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INTRODUCTION

Parasitic protozoa and bacteria infections are responsible 
for some of  the most devastating and prevalent diseases 
of  human worldwide. Among the many parasitic infec-
tions, malaria stands out as the most significant human 
parasitic disease. It remains an important cause of  mor-
bidity and mortality in the tropical world. Over 500 mil-
lion episodes of  clinical malaria occur annually, with up to 
2.7 million deaths.[1–3]

Typhoid fever, another human parasitic disease, is an acute 
generalized infection of  the reticulo-endothelial system. 
It is a food and water-borne disease caused by Salmonella 
enterica subspecies enterica serotype Typhi (Salmonella typhi ).[4]  
It is a serious public health problem in developing coun-
tries, causing an estimated 16 million illnesses and 600, 000  
deaths worldwide each year.[5] Both malaria and typhoid 
fevers are endemic in Nigeria.[6]

Recent studies indicate that malaria parasites induce an 
oxidant stress on the host erythrocytes during malarial 
infection.[1,7–10] The mechanism and extent of  this oxidant 
stress have attracted the attention of  many workers. This 
altered redox metabolism at the level of  the host cell may 
contribute to disease manifestations and enhanced oxida-
tive stress on erythrocytes may contribute to hemolysis 
and anaemia observed during malarial infection. Oxida-
tive stress might also play a key role in many of  the fatal 
end points of  these parasitic infections.[1]
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ABSTRACT

Introduction: Malaria and typhoid are two diseases of public health importance that are associated with fever in the 
tropics. Objective: To assess antioxidant responses during malaria, typhoid and typhoid + malaria infections, the 
activities of glutathione transferase (GST), catalase (CAT) and the concentrations of glutathione (GST). Materials and  
Methods: Spectrophometric techniques were used to assay for the biomarkers of oxidative stress in plasma and erythrocytes 
of patients in Abeokuta, Nigeria (n = 115). Result: The presence of either or both parasitic infections resulted in significant 
alterations in the antioxidant response of the subjects (p < 0.05). Depletion of erythrocyte GSH, increase in plasma GSH and 
increased expression of CAT in both plasma and erythrocyte, characterized the antioxidant response of the subjects. While 
the highest erythrocyte CAT activity was observed in typhoid-infected males, the highest plasma CAT activity was observed 
in females infected with typhoid (p < 0.05). GST activity in malaria infection was not significantly different from control (p 
> 0.05), whereas the activity of the enzyme reduced in typhoid infection and increased when typhoid and malaria infections 
were present (p < 0.05). Conclusion: Our findings indicate that sex differences might play a significant role in the antioxidant 
response of subjects in typhoid infection.

Keywords: Antioxidant defense, Malaria, Typhoid, Typhoid + Malaria, Sex difference.
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Typhoid fever, although well recognized as being extremely 
diverse in its clinical presentation, has overlapping signs 
and symptoms with malaria, the most prominent being 
fever.[11] Apart from this, little is known about the bio-
chemical changes induced in the host during typhoid 
infection. Whether oxidative stress is induced in the host 
as a result of  typhoid infection, is largely unknown. Based 
on the mounting evidence that oxidative stress might be 
an important clinical and pathobiochemical factor as well 
as an effective therapeutic principle in disease conditions, 
we attempted in this study to characterize the profiles 
of  antioxidant response produced in plasma and eryth-
rocytes of  patients suffering from malaria, typhoid and 
typhoid + malaria by determining the activities of  catalase 
(CAT) and glutathione transferase (GST) and the concen-
trations of  glutathione (GSH).

MATERIALS AND METHODS

Subjects

Patients (n = 115), age ranging between 12 and 46 years, 
presenting at the out-patient clinic of  Federal Medical 
Centre, Abeokuta, Nigeria, with diagnosis of  falciparum 
malaria, typhoid and typhoid + malaria, infections, were 
recruited for this study. Informed consent was obtained 
from patients or their relatives. The study was approved 
by the Ethical Committee of  Federal Medical Centre, 
Abeokuta, Nigeria. Control subjects (n = 24) who were 
staff  and students of  University of  Agriculture, Abeo-
kuta, Nigeria, were recruited in the study at the same 
period with the patients. Table 1 summarizes the study 
population.

