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Abstract (words: 211)20

Background: Objectives: To analyze the sociodemographic and clinical factors21

associated with multi-bacillary (MB) leprosy in elimination planning areas in22

Northwest China. Design: Retrospective observational study. Setting: Three23

specialized hospitals were included. Participants: The medical records of leprosy in24

Shaanxi Province from 2004 to 2020 were collected from the leprosy management25

information system (LEPMIS). Primary and secondary outcome measures: The26

basic situation of leprosy treatment and follow-up were investigated. Results: 30527

new cases of leprosy were included in the study. 272 cases (89.18%) were MB leprosy,28
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and 33 (10.82%) were pauci-bacillary (PB) leprosy. Male patients were more likely to29

have neurological injury (P<0.001; OR:0.35; 95%CI:0.194-0.630). Patients over 6030

years old were more likely to have leprosy deformity (P<0.001; OR:0.113;31

95%CI:0.027-0.478) and nerve injury (P=0.035; OR:0.333; 95%CI:0.115-0.965).32

Patients with marriage histories were more likely to have leprosy deformities33

(P=0.018; OR:0.842; 95%CI: 0.718-0.987). Patients with passive detection had a34

lower probability of leprosy reaction (P =0.011; OR:4.268; 95%CI:1.276-14.272);35

Patients with nerve damage, positive skin smear test or level I or level II disability36

were more likely to be classified as MB leprosy. Conclusions: MB leprosy is related37

to social and demographic factors (with or without marriage history, age at diagnosis,38

discovery mode) and clinical factors (such as the number of skin lesions and nerve39

lesions).40
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Summary box：42

What is already known about this subject:43

1. Leprosy is widespread throughout the world and seriously endangers human health44

2. The condition of patients with MB leprosy is more complex, the treatment course45

is longer and the prognosis is poorer, which seriously affect the life quality of the46

patients47

3. The incidence of polybacterial leprosy was different in different conditions.48

What are the new findings:49

1. Patients over 60 years old were more likely to have leprosy deformity and nerve50



injury.51

2. Patients with marriage histories were more likely to have leprosy deformities.52

3. Patients with passive detection had a lower probability of leprosy reaction.53

4. Patients with nerve damage, positive skin smear test or level I or level II disability54

were more likely to be classified as MB leprosy.55

How might it impact on clinical practice in the foreseeable future?56

1.This study is the first time to analyze the differences in the classification of leprosy57

patients in western China and the related influencing factors, aiming to provide58

theoretical support for proposing better prevention and treatment measures.59

2. 305 cases of leprosy patients in western China for 17 years were included, with60

reliability and validity guaranteed.Medical records are clear and complete, and the61

research value is high.62

3. We can improve the ability of clinical diagnosis and treatment of MB leprosy by63

intervening the related risk factors, and provide valuable demographic data for the64

clinical study of leprosy.65

Introduction66

Leprosy, caused by mycobacterium tuberculosis, is a chronic infectious disease1 and67

mainly induces injuries of skin and peripheral nerves.2 If not treated in time, leprosy68

can cause permanent damage to peripheral nerves and may lead to amputation and69

deformity.3 The diagnosis of leprosy is based on a series of clinical manifestations.70

According to different therapeutic purposes, cases are divided into two types:71

Paucibacillary (PB) leprosy and Multibacillary (MB) leprosy. MB leprosy is an72



aggressive progression of the disease, which is mainly caused by unresponsiveness of73

cellular immunity of leprosy bacilli,4 and is characterized by high infectivity and74

functional disability rate.5 Leprosy disability severely affects the quality of life of75

leprosy patients, and the social discrimination caused by it may induce psychological76

problems. The World Health Organization (WHO) aimed to achieve the goal of global77

eradication of leprosy.6 However, despite effective prevention and control measures78

were extensively implemented, the number of new cases worldwide has remained79

almost unchanged in the past ten years, with about 250,000 new diagnosed cases each80

year.7 The way to the destination, is not easy and smooth, and the potential deformity881

caused by leprosy aggravates related social, health and economic loads.9 Although82

leprosy is generally in a low epidemic state in northwest China,10 but the proportion83

of MB types11 and the rate of disability12 are still at a high level.1384

Methods85

1. Criteria of diagnosis86

The diagnoses of new and recurrent leprosy were based on Leprosy Prevention87

Manual for Primary Care Physicians (PCPs) and Leprosy Diagnosis Standard88

WS291-2008. Cases were classified according to the Leprosy Classification Standard,89

WHO, 1987. Disability classification was bases on the Disability Classification90

Standard for Leprosy, WHO, 1988.91

2 Data sources92

All new and recurrent leprosy cases were collected from the Leprosy Prevention and93

