Malaria, HIV, and Intestinal Coccidian
Parasites Mixed-Infections in Adult
Patients in the Fundong Health District,
Northwest Region, Cameroon

ABSTRACT

Background: Malaria and intestinal coccidian parasites are both protozoan and their interaction in
co-infected patients is still not clear. Patients infected with both malaria and coccidian parasites
experience diarrhoea, gastro-intestinal and health problems that maybe life threating. We studied
opportunistic intestinal coccidian parasites (OIPs) and the human immunodeficiency virus (HIV) in
adult patients with malaria in Fundong Health District, Northwest of Cameroon. The objectives was
to determine prevalence, and distribution of the diseases in adult population.

Methods: A prospective cross-sectional study carried out between April and December 2022.
Malaria patients were identified by the presence of the Plasmodium parasite in Giemsa blood-
stained films. HIV status was determined using the rapid diagnostic test (RDT). Stool samples were
subjected to wet preparation and formol-ether concentration technique to detect intestinal coccidian
parasites. Pearson’s Chi-Square (xz) and binary logistic regression were performed as part of the
statistical analysis. Statistical significance was set a P-value<0.05.

Results: Three hundred and thirty (330) adult patients all infected with malaria took part in the
study, 115(35%) males and 215 females (65%). The adult were of age 21 years and above. The
mean age of participant was 37.02(+15.235) years. Malaria co-infection with coccidian parasites
was observed in 19.4%. Malaria co-infection with other gastro-intestinal intestinal parasite capable
causing pathological conditions in patients was 5.5%. The study showed the prevalence of malaria
co-infections with HIV was 8.2%. The mixed infections observed were domestically acquired
(57.8%) as well as travel related (46.2%). Fever was most reported in severe malaria 315/330
(95%), followed by those who reported abdominal pains 85/330 (26%), while diarrhoea was
reported in 35/330 (11%) of the study participants. Fever, and abdominal pain significantly
associated with malaria status (simple or severe malaria) p-value=, P-value= respectively (5.915)
0.015, P-value= (8.3) 0.004, as well as the HIV status P-value= (11.798) 0.003. The odds of
developing severe malaria from fever was 3.533(Cl: 1.204-10.366) times higher compared to those
who did not have fever. The odds of developing severe malaria from abdominal pain was 0.420(Cl:
0.230-0.767) less. Results showed living with child<2 years, water treatment methods, material use
in hand washing, predicted the probability of coccidian infection in the final logistic regression model
accounting for 23.6% of the variance in the coccidian infections was explained by the model.
Conclusion: Prevalence of malaria, and opportunistic intestinal coccidian infections in adult
patients was significantly influenced by migration, seasonal variation and the individual's immune
status. Routine clinical practice have often ignore the investigation of possible mixed infections
especially in persons with compromised immunity including HIV. Screening patients suspected of
malaria should include investigation for opportunistic intestinal coccidian parasites especially for
HIV and other vulnerable populations. An integrated prevention and control strategy need to be
considered.
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1. INTRODUCTION

Malaria and intestinal parasites are parasitic
diseases and are highly endemic in the tropics
especially in Sub-Sahara Africa (SAA), and in
impoverished communities, where hygiene and
sanitation conditions are below standards. Over
the past years malaria has withessed a general
decline in many countries, though a significant
number of people still die of the disease
especially children[1]. Globally, in 2021, there
were 249 million cases reported and 619,000
million deaths were registered, with 234 million
cases and 593,000 deaths reported in the Africa
region alone. This accounts for 95% of all global
malaria cases and 96% of all deaths [2]. Malaria
is caused by a species of protozoans called
Plasmodium species, with P. falciparum being
most virulent, and accounting for a majority of
malaria cases [3]. Cameroon lies within the
endemic area of high malaria transmission,
whereby everyone is at risk of malaria infection
[4]. In 2021 over 6.6 million cases of malaria
were reported with a slight witnessed in an
increase due to the Coronavirus 2019 (COVID-
19) pandemic [3]. Morbidity and mortality due to
malaria and intestinal parasites can be controlled
through Chemotherapy, primary prevention by
distribution of insecticide treated bed-nets (ITNs),
indoor residual sprays (IRS) and the national
deworming programme to control intestinal
parasites. However, routine deworming is not
effective in treating opportunistic intestinal
parasitic diseases [5], making its control one of
the future public health interventions priorities.
Low income countries bear the greatest burden
of parasitic diseases as compared to developed
countries [6].This is due to the climatic conditions
that favours the transmission of malaria and
intestinal parasites, facilitating mixed infections in
those living in the endemic zones.

