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Abstract Correspondence:
Objective: To assess incidence of leprosy in Firozabad District (U.P.). Dr. Anil Kumar,
Materials and Methods: A random sample of 148,061 population was covered by this second survey, spread ;\lat:fmal Jaima dlnsttl]tute
over 259 units (230 rural/29 urban). The survey was conducted between March 2011 and November 2012. Clinically l\jr eprosy an .Ot er
. . . . - ycobacterial Diseases,
confirmed cases detect.ed I|n known disease-free population were labeled as incident cases and treated. _ Taj Ganj, Agra - 282 004, India.
Results: The overall incidence rate of leprosy was found to be 3.4 per 10,000 person years; In healthy contacts it E-mail: dranil250158@gmail.com
was 3.1, in paucibacillary contacts 29.7 while it was 89.3 in multibacillary contacts. The differences in incidence rate of
these three groups were significant (P < 0.001). Incidence rate was significantly higher by age; 1.1 in persons <15 years
to 8.0 in those >44 years of age, and in high endemicity areas with three or more cases. In terms of incidence rate
ratio (95% confidence interval), the incidence for ages 15-24 years was 3.2 times significantly higher than for those
under 15 years, 5.3 times (4.3-6.5) in ages 30-44 years and 7.0 times (5.6-8.7) for age 245 years. Incidence rate
ratio was also significantly higher in paucibacillary contacts, by 9.5 times (7.0-13.0) and 27.7 times (18.8-40.6)
in multibacillary contacts, as compared to healthy controls. Incidence rate ratio (95% confidence interval) was
significantly higher by 2.9 times (2.4-3.5) in areas with endemicity status of 3 to 5 cases and by 2.0 times (1.6-2.5)
in areas with >5 cases as compared to areas with no endemicity. It was 2.4 times more (1.6-3.5) in Narkhi, 2.4 times
higher (1.7-3.5) in Tundla and 3.0 times higher (2.1-4.5) in Aravon blocks than in Aeka block of the district. Incidence
rate was also found to be significantly higher (3.7) among females, 1.3 times higher (1.1-1.5) than in males (2.9).
Incidence rate ratio (95% confidence interval) was also 2.5 times higher (1.2-5.1) among persons having reported
disease of greater than 4 years in comparison to 1.5 in persons having disease for 2 to 3 years.
Limitations of Study: None to the best of our knowledge.
Conclusion: The present study suggests that incidence rate of leprosy is significantly higher among persons of
above 15 years, in females, among contacts of paucibacillary/multibacillary disease, in areas where >3 leprosy cases
were found and in Tundla, Narkhi and Aravon blocks in Firozabad district.

Key words: Contact status, endemicity, Firozabad (U.P.), incidence, leprosy

Introduction never reported. It has been mentioned that measuring incidence of
Epidemiological evaluation of leprosy is an important public health leprogy is not ef}s}’:l The inc.idence of leprosy suggests Ehe levels of
tool to monitor its progress on account of new transmission taking ongoing transmission in various groups and subgroups.

place in an area. This also helps to understand the trend of disease
and causes of transmission following public health intervention and
its impact. Although the leprosy control program reports a significant
decline in the leprosy case load all over the country based on trends
in prevalence and new case detection, the incidence of leprosy is

Leprosy control strategies had been based on reported new leprosy
cases in total population of an area assuming high community
coverage for detection and treatment. However, for some practical
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reasons this has not happened in India. Therefore, this variable
coverage in different areas of the country has given variable
results. The drawback with basing control strategies on reported
new leprosy cases is that there remains a significant number of
hidden or unreached leprosy cases that are responsible for ongoing
transmission in an otherwise healthy population. The measurement
of incidence of disease is thus important for planning to interrupt
ongoing transmission, if any, in the community.

Several attempts have been made to estimate the incidence of
leprosy in Tamil Nadu,>® Uttar Pradesh,”® Maharashtra,”!’ and
elsewhere!! Studies from South India have shown that household
familial contacts of index leprosy cases had higher risk of
developing leprosy than in nonfamilial contacts.** Although
several studies from Uttar Pradesh,” Mumbai,” and Wardha'® had
looked into crude incidence, a study from Agra in Uttar Pradesh®
had presented detailed data on observed incidence. The present
study was conducted in Firozabad District (Uttar Pradesh) between
March 2011 and November 2012 in a population previously
surveyed between 2006-2009, in order to determine observed
incidence.

