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Leprosy is an infectious disease caused by Mycobacterium leprae (M. leprae)
that mainly involves the skin and peripheral nerves, causing lifelong deformities
and social stigma. As evident from the practically stable number of new cases
reported worldwide during the past decade, transmission is still ongoing. On
route to leprosy elimination, an appropriate tool is needed to monitor M. leprae
transmission. M. leprae-specific antibodies indicate infection with M. leprae,
but do not differentiate between present and past infection. Nevertheless,
detection of M. leprae infection in young children per definition indicates
recent infection. Hence, seroprevalence in young children can be used to
monitor recent M. leprae transmission. Despite having eliminated leprosy in
most parts of the country, studies on transmission conducted in China are not
sufficiently reported in the English literature. Therefore, we performed a
systematic review of Chinese literature describing serological studies in
healthy children in (former) leprosy endemic areas in China, available in the
Chinese databases: China National Knowledge Infrastructure (CNKI), China
Science and Technology Journal Database (VIP), and Wanfang Database. From
the 710 articles identified in these three Chinese databases, only four full-text
articles fulfilled all inclusion criteria regarding sufficiently detailed descriptions
of anti-M. leprae antibodies in healthy children. Two additional papers were
identified through snowballing, resulting in a total of six articles considered for
this review reporting quantitative serological data from three Chinese
provinces between 1987 and 2003. All studies used ELISAs to quantify
antibody levels. Seroprevalence in healthy children ranged from 7.93%
(Yunnan) to 32.35% (Jiangsu). If the same method was used (in Jiangsu),
direct comparison of studies at different time points indicated that decrease
in disease prevalence (0.28 to 0.16 per 100,000) or new case detection rate (2.6
to 1.0 per 100,000) from 1987-1991 corresponded to decrease in anti-M.
leprae antibody seroprevalence (30.86% to 22.61%) in healthy children. Thus,
these findings are consistent with the previous finding that anti-M. leprae
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antibody seroprevalence in young children represents a surrogate indicator to
monitor transmission.
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1 Introduction

Leprosy is a chronic infectious disease caused by
Mycobacterium leprae (M. leprae) or M. lepromatosis that
mainly damages the skin and the peripheral nerves, causing
skin lesions, loss of sensation, deformities, and social stigma (1-
3). After tuberculosis, leprosy ranks second in severity as a
human mycobacterial disease. The majority of new leprosy cases
occur in low- and middle-income countries, with India, Brazil,
and Indonesia accounting for 80% (4). Currently, millions of
people bear long-term consequences of this neglected tropical
disease (NTD), even after treatment when they are not included
in WHO records as patients anymore. During the past decade,
around 200,000 new cases were diagnosed annually, of whom
14,981 (7.4%) were under the age of 15 years in 2019 (4). This
indicates that M. leprae transmission is still ongoing (4), despite
the fact that multi-drug treatment (MDT) is globally available.

The clinical spectrum of leprosy, based on Ridley Jopling
Classification (5), is characterized by tuberculoid leprosy (T'T)
on one end, and lepromatous leprosy (LL) on the other end. The
latter, is a more severe type involving disseminated infection (6,
7) and associated with a high bacterial load (8-10). Between
these two ends, the leprosy spectrum is further subdivided into
borderline tuberculoid (BT), borderline borderline (BB), and
borderline lepromatous (BL). Since it is not always feasible to
apply the RJ classification as it requires histological analysis, the
WHO classification system is often used in the field. This simply
classifies leprosy as multibacillary (MB) or paucibacillary (PB)
based on the total number of leprosy lesions in an individual
(PB <5 lesions or MB >5 lesions).

In China, leprosy has been prevalent for thousands of years
(11). In the early days of the People’s Republic of China, the high
disease burden seriously affected people’s health and hindered
social and economic development (12). Through several effective
interventions, the incidence of leprosy in China has been
declining in the past seven decades (12-15). China has
eliminated leprosy as a public health problem in 1981 at the
national level and in 1991 at the provincial level based on the
definition of WHO (a prevalence rate of <1/10,000 residents)
(12, 16). However, leprosy still occurs in China and is
particularly prevalent in some difficult-to-access mountainous
areas in southwest China (17): a total of 406 new cases of leprosy
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were reported in 2020, ranking China as the 21st country
worldwide with respect to the number of new cases
detected (18).

M. leprae is assumed to be transmitted via aerosol droplets
by the respiratory route during close and frequent contact with
untreated patients (19). It has been estimated that only 5% of the
individuals exposed to M. leprae will become infected, of whom
20% will eventually develop the disease (20-22). On average, the
disease incubation period is 2-5 years. However, it may take
more than 20 years before leprosy becomes clinically
apparent (23).

