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ABSTRACT 
 

Tetanus infection is widespread and difficult to completely eradicate. Thus the present study was 
designed to assess the tetanus antibody titre in HIV infected subjects in relation to the presence or absence of 
malaria parasitaemia. 107 subjects consisting of asymptomatic group (asymptomatic HIV, n=17 and 
asymptomatic HIV-Malaria co-infection, n=17), symptomatic group (symptomatic HIV, n=18 and 
symptomatic HIV-Malaria co-infection, n=17), and control group (control without malaria, n=19 and control 
with malaria, n=19) participated in the study. Blood sample collected from the participants were used for the 
determination of packed cell volume, CD4+ T cell count, malaria parasite, HIV seropositivity and tetanus 
antibody titre using standard laboratory methods. The tetanus antibody titre was significantly reduced in 
symptomatic HIV infected subjects with malaria co-infection compared with symptomatic HIV infected 
subjects without malaria (P<0.05). Similarly, both groups of asymptomatic and symptomatic HIV infected 
subjects had reduced serum tetanus antibody titre compared with the seronegative control subjects and group 
with malaria parasitaemia (P<0.05). The CD4+ T cell count and packed cell volume were similar between the 
asymptomatic HIV infected subjects with malaria and those with only HIV. This was also the case for the 
symptomatic groups. The finding of the present study suggests that either HIV or malaria infections do 
interfere with the tetanus antibody titre. The increasing spread of HIV in malaria endemic areas may pose 
further threat to the current programmes on immunization targeted at eliminating tetanus infection.  
© 2008 International Formulae Group. All rights reserved. 
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INTRODUCTION 

In Nigeria, pregnant women attending 
antenatal clinic and children visiting 
immunization centres are placed on scheduled 
tetanus toxoid immunization. The purpose is 

to generate high titre of tetanus antibody, 
which confers protective immunity. However, 
this purpose may not be achieved in 
immunocompromised individuals (Gibb et al., 
1995, 1996). Other factors such as nutritional 
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stability and chronic infections may also play 
a role in achieving acquired protective 
immunity after immunization. Presently, 
literatures exist that show increasing 
prevalence of HIV and Malaria co-infection 
particularly in endemic areas of Sub-Saharan 
Africa (Grimwade et al., 2003; Grimwade et 
al., 2004; Abu-Radad et al., 2007; Onyenekwe 
et al., 2007). The incidence of both infections 
in any individual has been shown to be severe 
(Cohen et al., 2005; Onyenekwe et al., 2008a). 
Previously, we had reported that tetanus 
antibody titre were not impaired in pregnant 
women with malaria parasites but with no 
malaria symptom compared with the titre in 
aparasiteamic pregnant women (Onyenekwe 
et al., 2003). Recently we have reported 
reduced anti-BCG titre in HIV and malaria co-
infected or HIV infected subjects (Onyenekwe 
et al., 2008b). However, could this 
observation of impaired antibody titre be a 
generalized or selective phenomenon in HIV 
infection? This question if explored may yield 
vital information on generation of acquired 
protective immunity in HIV infected subjects. 
Therefore, the present study was designed to 
assess the tetanus antibody titre in subjects 
with HIV and malaria co-infection. 
 
MATERIALS AND METHODS 
Subjects  

A total of 107 subjects aged between 
17 and 60 years participated in the study. The 
participants were randomly recruited. They 
were double screened for HIV infection and 
double screened for malaria parasites. Using 
the WHO criteria for staging HIV, participants 
with HIV infection were classified into groups 
as: 
a) Symptomatic HIV (n=35) consist of 
subjects with HIV and Malaria co-infection 
(n=17) and subjects with only HIV infection 
(n=18). 
b) Asymptomatic HIV (n=34) consist of 
subjects with HIV and Malaria co-infection 
(n=17) and subjects with only HIV infection 
(n=17). 
c) The remaining participants were HIV 
seronegative and were referred to as control 
subjects (n=38). They consist of malaria 
infected (n=19) and uninfected individuals 
(n=19). 

Blood samples were collected from all 
the participants for HIV and malaria screening 

and for the analysis of packed cell volume 
(PCV), white blood cell count (WBC), CD4+ 
T cell count and determination of anti-tetanus 
toxoid titre. The participants gave informed 
consent while the Board of ethical committee 
approved the study design. 
 