Intestinal parasitic diseases occurring in co-
infection with malaria include opportunistic
intestinal coccidial diseases caused by intestinal
coccidian parasites. Intestinal coccidian parasites
include Cryptosporidium species, Isospora
species, Cyclospora species, Microsporidia
species, Blastocystis species, and Toxoplasma
specie. Plasmodium species and intestinal
coccidian parasites are both protozoans [7] in
Pylum Apicomplexa. Susceptible persons are
immuno-compromised (HIV/AIDs), those with
underlying medical conditions, and children [1, 6-
7].Studies on opportunistic intestinal parasites
have been mostly focused on HIV, and on
children [8-9]. Individual suffering from mixed
infections of malaria and coccidian parasites can
suffer from adverse health conditions ranging
from mild to life threating [6]. They are also at-risk
of developing severe haematological problems
and that sometimes could lead to death [1, 6,
10].

Although treatment for malaria using Artemisinin
combination therapy (ACT), is largely available in
Cameroon. Efforts even at the national level
towards the prevention and control of these
parasitic diseases have been slow. Intestinal
opportunistic intestinal coccidian infections are
among emerging diseases of public health
importance in Cameroon. Thus the country
health system is not yet prepared for the threat it
may pose to the population. This makes the
health system even more vulnerable, whereby in
an event an outbreak they will be overwhelmed.
Outbreaks have already been reported in USA
and other countries like Italy. These have been
associated with contaminated drinking water.
Contaminated foods and sometimes animals
have been implicated in their transmission [11-
12].

Patients with mixed infections of malaria and
opportunistic intestinal coccidian parasites are
often not routinely evaluated in clinical practice.
This allows the diseases to progress especially in
immuno-comprimsed patients. The management
of the diseases becomes complicated if they are
not properly diagnosed. This study examines
adult malaria patients for possible co-infections
with opportunistic intestinal parasites in the
Fundong Health District (FHD).The data will
provide relevant information to policymakers in
the area and in the country in the development of
evidence based integrated interventions for
prevention and control.



2. MATERIALS AND METHODS
2.1 Study Site

It is located between latitude 6° 4’and 6°23’ to
the North and longitude 10° and 10° 33’ to the
East. FHD is 80Km Northwest from the city of
Bamenda. Its attitude ranges 800-2500m [13].
The area have different levels of urbanization. A
majority of the population is settled in rural areas
which make up about (80% compared to
urban.The population is approximately estimated
at 250,000 inhabitants. It area lies within the
malaria high risk zones in Cameroon [4] with
malaria prevalence estimated at 10% [14-16].
Malaria transmission is often exacerbated by
poverty. This creates a favourable condition for
malaria and intestinal parasitic diseases often
refer to as diseases of the poor [17]. There is
inadequate access to safe drinking water by the
population, poor sanitation, and low socio-
economic status. These conditions often expose
the population to the risk of water borne
infections, among them are opportunistic
parasitic diseases in particular [6, 18].

2.2 Study Population

Adult malaria patients who signed the informed
consent and willingly accepted to be tested for
opportunistic intestinal parasites were recruited
for the study. Those who had been on antibiotics
and anti-parasitic drugs two weeks prior to
consultation were excluded.

2.3 Specimen Collection and Processing

The signing of the consent form by participants
was followed by health education on the purpose
of the study and instructions on how to collect
stool. Collect a teaspoon full sample into a
labelled sterile stool container. About 4 mL of
whole blood was collected into an EDTA anti-
coagulated tube to perform full blood count
(FBC).Thick and thin films were prepared for
malaria microscopy.

2.4 Parasitological Analysis and HIV Test

Detection of malaria parasites was performed by
preparing thick and thin blood films. They were
stained with 10% Gienmsa, and examined under
the microscope (Olympus Optical Co., Ltd,
Japan)[19].The parasite density was determined
by counting the number of parasites against 200
leucocytes and multiplying the results by the

actual white blood cell count of the patient [1]. An
applicator stick was used to collect 1g of stool
then, emulsified in 7 mL of 10% formol water and
3 mL of ether in a screw-cap tube using the
fomol-ether concentration technique. The
technique allows for the detection for intestinal
coccidian parasite parasites and has been
described by Cheersbrough [20].

Blood samples to detect HIV antibodies. Using a
precision pipette 50 pL of specimen was
collected from the subjects and applied to the
absorbent pad on the Abbott Determine strip. For
whole blood, only 1 drop of the chase buffer was
added to the specimen pad and allowed to wait
at room temperature for 15 minutes and results
were read [90]. Determine rapid test results were
read as follows: Reactive: two lines of any
intensity appeared on both the control and
patient test areas. Non-reactive: one line
appeared in the control area and no line in the
patient area. Invalid: No line appeared in the
control area. Invalid results shall not be reported.

2.4 Questionnaire

A pre-tested structured questionnaire was used
to collect data on socio-demographic (sex, age,
residence, marital status, and occupation). Data
on clinical signs and symptoms (fever, diarrhoea,
abdominal pains, and HIV were also obtained
from participants. The knowledge attitudes and
practices towards malaria and opportunistic
intestinal parasites prevention were assessed.
The health seeking behaviours of participants
were also recorded.

