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Runnning title: Molecular identification of Mycobacterium tuberculosis complex in people living with HIV
Correespondence: Dr O.A.Terry Alli (alliot@hotmail.com)
Abstract
Human immunodeficiency virus (HIV) infection has created a special niche for Mycobacterium tuberculosis complex in humans
as a result of the defect/reduction in cell mediated immunity. M. tuberculosis still responsible for most cases of death due to
infectious diseases after HIV. In this study, prevalence of M. tuberculosis was determined in people living with HIV in Osun
state of Nigeria with identification of culture positive isolates by polymerase chain reaction. A total of 160 samples were
collected from people living with HIV with mean age of 36.8 years old of age (Median -34; age range 16 – 68; 95% confidence
interval – 2.49) after seeking ethical approval from the Ministry of Health, Osun State. The result of the microscopy by ZN stain
showed that 40 (25%) of the 160 samples were positive for acid fast bacilli while culture on Lowenstein-Jensen (LJ) medium
revealed that 30 (18.75%) of the samples processed, grew organism that conformed to the characteristics of M. tuberculosis
complex. Polymerase chain reaction for IS6110 was used to confirm the identity of the colonies on LJ slope as M. tuberculosis
complex while the PCR for 260 bp of Rv1255c was used in identifying M. tuberculosis. M. tuberculosis represented 92% of the M.
tuberculosis complex. The prevalence of M. tuberculosis among people living with HIV was found to be 15% after PCR
identification. The effects of socio-demographic factors on the prevalence of TB were analysed. Occupation was found to be
associated with the proportional distribution of TB in people living with HIV (X2 = 14.85; p < 0.05). The study concluded that
PCR should be integrated into the schema for identification of tuberculosis in reference laboratories in developing countries.
Key words: Molecular identification, Polymerase chain reaction, Mycobacterium tuberculosis complex; Mycobacterium
tuberculosis, Prevalence, HIV, Nigeria

Introduction
Tuberculosis (TB) is responsible for most cases of
illness and death worldwide, especially in Asia and
Africa. Worldwide, 9.2 million new cases and 1.7
million deaths from TB occurred in 2006, of which 0.7
million cases and 0.2 million deaths were reported in
human immunodeficiency virus (HIV) positive
people (1). The problem of TB has been compounded
by the emergence of multi-drug resistance
Mycobacterium tuberculosis and HIV.
The aetiological agent of TB is M. tuberculosis
complex. M. tuberculosis complex is a Gram positive
rod which can be best described by the ability to hold
on to stain such as carbol fuschin even after
decolourization with acid alcohol as acid fast bacilli.
M. tuberculosis complex so called because of the
similarity in pathology of the infection comprises M.
tuberculosis, M. bovis including Bacille Calmette
Guerin (BCG) strain, M. canetti, M. africanum, and M.
microti. Causative agent of TB is a facultative
intracellular organism. The pathogenesis starts with
the invasion of alveoli macrophages after inhalation

of the contaminated droplets by individuals. The
organism able to resist macrophage killing by
inhibiting phagosomal-lysosome fusion (2-4) and the
detail mechanisms have been described by various
researchers (2-7). The initial involvement with
macrophages involved the use of receptors
(complement receptors, mannose receptor, and type
A scavenger receptors) present on the macrophage (810). Ability to adapt to the intracellular niche has
played important role in the organism. One of the
important mechanisms is for the organism to shift
majority of its metabolism to fatty acid metabolism
(11) and also ability to enter into state of dormancy
have played important roles in the parasitism of the
host. State of dormancy has been characterized by the
increase in expression of α-crystallin protein (12). It
has been reported that α-crystallin protein expression
increases with anoxic condition (13) and it also
increases during intracellular gene expression (14)
with other key metabolites. Several workers in the
field of mycobacteriology have used different
molecular biological techniques such as transposon
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mutagenesis (15), microarray (16), RAP-PCR (17) to
mention a few, in unraveling the intracellular survival
strategy of M. tuberculosis.
Epidemiologically, African countries have not been
faring well since late 1980s and this has coincided
with the HIV pandemic. Co-infection of people living
with HIV with M. tuberculosis has been shown to
increase the mortality rate in sub-Saharan African
countries like South Africa, Botswana, and Zambia
(18). Nigeria was ranked fifth as high burden country
with tuberculosis according to World Health
Organization (WHO) report of 2008 (1). According to
this report, there were 311 cases of TB per 100,000
population per year. Six hundred and ninety four
laboratories performing microscopy for AFB with
none of them routinely culturing for mycobacteria
and 6 states out of 30 states in Nigeria were
mentioned as those involved in TB/HIV collaborative
activities. Osun state was not one of the states
mentioned in WHO report, suggesting that there is
dearth of information on the TB/HIV epidemiology
in Osun state. The information on the epidemiology
of TB in people living with HIV has been sketchy or
not well documented in this part of Nigeria (Osun
state) because there is no laboratory facility to do both
microscopy and culturing of samples for isolation and
identification of mycobacteria routinely. Furthermore,
rapid identification of M. tuberculosis complex from
culture can provide better alternative to identification
than the biochemical tests normally employed at
reference laboratories. Therefore, the study was
aimed at determining the prevalence of M. tuberculosis
among people living with HIV in Osun State, Nigeria
using cultural and molecular methods for
identification of M. tuberculosis.
Materials and Methods
Sample Population and Selection.
The target population for this study was people that
had been confirmed to be infected with HIV by
serological diagnosis to be reactive or positive for
Human immunodeficiency virus I/II residing in Osun
state of Nigeria. Ethical approval was obtained from
the Ministry of Health, Osun state, Nigeria before the
commencement of the study. Standard questionnaire
was provided in order to collect biodata and informed
consent was obtained from the patient prior to
collection of sputum
sample(s). Samples were collected from the people
living with HIV between March and July, 2008.
Sample Collection.
The samples were collected from seven locations in
Osun state: Ilesa, Osogbo, Telemu, Ogbagba, Iwo,
Ikire, and Ejigbo in Osun State, Nigeria. Samples were
collected randomly from people living with
HIV/AIDS in those cities/towns aforementioned.
Three sputum specimens were collected in wide –
mouthed translucent containers (cups). Sputum
produced from a deep cough into one of the container

on the first day. The subjects took the second sputum
cup home and produced early morning sputum from
a deep cough. On arrival with the early morning
specimen, another sputum specimen (second spot
specimen) was collected from each subject. The
samples were taken to the laboratory for
microbiological analysis.
Mycobacteriology
Processing of Samples
All the sputum samples and cultures were processed
in the TB laboratory, Department of Medical
Microbiology, University College Hospital, Ibadan,
Nigeria inside a safety cabinet as described below.
Microscopy.
A loopful of sputum was spread on a clean glass slide
uniformly in oval shape by smearing repeatedly in
coil-like patterns, approximately 2-3 cm in size. After
smearing, the slide was air dried completely. Then,
flame-fixed by passing through the flame carefully so
that it would not wash off during staining. The smear
was stained for presence of acid fast bacilli using
Ziehl-Nelseen staining as described previously (19)
and examined under light microscope using the oil
objective.
Cultural Isolation of Mycobacteria.
Sputum specimens were processed for culture by first
decontaminating/digestion. Briefly, 10 ml of 4%
NaOH was added to about 5 ml or equivalent
proportion, the cap of the container was tightened
and shook to digest. It was allowed to stand for 15
min at room temperature with occasional shaking and
centrifuged at 2000 x g for 10 min, after which the
supernatant was poured off into a stericol disinfectant
jar. The deposit was re-suspended in sterile saline and
centrifuged at 2000 x g for 15 min. The resultant
deposit was inoculated onto Lowenstein-Jensen (LJ)
medium. The culture was incubated at 35-37oC until
growth was observed for maximum period of 8
weeks. All cultures were compared with the control
organism (H37Rv). Every week after the inoculation,
LJ slopes were removed from incubator and observed
for 4 characteristics: aspect/consistency of the culture
media; growth rate of the colonies; morphology of the
colonies; and colour of the colonies (presence of
pigmentation).
Bioinformatics and Primers design
In order to help in identification of M. tuberculosis and
M. tuberculosis complex, the whole genomes
sequences of M. tuberculosis (H37Rv) (20) and M. bovis
(21) were downloaded from the www.sanger.ac.uk.
ARTEMIS software designed to view microbial
genome was used to view the genomes sequences of
both organisms. Artemis comparison tool (22) was
used to identify a region that was unique to M.
tuberculosis that was not present in M. bovis. Primers
were designed for amplification of the unique region
using DNAman. The primers were designed for
specificity by submitting the primers sequences to
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Statistical Analysis
Data were analysed using statistical package within
the Microsoft Excel and Epi-info software from Centre
for Disease control and prevention, USA. Chi square
was used to determine the effect of sex, age, location,
and occupation on the data obtained. The p value less
than 0.05 was considered to be significant.

BLAST programme at National Centre for
Biotechnology
and
information
website
(www.ncbi.nih.gov/blast).
DNA Extraction
DNA was extracted from the representative colonies
suspected to grow organism irrespective of whether
the culture resembled M. tuberculosis complex culture
as described before (23). Briefly, the LJ slope
containing suspected colonies was heated at 80oC for
1 h to kill bacteria. Thereafter 3 ml of extraction buffer
(50 mM Tris-HCl, 25 mM EDTA, 5% mono-sodium
glutamate, pH 7.4) was added and the colonies were
carefully scraped using a disposable loop and
homogenised using a vortexer for 2-3 min to disrupt
colonies. Four hundred microlitre of 50 mg/ml
lysozyme stock and 10 µl of 10 mg/ml RNAase were
added to the suspension and incubated at 37oC for 2
h. Subsequently, 600 µl of 10X proteinase K buffer
(100mM Tris-HCl, 50 mM EDTA, 5% SDS, pH 7.8)
was added with 150 µl of 10 mg/ml proteinase K and
incubated at 45oC for 16 h. The DNA was purified
using phenol/chloroform/isoamyl alcohol and
precipitated from upper aqeous phase using equal
volume of isopropanol in the presence of 0.1 volume
of 3 M sodium acetate, pH 5.5 at -20oC for 30 min. The
resulting DNA pellet after centrifugation at 3000×g
for 30 min was suspended in TE buffer (10 mM TrisHCl, 1 mM EDTA, pH 8.0) and stored at -20oC.
Polymerase Chain Reaction (PCR)
After the DNA extraction, about 50 ng of the DNA
sample was added to the PCR master mix prepared in
the presence of Taq polymerase and IS6110F
(cctgcgagcgtaggcgtcgg)
and
IS6110B
(ctcgtccagcgccgcttcgg) primers to amplify 123 bp
insertion sequence element present in all M.
tuberculosis complex. The reaction mixture was made
up of 1.5 mM MgCl2, 0.2 mM dNTP, 50 mM KCl, 5%
glycerol, 1 uM of IS6110F, 1 uM of IS6110B and 25
units of Taq polymerase (New England Biolab, USA)
in a 20 ul reaction volume. The following cycling
parameters were used for amplification of 123 bp
IS6110 fragment in positive M. tuberculosis complex
cultures: 94oC for 5 min; 94oC for 1 min, 68oC for 1
min, 72oC for 2 min – 25 cycles; 72oC for 7 min -1
cycle. The amplicons were run along with DNA size
markers on 0.7% agarose gel with positive control
(DNA from H37Rv) and negative control (no DNA).
The specific M. tuberculosis DNA was amplified using
the primers stb_F1 (accgagttagcccgcaga) and stb_B1
(cgtcgtggtgatgctca) using the procedure above with
different cycling parameters from above to amplify
260 bp: 94oC for 2 min 1 cycle, 94oC for 5 min; 94oC for
1 min, 55oC for 1 min, 72oC for 30 sec – 25 cycles; 72oC
for 7 min -1 cycle.

RESULTS
In this study, 160 sputum samples were obtained
randomly from people living with HIV/AIDS in
Osun State of Nigeria of average age of 36.8 years old
(Median -34; age range 16 – 68; 95% confidence
interval – 2.49). The result of the microscopy by ZN
stain showed that 40 (25%) of the 160 samples were
positive for acid fast bacilli (AFB) while 42 (26.3%)
were positive for culture (see Fig.1). Four of the 120
samples negative by microscopy grew organism
suspected to be M. tuberculosis complex.
There was no significant difference in the level of
detection of mycobacteria between microscopy and
culture on LJ (X2 = 0.02; p > 0.05). Most of the growths
were noticed 4 weeks after incubation. Using culture
as the gold standard, sensitivity and specificity for
microscopy were found to be 73% and 100%,
respectively.
Primers for amplification of the insertion sequence

Fig.1. Comparison of number of cases positive by
microscopy and culture in diagnosis of tuberculosis.
Microscopy was carried out on all the specimens by
staining smear of sample using ZN staining technique
while culture was done on LJ slope as described in the
materials and methods.
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element of M. tuberculosis complex had been used
before by various researchers (24-26) and therefore no
need for analysis of the primers for suitability. The
primers designed specifically to amplify M.
tuberculosis were designed based on the comparison
of the genomes sequences of M. tuberculosis and M.
bovis.
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Various regions of the genome were identified to be
unique to M. tuberculosis: Rv1255c—R1257c, Rv1369c,
Rv1506c, Rv1507c – Rv1516c, Rv1976c, Rv2073c,
Rv2106c, to mention few of such regions. One
(Rv1255c) of such regions was selected and primers
were designed using the primer design programme
within DNAman. The primers were submitted for
BLAST at ncbi website to make sure that the primers
would not amplify any region of the DNA from other
organisms including human DNA. Using the IS6110F
and IS6110B, all DNA extracted from culture positive
samples irrespective of the colonial appearance were
subjected to PCR to identify M. tuberculosis complex.
The result of the PCR for M. tuberculosis complex
showed that 30 (18.75%) of the 160 samples cultured
were positive for PCR for M. tuberculosis complex
representing 75% of the suspected culture positives.
Twenty four (80%) of the 30 M. tuberculosis complex
isolates were positive for PCR that was designed to
identify M. tuberculosis alone. Representative of the
PCR for M. tuberculosis complex and M. tuberculosis
are shown on Figures 2 and 3, respectively.
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Fig. 3. PCR for Mycobacterium tuberculosis
Agarose gel electrophoresis of representative samples.
Lanes 1-8 and 12-21: PCR of various cultures from LJ
slopes; lane 9: negative PCR control; lane 10: PCR
positive control (H37Rv DNA); and lanes 12 and 24:
100 bp DNA ladder molecular weight size marker.
Positive PCR product is indicated by arrow showing
260 bp.

Table 1 shows the proportional distribution of M.
tuberculosis complex among people living with HIV
according to sex. There
was no significant difference between the prevalence
of M. tuberculosis complex in male (21.1%) and female
(18%) (X2 = 0.17; p > 0.05) in people living with HIV.
Table 1. Proportional Distribution of M. tuberculosis
complex among people living with HIV
Positive for
M.
tuberculosis
complex

Negative for
M.
tuberculosis
complex

Total

Male

8 (26.67)

30 (78.95)

38

Female

22 (18.00)

100 (82.00)

122

Total

30 (18.75)

130 (81.25)

160

Sex

Number in parenthesis - percentage
Chi square = 0.17 , P=0.89

Furthermore, there was no significant difference
between prevalence of M. tuberculosis in male (21.1%)
and female (13.1%) (X2 = 0.88; p > 0.05). ). The
prevalence of M. tuberculosis complex among people
living with HIV was found to be 18.75%. There was
increase in proportional distribution of M. tuberculosis
complex with increasing age (Fig. 4). The only age
group that did not follow this trend was 21-30 age
group which recorded 25% in proportional
distribution. With this trend, 61-70 age group
recorded the highest proportional distribution (33.3%)
while 11-20 recorded the lowest proportional

Fig.2. PCR for Mycobacterium tuberculosis complex.
Agarose gel electrophoresis of representative samples.
Lanes 1-10 and 12-21: PCR of various cultures from
LJ slopes; lane 22: negative PCR control; lane 23:
PCR positive control (H37Rv DNA); and lanes 11
and 24: 100 bp DNA ladder molecular weight size
marker. Positive PCR product is indicated by arrow
showing 123 bp.
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distribution (0%). There was no association between
age and proportional distribution of tuberculosis in
people living with HIV (X2 = 7.16; p > 0.05).
Removing the age group 21 to 30 from statistical
analysis showed that there was linear association
between age and tuberculosis in people living with
HIV (X2 = 4.278; P < 0.05). Fig. 5 shows the
occupational distribution of M. tuberculosis complex
among people living with HIV.

(37.5%), followed by Ilesa (28.6%) with lowest
proportional distribution (0%) recorded for Telemu.
Association was not found between residential
location and prevalence of tuberculosis (X2 = 9.40; p >
0.05).
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Fig. 6. Distribution of M. tuberculosis complex
among people living with HIV according
to their residential location.

P ro p ortio n al Distribu tion (% )

Fig. 4. Age distribution of M. tuberculosis
complex among people living with HIV.

M. tuberculosis is the leading cause of death after HIV
from infectious diseases (1, 18). The combination of
HIV and M. tuberculosis infection increases the
mortality rate due to infectious disease. In order to
curb the menace due to M. tuberculosis there is need
for speedy, accurate laboratory diagnosis which will
eventually lead to adequate treatment. This study was
designed to highlight the scale of the problem facing
policy makers in controlling this important infectious
agent through adequate laboratory diagnosis. The
prevalence of M. tuberculosis in people living with
HIV in Osun state of Nigeria was found to be 25%
using microscopy, and 15% and 18.75% for M.
tuberculosis and M. tuberculosis complex, respectively,
suggesting there is overestimation of TB cases using
microscopy. This data is not in agreement with WHO
report (2008) on the overall prevalence of TB among
people living with HIV that was put at 9.5%. A study
carried out on patients attending out-patients clinic in
Abeokuta, Nigeria estimated the prevalence of M.
tuberculosis to be 14% (27) which is in agreement to
15% obtained in this study. Similarly, 16.7%
prevalence of TB in people living with HIV/AIDS
was reported in Keffi, Nigeria (28).
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Fig. 5: Occupational distribution of M.tuberculosis
complex among people living with HIV.

