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ABSTRACT

Leprosy is a chronic infection of the skin and peripheral nerves, and delayed diagnosis sustains transmission and causes
preventable grade 2 disability (G2D) in endemic settings. This review examines which barriers delay the diagnosis of
leprosy and which strategies and tools can help detect it earlier, with particular attention to Indonesia. PubMed was
searched on 25 September 2026 for English-language records first published online in 2021-2025 (531 records), and
ten studies were purposively selected and synthesised narratively. Systematic reviews reported median detection
delays of 12-36 months and G2D at diagnosis in 5.6-43.2% of cases. In Tegal, Indonesia, the mean delay was 13.0
months, mostly (9.7 months) before patients reached health services, and was longer with passive detection (16.5
compared with 6.9 months), while misdiagnosis and repeated consultations contributed to delay within health services.
In Brazil, 1.3% of notified cases were later found to be misdiagnoses. Point-of-care serology was sensitive in
multibacillary disease (0.83-0.92) but not in paucibacillary disease (0.36-0.38), and artificial-intelligence tools
remained at an early stage. Contact screening in Cambodia detected 33 new cases among 7,496 contacts, and a cluster-
randomised post-exposure prophylaxis (PEP) trial found no significant reduction in incidence in its primary analysis.
No included primary study tested whether these strategies shorten detection delay or reduce G2D. Delayed diagnosis
arises mainly from patient-level factors such as stigma and care-seeking behaviour, with a contribution from health
services. Early detection strategies appear promising, but their effect on delay and G2D is unproven and should be
evaluated using these outcomes.
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1 INTRODUCTION

Leprosy, caused by Mycobacterium leprae, affects the skin and peripheral nerves and is classified by the World Health
Organization (WHO) as a neglected tropical disease because it remains a cause of preventable disability. Most cases are
diagnosed in Brazil, India and Indonesia [1]. One measure of delayed case detection is G2D, defined as visible deformity
due to nerve damage. Indonesia has the third-highest number of new cases and of cases with G2D worldwide, after
Brazil and India [2]. In Indonesia, 9.2% of new cases in 2023 already presented with G2D, and contacts of patients are
reported to have a 5- to 13-fold higher risk of developing G2D [3].

Leprosy is difficult to diagnose early because diagnosis relies mainly on clinical signs. The manifestations are varied,
often subtle and resemble other diseases, so the disease is easily recognised late or misdiagnosed [4]. This delay matters
because it is clearly correlated with disability [5]. Nerve damage usually becomes irreversible about six months after
onset, so diagnosis should ideally be made within six months [2]. The WHO global target is a 70% reduction in annual
new cases and a 90% reduction in the rate of new cases with G2D relative to 2020 baseline numbers [2].

Two systematic reviews have summarised the factors behind delayed detection, but none of the studies in either review
was conducted in Indonesia [5,6]. Meanwhile, evidence on diagnostic aids, active case finding and post-exposure
prophylaxis (PEP) is scattered across designs and settings. PEP means giving a preventive antibiotic, usually a single
dose of rifampicin, to people who have been in contact with a leprosy patient so that they are less likely to develop the
disease [7,8]. This review therefore aimed to synthesise recent evidence (2021-2025) to answer two questions. First,
which barriers to early diagnosis exist at patient, community and health-service level? Second, which diagnostic aids
and case-finding strategies can help detect leprosy earlier, with attention to Indonesia?

2 MATERIALS AND METHODS

2.1 Study design

This study is a narrative literature review. It was not registered and followed no formal protocol. Reporting was guided
by the Scale for the Assessment of Narrative Review Articles (SANRA), which covers the importance and aims of the
review, the literature search, referencing, level of evidence and presentation of key data [9]. No formal risk-of-bias
assessment was performed. The two review questions are those stated at the end of the Introduction. Evidence was
organised into four themes. Themes 1 and 2 address the first question: (1) patient- and community-level barriers and
(2) health-service factors and diagnostic accuracy. Themes 3 and 4 address the second question: (3) diagnostic aids and
(4) active case finding and PEP.

