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Abstract
Objective: This study aimed to assess the prevalence of Tinea capitis and determine its correlation with haemoglobin genotype, blood group, and haematological parameters among pupils presenting with clinical features of the infection.
Method: Scalp scrapings and hair shafts were collected from 131 pupils with clinical features to check for dermatophytes. Blood samples (2mls) were collected from them and 131 randomly selected pupils without clinical features to check the haemoglobin genotype, blood group and haematological parameters and the level of significance was calculated. Ethical approval was obtained, and permission was obtained from the Anambra State Universal Basic Education Board. Pupils whose parents/guardians consented were recruited for the study. Samples were analysed using standard procedures.
Results: Percentage of dermatophyte growth detected was 22.1%. The prevalence of haemoglobin genotype AA was 70% and AS; 29.8%, with M. audouinii more predominant (9.2%). Blood group O occurred more (53.4%), followed by B; 24.4% and A (22.1%). The male gender had a higher prevalence (60.3%) as compared to the female (39.7%). Two isolates (1.5%) of M. canis occurred among the male group in haemoglobin genotype AA and blood group A. The Packed cell volume was significantly lower (P<0.05) in pupils with clinical features of tinea capitis, while total white blood cell count, neutrophil count, lymphocyte count, basophil count and monocyte count were significantly higher (P<0.05). 
Conclusion: The study revealed that tinea capitis still affects primary School pupils in Nnewi, mostly in the age group 7-9 years, irrespective of the haemoglobin genotype or blood group. 
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Plain English Summary
This study was carried out to find out how common tinea capitis is among primary school pupils in Nnewi and to see whether factors like blood type, haemoglobin genotype, and blood health are linked to the infection. Samples were collected from 131 pupils who showed signs of the infection. Hair and scalp samples were tested to confirm the presence of the fungi causing the infection. Blood samples were also taken from these pupils and from another 131 pupils without symptoms to compare their blood group, haemoglobin type, and general blood condition.
The results showed that the infection was more common in boys than girls and mostly affected children aged 7 to 9 years. The most common fungus found was Microsporum audouinii. Most pupils had blood group O and haemoglobin type AA. Infected pupils showed signs of lower red blood cell levels and higher white blood cell counts.
In conclusion, tinea capitis is still common among primary school children in Nnewi, especially in younger age groups, and it occurs regardless of blood group or haemoglobin type.
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Introduction
Superficial mycotic infections, according to (1), have a global prevalence of 20-25% with dermatophytes being the most common causative agents. Dermatophytes are fungal pathogens of humans and animals that infect keratinised tissues, e.g., skin, nails, and hair. They are most likely found in hot, humid areas (2). Nigeria’s climate portrayed by high humidity and warmth, creates an enabling environment for fungal growth (3).
Children are particularly susceptible to dermatophyte infections due to poor personal hygiene and inadequate environmental sanitation. As human contact among children is more frequent between the ages of 4 and 16 years than in very early childhood (4). These age groups are similarly at greater risk of contracting infectious diseases. Common symptoms include scaly alopecia patches, broken hairs, erythematous papules and in severe cases, painful nodules and scarring alopecia (5).
Trychophyton rubrum, Trychophyton mentagrophytes and Epidermophyton floccosum have glycoproteins that are antigenically matching to human erythrocyte isoantigen A (6). According to the authors, individuals who have these erythrocytic antigens would be more vulnerable to dermatophytosis. 
A case report of an 8-year-old child having favus (7) with a white blood cell count of 13,700/mm3,  portrayed a slightly high level. Laboratory evaluation of a 9-year-old boy with T. capitis also showed evidence of elevated inflammatory response, indicated by white blood cell count of 22,8000/microliter (84% neutrophils), confirming inflammatory response in an individual with dermatophytosis (8).
The research work aimed to check the relationship between blood group, haemoglobin genotype, haematological parameters (total and differential white blood cells, and packed cell volume), among children with tinea capitis.

Materials and Methods
Study Area
This study was carried out in Anambra State, Nigeria. Samples were collected from pupils residing in Nnewi town of the state and attending the three primary schools selected for the study. 

Study population
The target group for this work was minors aged 4-13years.
Collection of samples (blood, scalp and hair shaft) was achieved through the selection and visitation of three selected public primary schools, which were randomly selected during the course of the study.

