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ABSTRACT

Introduction: Co-infections during Tuberculosis infection are among the leading causes of mor-
bidity and mortality worldwide. These infections are a major public health problem among patients
in most developing countries, including Cameroon. One of the important public problems in co-
endemic areas is co-infection with TB in humans. Moreover, there is no adequate research hitherto
that provides information on the level of co-infection in Tuberculosis patients. Therefore, this study
aimed to assess the prevalence and intensity of co-infections in newly diagnosed Tuberculosis pa-
tients prior to their enrollment to the Direct Observed Treatment (DOT) program in Buea, Limbe
and Douala Tuberculosis treatment centers. Methods: This cross-sectional study was conducted
from March to November 2020 using a purposive sampling technique. A fresh sputum sample was
collected, processed, and examined through a smear microscopy and culturing technique. Blood
samples were collected through finger pricking for the detection of blood parasites using thin and
thick blood smears. Stool samples were also collected and processed using a direct wet mount,
and Kato-Katz and Modified Ziehl Neelsen staining methods. The data was analyzed using SPSS
version 20.0. A Chi-square test was done to assess the prevalence of co-infection among all TB pa-
tients recruited for this study. Results: A total of 200 newly diagnosed TB-positive patients were
recruited from the three study sites. Out of the total participants recruited, 29.0% were diagnosed
positive for blood parasites, 2.0% for intestinal parasites and 15.0% for viral infections, bringing the
overall prevalence of co-infection to 46.0%. When specific infections were considered, malaria, fi-
laria, intestinal parasites, HIV and HBV constituted 28.0%, 1.0%, 2.0%, 14.5% and 0.5% respectively.
When dual-infection was considered, the results were 0.5% malaria/filaria, 1.5% malaria/intestinal
parasites and 2.0% malaria/HIV. The mean parasite densities for all samples diagnosed positive for
malaria, filarial and intestinal parasites were 107.0 4 338.8 parasites/ul, 25.7 + 356.4 mf/mL and 85.0
+ 85.4 EPG, respectively. Conclusion: The results indicate that there is an overlap of co-infections
in TB patients with their interactions expected to lead to complications and difficulty when manag-
ing the TB patients, calling for more research and recommending more assessment for co-infection
in TB patients before starting treatment.
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INTRODUCTION

Tuberculosis (TB) is one of the leading causes of mor-
bidity and mortality worldwide "> TB is caused by
Mycobacterium tuberculosis (MTB), which is predom-
inantly airborne. A quarter of the world’s population
carries MTB in their bodies. Infecting more than 10
million people worldwide and killing up to 2 million
people makes TB the deadliest infectious disease glob-
ally>.

Africa has the highest rate of TB cases at 237 per
100,000 population4. In Cameroon, TB infection is
the most common opportunistic infection associated
with AIDS which may account for the high prevalence
in the middle age group’. Both tuberculosis and par-

asitic diseases cause significant harm in humans®’

and they mostly affect people of a low socioeconomic
status living in disadvantaged communities®. These
diseases are not only related to poverty but, they also
overlap in the same geographical region and are found
to have significant consequences for public health®.

Co-infection diseases are the leading cause of disabil-
ity in low-income countries 10 15 addition, these dis-
eases are not restricted to the elderly as young people
are also greatly affected !!. Intestinal parasitic infec-
tions are among the most common infections, affect-
ing approximately 3.5 billion people worldwide” and
causing more than 450 million ill health problems'2.
Protozoa, helminths, and ectoparasites are the three
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major parasite groups that can cause disease in hu-
mans 3. Acute respiratory infections, HIV/AIDS, di-
arrhea, malaria and TB, with malnutrition as a com-
mon contributor, are the world’s five foremost deadly
infectious diseases !°.

Co-infection diseases are widely distributed in
Cameroon like most developing countries, partly due
to the geographical location of the region, the low
level of environmental and personal hygiene, and the
consumption of undercooked meat. It is therefore
of utmost importance to assess the prevalence of
co-infection in TB patients in public health activities.
To this end, this research was conducted in the
TB treatment centers of Buea, Limbe and Douala
to assess the rate of infectious diseases (blood and
intestinal parasites, HIV and hepatitis) among
newly-diagnosed patients with TB.

METHODS
Study sites

A hospital-based cross-sectional study was conducted
to recruit newly-diagnosed TB patients from three
sites across Cameroon. The sites were two treatment
centers in the Southwest region, namely Buea and
Limbe. The third study area was in Douala. Located in
the Littoral region, there are six health districts (New-
bell, Logbaba, Deido, Cité des Palmiers, Cite-sic and
Bonassama health districts) and a Catholic Hospital
(Barcelone). The treatment centers were selected due
to the ease of access to the health centers and patient
flow.

Study design, population and sampling
technique

Newly diagnosed smear-positive TB patients were re-
cruited prior to their enrollment in the Direct Ob-
served Treatment (DOT) program. Samples from
bacteriologically confirmed patients with TB along
with the patients’ demographic and medical history
were obtained using a purposive sampling technique
from March 2020 to November 2020. Blood and stool
samples were analyzed using microscopy. To calcu-
late the sample size, a single population proportion
formula was used. The participants in the study were
enrolled consecutively until the target sample size of
200 was achieved. The purpose of the study was ex-
plained to the participants before the administration
of the questionnaire including the procedure, the du-
ration of the study, and the risks and benefits asso-
ciated with the study. The participants were also in-
formed of the study’s anonymity and that during the
research period only codes were to be used regarding

them. The participants signed the consent form after
they agreed to participate in the study.