2.2  Literature search

PubMed was searched on 25 September 2026 for English-language records first published between 2021 and 2025. The
search combined terms for leprosy with terms for early diagnosis, diagnostic delay, misdiagnosis, grade 2 disability,
active case finding, contact screening, PEP, point-of-care tests, artificial intelligence, health-seeking behaviour and
stigma, using Boolean operators (the full search string is given in Supplementary Table S1). Language and publication-
year filters were applied in PubMed. The search retrieved 531 records. No other database was searched.

2.3  Selection of literature

Titles and abstracts, followed by full texts, were screened by one author without independent second screening. Studies
were eligible if they (i) were first published online in 2021-2025, (ii) provided leprosy-specific evidence relevant to at
least one theme, and (iii) were available in English. Because the aim was narrative synthesis rather than exhaustive
coverage, studies were selected purposively. Where several studies addressed the same question, we favoured
systematic and scoping reviews, trials and programme evaluations, and primary studies from Indonesia. Ten studies
were included (Table 1), and all were retrieved by the search. One study (Handika et al.) was first published online in
December 2025 and appeared in a 2026 issue, so it was included under criterion (i). Additional publications cited only
in the Discussion were used to give context and were not part of the ten included studies.

2.4 Data extraction and synthesis

For each study, one author extracted the design, setting, sample and main findings into a Google Sheets spreadsheet
(Table 1). Full texts were used for nine studies, and for one study only abstract-level information was available (marked
* in Table 1). Numerical results were transcribed as reported by the original authors. Findings were synthesised
narratively by theme. Meta-analysis was not attempted because of the heterogeneity of designs and outcomes.
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Overview of the included studies

Ten studies were included (Table 1): four systematic reviews (one with meta-analysis), one scoping review, two cross-
sectional studies from Indonesia, one national surveillance analysis from Brazil, one programme evaluation from
Cambodia and one cluster-randomised trial from the Comoros and Madagascar. Five of them were primary studies that
collected their own data, and the rest summarised other studies. Neither systematic review on delay included an

Indonesian study [5,6].

Table 1: Summary of the ten included studies, ordered by theme

No | Author Study design | Sample Main findings
1 Dharmawan Systematic 27 studies from 12 | Median detection delay 12-36 months (mean 11.5-
etal., 2021[5] | review countries, none | 64.1), and 5.6-43.2% of patients already had G2D at
from Indonesia diagnosis. In many countries, then, half of the patients
were diagnosed only 1 to 3 years after symptoms
began. The most frequent causes were care-seeking
behaviour (14 of 15 studies that assessed it) and
stigma.
2 Dharmawan Cross- 126 patients from | Mean delay 13.0 months (median 5.5). About 9.7
etal., 2023[2] | sectional study | 171 registered, | months occurred before patients reached health
Tegal Regency services and 3.2 months afterwards. Of the patients,
48% waited more than 6 months. Delay was longer in
patients under 35 years, men, those detected passively,
and those without a family member with leprosy.
3 Handika etal.,, | Cross- 264 contacts of | Only 30.7% of contacts sought care appropriately.
2025 *[3] sectional study | patients, They were more likely to do so if they had a favourable
Gunungkidul view of treatment (aOR 3.60), good access to services
District (aOR 2.46) and low stigma (aOR 5.74).
4 Dharmawan Systematic 20 studies from 10 | Misdiagnosis was cited in 8 studies. In one study,
etal, 2022[6] | review countries, none | patients needing 5 or more consultations had a delay
from Indonesia 24.4 months longer. A first visit to a general service
(aOR 2.10) or a private provider (aOR 2.6) was also
linked to longer delay. In Peru, G2D at diagnosis fell
from 16.2% to 7.6% after leprosy control was
decentralised.
5 Neves et al., | National 574,181 new cases | Of the cases, 7,477 (1.3%, about 13 per 1,000) were
2021[4] surveillance in Brazil, 2003- | misdiagnoses. Odds were higher in females (OR 1.58),
analysis 2017 children under 15 years (OR 1.49), the indeterminate
form (OR 2.37), cases from mass screening (OR 3.36)
and contact examination (OR 2.30), and cases with
nerve involvement without skin lesions (OR 2.47).
6 Romero et al,, | Systematic 12 articles, 16 | In multibacillary leprosy, sensitivity and specificity
2022[10] review and | accuracy studies, | were 0.83 and 0.91 for NDO-LID and 0.92 and 0.93 for
meta-analysis | 5,395 people PGL-L In paucibacillary leprosy, sensitivity was only
0.38 and 0.36. The tests are thus fairly good for the
multibacillary type but often miss the paucibacillary
type. Results varied greatly between studies.
7 Fernandes et | Systematic 21 studies from | Mean accuracy was 89.97% for image data and 87.98%
al,, 2024[11] review 1,659 records for numerical data. However, 57% of the studies