Control Management Information System in China (LEPMIS). Population data came94



from the Shaanxi Statistical Yearbook.95

3 This study was an observational and retrospective study, involving 368 cases96

collected in the LEMPIS from 2004 to 2015. The variables included gender,97

nationality, occupation, education level, marital status, residence history, age, method98

of detection, skin lesions, bacteria detection, nerve damage, and disability99

classification. Cases with incomplete information (n=63) were excluded. This100

retrospective cross-sectional study was reviewed and approved by the institutional101

ethics committee.102

4 Statistical analysis103

EXCEL 2010 were used to establish a new and recurrent leprosy case report database.104

Appropriate statistical methods including U test, 2 test, Fisher exact test, and105

multivariate logistic regression were used to carry out statistical analysis in SPSS 19.0106

software. Quantitative variables were expressed in descriptive statistics, and107

qualitative variables were expressed in rates and 95% confidence intervals (CI). For108

statistical purposes, we have divided the analysis variables into different categories.109

We conducted Kolmogorov-Smirnov test and Levene test respectively to evaluate the110

normality and variance homogeneity of quantitative variables. 2 test was used to111

analyze the influence of various factors, and the results were expressed by dominance112

ratio (socio-demographic factors and clinical factors). The significance level was113

P<0.05. Logistic regression analysis was used to adjust the confounding variables to114

determine the independent risk factors of leprosy MB. In order to determine which115

independent risks are related to the operational classification of leprosy, we used the116



forward stepwise logistic regression method. This method used a model designed for117

two-class qualitative variables to analyze the significance of each independent118

variable, and a logistic regression model was obtained to classify the subjects into PB119

type and MB type. The percentage of correct identification was 89.2%. The results120

showed that the correct rate of this method is higher than the random correct rate121

(50%). The global test of the model has statistical significance (P<0.001). The122

Hosmer-Lemeshow goodness-of-fit test showed that there is no statistical significance123

(P=0.713) between the expected frequency obtained from the prediction probability124

and the observed frequency, which meanes the model fitted well.125

Results126

1. Basic situation of leprosy cases127

It was shown in the system that there were 368 leprosy cases in Shaanxi province128

between 2004 and 2020, of which 69.5% were male cases. 98.7% patients were Han129

ethnics. Most of the new leprosy cases were farmers (91.1%). 6 cases (2.0%) received130

education more than 9 years, 198 cases (64.9%) received education between 1 year131

and 9 years, 101 cases (33.3%) received education less than 1 year. 216 cases (70.8%)132

had marriage history, and 97.4% of the cases resided permanently in the locality. The133

average age of diagnosed with leprosy was 45.79±13.6 years. 16.1% cases were134

diagnosed older than 60 years. 32.8% cases were infected from within the family,135

12.5% cases were infected from outside of the family, and 54.8% cases had no136

definite sources of infection. The detected cases were mostly MB (272 cases, 89.2%).137

Compared with female patients, males were more prone to nerve injury (P<0.001;138



OR:0.35; 95%CI:0.194-0.630). Patients diagnosed older than 60 years were relatively139

prone to disability (P<0.001; OR:0.113; 95%CI:0.027-0.478) and nerve injury140

(P=0.035; OR:0.333; 95%CI:0.115-0.965). Patients with marriage histories were more141

prone to leprosy disability (P=0.018; OR:0.842; 95%CI:0.718-0.987). The incidence142

of leprosy reaction was lower in the patients detected passively than those detected143

actively (P=0.011; OR:4.268; 95%CI:1.276-14.272).144

2. MB leprosy and socio-demographic factors145

The  2 test results showed that there were statistically significant differences in sex,146

education level, marital status, residence history, age at diagnosis, mode of diagnosis,147

and leprosy classification of patients (P<0.05), as shown in Table 1. Univariate148

analysis showed that there were statistically significant relationships between sex149

(p=0.043), education level (p=0.006), marital status (p<0.001), residence history150

(p=0.014), age at diagnosis (p=0.019), mode of diagnosis (p=0.001) and MB leprosy.151

The adjusted logistic regression analysis showed that marriage history (P=0.006;152

OR=3.592; 95%CI:1.444-8.934), the age at diagnosis older than or equal to 60 years153

(P<0.05; OR=1.034; 95%CI=1.001-1.068), and active detection (P=0.002; OR=3.640;154

95%CI=1.590-8.333) were significantly correlated with multi-bacterial leprosy.155

156



157

158

3. Analysis of MB leprosy and its clinical factors159

Of the cases of MB leprosy (89.2%), 21.32% cases had less than 5 skin lesions,160