Materials and Methods

Background of the study

The Firozabad district was reporting a very low number of
leprosy cases. In 2005-2006, the reported prevalence of leprosy
was 0.17 per 10,000 population. A survey was undertaken in the
district starting from October 2006 to March 2009, and the new
case detection rate was found to be 7.57 per 10,000 population'? in
9.83 lakh population.

Sample size

Using new case detection rate of 7.57 per 10,000 populations, error
rate as 0.20, a sample size of 129,099 was estimated. Assuming
coverage 50% population on account of migration and other factors,
inflated sample size was 258,198. This sample was randomly chosen
from 2006 to 2009 surveyed population and finally 148,453 could
be resurveyed for estimating the incidence of leprosy.

Defining incidence of leprosy

A new, active, confirmed, untreated leprosy case detected among
an earlier surveyed population (2006-2009) known to be leprosy
free is defined as an incident case. A whole body examination of
all persons in the targeted population was conducted. The mean
duration between two surveys was 4.1 years. Both surveys were
conducted using cross-sectional study design to interview/examine
only once at the time of visit.

Incidence rate
This was calculated using the formula:

New leprosy cases detected as incident cases divided by (earlier
disease-free population x duration in years between two surveys)
and multiplied by 10,000 = Incidence rate per 10,000 person years.

Defining contact status

A contact is a person living with an index leprosy case in the family.
Therefore, healthy contact is a person with no known leprosy case
in the family, paucibacillary contact with at least one paucibacillary
index case and multibacillary contact with at least one multibacillary
index case with/without other cases in the family.

Incidence of leprosy

Defining endemicity

There is no set definition of endemicity. The endemicity of leprosy
is therefore defined based on leprosy cases per village or urban unit
such as 0, 1, 2, 3, 4, 5 and >5 in this study.

Data analysis

The data was computerized and analyzed using Statistical Package
for the Social Sciences (SPSS v. 18) . Incidence rate of leprosy is
calculated as number of incidence cases per 10,000 person years
of follow-up. Kaplan—Meier survival method was used to estimate
incidence with time and log-rank test was used to compare the hazard
probabilities.”* To compare within the groups such as age, sex,
rural-urban, etc., incidence rate ratio and 95% confidence interval
of incidence rate ratio were calculated to assess the significance.'

Results

The overall incidence rate of leprosy in the district was observed
to be 3.4 per 10,000 person years of observations [Table 1]. The
observed incidence by age suggests that incidence of leprosy
increased from 1.1 per 10,000 person years in young age (<15) to
3.7 in adult ages (15-29) and further to 6.0 by ages 30 to 44 and
again to 8.0 beyond 44 years of age. The incidence rate suggests
significant differences in incidence rate ratio from age <15 to 15-29
[incidence rate ratio (95% confidence interval) =3.2 (2.6-4.1)], to
age group 3044, 5.3 (95% confidence interval = 4.3-6.5) and for
age group above 44, 7.0 (95% confidence interval = 5.6-8.7).

The clinical presentation of incident cases suggests that detection was
not delayed, as 189 (91.3%) cases detected were of paucibacillary
type, and 142 (68.6%) of these were with single skin lesion only.
Another 47 (22.7%) presented with 2-5 skin lesions and the
remaining 18 (8.7%) were detected with multibacillary disease. Of
the 207 incident cases, 33 cases (15.9%) were children (under 15).

The observed incidence rate was 2.9 in males while it was 3.7 in
females (95% confidence interval = 1.1-1.5), which was significantly
higher. Incidence rate of leprosy was 3.5 in rural areas and 3.0 in
urban areas (95% confidence interval = 0.7-1.0), which was not
statistically significant. Of the 9 blocks, incidence rate was found
to be lowest (below 2) in Hatwant (1.6) followed by Aeka (2.0)
and Sikohabad (2.4) while higher incidence (above 4) was found in
Narkhi (4.6) and Tundla (4.8) and the highest rate of 6.0 was found
in in Aravon block of the district [Table 1]. Assuming the incidence
rate in Aeka block as base value, it is observed that the incidence
rate of leprosy was 3.0 times (95% confidence interval = 2.1-4.5)
in Aravon, 2.4 times (95% confidence interval = 1.7-3.5) in Tundla,
2.4 times (95% confidence interval = 1.6-3.5) in Narkhi and so
on. However, incidence rate in Shikohabad was 1.2 times that of
Aceka (95% confidence interval = 0.8-1.8) and 0.8 times lower
in Hathwant (95% confidence interval = 0.5-2.6); both are not
significant.

