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Abstract
Exercise generally has been known to improve immunity thereby offering a better protection against infection. Typhoid 
fever on the other hand is caused by an infection from bacteria known as Salmonella typhi.

This study investigated the effect of resistance exercise, which includes regular lifting of weights in the gym in amateur 
bodybuilders that are treating typhoid fever with known antibiotics.

Fifty (50) regular gymnasium goers (also known as gym rats) that train with weights regularly were recruited for the study. 
Another 50 volunteers who do not weight-train were also recruited to serve as control group. Both groups were on similar 
class of antibiotics used in the treatment of typhoid fever, with continued exercise – albeit of less intensity – among the 
gym goer group. About 3mL of blood sample was taken from each of the participants on Day 1, Day 3, Day 5 and Day 7 
of antibiotic use. Haematological studies (Packed Cell Volume {PCV}, White Blood Cell Count {WBC}, Lymphocytes and 
Haemoglobin) were conducted on the blood samples and data in both groups compared with each other. In addition, data 
on the symptoms felt by each participant was obtained via well-designed questionnaire.

On Day 1 all participants were symptomatic. The group of amateur bodybuilders steadily improved both in symptoms 
and in haematological indices (PCV, WBC, Lymphocytes and Haemoglobin), with total disappearance of symptoms in 
70% of subjects by Day 5. The control group however, reported a slower improvement in symptoms and even a dip in 
haematological indices on Day 3, with less than 80% reporting total disappearance of symptoms by Day 7.

The results from this study show that regular resistance exercise prior to, or while taking antibiotics potentiates the 
antibiotics, ensuring and speeding up recovery from typhoid fever.
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Introduction
Typhoid fever is caused by the Gram-negative bacteria known 
as Salmonella typhi [1]. It has become a significant public health 
issue in less developed countries [2]. In a World Health Organi-
zation report, about 11 to 20 million people across the world fall 
ill due to this disease, with mortality rate of 145,000 individuals 
each year [3]. In Nigeria, lack of proper sewage management 
system, inadequate supply of drinkable water and insufficient 
health facilities are some of the major factors that contribute to 
the spread of the disease [4].

Patients do not always seek health care treatment at hospitals, 
nor through the use of laboratory services due to costs. Rath-
er, they rely on self-medication with known or pharmacist-pre-
scribed antibiotics [5]. To begin with, available and affordable 
tests for typhoid fever such as the Widal test have been reported 
severally to have limited diagnostic utility and are unreliable [6]. 
Instead, clinical presentations such as fever, headache, diarrhoea, 
abdominal cramp and chronic lethargy are mostly used by health 
professionals (in the absence of malaria) to begin treatment [7].

Leukopenia on the other hand has been described as one of the 

characteristic findings in Salmonella typhi infection [8] with 
leucocytosis occurring only in the early asymptomatic stage of 
infection [9]. Lymphocytopenia was found in about 76% of ty-
phoid fever patients in a study by Abdool Gaffar et al. [10]. Even 
though not severe, anaemia has been reported in typhoid fever 
[11] due to the effect of the toxin produced by the bacteria, and 
reduction in haemoglobin concentration is known to occur [12].
Typhoid fever, in most cases can be treated with oral antibiotics 
and regular follow-ups especially when treated by the symptom-
atic stage before complications set in [7]. Appropriate antibiotic 
treatment (the right drug, dose, and duration) is critical to curing 
typhoid, and the newer quinolones or third generation cephalo-
sporins are associated with higher cure rates [13,14].

Exercise has been shown to mobilise immune cells with high 
functional capacity after each session, and the cumulative ef-
fect of this process is known to protect the body from pathogens 
[15]. Skeletal muscles (the major targets of resistance exercise) 
release signalling proteins known as myokines in response to ex-
ercise that reduce inflammation (Interleukin-6), and assist with 
lymphocyte proliferation (Interleukin-7) [16-19]. Also, it is be-
ing suggested that muscle-derived release of Interleukin-15 may 
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assist with trafficking of natural killer cells towards vulnerable 
areas of the body that encounter pathogens [15].

Improvements in vascular function are a well-established adap-
tation to regular exercise especially weight training and these 
improvements in blood flow could assist with immune cell re-
circulation between the blood, lymphatic system and peripheral 
tissues in the event of infection [20]. In addition, exercise in-
creases the flow of immune cells through the lymphatic system 
in five folds (resistance exercise even more), with even a mild 
exercise-activity stimulating this movement [21,22]. Accruing 
evidences of exercise improving immunity and helping to fight 
diseases prompted the necessity for this study to investigate the 
extent of amelioration that resistance exercise offers in the treat-
ment of typhoid fever with oral antibiotics.

