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Infection

A wide varieties of infectious agents may affect the brain and meanings: viruses, bacteria, fungi, protozoa, and some metazoa. The 

epidemiology of infectious agents is linked to geographic factors and related climate and socioeconomic conditions. 

Microorganism may reach the nervous system through the following pathways:

·Direct penetration through the trauma

·Direct extension from foci of inflammation in structures adjacent to the nervous system (e.g. otitis, sinusitis, 

inflammation of the face and mouth, osteomyelitis)

·Haematogenous dissemination 

·Centripetal spread through nerves

In the following discussion, we will deal with the most commonly encountered infectious diseases, broadly dividing the subject 

into meningitides and infections of the brain tissue itslf (encephalirides). This separation is often indistinct since transition forms 

are frequent (meningo-encephalitis). 
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Prevalence of  Bacterial Meningitis among Infants in a Tertiary Hospital in 
Benin City, Nigeria

*1 2 2 3R. OMOREGIE , C. A. EGBE , I.O. IGBARUMAH AND H.O. OGEFERE .
1School of  Medical Laboratory Sciences, University of  Benin Teaching Hospital, Benin City,  Edo State, Nigeria.

2Department of  Medical Microbiology, University of  Benin, Teaching Hospital
3Department of  Medical of  Laboratory Science, School of  Basic Medical Sciences,

University of  Benin, Benin City, Nigeria.

ABSTRACT
 Bacterial meningitis remains a major cause of  mortality and long–term neurological sequelae worldwide. 

Pathogens responsible for the infection vary with time, geographical location and patient age, thus necessitating 

periodic review. Against this background, this study was conducted. Cerebrospinal fluid was collected from 396 infants 

with signs and symptoms of  meningitis. The age of  the infants range from the newborn to one year and consisted of  

211 males and 185 females. Specimens were processed to diagnosis bacterial meningitis, aetiologic agents identified and 

susceptibility test performed using standard techniques. An overall prevalence of  1.77% of  bacterial meningitis was 

observed. The prevalence of  bacterial meningitis was higher in males (2.84%) than in females (0.54%). However, male 

gender was not a significant risk factor for acquiring bacterial meningitis (OR = 5.385 95%. CI = 0.642; 45.175 P = 

0.176). Aetiologic agents include Streptococcus pneumoniae, Neisseria meningitidis, Haemophilus influenzae and 

Klebsiella pneumoniae with the latter being the most prevalent (42.85%). Imipenem, ofloxacin and ciprofloxacin were 

the antibacterial agents that were active against all bacteria isolates. The data presented would be useful for empiric 

management of  bacterial meningitis    

Keywords:  Bacterial meningitis, infants, neurological sequelae

.

INTRODUCTION
Meningitis is a serious public health 

problem demanding early diagnosis, effective 
treatment, prevention and control (1). It is a major 
cause of  morbidity and mortality among infants 
and children below the age of  five years (2). The 
global burden of  the disease is high and at least 
1.2million cases of  meningitis are estimated every 
year with 135,000 deaths (3).

A number of  bacteria have been isolated 
from cases of  bacterial meningitis in infants and 
children. However, Haemophilus influenzae, 
Neisseria meningitidis and Streptococcus 
pneumoniae are the most common causes of  
bacterial meningitis in children (4). Other 
organisms that have been incriminated in bacterial 
meningitis include Escherichia coli, Klebsiella 
p n e u m o n i a e ,  S t a p hy l o c o c c u s  a u r e u s ,  
Streptococcus pyogenes, Streptococcus agalactiae, 
Salmonella species, Pseudomonas aeruginosa, 
Enterobacter species, Acinetobacter species, other 
___________________

*Corresponding author

Gram negative bacilli, and Listeria monocytogenes 
(3). However, pathogens responsible for the 
infection vary with time, geography and patient age 
(5,6). 

Clinical signs of  meningitis cannot always be 
relied upon (5) as it is not possible to distinguish 
clinically meningitis from severe malaria, 
pneumonia, and sepsis (7). Laboratory diagnosis is 
critical and culture is the gold standard for the 
diagnosis of  bacterial meningitis (3). However, it is 
the usual practice to start antibiotic therapy before 
the complete laboratory result is available, such blind 
prescription requires knowledge of  the most 
frequent aetiologic agents of  meningitis in the local 
population (4). There is therefore, need for periodic 
review of  bacterial meningitis. Against this 
background, this study focused on determining the 
prevalence of  bacterial meningitis among children 
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not more than one year old. The aetiologic agents 
and susceptibility profile were also determined. 
MATERIALS AND METHODS
Study population: 

st
The study was carried out from 1  October, 

st
2009 to 31  May, 2010 at the University of  Benin 
Teaching Benin City, Nigeria. The hospital is a 
tertiary hospital with a referral status and serves 6 to 
10 states in the country. A total of  396 children with 
signs and symptoms of  meningitis with age ranging 
from one day to one year were included in this study. 
The children consisted of  211 males and 185 
females. Verbal informed consent was obtained 
from each parent prior to specimen collection. The 
study was approved by the ethical committee of  the 
University of  Benin Teaching Hospital, Benin 
(UBTH). 

Specimen Collection and Processing:
Cerebrospinal fluid (CSF) was obtained by 

lumbar puncture and placed in sterile universal 
container. The CSF specimens were processed 
using standard microbiological methods. Briefly, 
leucocytes count and Gram stain were performed in 
all CSF samples. The CSF was cultured on 
Chocolate, Blood and MacConkey agar incubated at 

0
37 C aerobically and read after 48hours. The 
Chocolate agar plates were incubated in carbon 
dioxide extraction jar. The presence of  bacterial 
meningitis was inferred if  the leucocytes count was 

3
>10/mm , presence of  pus cells and bacteria on 
Gram stained smear and positive culture of  CSF 
samples. Emergent bacterial isolates were identified 
following standard technique (8). Susceptibility test 
was performed by the BSAC method (9).

Statistical Analysis 
The data were analysed using Fisher Exact 

Test and odd ratio analysis was done using the 
(R)statistical software INSTAT .         

RESULTS
A total of  7(1.77%) out of  396 specimens 

were culture positive. Although male (2.84%) had 
higher prevalence than female (0.54%), gender was 
not a significant risk factor for acquiring bacterial 
meningitis (OR = 5.385 95% CI = 0.642, 45.175; P 

= 0.176). Klebsiella penumoniae was the most 
predominante isolate generally and in males 
(42.85% and 50.00% respectively). Haemophilus 
influenzae was the only isolate recovered from 
females. Other isolates include Streptococcus 
pneumoniae and Neisseria meningitidis (Table 1). 
Ofloxacin, ciprofloxacin and imipenem were the 
most active antibacterial agents (Table 2). 

DISCUSSION 
Bacterial meningitis in infants and 

children is a serious clinical entity with signs and 
symptoms that commonly do not allow 
distinguishing the diagnosis and the causative 
agents (10). Pathogens responsible for 
meningitis vary with time, geographical location 
and patient age (5,6). The usual practice to start 
antibiotics therapy before the complete 
laboratory result is available is based on the 
knowledge of the most frequent aetiologic 
agents and susceptibility profile in the locality 
(4). Therefore, there is need for periodic review 
of bacterial meningitis. Against this background 
this study was conducted. 

A total of 7(1.77%) of 396 clinically 
suspected cases of bacterial meningitis was 
confirmed by culture. This agrees with previous 
report (3). Culture is the gold standard in the 
diagnosis of bacterial meningitis. It has been 
reported that it is not possible to distinguish 
clinically meningitis from severe malaria, 
pneumonia and sepsis (7). This may explain the 
culture negative specimens observed in this 
study. The prevalence of bacterial meningitis, 
though higher in males (2.84%) was not 
significantly different from that of females 
(0.54%). This is in agreement with a previous 
report (1). 

Surprisingly, Klebsiella pneumoniae is the 
most predominant aetiologic agent of bacterial 
meningitis. This differs from previous reports 
where Streptococcus pneumoniae, Haemophilus 
influenzae, and Neisseria meningitidis were the 
three most prevalence aetiologic agents of 
bacterial meningitis in children (4). This may be 
due to difference in geographical locations. 
However, the number of positive cultures was 
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Organisms  Male (%) Female (%) Total (%) 

Streptococcus pneumoniae 1(16.66) 0 (0.00) 1(14.29) 

Neisseria meningitidis 2 (33.33) 0 (0.00) 2 (28.57) 

Haemophilus influenzae 0 (0.00) 1(100.00) 1 (14.29) 

Klebsiella pneumoniae 3 (50.00) 0 (0.00) 3 (42. 86) 

Total  6 (85.71) 1 (14.28) 7 

 

Table 2: Susceptibility profile of bacterial isolates 

Key:  OFX = Ofloxacin AUG: Amoxycillin-clavulanate CRO: Ceftriaxone IMP = Imipenem CL = 

Cephalexin CAZ: Ceftazidime CXM = Cefurozime CN: Gentamicin L = Lincomycin OX = Oxacillin OB: 

Cloxacillin CIP: Ciprofloxacin.

Table 1: Etiologic agents of bacterial meningitis 

5

there are changes in the prevalence of  aetiologic 
agents of  meningitis. A similar change was earlier 
noted for uropathogens in our institution (12). While 
vaccines targeted against the three common bacteria 
agents Streptococcus pneumoniae,  Haemophilus 
influenzae  and Neisseria meningitidis will help 
reduce morbidity and mortality associated with 
meningitis, the changing pattern observed in this 
study where Klebsiella pneumoniae predominated 
may render these vaccines ineffective in the control 
of  bacterial meningitis. 

too small (seven) to make such conclusion. It is 
important to note that in an earlier study in 
Maiduguri, North eastern, Nigeria, Streptococcus 
pneumoniae, Neisseria meningitidis and 
Haemophilus influenzae together were responsible 
for 77.30% of  the isolates (11). In this study, these 
three isolates together accounted for 57.14% of  the 
total isolates. The difference between our study and 
that of  Maiduguri may be due to location within the 
same country (ours, Benin City (south-south, 
Nigeria) and time of  study. It is also possible that 
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Antibacterial 

disc (mg/disc) 

No. (%) of bacterial isolates of: 

Streptococcus 

pneumoniae 

(n =1) 

Neisseria 

meningitidis 

(n =2) 

Haemophilus 

influenzae 

(n =1) 

Klebsiella 

pneumoniae 

(n =3) 

OFX (5) 1(100.0) 2(100.0) 1(100.0) 3(100.0) 

AUG (30) 1(100.0) 2(100.0) 0(0.0) 0(0.0) 

CRO (30) 0(0.0) 2(100.0) 1(100.0) 3(100.0) 

IMP (10) 1(100.0) 2(100.0) 1(100.0) 3(100.0) 

CL (30) 1(100.0) 2(100.0) 1(100.0) 0(0.0) 

CAZ (30) 1(100.0) 0(0.0) 0(0.0) 0(0.0) 

CXM (30) 1(100.0) 2(100.0) 1(100.0) 0(0.0) 

CN (10) 0(0.0) 2(100.0) 1(100.0) 0(0.0) 

L (2) 0(0.0) 2(100.0) 0(0.0) 0(0.0) 

OX (10) 0(0.0) 2(100.0) 0(0.0) 0(0.0) 

OB (5) 0(0.0) 2(100.0) 0(0.0) 0(0.0) 

CIP (5) 1(100.0) 2(100.0) 1(100.0) 3(100.0) 
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Imipenem, ofloxacin and ciprofloxacin 
were the most active antibacterial agents as all 
bacteria isolates were susceptible to them. The only 
isolate of  Streptococcus pneumoniae was not 
susceptible to ceftaxidime. There is increasing 
resistance among the major pathogen which cause 
meningitis to most of  the traditional antibacterial 
agents used as initial therapy prior to the availability 
of  bacteriological result (4). Traditional 
antibacterial agents such as ampicillin, penicillin G 
and chloramphenicol were not included in this 
study due to observed resistance and antibiotic 
rotation policy in our institution. Against 
Streptococcus pneumoniae , Neisseria meningitidis 
and Haemophilus influenzae cephalexin and 
cefuroxime were very active (100.00%) while 
ceftriaxone was the only active cephalosporin 
against Klebsiella pneumoniae . 
         Conclusively, an overall prevalence of  1.77% 
of  culture proved bacterial meningitis was 
observed in this study. The prevalence was not 
affected by gender and Klebsiella pneumoniae was 
the most prevalent aetiologic agent. Imipenem, 
ofloxacin and ciprofloxacin were active against all 
bacteria isolates. The data presented would be 
useful for empiric management of  bacterial 
meningitis.  
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Microbial Infections Associated with Human immunodeficiency Virus (HIV) 
and Pulmonary Tuberculosis in Parts of Delta State, Nigeria.