The incidence rate in healthy controls was 3.1 in households
(where there was no index case of leprosy earlier). The incidence rate
was (29.7) significantly high, as much as 9.5 times (95% confidence
interval = 7.0-13.0), and also higher (89.3), and 27.7 times
(95% confidence interval = 18.8-40.6), among multibacillary
contacts in comparison to healthy controls.

The incidence rate was observed to be 2.4 in areas with leprosy
endemicity of zero (or <1).The incidence rate was 1.3 times

404 Indian Journal of Dermatology, Venereology and Leprology | Volume 84 | Issue 4 | July-August 2018



Kumar, et al.

Incidence of leprosy

Table 1: Incidence of leprosy by demographic characteristics in Firozabad district

Factor n Mean follow-up  Person years of risk  Incident cases Incidence/10,000 person years IRR (95% CI)
Age

<14 70,677 4.11 290,508.9 33 1.1 1.0

15-29 34,302 4.11 141,112.0 52 3.7 3.2 (2.6-4.1)

30-44 24,390 4.11 100,212.3 60 6.0 5.3 (4.3-6.5)

>44 19,084 4.08 77,955.8 62 8.0 7.0 (5.6-8.7)

Total 148,453 4.11 609,789.0 207 34
Sex

Male 61,283 4.11 252,076.4 74 2.9 1.0

Female 87,170 4.10 357,712.6 133 3.7 1.3 (1.1-1.5)
Area

Rural 116,509 4.04 470,242.2 165 3.5 1.0

Urban 31,944 4.37 139,546.7 42 3.0 0.9 (0.7-1.0)
Tundla 19,575 4.39 85,906.4 41 4.8 2.4 (1.7-3.5)
Firozabad 37,346 4.12 153,852.3 48 3.1 1.61.1-2.3)
Narkhi 12,857 4.21 54,060.0 25 4.6 2.4 (1.6-3.5)
Shikohabad 21,437 4.59 98,354.2 24 24 1.2 (0.8-1.8)
Madanpur 15,234 4.21 64,129.7 21 33 1.7 (1.1-2.5)
Aravon 9440 3.92 36,990.6 22 6.0 3.0 (2.1-4.5)
Jasrana 8545 3.91 33,391.3 11 33 1.7 (1.1-2.6)
Hathwant 10,500 3.53 37,096.6 1.6 0.8 (0.5-1.4)
Acka 13,519 3.40 46,008.0 2.0 1.0

IRR: Incidence rate ratios, Cl: Confidence interval

(95% confidence interval = 1.1-1.6) significantly higher in areas
with endemicity level of 1, but not different in areas with endemicity
level of 2 (95% confidence interval = 0.7—-1.3). However, incidence
levels were significantly higher in areas with endemicity levels of
3-5 and >5 cases in comparison to incidence rate in areas with zero
endemicity. In areas with endemicity levels of 3 to 5, incidence
was 6.8 per 10,000 person years, 2.9 times (95% confidence
interval = 2.4-3.5) in comparison to areas with endemicity zero,
and 4.8 in areas with endemicity of >5 [incidence rate ratio
(95% confidence interval) = 2.0 times (1.6-2.5) of the base value].
It was also observed that as the duration of follow-up increased,
the incidence of disease was higher. No incident case of leprosy
was noted before 2 years of follow-up, but incidence rate of
1.5 per 10,000 person years was noted in areas resurveyed after
2-3 years, 2.4 during 3—4 years of follow-up and 3.8 beyond 4 years
of follow-up. The incidence rate ratio was significantly higher
i.e., 2.5 times (95% confidence interval = 1.2-5.1) among persons
having disease for over 4 years.

