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Abstract

Background: Tinea capitis is common among children
worldwide. Confirmation of diagnosis for early commence-
ment of therapy and control has continued to be a major
challenge in resource-poor settings. Patients and Meth-
ods: This cross-sectional study recruited 185 children in
the rural community of Osogbo, Nigeria. Two thirds of the
study population were children aged 5 to 8 years. Clinical
history was documented and scalp scrapping of scales and
hairs was obtained for microscopy and culture. Two sided
fisher exact test was employed in the bivariate analysis.
Results: The mean + SD age for the culture positive and the
negative children were 7.2 + 2.2 years and 7.8 = 2.7 years
respectively. Dermatophyte culture positivity was found in
123 (66.5%) of the children. For the culture-positive chil-
dren, the positive predictive values were high at 95%,91%,
88%, and 87% and negative predictive values were low at
16%, 24%, 18% and 0% respectively for adenopathy, alo-
pecia, pruritus, and scalp scaling as single symptom and
sign respectively. For various combinations of any two
symptoms, positive predictive values ranged from 73-82%,
for three symptoms 81% and for four symptoms 77%. The
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combinations also demonstrated higher negative predic-
tive values 67 — 86% for two, 64% for three and 78% for
four symptoms, the absence of which diagnosis could be
held in doubt. Similarly, positive likelihood ratios were
2.7,1.5,1.1, and 1.0 for adenopathy, alopecia, pruritus, and
scalp scaling respectively. The positive likelihood ratios
ranges from 1.6 — 2.8 for various combinations of two car-
dinal symptoms; highest for adenopathy and alopecia, and
2.0 for three symptoms and 1.8 for all the four symptoms.
Conclusions: Among pre adolescent children, culture posi-
tivity is well predicted when adenopathy and alopecia are
present or in combination with scalp scaling. Consequently,
control of infection may be further enhanced with omission
of culture and early commencement of treatment.

Key word; Tinea capitis; dermatophyte culture; symptoms
and signs.

Introduction

Tinea capitis (TC) is an infectious dermatological disease
of a major public health importance in the sub-tropics. The
disease remains an index of the poor socio-economic situ-
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ation that is still ravaging the region. The prevalence rates
of TC ranges broadly from 4% to 30% among school chil-
dren in Western and Southern Africa (1,2). Despite being a
common condition in the tropics, misdiagnosis of TC still
occurs too often in clinical practice (3). Non-availability of
equipment and trained personnel also remain the bane of
management in many rural and suburban settings in Nige-
ria. Even in places where resources are available, parents
and children are faced with the challenge of unaffordable
high cost of investigations and long waiting time in getting
the culture result. In some parts, children are even kept out
of school to prevent infecting other children with a resul-
tant loss of school hours. Tinea capitis therefore poses a
major challenge for the rural health workers, parents of af-
fected children and the children themselves. There is a need
therefore for the availability of an efficient, affordable, and
reliable framework, upon which diagnosis and treatment
can be reliably based within the economic limitations of the
developing nations (4.5). Similar studies have been con-
ducted elsewhere but none exist in a large country like Ni-
geria where the pain is felt most. The aim of this study was
to evaluate a composite framework based on symptoms and
signs upon which diagnosis and treatment could be based in
order to control the spread of the disease among children.

Patients and Methods

Settings and Protocol

A cross-section design was used. Ethical approval was
granted by the ethical committee of Ladoke Akintola Uni-
versity Teaching Hospital, Osogbo, Osun state. The sub-
jects of this study were children recruited randomly from
the Ilie community of Olorunda local government area of
Osogbo, Osun State, Nigeria between August 2010 and
January 2011. The reasons for and benefits of the study
were explained in clear terms to the participating parents
and their children. Informed consent was obtained from
parents whose children were included. Evening house to
house survey of symptom (s) and sign (s) suggestive of TC
was conducted in the village, when parents and children
have retired to their homes after the day’s work.