classified several skin diseases at once rather than
leprosy alone, and 11 studies scored below 40% on
quality. Al is therefore still at an early stage and not
ready for clinical use.
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8 Cavaliero et | Programme 555 index patients | Of 7,496 contacts screened (72.0%), 33 new cases
al, 2021[7] evaluation and 10,410 listed | were found. The rate was 110 per 10,000 in household
contacts, 31 | contacts and 18 per 10,000 in neighbours. SDR was
districts in | given to 82.6% of those screened. The proportion with
Cambodia G2D was 6.1% in new cases, lower than in index
patients (11.9%), but there was no comparison group.
9 Hasker et al, | Cluster- 64 villages in the | New cases tended to be fewer in villages given
2024[8] randomised Comoros and | preventive antibiotics (IRR 0.95, 0.80 and 0.58 in three
trial Madagascar, groups), but the differences were not statistically
95,762 significant in the primary analysis. After adjustment
participants for baseline prevalence, the group covering household
contacts and people within 100 m had an IRR of 0.56
(98.3% CI 0.35-0.89). Risk was 2 to 4 times higher
within 75 m of a patient.

10 | Brown et al, | Scoping 23 articles from 11 | Six active case-finding methods were identified. The
2024(1] review countries mean detection percentage was 8.23% for identifying
household or social contacts in high-endemic regions
and 5.07% for rapid village surveys in low-endemic
regions. These figures come from different campaigns

and should be interpreted cautiously.

*: Abstract-level data only. aOR: adjusted odds ratio. CI: confidence interval. G2D: grade 2 disability. IRR: incidence rate ratio. OR: odds ratio. SDR:
single-dose rifampicin.

3.2 Patient- and community-level barriers

The global picture comes from a systematic review of 27 studies in 12 countries. Leprosy was usually diagnosed only
after a long time. The median detection delay was 12-36 months, and 5.6-43.2% of patients already had G2D at
diagnosis [5]. The factor most often linked to delay was health-service-seeking behaviour (found in 14 of the 15 studies
that assessed it), and stigma was the most common social factor. The most common individual factors were older age,
male sex, low awareness of symptoms, multibacillary leprosy and lack of knowledge [5].

Evidence from Indonesia comes first from Tegal Regency, where 126 patients were selected from 171 registered
patients. The time from first symptoms to diagnosis averaged 13.0 months, with a median of 5.5 months [2]. This time
has two parts. Patient delay, from first symptoms to the first visit to a health service, averaged 9.7 months (median 3.0).
Health-system delay, from the first visit to diagnosis, averaged 3.2 months (median 0) [2]. Nearly half of the patients
(48%) waited more than six months [2]. Longer delay was found in patients aged under 35 years, men, those detected
through passive case finding (mean 16.5 months compared with 6.9 months with active detection) and those without a
family member with leprosy. Anticipated stigma was also associated with longer patient delay [2].

In Gunungkidul District, researchers looked at the behaviour of people who had been in contact with leprosy patients.
Only 30.7% of 264 contacts showed appropriate health-seeking behaviour. Contacts who held a favourable view of
treatment (adjusted odds ratio, aOR 3.60), had good access to services (aOR 2.46) and had low stigma (aOR 5.74) were
more likely to seek care appropriately [3].