A structured questionnaire containing questions
on the participants’ socio-demographic and disease
characteristics was used. Socio-demographic vari-
ables including age, gender, marital status, level of ed-
ucation, place of residence and occupation were col-
lected from the participants.

A calibrated weighing scale (Seca 760) and sta-
diometer (Seca 213) were used to measure the pa-
tient’s body mass index (BMI). A digital thermometer
(Royal Caremodel: MT1027, SOJOY ELECTRON-
ICS, China) was used to measure the axillary temper-
ature of the participants. Furthermore, by looking for
the BCG scar on the participant’s arms, the Bacillus
Calmette Guerin (BCG) vaccination status of the in-
dividuals was also collected.

Eligibility criteria

Patients with newly diagnosed smear-positive TB
were enrolled in the study. Pregnant women and in-
dividuals under the age of 18 years, patients who were
critically ill or patients with severe complications such
as mental illness and TB patients under treatment
were excluded from this study.

Sample collection and processing

Before the start of the TB treatment, the desired quan-
tity of fresh sputum sample was collected using fal-
con tubes from the recruited patients. The sputum
samples were kept in ice-cooler containers for trans-
port from the study sites to the Research Foundation
for Tropical Diseases and Environment (REFOTDE)
lab for further analysis. Each fresh sputum sample
collected from each individual was processed and ex-
amined on the same day to identify Acid-Fast Bacilli
(AFB) using the Ziel Neelsen staining (ZN) technique
for smear microscopy. To confirm the smear mi-
croscopy, a sputum culture based on the Lowenstein-
Jensen medium was also done.

After the levels of hemoglobin (Hgb) and hematocrit
(Hct) were measured, approximately 6 uL of blood
was placed on a clean microscope slide for a thick
smear and 3 uL for a thin smear for malaria parasite
detection and speciation, respectively. Using 75uL
capillary tubes, thick blood films for filarial detec-
tion were prepared separately using standardized 50
uL finger pricked blood. The thin film for malaria
and thick film for filaria blood smears were methanol-
fixed for one minute, and both thick and thin blood
smears were later stained with a 10% Giemsa stain so-
lution. The malaria parasitemia (MP) (parasites/uL)
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was determined by counting the number of parasites
present in the thick blood smear to 200 white blood
cells and using 8000 white cells per pL of blood * as
a reference.

The desired quantity of fresh stool specimens were
collected from the recruited patients and were ana-
lyzed at the end of each day. The samples were pro-
cessed using a direct wet mount and Kato-Katz and
Modified Ziehl Neelsen (mZN) staining methods.

Data analysis and interpretation

All data was entered into Microsoft Excel 2013 and
analyzed using the Statistical Package for Social Sci-
ence (SPSS) version 20.0. The data was summarized
into means (xand standard deviation (SD) and per-
centages were used in the descriptive statistics assess-
ment. The Chi-square test was calculated to assess the
prevalence of the possible co-infections among all TB
patients by age and sex and according to their socio-
demographic and clinical characteristics. The preva-
lence and outcome were considered to be statistically
significant at a confidence interval of 95% and a p-
value of less than or equal to 0.05.

Ethical considerations

Ethical approval for this study was obtained from
the Faculty of Health Sciences Institutional Review
Board (FHSIRB) of the University of Buea (Refer-
ence number: 2020/1205-05/UB/SG/IRB/FHS. Writ-
ten and verbal consent was obtained from the partic-
ipants before they were enrolled in the study.

RESULTS

Socio-demographic characteristics

A total of 200 newly diagnosed TB positive patients
were recruited from the three study sites, namely
Douala (148, 74%), Limbe Regional Hospital (28,
14%) and Buea Regional Hospital (24, 12%) TB treat-
ment centers. The socio-demographic characteristics
of the study participants have been summarized in Ta-
ble 1. The majority of the participants were male with
a mean age of 36.0 (SD =+ 12.6) years. The majority of
the study participants were urban residents (89.5%),
married (52.4%) and had attained secondary (72.0%)
or tertiary (13.5%) education.

Clinical characteristics

The proportions of participants reporting a cough,
hemoptysis (blood in sputum), dyspnea (shortness
of breath), chest pain, and fever were 98.0%, 17.1%,
47.5%, 41.2% and 41.2%, respectively. Out of the 196
study participants, 39.3% had normal hemoglobin

levels, 25.5% moderate, 31.6% mild and 3.6% were
severely anemic with a mean hemoglobin concentra-
tion of 12.3 g/dL (SD =+ 2.4). Regarding tempera-
ture (n = 182), 1.6% were hypothermia, 57.7% nor-
mal and 40.7% hyperthermic with a mean body tem-
perature of 37.2°C (SD = 0.9). The majority of the
study participants (n = 168) 81.0% were assessed as
having a scar on their arm from the BCG vaccination.
The BMI analysis revealed 24.5% of the participants
to be underweight, 9.5% overweight and 64.0% of a
normal weight with a mean BMI of 20.9 kg/m? (SD
&+ 3.5). The mean hematocrit level and Middle Upper
Arm Circumference (MUAC) of the participants was
36.3% (SD £ 7.2) and 25.5cm (SD =+ 3.3), respectively.