Study Population

One hundred and eighty five children were randomly re-
cruited through multistage sampling method, comprising
of multiple random samplings from homes in different
communities, compounds and houses. Scalp symptoms or
signs such as pruritus, scaling, hair loss (patchy or diffuse),
and presence of visible and palpable posterior cervical and
or occipital adenopathy as reported by the children or no-
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ticed by their parents were documented. Following this, the
children had all areas of their scalp thoroughly examined
for clinical signs of TC and adenopathy. Cases of atopic
dermatitis, pustular folliculitis, suspected pustular type of
TC and or kerion were excluded. Other exclusion criteria
included presence of significant lymphadenopathy outside
occipital and cervical area, inflammatory dermatosis, pre-
vious or on-going treatment with any form of antifungal
agents topical or orals. Sufficient scrapped samples were
obtained from 185 children.

Laboratory assessments

The area of the head affected was cleaned with alcohol,
hairs and scales were collected into dry, clean envelope for
mycological examination using the technique described by
Fathi et al. (3).The hair scrapping was transported from the
field in a dry and clean envelope. Direct microscopy using
10% potassium hydroxide was done to examine for fungal
elements. The scrapings and the pieces of hair were also
plated out immediately as soon as the investigator arrived
from the field on daily basis separately on culture media.
The dermatophyte potatoes specific culture agar was used.
Two culture plates were used for each isolates, the culture
plates was incubated both at the room temperature (25°C)
and at 37°C for 4 weeks and then macro and micro morpho-
logical studies of cultured colonies were done for the pres-
ence of dermatophytes. Tinea capitis was diagnosed clini-
cally at the presence of cardinal symptom(s) and or sign
(s). Diagnosis was doubted when symptom (s) and or sign
(s) were doubtful or non-specific. We defined true positiv-
ity as the clinical diagnosis of TC with cultured positivity.
True Negativity were those situation when diagnosis was
doubtful and with negative culture result for dermatophyte.
False positivity was defined as the presence of symptoms
and signs with negative culture. Meanwhile, we defined
false negativity as those cases when clinical diagnosis was
doubtful and but dermatophyte culture was positive. All
the culture positive children received incentive oral mi-
cronized Griseofulvin at a dose of 15mg/kg body weight
for 8 weeks. All samples for culture were obtained before
the incentive treatment.

Statistical Analysis

Data were entered into a statistical software program (SPSS
Chicago Inc., IL, U.S.A., V 16.0). The 185 sample size
was calculated to measure a TC of 50% with an absolute
precision of 1% and a confidence interval of 95% and to
have more than 95% power to detect significant association
between symptoms and signs and positive culture consid-
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ering similar previous studies (4, 5). The two sided fisher
exact test was employed in the bivariate statistical analy-
sis. Demographic characteristics were summarized using
descriptive methods as appropriate. The presence and ab-
sence of individual sign and symptoms were documented
and whether culture were positive or negative were noted
with corresponding symptoms and signs. The positive and
negative likelihood ratios and positive and negative predic-
tive values were calculated for each individual sign and
symptom and for their combinations. The likelihood ratio
(LR) values above 1.0 were recorded to the nearest decimal
place; while LRs below 1 were recorded to the nearest 0.1.
Using the standardized table of likelihood ratio and bedside
estimates by McGeep (6), the approximate change in prob-
abilities were estimated. Positive Likelihood ratio (PLR)
describes probability shift of disease when a symptom or
sign is present, while Negative Likelihood ratio (NLR)
describes the probability shift of disease shifts when such
symptom or sign is absent (6). Positive predictive value
(PPV) is the probability a patient will have a condition giv-
en a positive test. Negative predictive value (NPV) is the
probability a patient will not have the disease given a nega-
tive test (7). P was taken to be significant at < 0.05

Results

Clinical Characteristics

The mean+SD ages were 7.2+2.2 years and 7.8+2.7 years
for culture-positive and culture-negative children respec-
tively. Male gender was prevalent for both cultures positive
and negative children, with male:female ratio of 2.3:1 and
2:1 respectively.

