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ABSTRACT

The objectives of this study were to explore global epidemiological characteristics of leprosy, and to
provide reference for the construction of prevention strategies for leprosy. Computer retrieval of the
study on the epidemiology of leprosy from 2010 to 2020 in Web of Science, PubMed, and SCOPUS
databases were summarized. The included studies were assessed for the quality of the AHRQ; the
proportions of the study indices were meta-analyzed with Stata 16.0. A random effects model was
adopted to merge categories, including sex, type, grade 2 deformity (G2D) and age group for meta-
analysis. The subgroup analysis used region as a stratification factor to analyze whether there were
differences in the indicators. The meta-analysis included 30 studies totaling 11,353 cases. The global
pooled proportion of male to female subjects with leprosy was 63% (95% Cl 59%, 66%) to 37% (95%
Cl 34%, 41%), respectively. The pooled multibacillary proportion and paucibacillary proportion were
69% (95% Cl 62%, 76%) and 31% (95% Cl 24%, 38%), respectively. The pooled grade 2 deformity
(G2D) proportion was 22% (95% Cl 15%, 30%). Among age groups, the pooled children proportion
was 11% (95% Cl 8%, 13%), and the pooled adult proportion was 89% (95% Cl 87%, 92%). The
subgroup analysis indicated that epidemiological indicators varied from country to country. This
study suggested that disparities existed between sex, type, grade 2 deformity (G2D) and age group
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characteristics of leprosy from country to country.

1. Introduction

Leprosy is an infectious chronic disease and a neglected
tropical disease induced by Mycobacterium leprae, and
mainly affects the skin, peripheral nerves, upper respira-
tory mucosa and eyes[1]. The prolonged physical defor-
mities associated with leprosy get progressively worse
with delayed diagnosis and increasing age [2]. While
leprosy is a millennial disease, it is a public health and
social issue of global concern prevalent in at least 122
countries [3]. The prevalence of leprosy declined from
over 5 million cases in the 1980s to less than 129,192 in
the late of 2020s [4]. This change was due to leprosy
control around the world over the years. Based on the
estimated new leprosy infections in 2020 published by
World Health Organization (WHOQ), the top five coun-
tries, in sequence, are India, Brazil, Indonesia,
Democratic Republic of the Congo, Bangladesh, and
the proportion of newly detected leprosy cases with
multibacillary leprosy was about 67.3%. In the mean-
while, 38.6% of the new leprosy cases were among
females in the world. Considering that leprosy has still
not been eradicated, it was essential to further investi-
gate the epidemiological characteristics of leprosy.

Schreuder et al [5]. Conducted a study reporting
the epidemiologic trends of leprosy indicating that
there appeared to be regional differences in the gen-
der proportion of leprosy patients at the time of
diagnosis and treatment, and male leprosy patients
were more susceptible to deformities than female.
A meta-analysis also pointed out that physical dis-
ability was virtually twice as frequent in male patients
as with female patients [2]. Nevertheless, this discre-
pancy was not evident in all countries analyzed. The
World Health Organization (WHO) categorized
leprosy into multibacillary leprosy (MB) and pauciba-
cillary leprosy (PB). A cross-sectional study in Iran
illustrated that 85.7% of leprosy patients were multi-
bacillary leprosy and 14.3% were leprosy patients
infected with paucibacillary leprosy [6]. In India,
a study noted that newly detected cases of leprosy
continued to persist and the grade 2 deformity (G2D)
rate was also on the rise among new leprosy cases [7].
A study of leprosy patients in only one tertiary level
hospital showed that the proportion of grade 2 defor-
mity was much higher than 10% in Ethiopia [8].

CONTACT Yunhui Li @ lyh1216@126.com @ Department of Epidemiology and Health Statistics, School of Public Health, Southeast University, Nanjing,

China
“These authors contributed equally to this work.

This article has been republished with minor changes. These changes do not impact the academic content of the article.

© 2022 Informa UK Limited, trading as Taylor & Francis Group


http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/20477724.2022.2057722&domain=pdf&date_stamp=2022-10-22

468 J. YANG ET AL.

Furthermore, in the study of factors influencing the
incidence of leprosy in globally endemic areas, indi-
cated that the apparent deformities have
increased year to year from 2005 to 2015 in China
[9]. The available studies on grade 2 deformity were
all single for a certain country and risk factors without
systematic investigation. A systematic review in Brazil
pointed that leprosy status of children under 15 years
was extremely undesirable and the proportion of
disability was also high [10]. A recent review of child-
hood leprosy in India systematically reported its pre-
valence status and showed that the incidence in
children remained high [11]. Thus, the comprehen-
sion of childhood leprosy proportion among new
leprosy cases in various countries worldwide is
essential.

Simultaneously, the World Health Organization
(WHO) also published some raw data, including the
number of new cases of women, grade 2 deformity
(G2D) and children in different countries. Therefore,
the objective of this study was to investigate the epi-
demiological characteristics of leprosy across regions
worldwide by meta-analysis, and to systematically ana-
lyze the difference of sex, type, grade 2 deformity
(G2D) and age group in different countries, in order
to offer a reference point for preventing leprosy and
controlling outbreaks of leprosy and a scientific basis
for the goal of early and complete elimination of
leprosy hazards.