1* 2D.J., JEMIKALAJAH  AND G.R.A., OKOGUN
1
Medical Laboratory Department, Central Hospital, P.M.B. 12, Kwale,

2Department of Medical Laboratory Science, Ambrose Alli University, Ekpoma, Nigeria.

ABSTRACT 
A total of 205 patients suspected of Human immunodeficiency virus (HIV) and tuberculosis (TB) 

infections were studied to determine the HIV-and or TB-associated microbial infections in parts of Delta State. 

HIV status was determined using (WHO) Systems two, while Ziehl Neelsen staining technique was used for 

tuberculosis screening. Standard bacteriological culture methods were used for bacterial isolation, while malaria 

parasitaemia was confirmed by Giemsa staining techniques. A prevalence rate of 51.4% obtained for 

tuberculosis was significantly higher (P<0.05) among the HIV-infected, than among non-infected subjects. The 

health point prevalence rate of isolated bacteria was 27.5%, 14.9% and 13.6% among HIV-infected subjects in 

Kwale, Agbor and Eku respectively. Bacterial infection prevalence was significantly higher (P<0.05) among 

HIV-infected subjects in Agbor than among those in Kwale and Eku. The prevalence rates of bacterial infection 

of 25.5%, 14.9% and 13.6% among HIV-PTB positive subjects from the three centres were comparable 

(P>0.05). The overall prevalence rates of malaria parasitaemia were also comparable (P>0.05) among HIV 

infected subject. Our study showed that opportunistic bacterial infections and malaria remain the 

compounding factors in HIV and tuberculosis infections in parts of Delta State. 

Keywords: Microbial infections, human immunodeficiency virus, pulmonary tuberculosis.   

INTRODUCTION 
The spectrum of disease in people living 

with Human immunodeficiency virus (PLWH) 
varies among cities, countries and regions of the 
world (1). Dominating the picture in sub-
Saharan Africa are the high-grade, endemic 
bacterial infections, a high level of poverty and 
overcrowded unsanitary living environments 
(2). 

Tuberculosis has become the leading 
cause of death among people with HIV 
infection and accounts for about a third of 
AIDS deaths worldwide (3). There has also been 
a recent recognition of the association between 
HIV infection and increased frequency of 
clinical malaria (4). In some countries, low-
grade infections by opportunistic pathogens are 
important (particularly Cryptococcus and 
Toxoplasma); but those which dominate the 
picture in the industrialized countries, such as 

Pneumocystis carinii and atypical mycobacteria, 
are relatively rare in Africa (5). Although the 
spectrum of diseases in PLWH has not been fully 
characterized in many regions, a similar pattern is 
likely to be seen throughout the developing 
world. 

Thus worldwide, the main burden of 
disease in PWLH arises from a limited number of 
common infections to which PLWH are 
particularly susceptible, namely; mycobacterial, 
pneumococcal and non-typhoid Salmonella 
infections (2). In some countries of Sub-Saharan 
Africa, over 60% of HIV-infected subjects are co-
infected with tuberculosis (6,7). Recently, co-
infection of the two pathogens has become more 
noticeable in Eastern Europe and in Asia (8-11). 
In addition, there is increasing concern that HIV 
will enhance the spread of multidrug-resistant 
tuberculosis (MDR-TB) in these regions (12) as 
MDR-TB is approximately 10 times more 

_____________________
*Corresponding author 
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prevalent in Eastern Europe than in Africa 
(13,14). Common HIV-related infections (e.g. 
pneumonia, diarrhoea, fungal infections and 
their complications) cause considerable 
morbidity during treatment of HIV-infected 
tuberculosis patients, and contribute to the 
increased case fatality rates (7,15). 

In this study, we characterized the 
microbial infections associated with this disease 
to enable enhanced care and management of 
patients so as to reduce morbidity and mortality 
associated with HIV-related deaths in Delta 
State, Nigeria. 

MATERIALS AND METHODS     
This study was conducted in three foci of 

Delta State with Voluntary Testing and 
Counseling facilities namely; Central Hospital, 
Kwale, Central Hospital, Agbor, Tuberculosis 
and Leprosy Referral Centre, Eku in Delta State. 
The study areas of Agbor, Eku and Kwale lie 

0approximately between longitude 5 .00' and 
0 0 06 .45' East and latitude 5 .00' and 6 .30' North of 

Delta State. The populations of the study area 
are: Agbor: 109,204; Eku: 113,929 and Kwale: 
114,117 (15). 

Sample Collection
Venous blood, mid stream urine (MSU), 

stool and sputum samples were collected each 
from 205 patients suspected of HIV infection or 
tuberculosis by random sampling into EDTA 
containers, sterile universal containers and clean 
universal containers respectively. Informed 
consent was obtained from recruited subjects 
prior to collection of samples. All samples were 
analyzed immediately at  Laboratory 
Departments of Central Hospital, Kwale, 
Central Hospital, Agbor, Tuberculosis and 
Leprosy Referral Centre, Eku. 

Sample Analysis
HIV screening was carried out using two 

enzyme-linked immunosorbent assay (ELIZA) 
rapid screening kits based on WHO Systems two 
for detecting antibodies to HIV-1 and HIV-

2(17). Determine rapid screening kits (Abbott 
Laboratories, Japan) and Immunocomb 11 
(Organics, France) were used in this study. Test 
was carried out according to manufacturers' 
instructions.

For tuberculosis screening, sputum 
samples were examined for Mycobacterium 
tuberculosis using Ziehl Neelsen staining and 
cultural methods for the isolation of bacteria. 
Briefly, MSU cultures were done by the 
standard (0.01ml) loop culture on blood agar 
(BA), MacConkey agar (MCA) and Cystein 
lactose electrolyte deficient (CLED) plates. 
Stools were inoculated into Selenite F broth and 
sub-cultured onto Deoxycholate citrates agar 
(DCA) and MacConkey agar (MCA) plates. 
Sputum samples were cultured on chocolate agar 
(CA) and blood agar (BA) and incubated in 
candle extinction jar, while MacConkey agar 

0(MCA) plates were incubated aerobically at 37 C 
5for 24 hours. Pure growth (> 10 cfu/ml) from 

mid-stream urine culture was considered 
significant, while a heavy growth of one 
organism on sputum culture plates was 
considered significant. Bacterial isolates were 
subjected to taxonomic analysis by the 
determination of their morphological, 
physiological and biochemical characteristics 
(19-21). Examination for malaria parasites was 
carried out on thick blood smears stained by 
Giemsa method (18). 

Data Analysis 
Data generated were analyzed statistically using 
chi-square. 

RESULTS 
Of the 205 subjects suspected of HIV or 

Tb infections, 109 (53.2%) were positive for HIV 
infection and 56 (26.8%) for tuberculosis (Table 
1). Tuberculosis prevalence of 75.0% was 
significantly higher (P<0.05) among HIV-
infected subjects in Kwale than those in Agbor 
(27.7%) and Eku (59.1%).

Table 2 shows that the prevalence rates 
of microbial respiratory and urinary tract 
infections were 27.5%, 14.9% and 13.6% for 
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Kwale, Agbor and Eku respectively. Thus 
bacterial infection rates were significantly 
higher (P<0.05) among HIV-infected subjects 
in Kwale than those in Agbor and Eku. Other 
microbial co-infections were recorded among 
HIV-infected subjects in Kwale, Agbor and Eku 
respectively (Table 3). However, the microbial 
co-infection rates were significantly different 
(P<0.05) among HIV-TB infected subjects 

from the three locations. 
Prevalence rate obtained for malaria 

parasitaemia among HIV infected subjects is 
shown in Table 4. Rates of parasitaemia were not 
significantly different (P>0.05) among HIV-
infected subjects from Agbor and Kwale 
locations. However, no infection was observed 
among subjects from Eku. 

Table 1: Prevalence of TB with HIV infection in subjects with 
provisional diagnosis of HIV-P T B .  

 

 

Location  

 

No. of  

subjects  

No. (%) of Subjects with:  

 

X2 

 

 

P-value 
HIV 

infection 

ZN positive smears 

Kwale  78 40(51.3) 30(75.0)   

Agbor  60 47(78.3) 13(27.7)   

Eku 67 22(32.8) 13(59.1) 4.08 P<0.05 

Total  205 109(53.2) 56(51.4)   

 

a bPercentage  is based on No. of subjects enrolled in each location. Percentage is based on No. of HIV-infected subjects 

Journal of Medical Laboratory Science 2010, Vol. 19; No. 2

Table 2: Prevalence of HIV infection with concomitant microbial infections of the respiratory 
and urinary tracts. 

 

 

Location  

 

HIV-

positive  

 

Microbial  

isolates 

No. (%) of 

microbial 

Subjects with  

isolates from 

 

Total No. 

positive (%) 

 

 

P-value   

 subjects  sputum urine   

Kwale  40 S. pyogenes  3(7.5)  3(7.5)  

  Klebsiella sp. 2(5.0) 3(7.5) 5(12.5) P>0.05 

  Candida albicans  2(5.0) 2(5.0) 2(5.0)  

  Proteus sp.  1(2.5) 1(2.5)  

  Total  5(12.5) 6(15.0) 6(15.0)  

       

Agbor  47 S. pyogenes  1(2.1)  1(2.1)  

  Klebsiella sp. 2(4.3)  2(4.3)  

  Candida albicans   4(8.5) 4(8.5) P>0.05 

  Total 3(6.4) 4(8.5) 7(14.9)  

       

Eku 22 S. aureus   1(4.5) 1(4.5)  

  Candida albicans   1(4.5) 1(4.5)  

  Proteus sp.  1(4.5) 1(4.5) P>0.05 

  Total   3(13.6) 3(13.6)  

       

Total  109  8(7.3) 13(11.9) 21(19.3)  
  
df = 4; P<0>0.05 
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Table 3: Prevalence of microbial respiratory and urinary tract infections in HIV-PTB cases. 

 

Location  

 

No. 

Tested 

 

Microbial isolates 

No. (%) of 

microbial 

Subjects with  

isolates from 

 

Total No. 

positive (%) 

 

P-value 

sputum urine 

Kwale  40 S. aureus  2(5.0)  2(5.0)  

  Klebsiella sp.  1(2.5) 1(2.5)  

  Candida albicans   1(2.5) 1(2.5) P>0.05 

  Total   2(5.0) 4(10.0)  

       

Agbor  47 Klebsiella sp. 1(2.1)  1(2.1)  

  Candida albicans   1(2.1) 1(2.1)  

  Total  1(2.1) 1(2.1) 2(4.1) P>0.05 

       

Eku 22 S. aureus   3(13.6) 3(13.6)  

  S. pyogenes    2(9.0)  

  Candida albicans  2(9.0) 1(4.5) 1(4.5) P>0.05 

  Proteus sp.  1(4.5) 1(4.5)  

  Total  2(9.0) 5(22.7) 7(31.8)  

Total    5(4.6) 8(7.3) 13(11.9)  
 

df = 4; P<0>0.05 
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Table 4: Prevalence of malaria parasitaemia among HIV-infected subjects.