Direct Microscopy and Culture
Direct microcopy identified fungal elements in 88% of the
samples and 66.5% of the children had positive dermato-
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phyte culture. 9.1% of the scrapped samples had a nega-
tive culture after incubation for 28 days. Culture positivity
rate was highest for children aged 5-8 years at 53.0% while
those aged 9-12 years and 13-16 years had lower positiv-
ity rates of 8.7% and 4.9% respectively (Table 1). Scaling
was the commonest symptom found among 96.8% of the
participants, while scalp pruritus, alopecia and adenopathy
were found in 87.0%,75.1% and 25.4% of the participants
respectively (Table 2). The rate of culture positivity from
single sign or symptom was the highest with presence of
adenopathy (76.6%) and alopecia (66.2%). On the other
hand, culture negativity was least with same symptoms/
signs at 4.3% and 6.5% respectively. The rate of culture
positivity for scalp scaling was 65.8% and for pruritus
was 65.4%. Although the duos were the most common
presenting symptoms and or signs respectively, they both
had higher rate of culture negativity and false positivity,
as shown in Table 2. Combinations of symptoms and or
signs did not imply higher rate of culture positivity for
most combinations (Table 2). However, the rate of culture
positivity was highest with combination of alopecia and
adenopathy, alopecia with scaling and much lower when
multiple of three and four symptoms/signs were combined
(Table 2). The rate of culture negativity and false positivity
was least with the presence of alopecia with adenopathy
and highest with alopecia and scalp scaling combination
(Table 2).

Clinical Prediction from Culture Results

We estimated the PLR, NLR, PPV, and NPV of individual
and combinations of sign and symptom of 7C from culture
results were as documented in Table 3. The single presence
of individual symptom and sign gave a PLR ranging from
1 — 2.7 and gave NLR which ranged from 0 — 0.7 which
insignificantly decreased likelihood of diagnosis by O to

Table 1. The distribution of children’s age in relation to symptom / sign, Potassium hydroxide and culture
Age groups (years) | Number with symptom/sign KOH Examination N (%) Culture N (%)

N (%) Positive Negative Positive Negative
5-8 139 (75.13) 126 (68.10) 13(7.03) 98(53.0) 8(4.32)
9-12 35 (18.92) 28(16.14) 7 (3.78) 16(8.65) 7(3.78)
13-16 11 (5.95) 9(4.86) 2(1.08) 9(4.86) 2(1.08)
Total 185 (100) 163(88.11) 22(11.89) 123(66.5) 17(9.18)
N = number, % = percentage, KOH = Potassium hydroxide
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Table 2. Individual symptom/ sign of Tinea capitis their combinations in relation to culture

Culture-positive (%) | Culture-negative (%) False positive (%) False negative (%)
Any Sign or Symptom
Adenopathy (47) 36 (76.6) 2(4.3) 8 (17.0) 12.1)
Alopecia (139) 92 (66.2) 9 (6.47) 35(25.2) 3(22)
Pruritus (161) 106 (65.8) 15(9.3) 35(21.7) 5@3.1)
Scaling (179) 117 (65.4) 18 (10.1) 40 (22.4) 4(22)
Combination of Signs and Symptoms
Alopecia/adenopathy (33) 22 (66.7) 4 (12.1) 5(15.2) 2(6.1)
Scaling/Alopecia (136) 85(62.5) 18(13.2) 30(20.4) 3(2.0)
Scaling/Adenopathy (47) 27(574) 8(17.0) 10(21.3) 2(4.3)
(S;;‘)““g/ Adenopathy/Alopecia 1 5 56 3) 7(18.9) 5(13.5) 4(10.8)
/S:da;i::)i/ :t‘tll‘;p("ﬁ?/ Pruritus / 27(61.4) 7(15.9) 8(18.2) 2(4.5)
N= Number; %= Percentage

-5%. In this profile, adenopathy and alopecia gave PLR of
2.7 and 1.5 respectively and increased probability of cul-
ture positivity to 63.5% (43.5+ 20%) and 58.5% (43.5%
+ 15%) respectively. The profile of PPV with culture re-
sults for single symptoms or signs ranges from 87% - 95%.
Adenopathy and alopecia were responsible for the highest
PPV of 95% and 91% respectively. However, the profiles of
NPV for single symptoms/signs were low and ranges from
0% — 24% as documented in Table 3. The present study
shows that, the combinations of symptoms and signs gave
a similar increase in PLR as the single symptom and sign.
The PLR ranges from 1.6 —2.8 and NLR which ranges 0.1 —
0.3 with various combinations. In the same vein, the profile
of PPV ranges from 73% - 82% for various combinations.
The PPV was highest with adenopathy and alopecia (82%),
followed by adenopathy,alopecia and scalp scaling (81%)
and least with scaling and adenopathy (73%). However,
the combinations of these symptoms and signs gave higher
profile of NPV that ranges from 64% to 86%. The different
combinations of two, three and four signs/symptoms gave
higher NPV for culture positivity than single symptom or
sign as shown in Table 3.
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Discussion