Highest proportional distribution of tuberculosis was
recorded among farmers (42.9%), followed by artisans
(31.3%), and lowest among students (0%) and
commercial sex workers (0%). There was association
of occupation with proportional distribution of
tuberculosis in people living with HIV (X2 = 14.85; p <
0.05). Figure 6 shows the distribution of M.
tuberculosis among people living with HIV in Osun
state with respect to the residential location. Ikirun
recorded the highest proportional distribution

The overestimation of TB cases by microscopy in this
study is not surprising because this method of
laboratory diagnosis is not specific as there are other
bacteria such as Nocardia spp and Actinomycetes spp
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and fungal elements that are acid fast. The most
worrisome is that there is no method that is routinely
used to differentiate M. tuberculosis complex from M.
avium intracellulare complex in Nigeria because M.
avium infection does not respond to usual anti-TB
drugs. The delay in treating the infection with
appropriate drugs can make a lot of difference
between life and death. M. avium has been reported
in people living with HIV (29). Culture which is a
gold standard in laboratory diagnosis estimated the
prevalence to be 26.3%, this is without formal
identification of the suspected colonies on LJ slope.
Formal identification is very important for
epidemiological purposes and also it can also give a
clue to the way the infection should be treated if antiTB drug susceptibility testing is not carried out on the
isolates. Drug susceptibility testing procedure for
mycobacterial infection can only be best handled in
reference laboratory. With the advent of several
molecular biological techniques in the last 2 decades,
this part can be handled with a laboratory that is well
funded in developing countries.

(35) reported 12.9% in Ile-Ife (a town about 50 km
away from this study site).
The limitation of our study was the inability of the
methodology in identifying other species of
mycobacteria apart from M. tuberculosis, suggesting
the prevalence of other species of mycobacteria apart
from M. tuberculosis cannot be determined with
certainty. However, this study still gives an important
clue to the most predominating mycobacteria
infecting people living with HIV with accuracy and
also demonstrates the usefulness of molecular
biological technique in mycobacteria identification. It
is possible to incorporate this methodology as part of
the schema for laboratory diagnosis of tuberculosis.
The influence of different socio-demographic factors
on the prevalence of M. tuberculosis complex on
people living with HIV was examined. We found no
association between gender and the prevalence of
tuberculosis on the population studied (X2 = 0.02; p >
0.05) with prevalence in males and females put at 21%
and 18%, respectively. This finding is in conformity
with other studies (27, 28, 33, 36) that looked at the
effect of gender on the prevalence of TB on people
living with HIV. Pennap et al. (28) reported no
significant difference in prevalence of TB in males
(19.4%) and females (14.4%) co-infected with HIV in
Keffi, in Nigeria, suggesting gender plays no role in
prevalence of TB in people living with HIV. Although
we found no significant association of age (P > 0.05)
with the prevalence of TB in people living with HIV,
there was general increase in the prevalence of
tuberculosis as the age progresses with the age group
between 61 and 70 recording the highest proportional
distribution. The plausible explanation for the highest
proportional distribution recorded for 61-70 age
group could be attributed to the weakening of the
immune system (37). Even in the absence of HIV, this
is the age group in general population where
reactivation of latent tuberculosis takes place.(ref to
back it up or take it off)
Moreover, we found association between tuberculosis
and occupation; highest proportional distribution
(42.9%) was recorded among farmers living with HIV,
followed by artisans. This study is not in agreement
with the study carried out by Nwobu et al (33) where
they found no association between occupation and
tuberculosis in people living with HIV. The plausible
explanation for this high prevalence among farmers
can be attributed to physical nature of their job which
could further weaken their immune system. The same
reason can also be given for artisans. Mechanised
farming is not adopted by large population of farmers
in Nigeria, especially the area where this study was
conducted. Animal husbandry especially cattle
rearing and exposure to wild animals infected with
M. bovis could probably expose farmers to

In this study, PCR was carried out to identify the
species of mycobacteria isolated in people living with
HIV. The PCR was based on the IS6110 that was
identified more than a decade ago in M. tuberculosis
by Eisenach et al (24). This insertion sequence (IS6110)
has been found in all M. tuberculosis complex in high
copy number in majority of M tuberculosis strains and
1 to 5 copies in M. bovis strains (30). The presence of
IS6110 in high copy number makes it a good target for
PCR because it enhances the sensitivity of detection of
M. tuberculosis complex. Using IS6110 as target for
PCR, 30 (75%) of the 42 isolates were identified as M.
tuberculosis complex while 24 (63%) of the isolates
were identified as M. tuberculosis, suggesting there are
other species of mycobacteria infecting people living
with HIV apart from M. tuberculosis within M.
tuberculosis complex that has been erroneously
reported. The prevalence of M. tuberculosis in people
living with HIV after identification by PCR was
estimated to be 15%. A study carried out by Idigbe et
al. using biochemical methods of identification (niacin
production, nitrate reduction, catalase production,
etc) found that not all mycobacteria isolated from
patients with tuberculosis had M. tuberculosis, with M.
bovis accounted for small proportion of the
mycobacterial isolates (31). A detailed molecular
epidemiological analysis of the isolates from Ibadan
also showed that M. africanum and M. bovis accounted
for 13% of the mycobacterial isolates (32). Various
studies have reported the prevalence of tuberculosis
among people living with HIV: Nwobu et al. (33)
reported 10.8% and 9.2% in Irrua and Benin,
respectively using Ziehl Neelsen staining. Idigbe et
al. (34) reported 5.2% in Lagos while Onipede et al
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tuberculosis. Our questionnaire did not address the
kind of farming operation. Farming operations have
been linked with infectious diseases like meliodosis
(38) but this has not been proven for tuberculosis due
to M. tuberculosis.
In conclusion, we have demonstrated the usefulness
of PCR in laboratory diagnosis of tuberculosis. We
recommend the integration of molecular techniques
such as PCR in the final identification of M.
tuberculosis complex / M. tuberculosis as this can
provide timely intervention in the diagnosis of
tuberculosis and treatment.
Identification of
suspected M. tuberculosis from culture is a prelude to
studying the molecular epidemiology of this
organism.
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STUDIES ON BACTERIAL INFECTIONS OF DIABETIC FOOT ULCER
J.vimalin Hena, Lali Growther. Department of Microbiology, Hindustan College of Arts &Science, Coimbatore. India

ABSTRACT
Microbial study for aerobic organisms from 100 cases of diabetic foot ulcers was carried out to determine the etiological
agents and their antibiogram. Polymicrobial infection was observed in all the cases. The most frequently isolated
aerobic organisms were Staphylococcus aureus and Pseudomonas aeruginosa. Antimicrobial sensitivity pattern of the
isolates were done in which imepenem was found to be effective. Imipenem belongs to the ß lactam group of new
generation antibiotics.
Key words: Diabetes, Imipenam, Foot ulcer.

INTRODUCTION
Diabetes is a metabolic disorder of the endocrine system
which plagues approximately 17 million people nationwide.
Each year over 700,000 new cases are diagnosed; 12,000 to
14,000 of which are children, teenagers and young adults,
while this life threatening disease can be controlled. Diabetes
is often accompanied by serious complications, and still
today there is no cure (1). By 2010 it is predicted that it will
affect 239 million people world wide.
Fifteen per cent of people with diabetes will develop a foot
ulcer at some time during their life, and 85% of major leg
amputations begin with a foot ulcer (2). Poorly controlled
diabetes is prone to skin infections because elevated blood
sugar reduces the effectiveness of bacteria fighting cells.
Carbuncles, boils, and other skin infections may be
hazardous if not properly treated. Even a small cut may
progress to a deep, open sore, called an ulcer (3). In most
cases ulceration is a consequence of the loss of protective
sensation that is ,the loss of awareness of trauma that can
cause the breakdown of the skin.
The organisms that occur on foot infections are generally
Staphylococcus aureus and Streptococcus pyogens arising
from the patients’ own skin and Enterococci from bowel.
Among the Gram positive aerobes Staphyloccoci are more
prevalent. Many of these microorganisms are developing
resistance to commonly used antibiotics largely due to their
indiscriminate use. The present study was undertaken to
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determine the microbiology of the diabetic foot ulcers and
the antimicrobial sensitivity pattern of the isolates.
MATERIALS AND METHODS:
A total number of 100
diabetic patients with foot ulceration were studied during
the period of December 2005to Feburary2006. The cases were
from Government hospital Coimbatore. Swabs were
collected from ulcers that were macroscopically examined
and classified based on Wagner’s method of evaluation (3,
4). Swabbing was done on slouphy or inflammmed tissue as
bacteria tend to present in greater number in these areas.
From each patient two swabs were collected. The sterile
cotton were moistened with sterile saline before collecting
the specimens. One of the swabs was used for the isolation
of bacteria. The other swab was used for wet mount
microscopy. For the isolation of bacteria the media used
were blood agar, and Mac Conckey agar, which were
incubated at 37C for 24 hours. The organisms isolated were
subjected to antibiotic susceptibility testing on MullerHinton agar using Kirbey-Bauer disc diffusion method (5).

RESULTS Of the total 100 diabetic foot patients
studied 69 were males and 31 were females, the male:
female ratio being 2:1. Their ages ranged from 35 years
to 85 years with an average of 58 years. The maximum
number of patients having diabetic foot infections
belonged to the age group of 56-65 years, the cases
was with diabetes ellitus for more than a decade.

TABLE 1: AEROBIC BACTERIAL ISOLATES

Culture isolate

Number of isolates percentage

S.aureus

47

42.3

C.koseri

3

2.70

E.coli

17

15.3

K.pneumoniae

10

9.0

Ps.aeruginosa

27

24.3

P.vulgaris

7

6.3

has a central role and is present over 80% of diabetic
patients with foot lesions
From the 100 patients studied, aerobic bacteria in the
pure form were isolated in all the cases in which 47
were S. aureus, 3 were C. koseri, 17 were E. coli, 10 were
K. pneumoniae, 27 Ps. aeruginosa, 7 were P. vulgaris.

Of the 100 patients, 48 patients had some other
complications, such as peripheral vascular disease,
neuropathy, nephropathy, retinopathy, cataract,
ischaemic heart disease or hypertension along with
diabetes mellitus. Peripheral neuropathy

TABLE 2: ANTIBIOTIC SENSITIVITY PATTERN

TABLE 3a: ANTIBIOTIC SENSITIVITY PATTERN

OF THE AEROBIC GRAM POSITIVE ISOLATES

OF THE AEROBIC GRAM NEGATIVE ISOLATES

Antibiotics

Antibiotics

S.aureus
(n=47)number of

S. aureus (%) n = 37
Number of

sensitive

Sensitive Strains

strains(percentage)

Amikacin (30mcg)

19 (70.3)

Amikacin(30 mcg)

19(40.4)

Cloxacillin (30mcg)

11 (40.7)

Cloxacillin(30 mcg)

11(23.4)

Cefepine (30mg)

11 (40.7)

Cefepine(30 mcg)

11(23.4)

Chloramphenicol

23 (85.1)

Chloramphenicol(30 mcg)

33(70.2))

30mcg

Ciprofloxacin(25 mcg)

12(25.5)

Ciprofloxacin (25mcg)

12 (44.4)

Cotrimoxazole(25 mcg)

-

Cotrimoxazole(25mcg)

-

Gentamycin(10 mcg)

18(38.2)

Gentamycin(10mcg)

18 (66.6)

Pencillin(100 mcg)

2(4.2)

Penicillin(100mcg)

2 (7.4)

Tetracyclin(30 mcg)

5(10.6)

Tetracyclin(30mcg)

5 (18.5)

Gatifloxacin(5 mcg)

30(63.8)

Gatifloxacin(5mcg)

20 (74)

Vancomycin(30 mcg)

14(29.7)

Vancomycin(30mcg)

14 (51.8)
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TABLE 3b: ANTIBIOTIC SENSITIVITY PATTERN OF AEROBIC GRAM NEGATIVE BACTERIA

Antibiotics

E.coli

C.koseri

K.pneumoniae

P.vulgaris

Pseudomonos

n = 17

n=3

n = 10

n=7

n = 27

Ciprofloxacin (5mcg)

9 (52.9)

3 (100)

5 (50)

5 (71.4)

6 (22.2)

Ceftazidine (30mcg)

11 (64.7)

2 (50)

3 (30)

5 (71.4)

11 (40.7)

Piperacillin(100mcg)

12 (70.5)

3 (100)

5 (50)

4 (57.1)

22 (81.48)

Ceftoxine (30mcg)

10 (58.8)

3 (100)

2 (20)

2 (28.5)

3 (11.1)

Amikacin (30mcg)

10 (58.8)

3 (100)

8 (80)

4 (57.1)

13 (48.14)

Imipenam(10mcg)

16 (94.1)

3 (100)

10 (100)

7 (100)

27 (100)

Chloramphenicol (30mcg)

6 (35.2)

2 (50)

7 (70)

-

8 (29.6)

Gentamycin(10mcg)

10 (58.8)

-

6 (60)

5 (71.4)

4 (14.8)

Gatifloxacin (5mcg)

12 (70.5)

3 (100)

8 (80)

5 (71.4)

17 (62.96)

Cotrimoxazole (25mcg)

2 (11.7)

-

-

-

-

Tetracyclin(30mcg)

2 (11.7)

-

-

-

2 (74.07)

Over 63.8% strains of S.aureus were sensitive to
gatifloxacin. Only 25.5% of strains were sensitive to
ciprofloxacin (Table 2). While E. coli was highly sensitive
to the antibiotics tested, Pseudomonas was highly
resistant to them (Table 3).
DISCUSSION
The presence of S. aureus, Proteus species and other
aerobic gram negative bacilli in septic complications of
infected diabetic feet have been reported in various
studies.
The infections are usually polymicrobial in nature,
caused by aerobic Gram- positive S. aureus, and by Grampositive bacilli like E. coli, Klebsiella species and Proteus (5).
In the present study S. aureus (43.2%) was
predominantly isolated. As regards the aerobic Gram
negative bacilli, Pseudomonas aeruginosa (24.3%) E. coli
(15.3%) C. koseri (2.7%) P. vulgaris(6.3%) and K.
pneumoniae(9%) were the common organisms isolated.
When testing the susceptibility to fluroquinolones,
individual drugs must be included, as susceptibility to
one drug cannot be taken as evidence of susceptibility to
other fluroquinolones .
Among the 17 isolates of E. coli quinolone and
cephalosporin group of antibiotics showed a higher
sensitivity than to commonly used chloramphenicol. The
3 isolates of C.koseri were found to be sensitive to all
major groups of antibiotics except to tetracycline so
further analysis of its prevalene of resistance is
required.10 isolates of K.pneumoniae showed marked
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difference in their sensitivity pattern to the quinolone
group of antibiotics there was a pattern of resistence to
ciprofloxacin and sensitivity to gatifloxacin .The 7
isolates of Proteus were resistant to major group of
antibiotics but a high sensitivity pattern was shown
towards to gatifloxacin. In Pseudomonas the total isolates
were resistant to the most commonly used antibiotics like
ciprofloxacin, ceftoxime, amikacin, chloramphenicol and
tetracycline,but all were sensitive to the beta lactum
antibiotic imipenem.
In this study all the Gram negative isolates were
susceptible to carbapenem beta lactum antibiotic
imipenem, which is resistant to inactivation by most
bacterial beta lactamases and so it has the widest
spectrum of antibacterial activity. Imipenem should
therefore be used as a monothreraphy against
polymicrobial infections in difficult gram negative
infections. It produces a response rate comparable to that
of third generation cephalosporins.
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ABSTRACT
Background: Following its first recognition in early 1960s, the increasing incidence of nosocomial and community-acquired
methicillin resistant Staphylococcus aureus (MRSA) infections has become a global problem. The emergence of multiple-drug
resistant MRSA strains and dissemination of epidemic antibiotic clones including presence of wide spectrum of virulence and
predisposing risk factors complicate diagnosis, chemotherapy and control causing significant morbidity and mortality.
Detection of MRSA strains in domestic animals and protozoan has widened the epidemiologic characters of the organism and
may influence infection control policies.
Objectives: To review the emergence and epidemiologic spread of resistant strains of MRSA, molecular/genetic basis of
resistance in the organism and challenges facing control strategies worldwide. It also aims to suggest intervention strategies so
as to checkmate the spread of MRSA infections.
Methods: By reviewing local and international literatures on MRSA infections coupled with practical experience in the field of
this endeavour.
Result/Conclusion: MRSA has shown increasing endemic and epidemic spread in the last four decades causing serious medical
and socio-economic difficulties. Routine and regular surveillance (uncommon in poor-resourced developing areas of especially
sub-Saharan Africa), good hospital practices and personal hygiene, public enlightenment, development of effective therapeutic
agents and rational administration of antibiotics based on reliable test results will limit the spread of MRSA infections.
Key words: MRSA, incidence, morbidity, mortality, surveillance, control.