In order to achieve leprosy elimination, interventions such as
intensified active case finding and effective contact tracing
combined with a single-dose of rifampicin as post-exposure
prophylaxis (PEP) are recommended in the WHO guidelines
for diagnosis, treatment, and prevention of leprosy (24-26). LL
patients display well detectable antibody levels, in particular IgM
directed against M. leprae phenolic glycolipid-I (PGL-I), a cell
wall component unique to M. leprae (27), whereas IgG and IgA
are detected mostly in lower levels. Various studies have
demonstrated that the levels of IgM antibodies against PGL-I
correlate well with the bacterial load within individuals (28, 29)
and thus can be used to indicate M. leprae infection in humans
(30-33) as well as animals (34-37).

However, anti-PGL-I IgM antibodies can neither
discriminate between past and present M. leprae infection nor
indicate the time elapsed since the beginning of the infection. In
young children, infection is recent by definition, which allows
assessment of more current state of transmission in an area using
seroprevalence. Therefore the WHO “Task force on definition,
criteria and indicators for interruption of transmission and
elimination of leprosy” advises using seroprevalence of anti-M.
leprae PGL-I IgM in children of 5-7 years old as an indicator of
recent transmission to monitor interruption of transmission in
areas where leprosy is not endemic anymore (38).

Recently, Pierneef et al. conducted a systematic literature
review of anti-PGL-I serology in young children without leprosy
or known contact with leprosy patients (39). This review
demonstrated that quantitative detection of anti-PGL-I
antibodies is a promising tool to assess M. leprae infection and
thereby provides a proxy for measuring transmission and
monitoring the effect of interventions focused on the
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elimination of leprosy. However, Pierneef et al. only included
English, Spanish, and Portuguese literature, and lacked similar
research from Chinese literature.

Among leprosy studies published in English in the past two
decades, Chinese studies mostly focused on the relationship between
leprosy and genes, compared to the top five most productive
countries (Brazil, India, the United States, the United Kingdom,
and the Netherlands) that have focused on early diagnosis and post
exposure prophylaxis (40). Data on leprosy serology in healthy
Chinese children is not available in English literature (39).

Here, we conducted a comparable systematic review of
Chinese literature to identify studies describing data of anti-M.
leprae antibodies in Chinese children without leprosy and
known contact with leprosy patients.

2 Methods
2.1 Literature search and search strategy

This systematic review was conducted according to the
guidelines of the Preferred Reporting Items for Systematic
reviews (41), targeting Chinese literature describing leprosy
serology in children using the following databases as sources:
China National Knowledge Infrastructure (CNKI; https://www.
cnkinet), China Science and Technology Journal Database (VIP;
http://www.cqvip.com) and Wanfang Database (Wanfang; https://
www.wanfangdata.com.cn/index.html). In order to expand the

10.3389/fitd.2022.963674

search scope, the search terms were searched in all available fields
(such as Title, Author, Publication, Abstract, Keyword, etc.) in VIP
and Wanfang databases, while searched in subjects (Title, Abstract,
Keyword) in CNKI (since all fields search not applicable). The
“Chinese article” filter was used when available (Wangfang and
CNKI). The search strategy is shown in the flowchart (Figure 1)
using the search strings listed in Table 1, and included all available
peer-reviewed publications until January 11, 2022. If no full-text
was available in the databases described above, full-texts were found
in one of the following online libraries: Duxiu scholar (https://www.
duxiu.com); Aixueshu (https://www.ixueshu.com); Zhangqiao
research (https://www.zhanggiaokeyan.com). Articles retrieved
from Chinese databases were screened by one of the authors (ZZ)
based on the title and abstract, followed by a full-text assessment of
the original articles for eligibility. Data were translated from
Chinese to English (ZZ) and summarized in a table which was
reviewed by the co-authors and used for discussion and analysis in
this paper. To maximize the finding and inclusion of eligible
articles, the reference lists of the included articles were
investigated (“snowballing”). The authors were not blinded to the
names of the study authors, journals, or institutions.

2.2 Inclusion and exclusion criteria

Articles were included if written in Chinese and described
original studies on leprosy serology in Chinese children below 15
years of age who were not affected by leprosy. Articles were

| Identification of studies via databases

Identification of studies via other methods

| |

l

710 Records indentified from
Chinese databases:
155 CNKI
276 Wanfang

Identification

49 Records indentified from
citation searching

277 Duplicates records removed

‘ 6 Duplicates records removed

279 VIP
Y
433 Records screened

|

A
43 Records screened

357 Records excluded:
11 Animal studies
22 Reviews

52 Patient-only studies

20 Studies outside China

237 Not leprosy related studies

15 Epidemiological studies

40 Records excluded:
32 Not Chinese articles
5 Not leprosy serology studies
3 Laboratory protocols

Screening

76 Full-text articles assessed
for eligibility

4

3 Full-text articles assessed
for eligibility

72 Records excluded:
18 Not leprosy serology studies

3 Unable to extract valid data

51 No data or group definitions for children

1 No data of children

6 Articles included in review

[ Included I [

FIGURE 1

PRISMA flow chart. Overview of the selection procedure of six full-text articles included in the review. Studies were identified via three Chinese
databases: China National Knowledge Infrastructure (CNKI), China Science and Technology Journal Database (VIP) and Wanfang Database
(Wanfang). The search strings are shown in Table 1. Additional studies were included via investigation of the reference lists of the included

articles (“snowballing”).
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TABLE 1A Search strings applied per database.