85.66% cases had no obvious leprosy reaction, 34.93% cases had no positive bacteria161

detection, 19.49% had no nerve damage, and 22.43% cases had no deformity, as show162

in Table 2. Analysis showed that patients with less than 1 skin lesion were less likely163

to be classified as MB leprosy than those with more than 5 lesions. Patients with164

nerve damage, positive skin smear results, or grade I or II disability were more likely165

to be classified as MB leprosy. The adjusted logistic regression analysis showed that166

clinical variables related to MB leprosy included >5 lesions (P<0.01; OR=7.880;167

95%CI=2.506-24.775), and ≥2 nerve lesions (P<0.05; OR=3.516;168



95%CI=1.076-11.491).169

170

171

Discussion172

These results of our study showed high endemic characteristics of leprosy in this173

investigated area, suggesting that the delay on leprosy diagnosis still existed in174

northwest China,14 which leaded to more serious consequences and disabilities of175

leprosy.15176

Female leprosy patients were prone to have poor prognosis. MB leprosy had greater177

impact on males than PB leprosy, even after adjusting the model. This result was178

consistent with previous results conducted in other parts of our country.16 Leprosy179

showed a low prevalence trend at this stage, and male patients still accounted for a180



relatively high proportion of the new diagnosed cases in each year, which may be181

related to different genetic susceptibility in different genders.17 Meanwhile, females182

got more skin consultations than males, and males may be more easily exposed to183

leprosy bacilli related to behavioral and cultural factors,18 which may partly explain184

the dominant position of male cases. In addition, there may be some correlation185

between androgen and MB leprosy, especially in adolescent males,19 and the immune186

response stimulated by a large amount of androgen secreted had poor disease control187

effect.20 The susceptibility of the elderly to MB leprosy may be related to the188

prolonged incubation period of leprosy bacilli, resulting to delayed response.21 In189

addition, the aging of immune system in the elderly22 was an aggravating factor for190

infection control.23 A previous related study showed that the higher incidence of191

leprosy changed from PB to MB, from the young to the elderly (especially people192

over 60 years old), and from women to men.24 .Even after the adjustment of the model,193

less years of education were related to MB leprosy. People with higher education are194

more inclined to seek medical services to avoid delaying diagnosis and treatment.25195

Data showed that people with marriage history are the advantage group of MB leprosy,196

which may indicate that close contact in the home was related to exposure to leprosy197

bacilli, but we cannot rule out the importance of social contact in disease198

transmission.26 A related study abroad concluded that the spread of leprosy is not199

limited to the indoor environment, and outdoor infection also affects the spread of the200

disease.27 Passive detection was a protective factor for MB leprosy, so it is necessary201

to increase the publicity and education of leprosy prevention and control knowledge202



in low-prevalence areas, and to improve the awareness rate of the masses and203

self-care awareness.28, 29 More than 5 lesions were associated with MB leprosy, which204

indicated that high concentration of leprosy bacilli infection can lead to more tissue205

destruction, more skin damage and worse deformation. Related studies abroad have206

analyzed the innate immune factors related to skin lesions of leprosy patients. For207

example, in cases of MB infection, the activation of complement protein will208

aggravate the inflammatory process and lead to peripheral nerve injury, resulting in209

significantly higher incidence of skin lesions in MB patients than in PB patients.30210

Disability degree is an indicator of the ability to diagnose and monitor leprosy of211

health service departments, and patients classified as Class I or Class II disability212

were related to delayed diagnosis or monitoring failure.31213

It was shown that MB cases have a higher probability of grade I or II disability after214

model adjustment. By adding Class I disability (96 cases, 31.48%) to Class II215

disability (122 cases, 40.0%), the number of patients with disabilities increased to 218216

(71.48%), which represented a high percentage of the overall disability. In addition,217

the incidence rate of Class II disability in our sample is far higher than the global218

average of 6% reported by the World Health Organization in 2016,32 which indicated219

that there is a delay in diagnosis or misdiagnosis in these patients.220

This study was based on second-hand data obtained from the LEPMIS, so it has some221

limitations, such as inconsistent information, prevalence bias and the defect of222

cross-sectional design. Future studies need to consider longitudinal studies or223

geographical distribution to clarify factors related to leprosy. MB patients were the224



main infectious source of leprosy, so early detection and treatment can effectively225

block the transmission of leprosy in the infectious source control link, which is of226

great significance to reduce the probability of leprosy patients with disability. This227

study elaborated the epidemic characteristics and regional characteristics of MB228

leprosy in northwest China, which may be helpful to effectively prevent and control229

leprosy.230
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