Detection of antibodies to HIV-1 and HIV-2 
in human plasma 

The immunoassay (Abbott Japan Co 
Ltd. Tokyo, Japan) and immunochromato-
graphic (CHEMBIO diagnostic system, Inc. 
New York USA) methods were used for the 
HIV double screening. For the Abbott 
determination of HIV-1 and HIV-2, the 
procedure described by the manufacturer was 
used for the analysis. In brief, 50 µl of plasma 
sample collected from participants in the 
study were applied to the appropriately 
labelled sample pad. After 15 minutes the 
results were read. This method is an in vitro 
visually read immunoassay. The method has 
inherent quality control that validates the 
results. The procedure for the 
immunochromatographic method was as 
described by the manufacturer. Briefly, 5 µl of 
participants’ plasma were dispensed into 
appropriately labelled sample pads and 3 
drops of the buffer supplied by the 
manufacturer was added into each sample pad. 
The results of the test were read at 10 minutes 
after the addition of the running buffer. The 
method has inherent quality control that 
validates the results. The HIV seropositive 
results obtained using these two methods were 
used to classify participants having HIV 
infection. This method of double HIV 
screening has been previously described by 
Onyenekwe et al. (2007).  
 
Diagnosis of Plasmodium falciparum 
malaria 

The P. falciparum malaria was 
diagnosed using Rapid Test device (Para 
check, Orchid Biomedical system, Vena Goa, 
India) and microscopic detection of parasites 
in Giemsa stained thick blood film. The 
parasites density was determined as 
previously described by Onyenekwe et al. 
(2002) and the parasite density was expressed 
per litre of blood. The principle of the rapid 
diagnostic test for malaria antigen is based on 
rapid chromatographic immunoassay. The 
method utilizes gold conjugate to selectively 
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detect Plasmodium antigen. The procedure 
used was that described by the manufacturer. 
Briefly, 10 µl of whole blood collected from 
the participants were dispensed into 
appropriately labelled specimen cassettes. 
After which 3 drops of the buffer supplied by 
the manufacturer was added to each of the 
specimen cassettes and the results determined 
after 15minutes of addition of the buffer. The 
test result has inherent quality control that 
validates the results. The rapid test device 
method for malaria has been previously 
described by Onyenekwe et al. (2007).  

Similarly the method for CD4+ T cell 
count using the Cyflow machine and the 
method for determination of the packed cell 
volume (PCV) using microhaematocrit 
centrifuge was as previously described by 
Onyenekwe et al. (2008a). 
 
Determination of serum tetanus antibody 
titre using haemagglutination technique  

In brief, pooled O+ blood sample was 
used to prepare 5% red cell suspension. 
Pooled sample was washed thrice in normal 
saline after several washings in normal saline. 
Tetanus toxoid vaccine was used to coat or 
sensitize the washed red cells by incubating 
the tetanus toxoid-red cell mixture at 37 °C 
for 90 minutes.  After the incubation period, 
the tetanus toxoid sensitized red cells were 
washed to remove any unbound tetanus toxoid 
antigen. Subsequently 5% suspension of the 
tetanus toxoid-sensitized red cells was 
prepared for the purposes of the 
haemagglutination test. For the haemagglu-
tination test, the serum samples were diluted 
accordingly and equal volumes of the tetanus 
toxoid-sensitized red cells were added to the 
various dilutions of the samples in order to 
determine the tetanus antibody titre for each 
serum. The serum-tetanus toxoid-sensitized 
red cells were incubated at 37 °C for 120 
minutes. The maximum serum dilution 
providing a positive haemagglutination result 
on the basis of the presence of macroscopic 
and microscopic agglutination was recorded. 
 
Statistical analysis  

Variables were expressed in mean 
(±SD) while the student t-test was used to 
determine significant mean difference. The 
Spearman correlation coefficient was used to 
assess the level of association between 

variables. Significant level was considered at 
P<0.05. 
 
RESULTS  

The mean (±SD) malaria parasite 
density per litre of blood were 2.72±2.45 
(x106) in asymptomatic HIV infected subjects 
with malaria co-infection; 3.36±2.45 (x106) in 
symptomatic HIV infected subjects with 
malaria co-infection and 3.99±2.37 (x106) in 
HIV seronegative control subjects with 
malaria infection. The malaria parasite density 
in these groups was not significantly different 
(Tables 1 and 2).  

There was no significant (P>0.05) 
mean difference in tetanus antibody titre 
between the asymptomatic HIV infected 
subjects with malaria co-infection and 
asymptomatic HIV subjects. However, the 
tetanus antibody titre was significantly 
(P<0.01) reduced in the symptomatic HIV 
infected subjects with malaria co-infection 
compared with the symptomatic HIV infected 
subjects. Similarly, the mean tetanus antibody 
titre was significantly (P<0.05) reduced in 
HIV seronegative control subjects with 
malaria infection compared with HIV 
seronegative control subjects without malaria 
infection (Table 1). The mean tetanus 
antibody titre was significantly (P<0.05) 
reduced in both the symptomatic and 
asymptomatic groups compared with values in 
the corresponding control groups. However, 
the mean tetanus antibody titre in 
symptomatic HIV group was not significantly 
(P>0.05) different from value observed in 
asymptomatic HIV group. Similarly, there 
was no significant (P>0.05) mean difference 
in tetanus antibody titre between symptomatic 
HIV group with malaria co-infection and 
asymptomatic HIV group with malaria co-
infection (Table 3). 