Database Hyperlink Search string
China National Knowledge

Infrastructure (CNKI)

https://www.cnki.net

China Science and Technology
Journal Database (VIP)

http://www.cqvip.com

Wanfang Database (Wanfang) https://www.wanfangdata.

com.cn/index.html
TABLE 1B Search strings in English.

Database Hyperlink

10.3389/fitd.2022.963674

(SU=J#fA and (SU=)LiE or SU="%/) and (SU=2M or SU=1fLi#% or SU=£:illl)) or (SU=/kX and
(SU=PGL or SU=M¥i/I)) or (SU=JfX, and SU=IML35R477i%)

(U=JkA AND (JL# OR *:4:) AND (27 OR iiLi#i OR £:ill)) OR (U=J# X AND (PGL OR Fhifii))
OR (U=jfJA AND IMfLif§ 17 9i%%)

A (Ff K and (JLIE or %7k) and (i Wror 1 or ki) or 4x#6:(Ff . and (PGL or FyHiifIi)) or 4= (JB K.
and [LERATHI))

Search string in English

China National Knowledge
Infrastructure (CNKI)

https://www.cnki.net

(SU= “leprosy” and (SU="children” or SU="students”) and (SU="diagnosis” or SU="serum” or
SU="detection”)) or (SU="leprosy” and (SU="PGL” or SU="“phenolic glycolipid”)) or (SU=

“leprosy” and SU="seroepidemiology”)

China Science and Technology
Journal Database (VIP)

http://www.cqvip.com

(U= “leprosy” AND (“children” OR “students”) AND (“diagnosis” OR “serum” OR “detection”))
OR (U="“leprosy” AND (“PGL” OR “phenolic glycolipid”)) OR (U="leprosy” AND

“seroepidemiology”)

Wanfang Database (Wanfang) https://www.wanfangdata.

com.cn/index.html

All fields: (“leprosy” and (“children” or “students”) and (“diagnosis” or “serum” or “detection”)) or
All fields: (“leprosy” and (“PGL” or “phenolic glycolipid”)) or All fields: (“leprosy” and

“seroepidemiology”))

This table shows the hyperlinks and search strings used for China National Knowledge Infrastructure (CNKI), China Science and Technology Journal Database (VIP), and Wanfang
Database (Wangfang). CNKI and Wanfang were used filter: Chinese articles; VIP and Wanfang were used fuzzy searching strategy. SU, subject (Title/Abstract/Keyword); U, All fields; 4=,
All fields. Search term in English: #fX (include: Ji£ A, leprosy; ik A5 BT 14, Mycobacterium leprae; A%, lepromin), JL# (JL#, child/children; *##¢ i JL#, preschooler), %% (student),
2 (diagnosis/diagnostic), IfLiF (serum/sera/sero-), £l (detect/detection), Bybkfi& (phenolic glycolipid), i #if7%i% (seroepidemiology).

excluded if they primarily discussed studies on skin diseases other
than leprosy, reported studies on serology related only to leprosy
disease or to leprosy reactions, or if they lacked critical information
(seroprevalence in children or the age definition of children).

2.3 Data extraction and analysis

After inclusion of eligible papers, information about the study
design, the research site location, the year of study conducted and
article published, the sample type, the types of serological test used
(including the laboratory protocol and target antigen), the study
population, the age group, gender, the sample size of children tested
and the seroprevalence(s) reported were extracted into Microsoft
Excel 2016. The geographic distribution map of the study was
produced using Microsoft PowerPoint 2016.

Quantitative data was copied from the full texts. In case
percentages for seroprevalence in children could not be derived
from the text (42), they were estimated from figures in the articles
using Microsoft Paint 11.2203.2.0 software. Differences in
seroprevalence were determined by Fisher’s exact test using
GraphPad Prism 9.0.2.