2. Methods
2.1. Search strategy and selection criteria

A literature search was performed on PubMed, Web of
Science, and SCOPUS to confirm English language
publications with information relating to the global
epidemiology of leprosy. The following medical sub-
ject headings (MeSH) terms and keywords were used in
the search strategy: leprosy, epidemiology, prevalence
and incidence. All the databases were searched from
2010 until 2020. Two readers filtered through the
results of the search and identified potentially relevant
studies based on the title and abstract. Disagreements
between the two readers were settled with
discussions.

Inclusion criteria were as follows: (1) literature was
available in English and reported the epidemiological
characteristics of leprosy; (2) the research method was
a cross-sectional study or baseline investigations; (3)
data were complete; and (4) the diagnosis criteria fol-
lowed leprosy diagnostic criteria.

Exclusion criteria were as follows: (1) small sample
sizes (< 30); (2) repetition; (3) overview; (4) systematic
review; (5) reviews or lectures; (6) reported data that

overlapped with already included articles; (7) the
source of the sample was unclear; and (8) statistical
content was not available.

2.2 Data extraction

Data extraction was performed by two reviewers
who screened the literature including author
details, publication year, geographic location of
study, total sample size of leprosy patient cohort,
the number of male and female patients, the num-
ber of multibacillary (MB) and paucibacillary (PB),
the number of grade 2 deformity (G2D), age <
15 years, and age = 15 years.

2.3 Quality assessment

Quality appraisal of the included literatures were
carried out using the ‘The Agency for Healthcare
Research and Quality (AHRQ)’, which consists of 11
entries [12]. The quality of the included studies was
independently assessed by two researchers, with
a score of 1 for ‘yes’ and 0 for ‘no or unclear’, for
a total of 11 points. Any discrepancies were
resolved through consensus-based discussions.
Studies were graded according to their scores into
low, medium, and high quality, with scores of 0 to
3,4 to 7 and 8 to 11, respectively.

2.4 Statistical analysis

Depending on the abovementioned inclusion and
exclusion criteria, the data on the epidemiological
characteristics of leprosy published in domestic and
foreign journals were organized based on the
requirements of the meta-analysis, and the database
was established. Single group rate meta-analysis of
each prevalence indicator was estimated using
STATA 16.0 for the included studies of the epide-
miology of leprosy. When I? was < 50%, the fixed-
effects model was used; otherwise, we used the
random-effects model. Sources of heterogeneity
were explored by means of a subgroup analysis,
and to examine the authenticity of data, a funnel
plot was produced using STATA 16.0.

3. Results
3.1 Selection of studies

From the abovementioned search method, a total
of 2,242 studies were retrieved from the database,
and 1931 studies were excluded as irrelevant and
duplicate articles based on the titles and abstracts.
After screening the full text based on the inclusion
and exclusion criteria, a total of 281 studies were
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Figure 1. Flow diagram of study selection process.

excluded and 30 studies were included in the
quantitative synthesis. The detailed flowchart of
the search and selection process was shown in
Figure 1.

3.2 Characteristics and quality assessment of
included studies

This systematic review included 30 studies occurring
between 2010 to 2020, spanning 10 countries and
comprising 11,353 leprosy patients. The 10 coun-
tries included India (10), Philippines (1), Brazil (7),
Ethiopia (2), China (3), Madagascar (1), Iran (1),
Saudi Arabia (1), Nigeria (2) and Bangladesh (2).
The leprosy patient sample sizes of the included
studies ranged from 39 to 4,775, among which,
the data of male, female, multibacillary (MB), pauci-
bacillary (PB), grade 2 deformity (G2D), age <
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%

country and Studies (vear) Effect (95% CI)  Weight

India
Vinnarasan et al. (2018) o 0.72(0.58,0.86)  2.70
Govindharaj et al. (2016) 'I"_ 0.69(0.58,0.80) 321

Sharma et al. (2017)
Mangeard-Lourme et al. (2017)
Kumar et al. (2019)

Shukla etal. (2015)

Kumar et al. (2015)

Ganesan etal. (2018)

Arif etal. (2019)

Darlong et al. (2020)

Subgroup, DL (I' = 89.9%, p = 0.000)

0.82(0.75, 0.90) 3.88
0.53 (0.47,0.58) 424
0.68 (0.62,0.73) 428
0.48 (0.43,0.54) 428
0.50(0.38,0.62) 3.12
0.50 (0.42,0.57) 3.89
0.67 (0.61,0.73) 412
0.60 (0.50,0.70) 3.51
0.62(0.54,0.69) 37.23

|
+

Philippines
Scheelbeek et al. (2013)
Subgroup, DL (I = 0.0%, p = .)

0.74 (0.67, 0.80) 4.14
0.74 (0.67, 0.80) 4.14

Brazil
Soares Dos Santos et al. (2020)

de Oliveira et al. (2019)

Rodrigues et al. (2020)

Nazario et al. (2017)

Bandeira et al. (2017)

Martins et al. (2016)

Subgroup, DL (I* = 38.1%, p = 0.152)

0.58 (0.48,0.67) 3.58
0.59(0.48,0.71) 3.17
0.52(0.37,0.68) 249
0.54 (0.49, 0.60) 428
0.59(0.43,0.74) 255
0.47 (0.43,0.52) 435
0.53(0.49,0.58) 20.43

Ethiopia
Abdela et al. (2020)
Shumet et al. (2015)
Subgroup, DL (I = 79.9%, p = 0.026)

0.77 (0.66, 0.88) 327
0.64 (0.60, 0.68) 4.42
0.70(0.57, 0.82) 7.69

China
Sun etal. (2012) 068(0.66,0.71)  4.60

0.69 (0.67,0.70) 4.68
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Long etal. (2017)

I

Zhang et al. (2020) - 070(0.56,0.84)  2.69

Subgroup, DL ( = 0.0%, p = 0.965) . [} 0.69(0.67,0.70)  11.98

Madagascar !