2.5 Data Analysis

Data was logged into Microsoft excel, 2016
spreadsheet (Microsoft Corporation Inc, USA),
and analysed with the Statistical Package for
Social Sciences version 26.0 (IBM-SPSS, Inc.,
lllinois, USA). Descriptive statistics were used to
summarise the data. Frequencies, counts, and
percentages were used to summarize categorical

variables. Continuous variables were
summarized using means and standard
deviations (SD).The association between

categorical variables were tested using the Chi-
square (x°) test.The Student T-test and ANOVA
were also used to determined association
between sample means. In the univariate logistic
regression, a variable that showed association
<0.2, significance level was considered in the
multivariate analysis. A p-value <0.05 was
considered statistically significant unless stated
otherwise.



3. RESULTS

3.1 Study Participant’s
Characteristics

Demographic

Three hundred and sixty-seven (367) malaria
patients were approached and introduced to the
study, and three hundred and thirty-330(89.9%)
participants were successfully enrolled. They all
provided the stool and blood samples and
completed the survey questionnaire. The mean
age of the participants was 37.02(+15.235).The
highest prevalence of malaria were observed in
the age group of <25(31%) years.

This was followed by 26-35 years (27%) years.
The third in prevalence was 36-45 years with
18%, then 46-55 years(11%), 56-65 years(9%)
and >66 years(4%). There were 215 (65%)
females and 115 (35%) males. There were (78%)
unskilled participants as against 22% unskilled.
Fifty nine (59 %) percent were married, thirty
eight (38%) percent singles, one (1%) percent
divorced and two (2%) percent widow. Eighteen
(18%) had no formal education(NFE), while thirty
eight (38%) percent completed primary school
level, thirty nine (39% )completed secondary
school and five(5%) had reached the tertiary
level in their educational career.(Table 1).

3.2 Clinical Manifestation of Malaria and
Symptoms

Fever was most reported in severe malaria
315/330 (95%). This was followed by abdominal
pains with 85/330 (26%). Diarrhoea was the least
35/330 (11%) reported among study participants.
The odds of developing malaria from patients
with fever was 3.5(95% CI: 1.204-1.366) times
higher compared to diarrhoea that was 0.462
(95%CI-0.208-1.026).Patients who  reported
abdominal pains were 0.420(95% CI: 0.230-
0.767) less likely to develop malaria (Table 2).

3.2.1 Malaria co-infection with pathogenic
intestinal parasites (PIP), and HIV virus

Out of 330 participants, sixty (64) four were co-
infected with coccidian intestinal coccidian
parasites giving a prevalence of (19.4%). Malaria
co-infection prevalence with other pathogenic
gastro-intestinal parasites was 18/330 (5.5%),
and co-infection with HIV was 27/330 (8.2%).
The intestinal coccidian parasites co-infections
observed were; Cryptosporidium hominis which
had the highest prevalence of 46/64 (13.9%) with
malaria, followed by Cyclospora cayetanensis
oocysts with a prevalence of 13/64 (3.9%) with
malaria and Isospora belli with a prevalence of
5/64 (1.5%) with malaria (Table 3).

The other pathogenic intestinal parasites
identified were helminths [Ascaris lumbricoides
(2, 0.6%), Hookworm (Ancyclostoma duodenale)
(3, 0.9%), Paragonimus specie (2, 0.6%), and
Schistosoma mansoni (1, 0.3%)]. The
protozoans identified in the study were
Entamoeba histolytica (4, 1.2%), E. coli (3, 0.9%)
and Giardia lamblia (1, 0.3%)]. A fungal yeast
cell was also identified (2, 0.6%). A total of one
hundred and nine (109) patients were observed
co-infected with either pathogenic intestinal
parasites or HIV virus, giving a co-infection
prevalence of 109/330 (33%).

3.2.2 Malaria co-infection with coccidian and
other gastro-intestinal parasites, and
socio-demographic factors

Malaria co-infection prevalence with intestinal
coccidian parasites was higher in females 45/64
(70%) compared to males who made up thirty
19/64(30%) percent. The highest prevalence of
coccidian infection 14/64 (22%) was found in the
<25 years old age group (Table 3), and the
lowest prevalence 6/64(6%) in the >66 years and
older age group.

Table 1. Summary of socio-demographic characteristics of the participants (N=330)

95% Confidence
N | % |Mean| SE |Lower Bound Upper Bound
Age Group >21<25 |103|31| .79 |.040 71 87
26-35 |88 |27] .81 |.042 .73 .90
36-45 | 59 [18] .83 |.049 .73 .93
46-55 | 38 |11] .91 |.048 .82 1.01
56-65 | 35|9 | .87 |.061 75 1.00
>66 14 | 4| .86 |.097 .65 1.07
Sex Male |115|35| .85 |.034 .78 .92
Female |215|65| .82 |.026 17 .87
Occupation Skilled | 72 |22| .83 |.044 .75 .92




Unskilled | 255|78| .83 |.024 .78 .87

Marital status Married [196|59| .87 |.024 .82 92
Single |125|38| .76 |.039 .69 .84