Methods

Sample collection

Venous blood samples were collected from the subjects 
in heparin before treatment with anti-malarial and anti-
typhoid drugs. Thin and thick blood films were prepared 
from these samples for malaria microscopy. Routine 
hematology was also performed on the blood samples. 
Samples were separated within one hour into plasma and 
red blood cells. The red blood cells were washed twice 

with 0.9% saline solution. Aliquots of  samples for CAT 
measurement were stored at 4oC while the remaining 
samples were stored at –30oC until analyzed for GSH and 
GST.

Malaria status

From the venous blood samples, thick and thin blood 
films were prepared. Thick films were air-dried and 
stained using Field’s stain A and B and 50 oil-immersion  
fields were examined. Thin films were stained with 
Giemsa stain. P. falciparum malaria parasitemia per µl was 
determined from thick films by counting parasites per 200 
leucocytes, assuming 6000 leucocytes per µl.[12]

Typhoid status

Widal test was used to determine the presence or absence 
of  typhoid fever. The assay was performed using tube 
agglutination method by testing the stained antigen 
against unknown serum serially diluted.[13–15] The presence 
or absence of  visible agglutination was related with the 
presence or absence of  the corresponding homologous 
antibody. A widal bacteria suspension kit (Cromatest, Lin-
ear Chemicals, Montgat, Barcelona, Spain) was used for 
all assays.

Determination of CAT, GST and GSH in plasma 
and red blood cells

CAT activity was assayed according to the method of  
Claiborne[16] by monitoring the disappearance of  H2O2 at  
240 nm while GST activity was determined at 340 nm by mea-
suring the formation of  the 1-chloro-2, 4-dinitrobenzene  
and GSH conjugate at 25oC, pH 7.0.[17] GSH was deter-
mined according to the method of  Ellman.[18]

Statistical protocol

All data were expressed as mean ± S.D. and were analyzed 
using Winstat 2.0 (Kalmia Co. Inc., Cambridge, U.S.A.). 
Comparisons among the groups were assessed by one 
way analysis of  variance (ANOVA) followed by the Least 
Significant Difference test (LSD test). Correlations were 
calculated by Pearson’s method and P values < 0.05 were 
considered statistically significant.

RESULTS

Some demographic and clinical characteristics of  
the subjects are depicted in Table 2. In both malaria 
and typhoid + malaria subjects, the highest parasite 

Table 1  Study population
Subject Male Female
Control 12 12
Malaria 20 22
Typhoid 21 22
Typhoid + Malaria 20 10
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density was observed in the female subjects. In 
typhoid fever positive subjects (typhoid alone and 
typhoid + malaria), the antibody titer values in both 
males and females ranged from 1: 80 to 1: 320. How-
ever, the frequency of  high titer values was more 
in female subjects than male subjects. While no sig-
nificant difference was observed in the mean packed 
cell volume (PCV) values of  female typhoid sub-
jects when compared with their control counterparts  
(P > 0.05), PCV values of  other parasite-infected 
subjects decreased significantly when compared with 
control (P < 0.05). The decrease was more marked in 
malaria-infected females when compared with con-
trol and other parasite-infected subjects. Quantita-
tively, PCV values of  the parasite-infected subjects 
were between 20 and 25% lower than their control  
counterparts.

The mean values of  the investigated antioxidant pro-
files in the plasma and erythrocytes of  the subjects are 
also depicted in Table 2. The presence of  either or both 
parasitic infections resulted in significant alterations in 
the antioxidant responses of  the subjects (P < 0.05). In 
the plasma and erythrocytes of  the parasite-infected sub-
jects, there was a significant increase in the activity of  CAT  
(P < 0.05). In the erythrocyte of  these subjects, the activity 
of  CAT was between 2.24 and 3.50 times higher than that 
of  the control, with the highest activity observed in typhoid-
infected male subjects. In the plasma of  parasite-infected 
subjects, CAT activity was between 5.5 and 8.9 times higher 
than control subjects, with the highest activity observed in 
typhoid-infected females. In contrast to CAT, GST activities 
in both plasma and erythrocytes of  the subjects responded 

differently to the presence of  either or both parasitic infec-
tions. While erythrocyte GST activity in malaria infection 
was not significantly different from control (P > 0.05), 
GST activity was reduced in both sexes in typhoid infection  
(P < 0.05), whereas it increased when both typhoid and 
malaria infections were present (P < 0.05). The increase was 
more marked in the females than males. With the exception 
of  female typhoid subjects where a significant increase was 
observed in plasma GST activity (P < 0.05), plasma GST 
activity in other parasite-infected subjects was not signifi-
cantly different from controls (P > 0.05).