2.4 Epidemiological data retrieval

As the WHO website (https://www.who.int/data/gho/data/
themes/topics/topic-details/ GHO/leprosy) only provides leprosy
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prevalence per country, an additional literature search on the
leprosy prevalence and new case detection rate (NCDR) in the
counties, cities, and provinces of experimental sites in the included
articles was performed. The following search string: “Place
(counties, cities, provinces) name” and “leprosy” and
“Epidemiology” was applied to CNKI, VIP, and Wanfang
databases as well as PubMed (https://pubmed.ncbinlm.nih.gov/).

3 Results

Applying the search strategy described above, a total of 710
articles [CNKI (n=155), Wanfang (n=276), VIP (n=279)] were
identified (Figure 1). After removing duplicates, 433 articles
were screened for the inclusion criteria (title and abstract) of this
review. Articles were excluded because they were not related to
leprosy research (n=237). Among them, 148 articles covered
other skin diseases that were published in the China Journal of
Leprosy and Skin Diseases, and 55 articles on measles-mumps-
rubella were retrieved after using the keyword of our search
because the first and last characters in the Chinese abbreviations
for these three diseases (HkfEX\) are the same as the Chinese
characters for leprosy (£/X\). In addition, articles in Chinese
language describing only animal experiments (n=11), covering
studies outside China (n=20), analyzing the epidemiology of
leprosy (n=15), involving only leprosy patients without healthy
individuals from that area (n=52), or reviews of leprosy literature
(n=22), were excluded.
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The remaining 76 full-text articles were assessed for
eligibility, and 18 articles were subsequently excluded because
they did not include leprosy serology. Of the remaining 58
serology studies (including either healthy contacts or endemic
controls without known contact to leprosy patients), 51 studies
were excluded based on the fact that they lacked serology data of
children below the age of 15 years or did not include any age-
definition of the children. Three articles were excluded due to the
inability to extract valid data: one did not specify the location of
sampling; one (43) included data derived from another study
that was already included in our review (44); one study included
selection bias as it aimed at recruiting anti-PGL-I antibodies
positive contacts for follow-up and matched the numbers with
anti-PGL-I antibody negative individuals. To maximize the
identification of eligible articles, the reference lists of the
included articles were investigated (“snowballing”), which led
to the inclusion of two additional articles. Thus, the final
selection included in this review consisted of six full-text
articles in the Chinese language.

3.1 Study characteristics

At the date of the literature search (January 11, 2022), a total
of six population-wide studies on leprosy serology of healthy
contacts or endemic controls with detailed data for children as a
subgroup were included in this review.

Two out of six articles included in the review did not identify the
number of children, but the seroprevalence of anti-M. leprae
antibodies in the children group were reported. One article
included 1,632 endemic controls (EC) and 723 household contacts
(HC) (45), and the other included 360 HC (42). The remaining four
articles covered more than 586 children in total (Table 2).

The studies involved data from 1987 to 2003 in three
provinces of China (Table 2; Figure 2): Yunnan, Shaanxi, and
Jiangsu. Two articles from each province were included in the
analysis. All studies used enzyme-linked immunosorbent assay
(ELISA) for IgM antibody detection, but the types of samples
tested were diverse. Earlobe blood was tested in three studies
[n=311 (46, 47), of which one study did not specify the number
of samples (42)]. Serum was tested in two studies [n=51 (48) one
study did not specify the number of samples (45)]. Plasma or
serum was tested in one study [n=225, proportions per sample
type were unknown (44)]. The composition of target antigens
used for the detection ranged from complex and undefined to
well-defined single, synthetic components: In Jiangsu, two
articles were published (46, 47) using M. leprae sonicate as
antigen; in Yunnan, two articles were published using both
native PGL-I and disaccharide-octyl bovine serum albumin
(ND-O-BSA) in 1994 (45), and only ND-O-BSA in 2005 (44)
as antigen; in Shaanxi, two articles were published using native
PGL-I (42) in 1990, and natural trisaccharide-phenylpropionate-
bovine serum albumin (NT-P-BSA) in 2003 (48) as antigen.
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The levels of antibodies were expressed as the optical density
(OD) of pooled negative samples subtracted from the OD of test
samples in four articles (45-48), whereas one article reported
direct OD values of test samples (42) (Table 2).

3.2 Yunnan province

In Yunnan Province, two studies were conducted in
Wenshan County and Guangnan County in 1991 and Qiubei
County in 1998-2000 in Wenshan (i.e., Wenshan Zhuang and
Miao Autonomous Prefecture).

In 1991, Li et al. compared seroprevalence of two target
antigens, namely ND-O-BSA and native PGL-L, in sera from the
same population. The total number of HC and EC were 723 and
1,632, respectively, but the total number of children (0-9 years of
age) was not specified in the text (45). The cut-off values for
positivity were determined using the 95th percentile of non-
endemic controls (NC) from a non-endemic area (Wuwei,
Gansu province) in China. The cut-off values were OD,q9p >
0.14 for ND-O-BSA, and ODy,g, > 0.17 for PGL-I. Among
children (0-9 years old), the seroprevalence of anti-ND-O-BSA
IgM was higher when anti-PGL-I IgM was measured in HC
(22.32% vs 16.53%) and EC (16.21% vs 7.93%), but no raw data
were available for statistical analysis (Table 2).