Divorced | 2 | 1 | 1.00 |.000 1.00 1.00

Widow | 7 | 2| .86 |.143 51 1.21

Education NFE 60 [18| .83 |.049 74 .93
Primary [125|38| .82 |.034 .76 .89

Secondary | 12939 | .84 |.033 7 .90

Tertiary | 16 | 5 | .79 |.114 .54 1.03

Table 2. Relationship between clinical symptoms and malaria infection type (N=330)

Malaria
Simple Severe Total (%) Odds ratio (OR) 95% Confidence Interval
Fever No 6 9 15(5) 3.533 1.204 10.366
Yes 50 265 315(95)
Diarrhea No 46 249 295(89) 462 .208 1.026
Yes 10 25 35(11)
Abdominal pain  No 33 212 245(74) 420 .230 767
Yes 23 62 85(26)

Table 3. Age specific distribution of malaria co-infection with coccidian intestinal parasites

(N=64)
Age Group 95% ClI for
mean
<25 26-35 36-45 46-55 56-65 > Total % Mean SE Lower Upper
66 bound bound
Cryptosporidium 10 6 11 8 9 2 46 139 3.13 .228 2.67 3.59
hominis
Isospora belli 1 1 0 0 2 1 5 15 380 970 1.11 6.49
Cycloisospora 3 3 2 3 1 1 13 39 292 .445 1.95 3.89
cayetanensis
Total (%) 14(22) 10(16) 13(20) 11(17) 12(19) 4(6) 64

However, Cryptosporidium specie, appeared to
be widely distributed in all adult age groups
showing the incidence in decreasing order as
follows 36-45, <25, 56-65, 46-55, 26-35 and the
266 years and older. Cyclospora species was
also widely distributed across all the adult age
groups, with similar incidence in the <25, 26-35,
and 46-55 age groups, then follow by the 36-45
years, and the lowest incidence in the 55-66 and
the 266 years and older both showing similar
incidences. Isospora specie, somehow showed a

A similar malaria co-infection prevalence with
other gastro-intestinal parasites was observed.
A declining co-infection was observed with
increase in age (Table 4). The highest parasite
density was observed in <25 years or younger
and progressively declined to the age group =66

bi-polar distribution of occurrence in the age
groups. Higher incidence was seen in the 55-65,
then followed by lower but similar incidences in
the <25, 26-35, and in the 266 years and older
Cyclospora specie. Incidence was highest in the
<25, and 25-35 years. Isospora specie was
absent in two age group categories; 36-45, and
the 46-55(Figure 1). (Something seems not right
with these two adjacent paragraphs that | don't
understand, you may adjust it please)

years and above. There was no statistical
significance  between malaria  co-infection
prevalence with other pathogenic intestinal
parasites and age.



The incidence of malaria co-infection with
Entamoeba histolytica appeared to show a
widespread distribution across the age groups
from between (21 to 55) years. It was however,
absent in the age group 56 years and above (Fig.
3).E. coli and hookworm (Ancyclostoma
duodenale) occurred similarly in different age
groups. Hookworm (Ancyclostoma duodenale),
infection was limited one age group of 25 years
and below. E. coli tended to infect more the 35-
45 year age group. Ascaris lumbricoides was
only observed in older adults 56 years. Giardia
lamblia was observed in 25-35 years age group
as well as the fungal yeast cells. Paragonium
specie was in the 26-55 years age groups,
Shistosoma specie appeared in the 46-55 years

age group. The highest malaria co-infection with
pathogenic intestinal parasites was observed in
the 25 years or lower age groups and the lowest
in the 66 years and older. However no significant
association was observed between the different
age groups and incidence of gastro-intestinal
parasites (Table 5).

The odds of developing HIV infection from
malaria was 1.146(95% CI: 0.039-13.886) times
higher compared with those without malaria. For
the cohort diagnosed with simple malaria they
were 1.125(95%ClI: 0.113-11.245) compared to
the cohort diagnosed with severe malaria where
the risk was 0.990 (95% CI: 0.810-1.211) (Table
5).

Age group distribution of opportunistic intestinal coccidian parasites in malaria patients in FHD, 2022
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Fig. 1. Age group incidence of coccidian infection and malaria

Table 4. Age specific distribution of malaria co-infection with other gastro-intestinal parasites

Age Group Malaria Other gastro-intestinal | % xz df P-value
parasites{n)

<25 103 6 33 47.703 | 40 0.188

26 - 35 88 5 28

36 - 45 59 2 11

46 - 55 35 3 17

56 - 65 31 1 6

> 66 14 1 6

Total 330 18

Table 5. Age specific distribution of malaria co-infection with HIV virus (N=64)

Age Group

95% CI for mean




<25 26-35 36-4546-55 56-65 =266 Total Mean SE Lower Upper bound
bound
Malaria 103 88 59 35 31 14 330
HIV+ (%) 6(22) 7(26) 5(19) 7(26) 1(4) 1(4) 27 .93 .051 .82 1.03
Malaria co-infection with HIV increased from <25 3.2.4 Malaria and coccidian intestinal

years age group up to 55 years and then sharply
dropped and level off at 56 years and above. The
highest and similar incidences of malaria co-
infection with HIV were observed in the 26-35
and the 46-55 age groups respectively with both
26%. This was followed by the age group of <25
years with 22% and 36-45, with 19%.The lowest
incidence were observed in the 56 years and
older age groups (Fig. 2).The highest malaria co-
infection with HIV virus was observed in the 26-
35 and 46-55 years age groups, and the lowest
in the 56 years and older age groups. No
significant association was observed between
the different age groups and HIV viral infection.
After controlling for confounding, HIV predicted
for malaria. F (1) = 10.445, p-value=0.002; which
indicates 9.8% of the variance was explained by
the model.

