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Summary objectives To compare a new scoring system for multibacillary (MB) leprosy relapses, which combines

time factor, risk factors and clinical presentation at relapse, to WHO criteria.

methods Data were collected on all relapses diagnosed between 1998 and 2004 at the Marie-Adelaide-

Centre in Karachi, Pakistan, including case histories, clinical manifestations, follow-up, bacterial indices,

treatment and contacts. For the diagnosis of MB relapses a simple scoring system was developed and

validated on a data-set of mouse foot pads (MFP)-confirmed relapses (Leprosy Reviews, 76, 2005, 241).

Its sensitivity was further evaluated in the Karachi relapse cohort. The P-value was calculated with

McNemar’s test with continuity correction.

results The new scoring system that combines time factor, risk factors and clinical presentation at

relapse had a higher sensitivity in MFP-confirmed relapses than the WHO-criteria (95% vs. 65%,

P < 0.01). The sensitivity of the scoring system was also significantly higher than the WHO criteria in

the 57 cases of MB-relapses diagnosed in Karachi (72% vs. 54%, P < 0.05).

conclusions This new simple scoring system for diagnosing MB-relapses in leprosy should be further

validated in a prospective study to confirm its superior sensitivity and to evaluate the specificity of these

criteria by using MFP-confirmation for patients presenting with signs of activity after treatment.

keywords leprosy, relapse, reaction, criteria, time

Introduction

Replacement of the life-long monotherapy by the effective

multi-drug therapy (MDT) was a major step towards

elimination of leprosy as a public health problem. MDT-

treatment and early case detection nowadays are the

cornerstones of leprosy control (Britton & Lockwood

2004; Rinaldi 2005; WHO 2006a). The achievements in

the control of leprosy need to be sustained, and – as the

WHO Global Strategy Report 2006–2010 states – ‘there is

a need for constant vigilance and surveillance to monitor

and deal with relapses and the possible emergence of drug

resistance’ (WHO 2005). Patients with relapses can present

many years after release from treatment (RFT) (Jamet & Ji

1992, 1995; Shaw et al. 2000; Baohong 2001; Cellona

et al. 2003; Shetty et al. 2005). Leprosy reactions – caused

by Mycobacterium leprae antigenic determinants – may

also occur after the end of treatment, either isolated from

active disease or as a sign of relapse. As symptoms of mild

reactions are difficult to distinguish from non-reactional

leprosy lesions by routine clinical examination, every

reoccurring sing of disease can represent a reaction. These

peculiarities of leprosy have important implications for the

case management and the control of multibacillary (MB)

leprosy, since examination and skin smears are not

sensitive enough to monitor short- or long-term efficacy of

chemotherapy. A reliable determination of the relapse rate

is the single most important parameter to determine the

efficacy of multi-drug therapy (MDT). This is relevant in

the current discussion on the further shortening of treat-

ment for MB-leprosy (Biswas 2004) and the associated risk

of relapse (Katoch et al. 1991; Jamet & Ji 1992; Girdhar

et al. 2000; Ebenezer et al. 2004), which is especially high

in patients with a high initial bacterial index (BI) (THELEP

1987; Jamet & Ji 1995; Baohong 2001; Cellona et al.

2003).

The use of divergent criteria for the diagnosis of relapse

contributes to the high variability of documented relapse

rates: from <1% to 20% (Becx-Bleumink 1992; Jamet & Ji

1992, 1995; Girdhar et al. 2000; Shaw et al. 2000;

Norman et al. 2004). Confirmation of the diagnosis of

relapse requires detection of multiplying M. leprae. Since

M. leprae cannot be grown in culture, determination of its

vitality is only possible by expensive and time-consuming

procedures, such as inoculation in mouse foot pads (MFP)

or measurement of ATP-content (Katoch et al. 1988, 1989;
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Gupta et al. 1997, 2001), which rarely is available in the

field. To circumvent these obstacles various sets of criteria

have been combined to define and diagnose relapses (van

et al. 1989; Becx-Bleumink 1992; Jamet & Ji 1992;

Vijayakumaran et al. 1996; Li et al. 1997; Girdhar et al.