Dermatophytosis is a disease of the major public health
problem worldwide (1, 8). Presently, it is widely distributed
and is affecting more than 20-25% of the world’s population
(9). Of these, children of pre pubertal age group between
4 and 14 years are disproportionally affected because of
frequent body contact (10). The difficulty associated with
diagnosis of TC can be attributed to its nonspecific clini-
cal presentation of the disease (4). In certain circumstance
when ringworm is been suspected, confirmation may be
problematic because some practitioners have no means of
confirming it in good time (4), and this is worse in rural sub
Saharan Africa settings. The diagnosis of tinea infection of
the scalp can usually be suspected clinically but microbiol-
ogy confirmatory diagnostic test is necessary (11).

Previous studies reported the sensitivity of fungal culture
in identifying dermatophytes as varying widely from 25%
to 80% with approximately 30% false-negative results with
culture and KOH studies (12-15). The microscopic exami-
nation of scrapping in our study identified fungal element
in 88.1% which is half way between the previous reports of
95.5% by Ajao et al. (17) and 79.5% by Soyinka et al. (18).
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Table 3. The likelihood and predictive characteristics of symptom (s) and sign(s) of Tinea capitis in relation to dermatophyte
culture.

Sign/symptom (N) PLR NLR NPV PPV
Adenopathy (47) 2.7 0.7 16% 95%
Alopecia (139) 1.5 0.5 24% 91%
Pruritus (161) 1.1 0.7 18% 88%
Scaling (179) 1.0 0.03 0% 87%
Combination of Signs and Symptoms (N)

Alopecia/adenopathy (33) 2.8 02 67% 82%
Scaling/Alopecia (136 ) 1.6 0.1 86% 74%
Scaling/Adenopathy (47) 1.7 0.2 80% 73%
Scaling/Adenopathy/Alopecia (37) 20 0.3 64% 81%
Scaling/Alopecia/Pruritus/ Adenopathy (44) 1.8 02 78% 77%
N = Number, PPV = positive predictive value; and NPV = negative predictive value, PLR = positive likelihood ratio; NLR =
negative likelihood ratio

Similarly, culture negative rate was close to that obtained
by previous workers (15,17). Culture negativity can be re-
duced by biochemical methods as employed by Emeka (14)
in his study. The high growth rate of non-dermatophyte
fungi 21.6% in this study might not be unconnected with
the high humidity and the poor level of hygiene in the vil-
lage environment. Other sophisticated means of improving
dermatophyte yield are not widely available due to finan-
cial restrictions (13,14).

In this study we examined the possibility of using specific
clinical signs and or symptoms to design a frame work upon
that will predict culture positivity within a limited resource
setting, upon which diagnosis can be based, for early treat-
ment to save time, cost reduction and prompt reduction of
infection in circulation. The age of children affected in our
study is similar to the findings of other workers world-wide
(16) and culture positivity decreases as the age of recruit-
ed children increases. Scalp scaling (96.8%) was the com-
monest complaint and examination finding among children
with TC. The rate of scalp scaling in the present study falls
within 80 — 100% previously documented in other studies
(16,19). The prevalence of scalp pruritus (87.0%), alopecia
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(75.1%), and adenopathy (25.4%) were also similar to find-
ings of Hubbard (4) who looked at 100 children in a hospi-
tal based study. Similarly, previous studies have recognized
patchy hair loss as the cardinal feature (4, 5) while itching
was noted as a variable feature of TC (20). The frequency
of adenopathy (25.4%) as a symptom or sign falls below
previously quoted range of 42% to 72% by Ravits et al,
(21) and 90% reported by Hubbard (4). This might not be
unconnected with the fact that, only significant adenopa-
thy in the occipital and posterior cervical chain was taken
into consideration in our study, while Hubbard (4) and other
workers (21) included any degree of adenopathy in their
series.