INTRODUCTION
Methicillin-resistant Staphylococcus aureus (MRSA) is
an important bacterial pathogen causing nosocomial
and community-onset infections which has shown
increasing endemic and epidemic spread in the last
four decades (1,2) ,while its control has become a
serious concern worldwide (3,4). These MRSA
associated infections impose a serous burden in terms
of medical and socio-economic costs and cause
significant morbidity and mortality (5-7).
S. aureus (including MRSA strains) are clusterforming, facultative aerobic, Gram-positive cocci with
intrinsic ability to ferment carbohydrates, producing
white to deep yellow pigmentation on solid culture
media. They also ferment mannitol turning Mannitol
Salt Agar (MSA) yellow (8). The organisms produce
deoxyribonuclease (DNase) and catalase enzymes and
coagulase proteins, often called enzymes (clumping
factor) used for their identification. MRSA strains
exhibit resistance to oxacillin or methicillin (1 or
5µg/disk: zone of inhibition < 14mm in diameter
used as marker for all β-lactams) and other
antimicrobial agents (8,9)..
MRSA has been severally shown to cause variety of
diseases ranging from mild, superficial

dermatological diseases to severe and potentially fatal
systemic debilitations (10-11).
In spite of the
availability of considerable number of effective
antimicrobial chemotherapeutic agents, MRSA still
remains an important and increasing cause of postsurgical wound infections (12,13). some invasive
infections such a nosocomial bacteremia and
septicemia (sepsis) (14), acute endocarditis and
osteomyelitis, pneumonia and other soft tissue
infections (STIs),(13,15). The increasing prevalence of
MRSA multiple-drug resistant strains which limits the
therapeutic options available for the management of
MRSA associated infections has become a worrisome
issue worldwide (2).
This paper aims to review the emergence and global
epidemiologic spread of MRSA including multipleresistant strains, molecular/genetic basis of resistance
in this organism and the challenges facing the control
strategies worldwide. It also aims to suggest ways of
overcoming these challenges in order to limit the
spread of MRSA and associated health problems.
Emergence and global epidemiological trend of
MRSA
Strains of MRSA were first detected in the United
Kingdom (UK) in the early 1960s(16) soon after
methicillin antibiotic was introduced for clinical use.
During the next decade, the existence of MRSA

strains was reported in the United States (US) with
prevalence rate of less than 1%.(17) Since then, the
endemic and epidemic outbreaks of the organism
have
been
reported
worldwide(18-20)
but
overwhelmingly from developed economies of the
world. Presently, hospital of all sizes, other care
centers, and increasing number of different
population groups at various communities globally
are facing the problem of MRSA infections (1,7,21).
Reports emanating from different parts of the world
revealed increasing rates in the incidence of MRSA
and population at risk. The epidemiological data from
north America including Center for Disease Control
and Prevention (CDC) in the US showed that the
prevalence of MRSA strains in both large and small
hospitals located at different regions increased
progressively over the years (21-25). Other studies
conducted at various health care centers in the
country revealed that out of all hospital bacterial
isolates, the prevalence of MRSA, cumulatively
increased from 6% in 1998 to 50% in 2002.(4) A similar
study conducted earlier elsewhere in the country
showed a 30% increase (from 20% to 50%) in MRSA
prevalence within a two year period (i.e. from 1988 to
1990) (26) .
The published data from some countries of Europe
and Asia presented identical scenario with significant
increase in the outbreaks of MRSA infections. For
instance, Mangeney and co-workers (27) documented
MRSA prevalence of 33%-62% (in relation to S. aureus
isolates) in their hospital wards in France. The report
of De Sousa and colleagues (28) from Portugal though
indicated downward trend in the outbreaks of MRSA
infections but showed consistently high prevalence of
MRSA during the last decade e.g. 65% in 1992; 49%
and 47% in 1993 and 1994 respectively.
In contrast, lower prevalence rates of MRSA have
been reported in certain parts of Europe. For example,
Harbath and co-researchers(29) reported 3% MRSA
prevalence in their hospital in Geneva, Switzerland
though further evidence showed that the MRSA were
not nosocomial strains and could have originated
from the community. In a similar study carried out in
the UK,(30) the prevalence of MRSA was found to be
comparatively low (<10%) but never the less
significant in the population group studied. Identical
scenario has been observed in Scandinavia and the
Netherlands where incidence of MRSA appears
relatively low compared to other European countries
(31).
In earlier studies carried out in Asia, a remarkable
upsurge in MRSA prevalence has been documented
in many areas, including Taiwan where an increase in
MRSA prevalence from 4.3% in a period covering
1981-1986 was reported (32). In Japan (33) and
Republic of Koria (34), MRSA prevalence of up to 54%

and 70% have been documented respectively. Both
endemic and epidemic outbreaks have continued to
rise in that region (35). On the other hand , reports
from Africa on MRSA are scanty. Nonetheless, in
study conducted in a Khartoum hospital, Sudan, a
prevalence of 11% was documented (36). More so, the
results of surveillance studies carried out by Kesah
and other researchers (37) in some parts of Africa
(including Lagos-Nigeria; Cameroon, Kenya and
Algeria) and Malta between 1996 and 1997 revealed
rates of 21 – 30% MRSA prevalence among the
participating countries of the sub-Saharan region (e.g.
Nigeria, Cameroon and Kenya) while that of North
Africa (e.g. Algeria) and Malta presented lower rates
of below 10%. However, results of similar studies
carried out at different locations in Nigeria viz: Ilorin,
(38) Calabar, (39) Jos, (40) (41) revealed higher MRSA
prevalence rates of 34.7%, 36.4%, 43% and 49.1%
respectively. More studies are clearly needed
particularly in all regions of Africa including Nigeria
and other developing poor-resourced areas to
determine the current epidemiologic outlook of this
increasingly important nosocomial and communityacquired pathogen.
Emergence of MRSA multiple antibiotic clones
and public health implications According to Olive
and Bean(42), clonally related organisms are mostly
members of the same species that share certain
characteristics such as virulence factors, biochemical
and genetic traits. These traits may aid the
pathogenicity, resistance to drugs, or the critical
mechanism for survival by the organism. They may
also facilitate the general identification of such group
of
organisms Information
from
different
geographical locations
showed
that
clones,
particularly the antibiotic types and those
withinherent repertoires of virulence factors are
spreading in various care centers, hospitals, among
members of different sporting teams and in the
communities (7, l1) that hitherto were not considered
to be at risk of MRSA infections. Furthermore, MRSA
strains have also been detected in domestic animals
and birds such as horses, cattle, chickens and dogs as
well as associated individuals (43,44). More so, a
group of researchers in England has suggested that a
protozoan, Acantha - amoeba polyphaga which is found
virtually everywhere in the environment may aid the
spread of MRSA. This is significant because other
scientific evidence suggests that pathogens that
emerge from amoebas may exhibit broader resistance
to antibiotics and may be more virulent with serious
epidemiologic and clinical implications (45). Data
published by CDC (25) suggested that community acquired MRSA (Ca - MRSA) is becoming more
prevalent. Consequently, the array of virulence
factors possessed by Ca-MRSA and broader resistance

to antimicrobial agents being exhibited by the
organism as compared to hospital - associated MRSA
(Ha -MRSA) is of concern. Subsequently, Ca-MRSA
had been implicated in various clinical conditions
affecting some persons without any notable risk
factors and in many cases the management of such
conditions has resulted in poor prognosis (7). In
addition, it has been proposed(3, 42, 46) that one clone
with homogenous or heterogeneous resistance profile
may be present in the same location at any given time
thus compounding diagnostic problems (especially in
poor - resourced areas) and treatment failures arising
from empirical chemotherapy. The situation is even
more compounded in patients with critical
underlying ailments such as cancer, HIV/AIDS and
those undergoing immunosuppressive therapy. Such
conditions obviously constitute serious risk factors for
MRSA infection and may results in severe
complications and fatal consequences, especially if
multiple - antibiotic resistant strains are involved.
Molecular and genetic factors predisposing to
antimicrobial resistance in MRSA
It is now recognized that coding for methicillin
resistance in MRSA is facilitated by the mec A gene,
which is located on the staphylococcal cassette
chromosome (SCC), a large mobile genetic element
which differs in size and genetic composition among
different strains of MRSA (4, 47). Consequently, at
least five types of this organism have been classified
accordingly (48-50) (Table I shows types I - IV as thus
classified).
The mechanism of resistance in this manner involves
changes or defects brought about by mutation on mec
A gene which result in modification to penicillin binding protein 2a (PBP - 2a) product. The outcome
of the event is that it renders the organism resistant to
β-lactams and other antibiotics with the same target
site. (4) In addition, other antibiotic resistance genes
may be present in the cassette thus conferring on the
organism, multiple - resistance to other antibiotics.(49)
Apart from the inability of an antibiotic to bind to the
target site due to structural defect of such site, other
mechanisms that may generally play significant roles
in the development of resistance in bacteria such as

MRSA include efflux phenomenon (also a product of
structural modification of cellular component e.g. cell
wall/membrane protein) resulting in continuous
pumping of antimicrobial drugs out of the bacterial
cell. Others are alteration in the outer-membrane
proteins which limit the access of drugs to the cell;
resistance can also arise from high level production of
β lactamase (51-53).
On the other hand, PBP - mediated resistance in
MRSA is suggested to take various forms and may
arise from (a) overproduction of a PBP, (b)
acquisition of a foreign PBP with low affinity, (c)
recombination of susceptible PBP with more resistant
varieties or (d) may be due to specific point
mutations within PBPs that consequently lower their
affinity for β lactams (10,53,54). Consequently, the
occurrence of any of these events may lead to
changes in antibiotic phenotypic characters of
affected S. aureus strains. The classification of MRSA
strains based on SCCmec present has notably
revealed certain epidemiological features of these
bacterial strains including possible sources of
acquisition and dissemination (nosocomial versus
community), nature of drug - resistance (single
versus multiple), as well as genome characteristics
viz: size of genome and type of ribosome found in
individual strain type (Table 1). It is note worthy that
type IV MRSA strains originating from the
community (Ca-MRSA) were found to possess higher
prevalence of certain virulence factors as compared
with non methicillin - resistant S. aureus (NMRSA)
and health care associated MRSA (Ha - MRSA).
These factors include enterotoxin, Panton - Valentine
leucocidin (PVL) e.g. as observed in USA 300 and 400
strains, toxic shock syndrome toxin 1 (TSST-1), and
other
superantigens
with
serious
clinical
implications.(21,55,56) Consequently, the Ca- MRSA is
believed to have inherent potential for greater disease
than NMRSA, and broader antibiotic resistance than
typical Ha – MRSA (57). The increasing prevalence of
Ca-MRSA coupled with associated battery of
virulence factors and wide spectrum of resistance to
chemotherapeutic agents pose serious challenges for
diagnosis, management and general control of MRSA
infections.

TABLE 1: CLASSIFICATION OF M RSA BASED ON SCCMEC-TYPE PRESENT (50,51)
Type of SCCmec

Source

Resistance

Genome Size (kb)

Ribotype

I

Hospital

Methicillin

34.3

Conserved

I
I
III

Hospital

Multi-drug

53.0

Conserved

66.9

Conserved

IV

Community

Hospital

Multi-drug
Methicillin

21- 24

Variable

Risk factors for the acquisition of MRSA
Traditionally, MRSA is associated with health care
institutions (11) following its first detection in the UK
in the early 1960s (16). However, though Ca - MRSA
became prominent during the last decade
nevertheless its extent in most communities is
uncertain (36,57). In addition, the frequency of Ca MRSA infections among otherwise healthy persons
without typical Ha - MRSA risk factors is increasing
with concomitant health problems (58). Reports of Ca
- MRSA prevalence indicated high rates among
certain population groups such as those living in
close contact or proximity to one another such as
prisons, barracks and care centres (11,21, 24). The
presence of several risk factors (Table 2) , which
increasingly predispose the general populace to
MRSA infection is raising concern worldwide(2,7, 55).
The above developments therefore constitute a
challenge to the researchers in health sector,
epidemiologists, policy makers and health care
providers at all levels in the developing world to
fashion out a coordinated effort at ascertaining the
current epidemiologic profile in various communities
and groups for necessary intervention programmes.
On the other hand Ha - MRSA strains, are usually
introduced into the health care institutions by either
an infected or colonized health care worker (62).

Several risk factors have been suggested for the
acquisition of nosocomial MRSA. They include
previous or excessive antimicrobial therapy (4),
previous hospitalization (1), autoimmune diseases
including immunosuppressive therapy as well as
surgery and prolonged hospital stay (>8.4 days) (4).
Others are enteral feeding, mechanical ventilation,
implantation of prosthetic devices (63) and nasal
carriage of MRSA (64).
The increased use of indwelling devices coupled with
increasing number of immunocompromised patients
such as HIV/AIDS and cancer patients particularly in
the developing countries of sub-Saharan Africa and
parts of Asia compound the problem of control of
MRSA. The existing control strategies have
progressively been inundated by the massive increase
in antibiotic use in the hospitals worldwide and in the
communities (through self medication) especially in
developing countries resulting in selective pressure
and emergence of highly resistant MRSA strains. In
addition, the recognition of several risk factors for
MRSA infection and wide spectrum of resistant
pattern to antimicrobial drugs by the organism clearly
make effective control highly tasking and have been
considered a global crisis (5,65).

.
TABLE 2: RISK FACTORS FOR MRSA (57-60)
Susceptibility patterns of MRSA and antibioticreatment of associated infections.
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Direct contact with an infected or colonized individual
Crowded and unhygienic living conditions.
Recent long-term antibiotic use (within six months) or history of frequent antibiotic use.
Frequent antibiotic use or abuse (including suboptimal dose) for chronic problems such as otitis media, atopic dermatitis
(or eczema) and pharyngitis.
Recent or frequent outpatient visits (including outpatient surgical procedures).
Injection or intravenous drug use and homosexuals.
Shared clothing and/or equipment and other items.
Underlying chronic illness (especially dermatologic diseases) and HIV/AIDS.
Contact with family member or household working in health care facility e.g. Nurses, Doctors, Laboratory scientists e.t.c.
Caretaker for person with unknown history of MRSA infections.
Participation in close contact sports such as wrestling, football e.t.c.
Contact with toiletries or bed linens of an infected individual.
Individuals living in close proximity and with frequent close contact such as prisons, dormitories, army barracks and
child care settings.
Regular exposure to clinical specimens without adequate preventive measures (e.g. in hospital wards and laboratories).

Various reports (4,5,16,30) have described high-level
resistance of MRSA to antibiotics apart from
methicillin as a common phenomenon. The reports
further stated that in the developed economies of
North America for instance, up to 90%, 95% and 83% of
MRSA infections were resistant to fluoroquinolones,
erythromycin and c1indamycin respectively. The
organism has also expressed high level resistance to
other antimicrobial agents like gentamycin (75-93%),
ketolides (82-98%) and trimethoprim/sulfamethoxazole

(16-65%) (Table 3). However, rates of resistance to
some antibiotics, such as inducible c1indamycin was
lower among methicillin-susceptible S. aureus than
MRSA in some locations (2,6). Certain drugs also
were less effective against MRSA infections due to
some factors and characteristic nature of such drugs.
For example, vancomycin used to treat MRSA
systemic infections was found to be less effective in
the treatment of ventilator-associated pneumonia
(VAP) due to its poor lung penetration unlike such

drugs as linezolid with effective penetration of the
body including tissue, muscle, fat and bone (57). On
the other hand, antibiotic susceptibility pattern of
MRSA is not uniform or clear cut in the developing
countries and thus varies from one geographical
location to another depending on various factors
(36,37-42).
In view of this scenario the following factors are
imperative for consideration in the selection of
antibiotics for the treatment of MRSA infection. They
include: (a) susceptibility of the organism to
antibiotics (b) the type of infection (c) drug
characteristics such as activity (i.e. bactericidal versus
bacteriostatic) (d) mechanism of action (e) blood
level/tissue penetration (f) toxicity (g) cost and
availability (h) early initiation of appropriate
antimicrobial chemotherapy is also essential for
favourable prognosis and outcome (4,11).
Antidote for increasing MRSA acquisition
dissemination and spread
In the developed countries of North America e.g. US
and Canada, and parts of Europe, considerable

attention has been given to infection control
programme which has led to significant reduction in
the incidence of many infectious diseases.(1,2)
However, the situation in many developing regions
of the world appears gloomy due to inadequate or
poor implementation of policy on infection control
due to lack of political will, inadequate resources
including shortage or ill-equipped manpower, poor
motivation of health care workers and researchers.
Other militating factors include extreme poverty and
ignorance on the part of the general populace.
However, in order to bring the present situation
under control, some holistic measures are imperative
for strict implementation at local and national
hospital levels, communities and corporate
establishments involving health care workers,
researchers, epidemiologists and drug anufacturers.
These include:- (a) regular surveillance of endemic
and epidemic outbreaks of MRSA especially in high
risk centres, (b) screening before employment and
periodic test of health care workers and identification
of carrier status plus adequate treatment to eliminate
potential source of infection,

TABLE 3: RESISTANCE RATES OF MRSA STRAINS TO ANTIBIOTICS (4,15,32)
Antimicrobial agent
Rate of resistance (%)
* Erythromycin
90 – 95
* Gentamycin
75 – 93
* Fluoroquinolones
30 – 90*
* Clindamycin
75 – 83
* Ketolides
82 – 98
* Tetracycline
18 – 82
* Trimethoprim/sulfamethoxazole
16 – 65
* Quinupristin/dalfopristin
4 – 31
* Fusidic acid
5 – 10
* Vancomycin
0–5
* Oxazolidinones (e.g. Linezolid)
0–1
* Tigecycline
0
* Daptomycin
0
*-variable in developing countries and may be lower in some cases