Sample size
The sample size was obtained using the formula for estimating a population proportion as stated in (9) as:
N = Z2 x P(1-P)
            d2
where N = minimum sample size
P = prevalence of Tinea capitis in Anambra state = 9.4% = 0.094 (10)
d = desired level of significance = 0.05 (5%)
Z = confidence interval = 1.96 (95% confidence interval)
Therefore,
N = (1.96)2 x 0.094 (1-0.094)
                (0.05)2
 N = 3.8416 x (0.094) (0.906)
                         0.0025
N = 3.8416 x 34.0656
N = 130.8664 ≈ 131
Hence, N = 131.

Inclusion criteria
The participants were pupils of primary school age only (4-13years). 
Those having clinical signs of tinea capitis

Exclusion criteria
Those without a history of taking antifungal drugs in the past week (this was gotten from the questionnaire filled out by parents/guardians).

Administration of the questionnaire
Questionnaires were used to get the biodata of the participating pupils and other information that helped in the research.

Collection, handling, and storage of samples and sample analysis
Clinical sample collection
All samples (scalp scraping and hair shaft) examined for dermatophytes were collected from pupils with clinical features of tinea capitis; their blood samples were also collected.
Control samples (blood) from pupils of ages 4-13years were also collected (131 in number). The pupils were examined and did not have any clinical features of tinea capitis. 

Blood sample
Two millilitres (2ml) of venous blood was collected from each pupil into an ethylenediaminetetraacetic acid (EDTA) container and mixed gently to allow the blood to mix with the anticoagulant. 
Haemoglobin genotype, blood grouping, Packed cell volume, total white blood cell count, and differential count were carried out on the blood samples.
All haematological procedures and calculations were carried out according to the procedures in (11).

Collection of scalp scrapings for dermatophyte identification
The infected area was thoroughly sponged with 70% ethanol to remove surface contaminants.
The lesion was scraped with a sterile scalpel, and the stubs of broken hairs were removed with tweezers (12). The samples were collected in clean envelopes and transported to the laboratory.

Direct microscopy
An aliquot part of the specimen was soaked in 10%potassium hydroxide for 30 minutes. The specimen was placed in a few drops of the solution on a clean glass slide. Gentle heat was applied through a Bunsen flame to facilitate softening and clearing of the specimen (12).

Culture of the sample
A piece of the specimen was inoculated with a pair of forceps in the centre of dermatophyte test medium in a petri dish and incubated at 270 °C.

Isolation and identification of dermatophytes
Isolation
Sterile Petri dishes containing Dermatophyte Test Medium were inoculated with scalp scrapings and hair samples collected from infected pupils. This medium is a selective and chromogenic medium that permits the growth of dermatophytes, and these organisms give the medium a reddish colouration. These dishes were incubated at room temperature for 3-7 days, during which they were observed for fungal growth. Each growth was transferred to a new dish to obtain a pure growth, which was then stored in agar slants for further studies.

Identification
Colonial morphology on Dermatophyte Test Medium was used to identify the organisms. Pure fungal colonies were also subjected to lactophenol blue staining for microscopic observation of their specialised hyphae and the morphology of their macroconidia, microconidia, and chlamydospores. The urease test was also used to confirm the isolates.

Data analysis
Mean, standard deviation, Student’s t-test and Chi-square were used for the statistical analysis of the data generated from the study. SPSS version 20 was used.

Results
Table 1 shows the prevalence of tinea capitis with the causative agents. It showed that M.audouinii was the most prevalent (9.2%), followed by T.mentagrophyte (6.1%), M. ferrugineum  (5.3%) and M.canis  (1.5%.) The total number of dermatophyte culture results was 29 (22.1%) out of the total number of samples collected, 131 (100%) from pupils with clinical features of T. capitis.


Table 1: Prevalence of Tinea Capitis with the Causative Agents.
	Total Number of Pupils with Clinical Features
	Species of Dermatophyte Isolated
	Frequency
	Percentage

	131
	M. audouinii
	12
	9.2

	
	M. canis
	2
	1.5

	
	M. ferrugineum
	7
	5.3

	
	T. mentagrophyte
	8
	6.1

	
	Total
	29
	22.1




Table 2 shows the distribution of isolates in relation to age group. Pupils within the age group 7-9 years had the highest percentage of dermatophyte (9.9%), followed by age group 4-6 years (6.9%) and the least of 10-13 years (5.3%).  M. audouinii was most frequent among the age groups 4-6 and 7-9.