Prevalence of co-infections

As shown in Table 2, out of the total participants re-
cruited to the study, 58 (29.0%) were diagnosed pos-
itive for blood parasites, 4 (2.0%) for intestinal par-
asites and 30 (15.0%) for viral infections, hence the
overall prevalence of co-infection was 92 (46.0%).

Prevalence of malaria

Based on the thin film microscopic examination of
blood specimens for the detection of the malaria par-
asite, only one species was found, hence the over-
all prevalence of malaria being 56 (28.0%). All par-
ticipants with malaria in our study had Plasmodium
falciparum and it was more common in males 39
(19.5%) than females. A higher prevalence of malaria
(17.6%) was found in the participants who had a habit
of staying out into the night, who stored water in a
closed container, who used a mosquito net every day,
who did not use standing water, and who had bushes
around their houses.

Prevalence of filarial

Using the thick film microscopic examination of
blood specimens, 2 (1.0%) male participants recruited
from Barcelone Catholic Hospital and Bonassama
District Hospital were diagnosed positive with Loa-
loa microfilaria.

Prevalence of intestinal parasites

Two species of intestinal parasites were identified in 4
participants (2.0%) following the microscopic exam-
ination of the stool specimens. Out of the total de-
tected parasites, 3 (1.5%) were identified as Ascaris
lumbricoides and one (0.5%) as Entamoeba histolyt-
ica/dispar. Females and males were both infected,
totaling 2 (1.0%) patients, with each of the intesti-
nal parasites and the two participants who were di-
agnosed with intestinal parasites were from Buea re-
gional hospital. Intestinal parasites were common
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Table 1: Socio-demographic characteristics of the study participants

Parameters Gender
Male Female Total
n (%) n (%) n (%)
Sites Buea 14 (7.0% 10 (5.0%) 24 (12.0%)
Limbe 14 (7.0%) 14 (7.0%) 28 (14.0%)
Total 96 (48.0%) 52 (26.0%) 148 (74.0%)
124 (62.0%) 76 (38.0%) 200 (100%)

X2 =2.364, P= 0.307

Age 18-19 4(2.0%) 4(2.0%) 8 (4.0%)

groups  20-29 44 (22.0%) 20 (10.0%) 64 (32.0%)
30-39 34 (17.0%) 30 (15.0%) 64 (32.0%)

(years) 40-49 17 (8.5%) 14 (7.0%) 31 (15.5%)
50-59 15 (7.5%) 5 (2.5%) 20 (10.0%)
60-69 9 (4.5%) 2 (1.0%) 11 (5.5%)
>70 1(0.5%) 1 (0.5%) 2 (1.0%)
Total 124 (62.0%) 76 (38.0%) 200 (100%)

X2=7.932,P=0.243

Oc- Business 38 (19.0%) 21 (10.5%) 59 (29.5%)

cupa-  Employed 54 (27.0%) 23 (11.5%) 77 (38.5%)

tion Farmer 7 (3.5%) 3 (1.5%) 10 (5.0%)
Housewife 0 (0.0%) 2 (1.0%) 2 (1.0%)
No job 13 (6.5%) 16 (8.0%) 29 (14.5%)
Student 12 (6.0%) 11 (5.5%) 23 (11.5%)
Total 124 (62.0%) 76 (38.0%) 200 (100%)

X2 =10.412, P=0.064

Mari- Single 59 (34.7%) 30 (17.6%) 89 (52.4%)

tal Married 41 (24.1%) 19 (11.2%) 60 (35.3%)

status  Divorced 3(1.8%) 5(2.9%) 8 (4.7%)
Widowed 5 (2.9%) 8 (4.7%) 13 (7.6%)
Total 108 (63.5%) 62 (36.5%) 170 (100%)

X2 =6.756, P=0.080

Edu- Illiterate 10 (5.0%) 3 (1.5%) 13 (6.5%)
ca- Primary 11 (2.5%) 5 (2.5%) 16 (8.0%)
tion Secondary 89 (44.5%) 55 (27.5%) 144 (72.0%)
level Tertiary 14 (7.0%) 13 (6.5%) 27 (13.5%)
Total 124 (62.0%) 76 (38.0%) 200 (100%)
22 =2.721, P= 0.437
Resi-  Rural 11 (5.5%) 10 (5.0%) 21 (10.5%)
dence  Urban 113 (56.5%) 66 (33.0%) 179 (89.5%)
Total 124 (62.0%) 76 (38.0%) 200 (100%)
x2=0.921, P=0.337
In- High 21 (13.5%) 12 (7.7%) 33 (21.3%)
come Moderate 40 (25.8%) 12 (7.7%) 52 (33.5%)
level Low 41 (26.5%) 29 (18.7%) 70 (45.2%)
Total 102 (65.8%) 53 (34.2%) 155 (100%)
%2 = 4.553, P=0.103
House Plank 31 (18.2%) 12 (7.1%) 43 (25.5%)
type  Cement 76 (44.7%) 47 (27.6%) 123 (72.4%)
Others 1 (0.6%) 3 (1.8%) 4(2.4%)
Total 108 (63.5%) 62 (36.5%) 170 (100%)
4

X2 =4.085, P=0.130
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Table 2: Prevalence of co-infections among the study participants

