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Abstract
Background: Leprosy is an infectious disease which faces diagnostic challenges. Slit-skin smear (SSS) is an age
simple diagnostic technique, yet not commonly applied by health care providers. The study aimed to determine
the effectiveness of SSS in terms of validity, diagnostic accuracy, and percentage agreement against punch
biopsy in diagnosing leprosy among leprosy patients who were diagnosed with leprosy on clinical grounds only
(i.e., number of skin lesions and/or peripheral nerve thickening).

Methods: An evaluation study of diagnostic tests with a cross-sectional design was conducted at a tertiary care
9477464058, . . S .
Email: misdav2003 @gmail. center of Bankura. In general, 70 new untreated leprosy patients, diagnosed solely by clinical grounds (i.e.,
com count of skin lesions and/or thickening of the nerve) and attending the dermatology outpatient department
(From February 2019 to January 2020) were enrolled in this study. After excluding pure neuritic, relapse, and
seriously ill patients by consecutive sampling, they were subjected to both SSS and punch biopsy using a
standard process. SPSS for Windows (Version 16.0., Chicago, SPSS Inc.) was used to analyze data. Z test, chi-
square test, and kappa test were conducted to test the statistical significance between the effectiveness of SSS
and punch biopsy.
Results: The sensitivity, specificity, positive predictive value, negative predictive value, positive likelihood ratio,
negative likelihood ratio, diagnostic odds ratio (DOR), and diagnostic accuracy of SSS were 81.81%, 95.83%,
90%, 92%, 20%, 0.19%, 102.87%, and 91.42%, respectively. Based on the results, SSS could detect acid-
fast bacilli (AFB) in clinically diagnosed leprosy cases slightly less than punch biopsy, but it was statistically
insignificant (Z=0.3689, P=0.71138, df=1). Finally, Cohen’s Kappa coefficient was 0.796, representing
substantial agreement between SSS and punch biopsy (95% Cl: 0.641-0.951).
Conclusions: Overall, SSS is more or less equally effective as compared to punch biopsy in confirming leprosy
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cases. Interest and training on SSS among resident doctors should be emphasized accordingly.
Keywords: Comparative evaluation, Effectiveness, Leprosy, Punch biopsy, Slit-skin smear, Sensitivity, Validity
Background most programs are using clinical criteria (i.e., the number

New leprosy cases continue to occur in the world. In
2018, there were globally 208 619 newly registered leprosy
cases (1). India contributes to nearly 60% of the global
leprosy burden (2). As reflected from the child leprosy and
disability cases in India, there is an increasing concern for
continuous transmission and delayed case detection (2).
Early detection needs an effective diagnostic tool.

Leprosy often faces diagnostic challenges, particularly
at peripheral hospitals. Multiple changes in the definitions
of paucibacillary (PB) and multibacillary (MB) leprosy in
1981, 1987, 1993, and 2017 (3-8) are considered as another
issue in this regard. As per the World Health Organization
(WHO), leprosy is diagnosed when at least one of the three
cardinal signs is present, namely, definite sensory loss in
a hypopigmented skin patch, thickening of peripheral
nerve, and positive slit-skin smear (SSS) (7). Due to
unavailability or in the expertise of health workers in SSS,

of skin lesions and nerves involved) for classifying and
providing leprosy treatment (9). However, this requires
clinical expertise, and there can yet be doubtful cases that
need a referral (10).The underdiagnosis of MB cases may
lead to continuous transmission and increase in disability
while overdiagnosis may lead to unnecessary treatment
plus psychosocial consequences related to the diagnosis of
leprosy.

Skin biopsy is the gold standard for diagnosis (11-13).
However, biopsy has limitations, and even among the
experts, some patients test negative even with definite
signs of leprosy (14).

SSS is a safe, rapid, and feasible laboratory-based
technique and has low sensitivity (10%-50%) but high
specificity (100%) (15). There remains a hesitancy
for learning and performing SSS even in the teaching
institutes. This technique has its advantage. For instance,
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it is useful in the diagnosis of paucilesional MB cases and
availability at peripheral institutions (16), but limited in
the detection of bacilli less than 10000 bacilli per milliliter
(17). Although a DNA-based polymerase chain reaction
has higher sensitivity, it is infeasible in resource-limited
countries (18).

The recent focus of research has been shifted to the
costlier molecular diagnosis which is infeasible on a
routine basis in resource-poor settings. The current study
can help in the confirmation of suspect cases and prevent
under or over treatment of leprosy. It will also add to the
existing evidence, the effectiveness of SSS in comparison to
punch biopsy, and emphasize the need for better training
and interest among the resident doctors for performing
SSS.

The present study was thus undertaken aiming at
determining the diagnostic effectiveness (i.e., validity,
diagnostic accuracy, and percentage agreements) of SSS
against punch biopsy in diagnosing leprosy among the new
untreated clinically diagnosed leprosy patients based on
the count of skin lesions and/or thickening of peripheral
nerve.