Weng et al. collected sera or plasma from EC (n=919) in two
leprosy-endemic villages, namely Nanqiu and Tonghong Village, in
Qiubei County in 1998 and 2000 (44). The author did not specify
the cut-off for positivity in the ELISA. The seroprevalence of anti-
ND-O-BSA IgM in healthy children (0-9 years of age, n=225) was
26.67% (60/225). There were no differences in seroprevalence
between female- and male children (30.95% vs 24.11%, p= 0.278),
as well as seroprevalence in children from Tonghong Village and
Nangqiu Village (33.7% vs 20.7%, p=0.282) (Table 2).

The leprosy prevalence and NCDR in the counties
(Guangnan County and Wenshan County (45), city (49, 56—
58), and province (51) were summarized and shown in Table 2,
Figure S1. However, since these two studies (44, 45) were
conducted in different areas (counties), a direct, longitudinal
comparison of seroprevalence could not be performed. Also,
direct comparison of seroprevalence between the two studies
conducted in 1991 and 1998 was hindered due to the fact that a
large number of leprosy patients was identified in Wenshan
during the Leprosy Elimination Campaign in 1998 (43, 59). This
led to a peak in leprosy prevalence and NCDR in that year due to
active case finding where the cases detected in 1991 mainly
resulted from self-reporting.

3.3 Jiangsu province

Shu et al. conducted two studies detecting M. leprae-specific
antibodies in Baoying County and Gaoyou County, Yangzhou,
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TABLE 2 Seroprevalence for M. leprae antibodies in children without leprosy in China in 1987-2005.

# Study location
Province City County
1 Yunnan  Wenshan Zhuang Wenshan'/
and Miao Guangnan
Autonomous
Prefecture
2 Yunnan  Wenshan Zhuang Qiubei
and Miao (Nangiu/
Autonomous Tonghong
Prefecture Village)
3 Jiangsu Yangzhou Baoying
4 Jiangsu Yangzhou Baoying/
Gaoyou®
5 Shaanxi Hanzhong Chenggu
6 Shaanxi Hanzhong Chenggu

Year

published period

1994

2005

1987

1991

1990

2003

Study

1991

1998,
2000

NA

NA

1987

N/A

Specimen

serum

plasma or
serum

whole
earlobe
blood

whole
earlobe
blood

whole
earlobe
blood

serum

Antigen

ND-O-
BSA,
PGL-I

ND-O-
BSA

M.
leprae
sonicate

M.
leprae
sonicate

PGL-I

NT-P-
BSA

Readout of anti-
body level

OD of test minus
OD of pooled
negative sera

NA

OD of test minus
OD of pooled
negative sera

OD of test minus
OD of pooled
negative sera

direct OD value

OD of test minus
OD of pooled
negative sera

Determination of
cut-off value

ODy90>95th
percentile of NC
(A) or EC (B)*

NA

OD490>95th
percentile of
healthy controls

OD0>95th
percentile of
healthy controls

OD.gs >3 SD
from the mean of
healthy controls

OD,90 >2 SD
from the
mean of healthy
controls

Cut-off

A:
ND-O-BSA
ODy99=0.14

PGL-I
ODy9020.17

B:
ND-O-BSA
0ODy9020.23

PGL-I
0ODy49020.225

NA

OD,00>0.13

OD40>0.13

OD,155>0.06

male:
ODy99>0.2

female:
0D 490>0.24

Population  Age  Sample
group size
(years)
HC, EC 0-9 NA
EC 0-9 225
HC 0-14 81

HC, EC 0-14 HC:

115

EC: 115
HC 0-9 NA
HC 0-14 51

Year: new case detection rate/

Prevalence (per 100,000)

Seroprevalence in children

Province  City

1991:1.58/  3.73/

7.8 NA
1998: 1998:
1.85/4 9.47/
2000: 14

0.94/3.4  2000:

2.97/
8

1986- NA
1990:

0.28/2.6
1991- NA
1995:

0.16/1.0

NA NA
0.058/ NA
0.417

County HC
1986-1990: A:
Wenshan ~ ND-O-BSA:
6.48/11 22.31%;
Guangnan: PGL-I:
2.69/8 16.53%
B:
ND-O-BSA:
9.09%
PGL-I:
11.57%
NA NA
NA/8.55 0-5 years of

age: 25% (3/
12)
6-14 years of
age: 32.35%
(22/69)
total: 30.86%
(25/81)

0-5 years of
age: 11.76%
(2/17)
6-14 years of
age: 24.49%
(24/98)
total: 22.61%
(26/115)

MB: 23.2%
PB: 10.7%
total: 20.0%

ok

Baoying:
NA/3.32

1986-1990:
0.42/NA

1990-2003:  MB: 12.5%
0.28/ NA (4/32)
PB: 10.53%
(2/19)
total:11.76%
(6/51)

Author  ref.
EC
A: W.Li, (45)
ND-O-BSA: et al.
16.21%
PGL-I:
7.93%

male 24.11% X. (44)

(34/141) Weng,
female et al.
30.95% (26/
84)
total 26.67%
(60/225)
NA H. Shu, (46)
et al.

