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This study, carried out in a rural community in Ogun state Nigeria, aims to determine the prevalence of
soil-transmitted helminths, bacteria causing Chronic Suppurative Otitis Media (CSOM), and their
coinfection among school-aged participants. Formol-ether sedimentation technique was used to check
for helminth eggs in stool samples. Ear swabs collected were cultured on chocolate, blood and
MacConkey agar plates. CD4+T Ilymphocyte count was derived using a flow cytometre. Study
participants were between 5 and 19 years old. Three hundred participants were sampled, 108 (36%)
were infected with helminth parasites: Ascaris lumbricoides (28.7%), hookworm (6.7%) and
Strongyloides stercoralis (0.7%). The prevalence of helminth infection between the sexes was not
statistically significant (x2 = 0.497; P= 0.390), but statistically significant between the age groups ()(2 =
10.10; P=0.016). Mixed helminthic infections were found in only 3.3% of the study population. Seventeen
participants (5.7%) were found to have CSOM. Bacteria isolated in the ear swabs were Pseudomonas
aeruginosa, Staphylococcus aureus, Klebiella pneumoniae, Proteus mirabilis and Haemophilus
influenzae. Only two percent (2%) of study population were co-infected with helminth and bacteria.
Heavy intensity of helminths and heavy growth of bacteria was found in the coinfected when compared
with single infected children. This study showed the presence of otitis media in the study area, and that
helminthiasis might have an effect on its presentation. Efforts to control CSOM in the study site may
need to consider the inclusion of mass deworming.
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INTRODUCTION

Helminth infection is a major cause of disease burden health care facilities, lack of access to potable water and
among children in developing countries, especially in sanitation, unhygenic environmental conditions and
sub-Saharan Africa. This burden of helminthic poverty (Crompton, 2001).

infestations is a direct consequence of acute shortage of Soil-transmitted helminths are parasites causing human
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infections in tropical and subtropical countries where the
eggs or larvae of these parasites thrive in warm and
moist soil, and adult worms live in the human
gastrointestinal tract for years (Bethony et al., 2006).
According to the World Health Organisation (WHO), over
a billion people are infected with at least one species
(WHO, 2005). Of particular worldwide importance are the
roundworms  (Ascaris  lumbricoides),  whipworms
(Trichuris trichiura), and hookworms (Necator americanus
or Ancylostoma duodenale) (Bethony et al., 2006). They
are considered together because children in developing
countries can be chronically infected with all three worms
thereby causing such children to be malnourished with
stunted growth, intellectual retardation and cognitive
deficits (WHO, 2005). Bacteria are causes of infections
which range from mild to life threatening. Commensal
bacteria in the upper respiratory tract can become
virulent and cause serious conditions, such as
pneumonia, septicaemia and meningitis. Microbiology
cultures of ear discharge in chronic suppurative otitis
media (CSOM) often yield multiple organisms which are
key etiological agents in the development of CSOM.
Common bacteria cultured from the ear discharge
includes Pseudomonas aeruginosa, Staphylococcus
aureus, Proteus species, Klebsiella pneumonia.

Chronic Suppurative Otitis Media (CSOM) is defined as
a chronic inflammation of the middle ear and mastoid
cavity, which presents with recurrent ear discharges or
otorrhoea through a tympanic perforation (WHO, 2004).
CSOM remains one of the most common childhood
chronic infectious disease worldwide, affecting diverse
racial and cultural groups both in developing and
industrialized countries, causing considerable morbidity
and sometimes leading to extra- and intracranial
complications (Trimis et al., 2003). The infection may
occur during the first 6 years of a child’s life reaching a
peak around 2 years, and it is commonly found in
developing countries in special populations such as
children with craniofacial anomalies (Bluestone and
Kenna, 1984; Berman, 1995). Infection is also found in
certain racial groups (Berman, 1995).

The risk of infection with one organism being
exacerbated by co-infection with a second species is
understudied. An infection may physiologically change
the within-host environment in a way that can enhance
infection by another bacteria, for example Leishmania
spp. creating an ulcerous wound that bacterial
opportunists can exploit; and/or infection can cause
changes in host immune response for example
hookworm-induced suppression of the pro-inflammatory
cytokine IFN-g causing increased parasitaemia with
Plasmodium parasites (Graham, 2008; Allen and Maizels,
2011). Therefore, a parasitic species encountering an
already infected host experiences a different environment
than if that host was uninfected. Changes in an infected
host’'s environment could potentially predispose, or
protect, that host from a second infection, and or
modulate the intensity of that infection (Celum et al,
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2004; Allen and Maizels, 2011).