The mean (±SD) CD4+ T cell count 
was not significantly different between the 
symptomatic HIV infected subjects and 
symptomatic HIV and malaria co-infected 
subjects. There was also no significant mean 
difference in the packed cell volume between 
these two groups. There was also no 
significant difference in the CD4+ T cell count 
between the HIV seronegative control subjects 
with malaria and those without malaria; and 
between  the  asymptomatic HIV and
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Table 1: Mean (±SD) malaria parasite density (x106 /l), CD4+ T cell count (/mm3), PCV (%) and 
serum tetanus antibody titre in asymptomatic, symptomatic and control groups. 
 

Parameters Titre MP density PCV CD4+ T cell  
count 

Asymptomatic group     
Asymptomatic HIV-malaria (n=17) 147±119 2.72±2.45 34.0±7.5 320±149 
Asymptomatic HIV (n=17) 216±205 - 33.6±5.3 427±237 
P-value >0.05(ns) nc >0.05(ns) >0.05(ns) 
Symptomatic group     
Symptomatic HIV-malaria (n=17) 105±131 3.36±2.45 31.2±5.2 251±160 
Symptomatic HIV (n=18) 345±199 - 32.4±4.6 255±149 
P-value <0.01 nc >0.05(ns) >0.05(ns) 
Control group     
Control with Malaria (n=19) 317±246 3.99±2.37 40.3±4.8 - 
Control without Malaria (n=19) 593±379 - 39.1±5.6 - 
P-value <0.05 nc >0.05(ns) - 

Key:  ns = not significant;   nc = not compared. 
 
 
 
Table 2: Comparison of mean (±SD) malaria parasite density (x106 /l), CD4+ T cell count (/mm3), 
PCV (%) and serum tetanus antibody titre between asymptomatic, symptomatic and control groups. 
 

Parameters Titre MP density PCV CD4 +T cell  
count 

Asymptomatic HIV-malaria 147±119 2.72±2.45 34.0±7.5 320±149 
Control with Malaria 317±246 3.99±2.37 40.3±4.8 - 
P –value p<0.05 P>0.05(ns) P<0.05 nc 
Symptomatic HIV-malaria 105±131 3.36±2.45 31.2±5.2 251±160 
Control with Malaria 317±246 3.99±2.37 40.3±4.8 - 
P-value p<0.05 P>0.05(ns) P<0.05 nc 
Asymptomatic HIV 216±205 - 33.6±5.3 427±237 
Control without Malaria 593±379 - 39.1±5.6 - 
P-value p<0.05 nc P<0.05 nc 
Symptomatic HIV 345±199 - 32.4±4.6 255±149 
Control without Malaria 593±379 - 39.1±5.6 - 
P-value p<0.05 nc P<0.05 nc 

                                  Key: ns = not significant; nc = not compared. 
 
 
 
Table 3: Comparison of mean (±SD) malaria parasite density (x106 /l), CD4+ T cell count (/mm3), 
PCV (%) and serum tetanus antibody titre between asymptomatic and Symptomatic groups. 
 

Parameters Titre MP density PCV CD4+ T cell 
count 

Asymptomatic HIV 216±205 - 33.6±5.3 427±237 
Symptomatic HIV 345±199 - 32.4±4.6 255±149 
P-value p>0.05(ns) nc p>0.05(ns) p<0.05 
Asymptomatic HIV-malaria 147±119 2.72±2.45 34.0±7.5 320±149 
Symptomatic HIV-malaria 105±131 3.36±2.45 31.2±5.2 251±160 
p-value p>0.05(ns) p>0.05(ns) P>0.05(ns) p>0.05(ns) 

          Key: ns = not significant; nc = not compared. 
 



C.C. ONYENEKWE et al. / Int. J. Biol. Chem. Sci. 2(4): 462-468, 2008 
 

 466 

asymptomatic HIV with malaria co-infection. 
There was also no significant mean difference 
in packed cell volume between these 
respective groups as defined above (Table 1, 2 
and 3). However, the mean packed cell 
volume was significantly (P<0.05) reduced in 
the symptomatic and asymptomatic groups 
compared with their corresponding control 
groups (Table 2). 

A  significant positive association was 
observed between the tetanus antibody titre 
and packed cell volume (r=0.473; P<0.05) in 
symptomatic HIV infected subjects while a 
positive association was observed between the 
CD4+ T cell count and malaria parasite 
density (r=0.640; P<0.05) in symptomatic 
HIV infected subjects with malaria co-
infection.  
 