Variables Gender
Male=124 Female=76 Total=200
n (%) n (%) n (%)
Co-infections
Malaria Negative 85 (42.5) 59 (29.5) 144 (72.0)
Positive 39 (19.5) 17 (8.5) 56 (28.0)
Filaria Negative 122 (61.0) 76 (38.0) 198 (99.0)
Positive 2 (1.0) 0 (0.0) 2(1.0)
Intestinal parasites No 99 (49.5) 52 (26.0) 151 (75.5)
Stool not pro- 23 (11.5) 22 (11.0) 45 (22.5)
vided 2 (1.0) 2(1.0) 4(2.0)
Yes
HIV Negative 113 (56.5) 55 (27.5) 168 (84.0)
Status unknown 2 (1.0) 1(0.5) 3(1.5)
Positive 9 (4.5) 20 (10.0) 29 (14.5)
Hepatitis B Virus Negative 123 (61.5) 76 (38.0) 199 (99.5)
Positive 1(0.5) 0 (0.0) 1(0.5)
Malaria/filaria Negative 123 (61.5) 76 (38.0) 199 (99.5)
Positive 1(0.5) 0 (0.0) 1(0.5)
Malaria/intestinal Negative 123 (61.5) 74 (37.0) 197 (98.5)
Positive 1(0.5) 2(1.0) 3 (1.5)
Malaria/HIV Negative 123 (61.5) 73 (36.5) 196 (98.0)
Positive 1(0.5) 3(1.5) 4(2.0)

among those who did not take worm medicine reg-
ularly, who did not use the community stream for
bathing, who did not eat improperly cooked meat, and

who were urban residents.

Prevalence of HIV

The overall prevalence of HIV was 29 (14.5%) and
was more common in females 20 (10.0%) compared
to their male counterparts. Moreover, HIV infection
was common in participants who were urban resi-
dents, not married, had attained a secondary level of
education, and were in full-time employment earn-
ing a monthly salary of 50,000 FCFA or less. Most
infected participants with HIV were from Limbe re-
gional hospital 9 (4.5%) and Deido District Hospital
8 (4.0%).

Prevalence of hepatitis

Only one male participant from Cites des Palmiers
District Hospital within the 20-29 age group was di-
agnosed with hepatitis B Virus (HBV).

Prevalence of malaria/filaria parasites

One (0.5%) malaria/Loa-loa co-infection was de-
tected using the thick film microscopic examination
of blood specimens (for the detection of microfilaria)
and thin and thick blood smears (for the detection of
malaria parasites). The co-infection was found in a
male from the Bonassama District Hospital who be-
longed to the 20-29 age group.

Prevalence of malaria/intestinal parasites

Based on the microscopic examination of blood
smears for malaria parasites and stool specimens for
the detection of intestinal parasites, there were 2
(1.0%) patients with malaria/ascaris from the Buea re-
gional hospital and 1 (0.5%) with malaria/Entamoeba
histolytica/dispar co-infection from Deido District
Hospital. The co-infections of malaria/ascaris fell
into the age groups of 20 - 29 and 50 - 59 years
old, while malaria/Entamoeba histolytica/dispar co-
infection was found in the age group of 40 - 49.

Prevalence of malaria/HIV

The prevalence of malaria/HIV was 4 (2.0%) and
was more common in females 3 (1.5%) compared to
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males. The dual infection of malaria/HIV among the
participants was common among those who had at-
tained a secondary education level, who were urban
residents and who were individuals who lived in the
cement block house type. The co-infected partici-
pants were from Limbe regional hospital (1.0%) and
Cites des Palmiers District Hospital (1.0%).

DISCUSSION

Understanding the effect of co-infections in patients
with TB has not only reduced mortality due to dual
infection and misdiagnosis but also helped to develop
effective prevention and control mechanisms to treat
the diseases properly. Moreover, there has been no
adequate research carried out currently that provides
a clear picture of the interactions in co-infections in
TB patients. It is therefore to this end that this cross-
sectional hospital-based study was done on a total
sample of 200 TB positive patients from Cameroon’s
Southwest and Littoral regions.

The present study found an overall prevalence of co-
infection (46.0%) rate among the participants who
were TB positive. Regarding the prevalence of spe-
cific co-infection conditions in our study, malaria ac-
counts for 28.0%. This finding is higher than that
of other studies done in a hospital-based setting in
Tanzania at 4.3% ', Cameroon at 1.5%? and Uganda
at 2.2%* while being lower than a study done in
a hospital-based study in Angola'®. However, the
study in Angola was retrospective and included chil-
dren. P, falciparum is most common among children,
therefore we expect the rate to not deviate much from
our findings.

Furthermore, the high prevalence of malaria reported
here corroborates with other studies that have shown
that malaria is more prevalent during the rainy sea-
son” and it appears to be a significant cause of mor-
bidity and mortality in Cameroon. Although substan-
tial progress has been made in the recent past, the dis-
ease remains widespread with a high number of con-
firmed cases'”. It is still a public health problem in
the 10 regions of the country with an estimated preva-
lence of 29% '® being exposed to the risk of trans-
mission. The detection of P. falciparum in all par-
ticipants was not unexpected as P. falciparum is the
predominant species of Plasmodium in Cameroon 7.
The prevalence of filaria as both a mono-infection and
dual infection with malaria in our study (TB positive
patients) was not reported in the literature and diffi-
cult to do a comparison analysis with.