3.2.3 Hydro-meteorological factors and
prevalence of malaria-coccidian co-
infections

A time series analysis of hydro-meteorological
factors and pathogenic coccidian concentration
in malaria patients were used to identify periods
of high contamination and infections from
January to December 2022. Our study showed
malaria and coccidian parasite co-infections were
frequently detected during the rainy season, a
periods from March to September with peak
period occurring between June, and July. July
was observed most likely to have reported
malaria and coccidian diseases outbreaks in the
Health District (Fig. 5).

Age group distribution of HIV in malaria patients in FHD, 2022
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parasites travel related co-infections

Thirty-four 34/64(53%) co-infected patients found
in the study reported travelling to other regions of
the country prior to consultation. A unidirectional
movement driven by economic factors was
observed in their travel destinations as all of the
patients reported travelling to the Southern parts
of the country. The Southwest 22/34(38), Littoral
and the Centre regions of the country had similar
score of 7/34(21%) as travel destinations.
Travelling to the other Health Districts within the
region constituted 6/34 (18%).The Western
Region was least reported travel destinations for
participants. Our study observed that travel
destination significantly associated with coccidian
infections y” (df) 29.47(10) P value=0.001.

3.2.5 Factors predicting coccidian infections
in malaria patients in FHD

A regression analysis was conducted determine
for combination of factors responsible for
coccidian infection in adult patients in the FHD.
(Table 7). We observed hand washing without
using soap, and living with children less than two
years at home predicted coccidian infection in
malaria patients. F (2.405) 9.859, P-
value=0.032, which indicates 23.8% of the
variance explained by the model. A decrease in
coccidian co-infection score of .4 points with
increase in the number of malaria patients living
in homes without a child less than two years.
Similarly in every good hand hand-washing
practice using soap, the risk of coccidian co-
infection score decreased by 0.9 points.
Fig. 2. Age group incidence of malaria and
HIV co-infection
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Fig. 3. Hydro-metrological variation and incidence
of malaria coccidian transmission in FHD 2022

4. DISCUSSION

The current study aimed to determine the
prevalence of malaria, opportunistic coccidian
parasites and HIV mixed infections in the FHD.
For years the Cameroon Government have
implemented a combined prevention and control
strategies for malaria and pathogenic intestinal
parasites. The prevalence of intestinal parasites
in Cameroon witnessed a decline from 33% in
2006 to 27.8% in 2012[21]. This strategy has not
been able to adequately address malaria co-
infection with other pathogenic gastro-intestinal
including coccidian parasites.

In our study aimed to generate updated data for
public health officials. They can use the data to
implement evidence—based public health policies
with significant positive impact on the health of
the population. The information can also be used
to build capacities of health personnel in
emergency preparedness. The mean age of the
study participants was 37.02 (x15.235) years.
This was slightly higher than [6] and Njunda et al.
[22] who reported the mean age 35.5(+16.5), and
35.29(+£12.26) years respectively. Mean age of
42.6+19.4) have also being reported in another
study in Yaoundé [21]. In other countries a mean
age of 37.7 was reported in Mozambique [23].

In our study females had higher prevalence of
malaria infection than males, in addition females
had higher prevalence of malaria-pathogenic
pathogenic gastro-intestinal parasite co-infection
45/64 (70%), than males 19/64 (30%). Affirming
the findings of previous studies, where more
females were infected with malaria than males
carried out in Cameroon, Uganda, Nigeria and
Ghana [6, 24-27]. In our study antenatal visits by
pregnant women and the ability of women to
seek health accounted for the higher number of
females participants explained the result
obtained. However, it was contrary to studies in
Cameroon and Equatorial Guinea and Australia
[28-30] where males were found more affected
with opportunistic intestinal parasites than
females. In Australia men with same sex (MSM)
where coccidian infection was reportedly high
52% among MSM compared to 13% among non-
MSM. In Cameroon and Equatorial Quinnea,
socio-economic activities exposed men to more
outdoor activities thus exposure to mosquito
bites [28].

The current study compared prevalence of
malaria mixed infections with age groups and
results showed that the younger adults age 21-

<25 years had the highest prevalence of malaria
and coccidian mixed infections compared to the
rest of the older age groups. The lowest
prevalence of malaria mixed infection was
observed in the 266 year’'s age group. This is
contrary to the study in Yaoundé, Cameroon
where finding showed the age most affected with
(IPs) co-infected were 32 years of age [21].
Intestinal parasites (IPs) infestation was
significantly distributed across the different age
groups. This findings was also similar to that
reported by Pokam et al. [31] in Mali [32] where
higher malaria co- infections were reported in
younger adults than older adults.