Discussion and Conclusion

The incidence rate of leprosy among various population
subgroups gives an understanding about transmission pattern of
disease and also is an indicator of the impact of ongoing public
health interventions and effectiveness.? The overall incidence
of leprosy in the study areas of Firozabad district is 3.4 and 3.1
in healthy controls. It was significantly increased by 9.5 times
(95% confidence interval = 7.0-13.0) among paucibacillary contacts
and 27.6 times (95% confidence interval = 18.8-40.6) among
multibacillary contacts (log-rank test =265, degrees of freedom =2,
P < 0.001). The incidence among multibacillary contacts has been
highest and about three times as that in paucibacillary contacts.
An earlier study done in Agra district® also found almost similar
results, with an incidence rate of 4.6 in healthy controls, increased
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to 41 (8.9 times) in paucibacillary contacts and further to
131.3 (28.5 times) in multibacillary contacts. This study also suggests
that multibacillary contact had three times higher infectivity than
that of paucibacillary contacts [Figure 1]. This probably confirms
that exposure to large quantum of infection in familial contacts
of multibacillary index cases gives rise to genetic predisposition
among contacts, and thus receptivity of infection increases. The
behavioral practice of defecation in the open, as is widely prevalent
both in rural and urban slums areas, increases exposure to infection,
and thus the development of disease. The observed incidence rate
varied from 1.6 in Hatwant block to 6.0 in Aravon block. Incidence
rate ratio suggests that a much higher incidence from base value of
two or more times is found in Narkhi, Tundla and Aravon blocks
than in Aeka block, which is significant. The observed high
endemicity (proxy to force of infection) to help in transmission and
high significant increase in incidence rate have been observed in
areas with high endemicity of >3 leprosy cases than in areas with
lower endemicity status <3. This is completely a new finding to the
best of authors’ knowledge.

The incidence of disease is found to be high in higher ages and this
may be due to increasing length of exposure and incubation period
of disease. This corroborates with increasing risk of incidence with
longer follow-up time [Tables 1 and 2].

Similar to other studies,*' the present study indicates high
incidence rate (3.7) in females, which is 1.3 times (95% confidence
interval = 1.1-1.5) that of 2.9 in males and this is different from
the observations in Agra.® One of the reasons could be more
thorough (total body) examination undertaken.

Time interval between two surveys, in determining incidence rates,
has been a subject of debate, there being no unanimity for length
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Table 2: Incidence of leprosy by contact status, endemicity and duration of follow-up

Incident cases Incidence/10,000 person years IRR (95% CI)

Factor n Mean follow-up Person years of risk
Contact status
Healthy 147,384 4.11 605,272.2
PB 873 4.24 3705.3
MB 196 4.14 811.5
Endemicity
0 69,053 4.09 282,654.2
1 28,934 4.09 118,191.9
2 14,950 3.76 56,230.0
3-5 19,209 4.27 81,954.8
>5 16,307 4.34 70,780.2
Duration of follow-up
2-3 4827 2.73 13,164.0
3-4 45,362 3.59 162,667.3
>4 98,264 4.42 433,957.8

189 3.1 1.0

11 29.7 9.5 (7.0-13.0)
7 86.3 27.7 (18.8-40.6)
67 24 1.0

37 3.1 1.3 (1.1-1.6)
13 23 1.0 (0.7-1.3)
56 6.8 2.9 (2.4-3.5)
34 48 2.0 (1.6-2.5)
2 1.5 1.0

39 24 1.6 (0.8-3.2)
166 3.8 2.5 (1.2-5.1)

IRR: Incidence rate ratios, Cl: Confidence interval, PB: Paucibacillary, MB: Multibacillary
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Figure 1: Incidence of leprosy in Firozabad District

of follow-up. In this study, the average interval between the two
surveys was 4.11 years. The findings of this study are based on
definite cases of leprosy that had developed into defined clinical
types of the disease. It is possible that some of the early cases that
might have appeared in the intervening period may have self-healed.
Had the resurvey been done early (612 months interval), those
self-healed cases too could have been picked up to further add to
the incidence. However, the number of such cases is expected to be
very few.

To conclude, new leprosy cases are continuing to appear and the
incidence rate is still much higher (3.4 per 10,000 person years)
compared to reported new case detection rate of 0-587/10,000 (proxy
for incidence) by district health authorities (unpublished, 2009).
Larger numbers of incident cases were observed among the
nonfamilial healthy controls of leprosy but a 10-29 fold higher
incidence rate was observed in familial contacts of index cases. The
reason of such a situation could be related to daily behavior of index
leprosy cases of defecation within the villages in open areas, which
provide aerosol effect for the infection to transmit and also increase
the genetic predisposition. A similar or more alarming situation may
exist in some urban slums where localized transmission is ongoing.

Future research, using large numbers of contacts who could be
resurveyed, can throw more light on the transmission patterns with
reference to contact’s status, and corroborating findings of infection
in the soil. Special observations on the treatment status of contacts
and the duration of untreated disease can also lead to understanding
as to how much multidrug therapy has really helped in containing
transmission, or if it could decline naturally as a function of
improved hygiene and sanitation practices.
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