Suttels etal. (2016) 061(051,0.71)  3.38

Subgroup, DL (I =0.0%, p = ) 061(051,0.71)  3.38

Saudi Arabia !

Assiri etal. (2014) | == 084(074,094) 350

Subgroup, DL (I =0.0%, p =) I &> 084(074,094) 350
1

Nigeria 1

John etal. (2017) —— | 0.39(0.27,052)  3.02

Chukwu et al. (2018) ¢ 0.57(0.54,0.61)  4.54

Subgroup, DL ( = 87.3%, p = 0.005) > 0.49(0.32,0.67)  7.57
1

Bangladesh 1

Mowia et al. (2017) | &= 0.76 (0.69,0.82)  4.10

Subgroup, DL (I’ = 0.0%, p =) 1O 076(0.69,0.82)  4.10
1

Heterogeneity between groups: p = 0.000 |

Overall, DL (I = 91.3%, p = 0.000) o3 0.63(0.59,0.66) 100.00

| |
-1 0 1

NOTE: Weights and b lbgroup test are from random-effects model

Figure 2. Forest plot of proportion of male patients with
leprosy from studies conducted in different countries.

15 years, and age > 15 years were collected. In
the quality assessment, quality scores of the
included studies ranged from 5 to 9, and contained
16 medium quality and 14 high quality studies.
A more detailed description of the studies was
shown in Table 1.

3.3 Sex characteristics of leprosy

This systemic review incorporated 30 studies, 27 of
which contained the sex distribution of leprosy cases.
Altogether, the 27 studies contained a sample size of
11,091 leprosy patients, among which, the reported
male proportion ranged from 39.3% to 83.9%. The
pooled proportion of males to females was 63% (95%
Cl 59%-66%) to 37% (95% Cl 34%-41%), respectively.
The result of the degree of heterogeneity inconsis-
tency (I°) was 91.3% (P < 0.001) (Figure 2, Figure 3).
Subgroup analysis. Ten studies were conducted in
India, and the pooled proportion of males to females
was 62% (95% Cl 54%-69%; 1°=89.9%, p = 0.000) to 38%
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%

country and Studies (year) Effect (95% CI)  Weight

India

Vinnarasan et al. (2018) _‘_I' 028(0.14,042) 270
Govindharaj et al. (2016) —_—— 0.31(0.20,042) 321
Sharma et al. (2017) - 0.18(0.10,0.25)  3.88
Mangeard-Lourme et al. (2017) | 0.47(0.42,053)  4.24
Kumar et al. (2019) <= 0.32(0.27,0.38) 4.28

Shukla et al. (2015)
Kumar et al. (2015) |
Ganesan et al. (2018) ==

Avif etal. (2019) -

0.52(0.46,057)  4.28
0.50(0.38,062)  3.12
0.50 (0.43,0.58)  3.89
0.33(0.27,039)  4.12

Darlong et al. (2020) —— 0.40(0.30,0.50)  3.51

Subgroup, DL (I* = 89.9%, p = 0.000) <> 0.38(0.31,046) 37.23

Philippines !

Scheelbeek et al. (2013) - ! 026(020,0.33)  4.14

Subgroup, DL (= 0.0%, p =) <! 026(020,033)  4.14
1

Brazil J

Soares Dos Santos et al. (2020)
de Oliveira et al. (2019)
Rodrigues et al. (2020)
Nazario et al. (2017) | ==

0.42(0.33,052)  3.58
0.41(0.29,052) 347
0.47(0.32,063) 249
0.46(0.40,051)  4.28

Bandeira etal. (2017) —_—— 0.41(026,057) 255

Martins et al. (2016) T 0.53(0.48,0.57)  4.35

Subgroup, DL (* = 38.1%, p = 0.152) 1 0.47(0.42,0.51)  20.43
1

Ethiopia I

Abdela et al. (2020) —_ 023(0.12,0.34)  3.27

Shumet et al. (2015) - 0.36(0.32,040)  4.42

Subgroup, DL (F* = 79.9%, p = 0.026) > 0.30(0.18,043)  7.69

China :

Sun etal. (2012) *, 0.32(0.29,0.34)  4.60

Long et al. (2017) *, 0.31(0.30,0.33)  4.68

Zhang et al. (2020) — 0.30(0.16,044)  2.69

Subgroup, DL (* = 0.0%, p = 0.965) [] 0.31(0.30,0.33)  11.96

Madagascar
Suttels et al. (2016)

Subgroup, DL (F = 0.0%, p =) <>

0.39(0.29, 0.49) 3.38
0.39(0.29, 0.49) 3.38

Saudi Arabia !
Assiri etal. (2014) - ! 0.16 (0.06,0.26)  3.50
Subgroup, DL (' =0.0%, p = .) > ! 0.16 (0.06,0.26)  3.50
1
Nigeria 1
1
I