Young people turn to remain outdoor compared
to the older adults thus exposing themselves to
increased mosquito bites. Young people also
turn to practice poor hygiene when compared to
older adults due to their strong ability to explore
new environment. This exposes them to the
higher risk of acquiring intestinal parasitic
infections. This trend observed in prevalence of
the co-infections also suggest a delayed in
acquiring natural immune response to these
infections that maybe as a result of poor
intervention in the early ages.

By comparing malaria co-infections by area of
residence, we showed that living in rural setting
was associated with higher risk of malaria-co-
infection with (IPs). The study revealed a
significant associated between malaria co-
infection with (IPs) and migration. Those who
reported travelling out of the study area in the
last two weeks prior to consultation were
significantly at higher risk of malaria-(IPs) co-
infection than those who did not travel.

The prevalence of mixed infection was higher in
married participants 42/64 (66%), compared to
the singles. This is contrary to the study by Kimbi
et al [6] who reported a higher prevalence of
malaria and intestinal parasite mixed in singles in
Buea, Cameroon. Being married is associated
with children at home. Children are among the
vulnerable population most likely to be infected
with intestinal coccidian infection due to their
weak immune system. Living with children
therefore increases the risk of human-to-human
transmission and the risk is even higher among
lactating mothers and mothers with toddlers.
These category of children are more in contact
with the soil where they are most likely to pick up
the coccidian oocyst.

4.1 Malaria-Co-Infection with Coccidian
Intestinal Parasites

A study suggests intestinal parasites and fungi
infections have modulatory effects on malaria



infection  pathophysiology [29]. The study
investigated the prevalence of malaria in groups
of individuals categorised with and without
intestinal parasites. Fungi (yeast cells), have
been found to have an inhibitory effect on
malaria infection because of the toxin they
produce which have a negative effect on the
manifestation of Plasmodium species [33]. In
addition, Toll-like receptors, such as receptors 2
and 4 (TLR2 and TLR4), play a considerable role
in the host defense against microorganism [34].

TLR4 were associated with parasitemia and
TLR2 receptors were related with malaria
severity, while and none TLR was correlated with
susceptibility [35]. Furthermore, Interleukin 10
(IL-10) is an immune-regulatory cytokine having
anti-tumor effect [36]. It also promote anti-
parasitic antibody production by B cells [37]. Anti-
inflammatory cytokines such as transforming
growth factor TGFB1 and PDL-1[38-39]
determine the magnitude of immune response
following Malaria infection. [40].

Table 7. Predictors of coccidian infection in adult malaria patients in FHD, 2022(I thought this
table was for the section 3.2.5)

Variable Coefficients | 95.0% CI | Pvalue

Child in household less than 2 years -.438 -.863 -.013 | .044
Treat water before drinking .133 -.925 1.191] .802
Water treatment method .278 -.041 .598 | .086
Household latrine has hand washing facility. | .216 -.230 .661 | .336
Materials used for hand washing. -.940 -1.599 -.280 | .006
Keeping domestic animals/pets. -.062 -.544 420 | .797
Disinfect animal shed. .058 -.330 446 | .766

Our analysis showed that the prevalence of
opportunistic intestinal parasites (OIPs) in adult
malaria patients was 64/330 (19.4%). No
statistically significant level was observed. This is
similar to the finding in Cameroon where no
statistical significance was observed among adult
patients infected with Plasmodium species and
intestinal parasites [6]. The prevalence obtained
in our study is higher to that obtained in in a
similar study in Bamenda [41] Cameroon, who
reported (15.5%), and in Buea (10.4%) was
reported [6]. In contrast, a higher rate of 22.1%
was found in a study in the centre Region of
Cameroon, in Mfou, District [42]. Similarly, a
study in Melong and Denzo Littoral region of
Cameroon obtained higher prevalence rate of
28.3% [43]. Elsewhere in Australia, a much lower
prevalence rate of 4% was also reported
[23].This results obtained are in line with our
current knowledge where the prevalence of
coccidian parasites tend to be higher in less
developed than developed settings.

In this current study no significant association
was observed between malaria infection and
opportunistic coccidian infection (Pvalue =0.233),
neither with other pathogenic intestinal parasite
(Pvalue=0.767). This finding concords with the
study by Njunda et al.[22] in Yaoundé, where no

significant association between malaria and
coccidian parasitic infections was observed.
However, it contradict the study in Equatorial
Guinea where the prevalence of malaria was
significantly higher in patients that were co-
infected with (IPs) [29]. No significant association
was found between malaria and the socio-
demographic such as age, gender, occupation,
and level of education (P value= >0.05). Similar
findings were revealed in earlier reports [28-29],
which found no association between so-
demographic factors and malaria. Fever was the
most reported symptom and was found to be
significantly associated with malaria intensity
Pvalue=<0.05.This is similar to the study by
Ngum et al. [44] who conclude that high
parasitaemia contributes to malaria prevalence
and severity.