2000; Shaw et al. 2000; Norman et al. 2004). In MB cases,

these criteria mostly rely on the BI. The WHO-criteria

define ‘relapse, in MB leprosy, …as the multiplication of

M. leprae, suspected by the marked increase (at least 2+

over the previous value) in the BI at any single site, usually

with evidence of clinical deterioration (new skin patches or

nodules and ⁄ or new nerve damage)’ (WHO 2003). How-

ever, these criteria lack sensitivity and specificity for several

reasons: Relapses presenting with a BI of <2+ will not be

diagnosed. This is relevant in early stages of re-multipli-

cation and in patients with high immunity, which never

present with a high BI. Furthermore, the quality of the BI

that microscopically counts the number of bacilli in log-

units from 0 to 6 within slit skin smears from active lesions

is ‘the weakest link in most control programmes’ (WHO

Expert Committee on Leprosy 1988), e.g. false negative

values are common; indeed, though considered useful, a

skin smear service was not considered a prerequisite for

implementing MDT (WHO Expert Committee on Leprosy

1998), and ‘this statement ratified a de facto situation:

what had been tolerance became a prescript’ (WHO 2004).

On the other hand, a positive BI does not necessarily

represent multiplying organisms, as the BI represents alive

and dead bacilli. Since the elimination of dead bacteria is

slow – the BI usually decreases by 0.5–1 log-unit ⁄ year

(Katoch et al. 1989, 1991; Ponnighaus & Boerrigter 1995;

Vijayakumaran et al. 1996; Shaw et al. 2000, 2003;

Ebenezer et al. 2004) – a high BI after RFT may be

misinterpreted as a sign of relapse. This is especially true if

no follow-up BI is available and an increase of the BI is

assumed rather than confirmed. In conclusion, WHO

criteria are not uniformly applied in different control

programmes and different centres have adopted an indi-

vidual approach for the diagnosis of relapse.

This is also true for the Marie-Adelaide-Leprosy-Centre

(MALC) in Karachi, Pakistan, which coordinates the

leprosy work in Pakistan. In 2004, the incidence of leprosy

in Karachi was 0.21 ⁄ 10 000 with 247 newly diagnosed

cases. Relapses are diagnosed using a combination of

criteria (see Materials and methods), and no MFP-valida-

tion is used. The International Federation of Anti-Leprosy

Associations (ILEP) suggests to evaluate the effectivity of a

control programme by calculating the percentage of the

number of patients treated for relapses vs. the number of

those treated for the first time in the same year. If this

exceeds 5%, the control programme should be reassessed

(ILEP Medico-Social Commission 2001). Although it is

obvious that there is no relationship of the relapse rate and

the number of newly diagnosed cases in the same year, this

ILEP criterion is a simple measure to assess a leprosy

control programme. In Karachi, between 1998 and 2004,

5% limit was exceeded twice, indicating the need to

evaluate the recurrence situation in Pakistan. Therefore,

data of patients diagnosed with relapse at MALC in the

years 1998 to 2004 were collected and a simple scoring

system for the diagnosis of relapses in MB-leprosy was

developed.

Relapses and isolated late reactions have different times

of onset after the end of treatment, and in 2006 the WHO

suggested to take the time passed since the person was

treated as the most useful distinguishing feature into

account for the diagnosis of pauci-bacillary leprosy (WHO

2006b). We hypothesized that criteria to diagnose MB-

relapses should also include a time criterion. Our scoring

system was validated on a data set of MFP-confirmed

relapses (Shetty et al. 2005).

Materials and methods

The scoring system was developed using relapse criteria

previously used (Katoch et al. 1991; Jamet & Ji 1992,

1995; Girdhar et al. 2000; Cellona et al. 2003; Ebenezer

et al. 2004) and validated on a data set of MFP-confirmed

relapses (Shetty et al. 2005). Its sensitivity was further

evaluated in a cohort of unconfirmed relapses diagnosed in

Karachi, Pakistan.

Patient population in Karachi

Data of cases diagnosed with relapse of leprosy in MALC,

Karachi, Pakistan in the years 1998–2004 were collected.

Since 1960, a total of 337 relapsed cases have been

reported in Pakistan, 99% of these after 1983. Of these

relapses 65% were diagnosed in greater Karachi, where

40% of the nationwide leprosy cases are registered in the

10 leprosy control centres. The headquarters and 80-bed

leprosy hospital of MALC are in Karachi. Since 1960

patients were treated with dapsone monotherapy (DDS-

MT), which was consecutively replaced by the WHO

recommended MDT from 1984 onwards and by 1994, all

patients in Karachi were treated with MDT. All previously

DDS-treated patients who had a positive skin smear in

1994 were given an additional course of MDT. Since 1996

the prevalence of leprosy in Pakistan has been well below 1

case per 10 000 population. Before 2001, MB-treatment

(MB-MDT) was given to all patients classified by the

Ridley-Jopling scale (Ridley & Jopling 1966) as LL, BL, BB

or NE (pure neuritic) and to BT-cases with a positive skin

smear. Since 2001, MB-MDT is given to all cases with five
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or more skin lesions and ⁄ or a positive BI and ⁄ or more than