3.3 Health-service barriers

A second systematic review (20 studies, 10 countries) showed that delay can also occur after patients reach a health
service. The factors were grouped into structural factors, service factors and intermediate factors such as misdiagnosis,
repeated consultations and visits to inappropriate services [6]. Misdiagnosis was cited in eight studies [6]. In one study,
patients who needed five or more consultations had a delay 24.4 months longer than those diagnosed at the first
consultation. A first visit to a general health service (aOR 2.10) or a private provider (aOR 2.6) was linked to longer
delay in separate studies [6]. One study found the shortest delay with a contact survey. A study in Peru linked
decentralisation of leprosy control to earlier detection and a fall in G2D at diagnosis from 16.2% to 7.6% [6].

The other side of the problem is visible in national data from Brazil. 0f 574,181 new cases recorded in 2003-2017, 7,477
(1.3%) turned out to be misdiagnoses, and their proportion was not correlated with the new case detection rate [4].
The odds of misdiagnosis were higher among females (odds ratio, OR 1.58), children (OR 1.49), the indeterminate
clinical form (OR 2.37), cases found during mass screening (OR 3.36) or contact examination (OR 2.30), and cases with
nerve involvement but no skin lesions (OR 2.47) [4].
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3.4 Diagnostic aids

A meta-analysis of rapid point-of-care serological tests (12 articles, 16 accuracy studies, 5,395 individuals) showed
different results by type of leprosy. In multibacillary disease, sensitivity and specificity were 0.83 and 0.91 for NDO-LID
and 0.92 and 0.93 for PGL-I. In paucibacillary disease, sensitivity was only 0.38 (NDO-LID) and 0.36 (PGL-I) [10]. Results
varied greatly between studies (I? up to 98.9%), and patient-selection bias was identified in 11 of 16 studies [10]. In
addition, a systematic review of 21 studies on artificial intelligence (Al) for leprosy diagnosis found that 57% of the
studies classified several skin diseases at once rather than leprosy alone. Mean accuracy was 89.97% for image data and
87.98% for numerical data. Eleven studies scored below 40% on the quality tool, and the authors concluded that the
field was still at an early stage and not mature enough for clinical practice [11].

3.5 Active case finding and post-exposure prophylaxis

In Cambodia, retrospective active case finding combined with single-dose rifampicin (SDR) was carried out in 31
districts between October 2016 and September 2019. Health workers traced 555 index patients and listed 10,410
household and neighbouring contacts, of whom 72.0% (7,496) were screened [7]. This produced 33 new cases, equal
to 110 per 10,000 household contacts and 18 per 10,000 neighbour contacts. Of the 33 cases, 23 (69.7%) were
household contacts [7]. SDR was given to 6,189 contacts (82.6% of those screened). The proportion with G2D was 6.1%
among new cases compared with 11.9% among index patients [7].

In a cluster-randomised trial in 64 villages in the Comoros and Madagascar (95,762 evaluable participants), single
double-dose rifampicin (SDDR, 20 mg/kg) PEP was given to household contacts (arm 2), to household contacts and
anyone living within 100 m (arm 3), or to those contacts who also tested positive for anti-phenolic glycolipid-I (arm 4),
compared with no PEP [8]. Intention-to-treat incidence rate ratios (IRRs) were 0.95, 0.80 and 0.58. These are equal to
reductions in new cases of about 5%, 20% and 42%, but none was statistically significant [8]. After controlling for
baseline prevalence, arm 3 had an IRR of 0.56 (98.3% CI 0.35-0.89), and the individual-level protective effect of SDDR-
PEP was 0.55 [8]. Leprosy risk was two to four times higher within 75 m of an index patient, and household members
of patients had more than four times the risk of those living 100 m or further away [8].

A scoping review of 23 articles from 11 countries (15 from high-endemic and 8 from low-endemic regions) identified
six active case detection methods. The mean case-detection percentage was 8.23% for identifying household or social
contacts in high-endemic regions and 5.07% for rapid village surveys in low-endemic regions [1].

3.6 Effect of strategies on detection delay and G2D

Of the five primary studies, none tested whether a detection strategy shortens detection delay or reduces G2D. The
studies in Tegal [2] and Gunungkidul [3] only measured delay and the factors linked to it. The Brazilian study measured
misdiagnosis [4]. The Cambodian study reported the cases found without a comparison group [7], and the trial in the
Comoros and Madagascar measured new cases rather than delay or G2D [8]. The only hint came from a before-and-after
evaluation of decentralisation in Peru, summarised in the 2022 review [6].