The prevalence of intestinal parasites reported in our
study was lower than what is reported in Ethiopia !>?

and China?!. More research in the literature has

been published from developing countries, and most
of these studies report the significant public problem
in co-endemic areas, especially in developing coun-
tries, of co-infection with TB and intestinal parasites

22

in humans““. Because of their overlap in the same

geographical areas, co-infections are common with

both pathogens?2.

Regular deworming campaigns,
run by the Ministry of Public Health of Cameroon,
have taken place in the study area which may ac-
count for the lower prevalence of IPIs in our study.
Additionally, the low prevalence could be attributed
to personal hygiene, the differences in the diagnostic
techniques used to detect parasites, geographical dif-
ferences and the majority of the participants in our
study being adults as intestinal parasites are very un-
common in this age group”?*. Ascaris lumbricoides
species being the predominant parasite species in our
study is in line with the other studies conducted in

areas of Cameroon23.

Furthermore, we were un-
able to separate Entamoeba histolytica from Enta-
moeba dispar. The co-infection of malaria/intestinal
parasites was 1.5%. This prevalence is lower than a
study conducted among febrile children admitted to

123 and Mutengene* in

the Muyuka district hospita
Cameroon. The low prevalence of malaria and IPI co-
infection could be attributed to the same factors re-
sponsible for the low prevalence of IPIs in general, as
stated above.

The present study found a 14.5% HIV mono-infection
and 2.0% co-infection with malaria. The mono-
infection of HIV in our study is similar to the results of
studies done in Italy and Russia?>, higher than stud-
ies conducted in Cameroon?, Spain and the United
Kingdom 2> and much lower than studies done in An-
gola!®, South Africa?®?” and the Philippines?®. The
findings on malaria/HIV co-infection are in line with
a study done in Cameroon previously®. It has been
shown that HIV infection increases the risk of TB
infection progression 29 latent infection reactivation,
and an increased fatality rate 30, Moreover, HIV has
been reported to be the primary factor in HIV en-
demic settings concerning the failure to reach TB con-
trol targets .

Cameroon, despite a small decrease in overall inci-
dence from 5.5% to 4.3%, remains one of the world’s
most affected countries>!. This is due to HIV over-
lapping geographically with TB infections. In addi-
tion, Cameroon has still been listed as one of the 41
countries with a high TB/HIV co-infection3?. The
prevalence of HIV infection in our study was as com-
mon in females compared to males, which can be at-
tributed to a low level of immunity *3. The prevalence
of HBV (0.5%) reported in our study is much lower
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than the prevalence of HBV in the rural general popu-
lations (8.0%) >* and among pregnant women (12.1%)
in Cameroon *. This difference may be due to the dif-
ferent socio-economic statuses and the natural differ-
ences between the different geographical zones.

CONCLUSIONS

The results of this study indicate that co-infections
have overlapped with newly diagnosed TB-positive
patients according to the smear microscopy and cul-
ture methods. With co-infections overlapping in pa-
tients with TB, there is rising evidence of one disease
fueling the other. The high prevalence of these in-
fections indicates that said prevalence will rapidly in-
crease, making it a huge public health problem in the
next decade. We believe that assessing the prevalence
of co-infections in TB positive subjects, which could
be later on compared to their TB negative household
contacts, might disclose important information on
the occurrence of co-infections. The Ministry of Pub-
lic Health should strongly assess these infections and
the overall health of the patient for proper manage-
ment to reduce mortality due to dual infection and
misdiagnosis.
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nization

ACKNOWLEDGMENTS

This work is supported by Human Heredity and
Health in Africa (H3Africa) [H3A-18-003]. H3Africa
is managed by the Science for Africa Foundation (SFA
Foundation) in partnership with Wellcome, NIH and
AfSHG. The views expressed herein are those of the
author(s) and not necessarily those of the SFA Foun-
dation and her partners.

AUTHOR’S CONTRIBUTIONS

Samuel Wanji participated in study design and co-
ordination.  Jerome Fru-Cho, Eyoab Iyasu and

Samuel Wanji supervised, reviewed and corrected the

manuscript. Michael Weldeslassie, Nkimbeng Akum-
toh, Chefor Magha and Gladys Diana collected and
processed study specimens. Michael Weldeslassie
contributed to the conception of the study, designed
the study, participated in the data collection and spec-
imen examination, conducted laboratory data analy-
sis, and prepared the manuscript for publication. All
authors read and approved the final manuscript for
publication.

FUNDING

This work is supported by Human Heredity and
Health in Africa (H3Africa) [H3A-18-003]. H3Africa
is managed by the Science for Africa Foundation (SFA
Foundation) in partnership with Wellcome, NIH and
AfSHG.

AVAILABILITY OF DATA AND
MATERIALS

Data and materials used and/or analyzed during the
current study are available from the corresponding
author on reasonable request.

ETHICS APPROVAL AND CONSENT
TO PARTICIPATE

This study was conducted in accordance with the
amended Declaration of Faculty of Health Sci-
ences Institutional Review Board (FHSIRB), Uni-
versity of Buea (Reference number: 2020/1205-
05/UB/SG/IRB/FHS on 13th of June, 2020. The in-
stitutional review board approved the study, and all
participants provided written informed consent.

CONSENT FOR PUBLICATION
Not applicable.

COMPETING INTERESTS

The authors declare that they have no competing in-
terests.