(c) screening of high risk patients and other
individuals, (d) routine laboratory diagnosis (which
is lacking in most developing areas) and prompt
identification of MRSA and determination of
antibiotic susceptibility profile while (e) empirical
treatment of MRSA infection should be based on
prior determination of local resistance patterns. Other
measures involve (f) the enforcement of good
hospital practices, (g) provision and adequate
implementation of educational programs on hospital,
community and personal hygiene, and (h)
development of effective chemotherapy to replace
those drugs to which the organism has developed
resistance. More so, rational administration of
antibiotics based on rapid and reliable laboratory test
results will go along way in reducing the cases of
treatment failures, and selective pressure leading to

the proliferation of MRSA resistant strains.
CONCLUSION
The increasing prevalence of MRSA infections in the
hospitals, other care centres and lately in the
community has become a worldwide phenomenon.
The wide spread dissemination of multiple - drug
resistant strains and antibiotic clones of the bacterium
facilitated by inherent or acquired molecular/genetic
element is worrying as it complicates diagnosis and
chemotherapy. More so, the presence of wide array of
virulence and potential risk and spreading factors
compounds morbidity and control measures. There is
need for adequate policy framework on infection
control that will reflect the current realities on the
epidemiologic characters of MRSA as well as strict
implementation of such control program to
checkmate the spread of MRSA infections.
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Abstract
Studies were carried out to determine the prevalence of malaria parasite infection among infants and
children (0-12yrs) in Ota, Southwestern Nigeria between April and December 2008. The two hospitals
used were Ota General Hospital and Covenant University Health Centre, Canaanland, Ota. Thick and
thin films were made and stained using standard parasitological procedures. Structured Questionnaires
were distributed to ascertain the age, sex, drugs or insecticides used and state of health of the subjects
before recruiting them into the study.
Overall, 215 (80.5%) of the 267 children investigated were found to have malaria infection. Age group (0-5
years) had the highest frequency rate of 84.7% with mean parasite density of 900 and the difference
between the age groups was statistically significant (p<0.05). Children of illiterates from suburb villages
had the highest mean parasite density of 850 with 78.1% prevalence rate. 20% of the children were given
local herbs and 22% used orthodox medicine as prophylaxis. Only 18% used insecticide treated mosquito
nets while 24% of the parents spray insecticides to prevent mosquito bites.
There is therefore need for more awareness on effective use of drugs and Insecticide Treated bed nets in
malaria hyperendemic regions.
Key words: % Prevalence, malaria parasite, Plasmodium falciparum, infants,
Children
INTRODUCTION
Malaria is the most prevalent tropical disease in
the world today. Each year, it causes disease in
approximately 650 million people and kills
between one and three million, most of them,
young children in Sub-Saharan Africa (1). Nigeria
is known for high prevalence of malaria and it is
a leading cause of morbidity and mortality in the
country. Available records show that at least 50
per cent of the population of Nigeria suffers from
at least one episode of malaria each year and this
accounts for over 45 per cent of all out patient
visits (2). Malaria infection during the first five
years of life is a major public health problem in
tropical and subtropical regions throughout the
world (3 and 4).

countries to the low and non-endemic countries
(6).The disease is caused by protozoan parasites
of the genus Plasmodium. The most serious forms
of the disease are caused by Plasmodium
falciparum and Plasmodium vivax (3). The parasite
is transmitted by female anopheles mosquitoes
(7).
Consequences of severe malaria include coma
and death if untreated, young children are
especially vulnerable (8). In endemic areas,
treatment is often less satisfactory and the overall
fatality rate for all cases of malaria can be as high
as one in ten (9). For reasons that are poorly
understood, but which may be related to high
intracranial pressure, children with malaria
frequently exhibit abnormal posturing, a sign
indicating severe brain damage (8 and 9). Malaria
has been found to cause cognitive impairments,
especially in children. Malaria causes widespread
anemia during a period of rapid brain
development and also direct brain damage and
this neurologic damage results from cerebral
malaria to which children are more vulnerable
(10). Over the longer term, developmental

The disease accounts for 25 per cent of infant
mortality and 30 per cent of childhood mortality
in Nigeria thereby imposing great burden on the
country in terms of pains and trauma suffered by
its victims as well as loss in outputs and cost of
treatments (5). It has also been documented that
children visiting their country of origin import
malaria from Nigeria and other hyperendemic
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leucocytes per microliter of blood as 8,000 and
was expressed as:
Parasite count x 8,000
Parasite density = No of WBC counted

impairments have been documented in children
who have suffered episodes of severe malaria (3).
Considering the above complications associated
with malaria infection in children, this study
therefore was carried out to assess the prevalence
of malaria parasite infection among children
between zero and twelve years of age in relation
to attitudes and social pattern of living as factors
affecting their exposure to malaria parasite
infection.

Questionnaires were designed and administered
to parents of infants and older children
determine the age, sex, drug usage for
prophylaxis, attitude to use of Insecticide treated
mosquito nets. The statistical analysis for
significance was done using chi-square test.
Scientific and Ethical permit/clearance was
obtained from the Nigerian Institute of Medical
Research - Institutional Review Board (NIMRIRB) and Covenant University Ethics Committee
before this research work was carried out. The
Ogun State Ministry of health (Hospitals
Management Board) was also informed before
this research was carried out. Consent for the
children was provided by the parents/guardians
while some of the participants provided the
assents by nodding.

MATERIALS AND METHODS
Two hundred and sixty seven infants and
children between the ages of 0 and 12 years that
were referred to the laboratory for malaria
diagnosis test at the General Hospital, Ota and
Covenant University health centre, Canaanland
Ota, Ogun State, South West Nigeria between
April and December, 2008 were recruited for this
study.
Study Site

RESULTS
The prevalence of malarial parasite in infants and
children according to age is shown in Table 1. Of
the 267 samples examined, 215had malaria
parasite in their blood (p< 0.05). The distribution
of malaria parasite according to the methods
used for prevention of mosquito bite by the
patients (Table. 2) revealed that those who did
not use any method to prevent the bite of
mosquitoes have the highest prevalence rate of
(90.9%) and mean parasite density of 900.
Table 1: Prevalence of Malaria Parasite in
children according to age

Ota, Ogun State, Nigeria
Safety procedures were adopted in the collection
of finger-prick blood samples by swabbing the
area to be sampled with 70% alcohol and allowed
to dry before collection. Experienced medical
laboratory scientists did sample collection in the
hospitals. Thick and thin blood films were made
on clean slides and labeled accordingly as
recommended by the World Health Organization
(WHO) (11).
The thin films were fixed with methanol and all
films were stained with 3% Giemsa stain at pH
7.0 for 30 min as recommended by WHO (12).
Blood films were examined microscopically
using 100X (Oil immersion) objectives as
described by Cheesbrough (11). The thick films
were used to determine the parasite densities
while thin films were used to identify the
parasite species and infective stages. Parasite
density per microlitre of blood was estimated
from the thick film, taking the number of
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Age
group
(yrs)

No.
Examined

No
Infected
(%)

Mean
Parasite
Density
(MPD)

0-5

177

150(84.7)

900

6-12

90

65(72.2)

600

Total

267

215(80.5)

750

Table 2: Distribution of Malaria Parasite according
to mosquito prevention Method
Preventive
Methods
used

Total
No. of
infants
and
children
(%)

Bed
nets
(ITN)
Insecticides

48 (18)

No
Infected
out of
patients
using
method
(%)
23(47.9)

64 (24)

Mosquito
repellent
cream
Window/door
nets
None
Total

Table 4: Prevalence of Malaria Parasite
According to Place of Residence

Mean
Parasite
Density
(MPD)

Place
residence

52

47(90.4)

580

Boarding
House

Mean
Parasit
e
Densit
y
870

60(74.1)

750

750

Campus
Quarters

81

45(70.3)

20 (7.5)

16(80.3)

910

Housing Estate

23

12(52.2)

760

71(88.8)

800

111(89.5)

870

32

25(78.1)

850

20(90.9)

900

Town/city
setting
Village/Remot
e setting
Total

80

113
(42.3)
22 (8.2)

215(80.5)

215(80.5
)

750

267(100)

750

relation to prophylactic Antimalarial
drugs used by study population
No.
Infected
(%)

Mean
Parasite
Density

Quinolines

18(85.5)

890

Sulfonamides

17(6.4)

9(52.9)

800

Artemisinin
Combination
Therapies
Local herbs

16(6.0)

5(40.1)

760

53(19.9)

35 (64.8)

800

No drugs

160(59.9)

148(92.5)

990

Total

267(100)

215(80.52)

750

Number
Infected
(%)

267

DISCUSSION AND CONCLUSION
Malaria remains one of the world's greatest
childhood killers and is a substantial obstacle to
social and economic development in the tropics.
Plasmodium falciparum infection is the major cause
of morbidity and mortality especially among the
vulnerable groups to which children, especially
aged less than 5 years belong (8).
In this study the prevalence of falciparum malaria
in children between 0 and 12 years is 80.5% with
mean parasite density of 750. This is in
agreement with the findings of other workers in
malaria endemic countries (13 and 14). The high
prevalence could be due to the fact that this
study was conducted just before the onset of
rains till the end of raining season. This period
has been marked as a period of high transmission
(15).
Prevalence rate of 84.7% was recorded among
children between zero and five years. It was
observed that newborns and infants between age
5 days and three months who presented with
fever were found to be positive for falciparum
malaria. Similar observations have been reported
in endemic and hyperendemic areas (14 and 16),
where it was found that the parasite rate
increases with age from 0-10% in the first three
months of life to 80 to 90% by one year of age and
the rate persists at a high level during early
childhood. The presence of malaria parasites in

Table 3: Prevalence of Malaria Parasite in

Total
No. of
those
using
drug
(%)
21(7.8)

Number
Examine
d

The distribution of malaria parasite according to
residential environment of the parents and
children where the highest prevalence of 90.4%
and parasite density of 870 was found among a
set of students from a boarding school in the
suburb of Ota (Table 4).

The prevalence rate of malaria and mean parasite
density (580) was significantly low (47.9%)
among the children who used Insecticide treated
bed nets. Prevalence of malaria parasite in
children based on drug used as prophylaxis is
shown in Table 3. There is a significantly low
prevalence (55.2%) among those who used
antimalarial drugs as prophylaxis when
compared with patients who did not use any
drug as prophylaxis (92.5%). Those who took
local herbs (indigenous drug) had prevalence
rate of 64.8%.

Drug used

of
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as a result of awareness created through
education on home management and control of
malaria among the pregnant women and
mothers. Parents should therefore be educated on
the safe effective use of antimalarial prophylactic
drugs as too much exposure to antimalarial
drugs could lead to the development of drug
resistance. It was also observed from this study
that there was low prevalence rate (64.8%)
among the children that were given local herbs.
However the community and the producers of
these indigenous herbs need to be educated on
strict adherence to environmental hygiene. There
is also urgent need to encourage and empower
researchers to identify the active ingredients in
the effective local herbs for mass production.
These may eventually lead to drug discovery in
the bid to eliminate malaria.

the blood of newborns may be as a result of
congenital malaria as reported by Sotimehin et al.
(14). Congenital malaria, defined as the presence
of malaria parasites in the erythrocytes of
newborns aged <7 days, was considered rare in
endemic areas until recent studies started
reporting high prevalence rates (14). The high
prevalence rate in the study area could result to
childhood anaemia and other severe conditions
such as cerebral malaria as reported by other
workers (3 and 9).
Following the demonstration that vector control
measures can substantially reduce malaria
transmission, malaria morbidity and all-cause
child mortality, it has been suggested that
insecticide-treated materials (ITMs) may also
curb the spread of antimalarial drug resistance
(17). There is a significantly low prevalence rate
of malaria (47.9%) among the children that used
Insecticide Treated Nets, although only 18% of
the sample population used Insecticide Treated
Nets (ITNs). Majority of households do not
prevent mosquito bites and disease transmission
in any way and a high prevalence rate of 90.9%
and mean parasite density of 900 was recorded
among this group of children. There is therefore
the need to intensify awareness and education
and to make the ITNs available at affordable
prices in these malaria hyper endemic areas as
the use of insecticide-treated nets decreased the
number of malaria cases in children. Boarding
house students should be encouraged to use bed
nets so as to reduce transfer of infection among
the students as the highest prevalence rate of
90.4% was found among students who live in the
same hostel in a boarding house system.
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ABSTRACT
This study was aimed at examining existing relationship between peripheral parasitaemia of Plasmodium
falciparum and anemia among pregnant women in a secondary hospital and a tertiary hospital in Osogbo,
South-Western, Nigeria. Two hundred and twenty five (225) patients were enrolled into this study, one
hundred and fifty (150) from Asubiaro General Hospital, Osogbo and seventy five (75) from LAUTECH
Teaching Hospital, Osogbo. A total of 30 (13.3%) women carrying the first pregnancy (primigravida), and
195 (86.6%) multiparous women (2-5) were enrolled. Mean age of recruited women was 31.511± SD 1.03,
mean gestational age was 2.4267 ± SD 0.72 and mean packed cell volume was also 26.889 ± SD 0.43. Overall
prevalence of malaria parasitemia was 63.6% while mean malaria parasite density was 461.33 among
women infected with malaria parasite. Prevalence of malaria in pregnancy was highest amongst women
with first pregnancy and in the age bracket 26 – 30 years (26.7%) and least among women greater than 40
years. Parasitemia decreased as parity increased, as women acquire immunity to malaria progressively
with multiple pregnancies. Mild to moderate anaemia was also found to be prevalent among primigravida
(11.6%) and this was associated with malaria parasitemia among these women .No correlated relationship
was established between malaria parasitemia and age, gravidity, trimester of pregnancy, and Packed cell
volume. Malaria chemoprophylaxis and other methods of malaria control should be sustained and
advocacy for inclusion of malaria treatment in safe motherhood should be continued because of its
beneficial potentials.
Key words: Malaria, Pregnancy, anaemia.
*Correspondence Author: Akindele A.A., Department of Community Medicine, College of Health
Sciences, Ladoke Akintola University of Technology, Osogbo, Nigeria.(e-mail:
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INTRODUCTION
Malaria has been described as a disease of poverty
and underdevelopment (1). It remains a complex
and overwhelming health problem, with 300 to
500 million cases and 2 to 3 million deaths per
year (1).
About 90 percent of all deaths
attributable to malaria

weight of 2500 g), the greatest risk factor for
neonatal mortality (2). Malaria during pregnancy
is therefore a serious problem in sub-Saharan
Africa, affecting an estimated 24 million pregnant
women annually (2). Although P. falciparum
infection in pregnancy could be asymptomatic, it
often contributes to adverse perinatal outcomes
with a high risk for infant death, maternal
morbidity, including fever and severe anemia,
abortion, and placental malaria particularly in
areas of lower malaria endemicity (3). On the
other hand anaemia in pregnancy is thought to be
one of the commonest problems affecting
pregnant women in developing countries.

occur in sub-Saharan Africa. Although 40 percent
of the world's population is at risk for malaria, in
pregnant women the disease

has been most widely evaluated in sub-Saharan
Africa.
Plasmodium falciparum infection during pregnancy
increases the chance of maternal anemia, abortion,
stillbirth, prematurity, intrauterine growth
retardation, and low birth weight (defined as a

In 1993, the World Bank ranked anaemia as the 8th
leading cause of disease in girls and women in the
developing world (4). Data collected from all over
the world indicate that a total of 2170 million
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Safety procedures were adopted in the collection
of venous blood samples by swabbing the ante
cubital fossae with 70% alcohol and 5mls of blood
was drawn into EDTA bottle with sterile
hypodermic needle. Thick and thin films were
made on clean slides and labelled accordingly as
recommended by WHO (3).

people (men, women and children) are anaemic
by WHO criteria (4). The most affected groups, in
approximately descending order are pregnant
women, the elderly, school children and adult
men. In developing countries, prevalence rates in
pregnant women are commonly estimated to be in
the range of 40-60%. Among non-pregnant
women this is 20%-40% and in school aged
children and adult men the estimate is around
20% (2).

MICROCOPIC EXAMINATION
The thin films were fixed with methanol and all
films were stained with 3% Giemsa stain of pH 7.0
for 30 min as recommended by WHO (6). Taking
the number of leucocytes per micro liter of blood
as 8,000, parasite density of blood using the thick
film was expressed as: parasite count (x) 8,000
divided by number of WBCs counted. The thick
films were used to determine the parasite
densities while thin films were used to identify
the parasite species and infective stages. Stained
slides were examined under the light microscope
using x100 objective lens (immersion oil) (3).

In sub-Saharan Africa, it is estimated that between
200,000 and 500,000 pregnant women develop
severe anemia as a result of malaria (3).
P.
falciparum malaria in pregnancy is the primary
cause of up to 10,000 maternal anemia-related
deaths in sub-Saharan Africa annually (4).
However, there have been conflicting reports from
parts of sub-Saharan Africa on the relationship
between placental malaria and maternal anemia.
An earlier report from the Ubangi district of Zaire
noted that malarious placentas had no consistent
relationship to maternal anemia (5).

HAEMOGLOBIN DETERMINATION
Five ml of blood were collected inside EDTA
bottle .Non heparinised capillary tubes were filled
with blood sample from the EDTA bottle.The tip
of the capillary tubes were cleaned with cotton
wool and they were arranged inside the
haematocrit centrifuge.They were centrifuged at
revolution per min. The Packed cell volume was
determined by using haematocrit reader to read
the level of the haemoglobin (7).

In other studies, maternal anemia and placental
malaria were associated in all gravidity and age
groups, with maternal anemia higher among
women with placental malaria than those without
placental malaria (3). This study was therefore
aimed at examining existing relationship between
peripheral parasitaemia and anemia among
pregnant women in a secondary and one tertiary
institution in Osogbo, South-Western, Nigeria.

STATISTICAL ANALYSIS
Data was analyzed using Statistical programmed
for service solution (SPSS) 16.0 (SPSS Chicago Inc.,
IL, U.S.A.), the statistical significance of variables
was estimated using chi-square test. Pearson
correlation analysis shall be used to establish
possible relationship or correlation between
Plasmodium falciparum parasitemia and gravidity,
age, trimester, packed cell volume.
P-values of equal to or less than 0.05 will be taken
as measures of significance.
RESULTS

MATERIALS AND METHODS
STUDY LOCATION
The study was carried out in Olorunda Local
Government with headquarters in Osogbo, the
capital of Osun State, Nigeria. Osogbo is in the
tropical rain forest belt of Southwestern part of
Nigeria, it is about 500kilometers from Abuja the
capital city of Nigeria. It lies approximately on
latitude 400N of equator and longitutude 7.340E of
Greenwich meridian. The sites selected for this
study are Ladoke Akintola University of
Technology Teaching Hospital, and General
Hospital, Asubiaro, in Osogbo.

Two hundred and seventy five (275) women were
enrolled into this study, one hundred and fifty
pregnant women (150) from Asubiaro General
Hospital, Osogbo and seventy five pregnant
women (75) from LAUTECH Teaching Hospital,
Osogbo. A total of fifty (50) ages matched, nonpregnant women were recruited as controls. They
had no symptoms of malaria, and were recruited
among members of staff, students and traders
within the Teaching Hospital complex.