The concentrations of  the non-enzymic antioxidant gluta-
thione (GSH) in the plasma and erythrocytes of  the sub-
jects are also depicted in Table 2. While the erythrocytes 
responded to the presence of  parasitic infections with a 
decrease in GSH concentrations (P < 0.05), the plasma 
seems to respond with an increase in this non-enzymic anti-
oxidant (P < 0.05). The decrease in erythrocyte GSH was 
more marked in males infected with both parasites. With 
a few exceptions, antioxidant responses of  the females to 
the presence of  either or both parasitic infections seem to 
be lower than that of  their male counterparts. 

Correlations, as calculated by the Pearson’s method, 
revealed significant direct linear and inverse linear rela-
tionships among the parameters (Tables 3 and 4). While 
parasite density correlated positively with plasma GSH, 
significant negative correlations were observed between 
parasite density and PCV; and parasite density and 
erythrocyte GSH (P < 0.05). PCV also correlated posi-
tively with erythrocyte GSH (Table 3), whereas negative 
correlations were observed between PCV and erythrocyte 

Table 2  Clinical characteristics and antioxidant responses of the subjects
Subject / 
Parameters

Control 
Male        Female

Malaria
 Male        Female

Typhoid 
Male        Female

Typhoid + Malaria 
Male        Female

Age (years) 33.19 ± 6.32 32.44 ± 5.78 28.19 ± 11.12 26.64 ± 7.68 30.10 ± 9.50 34.18 ± 5.89 31.41 ± 10.87 29.70 ± 8.31
PCV 44.00 ± 0.95a 39.58 ± 0.79b 33.06 ± 4.99c 29.50 ± 3.41d 39.00 ± 2.11b 38.40 ± 1.34b 33.35 ± 4.44c 32.10 ± 3.81c

Parasite 
density

0a 0a 7250.00 ± 1437.59b 8863.64 ± 2082.71c 0a 0a 7088.24 ± 939.34b 7900.00 ± 966.09b

RBC GSH 
(mM)

10.72 ± 3.14a 9.45 ± 0.99b 6.63 ± 1.76d 6.31 ± 2.83d 8.21 ± 3.34c 7.29 ± 1.91d 6.19 ± 2.50d 7.69 ± 2.05d

Plasma GSH 
(mM)

1.20 ± 0.23a 1.08 ± 0.06a 2.00 ± 0.72c 1.98 ± 0.95c 1.62 ± 0.63b 1.34 ± 0.33a 2.17 ± 1.21d 2.05 ± 0.71c

RBC CAT 
(units/ml)

887.68 ± 136.12a 857.76 ± 100.12a 1989.57 ± 998.87b 2276.82 ± 1035.53b 3123.24 ± 796.98c 2013.76 ± 279.06b 2119.22 ± 1139.49b 2304.61 ± 1058.77b

Plasma CAT 
(units/ml)

7.08 ± 1.75a 5.72 ± 0.23a 44.21 ± 20.59c 31.46 ± 13.98b 45.33 ± 20.33c 50.96 ± 10.79d 39.25 ± 17.13b 31.49 ± 12.30b

RBC GST 
(µmol product/
min/ ml)

0.97 ± 0.23a 0.99 ± 0.11a 0.95 ± 0.14a 0.97 ± 0.25a 0.78 ± 0.25b 0.66 ± 0.39b 1.04 ± 0.28c 1.30 ± 1.04d

Plasma GST 
x 10–3 (µmol 
product/ 
min/ ml)

5.22 ± 0.67a 5.23 ± 0.74a 4.75 ± 2.91a 5.82 ± 3.41a 4.89 ± 3.37a 8.74 ± 6.01b 5.27 ± 2.75a 4.47 ± 2.29a

Values are mean ± S.D. Values in a row not carrying the same letter of the alphabet are significantly different from each other (p < 0.05)
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CAT, and plasma GSH (Table 4). While erythrocyte CAT 
correlated positively with plasma GSH, a negative correla-
tion was observed between erythrocyte CAT and erythro-
cyte GSH.