4 DISCUSSION

4.1 Summary of findings

In brief, this review found two things. First, delay in diagnosing leprosy occurs mainly before patients reach health
services, and partly within health services because of misdiagnosis or repeated consultations. Second, several strategies
look promising for finding cases earlier, but there is no direct evidence yet that they actually speed up diagnosis or
prevent disability.

4.2 Patient-level barriers

In Tegal, about three quarters of the mean delay (9.7 of 13.0 months) passed before patients reached health services
[2]. This agrees with the global finding that care-seeking behaviour and stigma are the most frequently reported factors
[5]- The Gunungkidul study shows a similar pattern among contacts of patients, whose decision to seek care was
influenced by their view of treatment, access to services and stigma [3].

Two points deserve attention. First, the mean delay in Tegal (13.0 months) was far above the median (5.5 months). This
means that half of the patients were diagnosed within 5.5 months or less, but a small group waited very long and pulled
the average upward. The median health-system delay was zero, which means that in most patients almost no time was
lost after they reached a health service. Even so, 48% of patients still waited more than six months, the threshold linked
to a higher risk of permanent nerve damage [2]. Programmes should therefore specifically target patients who are
delayed for a very long time. Second, the risk factors were not uniform. Globally, older age was among the most common
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factors [5], whereas in Tegal it was age below 35 years that was linked to longer delay [2]. This shows the need for
targeting that fits local conditions. All Indonesian data in this review are cross-sectional and come from two districts.

Stigma and low awareness are barriers that programmes can act on. A systematic review of 17 publications found that
several types of intervention reduced leprosy-related stigma, but the evidence came only from Nepal, India and
Indonesia and information on cost was rarely available [12]. In Indonesia, a questionnaire to measure community
awareness of the early detection of common skin diseases, including leprosy, has been developed and tested in
Pamekasan District (680 participants in the field test), and health programmes could use it to assess public awareness
of early detection [13].

4.3 Health-service barriers

The 2022 systematic review concluded that delay is mainly due to misdiagnosis, but misdiagnosis was cited as a factor
in only eight of 20 studies [6], so this conclusion should be read with care. The Brazilian data show another side of the
problem. Recorded misdiagnoses were more frequent among cases found through mass screening or contact
examination [4]. This does not mean that active case finding should be avoided. It does mean that screening needs
trained examiners and referral for confirmation. The authors also noted that false-negative diagnoses, which may
sustain transmission, could not be counted, and they stressed continuous training of health workers [4].

Evidence from other countries shows that this training need is real and that training can help. In primary healthcare
clinics in Pahang, Malaysia, 150 health workers had a mean leprosy knowledge score of 11.10 out of 25 and a median
skills score of 12 out of 70, which the authors described as inadequate [14]. In a leprosy hotspot district in Ethiopia, a
five-day training for frontline health workers was followed by an active case detection campaign. In pre- and post-
training surveys, the proportion with good knowledge rose from 61.2% to 77.3% and the proportion with good skills
from 51.7% to 75.0%. The campaign that followed screened 3,780 contacts and found 17 new leprosy cases [15].

4.4 Diagnostic aids

Rapid serological tests worked well in multibacillary disease but poorly in paucibacillary disease [10], which usually
has fewer signs. The authors stated that such tests could inform implementation in primary care, but they called the
results inconclusive because of heterogeneity and risk of bias [10]. Al-based tools are also at an early stage, because
most studies classified many skin diseases and many were of low quality [11]. In our view, the most realistic route to
earlier diagnosis at present is stronger clinical recognition by primary-care workers, with laboratory and digital tools
as adjuncts.

Recent reviews support this view. A 2026 practical guide concluded that early diagnosis remains primarily clinical and
that no single laboratory test confirms early leprosy on its own [16]. The same guide reported that PCR improves
diagnosis in paucibacillary disease with a sensitivity of 34-80%, and that anti-PGL-I serology has a sensitivity below
30% in tuberculoid forms, although seropositive contacts have a 3.5-fold higher risk of developing disease [16]. Another
review also noted that laboratory tests are less useful in early diagnosis when symptoms are not clearly defined, for
example in some paucibacillary cases [17].