REFERENCES

1. Kehbila J, Ekabe CJ, Aminde LN, Noubiap JJ, Fon PN, Mon-
ekosso GL. Prevalence and correlates of depressive symptoms
in adult patients with pulmonary tuberculosis in the South-
west Region of Cameroon. Infectious Diseases of Poverty.
2016;5(1):51.  PMID: 27268138. Available from: 10.1186/
540249-016-0145-6.

2. WHO. (2019). Global tuberculosis report. Accessed on: Febru-
ary 10, 2020, at https://www.who.int/tb/publications/global
report/en/; 2019.

3. MacNeil A, Glaziou P, Sismanidis C, Maloney S, Floyd K. Global
epidemiology of tuberculosis and progress toward achieving
global targets. MMWR Morbidity and Mortality Weekly Re-
port. 2019;68(11):263-6. PMID: 30897077. Available from:
10.15585/mmwr.mmé6811a3.


https://www.ncbi.nlm.nih.gov/pubmed/27268138
10.1186/s40249-016-0145-6
10.1186/s40249-016-0145-6
https://www.ncbi.nlm.nih.gov/pubmed/30897077
10.15585/mmwr.mm6811a3

Asian Journal of Health Sciences 2023, 9(1):49

4.

. Sandie SM, Sumbele IU, Tasah MM, Kimbi HK.

Baluku JB, Nassozi S, Gyagenda B, Namanda M, Andia-Biraro
|, Worodria W. Prevalence of malaria and TB co-infection at
a national tuberculosis treatment center in Uganda. Journal
of Tropical Medicine. 2019;2019:3741294. PMID: 31428162.
Available from: 10.1155/2019/3741294.

. Ane-Anyangwe IN, Akenji TN, Mbacham WF, Penlap VN, Titanji

VP. Seasonal variation and prevalence of tuberculosis among
health seekers in the South Western Cameroon. East African
Medical Journal. 2006;83(11):588-95. PMID: 17455447.

. Li XX, Zhou XN. Co-infection of tuberculosis and parasitic dis-

eases in humans: a systematic review. Parasites {&amp;lamp;
Vectors. 2013;6(1):79. PMID: 23522098. Available from: 10.
1186/1756-3305-6-79.

. Tigabu A, Taye S, Aynalem M, Adane K. Prevalence and asso-

ciated factors of intestinal parasitic infections among patients
attending Shahura Health Center, Northwest Ethiopia. BMC
Research Notes. 2019;12(1):333. PMID: 31186041. Available
from: 10.1186/513104-019-4377-y.

. Teixeira R, Rodrigues MG, Ferreira MD, Borges MC, Safe |, Melo

GC. Tuberculosis and malaria walk side by side in the Brazil-
ian Amazon: an ecological approach. Tropical Medicine
{&amp;lamp; International Health. 2019;24(8):1003-10. PMID:
31233671. Available from: 10.1111/tmi.13282.

. Irene A, Enekembe M, Meriki H, Fonkeng N, Nkuo-Akenji T.

The effect of malaria/HIV/TB triple infection on malaria para-
sitaemia, Haemoglobin levels, CD4+ cell and Acid-Fast Bacilli
counts in the South West Region of Cameroon. Journal of In-
fectious Pulmonary Diseases. 2016;2(1).

. Boutayeb A. The burden of communicable and non-

communicable  diseases in  developing  countries.
Springer Science + Business Media LLC.  Available from:
10.1007/978-0-387-78665-0_32.

. Gore FM, Bloem PJ, Patton GC, Ferguson J, Joseph V, Coffey C.

Global burden of disease in young people aged 10-24 years: a
systematic analysis. Lancet. 2011;377(9783):2093-102. PMID:
21652063. Available from: 10.1016/S0140-6736(11)60512-6.

. HailuT. Current prevalence of intestinal parasites emphasis on

hookworm and Schistosoma mansoni infections among pa-
tients at Workemeda health center, Northwest Ethiopia. Clin-
ical Microbiology (Los Angeles, Calif). 2014;3(4):4. Available
from: 10.4172/2327-5073.1000155.

. CDC. (2016). Global health, division of parasitic diseases. Ac-

cessed on: 07 February 2020, at https://www.cdc.gov/parasit
es/about.html#nav-group references-and-resources.; 2016.

. Ane-Anyangwe |, Fru-Cho J, Ndukum J, Nota A, Meriki H,

Nsongomanyi F, et al. Socio-demographic and environmen-
tal factors affecting the prevalence and spread of tuberculo-
sis in South West Region of Cameroon. International Journal
of Tropical Disease & Health. 2016;18(1):1-7. Available from:
10.9734/1JTDH/2016/26827.

. Range N, Magnussen P, Mugomela A, Malenganisho W,

Changalucha J, Temu MM. HIV and parasitic co-infections
in tuberculosis patients: a cross-sectional study in Mwanza,
Tanzania.  Annals of Tropical Medicine and Parasitology.
2007;101(4):343-51.  PMID: 17524249. Available from: 10.
1179/136485907X176373.

. Valadas E, Gomes A, Sutre A, Brilha S, Wete A, Hanscheid T.

Tuberculosis with malaria or HIV co-infection in a large hos-
pital in Luanda, Angola. Journal of Infection in Developing
Countries. 2013;7(3):269-72. PMID: 23493006. Available from:
10.3855/jidc.2703.