Table 2:  Distribution of Isolates in Relation to Age Group
	Species of Dermatophyte
	Total Isolates
	Number of Isolates by Age Group (years)

	
	
	4-6
	7-9
	10-13

	M. audouinii
	12
	5
	5
	2

	T.mentagrophyte
	8
	2
	4
	2

	M. ferugineum	
	7
	2
	3
	2

	M. canis
Total
	2
29(22.1%)
	0
9(6.9%)
	1
13(9.9)
	1
7(5.3%)


P value = 0.05

Table 3 shows the relationship between gender and Tinea capitis. Out of the 131 pupils for the research, 52(39.7%) were females, and 79(60.3%) were males. In the female group, M. audouinii was 4(7.7%) followed by M. ferrugineum 2(3.8%) and T. mentagrophyte 1(1.9%). In the male group, M. audoinii was 8(10.1%) followed by T. mentagrophyte 7(8.9%), M. ferrugineum 5(6.3%) and M. canis 2(2.5%). From the total count, M. audoinii had the highest count of 12(9.2%), followed by T. mentagrophyte 7(5.3%) and M. canis 2(1.5%). A total of 28(21.4%) were contaminated, and 74(56.5%) yielded no growth out of the total 131(100%) samples collected for the study from the recruited pupils with features of T. capitis.


Table 3: Gender Relationship with Tinea Capitis
	
	
	
	
	CULTURE RESULT
	
	
	
	
	

	Sex
	
	Contaminated
	M. audouinii
	M. canis
	M. ferru
gineum
	No growth
	T. menta
grophyte
	Total
	Chi-square
	P-value

	Female
	Count
	13
	4
	0
	2
	32
	1
	52(39.7%)
	5.272
	0.384

	
	% within sex
	25.00%
	7.70%
	0.00%
	3.80%
	62.50%
	1.90%
	100.00%
	
	

	Male
	Count
	15
	8
	2
	5
	42
	7
	79 (60.3%)
	
	

	
	% within sex
	19.00%
	10.10%
	2.50%
	6.30%
	53.20%
	8.90%
	100.00%
	
	

	Total
	Count
	28(21.4%)
	12(9.2%)
	2(1.5%)
	7(5.3%)
	74(56.5%)
	8(6.1%)
	131(100%)
	
	


P value=0.05


Table 4 shows the relationship between haemoglobin genotype and Tinea capitis. Out of the total 131 pupils with T. capitis, haemoglobin genotype AA had total count of 92(70%) while AS had 39(29.8%). Within the haemoglobin genotype AA, M. audouinii had the highest percentage of 10.8% followed by T. mentagrophyte (6.5%), M. ferrugineum (5.4%) and M. canis (2.2%). Within haemoglobin genotype AS, M. audouinii, T. mentagrophyte, M. ferrugineum and M. canis had 5.1% each. 


Table 4: Haemoglobin Genotype Relationship with Tinea Capitis
	
	
	
	
	CULTURE RESULT
	
	
	
	

	Haemo
globin Genotype
	
	Contaminated
	M. audouinii
	M. canis
	M. ferrugin
eum
	No growth
	T. mentag
rophyte
	Total
	Chi-square (p-value)

	AA
	Count
	18
	10
	2
	5
	51
	6
	92 (70%)
	2.459 (0.783)

	
	% Haemoglobin Genotype
	19.6%
	10.9%
	2.2%
	5.4%
	55.4%
	6.5%
	100.0%
	

	AS
	Count
	10
	2
	0
	2
	23
	2
	39 (29.8%)
	

	
	% Haemoglobin Genotype
	25.6%
	5.1%
	0.0%
	5.1%
	59.0%
	5.1%
	100.0%
	

	Total
	Count
	28(21.4%)
	12(9.2%)
	2(1.5%)
	7(5.3%)
	74(56.5%)
	8(6.1%)
	131(100%)
	


P value=0.05


Table 5 shows the relationship between Blood group and Tinea capitis. From the total 131pupils with clinical features of T. capitis recruited for the study, blood group A was 29(22.1%), blood group B was 32 (24.4%), and blood group O was 70(53.4%). Within blood group A, M. audouinii had the count of 3 (10.3%), which was the highest, followed by M. canis 2(6.9%), M. ferrugineum 1(3.4% and T. mentagrophyte 1(3.4%). Within the set of blood group B, M. audouinii had the count of 4(12.5%) M. ferrugineum 4(12.5%), T. mentagrophyte3 (9.4%) and none for M. canis. Under blood group O, M. audouinii had the count of 5(7.1%), which was the highest, followed by T. mentagrophyte 4(5.7%) and M. ferrugineum 2(2.9%). 