Methods

An institution-based evaluation study of diagnostic
tests with a cross-sectional design was conducted at
the Dermatology Outpatient Department (OPD) and
Microbiology Department of a Medical College and
Hospital located at Bankura district of West Bengal from
February 2019 to January 2020. New untreated clinically
diagnosed leprosy patients based on skin lesions and nerve
thickening, attending the Dermatology OPD of Bankura
Sammilani Medical College and Hospital (BSMCH),
Bankura were the study population. Those giving consent,
having pure neuritic leprosy and relapse, and suffering
from serious illness were excluded from the study. The
sample size (SS) for the study was calculated based on the
applied formula for the evaluation study of a provided
diagnostic test. According to the existing literature, S
for skin biopsy in detecting leprosy bacilli was 80.15%
and the prevalence of leprosy in India was 30/100000
population in districts where the disease was yet to bring
under control (19,20). Considering the allowable error
around the reported prevalence of the disease (6%) and
putting all these values in the formula, the estimated SS
was found to be approximately 63. Assuming a 10% non-
participation rate, the revised SS was 70. Finally, 70 eligible
patients were studied after considering the inclusion and
exclusion criteria. As per records, 8-10 new cases attend the
Dermatology OPD of BSMCH in a month on average. The
data collection was continued for 12 months. Consecutive
cases were included in the study based on eligibility criteria.
If the selected case did not fulfill selection criteria and/or
refused to participate in the study, the next very patients in
the queue were attempted for participation. The process of
case enrolment was continued until a total of 70 patients
satistying the inclusion and exclusion criteria could be
interviewed and examined based on the study aim. Study

variables included age, gender, religion, place of residence,
and clinical examination findings of skin lesions and nerve
thickening (Independent variables), as well as the result of
SSS and punch biopsy test in patients and the diagnostic
effectiveness in terms of validity, diagnostic accuracy,
and percentage agreement (Dependent variables). The
study was performed using the case record form and
standard instruments required for conducting SSS (21),
punch biopsy (11), and acid-fast bacilli (AFB) staining
(21) by interviews, observation, clinical examination,
and laboratory investigation techniques. Two samples
were aseptically collected from each selected patient by
performing SSS and punch biopsy to detect lepra bacilli
as per a standard procedure. Mostly characteristic lesion
was stained by the modified Ziehl-Neelsen stain using
the standard protocol and looking for the presence of
AFB (21). The active margins of lesions were chosen for
punch biopsy. Hematoxylin and eosin (H&E) and Fite-
Faraco stains were respectively used for histology and for
demonstrating bacilli, according to the standard protocols
(11).The smears and biopsy consistent with the diagnosis
of leprosy were recorded, and the procedure, staining,
and microscopic examinations for AFB were performed
at the laboratory of the microbiology department of the
institution. All patients were treated in accordance with
the WHO guidelines. Data were compiled and coded in
the Microsoft excel spreadsheet. Continuous variables
were described by the mean and standard deviation while
categorical variables were expressed in terms of proportion.
Tables and figures were used for data display. Inferential
statistics (e.g., sensitivity, specificity, positive and negative
predictive values [PPV and NPV], diagnostic accuracy, and
the like) were calculated considering the results of punch
biopsy as the gold standard (11-13). Z test was employed
to test the difference between two proportions while the
difference between categorical variables was tested using
the chi-square test. Kappa statistics was estimated to
conclude about the agreement between two diagnostic
tests. A P value less than 0.05 was considered significant
for all statistical purposes, and the Statistical Package for
the Social Sciences for Windows (version 16.0., Chicago,
SPSS Inc.) was applied for analysis.

Results
The leprosy cases had a mean age of 36.79+15.95 years
ranging from 9 to 85 years. The socio-demographic
characteristics of the leprosy cases are shown in Table 1.
Out of 70 clinically diagnosed leprosy patients, 20 cases
were SSS positive. Among these SSS-positive cases, 3/4th
and 1/4th were males and females, respectively. A total of
22 clinically diagnosed leprosy patients were reported to
be punch biopsy positive, of whom 72.8% and 27.2% cases
were male and female patients, respectively. Figure 1 shows
the distribution of the smear-positive leprosy cases based
on their positivity in SSS and punch biopsy individually
and positivity in both diagnostic tests. Nearly two-thirds
(65.7%) of the clinically diagnosed leprosy patients were
negative by both the SSS and punch biopsy procedure.
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Figure 1. Simple bar diagram showing the distribution of smear
positive patients based on their positivity in SSS alone, punch biopsy
alone and both SSS and punch biopsy (n=24)
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There was an association between the test results of SSS
and punch biopsy procedure among the new untreated
clinically diagnosed leprosy patients (Table 2).