The PPV of single symptoms or signs found in our study
were comparable to the findings of other studies (4,5). For
adenopathy, we found PPV of 95% while others found 94
% (4), and 84% (5) respectively. Positive predictive value
was 91% for alopecia in the present study, other workers
found 84% (4), and 80% (5). Pruritus positively predicts
culture by 88%; other workers documented a PPV of 75%
(4) and 77% (5). We found PPV of 87% for scalp scaling,
Hubbard (4) and Kelly et al. (5) found 71%, and 79% re-
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spectively in their studies. While culture positivity for
adenopathy was 100% and its presence with patchy hair
loss predicted culture positivity the most in a foreign study
(4), however in the present study, culture positivity for ad-
enopathy was 76.6% (36/47), with high PPV of 95% and
lower NPV of 16%. The presence of adenopathy in com-
bination with other symptoms such as alopecia and scaling
gave better profile of predictive power for dermatophyte
culture. There was no such association between positive
culture and the number of symptoms in this study (P> 0.05)
in difference to Hubbard’s study (4) and in agreement with
Kelly et al. study, (5) such that the profile of PPV given by
single symptoms and signs were close to profile of different
pairs, triad and all the four symptoms. The single symptom/
sign though demonstrated higher PPV also had lower NPV
which decreased the probability of culture positivity when
such symptoms or signs are absent than the combinations
of symptoms and signs.

The combinations of multiple symptoms and signs gave
slightly higher PLR which increased probability of posi-
tive culture than individual single symptom and sign. These
combinations also gave much lower profiles of NLR which
implied that, in the absence such combination, the diagno-
sis of TC should be held in doubt in this setting. This obser-
vation is similar to that of Kelly et al. (5) but different from
the conclusion drawn from other study (4) that signified
higher likelihood of culture positivity among children with
adenopathy. In this study, occipital and or posterior cervi-
cal adenopathy and alopecia seem to be the most important
signs/symptoms. The presence of adenopathy significantly
reduces the rate of false positivity to 13.5% when present
with scaling and alopecia, and to 15.2% when present with
alopecia alone. The possibility of over treatment, which
could be a concern with this frame work is reduced to a
bare minimum. The two symptoms are important because
the dermatophytes as keratophilic organism invade the
scalp hair and the lymphatic channel of the scalp drain into
the regional lymph nodes (occipital and posterior cervical),
and this probably marks the presence of the dermatophyte
infection on the scalp the most. Scalp scaling singly was
the least important cardinal symptom in the diagnosis of
TC in this study. Scaling becomes important only when
adenopathy and alopecia are present. We therefore suggest
that, among pre adolescent children and others in similar
settings, clinical diagnosis of TC can be reasonably sug-
gested using combinations of the important symptoms or
signs like adenopathy, alopecia, and or scaling in agree-
ment with previous suggestions (5,22). Working with this
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frame work in rural setting with shortage of dermatologist
and other health care giver could help in combating the
increasing spread of the disease. Omitting confirmatory
culture could lead to gaining of up to two to four week of
waiting time and reduction of period of effective and infec-
tive bodily contact in among children in public places. In
addition, we could save up to approximately 50 dollars per
child in places where prevalence is up to 25% (9) among
children. Griseofulvin remains important in the treatment
of TC. It is less expensive, and has good safety profile and
is available as oral suspension which allows for accuracy of
dosing in children (23). If griseofulvin is taken daily over
six to eight weeks the chance of resistance is much reduced.
Inadvertent use of Griseofulvin could be another concern
with this type of frame work and that could be prevented
in such setting by strict adherence to component symptoms
that predict culture before diagnosis for commencement of
oral therapy. We also suggest that government at local level
could make drug available at affordable price to curb the
menace of the spread of TC.

In conclusion, the presence of cardinal symptoms or signs
of TC such as adenopathy in combination with other symp-
toms like alopecia or scaling predict dermatophyte culture
positivity among pre adolescent children. Children with TC
infection in a resource and personnel scarce primary care
environment can be empirically commenced on antifungal
treatment without having to wait for culture result.
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