0-5 years of H. Shu, (47)
age: 17.65% et al.
(3/17)
6-14 years of
age: 17.35%

(17/98)
total: 17.39%
(20/115)
NA X. (42)
Weng,
et al.
NA H. (48)
Wang,
et al.

Overview per study of the information gathered from the articles included in this review reporting data on serology for M. leprae-specific antigens by enzyme-linked immunosorbent assay (ELISA). For each study, the location, reference number, author, year
of publication, test group, age (range), number of children, the seroprevalence (%) of M. leprae antibodies, and sample size are reported. 'Wenshan county (currently known as Wenshan city since 2010), *Gaoyou county (currently known as Gaoyou city since
1991). * The cut-off values for positive were determined by two populations, namely, non-endemic controls (NC; cut-off A) from Wuwei, Gansu province and endemic controls (EC; cut-off B) from Yunnan province. ** The results were estimated from the
figure. HC, household contact; ND-O-BSA, natural disaccharide-octyl bovine serum albumin; NT-P-BSA, natural trisaccharide-phenylpropionate-bovine serum albumin; PGL-I, phenolic glycolipid-I; NA, not applicable. The new case detection rate and
prevalence of leprosy in Wenshan Zhuang and Miao Autonomous Prefecture (49, 50), Yunnan Province (51), Gaoyou County (52, 53), Jiangsu Province (54), and Chenggu County (42, 48, 52, 53), Shaanxi Province (55) were extracted from previously

published articles.
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Serology studies in children without leprosy in China. Schematic representation of the cities (yellow shade with red border) in the provinces (red
shade/border) where the selected studies in this review were located. The digital label refers to the number of studies in the province. The map
templates of China and provinces were retrieved from: https://www.renrendoc.com/paper/189168283.html and https://www.1ppt.com/article/

71782.html, and synthesized according to location. Province names, colors and numbers were added.

Jiangsu Province, in HC and random people around the patient’s
house (defined as EC). The two articles were published in 1987
(46) and 1991 (47), but the time of sample collection was not
mentioned. Antigen (M. leprae sonicate), age group (0-14 years
of age), sample type (whole blood from earlobe), and cut-off
value for positive determined using the 95th percentile of NC
(ODy4gp > 0.13) were the same for both studies, allowing
direct comparison.

In their first study in Baoying County, the subjects included HC
of both currently treated (n=167) and former (n=124) leprosy
patients (n=291; of which 81 children). The seroprevalence of
antibodies in young children was not different from that in older
children [0-5 years old, 25% (3/12) vs 6-14 years old, 32.35% (22/
69); p=0.746] in child HC (Table 2 and Figure S2).

Shu et al. then expanded the research scope to include
Gaoyou County in the 1991 study, focusing on child HC of
currently treated leprosy patients only (n=115), and additionally
introduced the same number of random people (n=115) around
the house based on age matching (EC). Antibody seroprevalence
did not differ between HC and EC, either among younger
children [0-5 years of age: 11.76% (2/17) vs 17.65% (3/17),
p>0.999], older children [6-14 years of age: 24.49% (24/98) vs
17.35% (17/98), p=0.292], or all children [22.61% (26/115) vs
17.36% (20/115), p=0.410].

The anti-M. leprae antibody seroprevalence in child HC has
decreased in 1991 compared to the data published in 1987 (from
30.86% to 22.62%, p=0.247), especially in the young children
(from 25% to 11.76%, p=0.622), suggesting that the transmission
in the region decreased. This trend was consistent with the rapid

Frontiers in Tropical Diseases

07

decline of leprosy prevalence and NCDR (42, 48, 52, 53) from
1987 to 1991 in Baoying County (from 8.55/100,000 to 3.32/
100,000 for NCDR) and Jiangsu Province (from 0.28/100,000 to
0.16/100,000 for NCDR, and 2.6/100,000 to 1.0/100,000 for
prevalence) (Table 2 and Figure S2).