John etal. (2017)
Chukwu et al. (2018)
Subgroup, DL (I = 87.3%, p = 0.005)

—— 061(048,0.73) 3.02

* 0.43(0.39,0.46)  4.54

- 051(0.33,068) 757

1
Bangladesh 1
Mowla et al. (2017) 1 0.24(0.18,0.31)  4.10
Subgroup, DL (F = 0.0%, p =) < 0.24(0.18,0.31)  4.10
1
Heterogeneity between groups: p = 0.000 1
Overall, DL (I = 91.3%, p = 0.000) o 0.37 (0.34,0.41) 100.00
I I
5 0 5
NOTE: Weights and b ibg P t are from rand ffe model

Figure 3. Forest plot of proportion of female patients with
leprosy from studies conducted in different countries.

(95% Cl 31%-46%; I* =89.9%, p = 0.000), respectively. Six
studies took place in Brazil, among which, the pooled
proportion of males to females was 53% (95% Cl 49%-
58%; 1°=38.1%, p = 0.152) to 47% (95% Cl 42%-51%;
1°=38.1%, p = 0.152), respectively. Two studies were con-
ducted in Ethiopia, and the pooled proportion of males to
females was 70% (95% Cl 57%-82%; I2=79.9%, p = 0.026)
to 30% (95% Cl 18%-43%; I*> =79.9%, p = 0.026), respec-
tively. Three studies were performed in China, in which
the pooled proportion of males to females was 69% (95%
Cl 67%-70%; 1>=0.0%, p = 0.965) to 31% (95% Cl 30%-
33%; 1°=0.0%, p = 0.965). Two studies were performed in
Nigeria, in which the pooled proportion of males to
females was 49% (95% Cl 32%-67%; |°=87.3%,
p = 0.005) to 51% (95% Cl 33%-68%; [°=87.3%,
p = 0.005), respectively. Differences in the pooled propor-
tion of males and females across the various countries
were statistically significant (p < 0.001).

3.4 Type characteristics of leprosy

According to WHO standards, leprosy was divided into
multibacillary (MB) and paucibacillary (PB) [6]. For this
systemic review, 22 studies included the number of MB

%

country and Studies (year) Effect (95% CI)  Weight

Brazil
Soares Dos Santos et al. (2020) - 0.77 (0.69,0.84)  4.54
Nazario et al. (2017) | * 0.79(0.75,0.83)  4.74
Bandeira et al. (2017) — 0.63(0.49,0.78)  3.98
Martins et al. (2016) - 0.67(0.63,0.72) 473
Subgroup, DL (I* = 82.4%, p = 0.001) < 0.73(0.65,0.80) 17.99
1
India !
Govindharaj et al. (2016) + 0.71(0.60,0.82)  4.31
Mangeard-Lourme et al. (2017) -> | 0.28(0.23,033) 471
Shukla et al. (2015) - | 0.37(0.32,042) 471
Kumar et al. (2015) - 0.46(0.34,057)  4.25
Ganesan et al. (2018) *> 1 0.14(0.09,0.19) 470
Arif et al. (2019) - 0.73(0.67,0.79)  4.66
Darlong et al. (2020) - 0.67(0.58,0.76)  4.45
Subgroup, DL (I’ = 98.1%, p = 0.000) L -1 0.48(0.30,0.65) 31.79

Ethiopia
Abdela et al. (2020)
Shumet et al. (2015)
Subgroup, DL (I = 82.4%, p = 0.017)

=4 089(0.82,097) 454
@ 099(0.98 1.00) 4.82
0.95(0.86,1.05)  9.36

China
Sun etal. (2012)

Long et al. (2017)

Zhang et al. (2020)

Subgroup, DL (I = 0.0%, p = 0.910)

<>
* 085(0.83,0.87)  4.80
*> 0.85(0.84,0.86)  4.82
—9—  082(0.71,094) 425
] 0.85(0.84,0.86) 13.86

Madagascar
Suttels et al. (2016) —- 078(0.69,0.87)  4.49
Subgroup, DL (I’ =0.0%, p =) o g 0.78(0.69,0.87)  4.49
1
Saudi Arabia 1
Assiri et al. (2014) - ! 0.48(0.35,061)  4.13
?=0.0%, p= 1
Subgroup, DL (I” = 0.0%, p =) ol 048(0.35,061)  4.13
Nigeria

John et al. (2017)
Chukwu et al. (2018)
Subgroup, DL (I = 82.3%, p = 0.017)

- 0.85(0.76, 0.94) 4.47
4 0.96(0.950.97) 4.81
<> 0.92(0.81,1.02) 9.29

Bangladesh
Mowla et al. (2015)
Mowla et al. (2017)

1

1

1

1

i
Subgroup, DL (I’ = 0.0%, p = 0.447) p

1

0.70(0.61, 0.79) 4.46
0.74 (0.68, 0.80) 4.63
0.73 (0.67,0.78) 9.09

Heterogeneity between groups: p = 0.000
Overall, DL (I” = 99.3%, p = 0.000)

T T

-1 0 1
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Figure 4. Forest plot of proportion of MB patients from studies
conducted in different countries.