Location No. of HIV 

positive 

subjects 

No. (%) of subjects 

With malaria 

Parasitaemia 

P-value  

Kwale  40 3(7.5)  

Agbor  47 5(10.6) P>0.05 

Eku 22 0(0.0)  

Total  109 8(7.3)  
 

df = 2, t-cal = 0.3; P<0>0.05 

DISCUSSION 
The spectrum of disease among PLWH 

varies among cities, countries and regions of the 
world (1). This may probably be the reason for 
the observed variations in the health point 
prevalence rates obtained in different locations 
of the study. 

The prevalence rate of 51.4% recorded 
for tuberculosis infection was far higher than 

the prevalence rate reported for other infections 
in this study. This is in agreement with the 
earlier report (22) that tuberculosis has a greater 
impact on HIV-infected subjects than all other 
opportunistic infections. The microbial isolated 
were Staphylococcus aureus, Streptococuss 
pyogenes, Klebsiella spp. Proteus spp. and Candida 
albicans; this is consistent with the findings of 
Gilks et al. (2), except that pneumococcus was 
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present study and recommend more studies to 
determine the range of associated bacterial and 
parasitic infections in Nigeria to improve the 
prognosis, management and life expectancy of 
HIV sufferers. 
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ABSTRACT 
Compliance of 21 private medical laboratories in Osun State with ethical and other professional was 

assessed by the authors' pre and post inspection by the Medical Laboratory Science Council of Nigeria 

(MLSCN). Laboratory environment, personnel, equipment and adherence to Standard Operating Procedures 

(SOPs) were used as indicators and the results obtained were compared. Thirteen (62 %) was found to have 

conformed to environmental specifications before the MLSCN's inspection. This rose to 84% and 89% a month 

and 6 months post MLSCN inspection respectively. Ten (48%) had the right personnel before the Council's 

inspection followed by 74% which dropped to 72% six months later. Fifteen (67%) laboratories had pre-

requisite equipment in use before the Council's inspection and this rose to 84% and 89% a month and 6 months 

later, respectively. Adherence to SOPs was observed to have risen from 76% baseline to 95% a month after; the 

value dropped to 89% 6 months after the Council's inspection. Follow-up assessment by volunteer members of 

the Association of Medical Laboratory Scientists of Nigeria noted a sustained improvement of professional 

standards in private medical laboratories till 6 months after MLSCN inspection. It is recommended that 

competent volunteers be engaged by the MLSCN and other stakeholders within and outside the country to 

continually monitor the sustenance of acceptable standards of practice by medical laboratories.

Keywords: Ethics, private medical laboratory, service. 

INTRODUCTION
The relevance of medical laboratory 

service points in the diagnosis of ailments, 
treatment monitoring, prognosis determination 
and identity testing is well acknowledged. Some 
people have no symptoms of infections they 
harbor, while many people develop flu-like 
symptoms such as fever, headache, sore muscles 
and stomach ache for many microbial 
infections, specific determination of which 

 remains with medical laboratory tests(1, 2). 
Medical laboratory science is defined by 

Medical Laboratory Science Council of Nigeria 

(MLSCN) Act 11 of 2003, the practice involving 
the analysis of human or animal tissues, body 
fluids, excretions, production of biological, 
design and fabrication of equipment for the 
purpose of medical laboratory diagnosis, 
treatment and research (3). The Act 11 of 2003 
also places on the Council, the responsibility of 
maintenance of good standard of medical 
laboratory practice and services with respect to 
regulation and control of professional practice 
including statutory inspection, approval and 
monitoring of all medical laboratories including 
those adjoined to clinics, private and public 

_____________________
*Corresponding author 
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health institutions (3). 
Quality practices in medical laboratory 

service are of paramount importance in health 
care delivery (4). External quality assurance 
mechanism and assessment for accreditation by 
authorized institution are essential in 
maintaining quality practice, especially in 
resource-limited and disease endemic countries 
(DECs) like Nigeria (4-6). An accredited medical 
laboratory is one that has been certified by law 
as having fulfilled all specified criteria at the 
point of assessment. It is solely a finding of 
laboratory competence and not a product 
certification.  There have been cases, even in 
advanced countries of the world where 
accredited laboratories generate as high as 40% 
errors in providing services in specialties for 
which they were accredited (7). Hence, 
sustaining and improving quality medical 
laboratory services require continuous 
assessment and standardization.

In developed and developing countries of 
the world, there are different criteria which 
relevant regulatory bodies use in grading degree 
of competence of medical laboratories within 

 
their domains(8, 14). Checklists being employed 
as tools, in all cases, have indicators listed, 
against which qualitative and quantitative 

 
assessment are done (8-12). Included in the 
checklists are questions addressing issues that 
border on laboratory environment, personnel, 
equipment and adherence to Standard 
Operating Procedures (SOPs) (8-12, 14).       

However, unethical medical laboratory 
science practice has been reported in Nigeria in 

 the last few years (14). This appears to be the 
worst of quackery and/or professional 
malpractice in medical circle with attendant 
consequence of misleading other members of 
the health team. The aim of this study is to access 
the impact of volunteers on the compliance level 
of private medical laboratories with ethical and 
other professional standards as prescribed by the 
MLSCN.

MATERIALS AND METHODS  
The study was conducted across Osun 

State, Federal Republic of Nigeria between 
October, 2009 and May, 2010. Osun State 
which was created on August, 27, 1991. It 
covers a geographical area of 14,875 square 
kilometers. The population of Osun State 
according to the 2006 National Population 
Census figures is 3,423,536 of which 1,740,619 
(or 50.8%) are males, while 1,682,917 (or 49.2%) 

 are females(15). 
 All the 21"stand alone" private medical 

laboratories in the state were assessed by the 
authors in October, 2009- a month before 
MLSCN inspection and accreditation exercise. 
Indicators  used included laboratory 
environment, personnel, equipment and 
adherence to Standard Operating Procedures 
(SOPs). The assessment was repeated in 
December, 2009 and May, 2010, with follow-up 
activities from members of Osun State Branch 
of Association of Medical Laboratory Scientists 
of Nigeria (AMLSN). Activities like awareness 
creation, sensitization meeting and monitoring 
were sustained by volunteers on monthly basis, 
during period of study. 

Data Analysis 
Data generated were compared on a component 
bar chart.

RESULTS 
In this study, 13 out of 21 (62 %), 

laboratory outfits were found to have 
conformed to environmental specifications 
before the MLSCN's inspection. This rose to 
84% and 89% a month and 6 months post 
MLSCN inspection respectively. Only 48% 
had the right personnel before the Council's 
inspection, followed by 74% which dropped to 
72% six months later. Of the 21 laboratories, 15 
(67%) laboratories had pre-requisite equipment 
in use before the Council's inspection and this 
rose to 84% and 89% a month and 6 months 
later, respectively. Adherence to SOPs was 
observed to have risen from 76% baseline to 
95% a month after; the value dropped to 89% 6 
months after the Council's inspection. The bar 
chart below (Fig 1) shows the results.
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 DISCUSSION: 
Medical laboratory services represent 

the rational, scientific basis of the practice of 
clinical care (3). It does not represent a plausible 
solution to a complex plot, but rather the way in 
which clinical care can be audited, controlled, 
guided and kept appropriate to the funds and 
the skills available. Arguments are presented to 
support this statement as well as to analyze what 
is wrong with health care, from the point of 
view of laboratory medicine, in sub-Saharan 

 Africa (3, 16). Follow-up activities of 
volunteering members of the profession at the 
branch level were noted to have positive 
impacts in sustaining and improving on ethical 
and other professional standards in private 
medical laboratories studied. The decline 

observed in professional standard is associated 
with attitudinal issues (Personnel and adherence 
to SOPs). Though, there is dearth of data on this 
subject matter, our results are in keeping with 
observations of MLSCN's Registrar (14) and U K 
Transfusion Laboratory Collaborative (7) .   

Private laboratories constitute about 50% 
of medical laboratory service points in Osun 
State and the only source to access laboratory 
component of health care during industrial strike 
periods by government employees - a situation 
that is now common in Nigeria. Public-Private 
Partnership is a possible lee way of strengthening 
the sector and sustaining National Health 
Insurance Scheme (NHIS).   It is recommended 
that volunteers should be regularly engaged as 
post-inspection assessors by the MLSCN and 
other stakeholders within and outside the 
country. 

LAB ENU- Laboratory environment, PERS-Personnel, 

EQUIP – Equipment, SOP-Standard operating procedure 

Fig 1: Indicators rating during phases of Assessment.
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ABSTRACT 
Epidemiological reports have linked chronic cassava (Manihot esculenta crantz) consumption with 

diabetes mellitus. Increased activity of Polyol pathway, an alternate route for glucose metabolism has been 

documented as a complication of diabetes mellitus. The aim of this study was to investigate the concentration 

of polyols in the blood of rats fed on cassava diets, a local staple in Nigeria and other West African Countries. 

The concentration of polyols was studied in 64 freshly weaned albino rats. Three experimental diets containing 

graded concentrations of garri, a cassava product and one control containing rice in place of garri were 

formulated with local foodstuff. The animals (experimental and control) were fed ad libitum on corresponding 

diets for eight weeks. From the fifth week, blood samples were collected from the animals and used for sorbitol, 

fructose and glucose determinations and this continued till the eight-week. The results showed no significant 

difference between rats on experimental and control diets (P>0.05). The results suggest that cassava may not 

cause increased concentration of polyols as previously reported in diabetes mellitus.

Keywords: Polyols, rats, diabetes.

INTRODUCTION 

Chronic consumption of cassava has 
been associated with diseases like diabetes 
mellitus, pancreatitis, neuropathy and goiter 
(1,2) Abnormalities of polyol pathway have been 
documented as one of the complications of 
d i abe t e s  me l l i t u s  ( 3 , 4 ) .  In  chron i c  
hyperglycaemia, there is a flux of glucose into 
the polyol pathway, which is incident on poor 
metabolic utilization of glucose observed in 
diabetes. Increased activity of hitherto, dormant 
polyol pathway causes enhanced production of 
polyhydric aldehydes (polyols) like sorbitol, 
fructose, galactitol and erythriol (5,6). Under 
physiological conditions, glucose is converted to 
glucose-6-phosphate by hexokinase in the 
glycolytic pathway. In chronic hyperglycaemia, 
hexokinase may become saturated in some 
tissues and the excess glucose is metabolized in 
the polyol pathway. This complication 
primarily affects those tissues in which glucose 
transport is independent of insulin e.g. retina, 

glomerulus and ocular lens (7).
African countries and International 

Agencies are currently giving increasing 
attention to root crops tuber production, 
processing and utilization. This has become a 
more practical alternative to using grains and 
cereals for solving the problems of incessant food 
shortages, improving household, food security 
and generating more income for rural farmers. 
Cassava, as a root crop occupies a central and 
important position in the diets of African and 
Latin American countries. Researchers on 
cassava at the international Institute of Tropical 
Agriculture Ibadan, Nigeria, indicate that 
cassava has great potential in Nigeria's effort to 
attain food sufficiency and food security. 
Increased activity of polyol pathway as a 
complication of chronic hyperglycaemia has 
been associated with kidney lesions, 
retinopathy, osmotic duresis and increased 
generation of reactive oxygen species (8-11). In 

_____________________
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view of the reported high incidence of diabetes 
mellitus in communities that subsist on cassava 
and association of polyol pathway with 
disorders of carbohydrate metabolism, this 
study is essentially an attempt to furnish data on 
possible effect of cassava on polyol pathway in 
albino rats. This may be useful in further 
understanding of the possible adverse effects of 
cassava. 