In a study carried out by Lass et al. (2012), they posited
that co-infection is a driver of variation in parasite
establishment and growth, ultimately altering the
production of parasite transmission stages. In order to
test this hypothesis, they divided laboratory mice into
three differently infected groups. One group was infected
with  both self-bioluminescent bacteria (respiratory
bacterial pathogen Bordetella bronchiseptica lux+) and
intestinal helminth (Heligmosomoides polygyrus) whose
egg production was monitored using faecal samples. A
second group was infected with H. polygyrus only. They
reported a significantly higher bacterial load in the lungs
of co-infected animals compared with single infected
animals. They also found that five of seven animals in the
co-infected groups were super shedders (helminth eggs
at arate 2 s.d.s above single-infected) (Lass et al., 2012).
Two or more parasites infecting the same tissue will
influence each other directly, or have passive effects or
active manipulation of the immune system if colonizing
different organs (Cox, 2001).

In this study, we aimed to describe the impact of co-
infection of helminth parasites and bacteria causing
middle ear inflammation. We determined the prevalence
of helminth parasites and co-infection with bacteria
cultured from middle ear discharge among school aged
students.

MATERIALS AND METHODS
Study area

This cross-sectional study was conducted in a rural community,
lijoun, in Yewa North Local Government Area of Ogun state located
on latitude 7°15' N and longitude 2°9' E. The community lacks
several basic amenities such as toilet facilities, pipe-borne water,
electricity supply, proper waste disposal system and good road
network.

Sample size determination

The sample size was determined by the method described by
Daniel (1999). Briefly, a prevalence of 16.8% obtained from
estimated prevalence of soil transmitted helminths in Ogun State
was used (Oluwole et al., 2015). Using a precision of 5% (0.05), a
minimum sample size of 215 subjects was computed. Overall, 300
subjects were recruited for the study.

Methodology

Stool samples were analyzed using formol-ether concentration
technique (Cheesbrough, 2005), and examined microscopically for
helminth eggs or larvae. Sample fluid or pus was collected from the
middle ear with a sterile cotton-tipped swab. The swabs collected
were immersed in cooked meat media and transported to the
laboratory for culture on chocolate, blood and MacConkey agar
culture media. Swab samples were inoculated and streaked on the
culture media and plates were incubated aerobically at 37°C for 24
h. This was followed by examination of the culture media for any
growth which was identified according to standard Microbiology
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techniques. Venous blood samples (5 mL) were taken from the
recruited participants by a medical practitioner. The blood samples
were then transferred into an EDTA bottle labelled with the same
identification number as the universal bottles used to collect stool
samples, and the ones written on the record sheets. The
ethylenediaminetetraacetic acid (EDTA) bottles were transported in
an EDTA cooling box.

Ethical approval

Ethical approval was obtained from the State Ministry of Health.
Written informed consents were obtained from parents of children
willing to participate in the study.

Data analysis

The data obtained were summarized using descriptive and
inferential statistics with the use of statistical package for social
sciences (SPSS), version 20. Prevalence difference across groups
was established using chi-square test statistics while intensities and
haematological parameters across groups were compared using t-
test at a = 0.05.

RESULTS
Prevalence and intensity of helminthiasis

Of the 300 stool specimens examined, 36% showed
evidence of helminth infection: A. lumbricoides 28.7%,
hookworm 6.7% and S.stercoralis 0.7% (Table 1). A.
lumbricoides was the most prevalent helminth infection
amongst the infected pupils and was most prevalent
among the 5 to 9 years age group (Table 1). The overall
mixed infection was 3.3%; a total of 2.7% had dual
infection involving Ascaris lumbricoides and hookworm
infection, 0.6% had dual infection involving hookworm
and S. stercoralis. There was no statistically significant
difference between prevalence of helminth infection and
the gender of the participants across all age groups but
there was a significant difference between the prevalence
of helminth infection and the age groups (Tables 2 and
3). The mean number of eggs per gram (epg) of feces for
A. lumbricoides and hookworm, in the study population
was 7,755+163.67 and 1,142+582, respectively. Analysis
of epg of feces by species showed that 15.1 and 10% of
the infected participants had heavy intensity of infections
for A. lumbricoides and hookworms respectively (Table
4).