Methods
Geographical location
The study was carried out in Zaria, a city located in North-west-
ern Nigeria, with a population of 700,000 (National Population 
Commission, 2016). The city coordinates are latitudes 11o 06’ 
and 60o 00’ North of the Equator and longitudes 7o 43’ and 59o 
00’ East of the Greenwich Meridian.

Study design
One hundred (100) volunteers that had typhoid fever and 
self-medicating on anti-typhoid antibiotics were recruited for 
the study. Fifty of the volunteers are amateur bodybuilders that 
visit the gym regularly while the remaining fifty do not involve 
in bodybuilding exercises at all. The antibiotics used by all par-
ticipants were either Levofloxacin, a third-generation fluoro-
quinolone or Cefixime, a third-generation cephalosporin. Usage 
of the antibiotics lasted for seven (7) days [14]. All participants 

reported experiencing the classical symptoms of typhoid fever 
namely; severe fever, headache, diarrhoea, abdominal cramp 
and chronic lethargy at the beginning of the study. The body-
builder group continued their resistance exercise – though of 
lesser intensity – during the course of the study.

Questionnaire
Information on the symptoms participants experienced before 
commencing the self-treatment (usage of the antibiotics) was 
obtained via a well-designed questionnaire. Information on the 
symptoms that persisted or disappeared during the course of 
treatment was also recorded in the questionnaire.

Ethics approval and consent to participate
The study was approved by the ABU Ethics Committee on Hu-
man Research with the Approval No: ABUCUHSR/2018/002. 
The consent of each participant in this study was sought and 
gotten, with the Consent Form duly signed by the participants.

Collection of blood sample
A little volume of blood of about 3mL was collected from the 
each participant at an interval of two days starting from the first 
day, for duration of seven days (Days 1, 3, 5 and 7). The blood 
samples were analysed for Packed Cell Volume (PCV), Haemo-
globin, White Blood Cell (WBC) and Lymphocyte count using 
automated TC20™ cell counter by Bio-Rad Laboratories.
Results
The haematological components that are affected during Sal-
monella typhi infection (typhoid fever), and used as indices in 
determining extent of infection were measured in both body-
builders and non-bodybuilders with an interval of two days, as 
the self-treatment progressed. The values were compared in both 
groups and across different days as shown in Table 1.

Table 1: Haematological indices taken with the progression of typhoid treatment in bodybuilders and non-bodybuilders. 
Values are in mean ± standard deviation (SD).

PCV (%) WBC (×103/µL) Lymphocytes (×103/µL) Haemoglobin (g/dL)
Day 1 Bodybuilders 39±2.0 3.7±0.2 1.7±0.4 12.3±1.0

Non-Bodybuilders 38±1.4 3.6±0.3 1.2±0.3 11.2±0.7
Day 3 Bodybuilders 42±2.6 4.0±1.5 2.2±0.2 13.2±1.1

Non-Bodybuilders 37±1.1 3.7±1.1 1.6±0.5 11.0±0.7
Day 5 Bodybuilders ᶻ*45±3.5 ᶻ*6.9±2.0 ᶻ*2.5±0.3 ᶻ*15.1±1.6

Non-Bodybuilders 40±2.5 4.1±1.8 1.7±0.1 12.8±1.5
Day 7 Bodybuilders ᶻ*45±4.0 ᶻ*8.7±2.2 ᶻ*2.6±0.8 ᶻ*15.5±0.9

Non-Bodybuilders ᶻ41±2.0 ᶻ6.0±2.9 ᶻ2.3±0.4 ᶻ13.4±1.2

The asterisk (*) indicates significant difference between Bodybuilders and Non-bodybuilders for a particular Day, at the level of P < 
0.05 while the zee sign (ᶻ) indicates significant difference between a particular Day and Day 1 of the study at the level of P < 0.05. 
PCV = Packed Cell Volume and WBC = White Blood Cell count.

The graph of the values of each of the haematological indices 
was then plotted against the days (Days 1, 3, 5 and 7) they were 
measured (Figures 1-4).

The study participants were also asked how they felt as the treat-
ment progressed and their responses recorded in the question-

naire. Responses that were obtained every two-day interval were 
classified as either asymptomatic or symptomatic and compared 
across both groups (bodybuilders and non-bodybuilders) and 
across days (Table 2).
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Table 2: Showing number of asymptomatic and symptomatic study-participants among bodybuilders and non-bodybuilders 
as typhoid treatment progressed.