. Antonio-Nkondjio C, Ndo C, Njiokou F, Bigoga JD, Awono-

Ambene P, Etang J, et al. Review of malaria situation in
Cameroon: technical viewpoint on challenges and prospects
for disease elimination. Parasites & Vectors. 2019;12(1):501.
PMID: 31655608. Available from: 10.1186/s13071-019-3753-8.
Malaria
parasite prevalence and Haematological parameters in HIV
seropositive patients attending the regional hospital Limbe,
Cameroon: a hospital-based cross-sectional study. BMC In-
fectious Diseases. 2019;19(1):988. PMID: 31752719. Available

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

from: 10.1186/s12879-019-4629-4.

. Tegegne Y, Wondmagegn T, Worku L, Zeleke AJ. Prevalence

of Intestinal Parasites and Associated Factors among Pul-
monary Tuberculosis Suspected Patients Attending University
of Gondar Hospital, Gondar, Northwest Ethiopia. Journal of
Parasitology Research. 2018;2018:9372145. PMID: 29666698.
Available from: 10.1155/2018/9372145.

Alemu A, Kebede A, Dagne B, Amare M, Diriba G, Yenew
B. Intestinal parasites co-infection and associated factors
among active pulmonary tuberculosis patients in selected
health centers, Addis Ababa, Ethiopia: unmatched case con-
trol study. BMC Infectious Diseases. 2019;19(1):407. PMID:
31077142. Available from: 10.1186/s12879-019-4009-0.

Li XX, Chen JX, Wang LX, Tian LG, Zhang YP, Dong SP. In-
testinal parasite co-infection among pulmonary tuberculo-
sis cases without human immunodeficiency virus infection in
a rural county in China. The American Journal of Tropical
Medicine and Hygiene. 2014;90(1):106-13. PMID: 24166044.
Available from: 10.4269/ajtmh.13-0426.

Hubner MP, Killoran KE, Rajnik M, Wilson S, Yim KC, Torrero
MN. Chronic helminth infection does not exacerbate My-
cobacterium tuberculosis infection. PLoS Neglected Tropical
Diseases. 2012;6(12):21970. PMID: 23285308. Available from:
10.1371/journal.pntd.0001970.

Njunda AL, Fon SG, Assob JC, Nsagha DS, Kwenti TD, Kwenti
TE. Coinfection with malaria and intestinal parasites, and its
association with anaemia in children in Cameroon. Infectious
Diseases of Poverty. 2015;4(1):43. PMID: 26445484. Available
from: 10.1186/s40249-015-0078-5.

Njua-Yafi C, Achidi EA, Anchang-Kimbi JK, Apinjoh TO, Mu-
gri RN, Chi HF. Malaria, helminths, co-infection and anaemia
in a cohort of children from Mutengene, south western
Cameroon. Malaria Journal. 2016;15(1):69. PMID: 26852392.
Available from: 10.1186/s12936-016-1111-2.

Schepisi MS, Navarra A, Gomez MNA, Dudnyk A, Dyrhol-Riise
AM, Esteban J, et al. Burden and Characteristics of the Comor-
bidity Tuberculosis—Diabetes in Europe: TBnet Prevalence
Survey and Case-Control Study. Open Forum Infectious Dis-
eases. 2019;6(1):0fy337. Available from: 10.1093/ofid/ofy337.
Oni T, Youngblood E, Boulle A, McGrath N, Wilkinson RJ, Levitt
NS. Patterns of HIV, TB, and non-communicable disease multi-
morbidity in peri-urban South Africa- a cross sectional study.
BMC Infectious Diseases. 2015;15(1):20. PMID: 25595711.
Available from: 10.1186/s12879-015-0750- 1.

Peltzer K. Tuberculosis non-communicable disease co-
morbidity and multimorbidity in public primary care pa-
tients in South Africa. African Journal of Primary Health
Care {&amp;}amp; Family Medicine. 2018;10(1):e1-6. PMID:
29781683. Available from: 10.4102/phcfm.v10i1.1651.

White LV, Edwards T, Lee N, Castro MC, Saludar NR, Calapis
RW. Patterns and predictors of co-morbidities in Tubercu-
losis: A cross-sectional study in the Philippines. Scientific
Reports. 2020;10(1):4100. PMID: 32139742. Available from:
10.1038/s41598-020-60942-2.

Sikalengo G, Hella J, Mhimbira F, Rutaihwa LK, Bani F, Ndege
R. Distinct clinical characteristics and helminth co-infections
in adult tuberculosis patients from urban compared to rural
Tanzania. Infectious Diseases of Poverty. 2018;7(1):24. PMID:
29580279. Available from: 10.1186/s40249-018-0404-9.
Gesesew H, Tsehaineh B, Massa D, Tesfay A, Kahsay H, Mwanri
L. The prevalence and associated factors for delayed presenta-
tion for HIV care among tuberculosis/HIV co-infected patients
in Southwest Ethiopia: a retrospective observational cohort.
Infectious Diseases of Poverty. 2016;5(1):96. PMID: 27802839.
Available from: 10.1186/540249-016-0193-y.