STUDY SUBJECTS
The study subjects consisted of 250 pregnant
women on regular ante-natal visit at Ladoke
Akintola University of Technology Teaching
Hospital, and General Hospital, Asubiaro,
Osogbo between December 2008 and June, 2009.
The women were of varying age ranging from 1845 years.
BLOOD SAMPLE COLLECTION
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were enrolled. All enrolled women in this study
are married. Mean age of recruited pregnant

A total of 30 (13.3%) women carrying the first
pregnancy (primigravida), and 195 (86.6%)
women with multiple parity (2-5) (multigravida)
TABLE Ι: Prevalence of Malaria according to age
Pregnant women n=225
Frequency (%)
Positive (%)
11(4.9)
7(3.1)
44(19.6)
33(14.7)
95(4.22)
60(26.7)
52(23.1)
30(13.3)
21(9.3)
11(4.9)
2(0.9)
2(0.9)
225(100)
225(100)

Age (year)
16-20
21-25
26-30
31-35
36-40
41-45
Total

Table Ι shows age distribution of recruited
pregnant women in relation to malaria positivity.
Women between ages 26 – 30yrs accounted for
42.2% of the study population. Followed by 31 –
35yrs which accounted for 23.1% .Other age
distributions are 16 – 20yrs – 4.9%, 21 – 25yrs –
19.6 %, 36 – 40 - 9.3 % and > 40yrs - 0.9% .
Prevalence of malaria in pregnancy was highest
amongst women in the age bracket 26 – 30 years
(26.7%), same was 2.0% among non pregnant
controls. Prevalence was least among women
greater than 40 years. Statistically however, there
was no significant difference in the trend. (χ2 =
5.54, df =5, p >0.05).

women was 31.511± SD 1.03 (controls; 32.22± 1.32
) mean gestational age was 2.4267 ± SD 0.72 and
mean packed cell volume was also 26.889 ± 0.43
for patients while controls was 35.5± .27405 .
Overall prevalence of malaria parasitemia was
63.5% for pregnant women while prevalence
among controls was (12.0%). Meanwhile, means of
malaria parasite density accounted for 461.33
among pregnant women infested with malaria
100 (100) 31(31) parasite in this study, same was
22.40 among non-pregnant control women.

Table ΙΙ: Prevalence of malaria according to Gestational age
Gestational
Age

Frequency
(%)

No. +ve for

No –ve for

malaria (%)

malaria (%)

1st Trimester

31 (13.8)

20 (8.9)

2nd Trimester

67 (29.8)

41 (18.2)

3rd Trimester

127 (56.4)

82 (36.4)

225 (100.0)

143 (63.6)

Total

Non pregnant women n=100
Frequency (%)
Positive (%)
3(3.0)
0(0)
14(14.0)
1(1.0)
22(22.0)
5(5.0)
20(20.0)
3(3.0)
30(30.0)
20(20.0)
11(11.0)
5(5.0)
100(100)
34(34)

Table ΙΙΙ: Prevalence of Malaria according to Parity
Parity No. Examined No. +ve for No. -ve for
Malaria

11 (4.9)
26 (11.6)
45 (20)

1+0

92

58(25.8)

34 (15.1)

2+ 0

68

45 (20)

23 (10.2)

3+0

82 (36.4)

39

4+0

X2 = 0.23, df =2, p>0.05

18
≥5

Total
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Malaria

25 (11.1)

14 (6.2)

11(4.9)

7(3.1)

8

4 (1.7)

4 (1.7)

225

143 (63.6)

82 (36.4)

Table ΙV: Relationship between PCV and malaria
PCV(%)

No.
Examined
(%)

Patients

Controls

10-20

2 (0.9)

No. +ve for
malaria(%)
0 (0)

No. - ve for
malaria (%)
2 (0.9)

No. + ve for
malaria (%)
0 (0)

No. -ve for
malaria (%)
0 (0)

21-30

66 (29.3)

47 (20.9)

19 (8.4)

3 (6.0)

5 (10.0)

31-40

157 (69.8)

96 (42.7)

61 (27.1)

3 (6.0)

39 (78.0)

Total

225
(100.0)

143 (63.6)

82 (36.4)

6 (12.0)

44 (88.0)

DISCUSSION

Table ΙΙ is a frequency table which shows the
relationship between gestational age (trimesters)
and prevalence of malaria positivity. One
hundred and twenty seven women (56.4%) were
in the third trimester, while 29.8% (67) were in the
second trimester. Meanwhile only 13.3% (30) were
in their first trimester. Prevalence of malaria
positivity
increased
progressively
across
trimesters, from first (8.9%), second (18.2%) to
third trimester (63.5%).However, there was no
existing significant difference between malaria
positive and negative cases with respect to
trimester. (χ2 = 0.23, df =2, p >0.05).

Malaria during pregnancy is a serious problem in
sub-Saharan Africa, affecting an estimated 24
million pregnant women. Pregnancies in women
living in malaria endemic regions, particularly in
sub-Saharan Africa are associated with a high
frequency and density of Plasmodium falciparum
parasitaemia, with high rates of maternal
morbidity including fever and severe anaemia,
with abortion and stillbirth, and with high rates of
placental malaria and consequently low birth
weight in newborns caused by both prematurity
and intrauterine growth retardation (8).

Malaria parasitemia was prevalent among the
primigravida (women with first pregnancy)
58/225 (25.8%) and parasitemia decrease as parity
increases, among the secondigravida (women
with second pregnancy) prevalence was found to
be 20% (45/225) while Parity 3, 4, and 5 have a
prevalence of 11.1% (25/225) ,4.9% (10/225) and
1.7% (4/225) respectively as shown in table
ΙΙΙ.There was no significant difference between
malaria positive and negative cases with respect
to parity . (χ2 = 0.89, df =4, p > 0.05).

In highly endemic malarious area where semiimmune adults usually have substantially
acquired resistance to local strains of plasmodia,
the prevalence of clinical malaria is higher and its
severity greater in pregnant women than nonpregnant women (2). This was found true in this
study, as prevalence of malaria parasitemia was
found to be 63.6% which was higher than
prevalence of 12.0% among non pregnant women
used as control. This prevalence is similar to 72%
found by Adefioye et al (9) in a study among
pregnant women in Osogbo. It is also worth
mentioning that Okwa in Lagos (10) found a
comparable prevalence of 60%. However, Huddle
et al (11) in rural Malawi study found extremely
high prevalence of 83%. In studies conducted by
Brabin in 1991 (12), the primigravidae were more
susceptible to malaria infection than the
multigravidae, which was also confirmed by this
study. Prevalence was highest among the
primigravidae (25.8%) and malaria positivity
decreases as parity increased. Among the
secondigravida, prevalence was found to be 20%
while Para 3, 4, and 5 had a prevalence of 11.1%,
4.4% and 1.7% respectively. Onwere et al. (13) in

Mild to moderate anemia (PCV; 21 - 30) as found
in the study population accounted for 29.3%
(66/225) and was prevalent, while severe anaemia
was uncommon 0.9% (2/225) in the study
population. A large population of pregnant
women had PCV 31 – 40% as shown in the
frequency table ΙV. Of the 2 patients that had
severe anaemia (PCV≤ 20), none was positive for
malaria parasite, While 44 (19.6%) of 65 patients
that had moderate anaemia demonstrated malaria
parasite positivity. Pearson Chi-square test
showed no correlation between malaria positive
and negative cases in relation to packed cell
volume. ((χ2 = 5.55, df = 2, p > 0.05). (Table ΙV).
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Aba
found
higher
primigravidae (39.3%).

prevalence

study (28.9%) and was highest in the 2nd
trimmester. This prevalence seems low when
compared with other studies. Reasons for this
might be that most of these women are on routine
folic acid, iron and other haematinics which might
had brought up their PCV. Idowu et al (16)
observed higher prevalence of anaemia in
pregnanacy (76.5%) in Abeokuta because women
attending traditional birth home (TBH) were
recruited into his study. Most of the women were
taking herbal remedies made from tree barks,
leaves and roots of undisclosed plants.

among

Younger women appeared to be susceptible to
malaria in this study as prevalence was highest
among age group 26 – 30 (26.7%), a lower
prevalence of 2.0% was found among the non
pregnant controls. This contradicts the findings of
Adefioye et al (9) that found 36 – 39 year age
group to be more susceptible. However 3rd
trimester prevalence in this study is a deviation
from previous studies as Brabin in 1983 (2) found
in Western Kenya that prevalence was highest at
13-16 weeks gestation (1st trimester), and found
similar number of recoveries in both groups
during the 2nd and 3rd trimesters. The loss of
immunity in early pregnancy was equivalent to an
11-fold decrease in the rate of recovery from
infection. The recovery seen in late pregnancy
suggests that the women mount a satisfactory
immune response to malaria infection, reacquiring
their pre-pregnancy immune status at about the
time of delivery (14). However, reasons that may
be adduced to high prevalence of parasitemia
include the fact that, large numbers of women in
this study were in their 3rd trimester, and
registered late for care, which is extremely
common in this environment.

The iron supplementation is necessary to prevent
anaemic condition during increased physiological
burden of pregnancy (2), same was lacking among
women in the TBH, this might had contributed to
the higher prevalence recorded in that study. The
peak of anaemia recorded in this study (2nd
trimester) also coincides with the period when
haemodilution get to its maximum peak. This may
have contributed to the high prevalence recorded
in the 2nd trimester, showing that anaemia is
further aggravated by haemodilution in addition
to other possible factors. However, this finding
contradicts the report of WHO in which anaemia
is said to be significantly higher in the 3rd
trimester of pregnancy than the first two
trimesters. More so most of these women are in
the 3rd trimester in which tendencies to anaemia is
much reduces. This aggregation in 3rd trimester
might be due to late antenatal booking.

It is not clear whether a natural immune
depression in pregnancy or factors associated with
the placenta encourage parasite multiplication
and determines clinical manifestations. Pregnant
women with malaria in pregnancy in Tanzania
had significantly higher total and free serum
cortisol concentrations than controls without
malaria whether nulliparous or multiparous. High
plasma corticosteroid levels may have an
immunosuppressive effect on cell mediated
immune responses. Cell-mediated immune
responses to malaria antigens are more markedly
suppressed in first than in subsequent
pregnancies (2).

CONCLUSION
This study recorded high prevalence of malaria
parasitemia among pregnant women attending
antenatal clinic in Osogbo. The study also
recorded mild to moderate anaemia among
pregnant women with malaria parasitemia
compared to those without malaria parasite and
the controls. The high prevalence of malaria
parasites can be traced to the fact that Osogbo is in
the rain forest belt of southwestern Nigeria, which
is a good environment for mosquito breeding
especially during the rainy season when this
study was conducted.
Malaria parasitemia and its attendant’s
complications have been demonstrated to be
worst in pregnancy in this study. Proper malaria
control programme is highly necessitated among
this highly susceptible group especially in the
tropics. With good ambient temperature,
humidity, and mosquito will conveniently
transmit malaria. There are stagnant pools and
blocked drainages in Osogbo, many of the
pregnant women came from shanty region of the
city. Pregnant women must therefore be

The multigravidae are presumably less affected
because immunological memory from first
pregnancy is retained. In first and second
pregnancies women are especially vulnerable.
Mcgregor (15) identified the factors responsible
for susceptibility of primigravidae to malaria as
inhibition of type 1 cytokine responses (interferon,
interleukins 2 and 12 and TNF). At pregnancy,
immunity has been altered; hence, with malaria
70–80% of pregnant women in malarious areas are
susceptible to anaemia (2).
Mild to moderate anaemia (mean PCV: 26.1%,
Control: 35.5%) was prevalent generally in this
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adequately protected from double edged sword of
malaria and anaemia. Advocacy for inclusion of
malaria treatment into Safe Motherhood
Initiatives must be sustained, because of these
overwhelming implications of malaria parasitemia
in pregnanacy.
It is recommended that routine intermittent
preventive treatment of malaria is therefore
recommended in this environment, for women in
pregnancy. Several studies have shown that
protection against malaria contributes to the
prevention of anaemia in pregnancy, thus
highlighting the importance of chemoprophylaxis
and use of other methods of malaria control like
insecticide impregnated bed net. These good
practices must however be sustained and
recommended to be included in Safe Motherhood
Initiatives because of its beneficial potentials in
our resource poor setting. Early ante natal
booking for effective monitoring and prompt
treatment of both malaria and anaemia in
pregnanacy will contribute significantly in
reducing maternal mortality and morbidity and
its attendant perinatal mortality. Regular
environmental sanitation to dislodge mosquitoes
from their breeding places will also go a long way
to reduce prevalence of malaria in shanty towns
and villages commonly seen in the tropics which
we belong.
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ABSTRACT
Hepatitis C virus (HCV) is a major cause of chronic liver disease resulting in cirrhosis and hepatocarcinoma. It is
believed to be widespread in Africa but its epidemiology is incomplete and is yet to be determined in many areas
of the sub-saharan Africa including Nigeria. Using third generation enzyme immuno-assay (EIA-3) and
recombinant immunoblot assay (RIBA) technique as confirmatory test, we examined the prevalence of HCV
antibodies in 226 blood donors and 226 patients attending Aminu Kano Teaching Hospital (AKTH) in Kano,
Nigeria and evaluated the risk factors of HCV transmission in this environment. HCV antibodies were detected
in 0.4% and 2.2% blood donors and patients respectively. The overall HCV seroprevalence was 1.3%. There was
increased infection acquisition with increasing age; one (16.7%) HCV infection occurred in 25-34 years age group
and 5 or 83.3% in subjects > 45 years in age which was significant (P< 0.05). The ratio of infection in male to
female was 1:5. Evidence of previous exposure via transfusion was common in HCV seropositive subjects and
could be a major risk factor of acquisition in this environment. Adequate screening of blood products in subSaharan Africa (Nigeria inclusive) may minimize the risk of HCV transmission and associated health
complications.
Key words: Hepatitis C virus, seroprevalence, patients, blood donors, risk factors.
INTRODUCTION
Hepatitis C Virus (HCV) is an enveloped, singlestranded, positive sense RNA virus. It is a member of
flaviviridae family placed in genus, hepacivirus (1, 2).
It is an important
cause of liver disease in the tropics; provoking
chronic persistent infection progressively causing
chronic hepatitis leading to liver cirrhosis and
hepatocarcinoma (HCC) (3,5).
As at 1997, the World Health Organization (WHO)(6)
estimated that about 170 million people were chronic
carriers of HCV infection worldwide. Furthermore,
an average of 14% of infected persons was at risk of
developing liver

13).
Data from various epidemiological studies globally
indicated that HCV seroprevalence among the
general population varies from < 1 % to 2% in
industrialized countries of the west (14) and >20% in
certain regions of Africa (15) and south-east Asia (16).
However, among the blood donors, the HCV
seroprevalence was 1.4% in the US, 0.5-1 %in the
United Kingdom (UK) and 0.68% in France (17). In
sub-saharan Africa (Nigeria inclusive), there is
paucity of data on HCV infection while a few studies
carried out in Nigeria were mainly from the southern
part of the country, and none from our hospital
location in Kano; a commercial centre in the northwest geopolitical zone of Nigeria. The study was
therefore aimed 'to determine the seroprevalence of
HCV among blood donors and patients attending
Aminu Kano Teaching Hospital (AKTH), a tertiary
health centre in Kana, Nigeria and evaluate the risk
factors of HCV acquisition in this environment.
SUBJECTS, MATERIALS AND METHODS
The subjects screened for HCV antibodies comprised
of 226 (215 males and 15 females) asymptomatic
blood donors consecutively recruited for testing.
Others were 226 (95 males and 127 females) patients
from the general outpatient Department (GOPD) of

cirrhosis, HCC or both annually. There are about 3.24 million cases of chronic HCV in the United States
(US) alone which results in at least 10,000 deaths each
year (7,8). In Canada, the number of HCV cases was
estimated to be as high as 270,000 (9).
Routes of HCV transmission include parenteral
(including illicit drug abuse by injection), sexual,
vertical (from mother to child) and through blood
transfusion while tattooing and all forms of
circumcision (ritual or traditional) have been
suggested as modes of acquisition of the disease (10-

170

the hospital who were randomly selected for the
study. In total, there were 310 or 68.6% males and 142
(31.4%) females. Their ages ranged from 15 to 59
years (median 37.5 years). Using a structured
questionnaire and with informed consent, all the
participants were interviewed to record history of
surgery, blood transfusion, tattooing, use of illicit
drugs like cocaine or heroin by injection, known
previous infectious diseases, anaemia etc. All
individuals who reported for blood re-donation for
the blood bank during the investigation and the
immunocompromised were excluded from the study.
The study was conducted between February and
August, 2007 and was approved by ethnical
committee of the hospital.

TABLE 2: SEX AND AGE RANGE OF PATIENTS
AND BLOOD DONORS SCREENED
FOR HCV ANTIBODY AT AKTH
Subjects

No screened Age range (yr.)
(Male/female)
Mean + SD
Patients
226 (95/127) 15 – 59 (39.5 + 3.5)
]Total (%) 452(310)
(68.6)/142 (31.4)
The distribution of HCV seropositivity according to
age range, sex and history of transfusion is shown in
table 3. Out of 6 HCV seropositive subjects, 5 or 83.3%
were females with all of them having history of blood
transfusion and was found to be statistically
significant (P<0.05) while the remaining one was a
male who did not have any record of transfusion.
However, the possible source or route of acquisition
in this male subject could not be ascertained.