Microscopy and culture of ear specimen

Discharge from the middle ear was seen in 29 (9.7%)
children (Table 5). A little above half (17(58.6%)) of ear
specimens of examined children yielded positive bacteria
culture while the remaining 12 (41.4%) showed negative
result. Males were more infected than females M:F
(1:0.9), the greatest prevalence of infection was observed
in the 5 to 9 years age group (75%) (Table 5). Five types
of organisms were isolated: Pseudomonas aeruginosa,

Staphylococcus aureus, Klebsiella pneumoniae, Proteus
mirabilis and Haemophilus influenzae. There was no
significant difference between the prevalence of CSOM
and gender across the age groups.

Helminth and bacteria coinfection

The overall prevalence of helminth and bacteria (CSOM)
co-infection in the study area was 2%. Co-infection of
helminth and bacteria was observed only among the 10
to 14 years (2.9%) age group with 3.5% among males,
and 0.6% in females (Table 6). Result shows that there
was a significant (p < 0.05) difference between the sex of
the participant and the prevalence of co- infection in the
age group.

Hematological profiles

Analysis of haematological profile showed that a total of
41.6, 37.6 and 50% among helminth infected, bacteria
infected and co-infected participants respectively were
lymphocytotic that is, they had high lymphocyte count
(lymphocytes above 7,000/ml for 5 to 12 years and
lymphocytes above 4,000 for = 13 years) (Table 7).
Analysis of the haematological profile (lymphocyte)
among co-infected and uninfected participants showed
that there was no significant difference (p >0.05) (Table
8).

DISCUSSION

The prevalence data observed revealed the prevalence
of helminthiasis in the study area as 36%; this is similar
to a study carried out in rural areas of southern China
where the prevalence of soil transmitted helminths was
36.7% (Shang et al., 2010). Majority of the infections
found among the study population were caused by A.
lumbricoides and was most prevalent among the 5 to 9
years age group (32.2%), a result similar to the study by
Ugbomoiko et al. (2006) in Oba-ile community of Osun
state. This could be attributed to indiscriminate defecation
and poor hygiene of the children. Hookworm was most
prevalent among the = 15 years age group (12.9%). This
was close to the observation made by Foghi et al. (2011),
in Niger Delta Nigeria who registered that hookworm was
more prevalent in the 14 to 16 age group. This could be
due to exposure to outdoor activities, poor living
conditions and poor hygiene.

Intensity data showed that 15.1% of 28.7% of subjects
infected with A. lumbricoides had high helminthic load,
and 10% of 6.7% infected with hookworm had heavy
intensity of infection. World Health Organisations (WHO)
guidelines recommend periodic deworming of children
with high intensity infections of 10% and above,
regardless of the prevalence rate of helminthic infections.

It was observed that 50% of the children who were



Table 1. Prevalence of helminth infection in school aged children.
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Age group (years) Gender No. examined No. Infected (%) Ascaris lumbricoides (%) Hookworm (%) S. stercoralis Mixed infection
5.9 Male 26 6 (23.1) 6 (23.1) 0(0) 0 (0) 0 (0)
Female 33 14 (42.4) 13 (39.4) 1(3) 0 (0) 2(6.1)
10-14 Male 99 38 (38.4) 29 (29.3) 9(9.1) 0 (0) (4.0)
Female 111 40 (36.1) 33 (29.7) 6(54) 1(1) 2(1.8)
>15 Male 18 8 (44.4) 4 (22.2) 3(16.7) 1(5.6) 2(11.1)
- Female 13 2(15.4) 1(7.7) 1(7.7) 0 (0) 0 (0)
Male 143 52 (36.4) 39 (27.3) 12 (8.4) 1(0.7) 6 (4.2)
Total Female 157 56 (35.7) 47 (29.9) 8(5.1) 1(0.6) 4 (2.6)
Total 300 108 (36) 86 (28.7) 20 (6.7) 2(0.7) 10 (3.3)
Table 2. Prevalence in relation to helminth infection and gender of school aged children.
Gender A. lumbricoides (%) Hookworm (%) S. stercoralis (%) P-value
Male 39 (45.3) 12 (60.0) 1(50.0)
Female 47 (54.7) 8 (40.0) 1 (50.0) x?=10.10, P = 0.016
Total 86 (100) 20 (100) 2 (100)

Table 3. Prevalence of helminth infection across all age groups.