MATERIALS AND METHODS 
Three experimental diets DI, DII, DIII 

and one control diet DIV were formulated using 
local foodstuffs. The vitamin premix was the 
product of Anglian Nutrition Products of 
England. The diets were formulated based on 
Word Health Organization (WHO)/National 
Academy of Sciences of United States of 
America 1988 formula. The experimental diets 
were formulated to contain graded levels of garri 
a cassava product) at 30%, 50% and 70% 
respectively for DI, DII and DIII while the 
control DIV contained rice in place of garri. The 

protein contents of the diets were determined by 
Microkjedahi digestion method (12) (Table 1). 
Sixty-four freshly weaned albino rats obtained 
from Dept. of Pharmacology. University of 
Nigeria, Nsukka and the Animal House, College 
of Medicine, University of Nigeria, Enugu 
Campus, Nigeria were used for the study. The 
Animals (sex-matched) were randomly assigned 
to the four diets per treatment and distributed 
into four cages in a completely randomized 
design. Each group of sixteen rats was fed ad 
libitum on the corresponding diet in the Animal 
House of College of Medicine, University of 
Nigeria Enugu Campus, Nigeria for eight weeks. 
From the fifth week, blood was collected by 
cardiac puncture from four rats (one from each 
group) for sorbitol fructose and glucose analysis 
(13,14). The body weights of the animals were 
determined before feeding started and every week 
subsequently till the end of the study. 
Data Analysis 
The mean results of animals on experimental 
diets were compared with those of controls using 
students “t” test.

Table 1: Composition of Experimental and Control Diets (Dry Weight).

 

Feed Component      Diet I  Diet II  Diet III  Diet IV 

     (%)  (%)  (%)  (%) 

Garri     30%  50%  50%    - 

Rice        -    -     -  35.0 

Wheat Bran    30.0  20.0  10.0  20.0 

Palm Kernel Meal (PKM)  24.0  14.0  4.0  10.0 

Soya Bean    10.0  10.0  10.0  20.0 

Fish Meal    5.0  5.0  5.0  14.0 

Vitamin Premix   0.5  0.5  0.5  0.5 

Salt     0.5  0.5  0.5  0.5 

Total     100.0  100.0  100.0  100.0 

Protein content    10.33±0.47 11.78±0.75 10.90±1.18 20.10±3.42 

           

 
RESULTS 

The mean blood concentrations of 
sorbitol and glucose showed no significant 
difference with the control (P>0.05) while a 
significant difference was obtained with fructose 

(P<0.05). The animals recorded steady increase 
in body weight through out the period of the 
study although the control groups showed 
higher weight gain (Table 2).
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Table 2: Mean concentrations and Standard deviation (SD) of sorbitol, fructose, glucose and body 
weight for eight weeks. 

 Diet I Diet II Diet III Diet IV P-value 

Sorbitol (ug/100ml) 8.39±1.72 9.75±2.40 11.20± 3.95 10.34± 3.68 >0.05 

Fructose (ug/100ml) 20.09±12.5 21.19±17.0 22.30±11.75 16.08±0.98 <0.05 

Glucose (mmoI/L) 5.03±1.21 5.11±1.48 4.85±0.83 5.19±0.83 >0.05 

Body weight(g) 150.0±13.69 148.75±8.39 157.0±16.39 198.25±7.4 <0.05 

 

DISCUSSION 
Polyol pathway, as an alternate pathway 

of glucose metabolism is dormant when glucose 
is effectively utilized to generate necessary 
energy through the major pathway of glycolysis. 
In chronic hyperglycaemia the cells may become 
saturated with glucose and the polyol pathway 
metabolizes the excess. Statistical analysis of the 
result showed that there were no significant 
differences between sorbitol and glucose 
concentrations of both experimental and control 
rats (P>0.05). However, a significant difference 
(P<0.05) was obtained with fructose. Previous 
studies have recorded increased polyol activity in 
streptozoticn induced diabetes in rats and 
humans (15,16). Another study reported a linear 
relationship between diabetes, increased activity 
of polyol pathway and diabetic complications 
such as cataract, retinopathy and nephropathy in 
diabetic patients (17). The concentrations of 
sorbitol and glucose obtained showed normal 
glycaemic control, which is usually deranged in 
diabetes. It is not clear why fructose 
concentration obtained here did not align with 
sorbitol and glucose. The pattern of result 
indicates a progressive increase as the 
concentration of garri increased. The highest 
level was obtained in Diet III with the highest 
concentration of garri sorbitol dehydrogenase, 
an NAD requiring enzyme converts sorbitol to 
fructose. It is probable that in albino rats the 
enzyme has a low K  value for sorbitol. Aldose m

reductase the first enzyme of the polyol pathway 
has been reported to have a high k  value to be m

affected in diabetes (19). It is therefore, possible 
that the significant difference may actually be an 

index of normal sorbitol dehydrogenase activity 
in albino rats. The results may therefore suggest 
that the major pathway for glucose utilization 
progressed physiologically to ensure glucose 
homeostasis in the experimental diets. As a 
result, the polyol pathway was not significantly 
activated. Chronic consumption of cassava has 
been linked to fibrocalculous parcreatitis and 
konzo (19,20). The results of this study do not 
agree with these epidemiological reports. The 
destruction of the islet beta-cells of the pancreas 
by cytokines in auto-immune insulin dependent 
diabetes mellitus have been reported (21). It is 
however, possible that the period of feeding 
might not have been long enough to cause a 
significant dearangement of carbohydrate 
metabolism like chronic hyperglycaemia to 
warrant increased activity of polyol pathway. 
Nutrition induced diabetes have been reported 
to be difficult in rat because of the diffuse nature 
of the pancreas (22,23).

The result obtained in this study showed 
that the experimental diets did not have any 
adverse effects on carbohydrate metabolism. 
Consequently, cassava may not be associated 
with chronic hyperglycaemia and increased 
concentration of polyols as reported in diabetes. 
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ABSTRACT
Attempt to study the effects of trace elements on the immune indices of Salmonella enterica challenged 

rabbits was carried out to evaluate the degree of correlation between the level of these cations and the 

proliferation of white blood cells. Thirty-five female adult New Zealand White rabbits were grouped into seven, 
2+ 2+ 2+

5 pairs per each of cations Mg , Zn  and Cu , and supplemented with 1 ml / day of single (x1) and double (x2) 

strength concentration of the cations for 24 days; the control was not supplemented with any cation. All the 
6 groups were challenged with oral administration of 0.5 ml of 10 CFU / ml of saline suspension of S. enterica with 

a sterile syringe for three exposures on alternative days. Blood samples were collected aseptically from the 

venous puncture of the ear lobes or otherwise anaesthetized and cardiac blood sampled. The haematological 

indices studied showed significant differences among those supplemented with magnesium and zinc from the 

control group at P < 0.05, but there was no statistically significant difference between copper - supplemented 

group and control group at P<0.05. The result also revealed leucopenia lymphocytosis in all the supplemented 

groups but not in the control group. These findings suggest an immunological enhancement, particularly of zinc 

being the most effective modifier; copper would have been considered most efficacious but for the reduction 

effect on red blood cell volume.

Keywords: Immune indices, Salmonella entrica, Cations, Rabbits.

INTRODUCTION:
T h e  p r o b l e m  o f  S a l m o n e l l a  

pathogenicity in relation to its mortality and 
morbidity in human population has been a 
subject of great interest to man. Great scientific 
strides have been made. The advent of electron 
microscopy has provided us the opportunity to 
have the greater insight to the physiology and 
anatomy of the Salmonellae complex; serology 
can permit us a peep into the molecular changes 
in an infected host and vaccinology can be relied 
on to provide a blanket protection against 
infection. However, the questions of whether 
we have sufficient knowledge of the disease, its 
causes and effects so as to develop appropriate 
tools and interventions for its control, and using 
them to the maximum advantage still remain 
unanswered.

All types of Salmonella serotypes are 
transmitted by ingestion of the organism, usually 
from contaminated food or drinks (1). Enteric 
fever is a clinical syndrome characterized by 
constitutional and gastrointestinal symptoms 
and with headache. The most common form of 
salmonelloses is acute enterocolitis; it has a short 
time of incubation period following ingestion of 
contaminated food or liquid (1). The disease 
process sets in as a consequence of the failure of 
the immune system to effectively and efficiently 
combat invading foreign or non self materials 
that enter the body. It is well established that the 
lowering of the individual's immunity precedes 
disease conditions. In other words, good health 
can be assured as long as the immunity is high. 
Meanwhile, various substances such as drug, 
nutrition, chemicals and immunization have 

___________________
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been known to have an impact on an individual 
immunity (2, 3). 

Trace elements are immunomodulator 
from miscellaneous sources. Immunomodulator 
are biological response modifiers that 
specifically interfere in cellular and humoral 
immune mechanisms. The relationship between 
trace elements and human health has been 
widely studied with respect to cardiovascular 
disease and hypertension (4). The significance of 
the biochemical and nutritional roles of the trace 
elements is widely recognized, since trace 
elements are found as constituent compounds of 
many metalloproteins and metalloenzymes. 
Trace elements are substances (elements) found 
in trace amount in food. They are essential in the 
normal functioning of the body system, though 
required in trace amounts. Their deficiency may 
lead to the development of adverse/disease 
conditions.
Based on the nutritional significance of trace 
elements and their essential interaction in 
physiological processes or potential toxicity 
when present at high concentrations in tissues, 
food or drinking water, an attempt to study the 
effects of cations on the haematological 
(immune) indices of Salmonella enterica 
challenged rabbits was carried out to ascertain 
any degree of correlation between the levels of 
the cations and some haematological 
parameters.

MATERIALS AND METHODS
Thirty five (35) female New Zealand 

white rabbits were used in this research. A pure 
culture of Salmonella enterica was obtained from 
Nigeria Institute of Medical Research (NIMR), 
Yaba, Lagos. The salts comprised of copper 
sulphate, zinc sulphate and magnesium sulphate. 
A doubling concentration of each cation was 
employed in the treatment of the rabbits, so that 
the effect observed if due to treatment, should 
also show a multiplying effect. The treatment 
dosage was also chosen in relation to values 
obtained from human population studies carried 
out elsewhere (5). Treatment groups and 

supplementation concentration given were: 
group 1 (Mgx1) 10.0µg/ml, group 2 (Mgx2) 
20.0µg/ml, group 3 (Znx1) 16.0µg/ml, group 4 
(Znx2) 32.0µg/ml, group 5 (Cux1) 20.0µg/ml, 
group 6 (Cux2) 4.0µg/ml, and the control group 
was not supplemented with any cation. The 
treatment groups were separately given oral 
supplements of zinc, magnesium and copper 
respectively for 24 days before being challenged 
with oral administration of saline suspension of 
pure culture of Salmonella enterica with a 

6
hypodermic syringe bearing 0.5ml of 10  
CFU/ml of organism for three exposures on 
alternate days. The physiological response to 
this foreign body was observed but not reported 
in this article. During the entire study the 
rabbits were fed on Guinea grower mash (Bendel 
Feed and Flour Mills, Ewu, Edo State) and water 
from University of Benin borehole, Benin City.

Blood Sample Collection
Venous blood samples were collected by 

disinfecting the dorsal part of the ear with 
absorbent cotton wool containing methylated 
spirit to knock off the skin micro flora. A few 
centimeters above the swabbed area, a 
tourniquet was applied to the ear to increase the 
pressure on the veins thereby making them 
more visible and easier to collect blood from, or 
otherwise anesthetized and cardiac blood 
suctioned. The latter method was more efficient 
than venous puncture. With a 5ml sterile syringe 
(containing negligible low concentrations of the 
trace elements) bearing a 21-guage needle, a 
selected vein was pierced and blood collected by 
gentle suction of the syringe and quickly 
transferring into clean anticoagulate sequestrum 
(EDTA) bottles.