Domkam IK, Sonela N, Kamgaing N, Takam PS, Gwom LC, Beti-
lene TM. Prevalence and risk factors to HIV-infection amongst
health care workers within public and private health facilities
in Cameroon. The Pan African Medical Journal. 2018;29:158.
PMID: 30050622. Available from: 10.11604/pamj.2018.29.158.
14073.


https://www.ncbi.nlm.nih.gov/pubmed/31428162
10.1155/2019/3741294
https://www.ncbi.nlm.nih.gov/pubmed/17455447
https://www.ncbi.nlm.nih.gov/pubmed/23522098
10.1186/1756-3305-6-79
10.1186/1756-3305-6-79
https://www.ncbi.nlm.nih.gov/pubmed/31186041
10.1186/s13104-019-4377-y
https://www.ncbi.nlm.nih.gov/pubmed/31233671
10.1111/tmi.13282
10.1007/978-0-387-78665-0_32
https://www.ncbi.nlm.nih.gov/pubmed/21652063
10.1016/S0140-6736(11)60512-6
10.4172/2327-5073.1000155
10.9734/IJTDH/2016/26827
https://www.ncbi.nlm.nih.gov/pubmed/17524249
10.1179/136485907X176373
10.1179/136485907X176373
https://www.ncbi.nlm.nih.gov/pubmed/23493006
10.3855/jidc.2703
https://www.ncbi.nlm.nih.gov/pubmed/31655608
10.1186/s13071-019-3753-8
https://www.ncbi.nlm.nih.gov/pubmed/31752719
10.1186/s12879-019-4629-4
https://www.ncbi.nlm.nih.gov/pubmed/29666698
10.1155/2018/9372145
https://www.ncbi.nlm.nih.gov/pubmed/31077142
10.1186/s12879-019-4009-0
https://www.ncbi.nlm.nih.gov/pubmed/24166044
10.4269/ajtmh.13-0426
https://www.ncbi.nlm.nih.gov/pubmed/23285308
10.1371/journal.pntd.0001970
https://www.ncbi.nlm.nih.gov/pubmed/26445484
10.1186/s40249-015-0078-5
https://www.ncbi.nlm.nih.gov/pubmed/26852392
10.1186/s12936-016-1111-2
10.1093/ofid/ofy337
https://www.ncbi.nlm.nih.gov/pubmed/25595711
10.1186/s12879-015-0750-1
https://www.ncbi.nlm.nih.gov/pubmed/29781683
10.4102/phcfm.v10i1.1651
https://www.ncbi.nlm.nih.gov/pubmed/32139742
10.1038/s41598-020-60942-2
https://www.ncbi.nlm.nih.gov/pubmed/29580279
10.1186/s40249-018-0404-9
https://www.ncbi.nlm.nih.gov/pubmed/27802839
10.1186/s40249-016-0193-y
https://www.ncbi.nlm.nih.gov/pubmed/30050622
10.11604/pamj.2018.29.158.14073
10.11604/pamj.2018.29.158.14073

Asian Journal of Health Sciences 2023, 9(1):49

32.

33.

34,

Atekem KA, Tanih NF, Ndip RN, Ndip LM. Evaluation of the tu-
berculosis control program in South West Cameroon: factors
affecting treatment outcomes. International Journal of My-
cobacteriology. 2018;7(2):137-42. PMID: 29900889. Available
from: 10.4103/ijmy.ijmy_20_18.

Bate A, Kimbi HK, Lum E, Lehman LG, Onyoh EF, Ndip LM.
Malaria infection and anaemia in HIV-infected children in
Mutengene, Southwest Cameroon: a cross sectional study.
BMC Infectious Diseases. 2016;16(1):523. PMID: 27682438.
Available from: 10.1186/s12879-016-1853-z.

Komatsu H, Inui A, Sogo T, Tateno A, Shimokawa R, Fujisawa T.
Tears from children with chronic hepatitis B virus (HBV) infec-

35.

tion are infectious vehicles of HBV transmission: experimental
transmission of HBV by tears, using mice with chimeric human
livers. The Journal of Infectious Diseases. 2012;206(4):478-85.
PMID: 22508939. Available from: 10.1093/infdis/jis293.
Enow-Tanjong R, Teyim P, Kamga H. Sero-prevalence of Hu-
man Immunodeficiency Virus and hepatitis viruses and their
correlation with CD4 T-cell lymphocyte counts in pregnant
women in the Buea Health District of Cameroon. International
Journal of Biological and Chemical Sciences. 2016;10(1):219-
31. Available from: 10.4314/ijbcs.v10i1.17.


https://www.ncbi.nlm.nih.gov/pubmed/29900889
10.4103/ijmy.ijmy_20_18
https://www.ncbi.nlm.nih.gov/pubmed/27682438
10.1186/s12879-016-1853-z
https://www.ncbi.nlm.nih.gov/pubmed/22508939
10.1093/infdis/jis293
10.4314/ijbcs.v10i1.17

	Assessment of Co-Infection in Tuberculosis Patients Prior to their Enrollment to the Direct Observed Treatment (Dot) Program in Buea, Limbe, and Douala Tuberculosis Treatment Centers
	Introduction
	Methods
	Study sites
	Study design, population and sampling technique 
	Eligibility criteria 
	Sample collection and processing
	Data analysis and interpretation
	Ethical considerations

	Results
	Socio-demographic characteristics
	Clinical characteristics 
	Prevalence of co-infections
	Prevalence of malaria
	Prevalence of filarial
	Prevalence of intestinal parasites
	Prevalence of HIV
	Prevalence of hepatitis
	Prevalence of malaria/filaria parasites
	Prevalence of malaria/intestinal parasites
	Prevalence of malaria/HIV

	Discussion
	Conclusions
	Abbreviations
	Acknowledgments 
	Author's contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References