Table 5: Blood Group Relationship with Tinea Capitis
	
	
	
	
	CULTURE RESULT
	
	
	
	

	Blood Group
	
	Contaminated
	M. audonii
	M. canis
	M. ferru
gineum
	No growth
	T. menta
grophyte
	Total
	Chi-square (p-value)

	A
	Count
	7
	3
	2
	1
	15
	1
	29 (22.1%)
	14.11 (0.168)

	
	% within blood group
	24.1%
	10.3%
	6.9%
	3.4%
	51.7%
	3.4%
	100.0%
	

	B
	Count
	6
	4
	0
	
4
	15
	3
	32(24.4%)
	

	
	% within blood group
	18.8%
	12.5%
	0.0%
	12.5%
	46.9%
	9.4%
	100.0%
	

	O
	Count
	15
	5
	0
	2
	44
	4
	70(53.4%)
	

	
	% within blood group
	21.4%
	7.1%
	0.0%
	2.9%
	62.9%
	5.7%
	100.0%
	

	Total
	Count
	28(21.4%)
	12(9.2%)
	2(1.5%)
	7(5.3%)
	74(56.5%)
	8(6.1%)
	131(100%)
	


P value=0.05


Table 6 shows the values of haematological parameters in relation to Tinea capitis and the control group. The mean total WBC count among pupils with clinically identified Tinea capitis was 6.92 x 109L, greater than the control of 4.93 x 109L (P < 0.001). For neutrophil, the mean in clinically identified pupils with Tinea capitis was 3.11 x 109L higher than the mean of the control group, which was 2.87 x 109L (P = 0.034). The mean value of basophil count in pupils with clinically identified Tinea capitis was 0.01 x 109L which was also slightly greater than the control group of 0.00 x 109L (P = 0.030), mean of monocyte count in pupils with clinically identified Tinea capitis was 0.17 x 109L with control mean of 0.13 x 109L (P < 0.001) and mean of lymphocyte count was 3.52 x 109L which was higher than the mean of those in control group, which was 1.85 (P < 0.001). 


Table 6: Values of Haematological Parameters in relation to Tinea Capitis and the Control Group
	Parameter
	Clinically Identified Tinea Capitis
	Control Mean
	t-test
	P-value