Packed Cell Volume (PCV)
Using motion, blood in anticoagulated 

bottle was allowed to flow into plain capillary 
tube to about 2cm from the opposite end and 
sealed with plasticin. The sealed capillary tube 
was centrifuged in order to pack the red blood 
cell together using haematocrit centrifuge 
machine. The height of the red cell column was 
measured using haematocrit reader and recorded 
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in percentage.

Total Leucocytes Count
 The test was done by sucking 0.02ml of 

anticoagulated blood sample, using clean 
pipette, into 0.38ml of Turk's solution in a test 
tube; then improved Neubauer counting 
chamber was charged with homogenized 
mixture using Dacie and Lewis method (6). The 
chamber was later placed on the microscope 
stage and the white blood cells in specified areas 
(field of view) were counted using X40 objective 
lens.
Differential Leucocytes Count

A thin film of blood was made from the 
anticoagulated blood by means of a spreader on 
a grease-free glass slide. The blood film was 
allowed to air-dry and stained using Leishman's 
method (6). The stained slides were viewed 
under the microscope using immersion oil at 
X100 objective lens.

RESULTS
Table 1 shows the effect of magnesium 

on the haematological indices of rabbits in the 
study. The rabbits supplemented with 
magnesium recorded a total white blood cells 

9
count of 5.3x10 /L for single strength and 

9
12.5x10 /L for the control. The reduction in 
total white blood cells was statistically 
significant for the treated group (P<0.05). The 
double strength of magnesium enhanced the 
lymphocyte population of white blood cells of 

treated rabbits and was raised to 47.7% against 
16.8% for the control group. 

Exposure to zinc caused a decrease in 
total white blood cell count to a value of 5.2 x 

9 910 /L when compared with 12.5x10 /L for the 
control as shown in Table 2. The effect on 
polymorphonuclear cells and lymphocyte was 
not concentration-dependent and there was no 
statistically significant difference among this 
group at P>0.05. 

The  e f f e c t  o f  copper  on  the  
haematological indices of supplemented rabbits 
is shown in Table 3; there was a reduction in 

9
total white blood cells counts of 8.5x10 /L 

9
against 12.5x10 /L for control. The decrease in 
total white blood cells was concentration 
dependent as double of copper dosage yielded a 

9
total white blood cells count of 4.2x10 /L. The 
dosage used in this study enhanced the cell 
differentiation and raised the lymphocyte count 
to 31.8% and 35.7%  for single and double 
strength copper respectively against 16.8% of the 
control group. 

Table 4 shows the effect of Cu, Mg and 
Zn on packed cell volume (PCV) of Salmonella 
enterica challenged rabbits. Copper yielded a 
mean value of packed cell volume of 26% while 
zinc and magnesium yielded mean values of 
packed cell volume of 38% and 32% respectively, 
as against 33% for the control.

Table 1: 
Effect of magnesium on haematological (immune) indices of Salmonella enterica challenged 
rabbits 

Cell type Mg x 1 ± SEM (%) Mg x 2 ± SEM(%) Control ± SEM (%) 

White blood cell (x109/L) 5.3 ± 0.4 6.5 ± 2.7 12.5 ± 0.5 

Polymorph Nuclear cell (x109/L)        3.7 ±1.9 (69.8) 3.4 ±1.4 (53.3) 10.0 ± 0.4 (80) 

 

Table 2: 
Effect of zinc on haematological (immune) indices of Salmonella enterica challenged 

C e l l  t y p e  Z n  x  1 ±  S E M  

(% )    

Z n  x  2  ±  S E M  (% )   C o n t r o l  ±  S E M  

(% )  

W h it e  b lo o d  c e l l  ( x 1 0 9/ L )  5 .9 ±  0 .2   5 .2  ±  2 .6  1 2 .5  ±  0 .5  

P o ly m o r p h N u c le a r c e l l

(x 1 0 9 / L ) .  

4 .5  ±  0 .3 (7 6 .3 )  3 .5 ±  1 .8  (6 7 .3 )  1 0 .0 ± 0 .4  (8 0 )  

L y m p h o c y t e s  (x  1 0 9 / L )  1 . 4  ±  0 .3  (2 3 .7 )  1 .5 ±  0 .7  (2 8 .9 )  2 .1  ±  0 .2  ( 1 7 )  
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Table 3: 
Effect of copper on haematological (immune) indices of Salmonella enterica challenged 
rabbits 

Cell type Cu x1 ± SEM (%)    Cu x 2 ± SEM (%)   Control ± SEM (%) 

White blood cell (x109/L) 8.5 ± 0.9  4.2 ± 0.4 12.5 ± 0.5 

Polymorph Nuclear cell (x109/L). 5.5 ± 2.0 (64.7) 2.7 ± 0.0 (64.3) 10.0 ± 0.4 (80) 

Lymphocytes (x109/L) 2.7 ± 1.0 (31.8) 1.5 ± 0.4 (35.7) 2.1 ± 0.2 (17) 

 

Table 4: 
Effects of cations on packed cell volume of Salmonella enterica challenged rabbits 

Treatment group    PCV (%)     

Mg X 1       30 

Mg X 2       33 

Zn X 1        37 

Zn X 2        39 

Cu X 1        28 

Cu X 2        24 

Control       33 

 

DISCUSSION
Interest in immunomodulators is on the 

increase following the recognition of positive 
immunomodulator that could be useful 
intervention tools in the control and 
management of disease and infections. The 
physiological changes prior to S. enterica 
challenge during the study was an indication of 
well being on the studied rabbits. Exposure to 
cations as oral supplement enhanced body 
weight gain (7). This finding suggested that the 
cations improved metabolic activities in the 
affected rabbits, an observation which is not at 
variance with the report of Camara and Amaro 
(8) who, in their various studies, indicated the 
importance of cations in the mammalian 
metabolism. The relationship between the 
nutritional status and immune function has 
been reported by several authors (2, 9, 10) The 
results of this present study, therefore, provides, 
evidence of the significance of zinc, magnesium 
and copper oral supplementation in mammals.

Exposure to the cations (zinc, copper, 
and magnesium) kept the total white blood cells 
low even in the presence of Salmonella enterica 

infection. This result suggests that cations in this 
study regulate total white blood cells 
proliferation. However, the effects extend to 
white blood cells differentiation, since there was 
no statistically significant difference in the 
lymphocyte population between the treatment 
groups of rabbits and the control (P < 0.05). It 
therefore, implies that zinc, copper and 
magnesium at the dosage used in this study can 
regulate leucopoiesis while enhancing cell 
differentiation. The shift in white blood cell 
population in favour of lymphocytes in 
supplemented rabbits may be related to the 
observed differences in the physical parameters 
of the studied rabbits. This view is based on the 
assumption that increase in lymphocytes may be 
accompanied by an increase in immunity of the 
supplemented groups. Though the response 
differs in magnitude but the finding is not at 
variance with the report of Nwokenna (11).

Administration of copper in the test 
rabbits produced a reduction in PCV is a direct 
function of the erythrocytes (5, 12). It therefore, 
implies that copper, at the dosage used in this 
study affected erythropoiesis. Although, the 
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precise mechanism involved in the reduction of 
the red blood cells in this present study is 
unknown, it is well documented that 
erythrocytes are important in oxygen exchange 
in mammals (13). Therefore, the effect of copper 
on these haematological indices of immune cells 
needs proper evaluation.

We suggest that, with the rapid 
development of biotechnology, extremes of 
climate and other environmental changes in 
developing countries creating a greater risk of 
anomalies in trace element supply may 
adversely influence health and in turn 
individual immunity. There is therefore, need 
to study in details, the content and 
bioavailability of the essential and toxic trace 
element of different indigenous staple food in 
the sub-Saharan Africa. We also recommend 
that recognized centers for training and 
investigational facilities on trace elements be 
established with particular emphasis on the need 
of the regions with known marginal or 
inadequate food intakes and special implications 
for trace element nutrition of concurrent 
infection, parasitism and general malnutrition 
among infants and pregnant mothers.
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ABSTRACT
Haemolysin antibodies are important in blood group serology because of their involvement in blood 

transfusion reaction and haemolytic disease of the new born. This study was conducted to find out the prevalence 

of  alpha (á) and beta (â) haemolysin antibodies and their titres among transfused adults in Calabar, Cross River State, 

Nigeria. ABO cell and serum grouping and haemolysin detection were done using standard techniques. A total of 

258 adults between the ages of 15 – 55 years were tested. One hundred and thirty one (131) adults (63 males and 

68 females) who had received blood transfusion served as test subjects while 127 adults (68 males and 59 females) 

who had never received blood and its product before served as control. The percentage of A, B and O blood 

group recorded were groups A (25.3%), B (17.6%), AB (3.1%), O (57.4%). The prevalence of haemolysin 

antibodies were significantly (P<0.05) higher (68.8%) in the transfused subjects than in the control subjects. Group O 

subjects readily made haemolysin antibodies in the order of  áâ, â and á. The mean titre obtained in the transfused 

subjects was ¼ while that obtained in the control subjects was ½. The significantly higher haemolysin antibodies 

obtained in the transfused adults indicates a risk in the use of blood as therapeutic agents.

Keywords:  ABO blood Group System, Haemolysin, Antibodies, Titre.

INTRODUCTION

Transfusion of blood and blood 
components has long been regarded as an 
effective therapy for the correction of various 
haematological disorders (1). In recent years, 
attention has been directed towards the safety of 
blood transfusion therapy. The possibility of 
acquiring an infectious disease specifically HIV, 
led the medical profession as well as the general 
public to a more critical evaluation of 
transfusion practice.  As a consequence of this 
scrutiny, there is greater interest in all possible 
deleterious effects of blood transfusions.
Blood belonging to group O individuals, prior to 
detailed study of the complement were given to 
A, B and AB individuals and because of this 
group O donors were generally accepted as 
universal donors and thousands of transfusion of 
blood group O were given in emergencies or as a 
matter of convenience to patients belonging to 

one of the other three major three groups. 
Cheambers (2) demonstrated that when a 
sufficiently large amount of blood group O was 
transfused into Groups A, B or AB individuals, 
the recipients' red cells were haemolysed due to 
the presence of immune anti-A and anti-B called 
haemolysin. Group O individuals whose sera 
contain haemolysin were therefore,  
appropriately labelled dangerous group O 
donors. These haemolysin or immune 
antibodies occur less frequently usually in 
response to transfusion or pregnancies, but may 
also be found following injection of some 
toxoid and vaccine (3). Haemolysin are 
important in blood group serology because of 
its involvement in blood transfusion reactions 
and haemolytic disease of the new born.

MATERIALS AND METHODS
_____________________
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A total of 258 adults between the ages of 
15 – 55 years were tested. One hundred and 
thirty one adults (131) (63 males and 68 females) 
who had received 1, 2 or 3 units of blood were 
used as the test subjects, while 127 (68 males and 
59 females) who had never received whole 
blood or its components served as the controls 
for this study. Both the test and control subjects 
were persons residing within Calabar 
Metropolis. Informed consent was obtained 
from each person that participated in this study. 
5mls of blood was collected by venepuncture 
into plain bottles for the analysis. Precautions 
were taken to avoid haemolysis of the samples. 
The blood samples were allowed to clot at room 
temperature for two hours, and was spun at 
3,500r.p.m. to obtain sera. ABO cell and serum 
grouping and haemolysin detection were done 
using standard technique of Dacie and Lewis (4). 