%

country and Studies (year) Effect (95% CI)  Weight

Brazil

Soares Dos Santos et al. (2020) - 023(0.16,031) 454

Nazario et al. (2017) - 021(0.17,0.25) 474

Bandeira et al. (2017) —— 0.37(0.22,051)  3.98

Martins et al. (2016) e 032(0.28,037) 473

Subgroup, DL (I° = 81.8%, p = 0.001) > 0.27(0.20,0.35)  17.99
1

India !

Govindharaj et al. (2016) + 0.29(0.18,040)  4.31

Mangeard-Lourme et al. (2017) ' > 072(067,0.77) 471

Shukla et al. (2015) | *> 063(0.58,0.68)  4.71

Kumar et al. (2015) e 054 (0.43,0.66)  4.25

Ganesan et al. (2018) | 4 086(0.81,091) 470

Arf et al. (2019) > 027(021,033)  4.66

Darlong et al. (2020) - 033(024,042) 445

Subgroup, DL (I’ = 98.1%, p = 0.000) :<> 0.52(0.35,0.70)  31.79

Ethiopia :

Abdela et al. (2020) - 0.11(0.03,0.18)  4.54

Shumet et al. (2015) » \ 0.01(0.00,0.02)  4.82

Subgroup, DL (I° = 82.4%, p = 0.017) < 0.05(-0.05,0.14)  9.36
1

China |

Sun et al. (2012) . 0.15(0.13,0.17)  4.80

Long et al. (2017) . ! 0.15(0.14,0.16)  4.82

Zhang et al. (2020) ——! 0.17(0.06,0.29)  4.25

Subgroup, DL (I = 0.0%, p = 0.910) [) : 0.15(0.14,0.16)  13.86

Madagascar :

Suttels et al. (2016) - 022(0.13,031) 449

Subgroup, DL (I = 0.0%, p = .) < 0.22(0.13,031) 449
1

Saudi Arabia 1

Assiri et al. (2014) | 0.52(0.39,0.65)  4.13

Subgroup, DL (I = 0.0%, p =) : <> 0.52(0.39,0.65)  4.13

Nigeria :

John et al. (2017) - 0.15(0.06,0.24) 447

Chukwu et al. (2018) 3 ' 0.04(0.03,0.05) 481

Subgroup, DL (I’ = 82.3%, p = 0.017) <> 0.08(-0.02,0.19)  9.29
1

Bangladesh |

Mowia et al. (2015) - 030(021,039)  4.46

Mowa et al. (2017) -+ 0.26(0.20,032) 463

Subgroup, DL (I’ = 0.0%, p = 0.447) q 027(022,033)  9.09

Heterogeneity between groups: p = 0.000 !

Overall, DL (I = 99.3%, p = 0.000) ¢ 0.31(0.24,0.38) 100.00

T T
El 0 1
NOTE: Weights and are from model

Figure 5. Forest plot of proportion of PB patients from studies
conducted in different countries.



Table 1. Descriptive characteristics of all studies included in meta-analysis.
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Cases Male Female MB PB G2D  Age<15 Quality
Author details Publication year  Country (n) (n) (n) (n) (n) (n) (n) Age=15 scores
Vinnarasan et al[27]. 2018 India 39 28 11 NA NA NA NA NA 5
Scheelbeek et al[28]. 2013 Philippines 204 150 54 NA NA NA NA NA 5
Soares Dos Santos et al. 2020 Brazil m 64 47 85 26 NA NA NA 6
[29]
Govindharaj et al[30]. 2016 India 65 45 20 46 19 10 NA NA 6
Sharma et al[31]. 2017 India 97 80 17 NA NA NA NA NA 5
Abdela et al[3]. 2020 Ethiopia 57 44 13 51 6 34 2 55 9
Mangeard-Lourme et al. 2017 India 321 169 152 89 232 7 119 202 9
[32]
Sun et al[33]. 2012 China 1324 905 419 1124 200 298 39 1285 8
Long et al[34]. 2017 China 4775 3276 1499 4041 734 1134 106 4669 9
Kumar et al[35]. 2019 India 315 213 102 NA NA NA NA NA 5
Ambrosano et al[36]. 2018 Brazil 41 22 19 NA NA NA NA NA 5
Zhang et al[37]. 2020 China 40 28 12 33 7 14 NA NA 7
Suttels et al[38]. 2016 Madagascar 87 53 34 68 19 16 10 77 9
Mansori et al[39]. 2017 Iran 122 72 50 113 9 NA NA NA 6
Assiri et al[40]. 2014 Saudi 56 47 9 27 29 6 NA NA 8
Arabia
de Oliveira et al[41]. 2019 Brazil 71 42 29 NA NA 1 NA NA 7
Shukla et al[42]. 2015 India 358 173 185 133 225 6 37 321 9
Rodrigues et al[43]. 2020 Brazil 40 21 19 NA NA NA  NA NA 5
Kumar et al[44]. 2015 India 70 35 35 32 38 1 19 51 9
Ganesan et al[45]. 2018 India 171 85 86 24 147 147 NA NA 7
John et al[46]. 2017 Nigeria 61 24 37 52 9 8 7 54 9
Nazario et al[47]. 2017 Brazil 360 196 164 285 75 NA 7 353 8
Arif et al[48]. 2019 India 220 148 72 161 59 NA NA NA 7
Mowla et al[49]. 2015 Bangladesh 99 NA NA 69 30 22 5 94 8
Mowla et al[50]. 2017 Bangladesh 177 134 43 131 46 NA NA NA 6
Bandeira et al[51]. 2017 Brazil 41 24 17 26 15 NA NA NA 6
Darlong et al[52]. 2020 India 100 60 40 67 33 13 45 55 8
Shumet et al[8]. 2015 Ethiopia 513 328 185 509 4 132 25 488 8
Martins et al[53]. 2016 Brazil 434 206 228 292 141 50 NA NA 7
Chukwu et al[54]. 2018 Nigeria 984 565 419 946 38 281 72 912 8