DISCUSSION 

The mean malaria parasite density 
observed in the present study did not suggest 
increased malaria parasitaemia in subjects 
infected with HIV. This may be a 
consequence of age influenced acquired 
protective immunity often seen in adults 
residing in malaria endemic area. The 
participants in the present study fall into 
similar age range. However, the malaria 
specific antibodies were not analyzed in the 
present study. It may therefore be necessary to 
assess the malaria specific antibodies in such 
individuals with the co-morbidity.  

The tetanus antibody titre was 
generally reduced in both the subjects 
presenting HIV and malaria co-morbidity and 
those presenting only HIV infection. 
However, from the result of the tetanus 
antibody titre in the control subjects, malaria 
infection seems also to interfere with the 
acquired protective tetanus antibody titre.  
However, the interaction of both HIV and 
malaria infections on the tetanus antibody titre 
was prominent among the symptomatic group 
although the tetanus antibody titre in the 
symptomatic HIV infected subjects with 
malaria was comparable to that seen amongst 
the asymptomatic HIV infected subjects with 
malaria. Thus increasing prevalence of HIV 
infection in malaria endemic area of Sub-
Saharan Africa may pose danger to the 
massive tetanus toxoid immunization 
programme targeted at reducing the 
incidences of tetanus infection. This is 

because protection against tetanus infection is 
antibody mediated. 

Study elsewhere has shown impaired 
tetanus antibody titre in HIV-1 infected 
subjects (Tatiana et al., 2004). Furthermore, 
tetanus antibody titre was considerably 
reduced in HIV infected subjects with CD4+ T 
cell count of less than 300 x 106/l (Kroon et 
al., 1995). In the present study reduced tetanus 
antibody titre was seen in asymptomatic HIV 
subjects with or without malaria co-infection 
even though the mean CD4+ T cell count was 
slightly above 300 x 106/l. This was also the 
case for symptomatic HIV subjects with or 
without malaria co-infection although their 
mean CD4+ T cell count was below 300 x 
106/l. This could mean that other factors may 
have roles in adjusting the tetanus antibody 
titre but not just a CD4+ T cell count cut-off. 

It has been reported that acute malaria 
infection does affect the response to tetanus 
toxoid immunization (Jennifer et al., 2004). 
However, whether or not there is 
improvement in anti-tetanus titre after malaria 
treatment is still in a contentious issue 
(Fryauff et al., 1998; Jennifer et al., 2004; 
Rosen et al., 2005).  

In our previous report we did not 
observe any impaired anti-tetanus titre in 
pregnant women with malaria parasite with no 
malaria symptom compared with uninfected 
pregnant women (Onyenekwe et al., 2003). 
Although it is clearly evident that the level of 
parasitaemia encountered amongst the control 
subjects in the present study was much higher 
than that previously reported in the pregnant 
women with asymptomatic malaria 
parasitaemia. Thus, the intensity of 
parasitaemia may likely be a strong factor that 
affects anti-tetanus titre in malaria endemic 
areas. This is because all our studied groups 
had similar malaria parasite densities. 

HIV infected pregnant women with 
malaria infection have shown inability to 
transfer tetanus specific IgG in-utero to the 
foetus due to inadequate generation of specific 
tetanus antibody during antenatal 
immunization (Cumberland et al., 2007; Moss 
et al., 2007).  The inadequate tetanus antibody 
titre may partly be due to unresponsiveness of 
B cells which is a common phenomenon in 
HIV infection (Hart et al., 2007). HIV 
infection has been shown to affect the antigen 
recall ability of B cells (Gibbs et al., 1995; 
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Rosenblatt et al., 2005). However, some level 
of recovery has been reported during 
antiretroviral therapy (ART) (Kim et al., 
2001; Rosenblatt et al., 2005). 

Although the PCV was consistently 
reduced in asymptomatic HIV subjects with or 
without malaria co-infection and in 
symptomatic HIV subjects with or without 
malaria co-infection, their values were similar 
in both groups. This finding was consistent 
with our earlier report that packed cell volume 
was similar in subjects with HIV infection and 
HIV-malaria co-infection (Onyenekwe et al., 
2008a). The association observed between 
tetanus antibody titre and packed cell volume 
in the symptomatic HIV subjects calls for 
further study in order to determine the 
implication of such association.  

The finding of the present study 
suggests that either HIV or malaria infections 
do interfere with the tetanus antibody titre. 
The increasing spread of HIV in malaria 
endemic areas may pose further threat to the 
current programmes on immunization targeted 
at eliminating tetanus infection.  
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