Data Analysis 
The data generated in this study were 

analysed for level of significance (P>0.05) using 
Chi-square test and student “t”-test.

RESULTS 
A total of 258 adults' blood samples 

were analysed. Table 1 shows the distribution of 
A, B, AB and O blood groups in transfused and 
non-transfused subjects in Calabar. The 
distribution showed no significant difference 

(P>0.05) in the test subjects and those from the 
general population. 

Table 2 shows the prevalence of  alpha (á), 
beta (â) and alpha-beta (á â) haemolysin antibodies 
in both transfused and control subjects. Significantly 
(P<0.05) higher level of  á and â haemolysin 
antibodies were observed in transfused subjects 
when compared with control subjects. 

The á, â, áâ haemolysin antiobodies in 
relation to ABO blood groups is shown in Table 3. 
Group A individuals readily made haemolysin 
antibodies (66.6%) followed by Group O 
individuals and lastly group B in both transfused 
and non-transfused subjects. Furthermore, 
Group O subjects who had been transfused readily 
made áâ haemolysin antibody more than â or á 
haemolysin alone. 

The titre of haemolysin antibodies in 
transfused and control subjects is shown on Table 
4. It shows that ¼ was the highest titre among the 
transfused subjects while ½ was the highest titre 
in the control subjects. 

Effect of number of unit of blood 
transfused and production of haemolysin 
antibodies is shown in Table 5. Of the 131 who 
had transfusion, 118 received one unit of blood 
while 82 persons developed haemolysin 
antibodies, 12 persons received two units while 7 
persons developed haemolysin antibodies while 
one person received 3 units of blood and also had 
haemolysin.  

Table 1: 
Distribution of ABO blood groups in transfused and non-transfused (control) subjects in 
Calabar.

Blood group Transfused subjects 

(n=131) percentages 

Control subjects 

(n=127) percentages 

Dist. in the general public in 

percentages Emeribe (1990). 

A 

 

 

B 

 

 

AB 

 

 

O 

25.2 

n=33 

 

17.6 

n=23 

 

3.1 

n=4 

 

57.3 

n=75 

22.8 

n=29 

 

18.9 

n=24 

 

3.9 

n=5 

 

54.3 

n=63 

23.3 

 

 

17.6 

 

 

3.0 

 

 

59.0 

  

P>0.05 
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Haemolysin type Transfused subjects 

(n=131) percentages 

Control subjects (n=127)  

Percentages 

á 

 

 

â  

 

 

áâ  
 

 

Total 

18.3 

n=24 

 

31.3 

n=41 

 

19.1 

n=25 

 

68.8 

n=90 

4.7 

n=6 

 

12.6 

n=16 

 

7.8 

n=10 

 

25.1 

n=32 

  

P>0.05 
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Table 2: 
Prevalence of á and â haemolysin antibodies in transfused subjects and control 

Table 3: 
Distribution pattern of  á, â and áâ haemolysin antibodies in transfused subjects and 
control in relation to ABO blood grouping. 

Percentage Prevalence in transfused subjects  Percentage Prevalence in transfused subjects 

Blood 

group 

 

A 

n=33  

 

B 

n=23 

 

AB 

n=4 

 

O 

n=75 

 

á 

 

 

- 

 

 

43.5 

n=10 

 

- 

 

 

18.6 

n=14 

â 

 

 

66.6 

n=22 

 

- 

 

 

- 

 

 

25.3 

n=19 

áâ 

 

 

- 

 

 

- 

 

 

- 

 

 

33.3 

n=25 

 Blood 

group 

 

A 

n=29  

 

B 

n=24 

 

AB 

n=5 

 

O 

n=69 

 

á 

 

 

- 

 

 

4.2 

n=1 

 

- 

 

 

7.2 

n=5 

â 

 

 

13.8 

n=4 

 

- 

 

 

- 

 

 

17.4 

n=12 

áâ 

 

 

- 

 

 

- 

 

 

- 

 

 

14.5 

n=10 

   P<0.05    

 



Titre ½ ¼ ?  1/16 
1/32 

Transfused subjects 22 45 22 6 - 

Control subjects 17 11 6 - - 
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Table 4: 
The Titre of haemolysin antibodies in transfused and control subjects

Table 5: 
Relationship between haemolysin status and the unit of blood transfused.

No. of Transfusion No. with haemolysin 

1  n=118 

2  n=12 

3  n=1 

82 

7 

1 

TOTAL = 131 90 

 

DISCUSSION
This project was aimed at finding the 

prevalence of alpha and beta haemolysin 
antibodies and their titres among transfused 
adults. Previous vaccination was not considered 
in the course of this study because the subjects 
could not give account of the vaccination they 
had at childhood, however, none of the subjects 
received any vaccination in the past one year 
preceding the study.

The study has shown a related A, B and O 
blood group distribution with the previous 
studies in Calabar (5,6). Higher prevalence of á, â 
and áâ haemolysin antibodies were observed in 
transfused subjects as compared to the controls 
(Table 2). This agrees with reports of Nossol (7) 
who observed similar findings and attributed it to 
possibly induction by blood products transfused.

Blood group A subjects readily made â 
haemolysin antibodies than group B subjects (who 
produces á haemolysin) in both transfused subjects 

(66.6%) and the control subjects (13.8%) (Table 
3). This finding is in line with previous findings 
by Emeribe (5) and Kirkman (8). Emeribe (5) 
reported a higher percentage of  â haemolysin 
(12.1%) over á haemolysin (5.0%) among blood 
donors in Calabar. The reason for this finding is 
attributed to higher tendency of  blacks to be 
stimulated by B substance to produce â haemolysin 
than A substance to produce á haemoysin. 
Furthermore, group O subjects who had blood 
transfusion readily made áâ haemolysin (33.3%) 
antibodies above â (25.3%) and á (18.6%) 
haemolysin antibodies respectively. The implication 
of  this finding is that group O subjects are prone to 
developing haemolysin antibodies in the order of  
áâ, â, and á. 

Subjects who received blood products 
had a higher haemolysin titre of ¼ while the 
control subjects had a titre of ½ (Table 4). 
However, 22 persons who received blood had a 
titre of 1/8 as against 6 persons in control 
subjects. Six persons among the transfused 
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1subjects had a titre of /  whereas none was 16

recorded by the control subjects. The 
implication of this finding is that blood as a 
therapeutic agent is a factor in developing 
immune antibodies which may lead to blood 
transfusion reaction. 

The number of units of blood transfused 
was observed not to affect the haemolysin status 
of the transfused subjects (Table 5). Of the 131 
subjects transfused, 90 persons had haemolysin 
antibodies, 82 of the 90 haemolysin positive 
subjects; received one unit of blood, 7 persons 
received 2 units whereas 1 person who was 
positive for haemolysin antibodies received 
three units of blood. The implication of this 
finding is that a unit of blood transfused is 
enough to induce the production of immune 
antibodies. 

It is known that transfusion of blood and 
its components is an effective therapy for the 
correction of  various haematological disorders but 
the significantly higher production of  immune 
antibodies (á and â haemolysin) as a result of  blood 
transfusion indicate a risk in the use of  blood as a 
therapeutic agent. It is imperative that treatment 
modalities which recognize the potential risk 
effects of blood transfusion should be 
considered by the clinicians and all health care 
providers. 
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ABSTRACT
Soya bean (Glycine max) is a leguminous crop that is used as a staple food worldwide. The raw harvest is 

processed into various food forms like soya bean flour and processing methods increase the chances of bacterial 

contamination. This research work assessed the bacteria contamination of soya bean flour sold in and around 

Makurdi metropolis to determine their fitness for consumption. This assessment included different parameters 

like moisture content, pH, bacterial distribution and counts. One hundred and twenty samples of soya bean 

flour from different market locations within Makurdi metropolis were sampled using bacterial cultural 

methods for isolation and identification. A 100% bacterial contamination was recorded from all samples. 

Isolates included: Escherichia coli 52(32.7%), Staplylococcus aureus 38(23.9%), Proteus spp. 21(13.2%), Bacillus 

spp. 16(10.1%), Pseudomonas aeruginosa 12(7.5%), Klebsiella spp. 10(6.3%), Yersinia enterocolitica 7(4.4%) and 

Salmonella paratyphi 3(1.7%). From the market locations, samples from Wadata market showed the highest 

level of contamination followed by Wurukun market, Modern market and Northbank market. High moisture 

content and unhygienic practices by producers and food vendors may be responsible for the high rate of 

contamination. This poses a public health risk in the area under study as the number of consumers of this food 

type expands daily, due to increased awareness of the nutritive value of the food. 

Keywords: Soya bean flour, bacterial contamination.

Soya beans is a crucial crop in eastern Asia 
and has remained a major crop in China, Japan, 
Indonesia, India, Nepal, Thailand and Malaysia 
(3). Its nutritive value, availability and 
affordability as an alternative source of vital body 
food requirements, has motivated many low-
income families to embrace it. Soya bean seeds, 
apart from exposure to contamination during 
processing, are first exposed to contaminants 
from the field. Bacillus subtilis has been noted as 
the major bacterial cause of soya bean seed decay 
in warm moist regions (4). 

The soya bean flour used in many parts of 
Nigeria, especially in Makurdi metropolis is 
locally produced in homes for family 
consumption and small scale commercial 

INTRODUCTION
Food is a potential vehicle for micro-

organisms and their toxigenic products. 
Consumption of food contaminated by 
pathogenic micro-organisms and their toxins 
has caused illness and death in developing and 
developed countries, killing approximately 1.8 
million people annually (1). Food borne 
pathogens that are responsible for the leading 
illness and death in less developed countries 
majorly include; Yersinia enterocolitica, Vibro 
spp., Staphylococcus aureus, Campylobacter spp., 
Listeria monocytogenes, Salmonella spp., Shigella 
spp; Escherichia coli, Clostridium spp., Bacillus 
cereus, enteric viruses, protozoan parasites, 
molds and  host of  others (2).

_____________________
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purpose by women. The preparation and sale of 
this product is usually carried out without 
assessing its microbial load. Contamination can 
be from air, processing machines and product(s) 
handlers. Finished products are sold in 
powdered or concentrated liquid ready-to-eat 
forms (5). Increased awareness of the nutritive 
value has led to increased demand and 
consumption. In the event that contaminants 
abound in the products, it will be a channel for 
the introduction and dissemination of food-
borne pathogens into the food chain in the study 
area. This prompted us to sample and assesses 
the bacterial contamination of processed soya 
bean flour to ascertain its fitness for public 
consumption in the area.

MATERIALS AND METHODS
Samples, sampling and sample processing

Soya bean flour samples were collected 
from four strategic market locations within 
Makurdi metropolis of Benue State. These 
included Modern, Wadata, Wurukum and 
Northbank markets. Thirty samples of about 
20g each were collected from each market giving 
a total of 120 samples. These samples were 
randomly selected from different sales points. 
Each sample was divided into two for 
biochemical  (moisture and pH) and 
bacteriological analysis.

Biochemical Analysis
Moisture content

The moisture content of each sample 
was determined, based on standard methods 
available for moisture determination in grains, 
forages, and foods (6-9). 
 
Hydrogen Ion Concentration (pH)

This was determined using the standard 
method (10,11) with a CORNING G. EEL, 
Model 5 pH meter. Three pH readings of each 
sample were taken and the average was noted 
and recorded.