TABLE 1: HCV ANTIBODY TEST RESULTS
OF SUBJECTS AT AKTH
Subjects
No screened No positive (%)
Patients
226
5 (2.2)
Blood donors
226
1 (0.4)
Total
452
6(1.3)

TABLE 3: HCV SEROPOSITIVITY OF SUBJECTS
ACCORDING TO SEX AND HISTORY OF
TRANSFUSION

Serological assay

Age range of
Subjects (yr.)
15 – 24
25 – 34
35 – 44
> 45
Total (%)

Serum samples were obtained by standard methods
and tested for HCV antibodies. Briefly, 5 millilitres of
blood was collected from each subject by venous
puncture and centrifuged at 3000rpm for 5 minutes.
Serum was separated from each blood sample and
stored at - 20°C until analyzed. The sera were tested
for anti-HCV antibodies by employing third
generation
enzyme
immuno-assay
technique
(Caltech. Diagn. Incorp. Cal. USA). For assurance, all
positively reactive samples from the initial test were
retested with recombinant immunoblot assay (RIBA)
or, western blot, (Diasorin, Italy) for confirmation.
Testing Procedures and interpretation of results were
as prescribed by the manufactures of test kits. These
were methodically followed and strictly adhered to.
All positive patients were informed of the test results
for further medical evaluation and management. Data
were analysed using simple proportion student’s ttest or Wilcoxon signed rank was used to compare
continuous variables and the chi-square test was used
to compared proportions. A p value of < 0.05 was
considered significant.
RESULTS
The HCV diagnosis of the participants comprising
blood donors and patients attending AKTH in Kano,
Nigeria is shown in table 1. The overall HCV
seroprevalence was 1.3% consisting of 2.2% and 0.4%
seropositive patients and blood donors respectively.
Of 452 subjects screened for HCV infection, 310
(68.6%) were males and 142 or 31.4% were females. The
ages of patients ranged from 15-59 years (mean + SD,
39.5 + 3.5) while ages of the blood donors ranged
from 18-49 (mean ± SD, 35.2 ± 4.1) (Table 2).

No
sex
No (% with history
(% +ve) M F of transfusion)
1(6.7) 1
1
5(83.3) 1 4
4
6 1(16.7) 5(83.3) 5(83.3)

There was increased infection acquisition with
increasing age; five seropositive subjects were > 45
years in age which was significant (P<0.05) while the
remaining female subject was 27 years old.
DISCUSSION
In this study, the overall prevalence of HCV infection
was found to be 1.3% comprising blood donors and
patients attending our hospital (AKTH) in Kano,
Nigeria. This prevalence is low compared with the
rates reported elsewhere in the country viz: among
some selected risk groups including 37.9% in patients
attending STD clinics (18), 18.7% among patients with
HCC (19) and 14% among blood donors and patients
attending sickle-cell anaemia clinics (20) in Nigeria.
The variations may be due to difference in study
populations, and rate of exposure to risk factors of
HCV transmission in those areas. However, this
figure of 1.3% falls within the published data of 0.4 1.5% seroprevalence from Western Europe and North
America (17) and corroborates the level of infection
rate of HCV in those areas.
The prevalence of HCV infection in our study was
0.4% among blood donors and 2.2% among hospital
patients. These results were consistent with the
estimates of 0.3 - 1 among blood donors in Europe
and Australia, (11) and 1-2.4% reported from parts of
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Asia including Pakistan, India, China and Bangladesh
(21). These prevalence rates were however, lower
than 4% - 12.5% of HCV infection published from
various regions of Africa (22), and as high as 47%
reported in parts of Nigeria (23,24). The wide
disparity in HCV prevalence may be due to profound
diversity in demographic characters of populations
and subpopulations in this continent. Moreso, the
issue of quality and reliability of HCV infection
diagnosis especially in poor-resourced developing
economics due to inadequate facility and high cost of
test kits may play a role in the present scenario (22).
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The incidence of HCV infection was correlated with
increasing age (one case in 25-34 years age range; 5
cases in > 45 years age) and was significantly (P<0.05)
higher in females than males by ratio 5:1. The
scenario corroborates the report of Halim and
Ajayi(23) who suggested that age could be a
6.
contributing risk factor in the acquisition of HCV
infection especially in endemic areas. Similarly, the
reason for increased rate of infection in females than
their male counterparts may be explained by
tendency of exposure to multiple risk factors in
depressed economy with inadequate health care
7.
system in a country like Nigeria. These include
variety of poorly conducted surgery-assisted
treatments for gynaecological problems which may
require blood transfusion. For instance, evidence of
previous exposure to HCV through caesarian
operation (CS) and transfusion (conducted outside of
8.
our hospital) during child delivery was given by 5
(83.3%) female subjects all of whom were HCV
positive; a finding that is statistically significant (P <
0.05). This outlook corroborates the hypothesis that
transfusion is a major risk factor in the transmission
of HCV especially in poor-resourced areas of the
9.
developing world. In view of this outcome, it is
imperative that adequate screening of blood and
blood products for HCV be carried out in all blood
transfusions to minimize the risk of HCV
transmission in sub-Saharan Africa including
10.
Nigeria. There is need to provide necessary facility in
this regard that will aid HCV control measures and
11.
prevent associated health complications.
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Abstract
The emergence of liver diseases as one of the major causes of death in people infected with HIV has
paralleled the introduction of more effective antiretroviral therapies. This study was carried out with the aim
of determining the effects of antiretroviral treatment on liver enzymes (SGOT and SGPT) in patients placed
on antiretroviral therapy. A prospective cross-sectional 3 years study was carried out among patients
confirmed to be HIV positive and who were to be placed on antiretroviral drugs at the HIV/AIDS out patient
clinic of the Yaoundé Central Hospital, . Cameroon. Levels of transaminases of patients were measured in four
phases using the International Federation of Clinical Chemistry (IFCC) protocol. Of the 150 patients who
participated in the study, 54.0 %( 81/150) presented with transaminitis at the final phase of the study with
respect to aspartate aminotransferase (AST), 77.78% (63/81) of whose AST levels only increased after initiation
of highly active antiretroviral therapy (HAART). 22.67% (34/150) presented with transaminitis with respect to
alanine aminotransferase (ALT). At the final phase, 70.58% of whose ALT levels only increased after HAART
initiation. Increase in blood transaminase levels was statistically independent on age group and the drug
combinations. Increase in AST levels was associated with an increase in ALT levels upon treatment (r = 0.58).
There was a significant positive linear relationship between duration of treatment and concentration of
transaminases over the years (r= 0.9). We therefore concluded that highly active antiretroviral therapy
(HAART) is associated with low level hepatotoxicity at therapy initiation, regardless of drug class or
combination.
Keywords: Antiretroviral treatment, Liver function enzymes, Hepatotoxicity, Highly active antiretroviral
therapy
Introduction

With the widespread use of HAART and the
availability of new antiretroviral medications, ARLI
has gained prominent attention owing to its
negative impact on clinical outcomes. Drugassociated hepatotoxicity also creates an economic
burden on already strained medical budgets, since
additional visits and hospital admissions are often
required for appropriate patient care and
management [1]. Furthermore, antiretroviral drug
discontinuation hampers maintenance of HIV
suppression. The severity of ARLI may range from
the absence of symptoms to liver decompensation,
and the outcome can range from spontaneous
resolution to liver failure and death [6].

Antiretroviral drug-related liver injury (ARLI) is
defined by elevations in liver enzymes in serum,
with
alanine
aminotransferase
(ALT)
characteristically
greater
than
aspartate
aminotransferase (AST). It is one of the greatest
causes of treatment discontinuation in HIV-infected
patients [1]. Its prevention and management is
therefore very important among HIV-infected
patients who are to be placed on highly active
antiretroviral therapy (HAART) [2]. Till date, there
has been broad variability in the criteria used in
clinical studies to categorize the severity of
hepatotoxicity. Some studies have utilized ALT
parameters as minimal as two times the upper
limits of normal [3] while others have employed an
absolute threshold (e.g., >100 IU/ml), regardless of
baseline liver function tests [4]. Surveys have
reported an increased incidence of hepatic injury in
HAART-treated patients and identified lifethreatening hepatotoxic events and end-stage liver
disease in patients on antiretroviral [5].

In August 2003, Cameroon defined and included
first and second line drug regimens in the national
treatment guidelines, including different HIV-drug
combinations based on WHO recommendations and
in 2005, the number of people living with HIV was
estimated at 505.000, among which 61% were
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Laboratory procedure
About 4ml of blood samples were collected by
venipuncture into labelled (coded) dry test tubes.
After collection, samples were irreversibly de-linked
from donor’s information except that concerning the
age. Blood samples were allowed to coagulate after
which they were centrifuged at 3000 rpm for
5minutes to obtain sera.

females. An estimated number of 108,000
Cameroonians (0-49 years) were reported to be in
need of antiretroviral therapy. This figure has been
on the rise given that the number of people infected
with the virus increased on daily basis and
subsequently required treatment [7].
Several highly active antiretroviral therapy
(HAART) regimens are hepatotoxic and the liver is
one of the vital organs useful in the metabolism of
these drugs as well as in detoxification. It is
therefore important that the liver which is the main
biochemical hub of the body be monitored and
those HAART regimens that may be toxic to it
identified so that changes or modifications can be
made to enhance patient care.

Measurement of ALT (SGPT)
Measurement of ALT was done following a method
that has been made according to the 2002
International Federation of Clinical Chemistry
(IFCC) protocol [8]. Commercial kits produced by
HOSPITEX DIAGNOSTICS Ltd were used. The test
was carried out using the monoreagent procedure.
The working reagent was prepared by mixing 4
volumes of reagent one (R1) in 1 volume of reagent
two (R2). Mixed by inversion and stored away from
any light sources at 2-8°C.
The spectrophotometer was calibrated for ALT
measurement. A series of labelled test tubes, i.e.
Blank, normal control and patients from 1, 2….nth
according to the number of samples to be analysed.

Materials and Methods
Study Design
A cross-sectional study that involved newly
diagnosed HIV positive individuals who reported
for treatment at the outpatient clinic of the Yaoundé
central Hospital in Cameroon was done.
Information extraction forms were used to collect
data from patients’ files.
Study area
Yaoundé is the administrative capital of Cameroon
with a population of 143000 inhabitants. It is
centrally located and made up of immigrants from
all the regions of Cameroon. The outpatient clinic of
the Yaoundé Central Hospital is in the heart of the
city.

Blank
Normal
control
Patient

Working
reagent
1ml(1000ul)

Sample

1ml

100ul

1ml

100ul

The preparation was mixed and the first reading of
absorbance was executed after 90 seconds.
Incubating at 37°C, 3 other readings were
performed at 60 seconds interval. The change in
absorbance per minute was then calculated.
The activities were obtained from the following
calculations:
340nm: Activity (U/L) = change in absorbance /
min. x 1769.
Normal values for ALT (SGPT) at 37°C: Women up
to 34U/L. Men up to 45U/L.

Study population
The study was carried out on volunteer patients
already diagnosed and confirmed to be HIV
positive. Patients were made to understand that it
was not a hospital obligation for them to participate
in the research and neither was it a pre-requisite to
accessing routine medical services. Written
informed consent forms were distributed and
explained to the participants one week prior to the
beginning of the samples collection. Only HIV
positive volunteers who returned their informed
consent forms duly signed were recruited
irrespective of their gender or clinical state of the
disease. Only participants who were 20 years and
above were recruited in the study

Measurement of AST (SGOT)
Measurement of AST was done following a method
that has been made according to the 2002
International Federation of Clinical Chemistry
(IFCC) protocol [8]. Commercial kits produced by
HOSPITEX DIAGNOSTICS Ltd were used. The test
was conducted using the monoreagent procedure.

Phases of the study
The study was conducted for a period of three (3)
years, from November 2006 to December 2009.
Blood samples were collected in four (4) phases as
follows.
•
Phase 1: in November 2006, before patients
were placed on antiretroviral therapy
•
Phase 2: in November 2007 one year after
commencement of therapy
•
Phase 3: in November 2008, two years after
commencement of therapy
•
Phase 4: December 2009, final phase.

The working reagent was prepared by adding the
vial of reagent two (R2) in the vial of reagent one
(R1). The reagent was then stored at 2-8°C away
from any light sources.
The spectrophotometer was calibrated for AST
measurement. A series of labelled test tubes, i.e.
Blank, normal control and patients from 1, 2….nth
according to the number of samples to be analysed.
The spectrophotometer was brought to zero against
distilled water.
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1ml

100ul

Figure 1: The relationship between the mean concentration
of SGOT and duration of treatment
36

35
34
Concentration of SGPT (IU/L)

Blank

Working
reagent
1ml(1000ul)

33
32

The preparation was mixed and the first reading of
absorbance was executed after 90 seconds. Incubating
at 37°C, 3 other readings were performed at 60
seconds interval. The change in absorbance per
minute was then calculated as follows:
340nm: Activity (U/L) = Change in absorbance/
minute x 1769.
(Normal values for AST (SGOT): Women up to
31U/L and Men up to 35U/L).

31
30
29
28
27
26
1.0

1.2

1.4

1.6 1.8 2.0 2.2 2.4 2.6
Duration of Treatment in years

2.8

3.0

(r=0.99)

Statistical Analysis
Statistical tests such as Chi-square and Pearson’s
product moment correlation were used to test for the
significance of the results obtained.

Figure 2: The relationship between the mean
concentration of SGPT and duration of treatment

Also, there was a significant positive linear
relationship
between
the
concentration
of
transaminase (SGPT) with treatment duration
(r=0.99).The level of transaminases concentration was
found to be increasing over time.

Results
Of the 150 patients who participated in this study, 81
(54.0 %) showed a transaminitis with respect to AST
at the final phase of the study, 77.78% (63/81) of
whose AST levels only increased after initiation of
HAART.
22.67%
(34/150)
presented
with
transaminitis with respect to ALT at the final phase,
70.58% of whose ALT levels only increased at
HAART initiation. Increase in AST levels was found
to be is associated with an increase in ALT levels
upon treatment (r = 0.58).
Figure 1 and Figure 2 show the relationship between
the mean concentration of transaminases (SGOT and
SGPT) and the duration of treatment. There was a
linear increase of SGOT mean concentration in blood
over time (r=0.81).

Tables 1 shows the age groups and AST levels among
the 150 patients. The both transaminase levels were
highest among the patients aged above 50 years.
Table 2 shows the drug combinations and
transaminase (AST and ALT) levels. Stocrin,Duovir
was the combination showing the highest percentage
of increased AST (55.17%) while LamivirS showed the
highest percentage of increased ALT (35.29%).
Table1: Age groups and transaminase (AST and ALT)
levels
Age

39

38

Total

Number(%)*

Number(%)*

group

showing

showing

(year)

high

high

Concentration of SGOT (IU/L)

37

AST

levels

levels

ALT

36

20-35

73

32 ( 21.33)

19 (26.02)

35

36-50

57

29 (50.87)

13 (22.80)

>50

20

14 (70)

8 (40)

Total

150

75 (50)

40 (26.67)

34

33

32
1.0

1.2

1.4

1.6
1.8
2.0
2.2
2.4
Duration of treatment in years

2.6

2.8

*percentage based on number of participant of the

3.0

same age group X2 = 5.30 P>0.05

(r=0.81)
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rug combination

Total

Number(%* showing

Number(%)*

high AST levels

showing high ALT levels

ZidolamN

24

9 (37.5)

6 (25)

LamivirS

17

7 (41.18)

6 (35.29)

Triomine

51

33 (64.7)

15 (29.41)

Stocrin,

58

32 (55.17)

7 (12.07)

150

81 (54.0)

34 (22.67)

Duovir
Total

Table 2: Drug combinations and transaminase (AST and ALT) levels
*percentage based on number of participant using the same drug combination X2= 5.78 P>0.05

Discussion
In 2004 Cameroon was still in the context of
generalized HIV epidemic, with a prevalence of 5,5%
of which 6,8% were women and 4,1% were men.
Groups identified to have high risk behaviours
included mostly men and women in uniform,
commercial sex workers, truck drivers and
populations living along the Chad – Cameroon
pipeline project area. Youths around 20 years of age
were found to be the most vulnerable. The major
mode of transmission was through non – protected
heterosexual activity, even if mother to child
transmission remained a preoccupation [9], [8]. These
are reasons why the study population sample
included only individuals above.

longitudinal surveys have not only reported
increased incidence of ARLI in patients but also
identified life-threatening hepatotoxic events and
end-stage liver disease in patients on antiretroviral
therapy. The term hepatotoxicity may be misleading
in the case of HIV drugs as some of the elevated liver
enzymes may be due to other causes such as acute
viral hepatitis, reactivation of chronic hepatitis B or C,
alcohol ingestion as well as complementary drugs or
medicines associated with HAART several of which
have been noticed to be associated with clear-cut
drug-induced hepatitis (DIH) for example used for
the treatment of Tuberculosis [12]
We have found transaminase levels to be highest
among the patients aged above 50 years. Although
this finding was not statistically significant, it was in
accordance with that of spengler et al. [5], but did not
tie with a more recent report[13] in which younger
diabetic patients had a higher tendency to have
elevated ALT compared to those over 65 years. Our
study shows significant relationship between the age
of the patient and the level of transaminases
concentration. Other studies have indicated that
certain co morbidities, such as chronic hepatitis B
(HBV) or hepatitis C (HCV) infection, may predispose
patients to ARLI [10]. Highly active antiretroviral
therapy (HAART) was found to be associated with
low level hepatotoxicity at initiation, regardless of
drug class or combination. Elevated transaminases
due to antiretroviral therapy was independent on
patient’s age and increased levels of transaminases
showed a significant positive linear relationship with
increase in the duration of treatment. We therefore
recommended that levels of transaminases should be
followed up after initiation of antiretroviral therapy
for all patients irrespective of their drug combination
or age. The role of liver steatosis as a mechanism of,
and as predisposing factor to anti retroviral drugrelated liver injury (ARLI) should be investigated.