NA: not available

and PB, which included a total of 10,424 leprosy
patients. The MB proportion across these studies ran-
ged widely from 14% to 89%, and similarly, the PB
proportion across these studies ranged from 10% to
86%. The pooled proportion of MB and PB was 69%
(95% Cl 62%-76%) and 31% (95% Cl 24%-38%), respec-
tively. The degree of heterogeneity inconsistency (I°)
was 99.3% (P < 0.001) (Figure 4, Figure 5).

Subgroup analysis. Four studies were based in
Brazil, and the pooled proportion of MB and PB pro-
portion was 73% (95% Cl 65%-80%; |°=82.4%,
p = 0.001) and 27% (95% Cl 20%-35%; 1° =82.4%,
p = 0.001), respectively. Seven studies were con-
ducted in India with a pooled MB and PB proportion
of 48% (95% Cl 30%-65%; 1°=98.1%, p = 0.000) and
52% (95% Cl 35%-70%; 1> =98.1%, p = 0.000), respec-
tively. Two studies were executed in Ethiopia, for
which the pooled proportion of MB and PB was 95%
(95% Cl 86%-105%; 1°=82.4%, p = 0.017) and 5% (95%
Cl —5%-14%; 1°=82.4%, p = 0.017), respectively. Three
studies were conducted in China, among which, the
pooled proportion of MB and PB was 85% (95% ClI
84%-86%; 1°=0.0%, p = 0.910) and 15% (95% Cl 14%-
16%; 1°=0.0%, p = 0.910), respectively. Two Nigerian
studies indicated that the pooled proportion of MB
and PB was 92% (95% Cl 81%-102%; 1°=82.3%,

p = 0.017) and 8% (95% Cl —2%-19%; 1°=82.3%,
p = 0.017), respectively. Lastly, two studies carried
out in Bangladesh had a pooled proportion of MB
and PB of 73% (95% Cl 67%-78%; 1°=0.0%, p = 0.447)
and 27% (95% Cl 22%-33%; 1°=0.0%, p = 0.447),
respectively. Differences in pooled MB and PB propor-
tion estimates across the various countries were sta-
tistically significant (p < 0.001).

3.5 Characteristics of leprosy grade 2 deformity
(G2D)

With reference to the leprosy disability grading
method (WHO, 1997), disability level was categorized
as 0, 1 and 2. Due to leprosy grade 2 deformity (G2D)
with visible deformity or damage, which caused sig-
nificant mental and life misery to leprosy patients, but
also generated great economic pressure on indivi-
duals, families and the government, with significant
indirect economic burden on daily life exceeded the
direct economic burden. Pooled G2D proportion was
estimated from 18 studies which altogether included
2,190 G2D leprosy patients. The pooled proportion of
G2D was determined to be 22% (95% Cl 15%-30%;
1°=99.1%; P < 0.001). (Figure 6)
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country and Studies (year)

India

Govindharaj et al. (2016)
Mangeard-Lourme etal. (2017)
Shukla et al. (2015)

Kumar et al. (2015)

Ganesan et al. (2018)

Darlong et al. (2020)

Subgroup, DL (I° = 99.5%, p = 0.000)

Ethiopia
Abdela et al. (2020)
Shumet et al. (2015)
Subgroup, DL (I = 96.0%, p = 0.000)

China
Sun etal. (2012)

Long et al. (2017)

Zhang et al. (2020)

Subgroup, DL (I = 38.1%, p = 0.199)

Madagascar
Suttels et al. (2016)
Subgroup, DL (I = 0.0%, p = .)

Saudi Arabia
Assiri et al. (2014)
Subgroup, DL (I = 0.0%, p = .)

Brazil

de Oliveira et al. (2019)

Martins et al. (2016)

Subgroup, DL (I* = 95.8%, p = 0.000)

Nigeria
John et al. (2017)

Chukwu et al. (2018)

Subgroup, DL (I = 91.3%, p = 0.001)

Bangladesh
Mowia et al. (2015)
Subgroup, DL (I = 0.0%, p = .)