	
	mean ± SD
	mean ± SD
	

	Total White blood cell
	6.92 ± 1.59 x 109L
	4.92 ± 0.85 x 109L
	12.8
	0.000

	Neutrophil
	3.11 ± 1.12 x 109L
	2.87 ± 0.74 x 109L
	2.13
	0.034

	Eosinophil
	0.12 ± 0.18 x 109L
	0.11 ± 0.10 x 109L
	0.87
	0.386

	Basophil
	0.01 ± 0.02 x 109L
	0.00 ± 0.00 x 109L
	2.19
	0.030

	Monocyte
	0.17 ± 0.89 x 109L
	0.13 ± 0.07 x 109L
	4.25
	0.000

	Lymphocyte
	3.52 ± 1.31 x 109L
	1.85 ± 0.27 x 109L
	14.58
	0.000

	Packed cell volume
	0.35 ± 0.02
	0.37 ± 0.03
	-5.2
	0.000


P value=0.05


Discussion
The prevalence of tinea capitis among those with clinical features is 22.1%, with 7-9 years as the predominant age group. Male children (60.3%) were more than female (39.7%), probably due to their playful and rough nature, i.e. playing with sand, pet animals and playing football. This agrees with the work (10) having the ratio of female to male as 1:1.6, and with the work (4) having males to be 61.7% and 38.3% in females, even though there was no significant relationship between gender and tinea capitis.
Haemoglobin genotype AA (70%) had the highest count of pupils with clinical features of tinea capitis as compared with AS (39%). Haemoglobin genotype relationship with tinea capitis was not significant in this study, even though more infected pupils had haemoglobin genotype AA than AS in pupils with the clinical signs (P > 0.05). There is a scarcity of information relating to haemoglobin genotype with tinea capitis.
M. audouinii (10.8%) showed the highest percentage in tinea capitis infection amongst those with haemoglobin genotype AA, and M. canis (2.2%) was the least. This also reflected in the total number of pupils with clinical features as M. audouinii isolates had the highest number of isolates (9.2%) when compared with T. mentagrophytes (6.1%), M. ferruginium (5.3%) and M. canis (1.5%). The two isolates of M. canis only featured in the haemoglobin genotype AA
The study showed that pupils with blood group O (53.4%) had the highest percentage of those with clinical features of tinea capitis when compared with blood group A (22.1%) and blood group B (24.4%). Blood group does not have any significant relationship with tinea capitis, although more pupils with clinical signs had blood group O, followed by blood group B, then blood group A. This contradicts (13), which had a higher number of patients belonging to blood group A infected by T. rubrum, but is still in line with the findings of this work that there is no statistical evidence showing that these individuals are more susceptible to dermatophytosis. It was reported by (14) that most patients with mycoses were from blood group O. The work of (1) also indicated that there is an association between tinea capitis and blood group A in females and an association between tinea capitis and blood group O in males. 
In gender, among those with clinical features, males 79(60.3%) were more likely to have tinea capitis than females 52 (39.7%). This also corroborates the study of (15), which found a higher prevalence of dermatophytosis in males than in females. Her work focused on general dermatophytosis in school children, but the majority had tinea capitis. This also contradicts the findings of (16) that highlighted that males were more likely to have tinea capitis in their study among school children in Bauchi North. This contradicts the work of (17), stating that female predominates with tinea capitis. This study, it showed that there was no relationship between gender and tinea capitis (P > 0.05).
Clinically proven 131 pupils with tinea capitis were checked against 135 pupils without clinical signs for haematological parameters (white blood cell count, total and differential, and packed cell volume). Total white blood cell count, neutrophil count, monocyte count, basophil count and lymphocyte count were significantly higher in the test group compared with the control (P < 0.05), which means there is a relationship between these parameters and tinea capitis. A case study of a 9-year-old patient (8) with evidence of elevated inflammatory response indicated by a WBC count of 22,8000microlitre and 84% neutrophils also portrays that. This could probably be because white blood cells are generally elevated in an inflammatory response. This also applies to another case study reported by (7) of an 8-year-old with a white blood cell count of 13,700mm3, which is slightly raised, but the haemoglobin was a bit raised, which, on the other hand, contradicts this study; packed cell volume was analysed and was a bit lower than the control in this study. Most pupils with tinea capitis were children from poor homes with low socio-economic levels. Their diet may be malnourished, which could cause low packed cell volume levels. In this research, eosinophil count had no relationship with tinea capitis. 
The high percentage of culture samples from the pupils with no growth may probably be due to the pupils’ immune system being able to eradicate the dermatophyte, still leaving the scar at the time of collection or that the pupils had taken antifungals that cured the dermatophyte, thus leaving the scars not yet healed at the time of sample collection. The parents/guardians of such pupils did not truthfully indicate the use of the antifungals in the questionnaire given to them to fill out.
Despite strict compliance in sample collection and culturing, and with the use of Dermatophyte test medium, there were still contaminants (Aspergillus species) which grew on the media. Contamination was also encountered in the work of (18) in the isolation of dermatophyte, though Sabouraud dextrose agar was used in their study. From the questionnaire, it was observed that 2 to 3 siblings from the same family had tinea capitis. This might be due to direct contact or contact via sharing of clipper, headwear or contact with pets.

Conclusion
The study revealed that tinea capitis still exists among primary pupils in Anambra state, with the age group 7-9 years being the predominant group with clinical features. M. audouinii, M. canis, M. ferrugineum and T. mentagrophyte were dermatophytes found among public school pupils in Nnewi, Anambra state, Nigeria. Males with blood group O and haemoglobin genotype AA were more prevalent in those with clinical features of tinea capitis, with M. audouinii being the most prevalent causative agent and M. canis the least. The packed cell volume level was significantly lower in pupils clinically diagnosed with tinea capitis, while total white blood cell count, neutrophil count, lymphocyte count, basophil count and monocyte count were significantly higher. Gender, genotype, blood group and eosinophil count did not have any significant difference with tinea capitis.
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