In the present study, the level of transaminases
concentration was found to be increasing over time.
These results tie with those obtained in a previous
retrospective review of more than 10,000 adults living
with AIDS in Boston, where researchers confirmed
that long time antiretroviral therapy is associated
with high rate of severe hepatotoxicity regardless of
drug class or combination [5].
In other studies, a different pattern of drug injury
with nevirapine use has emerged, with onset of liver
enzyme elevations occurring beyond 16 weeks of
therapy, consistent with direct or idiosyncratic hostmediated liver injury [10]. Rates of hepatotoxicity
from various registration trials were ranged from 1%
to 9.5%, but few patients have shown serious liverrelated outcomes [11]
Also, based on the WHO toxicity scale, the greatest
percentage of patients who presented with elevated
levels of transaminases (76.81% for AST and 53.33%
for ALT) were found to present with first degree
hepatotoxicity which corresponds to low level liver
toxicity. However, this does not tie with reports by
spengler et al.[5] in which it was pointed out that
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RUNNING TITLE: INDIGENOUS TEETH-CLEANSING AGENTS
ABSTRACT
Background and Aim: The aim of this study was to conduct in vitro and in vivo studies for the evaluation of
antimicrobial potential of four Nigerian indigenous chewing sticks and to compare the oral effects of the popular
Nigerian chewing sticks with toothpastes and other teeth-cleansing agents on a total of 21 and 17 oral bacterial
strains isolated from children and adult dental caries respectively.
Materials and Methods: Teeth cleansing agents were assayed in vitro against the isolated bacterial carries flora on
de Man Rogosa and Sharpe (MRS) agar using modified agar well-diffusion methods. The simulated in vivo studies
were carried out using twenty four human subjects.
Results: The results obtained indicated that the bacterial flora exhibited different degrees of in vitro inhibitions of
between low and moderate susceptibility against the teeth-cleansing agents. Toothpastes recorded the highest rates
of inhibition against the dental caries isolates, while H2O2 was the most inhibitory among the chemical teethcleansing agents against the dental caries isolates from children (47.6%) and adults (52.9%). No species differential
susceptibility to the teeth-cleansing agents was observed among the dental caries isolates.
Conclusions: This study showed that combined teeth cleansing hygiene with toothpastes, chewing sticks and
chemical teeth cleansing agent (H2O2) gave the best mouth feel and were found to be the most preferred.

Keywords: Chewing sticks, dental caries, indigenous, oral health and hygiene, teeth-cleansing agents.
INTRODUCTION
cannot be replaced by another tooth. It is therefore,
very important to take care of the teeth.

The human oral cavity harbours a complex microbial
community of diverse range of microorganisms (1, 2,
3), and these comprise of several species of bacteria,
fungi and protozoa. The oral cavity is normally
relatively stable but under certain circumstances can
cause major dental diseases such as caries and
periodontitis because many of the commensal oral
microorganisms may cause diseases if provided with
appropriate conditions. Dental problem is known to be
the most common health problem in the human
communities (2), while dental diseases are of great
economic importance throughout the world, hence, the
environmental forces, which both affect and effect the
microbial colonisation of the mouth have been the
subject of considerable research (4). There is also a
growing public recognition of the importance of oral
health because once a permanent tooth falls off it

People in rural areas, especially in tropical forest
region of the world have utilised plants as part of their
primary health care system for millennia (5, 6, 7), and
this medical dependence on plants continues till today
for at least 80% of the world’s rural population (8).
Ethnomedicinal plants in form of chewing sticks used
for the cure of dental problems include Zanthoxylum
zanthoxyloides, Zanthoxylum nitidum, Jatropha curaas,
Azadirachta indica and Salvadora persica, Acacia senegal
var. Senegal, Eriosema psoraleoides, Ocimum suave, Opilia
celtidifolia and Xerophyta suaveolens, Lamium tenuiflorum
etc., kikar (Acacia arabica) from Tanzania and arak
(Salvadora persica) from Pakistan, as well as miswak
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K2HPO4; 1.3mM KH2PO4; 2.0mM Na-citrate;
1.0mM MgSO4; 12% glycerol) and kept frozen at -120C.

(Salvadora persica) from Saudi Arabia, among several
others (9, 10, 11, 12, 13, 14, 15). In Nigeria, the roots of
such plants and others (Massularia acuminate, Sorindeia
warneckei) are traditionally used as chewing sticks for
maintaining healthy teeth among indigenous
populations (16, 17, 18).

Determination of antimicrobial activities of the teethcleansing agents against the dental caries flora.
Agar well-diffusion method: Holes, 6 mm in diameter
were aseptically punched out of the MRS agar plates,
followed by surface flaming of the agar plates. The
agar plates when cool were then seeded by streaking
the entire surface of the culture plates with the
indicator strains isolated from the dental caries. The
seeded plates were then incubated at 320C for 30
minutes, after which 500µl of each of the chewing stick
extracts, toothpastes, and chemical agents were
separately dispensed into the agar wells, followed by
incubation at 320C for 24h (26). The demonstration of
antagonism depends on the release of diffusible
inhibitory metabolites from the chewing stick extracts,
toothpastes and chemical agents into the assay
medium during incubation. Inhibitory zones
surrounding the agar wells were noted and recorded
in mm diameter, while zones less than 10.0 mm
diameter and absence of zones of inhibition were
recorded as resistant.

Zanthoxylum xathoxyloides, belonging to the family
Rutaceal and the order- Rutales consists of 9 genera,
and about 28 species occur in the forest savanna
mosaic of the lowland rainforest and sometimes, also
abundant in coastal areas of Nigeria, where the roots
are traditionally used as chewing sticks for toothache
and for maintaining healthy teeth among the
indigenous populations (19). The roots and twigs of
Aayan (Prosopis africana), which belongs to the Family
Compositae are widely used as tooth-cleaners.
Namibian chewing stick, Diospyros lycioides commonly
known as mathala was also found to contain
antibacterial compounds against oral pathogens like S.
mutans and S. sanguinis and some periodontal
pathogens (20). The purpose of this study is therefore,
to investigate the potentials of some of the most
popular, local Nigerian chewing sticks and chemical
agents as natural tooth cleansing agents or adjuncts to
toothpastes in oral hygiene.

Simulated in vivo study:
Twenty four adults (Male = 17; Female = 7) who
participated in the study were divided into two groups
and taught on how to evaluate their oral hygiene by
usage of chewing sticks, toothpastes and oral chemical
agents, making mouth feel the selection criterion.
Twelve of the participants were to use each of the 3
chewing sticks (Orin ata, ewuro and dongoyaro alone for
one week each (Group 1). The other twelve
participants (Group 2) were to use each of the
toothpastes, Close-up [Unilever Nigeria Plc.. with
active ingredients – sodium monofluorophopsphate,
PEG SCMC synthetic cleaning agent]; Dabur herbal
toothpaste with basil [Dabur India Ltd., NEPZ with
ingredients – calcium carbonate, glycerin, sodium
lauryl sulfate, gum carageenan, liquonine extract,
bullet wood extract, Acacia arabica, oak galls, tumeric,
Patharman sarsapartilla, lotus bark, nut grass, etc.,];
Florish gel [PZ, Industries, Nigeria with active
ingredients (0.76% sodium monofluorophosphate),
Holdent calcium fluoride with menthol [Charmanuel
Industries Ltd., London, UK with active ingredients –
0.76% sodium monofluorophosphate, 0.10% sodium
fluoride PL 0049/0020, calcium (Ca2+) (1196)] and
[Macleans (SmithKline Beecham Nigeria Plc., with
active ingredients – 0.8% monofluorophosphate and
0.13% calcium glycorophosphate)] toothpastes alone
for one week each. Informed consents were obtained
from the subjects prior to the simulated in vivo studies.

Materials and methods
Collection of chewing sticks samples
Orin ata (Zanthoxylum xathoxyloides) (Engl.). Zepernick
& Timter, Fagara zanthoxyloides Lam, common name
(candle wood); Aayan (Prosopis africana), common name
(mesquite); ewuro (Vernonia amygdalina) Del., common
name (bitter leaf); were all obtained from a local herbs
market in Ibadan metropolis, while dogoyaro
(Azadirachta indica), common name (Neem) was
obtained from Moshhod Abiola Polytechnic, Abeokuta,
Ogun State, Nigeria.
Isolation of bacterial species:
Dental caries specimens were aseptically transferred
into 100ml MRS (de Man, Rogosa and Sharpe agar; Lab
M, Lab M Ltd., Lancashire, UK; batch no. 092898) broth
at pH 5.3 - 5.5 and incubated overnight at 320C for the
selective isolation of Streptococcus and Lactobacillus
species. 1ml volumes of the overnight broth cultures
were separately transferred to sterile Petri dishes by
the pour-plate method before incubation aerobically
and microaerophically in 5% CO2 (Gas Pak Anaerobic
System, Oxoid, England) at 320 -350 C for 24h.

Characterisation of the Streptococcus and
Lactobacillus strains

The 2 groups were to reverse the oral treatments after
the third week until the sixth week, when the two
groups were to combine chewing sticks and
toothpastes in the teeth cleansing study for one week
and the chemical agents (ash and H2O2) were added
for an additional week, making a total of 8 weeks.
Mouth feel involves feeling the teeth with the tongue,

Streptococcus
and
Lactobacillus
isolates
were
characterised based on standard phenotypic taxonomic
tools (21, 22, 23, 24, 25). The purity of the strains was
checked and the cells were washed twice in 0.9% sterile
NaCl solution after centrifuging. The isolates were
then stored at 4oC in Hogness freezing buffer (3.6mM
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especially at the inner teeth surfaces for any feeling of
teeth coating, especially on the molars and premolars;
breath smell; presence or absence of saliva at the lip
sides or minimal spitting while talking for about 15
minutes or more, as well as lightness of the tongue.
During the pre-simulated training, the subjects were
allowed to use the preferred toothpastes and chewing
sticks in avoid bias. Children could not participate in
this study because of the oral technicalities involved.
Results
A total of twenty-one oral bacterial strains consisting of
Streptococcus mutans (7; 33.3%), Strep. salivarius (4;
19.0%), Strep. sanguis (1; 4.8%), Lactobacillus acidophilus
(3; 14.3%), L. casei (5; 23.8%) and L. fermentum (1; 4.8%)
were isolated from children caries; while the seventeen
bacterial strains obtained from adult dental caries were
Streptococcus mutans (6; 35.3%), Strep. salivarius (4;
23.5%), L. casei (5; 29.4%) and L. fermentum (2; 11.8%).
The oral bacterial flora were screened for their
susceptibility to various teeth-cleansing agents that
were commonly used by the rural and urban dwellers
in most part of the country as obtained
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from the results of questionnaire administration
(results not shown). The bacterial flora exhibited
variable inhibitions to the teeth-cleansing agents, with
toothpastes recording the highest rates. The inhibition
zones of between 12.0 and 14.0 mm in diameter were
considered as being of moderate inhibitory effects,
while inhibition zones less than 10.0 mm in diameter
were considered as negative (resistant) in this study.
Florish (52.5%), Holdent (57.1%) and Close-up (61.9 %)
were the most inhibitory among the toothpastes, with
the bacterial flora displaying zones of inhibition of
between 12.0 and 14.0 mm in diameter against the
dental caries isolates from children. Florish (47.0%),
Close-up (58.7%) and Holdent (76.4%) exhibited the
highest inhibitions against the dental caries isolates
from adults, with the bacterial flora also displaying
zones of inhibition of between 12.0 and 14.0 mm in
diameter against the dental caries isolates.
Table 2 shows the antagonistic effects of the four local
chewing sticks on dental caries isolates from children
and adults. Dongoyaro (47.6 %) and ayan (38.1%) were

TABLE 1: ANTAGONISTIC EFFECTS OF TOOTHPASTES ON DENTAL CARIES BACTERIAL ISOLATES
TOOTHPASTES
ORAL ISOLATES

MACLEANS

DABUR

FLORISH

CLOSE-UP

HOLDENT

Children
Streptococcus salivarius 984

12.0

14.0

14.0

14.0

14.0

Streptococcus mutans 987

12.0

10.0

10.0

10.0

10.0

Streptococcus mutans 989

10.0

10.0

14.0

14.0

14.0

Streptococcus sanguis 9812

12.0

14.0

14.0

14.0

14.0

Lactobacillus casei 9816

08.0

08.0

08.0

08.0

08.0

Lactobacillus casei 9819

08.0

08.0

08.0

08.0

08.0

Streptococcus mutans 9820

12.0

12.0

14.0

14.0

14.0

Lactobacillus acidophilus 9823

10.0

12.0

12.0

12.0

12.0

Lactobacillus casei 9829

14.0

14.0

14.0

14.0

14.0

08.0

08.0

08.0

08.0

12.0

10.0

12.0

10.0

Lactobacillus fermentum 9833
Streptococcus mutans 9834

08.0
14.0

Streptococcus salivarius 9839

10.0

10.0

10.0

10.0

10.0

Streptococcus salivarius 9841

10.0

10.0

10.0

10.0

10.0

Streptococcus mutans 9849

10.0

10.0

12.0

12.0

12.0

Streptococcus mutans 9851

14.0

14.0

14.0

14.0

14.0

08.0

08.0

08.0

08.0

Lactobacillus casei 9856

08.0

Lactobacillus acidophilus 9861

10.0

12.0

12.0

12.0

12.0

Streptococcus salivarius 9865

12.0

08.0

08.0

12.0

12.0

08.0

08.0

08.0

08.0

14.0

14.0

12.0

12.0

12.0

10.0

14.0

12.0

14.0

Lactobacillus casei A01

10.0

12.0

10.0

12.0

12.0

Streptococcus mutans A02

12.0

08.0

12.0

12.0

10.0

Streptococcus mutans A03

10.0

10.0

10.0

10.0

12.0

Streptococcus mutans 9870
Lactobacillus acidophilus 9880
Lactobacillus casei 9882

08.0
12.0

Adults
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Lactobacillus casei A04

14.0

14.0

10.0

14.0

14.0

Streptococcus salivarius A05

10.0

08.0

10.0

10.0

12.0

Streptococcus mutans A06

14.0

12.0

14.0

10.0

10.0

Lactobacillus fermentum A07

10.0

10.0

10.0

12.0

14.0

Lactobacillus fermentum A08

08.0

10.0

12.0

12.0

12.0

14.0

10.0

12.0

12.0

Streptococcus mutans A09

10.0

Streptococcus salivarius A10

10.0

10.0

10.0

10.0

10.0

Streptococcus salivarius A11

14.0

08.0

10.0

10.0

12.0

Lactobacillus casei A12

10.0

10.0

14.0

10.0

14.0

Lactobacillus casei A13

10.0

14.0

10.0

14.0

14.0

Lactobacillus casei A14

10.0

08.0

14.0

14.0

12.0

Streptococcus salivarius A15

12.0

10.0

12.0

10.0

12.0

Streptococcus mutans A16

10.0

10.0

12.0

12.0

10.0

Streptococcus mutans A17

12.0

08.0

14.0

14.0

14.0

+14.0

3 (14.4)

5 (23.8)

8 (38.1)

6 (28.6)

7 (33.3) }

+12.0

7 (33.3)

4 (19.0)

3 (14.4)

7 (33.3)

5 (23.8) }

+10.0

6 (28.6)

6 (28.6)

4 (19.0)

3 (14.4)

5 (23.8)

< 10.0

5 (23.8)

6 (28.6)

6 (28.6)

5 (23.8)

4 (19.0)

+14.0

3 (17.6)

3 (17.6)

4 (23.5)

4 (23.5)

5 (29.4) }

+12.0

3 (17.6)

2 (11.8)

4 (23.5)

6 (35.2)

8 (47.0) }

+10.0

10 (47.6)

7 (41.1)

9 (52.9)

7 (41.1)

4 (23.5)

< 10.0

1 (5.9)

5 (29.4)

0 (0.0)

0 (0.0)

0 (0.0)

moderately inhibitory against the children dental
caries isolates while dongoyaro (41.1 %) and ewuro
(35.2%) were also moderately inhibitory against the
children and adult dental caries isolates. According to
Table 3, H2O2 was the most inhibitory among the
chemical teeth-cleansing agents against the dental
caries isolates from children (47.6 %) and adults (52.9
%). The results of the simulated in vivo studies were as
shown in Table 4, with the combined teeth cleansing
hygiene being the most preferred.

Discussion
A complex ecosystem is formed in the oral cavity,
which changes constantly throughout life but some
bacteria that are easily recovered from oral cavity upon
routine culture have been found to be potentially
pathogenic (3, 27, 28, 29, 30). The results obtained in
this study in which Streptococcus mutans was the most
recovered of the culturable bacterial species implicated
in children and adult dental caries, followed by
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with the total number of toothpastes in the country,
more especially, the locally manufactured products.

Lactobacillus casei and S. salivarius is similar to the
findings of the earlier workers; although, the slight
observed inter-species differences may be due to
differences in diet and geographical location. Franz et
al. (31), for example, reported that E. faecium and E.
faecalis in humans are dependent on geographical
location, while Petti et al. (32) and other workers also
found different variable affecting the oral microflora.

Hydrogen peroxide is an oxidising agent that has
effective antiseptic, disinfectant and deodorant
properties, with antiseptic action due to its ready
release of oxygen when applied to tissues. It was
reported that though the effect lasts only as long as the
oxygen is being released, it’s of short duration and has
weak antibacterial activity (37). According to Atlas
(38), it was not effective against Gram-positive bacteria
but was found in this study to be the most inhibitory
teeth-cleansing chemical agent against dental caries
isolates from children (47.6 %) and adults (52.9 %).
Atlas (38) had also earlier documented that anaerobic
bacteria have been found to be particularly sensitive to
peroxides because they do not have catalase, an
enzyme that degrades peroxides. This concept may
therefore, be responsible for the high inhibitory
activities of hydrogen-peroxide on the oral isolates
which were mostly anaerobes.

Since the invention of the first toothpaste, as far back
as nearly 4000 years, the market of the toothpaste has
never been slowed down (3, 33). Modern toothpaste
was invented to aid in the removal of foreign particle
and food substances in addition to cleaning of tooth,
while fluoride is added to toothpaste to aid in
protection from tooth decay; however, many of the
innovations made in toothpastes after the fluoride
break involve the addition of ingredients with special
abilities to toothpaste and toothpaste packaging (34,
35).. Almost all the toothpastes in Nigeria claim to
contain certain active ingredients, especially calcium
and fluoride, which prevent teeth against decay, and
also responsible for the total hygiene by cleaning teeth
thoroughly down to the gums. Inherent antiseptic
properties of some of the toothpastes were claimed to
prevent bacterial decomposition of food particles
adhering to teeth and gaps between the teeth, hence
preventing mouth odour.