DISCUSSION

Oxidative stress appears to be an important factor in the 
pathophysiology of  many human diseases.[19] Oxidative 
stress may result in damage to critical macromolecules 
including DNA, lipids and proteins.[20] In order to cope 
with this oxidative insult, cells have a defense system con-
sisting of  antioxidant enzymes (catalase CAT, superoxide 
dismutase SOD, glutathione peroxidase GP, glutathione 
transferase GST) and antioxidant molecules (glutathione 
GSH, ascorbic acid and vitamin E) among others that can 
terminate the oxygen radical cascade and render the toxic 
metabolites innocuous.[21] Measurement of  these antioxi-
dants is therefore an indirect and non-invasive test that 
could be used to assess the induction of  oxidative stress in 
a cell. In this study, we explored the role of  three of  these 
antioxidants (CAT, GST and GSH) as biological mark-
ers of  oxidative stress in malaria, typhoid and typhoid + 
malaria infections.

The results of  this present study indicate that acute 
malaria, typhoid and typhoid + malarial infections are 
accompanied by significant alterations in the antioxidant 
defense system of  the host thus suggesting induction 
of  oxidative stress. The major characteristics of  these 
alterations are depletion of  erythrocyte GSH, increase in 
plasma GSH and increase in erythrocyte and plasma CAT 

activity. Our observation of  decreased erythrocyte GSH 
in malaria patients agrees with the observations of  other 
workers.[22,23] We were unable to locate any data in the lit-
erature with which to compare the antioxidant response 
in typhoid and typhoid + malaria infections. Our find-
ings however indicate that comparatively, the antioxidant 
response in malaria infection alone and typhoid + malarial 
infections seem to share some common denominators 
(Table 2).

In addition to these similarities, our findings further 
revealed some striking differences in the pattern of  anti-
oxidant response induced in the host by the presence of  
either or both parasitic infections. While depletion of  
erythrocyte GSH, increase in plasma GSH and increase 
in the expression of  CAT in both plasma and erythro-
cyte seem to characterize the parasitic infections, deple-
tion of  erythrocyte GSH and increase in plasma GSH are 
less well pronounced in typhoid infection than malaria or 
typhoid + malaria infections. In addition, even though the 
presence of  either or both parasitic infections resulted in 
increased expression of  CAT in both plasma and eryth-
rocyte, the highest CAT activity in both compartments 
of  the blood was observed in typhoid infection. While 
the highest erythrocyte CAT activity was observed in 
typhoid-infected males, the highest plasma CAT activity 
was observed in females infected with typhoid. Further-
more, while sex difference was not apparent in the other 
investigated antioxidants in malaria and typhoid + malarial  
infections, sex differences were observed in the antioxi-
dant profiles in typhoid infection. These observations 
suggest that the antioxidant response in typhoid infection 
differs markedly from that of  malaria and that the sex of  
patient might influence this antioxidant response. In their 
study of  102 typhoid subjects, Khan and his colleagues[24] 
determined serum activities of  aspartate transaminase 
(AST), gammaglutamyltransferase (GGT), as well as the 
concentration of  bilirubin in male and female subjects. 
Increased activities of  these enzymes and a high con-
centration of  bilirubin were observed in the female sub-
jects when compared with their male counterparts, thus 
indicating sex differences in these parameters in typhoid 
infection. In addition, the severity of  the disease was 
more pronounced in women than in men. This obser-
vation, together with the findings of  this present study 
suggest that in typhoid infection, the sex of  the patient 
might influence not only the antioxidant response, but 
also other clinical parameters as well.