4.5 Active case finding and PEP

In Cambodia, new cases were concentrated among household contacts (23 of 33 cases), although these made up only
27.9% of those screened [7]. This supports the idea that case finding should start with the people closest to the patient.
The lower proportion of G2ZD among new cases (6.1% compared with 11.9%) is compatible with earlier detection, but
it rests on two cases and has no comparison group. National new diagnoses fell from 154 in 2016 to 127 in 2019, but
the authors could not attribute this to the programme [7].

The randomised PEP trial gives a more cautious picture. Protection was weaker than anticipated. The primary analyses
were not significant, the significant estimate in arm 3 depended on adjustment for baseline prevalence that differed
between arms, and the planned sample size of 144,000 was not reached [8]. Even so, leprosy risk was strongly clustered
around index patients. The authors interpreted this as support for targeted door-to-door screening around index
patients combined with blanket PEP [8]. Detection percentages in the scoping review differ by method and level of
endemicity, so they should be interpreted cautiously [1].

PEP was first tested in a large trial in Bangladesh, which included 21,711 close contacts and found that a single dose of
rifampicin reduced the incidence of leprosy by 57% (95% CI 33% to 72%) over the first two years [18]. On this basis,
WHO recommends single-dose rifampicin for adults and children who are in regular contact with leprosy patients, and
it advises caution because of stigma, particularly for contacts outside the patient’s family [19]. In routine programmes,
the LPEP feasibility programme in seven countries, including Indonesia, traced and screened 174,782 contacts (97.2%
of those listed) and gave single-dose rifampicin to 151,928 of them (86.9%), and it found PEP to be safe and generally
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well accepted [20]. These studies show that PEP can be delivered in routine programmes, while the trial in the Comoros
and Madagascar found smaller and non-significant effects in its primary analysis, so more evidence is needed from
different settings [8].

Observational evidence is consistent with a benefit of active detection on delay. Passive detection was associated with
longer delay in Tegal [2], and a contact survey gave the shortest delay in one study in the 2022 review [6].

4.6 Gapsin the evidence

Apart from a single before-and-after evaluation of decentralisation in Peru summarised in the 2022 review [6], none of
the included studies tested whether a detection strategy reduces detection delay or G2D. This is the main gap that future
research needs to address.

4.7 Implications for practice

(1) Combine community education and stigma reduction with better access to care, focusing on groups with the longest
delays. (2) Strengthen primary-care training, particularly on paucibacillary and neural presentations. (3) Integrate
contact screening, including neighbours, with PEP, with referral for confirmation to limit false-positive diagnoses. (4)
Use serology only as an adjunct for suspected multibacillary disease. (5) Monitor detection delay and the proportion of
G2D as programme indicators. These steps are in line with the WHO Global Leprosy Strategy 2021-2030, which includes
integrated active case detection alongside prevention and combating stigma among its four pillars, and which aims to
contribute to the Sustainable Development Goals [21].

4.8 Limitations of the study

This review searched a single database (PubMed), selected studies purposively, had no registered protocol and did not
formally appraise study quality, so selection bias is possible. Screening and data extraction were done by one author
without independent verification. The two systematic reviews on delay covered the same period and are likely to
overlap. One study was assessed at abstract level only. Only English-language studies were considered. The only
national surveillance analysis is from Brazil, and no primary study from India was included. Evidence on delay in
Indonesia comes from two districts.

5 CONCLUSION

Regarding barriers, in the Indonesian studies reviewed, delayed diagnosis of leprosy was driven mainly by patient-level
factors such as stigma and care-seeking behaviour. The health-service component was smaller and was linked globally
to misdiagnosis and repeated consultations. Regarding strategies, available diagnostic aids do not reliably detect
paucibacillary disease, and Al tools are not ready for clinical use. Active case finding with PEP is promising, but its effect
on detection delay and disability remains unproven. Future studies, particularly in Indonesia, should evaluate
integrated strategies using detection delay and G2D as primary outcomes.
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