Chewing sticks had been the traditional means of teeth
cleansing among Nigerians, although Nigeria is not the
only nation with traditional inclination for chewing
sticks, and different plants are being used to treat
different types of oral ailments like toothache, dental
plaques, dental caries, pyorrhea and aphthae (9, 10, 13,
14, 16, 39, 40, 41, 42, 43). Various researchers have
advocated the use of chewing sticks in community oral
health programme because they are readily available,
cheaper than the toothbrush and paste, and are found
to possess antiplaque properties (16) but there are
various findings on the efficacy of chewing sticks on
oral health. While some findings reported their
efficacy, some did not. The results of the in vitro
inhibitory effects of four Nigerian local chewing sticks
on dental caries bacterial isolates from children and
adults in this study indicated moderate inhibitory
activities among the children and adults isolates.

Out of twelve toothpastes assayed in this study (based
on the results of questionnaires administration, which
tested the popularity of the tootthpastes), only the
results of the most inhibitory toothpastes were
reported in this study. Considering the zones of
inhibition, Close-up, Darbur, Florish and Holdent
toothpastes had higher in vitro inhibitory effects
against the dental caries flora. In a similar study
carried out in Nigeria (36) and Nepal, only few of their
locally available toothpastes (especially, those that
have triclosan as a major ingredient), were found to
posses efficient antimicrobial properties (35). In spite of
the major chemical ingredient(s) in toothpastes used in
this study, the total number of the toothpastes with the
moderate inhibitory activities was quite low compared

Additionally, a follow-up in vivo experiment on the
teeth-cleansing agents to evaluate the oral hygiene on
habitual chewing stick and toothbrush was conducted
in this present study. The in vivo results showed the
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TABLE 2: ANTAGONISTIC EFFECTS OF LOCAL CHEWING STICKS ON DENTAL CARIES BACTERIAL ISOLATES
Local chewing sticks

Isolates

Orin ata

Ayan

Ewuro

Dongoyaro

Children
Streptococcus salivarius 984

08.0

10.0

14.0

10.0

Streptococcus mutans 987

10.0

10.0

10.0

14.0

Streptococcus mutans 989

12.0

10.0

10.0

12.0

Streptococcus sanguis 9812

10.0

12.0

08.0

08.0

Lactobacillus casei 9816

12.0

12.0

10.0

10.0

Lactobacillus casei 9819

10.0

10.0

08.0

14.0

Streptococcus mutans 9820

08.0

10.0

14.0

10.0

Lactobacillus acidophilus 9823

12.0

12.0

10.0

12.0

Lactobacillus casei 9829

12.0

10.0

10.0

12.0

Lactobacillus fermentum 9833

08.0

10.0

08.0

10.0

Streptococcus mutans 9834

08.0

10.0

12.0

12.0

Streptococcus salivarius 9839

12.0

10.0

12.0

10.0

Streptococcus salivarius 9841

10.0

12.0

10.0

12.0

Streptococcus mutans 9849
Streptococcus mutans 9851
Lactobacillus casei 9856
Lactobacillus acidophilus 9861
Streptococcus salivarius 9865
Streptococcus mutans 9870
Lactobacillus acidophilus 9880
Lactobacillus casei 9882
Adults
Lactobacillus casei A01
Streptococcus mutans A02
Streptococcus mutans A03

10.0
10.0
08.0
10.0
12.0
10.0
08.0
08.0

12.0
12.0
08.0
10.0
10.0
12.0
10.0
12.0

10.0
10.0
12.0
08.0
12.0
10.0
10.0
10.0

14.0
14.0
10.0
10.0
10.0
10.0
12.0
10.0

10.0
10.0
08.0

10.0
08.0
10.0

10.0
12.0
10.0

12.0
12.0
10.0
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Lactobacillus casei A04

10.0

10.0

12.0

12.0

Streptococcus salivarius A05

12.0

10.0

08.0

10.0

Streptococcus mutans A06

12.0

12.0

10.0

12.0

Lactobacillus fermentum A07

10.0

10.0

10.0

10.0

Lactobacillus fermentum A08

12.0

10.0

12.0

08.0

Streptococcus mutans A09

10.0

08.0

10.0

10.0

Streptococcus salivarius A10

10.0

10.0

08.0

10.0

Streptococcus salivarius A11

08.0

10.0

10.0

10.0

Lactobacillus casei A12

10.0

10.0

10.0

12.0

Lactobacillus casei A13

10.0

12.0

12.0

12.0

Lactobacillus casei A14

10.0

10.0

10.0

10.0

Streptococcus salivarius A15

12.0

10.0

12.0

09.0

Streptococcus mutans A16

10.0

10.0

12.0

10.0

Streptococcus mutans A17

12.0

10.0

08.0

12.0

+14.0

- (0.0)

+12.0

- (0.0)

2 (9.5)

4 (19.0) }

6 (28.6)

8 (38.1)

4 (19.0)

6 (28.6) }

+10.0

8 (38.1)

12 (57.1)

11 (52.3)

10 (47.6)

<10.0

7 (33.3)

1 (4.76)

4 (19.0)

1 (4.76)

+14.0

- (0.0)

- (0.0)

- (0.0)

- (0.0) }

+12.0

5 (29.4)

2 (11.8)

6 (35.2)

7 (41.1) }

+10.0

10 (46.6)

13 (76.4)

8 (38.1)

8 (47.0)

<10.0

2 (11.8)

2 (11.8)

3 (17.6)

2 (11.8)

local
chewing
stick,
orin
ata
(Zanthoxylum
zanthoxyloides) to be the most preferred, based on the
mouth-feel effect by the adult study group. The
simulated experiment among the control adult group
indicated that the combined cleansing effect of
Zanthoxylum zanthoxyloides before or after brushing
with any of the toothpastes, followed by rinsing with

The combined cleansing effect of ewuro (Vernonia
amygdalina) and then brushing with any of the
toothpastes followed by rinsing with hydrogen
peroxide also gave a better mouth feel effect for a
period of 8 hours. The antimicrobial property of
Zanthoxylum zanthoxyloides has also been investigated
by Muhammad and Shinkafi (44), and the extracted
essential oils from this chewing stick were found to
posses antiseptic and anti-carcinogenic actions.

hydrogen peroxide gave the best mouth-feel effect for a
period of 12-18 hours after the oral hygiene treatments.
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TABLE 3: ANTAGONISTIC EFFECTS OF CHEMICAL AGENTS ON DENTAL CARIES BACTERIAL ISOLATES
Chemical agents

Isolates

Ash

NaCl

H 2O 2

Streptococcus salivarius 984

10.0

12.0

10.0

Streptococcus mutans 987

12.0

10.0

10.0

Streptococcus mutans 989

10.0

10.0

10.0

Streptococcus sanguis 9812

NDG

NDG

NDG

Lactobacillus casei 9816

10.0

10.0

14.0

Lactobacillus casei 9819

10.0

10.0

12.0

Streptococcus mutans 9820

08.0

10.0

12.0

Lactobacillus acidophilus 9823

12.0

10.0

12.0

Lactobacillus casei 9829

10.0

10.0

12.0

Lactobacillus fermentum 9833

10.0

10.0

10.0

Streptococcus mutans 9834

12.0

12.0

10.0

Streptococcus salivarius 9839

10.0

12.0

14.0

Streptococcus salivarius 9841

10.0

10.0

10.0

Children

Streptococcus mutans 9849

10.0

08.0

10.0

Streptococcus mutans 9851
Lactobacillus casei 9856
Lactobacillus acidophilus 9861
Streptococcus salivarius 9865
Streptococcus mutans 9870
Lactobacillus acidophilus 9880
Lactobacillus casei 9882

12.0
08.0
10.0
12.0
10.0
12.0
10.0

12.0
10.0
14.0
10.0
10.0
12.0
10.0

10.0
10.0
14.0
12.0
14.0
12.0
10.0

Adults
Lactobacillus casei A01
Streptococcus mutans A02
Streptococcus mutans A03
Lactobacillus casei A04
Streptococcus salivarius A05
Streptococcus mutans A06
Lactobacillus fermentum A07
Lactobacillus fermentum A08
Streptococcus mutans A09
Streptococcus salivarius A10
Streptococcus salivarius A11
Lactobacillus casei A12

10.0
12.0
10.0
10.0
12.0
08.0
10.0
12.0
10.0
10.0
10.0
08.0

12.0
10.0
10.0
10.0
08.0
12.0
10.0
10.0
08.0
12.0
10.0
10.0

14.0
12.0
10.0
12.0
10.0
12.0
10.0
08.0
10.0
12.0
12.0
10.0
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Lactobacillus casei A13

10.0

12.0

12.0

Lactobacillus casei A14

08.0

10.0

10.0

Streptococcus salivarius A15

12.0

08.0

14.0

Streptococcus mutans A16

10.0

10.0

10.0

Streptococcus mutans A17

08.0

12.0

12.0

+14.0

- (0.0)

1 (4.76)

4 (19.0) }

+12.0

6 (28.6)

5 (23.8)

6 (28.6) }

+10.0

12 (57.1)

13 (61.9)

10 (47.6)

<10.0 / NDG

3 (14.2)

2 (9.5)

1 (4.76)

+14.0

- (0.0)

- (0.0)

2 (11.8) }

+12.0

4 (23.5)

5 (29.4)

7 (41.1) }

+10.0

9 (59.4)

9 (52.9)

7 (41.1)

<10.0

4 (23.5)

3 (17.6)

1 (5.88)

Keys: NDG = No determinable growth

The observed in vitro results of the teeth cleansing
agents are not exclusively the same results obtained in
vivo and this can be easily explained by the fact that the
oral bacterial pathogens usually form a layer (biofilm)
over the teeth enamel, and the time interval for the
teeth cleansing agents to come in contact with them
and brush them off are usually about 5-10 minutes
brushing periods. In the determination of the mouth
feel (checking the teeth with the tongue, especially at
the inner teeth surfaces for any feeling of teeth coating,
especially on the molars and premolars; breath smell;
presence or absence of saliva foam at the lip sides or
minimal spitting while talking for about 15 minutes or
more, as well as lightness of the tongue), and it was
generally accepted by the subjects that the combined
teeth cleansing hygiene is the most preferred.
Continuous slight spitting and or accumulation of
foamy or non-foamy but thick whitish saliva at the
corners of the lips were prevented or very minimal
among the subjects during the study. It was also
agreed that teeth cleansing, at least twice a day is the
best mode of good oral hygiene.

local chewing sticks as natural means of aiding
mastication, being the only oral hygiene agent that can
be daily chewed for periods of time. It was also
advocated that chewing sticks aid in inducing
salivation and thereby can also be responsible for
cleansing of the salivary organs. Further studies on the
effect of the teeth cleansing agents on the microbial
loads of saliva are also on-going in our laboratories.
Since there could be varied human oral bacterial
species among different nations, it is necessary that
differentiation in oral bacterial flora associated with
dental carries be put into consideration when
preparing teeth-cleansing agents such as toothpastes.
According to Tiwari et al. (3), fluoride and triclosan are
the most commonly used and recommend active
compounds by WHO, ADA and FDI, and regular
evaluation of the efficacy of the fluoridated toothpaste
by the private laboratory have been recommended by
the WHO (45) but excess use of the fluoride can cause
dental fluorisis, so the recommended amount of the
fluoride was advised to be used as the ingredients in
the toothpaste.

In addition to the teeth cleansing effects, the subjects
used in the present study also supported the usage of
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TABLE 4: SIMULATED IN VIVO EFFECTS OF TEETH CLEANSING AGENTS ON MOUTH FEEL OF SUBJECTS

Period of study

Best preferred

Better preferred

Preferred

Weeks 1 & 4
Weeks 2 & 5
Weeks 3 & 6

orin ata [14]
orin ata [12]
orin ata [12]

ewuro [7]
ewuro [8]
ewuro [9]

dongoyaro [3]
dongoyaro [4]
dongoyaro [3]

Grp. 1
Grp. 2
Grp. 3

Weeks 1 & 4
Weeks 2 & 5
Weeks 3 & 6

Close up [10]
Holdent [11]
Close up [12]

Holdent [9]
Close up [9]
Holdent [9]

Florish [5]
Florish [5]
Florish [3]

Grp. 1
Grp. 2
Grp. 3
All Grps.

Week 7

Close up + orin ata [14]

Holdent + orin ata [6]

Close up + ewuro [4]

Week 8*

NaCl + toothpastes + Chw stck [14]

H2O2 + toothpastes + Chw stck

Ash + toothpastes +Chw stck

Keys: Chw. stck = chewing sticks; Grp. = group; Grps. = groups

Abiding by regulations, even in the production of
household toilet products like toothpastes has been a
running battle in the country, it is therefore, strongly
recommended that all toothpastes in the country,
including the locally produced ones be subjected to
regular evaluation of their efficacy. Similarly, results
on alternative teeth cleansing agents such as chewing
sticks or herbal regimens would also have to consider
this concept. This will aid in investigating into the
indigenous chewing sticks of various countries, and
there may ultimately be internationally recognised
broad spectrum chewing sticks that cut across many
nations. The active ingredients of these chewing sticks
can then be extracted and prepared into industrial
herbal toothpastes just as in the case of Darbur, an
Indian toothpaste and a Korean toothpaste known as
Herb & Bio.Salt, a gum care toothpaste consisting of
natural herbal extracts from Lonicera japonica,
Taraxacum platycarpum, green tea and sodium chloride.
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RUNNING TITLE: RESISTANCE OF ENTERIC BACILLI TO HONEY
Honey was found by some workers to possess antibacterial activity. It has never been reported to cause any tissue
damage, and appears to actually promote the healing process. Our work however showed that all the aerobic
Gram-negative bacilli tested produced an in-vitro resistance to the honey used.
Sir,
The concept of prophylactic antibiotics was
established in the 1960s when experimental data
established that antibiotics had to be in the circulatory
system at high enough dosage at the time of incision
to be effective (1). With the use of antibiotics, a new
era in the management of wound infections
commenced. Unfortunately, eradication of the
infective plague affecting surgical wounds has not
ended because of the insurgence of antibiotic–
resistant bacterial strains and the nature of more
adventurous
surgical
intervention
in
immunocompromised patients and in implant
surgery (2). Honey was found by some workers to
possess antibacterial activity where antibiotics were
ineffective (3, 4, 5). Much of the effectiveness of honey
as a dressing appears to be due to its antimicrobial
properties. Honey is reported to cause no tissue
damage, and appears to actually promote the healing
process (6).

hole agar diffusion method. Sensitivity pattern was
compared with the standard Escherichia coli ATCC
25922 and Pseudomonas aeruginosa ATCC 27853. All
isolates flourished at 70%v/v and below, very poor
inhibition of the bacteria was noticed at 80%v/v,
90%v/v and 100%v/v (Table 1). The water activity of
the honey (aw) was 0.6 and the pH is 3.6.
All the aerobic Gram-negative bacilli isolated showed
an in-vitro resistance to the honey used. This study is
similar to the finding of Adefule et al (12) in which the
disc assay method employed showed no zone of
inhibition for the undiluted honey (100%v/v). Nzeako
and Hamdi (3) and Subrahmanyam et al (13) reported
in-vitro antibacterial activity of honey at various
concentrations against Gram-negative bacilli isolated
from wound infections. The honey used in this study
was obtained from Saki in Oyo State and Pharmacy
department, University College Hospital, Ibadan. Saki
is known to produce a very high quality honey in
south-western Nigeria, and that used in the study of
Adefule et al (12) was obtained from Edo State, southsouth region of Nigeria. It is possible that the honey
obtained from these regions may be synthesized from
the same family of flower nectar that shows less
antibacterial activity unlike the honey in the study of
Nzeako and Hamdi (3) and Subrahmanyam et al (13)
which were obtained from Saudi-Arabia and India,
respectively. Allen et al (14) showed that there are
many types of honey with and without antibacterial
activity and postulated that the type of the flower that

Since honey is used extensively in Nigeria, even at
University College Hospital, Ibadan (a premier
hospital in Nigeria), we felt it desirable to reassess its
effectiveness in view of the prevailing multiple
antibiotic resistance reported by many authors (7, 8,
9). We isolated aerobic Gram-negative enteric bacilli
from wound specimens at the University College
Hospital (Out-patient and in-patient department)
(Table 1) and were identified by standard procedures
(10, 11). The minimum inhibitory concentration of
honey for each isolate was determined using punch-
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these pathogens (6). It is also very possible that
aerobic Gram-negative enteric bacilli have developed
resistance to honey which was hitherto sensitive. In a
related study carried out by Ogbolu et al (15);
Candida isolates had better susceptibility to coconut
oil than fluconazole and their results elucidated the
use of coconut oil in complementary and alternative
medicine especially in this era of emerging drugresistant Candida species.

was the source of the nectar determines the nature of
the antibacterial activity of honey.
The water activity (aw) and pH of honey are also
important factors in their antimicrobial properties; aw
(0.6) of this honey showed it is ripe enough to inhibit
bacteria
growth
(11).
Similarly,
honey
is
characteristically quite acidic, the pH 3.6 obtained in
this study is low enough to be inhibitory to many of
TABLE 1:

Number and percentage of strains inhibited on
MH with different concentrations of honey

Organisms
Escherichia coli n =10
Klebsiella species
n=15
Proteus vulgaris n=2
Pseudomonas aeruginosa
n=21
Key: - n = number of
strains

5%-70%
x (%)
0 (0)
0 (0)

80%
x (%)
0 (0)
0 (0)

90%
x (%)
0 (0)
0 (0)

100%
x (%)
3(80)
0 (0)

0 (0)
0 (0)

0 (0)
1 (4.8)

0 (0)
1 (4.8)

2 (25)
2 (9.5)

x= number
of

strain that
show

inhibition

Having observed a lesser antibacterial activity of
honey against the aerobic gram-negative enteric
bacilli in-vitro further studies to investigate the in-vivo
antibacterial activity of honey against the enteric
bacteria from wound infections will be fundamental
to the well being of the populace, as treatment of
wound with honey is still widely practiced in Nigeria.
Essentially, study into the antibacterial activities of
honeys produced by various flowers that are the
sources of the nectar is also imperative to further
clarify the ambiguity in the use of honey as an
antimicrobial agent.

6. Molan PC. “Honey as an antimicrobial agent”.
In: Mizrahi, A and Lensky Y. (eds) Bee
Products: products: Properties, Applications
and Apitherapy. Plenum Press, New York
1997; Pages 27-37
7.
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