When comparing malaria by the type of co-
infections with coccidian intestinal parasites, we
showed that malaria co-infections with intestinal
coccidian parasites was most prevalent with
Crptosporidium hominis accounting for (13.9%),
followed by Cyclospora cayetanensis (3.9%), and
least was with Isospora belli with (1.5%), with no
significant association observed. In contrary, a
significant association in protozoan infection was



observed, in which a prevalence of 8.9% was
reported [21].

The large difference in sample size accounted for
the different result that were obtained. In Nigeria
different prevalence rates of (41.1%), (28.9%),
(13.3%) were reported for Cryptosporidium
hominis, and Cyclospora cayentensis, and
Isopora belli, respectively. In Mozambique a
prevalence rates of 25%, 8.3%, and 0% were
reported [45]. Prevalence rates also depends on
a range of factors such as environmental risk
factors, socio-demographic, and climate [46]. Our
study showed prevalence rate of 0% in urban
settings, in contrast to a high prevalence rate of
22% in rural settings. The urban setting have
improved drainage system, better hygiene, and
sanitary standards which contrast with rural
settings where hygiene and sanitation standards
were low.

4.2 Malaria  Co-Infection with  other
Gastro-Intestinal Parasites

Our data showed 5.5% malaria patients co-
infected other gastro-intestinal parasites. The
association did not reach a significant level.
Other studies have reported rates of 3.8 %, 4.5
% and 26.4%, 34.2% in different setting in
Cameroon, Africa, and the Middle East [47-48].
The most frequently occurring helminth in our
study was Entamoeba histolytica (1.2%). It was
also reported most frequently occurring in the
Bamenda study, where a higher prevalence of
8% [41] was reported. Similarly, Njunda et al. [1]
reported a higher rate of 18.4%. Elsewhere,
(0.5%) have been reported in Australia [48].

The prevalence of (Ancyclostoma duodenale) in
our study was (0.9%). A higher rates of 1.4%
have been reported in Buea, and a significantly
higher rate of 21.6% were reported in Mfou, a
locality in central part of Cameroon [6, 42].
Ascaris lumbricoides co-infection was 0.6%.
lowere than 2.2% was reported[43] in Melong.
The prevalence of G. lamblia in our study was
0.3%. A higher rate of 31.5% was reported [49] in
Tiko, and 15.2% reported in Munyenge [50] both
in Cameroon. In Australia 1% was reported
[6].The prevalence of Shistostoma mansoni in
our study was 0.3%. In other countries a
prevalence of 1.3% have been reported in
Ethiopia [51]. Shistosomiais infections have been
associated with longer exposure in water, and
where flow rates are slow. Water bodies in our
study area are mostly fast flowing, due to sloppy
nature of the landscapes.

A phenomenon does not favour the development
of Shistostoma species. This suggest it might
have been diagnosed in a patient with migrating

behaviour pattern. The patient might have
picked-up the infection in another locality. Yeast
cells, and Paragonium spp, were also found in
our study area, all with prevalence of <1%. No
study have described the mixed between
Paragonimus and  Plasmodium  species.
However, a study found yeast cells to have an
inhibitory effect on malaria infection because of
the toxin with negative effect on the
manifestation of Plasmodium species [33].
Malaria mixed with multiples intestinal parasites
was widespread and overlapping in the area.
This suggest a transmission via the faecal oral
routes, contaminated foods, or contaminated
water, and other unhygienic practices [52].1t
should be noted that the occurrence and control
of the coccidian parasites with malaria infections
seems to have a correlation with COVID-19
prevention and control measures, which also
have a proven effective control measures for a
wide range of respiratory illnesses.

4.3 Malaria Co-Infection with HIV and
AIDs Virus

The effect of malaria infection and immune
response have also been established [38-40, 53].
When comparing malaria co-infections with HIV,
our data showed a 8.2% prevalence. More were
women (85.2%) than men (14.8%), probably due
to the routine HIV and malaria tests during
antennal visits unlike men who only get to know
their HIV status when ill. Lower rates of malaria-
HIV co-infections have been obtained. In Buea,
for example a rate 2.3% reported [54], and higher
14.1% in Limbe [55]. At the Sub regional level
rates of 18.5% and 47.7% have been reported in
Nigeria [56].Our study is similar to that of
Sanyaolu et al. [53].

The study showed that an increased in malaria
and helminthic co-infection in HIV infected
women tends to significantly lower the CD4
counts levels. Malaria infection often leads to
breakdown of red blood cells (RBCs) resulting in
anaemia [1, 6]. Three thousand two hundreds
(3200) individuals are living with HIV and AIDS,
and receiving treatment (FHD annual report 2021
(unpublished) in the area. Malaria co-infection
with coccidian intestinal parasite was not
significantly associated with any of the socio-
demographic factors (age, sex, education, age
group, and area of residence) (P value=>0.05).
Other studies have reported similar findings [57-
58].