Age group (Years) A. lumbricoides (%) Hookworm (%) S. stercoralis (%) P-value
5-9 19 (22.1) 1(5.0) 0(0.0)
10-14 62 (72.1) 15 (75.0) 1 (50.0) 2 _
215 5 (5.8) 4 (20.0) 1(50.0) X =0.036, P = 0.491
Total 86 (100) 20 (100) 2(100)

coinfected had heavy intensity of helminth
infection compared with single infected children
which was 11.8%. Of the coinfected, 66.7% were
found to have heavy growth of the
microorganisms causing CSOM when compared

with single infection which was 33.3%. Helminth
infection causes immunomodulation within the
host, there is a skewing of the immune system to
Th2 response with widespread anti-inflammatory
cytokine network and elevations in interleukin 4

(IL-4), IL-5 and IL-13 (Salgame et al., 2013). This
differs from the Th1 mediated inflammatory
response (elevated levels of IL-12, IL-23,
interferon-y (IFN-y) and IL-17) mounted by the
immune system in response to bacterial infection
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Table 4. Prevalence and intensity of helminth in school aged children.

Helminth Overall prevalence (%) Mean epg (+xSE) Intensity (%)
A. lumbricoides 28.7 7,755+163.7 15.1
Hookworm 6.7 1,142+582 10.0

S. stercoralis 0.7 321155 0

Table 5. Prevalence of ear discharge and CSOM in school aged children.

Age group (years) Sex No with ear discharge (%) No with CSOM (%)
Male 3(11.5) 3(100)
5-9 Female 1(3.0) 0 (0)
Total 4 (6.8 3 (75)
Male 13 (13.1) 8 (61.5)
10-14 Female 8(7.2) 6 (75)
Total 21 (10) 14 (66.7)
Male 2 (11.1) 0(0)
215 Female 2 (15.4) 0 (0)
Total 4(13.3) 0(0)
Male 18 (12.6) 11 (61.1)
Total Female 11 (7.0) 6 (54.5)
Total 29 (9.7) 17 (58.6)

Table 6. Prevalence of ear discharge and bacteria culture in school aged children.

A No. with ear No with positive bacteria |
ge group (years)  Sex discharge (%) culture (%) p-value
Male 5 5.1
10-14 Female 1 1.0 P =0.0001
Total 6 29
Male 5 3.5
Total Fomale 1 06 P =0.044

(Gaze et al., 2012). The contrasting effect on the immune
system of both types of infection may reflect in impaired
inflammatory response to bacterial infection. In addition,
helminths also stimulate very strong regulatory cell
populations of both innate and adaptive immune systems.
These regulatory cells work through other mechanisms
different from Th2 cytokines to down-regulate the Th1
mediated inflammatory responses (Salgame et al., 2013).
Though the cytokine profile was not assessed in the
study population, it is possible that helminth infection in
the participants led to impaired Th1 cytokine
inflammatory response with reduced clearance of
infecting bacteria from the middle ear and subsequent

chronic infection. Evidence of intestinal helminth infection
modulating co-infection at a distant site was
demonstrated in a study where individuals experimentally
infected with hookworm Necator americanus generated
strong systemic Th2 response and regulatory T cell
response (Gaze et al., 2012).

Efforts to control CSOM in the study site and probably
across subSaharan Africa may need to consider the
inclusion of mass deworming. Deworming may enhance
strong production of IFN-y following exposure to bacteria
antigens (Salgame et al.,, 2013), and thus help the
immune system of the children in controlling bacteria
infection in the middle ear.



Table 7. Lymphocyte count in school aged children.
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Age (years) Helminth infected (%) Bacteria infected (%) Co-infected (%) Total (%)
B Normal 14 (50) 4 (14.3) 0(0) 18 (64.3)
5-9 (n=28) High 7 (25) 3(10.7) 0 (0) 10 (35.7)
_ Normal 41(42.7) 12 (12.5) 3(3.1) 56 (58.3)
10-14 (n=96) High 30 (31.3) 7 (7.3) 3(3.1) 40 (41.7)
B Normal 4 (33.3) 2 (16.7) 0 (0) 6 (50)
215 (n=12) High 5(41.7) 1(8.3) 0 (0) 6 (50)
Total Normal 59 (54 .4) 18 (62.1) 3(50) 80 (58.8)
High 42 (41.6) 11(37.9) 3(50) 56 (41.2)

The normal range of lymphocyte count in children from 5 to 12 years is between 1,300 and 7,000 cells/;ml; The normal range of lymphocyte count

from = 13 is between 1,300 and 4,000 cells/ml.

Table 8. Hematological parameters of single and co-infected participants.

Variable Uninfected X+ SD Co-infected X+ SD P-value
PCV 34.81+2.4 34.60+3.3 P>0.05
Lymphocyte count 2,733+855 3,999+1267.5 P >0.05

In the co-infected group, the presence of high
prevalence of participants with multiple species of
helminth parasites, heavy growth of bacteria (66.7%) and
helminth infection (50%) when compared with the single
infected group shows that co-infection can lead to high
susceptibility to other infections.
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