3.4 Shaanxi province

In 1987, Weng et al. used anti-PGL-I IgM ELISA to detect
M. leprae infection in 360 HC (unknown number of children age
0 to 9) in an endemic leprosy area named Chenggu County (42),
Hanzhong, Shaanxi Province. Sixteen years later, Wang et al.
used NT-P-BSA as an antigen to detect 416 HC (including 51
children age 0 to 14) in the same county again (48).

In the 1987 study, the seroprevalence in HC exposed to MB
patients (23.2%) was higher than HC of PB patients (10.7%)
among children, but raw data were unavailable for statistical
analysis. In a study from 2003, the seroprevalence in children in
HC of MB patients was 12.5% (4/32) and 10.53% (2/19) for HC
of PB patients (Table 2). Longitudinal comparison was not
possible due to differences in antigen, sample type, and the
cut-off values for positivity used in the two studies (Table 2).

4 Discussion

Leprosy is a neglected tropical disease with a relatively small
number of papers compared to other diseases, and even fewer
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studies of leprosy serology in healthy children in China that are
written in Chinese. Although China is not among the 23 global
priority countries identified by WHO, there were still 464 new
leprosy cases reported in 2019. The number of children, MB
cases, and grade-2 disability (G2D) cases were 6 (1.3%), 419
(90.3%) and 100 (21.6%), respectively (4, 60). In order to control
leprosy, China applies a prevalence rate of less than 1 case per
100,000 at the county or city level (15, 61) instead of the WHO
standard of less than 1 per 10,000 as an indicator for leprosy
elimination. However, due to the unequal burden of disease,
access and distribution of health resources, as well as socio-
economic status across the whole country (15), there were still 56
counties with a prevalence rate of more than 1/100,000 in 2019,
mainly distributed in Yunnan, Sichuan, and Hunan
provinces (60).

Previously, we showed that in Eurasian red squirrel (Sciurus
vulgaris) naturally infected with M. leprae, anti-PGL-I antibodies
were present before the onset of disease and that armadillos
experimentally infected with M. leprae became seropositive as
early as 140 days after M. leprae inoculation (34). However, in
humans, the often long-incubation period of leprosy impedes
the determination of the exact timepoint of M. leprae infection.
As infection in young children, per definition represents recent
infection, we previously performed a systematic review of
English, Spanish, and Portuguese literature on leprosy serology
in healthy children to identify the potential of seroprevalence in
children to monitor transmission (39). However, six papers
covering data from China identified were excluded from that
review since: two papers were not about leprosy; three papers
described no data on healthy children; one paper was not about
serology. A systematic review of the Chinese literature can
provide information on serological data in Chinese children,
insight into the M. leprae infection rates and transmission in
China to explore the correlation between the seroprevalence of
anti-PGL-I IgM in children and the prevalence of leprosy in
non-endemic areas. Therefore, we searched three Chinese
databases and evaluated 710 records.

All studies included in this review were conducted in
provinces with (historically) high leprosy prevalence (14).
Yunnan Province, consists of 16 prefecture-level divisions
(eight prefecture-level cities and eight autonomous
prefectures), located in the southwest of China and bordering
Myanmar, Laos, and Vietnam, and has the highest leprosy
burden in China (14, 62, 63). The detected cases and
prevalence of leprosy ranked first and second in China for a
long time, respectively (60, 62, 64). In 2018, the standard for
leprosy elimination was met at the provincial level for the first
time in Yunnan, but still 17 counties remained leprosy endemic
areas by the end of 2019 (65). Shaanxi Province is located in the
northwest of China, and the leprosy NCDR and prevalence have
dropped significantly over the past 20 years, and as of 2018, only
one county did not meet the leprosy elimination standard (55).
Jiangsu Province, China’s eastern coastal province, has
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historically been an area highly endemic for leprosy. All
counties and cities in Jiangsu have been endemic for leprosy,
but reached the standard of eradication of leprosy in 1998 (66).

In view of the long incubation time of leprosy, the WHO
recommends using child cases (below 15 years of age) as an
epidemiological indicator of ongoing transmission in the
community (4). However, the new child leprosy cases do not
accurately reflect recent M. leprae transmission since most
individuals infected with M. leprae do not develop the disease.
Especially in non-leprosy-endemic areas, such as Baoying and
Chenggu county in this review, no child cases have been
reported since the late 1980s (53, 67), and they have reached
the WHO standard of elimination of transmission. However, in
the articles published in Baoying and Chenggu county in 1991
and 2003, still anti-M. leprae IgM seropositive children (0-14
years old) were detected, indicating that transmission of M.
leprae was continued but was masked by the zero NCDR
in children.