Bacteriological Analysis
Viable count

The modified surface drop method by 
Miles and Mizra as described by Ochie and 
Kolhatar(12) was used for the enumeration of 
viable count of each sample. 
Culture

Preparation of 10% suspensions of each 
samples were aseptically made in sterile nutrient 
broth and phosphate buffered saline (PBS) 
separately. The nutrient broth suspensions 
were labeled and incubated at 37°C for 24 
hours, while those in PBS were kept in the 
refrigerator at 4°C for 3 weeks. After 
incubation, suspensions in nutrient broth were 
subcultured onto 2 sets of blood agar and 
MacConkey agar plates and incubated 
aerobically and anaerobically at 37°C for 24 
hours. The PBS suspension was subcultured 
onto Cefsulodin–Irgasan–Novobiocin agar 
(CIN) and incubated at room temperature (20 – 
28°C) for 24 hours. After incubation, colonies 
were purified by subculturing.

Identification of Bacteria 
Using standard methods (13) all isolates 

were characterized to their genera. The 
Appareils Et Procedes D'identification (API) 

.
kit was also employed (11,14,15)   

RESULTS
Biochemical analysis of samples showed 

mean percentage loss of moisture per 5.0g of 
sample from Modern, North Bank, Wadata and 
Wurkum markets as 1.0, 0.8, 1.6 and 1.2 
respectively. The mean values of the viable 
counts of samples from each location were 4.0 x 

9 7 10 810 , 4.1 x 10 , 5.3 x 10  and 3.9 x 10  organisms/g 
respectively. The mean pH values for the 
samples sampled from the four locations were 
5.2, 6.3, 6.9 and 6.2 respectively. These data are 
shown in Table 1.

All samples showed bacterial growth. 
Eight different bacterial genera were isolated 
and identified as follows: E. coli 52(32.7%), S. 
aureus 38(23.9%) Proteus spp. 21 (13.2%), 
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Bacillus spp. 16(10.1%) P. aeruginosa 12(7.5%), 
Klebsiella spp. 10(6.3%), Y. enterocolitica 7(4.4%) 
and S. paratyphi 3(1.9%) (Table 2).

A breakdown of results from individual 
markets showed that in Modern market, all 
genera listed above but Y. enterocoliticaa and 
Klebsiella spp .were isolated with E. coli having 
the highest prevalence of 12(38.7%). In North 
bank market, all genera listed above but P. 

aeruginosa and S. paratyphi were isolated with S. 
aureus  showing the highest prevalence of  
8(30.8%). In Wadata market, all genera listed 
above were isolated with E. coli showing the 
highest prevalence of 22(32.8%). In Wurukum 
market, all genera listed above were isolated with 
E. coli showing the highest prevalence of 14(40%).

Table 1: Biochemical analysis and viable count of bacterial isolates. 

Markets  

Nos of 

samples 

Mean values for parameters checked 

Mean moiture 

loss per gram 

(X/5 x 100) 

Mean pH 

value per gram 

Mean value of 

CFU/g 

Modern  30 0.20 1.04 4.0 x 109 

North bank  30 0.16 1.26 4.1 x 107 

Wadata  30 0.32 1.38 5.3 x 1010 

Wurukum 30 0.24 1.24 3.9 x 108 

 

Table 2: 
Percentage distribution of bacterial isolates from soya bean samples from the study 
locations 

Bacteria isolates No.(%) of isolates from soy bean samples from 

MM(%) NBM(%) WAM(%) WUM(%) 

Escherichia coli 12(38.7) 4(15.4) 22(32.8) 14(40) 

Pseudomonas aeruginosa 3(9.7) - 5(7.5) 4(11.4) 

Staphylococcus aureus 11(35.5) 8(30.8) 16(23.9) 3(8.6) 

Proteus spp. 2(6.5) 5(19.2) 8(11.9) 6(17.1) 

Bacillus spp. 1(3.2) 4(15.4) 6(9.0) 5(14.3) 

Yersinia enterocolitica - 1(3.8) 5(7.5) 1(2.9) 

Salmonella paratyphi - - 2(3.0) 1(2.9) 

Klebsiella spp. 2(6.5) 4(15.4) 3(4.5) 1(2.9) 

Total 31(19.5) 26(16.4) 67(42.1) 35(22.0) 

 

Key:  MM = Modern market; NBM= North bank market; WAM = Wadata market; WUM = 
Wurukum market.
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DISCUSSION
Bacteriological food infection and 

poisoning usually follows the ingestion of large 
number of bacteria that have grown in food or 
that excretes toxin in the food respectively. 
Some organisms form toxins when they 
sporulate in the gut. It has also been observed 
that street food vendors particularly in 
developing countries, supply large amounts of 
food to people of low income. This sector 
consists of in-experienced or untrained group of 
food handlers (16).

Our findings showed the presence of 
bacteria in all samples which may be attributed 
to the favourable effect of high moisture content 
which was recorded more in samples from 
Wadata and Wurukum markets. The prevalence 
of bacterial contamination was lowest in North 
bank market (16.4%) probably because of 
improved hygiene, methods of storage and the 
topography of that area. The hydrogen ion 
concentration (pH) of the samples analyzed in 
the four markets showed that the pH  value of 
samples from Wadata, North bank and 
Wurukum markets fell within the range that 
favor bacteria growth as most bacteria reproduce 
at pH range of 6 - 8 (12). 

The bacteriological analysis of the soya 
bean flour samples drawn from these four 
locations showed contamination by bacteria. 
This level of contamination agrees with the 
report which proposed that contamination of 
soya bean flour may occur if not carefully 
processed (17). Among the bacteria isolated, 
Escherichia coli ranked highest. Despite the fact 
that isolates of E. coli were not serotyped to 
determine their pathogenic levels, it does not 
rule out the possibility that pathogenic strains 
may be inclusive. E. coli form part of the normal 
bacterial flora of the intestines of man and 
animals and being mostly of faecal origin may 
point to faecal contamination of the products 
especially during the production process.  
Infections caused by E. coli include food 
poisoning known to be fatal in some cases (18).

S. aureus which was also isolated is very 
resistant to heat, drying and radiation. It is found 

in the nasal cavity and skin of humans and other 
mammals. These could be the ready sources of 
its introduction into food products (19). S. 
paratyphi had the lowest percentage occurrence 
amongst isolates. S. paratyphi is also a common 
cause of food poisoning commonly called 
salmonellosis and has been marked a public 
health significant bacteria (20). Some Yersinia 
spp. are known to cause food poisoning when 
ingested with contaminated food. Transmission 
to humans probably occurs via contaminated 
food, drink or formites. Person-to-person 
transmission with this organism is probably 
rare. The presence of Bacillus spp. agrees with 
the report implicating B. subtilis as a major 
bacterial cause of seed decay of soya bean in 
warm, moist regions (4). 

The quality of food (hygiene) greatly 
influences the quality of life; therefore, food 
meant for human consumption must be 
pathogen-free. The results obtained in this 
study make it clear that some home-based food 
products like soya bean flour can be potential 
health risks when contaminated products are 
sold and consumed. If factors like poor sanitary 
conditions and food processing procedures are 
controlled, food like soya bean flour will be a 
good source of protein and a substitute for other 
beverages as has been advocated. Alongside this 
advocacy, producers and handlers of various 
foods should be educated on good sanitary 
production practices especially for soya bean 
flour.
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ABSTRACT

A stronger association has earlier been reported between drug resistant human isolates of  Escherichia coli and 

poultry isolates of  E. coli than between drug-resistant and drug-susceptible human isolates of  E. coli, in their 

phylogenic distribution, virulence and genotypes. It has been suggested that many of  the drug-resistant human isolates 

were more likely to have originated in poultry (or a similar non-human reservoir). In this study, biochemical and 

antibiotic susceptibility tests were carried out on one hundred and fifty poultry isolates of  Escherichia coli using 

Microscan® Dried Gram-negative Breakpoint Combo Pannels. The microscan panel analysed bacterial isolates for 24 
°

biochemical tests and 23 to 25 antimicrobial agents following 16-20 hours of  incubation at 35-37 C. Four different 

biotypes of  E. coli were obtained. The biotypes showed variation in sucrose, adonitol, urea, H S, eusculin hydrolase, 2

voges-proskeur, citrate and galactosidase tests. Resistance to antimicrobials varied from 5 to 21 of  the 25 drugs tested.  

The carbapems (imipenem and meropenem) were very effective, while the isolates recorded very high resistance against 

ampicillin and tetracycline. There was variation in antibiotic resistant-patterns both within and across biotypes. Poultry 

industry may be contributing to the evolution of  new biotypes and drug resistance among bacteria in Nigerian.

Keywords: Antibiotic resistance, Biochemical characteristics, Escherichia coli, Diversity, Poultry.

INTRODUCTION 

Escherichia coli, a member of  the family 
Enterobacteriaceae, is widely distributed in the 
intestine of  humans and warm-blooded animals 
and is part of  the essential intestinal flora that 
maintains the physiology of  the healthy host. Most 
E. coli strains are harmless, but some, such as 
serotype O157:H7, can cause serious food 
poisoning in humans. Escherichia coli strain Nissle 
1917, also known as Mutaflor, is used as a probiotic 
agent in medicine, mainly for the treatment of  
various gastroenterological diseases (1), including 
inflammatory bowel disease (2). 

Virulent strains of  E. coli can cause 
gastroenteritis, urinary tract infections, and neonatal 
meningitis. In rarer cases, virulent strains are also 
responsible for haemolytic uremic syndrome 
(HUS), peritonitis, mastitis, septicaemia and Gram-
negative pneumonia. Escherichia coli often carry 
multidrug resistant plasmids and under stress 
readily transfer those plasmids to other species. E. 

coli is a frequent member of  biofilms where many 
species of  bacteria exist in close proximity to each 
other. This mixing of  species allows E. coli strains 
that are piliated to accept and transfer plasmids 
from and to other bacteria. Thus E. coli and the 
other enterobacteria are important reservoirs of  
transferable antibiotic resistance (3).

Acquired resistance by Escherichia coli 
strains to aminoglycosides, beta-lactams, 
chloramphenicol, macrolides, tetracycline and 
thrimethoprim has been reported by Quintiliani and 
Couvalin (4). Acquired resistance can develop by 
four different distinct mechanisms: alteration of  
target site, enzymatic detoxification of  antibiotic, 
decreased drug accumulation and by-pass of  an 
antibiotic sensitive-step. The first three mechanisms 
may be mediated by chromosomal mutations, or the 
acquisition of  plasmids carrying resistance genes. 
The fourth mechanism is primarily attributable to 
horizontal transfer of  antibiotic resistance genes on 

___________________
*Corresponding author  
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a plasmid or transposon (5).
Johnson et al. (6) studied the phylogenic 

distribution, virulence and genotypes of  drug-
susceptible and drug-resistant E. coli isolates from 
human volunteers and poultry products in 
Minnesota and Wisconsin, USA. They found that 
drug-resistant human isolates, although showing 
overlapping with drug-susceptible human isolates, 
were more similar to poultry isolates than to drug-
susceptible human isolates. In contrast, drug-
susceptible human isolates differ from poultry 
isolates. This relationship was observed constantly 
with diverse analytical approaches and various 
stratification of  the population. It was suggested 
that many of  the drug-resistant human isolates were 
more likely to have originated in poultry (or a similar 
non-human reservoir) and to have been acquired by 
humans when these isolates were already drug 
resistant, than to have emerged de novo in humans 
by conversion of  drug-susceptible human isolates 
to drug-resistant isolates.

Microbial drug resistance is a growing 
problem. The rise in multidrug resistant strains of  
bacteria observed in recent decades underscores the 
importance of  the development of  new, innovative 
antimicrobial drugs.  Increased concern about the 
prevalence of  this form of  "superbug" in the United 
Kingdom has led to calls for further monitoring and 
a UK-wide strategy to deal with infections and the 
deaths (7). In Nigeria, less is being done in 
monitoring and analyzing agents of  diseases to 
species and strains levels, as well as documentation 
and storage of  such.

The aim of  this study is to investigate the 
biochemical characteristics of  several isolates of  E. 
coli of  poultry origin and their susceptibility to 
various antimicrobial agents.