Table 3 presents the sensitivity, specificity, PPV, NPV,
positive likelihood ratio, and negative likelihood ratio of
SSS as the diagnostic test against punch biopsy as the gold
standard. The diagnostic odds ratio (DOR) measures the
effectiveness of a diagnostic test. The DOR was 102.87.
In other words, if the subject has leprosy (punch biopsy
positive), the odds of positive SSS is 102.87 times that of
being positive if the subject does not have leprosy (punch
biopsy negative). The diagnostic accuracy of SSS represents
the overall probability that a patient will be classified
correctly. In the current study, the diagnostic accuracy of
SSS was 91.42% against the gold standard, which is punch
biopsy.

The percentage positivity of punch biopsy and SSS
are provided in Table 4. Although punch biopsy could
detect AFB in clinically diagnosed leprosy cases slightly
more compared to SSS, the difference was statistically
insignificant. In other words, SSS is more or less equally
effective in detecting leprosy cases as compared to punch
biopsy.

The concordance between punch biopsy and SSS was
evaluated by Cohen’s kappa coefficient. The number of
observed agreements between punch biopsy and SSS and
that of the expected agreements by chance between punch
biopsy and SSS were 64 (91.43% of the observations) and 40.6
(57.96% of the observations), respectively. The Cohen’s kappa
coefficient was computed as 0.796 with a standard error of
kappa of 0.079 and a 95% confidence interval of 0.641-0.951.
The Cohen’s kappa coefficient value of 0.796 represented

substantial agreement between punch biopsy and SSS, and
this was statistically significant (95% CI: 0.641-0.951).

Discussion

A one-year cross-sectional study was conducted among 70
new untreated leprosy cases diagnosed on clinical grounds
(skin lesions and nerve thickening) who were subjected
to both SSS and punch biopsy aiming at finding the
diagnostic effectiveness of SSS against punch biopsy. The
clinical diagnosis of leprosy relies upon the recognition of
disease symptoms which is dependent on the expertise of
the physician. There are problems with undertreatment of
MB leprosy cases presenting with few lesions such as the
continued transmission of the disease agent and an increase
in disability which was otherwise preventable. On the
other hand, some problems are linked with overtreatment,
particularly in leprosy mimickers such as tinea, pityriasis
alba, granuloma annulare, eczema, annular psoriasis,
sarcoidosis, and mycosis fungoides (12). Overtreatment
may have its psychosocial impact linked with the diagnosis
of leprosy. It is noteworthy that the stigma attached to
the disease and its consequences on mental health and
well-being cannot be ignored with the globally increasing
prevalence of mental illness. Moreover, the suspect leprosy
cases may not show the cardinal signs of leprosy, or it
may often be doubtful. SSS is no more mandatory for the
initiation of MDT as per WHO as it is possible to classify
leprosy without SSS results (22) although in the beginning
the degree of SSS, positivity was needed to classify patients
into MB and PB leprosy and to treat patients accordingly.

Table 1. Sociodemographic Characteristics of the Clinically Diagnosed
Leprosy Patients (n=70)

Socio-demographic Variables Sub-variables Number (%)

<10 2(2.8)
11-20 7 (10.0)
21-30 20 (28.6)
Age 31-40 20 (28.6)
41-50 7 (10.0)
51-60 7 (10.0)
>60 7 (10.0)
Male 46 (65.7)
Gender
Female 24 (34.3)
Bankura 66 (94.2)
Place of residence (district) Purulia 2(2.9)
Burdwan 2(2.9)

Table 2. Comparison Between the Results of SSS (Index Test) and Punch Biopsy (Gold Standard Test) Among the Clinically Diagnosed Leprosy Patients (n=70)

Punch Biopsy

Total Test Statistic
Procedure o 2 df
Positive Number (%) Negative Number (%) Number (%) ', df, P-value
Positive 18 (90) 2 (10) 20 (100.0) 5
$5S (2)=44.572,
Negative 4 (8) 46 (92) 50 (100.0) df=1,
P<0.00001
Total 22 (31.4) 48 (68.6) 70 (100.0)

Note. SSS: Slit skin smear.
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This was due to the lack of interest and expertise among
the staff and field workers for performing SSS. Considering
that SSS is just an optional criterion as per WHO in order
to diagnose leprosy based on cardinal signs, the interest
to learn SSS has further decreased among the residents or
health care workers.

Based on the results of the current study, the mean age of
the cases was 36.79 £15.95 years. In addition, the ratio of
male to female was 1.9: 1, indicating male preponderance,
which is in line with the findings of Baddam et al (23).
The majority of patients (28.57%) were of the age group of
21-40 years. Similar findings were found by Soni et al (24)
and Patra et al (25). The maximum number of cases (94%)
were reported from the Bankura district.