A time series analysis of hydro-meteorological
factors and malaria and coccidian co-infection
prevalence in adult malaria patients was carried



out. This was used to identify periods of high
concentration of the parasites in the environment
and between January and December 2022, and
also to determine periods when outbreaks were
most likely to occur. Our study results showed
the parasites were frequently detected in patients
during the rainy season (March-September). Low
infections was observed between Octobers to
March. Hydro-meteorological conditions had a
noticeable impact on the annual distribution of
coccidian intestinal parasites concentration in the
environment. This also had a direct influence on
different infection rates that were observed in
patients.

Peak concentrations of the pathogens in drinking
water were recognized as the major cause of
most water borne outbreaks [60].The outbreaks
often associated with drinking water in the
absence of inadequate treatment [61]. A similar
study by Sylvestre E. [59], showed hydro-
meteorological factors influenced the monthly
concentration of Cryptosporidium and Giardia in
drinking water sources. Peak concentration of
the parasite was observed during snow melt
period. The study revealed a rapid decline in
snow melt was associated with low concentration
of the parasites in drinking water.

Heavy rainfall in the wet season and snow melt
can lead to short-term deterioration of source
water quality unlike in the dry season. The dry
season is characterised by absence of runoffs,
flood waters, and low risk of human and animal
faeces being washed into water bodies. This
tends to lower the risk of human contamination.

In the current study, domestically acquired
infections was 57.8% while 46.2% was among
those who reported recent travels in and out of
the region two weeks prior to consultations.
Intestinal coccidian infection was significantly
associated to travel destinations. These findings
are similar to that reported in the United States,
where 3.2% of coccidian infections among were
immigrants coming from South Americas [62]. In
a similar study in Australian 10% of the study
participants infected with coccidian parasites had
reported oversea travels, mainly within the Asia
continent. Migration is frequently used as an
important risk factor for protozoan infection
monitoring in developed settings. There are other
studies where similar finding [6, 62] have been
reported. Coccidian diseases have been
associated with travellers especially from
developed to developing countries. Hygiene and
sanitary standards are low [63] in developing
countries as a result of non-enforcement of
hygiene rules by authorities, thus allowing
infectious diseases to thrive.

In this study the regions reported as frequent
travel destinations are also high-risk areas in the
country for water related outbreaks [63, 64]. Poor
sanitation, flooding and water shortages have
been frequently associated to these outbreaks.

This study revealed coccidian parasitic diseases
were widespread in FHD with the highest
prevalence of 22% observed in some health
areas. It revealed the following health areas-
Belo, Kikfuin, Anyajua, and Fuanantui had some
of the highest prevalence of the coccidial
diseases with rates of (16%,19%,19% and 22%)
respectively. Crytosporidiosis and Cyclosporiasis
diseases were higher than Isosporiasis in the
population.We studied 12 health areas and found
coccidian parasite in more than half of them 10
(83.3%). This concord with [11] who detected
intestinal coccidian parasites in environmental
water used by the population for wide range of
purpose.

Their use includes drinking and other activities
including recreational. Cryptosporidium species,
secrets thousands of oocysts in faeces and
requires a little dose required for infectivity. In
contrary to Isospora species that secrets oocysts
only in small quantities. This thus requires a high
infective dosage. Because of this the parasite
could possibly escape detection under the
microscope. Isopora belli measures between 25-
30 microns and has a typical ellipsoidal shape
[64]. Our study observed that 64.5% of the
participants domesticated animals. This practice
is known to facilitate the zoonotic transmission of
the parasite from animals to humans [65].
Coccidian parasites have a monoxenous
development that requires a very low infective
dosage. Intestinal coccidian parasites are also
resistant to most disinfectants especially the
Cryptosporidium species. This explains why they
can be detected in drinking water even after
treatment with chlorine [66-67]. Our findings
showed Cryptosporidium hominis and Isospora
belli showed no preference in its occurrence.
Lesley et al. [11] described a similar observation,
in which Cryptosporidium specie did not have
any trend in terms of seasonality. Malaria mixed
infection with Cryptosporidium specie is likely to
occur anytime of the year. This in-turn is also
more likely to cause higher number of infections
than Isospora species and Cyclospora species.
Cyclospora species was detected in any of the
water samples analysed. There was also a low
prevalence of the parasite in stools samples
compared to Cryptosporidium species.

5. CONCLUSION



Malaria and intestinal coccidian mixed infections
in Fundong Health District was significantly
influenced by migration and seasonal changes.
Malaria play a considerable role in host immune
response in patients. Those patients that are
immuno-compromized (HIV for example), have a
higher risk of developing co-infections with
opportunistic intestinal parasites.

Age, gender, marital status, and education
significantly influenced the distribution of malaria
and intestinal coccidian mixed infections in FHD.
Clinical evaluation of malaria mixed infection with
coccidian parasites have been neglected in
clinical practice in general. There is need to
implement innovative combined intervention
strategies in the control of malaria, (IPs) and HIV
virus.
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