Although no statistical analysis could be performed,
interestingly, in the study of Wenshan and Guangnan
counties, Yunnan, the seroprevalence of anti-M. leprae
antibodies (both ND-O-BSA and PGL-I) in all age groups (HC
+EGC; the children group was not analyzed) in Guangnan County
seemed to be higher in percentage than that in Wenshan County
(ND-O-BSA: 24.95% vs 10.86%, PGL-I: 17.15% vs 6.95%), but
the prevalence seemed to be lower (11/100,000 vs 8/100,000;
Table 2 and Figure S3). It shows that the anti-M. leprae antibody
seroprevalence covering all age groups cannot be used to
evaluate leprosy elimination. However, in the cross-
comparison of the two villages in the study in Qiubei County,
the seropositivity in children (0-9 years old) corresponded with
the local leprosy prevalence and NCDR. Moreover, in the studies
conducted in Gaoyou County, a trend could be observed that the
anti-M. leprae IgM seroprevalence of children aged 6-14 is
higher than that of children aged 0-5. This could reflect a
longer exposure time in an endemic area in the higher age
group, thus having more chances of getting infected. Therefore,
M. leprae infection rates in children, especially in young
children, may provide a good indicator of recent transmission.

It is worth mentioning that in the study in Yunnan in 1998-
2000 (44), the seroprevalence of anti-PGL-I IgM in female- was
similar to that of male children (30.95% vs 24.11%), indicating
that the infection rate of females is not lower than that of males.
However, among the 792 newly reported cases of leprosy in the
city from 1997 to 2001, 570 (71.97%) were male and 222 female
(68). This suggests that there may still be undetected female
leprosy patients. In the study in Shaanxi published in 2003 (48),
the cut-off value for positivity was equal to the mean OD plus
twice the standard deviation of the OD detected in healthy
individuals in the same area. Since this was calculated separately
for males and females a higher cut-off value for females
(OD49,>0.24) than for males (OD,49,>0.20) was applied,
resulting in similar seroprevalence rates in both genders. Using
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the female population to calculate the cut-off for seropositivity
will thus lead to false negatives among females.

Even though both Yunnan and Jiangsu Province
introduced MDT in 1983 (69, 70), the progress of leprosy
elimination in the two provinces differs significantly, as
reflected in the prevalence: leprosy prevalence in Yunnan
(7.8/100,000) Province was higher than that in Jiangsu
Province (1/100,000), but seroprevalence in HC and EC in
Yunnan Province (22.31% in HC, 16.21% in EC) were similar
to that in Jiangsu Province (22.61% in HC, 17.39% in EC)
(Table 2). This may be due to the difference in antigens (M.
leprae sonicate vs ND-O-BSA) or cut-off values for positivity.
In Yunnan, the seroprevalence in children detected using
synthetic antigen (ND-O-BSA) is higher than when native
PGL-I (22.32% vs 16.53%) was used in the same population
(HC). Moreover, when performing leprosy serological
screening, the 95th quantile of the local healthy population
(EC) was used as the cut-off value for positive, which was
higher than that of the NC as the control, resulting in a lower
seroprevalence (Table 2). This indicates that cross-sectional
comparisons can only be made if the methods used to assess
seroprevalence are consistent.

However, except for two studies in Jiangsu, different sample
types, antigens, and cut-off values for positivity were used in the
studies in the other regions, limiting the comparability of results
across studies and impeding pooled analysis. A uniform test is
required to allow direct comparisons. As cut-oft values are
negatively correlated with seropositivity (Figure S3),
application of a unified detection method with an exact cut-
off, such as low-complexity lateral flow assays (71-73), is vital to
apply serology data to monitor leprosy elimination in future
leprosy research and surveillance.

4.1 Limitations of this study

This review focused on Chinese literature as an addition to
the previous review on the same subject in English, Spanish, and
Portuguese literature (39), to review M. leprae infection and
transmission in China in relation to serology in children. Data
extraction was done by one author (ZZ) whose native language is
Chinese. After literature search and eligibility scanning, six
articles met the inclusion criteria and were included for
analysis. The number of articles and the lack of availability of
information on the number of samples or year of sampling
limited the analyses that could be performed in this review. In
addition, the diversity of sample types, antigens, and cut-off
values for positivity used in the articles impeded pooled analysis
and comparison of studies or regions directly. However, we
believe that also “negative” findings or differences that do not
reach statistical significance are of importance as it provides
insight into what information is lacking and which topics should
be addressed in future leprosy research on route to elimination
of leprosy.
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5 Conclusion

In order to achieve the elimination of leprosy, it is vital to find
suitable indicators to reflect the intensity of transmission. This
review of leprosy research reported in Chinese literature is in line
with previous findings that anti-M. leprae antibody seroprevalence
in healthy children corresponded to local leprosy prevalence and
NCDR. To ensure applicability in difficult-to-access mountainous
areas, globally-applicable, low-complexity tests that can
quantitatively detect M. leprae-specific antibodies are required.
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