The findings further revealed that 24 patients (34.28%)
were found to be smear-positive by either procedure
while 46 cases (65.71%) were smear-negative by both
procedures. Out of 24 smear-positive patients, 18 cases
(75%) were positive by both procedures. In 20 patients,
the detection of Mycobacterium leprae was possible by SSS
(83% of smear-positive cases) while detection by punch
biopsy was possible in 22 patients (91% of smear-positive
cases). In this study, the microorganism was detected in 2
(8.33%) patients by SSS but not via punch biopsy. However,
the Mycobacterium leprae microorganism was detected in
4 (16.66%) patients by punch biopsy rather than SSS. This
finding is comparable with the obtained data by Patil et
al (26), demonstrating that 11.36% and 7.95% of cases
were positive by SSS alone and by punch biopsy alone,
respectively.

In this study, there was a significant difference in
detection by the two methods (P<0.00001), which
conforms to the obtained results by Ponnighaus et al (27)
and Patil et al (26).

Considering punch biopsy as the gold standard, the
sensitivity and specificity of SSS were 81.81% and 95.83%
in the present study, respectively. The specificity of SSS

Table 3. Diagnostic Evaluation of SSS in Comparison to Punch Biopsy in
Clinically Diagnosed Leprosy Patients (n=70)

Diagnostic Evaluation of SSS  Estimate 95% Confidence Interval
Sensitivity 0.818 0.615 t0 0.927
Specificity 0.958 0.86 to 0.988

PPV 0.9 0.699 to 0.972

NPV 0.92 0.812 to 0.968

LR+ 19.476 4.985 to 77.349

LR- 0.19 0.078 to 0.461

Note. SSS: SSS: Slit skin smear; PPV: Positive predictive value; NPV: Negative
predictive value; LR*: Positive likelihood ratio; LR™: Negative likelihood ratio.

reported by various studies is well correlated with that of
the current study. The International Leprosy Association
reported a sensitivity of 10%-50% and specificity of 100%
(15). Patil et al also found the sensitivity and specificity of
26.47% and 95%, respectively (26).

PPV and NPV were 90% and 92%, respectively, which is
in conformity with the results of Desikan et al (28) (PPV
and NPV were 87.7% and 99.4%, respectively).

Based on the findings, the diagnostic accuracy of SSS
was found to be 91.42%, indicating that SSS has a potential
ability to detect lepra bacilli similar to punch biopsy. Thus,
SSS can be used as an effective and safe diagnostic method
for confirming leprosy in peripheral and remote centers
where modern diagnostic tools are unavailable.

Implications of the Study

Although SSS is a conventional method, it is simple,
reasonably reliable, valid, and generally highly effective
for diagnosing leprosy in peripheral and referral centers
where modern diagnostic tools are not accessible or
available. Therefore, awareness should be created among
the health care professionals through education regarding
the simplicity and effectiveness of the procedure so that
if needed, to easily perform it in remote locations where
modern diagnostic modalities are not available. SSS
should be made user-friendly with increased training and
evaluation among the resident doctors. This method was
found to be equally effective as punch biopsy. Therefore,
SSS, which is a simpler procedure and equally effective
as punch biopsy, may be an acceptable alternative for
confirming leprosy.

Strengths

The study provided a comprehensive diagnostic evaluation
of SSS as an effective and acceptable alternative to punch
biopsy for leprosy confirmation. It may also help in
developing an integrated diagnostic approach in resource-
limited peripheral settings, particularly whenever there is
a clinical dilemma in the diagnosis of leprosy.

Limitations

The quality control of the reagents and the instruments
was as per the institutional norms, and no separate quality
control methods were considered by the researcher.

Conclusions

Overall, SSS is a simple procedure that can be performed
as an outpatient procedure and is equally effective in
detecting Mycobacterium Leprae in comparison to punch
biopsy. The findings revealed that there was substantial

Table 4. Percentage Positivity of SSS and Punch Biopsy in Clinically Diagnosed Leprosy Patients (n=70)

SSS Punch Biopsy
Total Cases Test Statistic
Positive Negative Positive Negative No. (%) Z-value, P-value, df
No. (%) No. (%) No. (%) No. (%)
20 (28.57%) 50 (71.42%) 22 (31.42%) 48 (68.57%) 70 (100.0%) 7=0.3689, P=0.71138, df=1

Note. SSS: Slit skin smear.
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agreement (A kappa coefficient value of 0.796) between
punch biopsy and SSS in diagnosing leprosy. SSS as a
simple and valid procedure can effectively compete with
costly procedures for the primary diagnosis of leprosy.
Thus, there is a need to emphasize the capacity building
of medical technologists, doctors, and other paramedical
staff, and the like on how to perform the SSS and to make
it user-friendly by training programs. Finally, SSS may be
an acceptable alternative to punch biopsy for confirming
leprosy, especially in remote locations.
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