Asymptomatic (n) Symptomatic (n)
Day 1 Bodybuilders 0 50

Non-Bodybuilders 0 50
Day 3 Bodybuilders 22 28

Non-Bodybuilders 15 35
Day 5 Bodybuilders ᶻ*35 15

Non-Bodybuilders 24 26
Day 7 Bodybuilders ᶻ42 8

Non-Bodybuilders ᶻ37 13
The asterisk (*) indicates significant difference between Bodybuilders and Non-bodybuilders for a particular Day, at the level of P < 
0.05 while the zee sign (ᶻ) indicates significant difference between a particular Day and Day 1 of the study at the level of P < 0.05.

Discussion
Despite it being ill-advised, the use of self-prescribed over-the-
counter drugs by an average Nigerian, due to unaffordability of 
standard health facilities, has been recognized to save lives.

Even though severe anaemia is reported to be a rare occurrence 
in typhoid fever except in a case of intestinal haemorrhage, mild 
to moderate acute anaemia due to haemolysis, and haemoglo-
binuria was observed among some subjects in an earlier study 
[8,23]. It is seen from the results of this study that though the 
PCV and haemoglobin concentrations of all subjects increased 
continuously across both groups as treatment progressed, it is es-
pecially so among the bodybuilders; with even a slight decrease 
in PCV by Day 3 among the non-bodybuilders, perhaps due to 
the arrest in maturation of the cell lines in the bone marrow, a 
situation that ensues due to the toxins released by the salmonella 
bacteria [11]. This is evident in the dip observed in the graph 
of non-bodybuilders from Day 1 to Day 3 as seen in Fig 1 and 
Fig 4. For the bodybuilders, exercise of various types, durations, 
and intensities is said to induce recruitment of all blood cells in-
cluding cells of the immune system, and this is suggested as the 
reason for a more rapid normalization of PCV and haemoglobin 
observed in that group, as better immunity results to less bacteria 
and less haemolysis-causing toxins [24]. 

Figure 1: The PCV (Packed Cell Volume) in study participants 
as the treatment progressed

Leucocyte count increases continuously with increasing bouts 
of exercise intermitted by some moments of rest as is typical of 
resistance exercise routine. For this study, the leucocyte count 
(WBC) increased steadily in both groups as treatment progressed 
from Day 1 to Day 7, but significantly more so among the body-
builders, already reaching normal level of leucocyte count by 
Day 5 in that group (Fig 2) [25]. It has also been reported that 
one of the more pronounced features of physical activity on im-
mune parameters is the prolonged neutrocytosis after acute long-
term exercise, and a boost in neutrophil functions; chemotaxis, 
phagocytosis, and oxidative burst activity [26-28]. Extreme ex-
ercise though is said to reduce these functions, with the excep-
tion of chemotaxis which is not affected [29]. Extreme exercise 
however is associated mostly with endurance exercise such as 
running, cycling, swimming, etc. and seldom with weight lifting 
or resistance exercise. In addition, ordinary exercises such as 
endurance exercises alone may not increase leukocyte function-
ality whereas resistance exercise has been shown to elevate all 
the cells of innate immunity in circulation and increase effective 
redistribution of leukocyte [30]. This would explain why in this 
study, the recovery from typhoid fever was significantly more 
rapid among the bodybuilders than the non-bodybuilders. Just 
as we observe from Table 2 that significantly more subjects from 
the bodybuilders’ group became asymptomatic by Day 5 com-
pared with the non-bodybuilders’ group which only reached a 
similar number of asymptomatic subjects by Day 7. In corrobo-
ration to the findings of this study, lymphocyte proliferation has 
been found to increase after exercise [31]. Explaining why there 
were significantly more lymphocytes among the bodybuilders 
by Days 5 and 7 when compared with Day 1 of the study and 
when compared with same Days among the non-bodybuilders 
(Fig 3).
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Figure 2: The WBC (White Blood Cell) count in study partici-
pants as the treatment progressed

Figure 3: The Lymphocyte count in study participants as the 
treatment progressed

Figure 4: The haemoglobin level in study participants as the 
treatment progressed

In alignment with the necessity and results of this study, Rall et 
al. earlier noted that determining the potential therapeutic im-
pact of resistance exercise on chronic illnesses (such as typhoid 
fever) is an important area of research that has received little 
attention [32].

Lastly, the study of resistance training and immunology is said 
to be an important area of research that provides a useful model 
for understanding how the immune system reacts to diseases and 
how.

Conclusion
It is seen that rather than due to hardiness, quicker recovery ob-
served among those who exercise, especially those involved in 
resistance exercise, is due to better and faster immune response 
to infection. Specific effect of resistance exercise on individu-
al leucocyte type such as leukocyte redistribution is controlled 
[30]. neutrophils, monocytes, eosinophils and basophils during 
typhoid treatment remains to be investigated in the nearest fu-
ture. 
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