Heterogeneity between groups: p = 0.003
Overall, DL (I = 99.1%, p = 0.000)
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- 0.15 (0.07,0.24)
> : 0.02(0.01, 0.04)
» 0.02(0.00, 0.03)

0.16 (0.07, 0.24)
0.86 (0.81, 0.91)
0.13 (0.06, 0.20)
0.22 (0.05, 0.39)

0.60 (0.47,0.72)
0.26 (0.22, 0.30)
0.42 (0.09, 0.75)

S

0.23(0.20, 0.25)
0.24 (0.23,0.25)
0.35(0.20, 0.50)
0.23(0.22,0.25)

0.18 (0.10, 0.27)
0.18 (0.10, 0.27)

Mc*..(}

1

1
- 0.11(0.03,0.19)
o: 0.11(0.03, 0.19)

1

1
> 0.01(-0.01, 0.04)
. 0.12(0.09, 0.15)
<> : 0.06 (-0.03, 0.16)

1

1
- 0.13 (0.05, 0.22)
¢ 0.29 (0.26, 0.31)

0.21 (0.06, 0.36)

0.22(0.14, 0.30)
0.22(0.14, 0.30)

0.22(0.15, 0.30)

oot

%

T
-1

NOTE: Weights and bet ibgroup

test are from

model

Figure 6. Forest plot of proportion of G2D patients
studies conducted in different countries.

country and Studies (year)

Ethiopia
Abdela et al. (2020)
Subgroup, DL (F = 0.0%, p =.)

India

Mangeard-Lourme et al. (2017)
Shukla et al. (2015)

Kumar et al. (2015)

Shumet et al. (2015)

Subgroup, DL (I2 =97.8%, p = 0.000)

China

Sun et al. (2012)

Long et al. (2017)

Subgroup, DL (F = 50.4%, p = 0.156)

Madagascar
Suttels et al. (2016)
Subgroup, DL (F = 0.0%, p =)

Nigeria

John et al. (2017)

Chukwu et al. (2018)

Subgroup, DL (I2 =0.0%, p=0.318)

Brazil

Nazario et al. (2017)

Darlong et al. (2020)

Subgroup, DL (I2 =98.6%, p = 0.000)

Bangladesh
Mowla et al. (2015)
Subgroup, DL (F = 0.0%, p =.)

Heterogeneity between groups: p = 0.000
Overall, DL (I = 96.4%, p = 0.000)

%
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Figure 7. Forest plot of proportion of children patients from studies conducted in different countries.



Subgroup analysis. Six studies were conducted in
India, and the pooled G2D proportion was determined
as 22% (95% Cl 5%-39%; 1°=99.5%, p = 0.000). Two
studies involved Ethiopia, among which, the pooled pro-
portion estimate for the studies conducted in G2D was
42% (95% Cl 9%-75%; 1°=96.0%, p = 0.000). Three studies
included China, and the pooled G2D proportion estimate
for China region was determined as 23% (95% Cl 22%-
25%; 1°=38.1%, p = 0.199). Two studies were related to
Brazil, in which the pooled G2D proportion was identified
as 6% (95% Cl —3%-16%; 1°=95.8%, p = 0.000). Two
studies performed in Nigeria, for which the pooled G2D
proportion was ascertained as 21% (95% Cl 6%-36%;
1°’=91.3%, p = 0.001). Differences in pooled G2D propor-
tion estimates in the various countries were statistically
significant (p < 0.001).

3.6 Age group characteristics of leprosy

The World Health Organization (WHO) has published
that the new cases of children leprosy (age< 15 years)
were an indicator of the spread of leprosy in the com-
munity [13]. For studies involving age group character-
istics of leprosy, which together a total of 9,109 leprosy
patients, the children and adult proportion across
these included studies ranged from 2% to 37% and
63% to 98%, respectively. The pooled proportion of
children to adults was 11% (95% Cl 8%-13%) to 89%
(95% Cl 87%-92%), respectively. The result of national
heterogeneity for the degree of inconsistency (1?) was
96.4% (P < 0.001). (Figure 7, Figure 8), indicating sig-
nificant differences in the ratio of children to adults
across countries.
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Subgroup analysis. Four studies were based in India,
and the pooled proportion of children to adults was
19% (95% Cl 7%-32%; 1°=97.8%, p = 0.000) to 81% (95%
Cl 68%-93%; 1°=97.8%, p = 0.000), respectively. Two
studies conducted in China had a pooled proportion
of children to adults of 2% (95% Cl 2%-3%; 1°=50.4%,
p = 0.156) to 98% (95% Cl 97%-98%; 1°=50.4%,
p = 0.156), respectively. Two studies conducted in
Nigeria, the pooled proportion of children to adults
was 7% (95% Cl 6%-9%; 1°=0.0%, p = 0.318) to 93%
(95% Cl 91%-94%; 1°=0.0%, p = 0.318), respectively.
Two studies were performed in Brazil, among which,
the pooled children and adult proportion was 23%
(95% Cl —19%%-65%; 1°=98.6%, p = 0.000) to 77%
(95% Cl 35%-119%; 1> =98.6%, p = 0.000). Differences
in pooled children and adult proportion estimates in
the various countries were statistically significant
(p < 0.001).

3.7 Heterogeneity assessment

The funnel plot indicated that there was significant
publication bias in the characteristic of type, G2D,
and age group for the meta-analysis, which a direct
observation revealed an asymmetrical display, but the
sex characteristic meta-analysis funnel plot was in sym-
metry (Figure 9).