MATERIALS AND METHODS
One hundred and fifty (150) isolates of  

Escherichia coli, obtained from cases of  high 
mortalities in some commercial poultry farms in 
parts of  Lagos and Ogun States, of  Nigeria, from 
the year 2006 to 2008, were used for this study. 
Freshly prepared nutrient agar plates were 
inoculated with the bacterial cultures. Plates were 

oincubated at 37 C for 18-24 hours. Biochemical tests 

and antibiotic susceptibility tests were determined 
for each E. coli culture using the Microscan® Dried 
Gram-negative Break-point Combo Panels (Dade 
Behring, USA). MicroScan® panels are designed 
for use in determining antimicrobial agent 
susceptibility and identification to species level of  
aerobic and facultative anaerobic Gram-negative 
bacilli. The system analysed bacterial isolates for 23 
– 24 biochemical test and susceptibility to 23 
antimicrobial agents with a print out result available 

o
within 16 – 20 hours of  incubation at 35 – 37 C. 

®The MicroScan  system allows for computer 
analysis of  the 23 – 24 biochemical tests for onward 
translation into an 8 digit biotype number based on 
which the organism is identified from its data base. 
Results of  antibiotic susceptibility tests are in 
minimum inhibition concentrations (MIC). Results 
interpretation of  breakpoints is based on NCCLS 
document M100 – S13 (8). The MIC of  test 
organisms are compared to those of  the 
recommended American type culture collections 

®
(ATCC). The MicroScan  panels utilize Escherichia 
coli ATCC 25922 and Pasteurella aeruginosa ATCC 
27853 as quality control organisms.

MicroScan Dried Gram Negative 
procedural manual (9) was strictly followed using 
the materials, equipment and procedure described. 
Cultures of  E. coli were subcultured on nutrient 

o
agar plates for 18 – 24 hours at 37 C. Gram staining 
and oxidase tests were carried out on isolates afresh. 
A sterile wire loop was used to pick 4 – 5 discrete 
morphologically similar colonies into 3ml of  
inoculum water (sterile), emulsified and the 
suspension vortexed. The 100ìl of  the suspension 
was transferred into 25ml inoculum water, followed 

®by inversion 8 times. The MicroScan  dried Gram 
negative panel rehydration / inoculation with the 
bacterial suspension was carried out with the aid of  

®
the RNOK  system. The panels were covered, 
labeled and incubated in the MiscoScan Walkaway 

®
40  system for 18 – 24 hours. Bacteria that were not 
named by the Walkaway system were identified 
based on their biochemical results with the aid of  
online Gideon Informatics (10), as well as with 
reference to Barrow and Feltham (11), and Garrity 
et al. (5).
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RESULTS 
0ne hundred and fifty (150) E. coli isolates 

belonging to four biotypes were obtained. Eighty 
(53.33%) isolates belonging to Biotype 7711700-2, 
sixty two (41.33%) isolates belonging to Biotype 
7715700-2, Biotype 7735732-6 had six (4.00%), 
while the remaining two (1.33%) isolates belong to 
Biotype 5715705-2. Biotype 7711700-2 was 
identified by the Walkaway machine as equivalent to 
E. coli ATCC 25922. The four E. coli biotypes 
showed variation in sucrose, adonitol, urea, H S, 2

eusculin hydrolase, voges-proskeur, citrate and 

galactosidase tests (Table 1). 
Resistance to antimicrobials varied from 

5 to 21 of  the 25 drugs tested.  The carbapems 
(imipenem and meropenem) were very effective, 
while the isolates recorded very high resistance 
against ampicillin and tetracycline (Tables 2 & 3). 
There was variation in antibiotic resistant-
patterns both within and across biotypes. The E. 
coli Biotype 7711700-2 were susceptible to most 
of  the drugs tested, while biotypes 7735732-6 
and 5715705-2 were resistant to most of  the 
drugs. The percentage susceptibility of  all the 
isolates to the various drugs tested are presented 
in Table 3 

Table 1: 
Strains of E. coli showing varied biochemical characteristics

  

BACTERIA  E . coli   E. coli    E. coli   E . coli    E. coli      

BIOTYPE 7711700-2 7715700-2 7735732-6 5715705-2 *Bergey’s    

____________________________________________________________________    

Lactose  +  +  +  +  95 

Glucose  +  +  +  +  95   

Sucrose  +  +  +  -  50   

Sorbitol  +  +  +  +  94  

Raffinose  +  +  +  +  50  

L-Rhamanose  +  +  +  +  80  

L-Arabinose  +  +  +  +  99  

Inositol -  -  -  -  1  

Adonitol  -  -  +  -  5  

Melbiose  +  +  +  +  75   

Urea   -  +  +  +  1  

H2S   -  +  -  -  1 

Indole   +  +  +  +  98  

Lysine   +  +  +  +  90 

Arginine  +  +  +  +  17  

Ornithine  +  +  +  +  65 

Tryptophan deaminase -  -  -  -  N   

Esculin hydroxylase -  -  +  -  35 

Voges-Proskeur  -  -  +  -  0   

Citrate   -  -  -  +  1   

Malonate  -  -  -  -  0   

Galatosidase (ONPG)  -  -  -  +  95   

Oxidase  -  -  -  -  0 

 *Garrity et al., 2005 (values in %) N = Not indicated 
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Table 2: 
Antibiotics susceptibility of selected E coli isolates of poultry origin

-------------------------------------------------------------------------------------------------------------- 

 

BACTERIA    E.  coli      E. coli         E. coli   E. coli             E. coli       E.coli 

         

BIOTYPE     7711700-2 7711700-2     7715700-2     7715700-2 7735732-6   5715705-2  

--------------------------------------------------------------------------------------------------------------------------- 

Cefpodixine   S S       S  R  R       R    

Piperacillin/  

Tazobactam              S S       S  I  R       S 

Cefotetan  S S       S  S  R       R  

Amoxicillin/  

Clavulanate   S S       S  S  S       R 

Ticarcillin/   

Clavulanate   S S       S  I  I        I  

Ntrofurantoin  I S        I  S  R        R  

Ceftazidime  S S       S  R  R        R  

Trimethoprom/ 

Sulfametoxazole S S       R  R  R        R  

Gatifloxacin   I S        I  R  I        R  

Ampicillin   I R        R  R  R        R   

Imipenem   S S        S  S  S        I 

Cefazolin  S S        I  I  R        R  

Cefuroxime  S S        I  I  R        R  

Tobromycin  R R        R  S  R        R  

Cefotaxime  S S        S  S  R        S 

Ceftriazone  S S        S  S  R        S 

Cefepime  S S        S  R  I        S 

Amikacin  S  S        S  S  R        S 

Gentamycin  R  R        R  S  R        R  

Ciprofloxacin  R S        R  R  R        R  

Levofloxacin  I S        R  I  R        R  

Meropenem  S S        S  S  S        I 

Tetracycline   I I        R  R  R        R  

Chloramphenicol S I        R  R  R        R  

 S = Highly susceptible I = Intermediate susceptibility R = Resistant  

40
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Table 3: 
Susceptibility to various antimicrobial agents of Escherichia coli isolates from cases of high 
mortalities in poultry 

 

Drugs       Susceptibility (%)                                                                                                                                             

 A. Penicilins             

* Ampicillin       19.33               

* Amoxicillin/K Clavulanate              66.86        

* Piperacillin/Tazobactan   59.75        

* Tircacillin/K Clavulanate   91.55           

B. Cephalosporins               

1st  * Cefazolin                33.34            

2nd  * Cefotetan                83.55        

 * Cefurozime                48.65          

3rd  * Cefotaxime                89.28        

 * Cefpodoxime               59.59        

 * Ceftazidime                           64.21        

 * Ceftriaxone      92.11                       

4th  * Cefepine                87.23           

C. Aminoglycosides 

 * Gentamycin     54.50 

 * Amikacin     94.22 

  * Tobromycin     61.81 

D. Quinolones 

 1st * Nalixidic acid   21.90 

 2nd  * Norfloxacin    54.32 

  * Ciprofloxacin   79.76 

 3rd  *Levofloxacin    85.98 

E. Tetracycline     17.66 

F. Chloramphenicol     16.45 

G. Trimethoprim/sulphamethazaxole   18.18 

H. Nitrofurantoin     49.44 

I. Carbapem * Imipenem    97.33 

        *Meropenem     98.67 
 

1st, 2nd, 3rd &  4th = Generations of drugs 
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DISCUSSION 
It has been reported that clinical bacterial 

isolates (Klebsiella oxytica, K pneumoniae and E 
coli) with increased MICs (>2µg/ml) of 
ceftazidine, aztreonam or MICs of >2µg/ml or 
>8µg/ml (depending on panel type) of 
cefpodoxine should be suspected for harbouring 
an extended spectrum beta-lactamase, ESBL 
(8,9). In this study resistance to ceftazidine and 
cefpodoxine were 64.21 and 59. 59% respectively 
based on MICs >1µg/ml for ceftazidine and 
>4µg/ml for cefpodoxime (these are the break 
points for the panel used). The result of the 
resistance to cefpodoxine obtained in this study 
suggests the presence of ESBL among the 
bacterial isolates.

Resistance to beta-lactam antibiotics has 
become a particular problem in recent decades, 
as strains of bacteria that produce extended-
spectrum beta-lactamases have become more 
common (7,12). These beta-lactamase enzymes 
make many, if not all, of the penicillins and 
cephalosporins ineffective as therapy. Extended-
spectrum beta-lactamase - producing E. coli are 
highly resistant to an array of antibiotics and 
infections by these strains is difficult to treat. In 
many instances, only two oral antibiotics and a 
very limited group of intravenous antibiotics 
remain effective. A gene called New Delhi 
metallo-beta-lactamase (shortened NDM-1) that 
even gives resistance to range of antibiotics 
including carbapenem, has been discovered in 
India and Pakistan on E. coli bacteria (13).

The spread of plasmids carrying a large 
a r r a y  o f  r e s i s t a n c e  g e n e s  a m o n g  
enterobacteriaceae is of great concern because it 
provides an efficient genetic mechanism of 
disseminat ing res i s tance to mult iple  
antimicrobial drugs (14). The pQR1 (15) and p1 
(16) are examples of well characterized plasmids 
that indicate multiple drug resistance by 
carrying bla  (ESBL genes) and qnrA1 (that VEB-1

confer resistance to nalixidic acid and reduced 
susceptibility to fluroquinolones) together with 
aminoglycoside resistance genes aadB, aacA1 
and aadA1, as well as chloramphenicol 
resistance gene cmlA, rifampin resistance aarr2, 

disinfectant resistance gene qac1 and 
sulfonamides resistance gene su11.

The  var ia t ion  in  b iochemica l  
characteristics among the four E. coli biotypes, 
may be plasmid mediated due to acquisition of 
genes which may have conferred on them the 
ability to use a unique carbon source, the ability 
to take upon a particular ecological niche.

CONCLUSION
It is evident in this study that bacteria (E. 

coli as case study) is undergoing dynamic 
variations in biochemical characteristics and 
antibiotic resistance. In like manner, 
heteroantigenic variations may likely be taking 
place. There is need to constantly monitor, 
isolate, type cultures and have organisms 
prevalent in the country stored in reference 
laboratories. Various biotypes/strains of any 
species of bacteria should be tested for antigenic 
heterogenicity and records made available in 
reference libraries/laboratories. This is because 
the eventual solution to this ever emerging 
'super bugs' may not lie on invention of new 
antimicrobials or some alternative medicine, 
but developing polyvalent vaccines for every 
pathogenic microbe using the various antigenic 
strains available in each country. Meanwhile, 
antibiotic susceptibility testing should guide 
treatment in all infections where organism can 
be cultured in both human and veterinary 
medicine. 
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