding of
the aorta is also noted.

Case 5
She was a 32-year-old woman who
presented with a two-month history of swelling in
the left SCJ. The swelling progressively increased
in size over several days. There was associated
pain, which was aggravated by massage
administered by massage hawkers but relieved by
injectable analgesics. The symptoms in her left
SCJ started within a week of her first parturition,
which was delivered per vagina. There wasn't a
history of direct trauma neither were there any
systemic symptoms. Her left SCJ became
progressively more painful, requiring opioids for
short term relief. She was not pale and not febrile.
The left sternoclavicular joint was
swollen and mildly tender but not warm. A
radiograph and a MRI of the SCJ did not reveal

Figure 7: Coronal view MRI of both SCJ in a 32-yearold woman.

SUMMARY
In four of these patients, diagnoses of
Osteoarthritis of the affected Sternoclavicular joint
were made and they were placed on NSAIDS and
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referred for Physiotherapy. The Physiotherapy
measures applied included thermotherapy,
mobilization, soft tissue massage and range of
motion exercises. Follow up was not sustained but
initial findings were that the condition did not
respond significantly to NSAIDS and
Physiotherapy. Long term findings from three of
the patients revealed that the pain eventually
resolved but the swelling persisted.

The loss to follow up in these cases is the
'rule rather than the exception' and do not make for
concluding on the diagnosis and ensuring the
patients recovery. Inadequate health records and
public health infrastructure makes locating the
patients quite difficult, as was noted in two of the
cases. Three patients were traced by personal effort
and it was found that the pain had mostly resolved,
while the swelling persisted. It remains to be seen
by long term observation whether this is the natural
history of nontraumatic aseptic SCJ swellings in
this environment or a defined response to therapy.
In addition, long term follow-up and advanced
imaging would help to detect patients with the rare
condition termed condensing osteitis of the
clavicle, which is often misdiagnosed as
Osteoarthritis of the SCJ in the early stages.7
This case series indicates a simple template
for the management of patients with non-traumatic
aseptic sternoclavicular swellings in low to middle
income countries, despite the lack of advanced
imaging. It also draws attention to an uncommon
constellation of these atraumatic SCJ swellings in
this environment and provides an impetus for other
authors in this environment to publish any cases
they may have.

DISCUSSION
Diseases of the SCJ are uncommon but
published material from low to middle income
settings is rare. This may be due to the lack of
access to the resources required to provide
definitive diagnoses in non-traumatic conditions
affecting the SCJ, especially a CT scan or an MRI.
These cases were therefore presented without
definitive diagnoses in two out of the five cases,
because more advanced imaging was required but
financially unavailable.
Surgical treatment of SCJ lesions requires
caution, even in high resource countries, because of
the high risk of fatal injuries to the vital structures
that make up its posterior relation. Hence, the
treatment of non-traumatic conditions of the SCJ is
usually non-specific - analgesics, intra-articular
steroids and physiotherapy and those of any
associated systemic disorder, for example in
rheumatoid disease, with antibiotics for septic
conditions (combined with joint aspirations under
ultrasound guidance where necessary).4 The
treatment of traumatic lesions of the SCJ is often
conservative, with surgical options utilising closed
methods more than open approaches but both
requiring the presence of thoracic surgeons.5 There
is an increasing trend for arthroscopic approaches
in highly specialized settings.5
Osteoarthritis of the SCJ is the commonest
non-traumatic condition affecting the SCJ.1 In the
patients in whom the radiograph did not provide
features of osteoarthritis, the clinical details and
epidemiology was used to make a working
diagnosis of Osteoarthritis of the SCJ. It is possible
that the radiographic features of Osteoarthritis of
the SCJ may take longer to manifest in patients
because the joint is not weight bearing and only
undergoes passive movement-yet, due to its
position and subcutaneous location, patients with
SCJ swelling tend to present early. Thus, without
advanced imaging, a clinician may consider
utilising the clinical features and available imaging
to make a working diagnosis and prescribe the
standard treatment. This approach can apply in
rural areas where most patients in this environment
reside.6
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