The roles of  antioxidants and oxidative stress in the patho-
genesis of  malaria and typhoid infections, together with 
sex differences observed in the antioxidant response in 

Table 4  Negative correlations among parameters in 
the subjects

Parameter Correlation 
coefficient ( r )

P value

Parasite density vs PCV –0.850 1 x 10–30

Parasite density vs RBC GSH –0.327 6 x 10–5

RBC CAT vs PCV –0.379 4 x 10–5

RBC CAT vs RBC GSH –0.270 9 x 10–4

Plasma CAT vs PCV –0.221 0.012
Plasma GSH vs PCV –0.385 3 x 10–5

Plasma GSH vs RBC GSH –0.326 7 x 10–5

Table 3  Positive correlations among parameters in 
the subjects

Parameter Correlation 
coefficient (r)

P value

Parasite density vs Plasma GSH 0.444 5 x 10–8

Plasma GSH vs RBC CAT 0.305 2 x 10–4

Plasma CAT vs RBC CAT 0.481 1 x 10–9

PCV vs RBC GSH 0.348 2 x 10–4
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typhoid infections are still unknown. While clinical obser-
vations and experimental evidence indicate that oxidative 
stress in malaria results from intra-erythrocytic parasite’s 
metabolic processes[1,25] and host immune reaction as an 
acute phase response,[1] the mechanisms underlying oxida-
tive stress induced by typhoid infection remain to be eluci-
dated. The reduced concentration of  GSH and activity of  
GST observed in typhoid-infected subjects when compared 
with their malaria counterparts (who in spite of  the reduced 
concentrations of  GSH, had GST activity not significantly 
different from control), suggest a different pattern of  induc-
tion of  oxidative stress. Furthermore, while the increase 
in plasma CAT in malaria and malaria + typhoid subjects 
might be attributed to release of  the enzyme from red blood 
cells due to hemolysis, the same cannot be said of  over-
expression of  plasma CAT in typhoid subjects since the 
PCV observed in them compared favourably with PCV of  
control subjects. All these observations suggest that other 
mechanisms might be responsible for the over-expression 
of  CAT in typhoid infection.

In typhoid infection, the primary sites of  location of   
S. typhi within the liver are the Kupffer cells.[24,26] The 
specific response of  Kupffer cells to foreign particu-
late material is well known and several toxins, as well 
as physiological substances, have been shown to have 
effects on these cells.[27,28] In women, hormones, most 
especially estrogen, might influence the course of  
typhoid infection.[24] Estrogens are known to activate 
Kupffer cells, resulting in the production of  ROS.[27,28] 
Estrogens are also known to form conjugates with 
GSH, thus further depleting the body stores of  this 
antioxidant.[29] Although the levels of  estrogen were not 
determined in this study, majority of  the women who 
participated in this study were women in their reproduc-
tive age. The decreased activity of  RBC GST and the 
depletion of  RBC GSH in the typhoid-infected women 
suggest higher circulating levels of  molecules requiring 
conjugation. ROS can cause hepatic injury resulting in a 
decrease in the endotoxin–removing activity of  Kupffer 
cells.[28] The observation of  increased activities of  GGT 
and AST, together with the increased serum concentra-
tions of  bilirubin,[24] suggest that typhoid infection in 
women of  reproductive age might be accompanied by 
a transient hepatic injury which eventually might influ-
ence the response of  the women to typhoid infection. 
Men on the other hand may have greater opportuni-
ties of  acquiring S. typhi than women because of  the 
extra care taken by women in the preparation of  food 
and the indiscriminate eating habits of  men at road 
side locations.[24,30,31] Repeated exposure to S. typhi may 
provide men with a strong local mucosal immunity 

including strong local IgA response associated with the 
appearance of  circulating IgA.[32] Part of  this immunity 
could also be an over-expression of  CAT in erythro-
cytes of  men compared to women. This in turn may 
translate into milder disease in men.[24]

We conclude from our findings that over-expression of  
CAT in plasma and erythrocytes of  typhoid subjects, 
together with alterations observed in other antioxidants, 
were adaptive responses on the part of  the subjects to 
protect against oxidative insult as a result of  S. typhi inva-
sion. Furthermore, the sex differences observed in the 
antioxidant response in typhoid infection in this study 
are disease-related phenomena and might be due to dif-
ferences in immune response between the male and the 
female. In further longitudinal studies that we are pursu-
ing in this laboratory, the levels of  estrogen and endo-
toxin will be determined, together with the rate of  efflux 
of  GSH-conjugated products. These will further be com-
pared with male and female subjects below age 12 years. 
The results of  these studies should contribute to a better 
understanding of  the mechanisms underlying the sex dif-
ferences observed in the antioxidant response in typhoid 
infection.
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