4. Discussion

The studies involved in our meta-analysis indicated
that the pooled proportion of female leprosy propor-
tion was 37%, which was similar to the data reported at
the WHO (36.8%), and the pooled multibacillary

Funnel plot with pseudo 95% confidence limits

Effect size

a

Funnel plot with pseudo 95% confidence limits

Figure 9. A funnel plot of the included studies reporting the epidemiology of leprosy in different countries.
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leprosy proportion, G2D proportion and children
leprosy proportion were 69%, 22% and 11%, respec-
tively, which was a little higher than the figures
reported at the WHO (67.3%, 17.3% and 6.8%, respec-
tively). Even so, considering that a significant propor-
tion of the studies included in this meta-analysis
examined the literature concerning populations in
high prevalence countries, the proportion of sex,
type, G2D and children leprosy could have been
more modest if the included studies had been more
comprehensive.

The sex distribution of leprosy analysis demon-
strated the proportion of leprosy was significantly
higher among males than females. In addition, the
subgroup analysis indicated statistical differences in
leprosy gender distribution between countries. The
pooled proportion of females was highest in
Nigeria, followed by Brazil, India, China and
Ethiopia. The results of this study indicated that
there are geographical discrepancies in the sex
ratio of leprosy, which was consistent with Liu
et al [14]. Globally, approximately 35-37% of all
reported new cases of leprosy are female, but
a study has shown that some countries showed
very few cases in women, potentially owing to
female under-diagnosis [15]. A cadence study of
emerging Leprosy Cases in Bangladesh and
Ethiopia revealed a sex ratio M:F of 1.66, which
was attributed to low morbidity consciousness
among women and poor access to health services,
resulting in delayed access to care [16]. The reasons
for this phenomenon are that men are more acti-
vated socially and therefore have more access to
infectious agents than women, while some scholars
believe that men have greater opportunities to
access health services than women. In addition,
low status, illiteracy, and other cultural issues may
also contribute to gender disparities.

The pooled multibacillary (MB) proportion in this
meta-analysis was 69%, which was higher than
Sarode et al [15]. illustrated. The result of the sub-
group analysis in the type characteristic of leprosy
indicated that the proportion of multibacillary (MB)
was much higher than the proportion of paucibacil-
lary (PB) in Brazil, Ethiopia, China and Nigeria,
whereas in India, the finding was the opposite.
Some studies have elaborated that multibacillary
(MB) leprosy is more susceptible to mouth and nose
fluid transmission in the population, and multibacil-
lary leprosy was related to a higher potential for
complementary conditions [17,18]. One study indi-
cated that multibacillary leprosy was somewhat
more frequent in Asia, but paucibacillary leprosy was
more dominant in Africa [1]. The high proportion of
multibacillary in leprosy and its consequences have

drawn attention to the need for enhancing the mon-
itoring and treatment of individuals at high risk for
multibacillary leprosy.

The result of the pooled proportion of G2D was
22%, which is generally the consistency with those
reported by others [19]. Currently, the global pro-
portion of G2D from WHO reported in 2019 was
17.3%, and the indicator reflecting the early detec-
tion of cases is the number of new cases with G2D,
which tangentially furnishes information, for
instance, the perception of leprosy in the commu-
nity or the degree of quality of leprosy control
services [7,20]. This subgroup analysis showed
that the pooled G2D proportion in Ethiopia was
relatively higher than in other countries, and the
bias of this result was due to the data derived from
Abdela et al [3]. The WHO Global Leprosy Strategy
was undergoing constant change, and aimed to
accelerate action toward a leprosy-free world by
focusing on early detection of new cases to reduce
the risk of disabilities in 2010-2020 [21]. In this
respect, our results provided information on G2D
characteristics, and interventions should be tar-
geted for early detection and reduction of grade
2 disability in endemic countries. Simultaneously,
a study pointed out that using early diagnosis and
multidrug treatment prevented disabilities [22].

The pooled proportion of children leprosy cases
in this study was 11%, and could be seen in the
forest plot of age group that India and Brazil had
higher cases than in other countries, which was
a bias caused by the selection of articles and the
economic status of the country. Studies have
shown that the clinical signs of childhood leprosy
are sometimes atypical, leading to delays in diag-
nosis and consequent disability, and age was asso-
ciated with the duration of the disease and delay
in diagnosis [23,24]. In addition, researchers
pointed that the proportion of child new leprosy
cases indicated that Mycobacterium leprae infection
was still spreading [25]. In one study [26], the
proportion of children leprosy cases was still high
in India, which was consistent with our studies.
Therefore, in endemic countries, it is essential to
keep children under observation and provide early
diagnosis to those who are at risk of contracting
leprosy as a way of achieving zero disability among
children with leprosy.

5. Limitations

Limitations of this study included (i) the heteroge-
neity of the included studies was high, probably
due to the different regions, time of the included
literature and the large differences in data quality,
which affected the accuracy of the study results; (ii)
possible biases in selection and information, sample



representativeness, and, as only English-language
literature were included, this may also have led to
publication bias; and (iii) there might be omissions
in the included studies.

6. Conclusions

Despite these limitations, this study demonstrated
the global epidemiology of leprosy from 2010 to
2020. Therefore, early and accurate detection of
new cases of childhood leprosy in high-risk popu-
lations is of great significance, as well as focused
monitoring of susceptible males, thus enabling
early detection, diagnosis and treatment, which
can reduce the delay period and G2D proportion.
Limitations in the quality and number of included
studies indicated that these findings need to be
confirmed by additional high-quality studies.
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