one affected nerve for at least 2 years or until skin smears

test negative (WHO 2004). After treatment cessation

PB-patients with paucibacillary (PB) leprosy are actively

followed annually for at least 2 years and MB-patients for

5 years. Patients and household members are physically

examined for suspected signs of leprosy and – in MB-cases –

a slit skin smear for control of the BI is routinely taken from

four to six sites comprising both earlobes, the back, the

forehead and the third finger. If active lesions are present

only on other parts of the body, these are smeared instead of

the forehead and the third finger. All patients with activity

after the end of treatment are referred to MALC hospital,

where the diagnosis of relapse is reconsidered. For the

diagnosis of relapse no uniform criteria are applied, but

factors included in the diagnosis of a relapsed case are: a

positive BI; repeated thorough clinical examination for

signs of active leprosy and of reaction; and case history,

such as initial and following BIs, irregularity, length of

treatment and time after RFT. At MALC, the diagnosis of

relapse and re-treatment is favoured in doubtful cases, e.g.

cases of late reaction might have been treated as relapse.

In addition, most patients suffering from late reaction are

treated with a combination of steroids and anti-leprosy

drugs to prevent a possible reactivation, i.e. most cases of

late reaction are also treated as relapses. A therapeutic test

with steroids, suggested by the WHO for the differentiation

of PB-relapse vs. reaction, is not performed.

Collected patient data at MALC

Sources of information were patient records, i.e. a body

chart showing all visible skin (and nerve) lesions; several

examination forms containing the affection of acral and

facial nerves and muscles; and a treatment sheet providing

information about treatment details and occurrence of

reactions and other incidences (Table 1). For the clinical

presentation at relapse we differentiated new signs, occur-

ring in previously unaffected sites from ‘other signs of

activity’ which could not be declared as new and were no

sign of reaction. For recording reactions ‘signs of reaction’

indicating a mild reaction not treated with specific treat-

ment were distinguished from a reaction, which was

treated with specific treatment for reaction (WHO 2006b).

As signs of reaction were included: symptoms of neuritis

with swelling or pain in the nerves, acute loss of sensation

or muscle strength, inflammation of skin lesions, with pain,

swelling or erythema, presence of orchitis or erythema

nodosum leprosum (ENL) without specific treatment. All

contact cases within the household of the relapsed case

were noted with their family relationship, classification and

date of admission, to detect a possible reinfection.

We defined a relapse as a case which already has received

a course of specific anti-leprosy treatment and returns with

signs of active disease which require a second course of

treatment. Here a course of treatment is defined as

1 month less than the actual proposed minimum duration

of MDT, e.g. 11 months for MB and 5 months of

treatment for PB cases. Cases that were registered as

relapses but did not receive a course of treatment were not

included in our study.

Development of the scoring system

For the development of criteria, patients were divided into

a group of PB-classified and a group of MB-classified

cases. Since the classification of Ridley and Jopling (1966)

was consistently applied to all patients at MALC, we

classified all TT and BT-cases as PB and all BB, BL, LL

and neuritic cases as MB cases. Only the MB-classified

relapse cases were used for the development of the scoring

system.

The scoring system comprises different scores that have

to be added to give the final score. Central to the scoring

system is a time criterion based on the finding that the

probability of relapse compared with the probability of the

occurrence of an isolated late reaction increases with

increasing time after RFT. Additional criteria were derived

from the literature (Katoch et al. 1991; Jamet & Ji 1992,

1995; Girdhar et al. 2000; Cellona et al. 2003; Ebenezer

et al. 2004) and included in a primary rating scale. The

‘expected BI’ was used as indicator for an increase of the

BI, since a dependable last BI is often missing and an

increase in the BI cannot be determined reliably. The BI

usually decreases by 0.5–1 log-unit ⁄ year (Katoch et al.

1989, 1991; Ponnighaus & Boerrigter 1995; Vijayakum-

aran et al. 1996; Shaw et al. 2000, 2003; Ebenezer et al.

2004), and the ‘expected BI’ can be calculated using the

initial BI of the first admission. For simplification of the

scoring system we assumed a 1 log-unit decrease of the BI

per year and calculated the expected BI by subtracting the

years after RFT from the initial BI (expected BI = initial

BI ) years after RFT).

The rating scale was adjusted for a maximum sensitivity

by determination of the minimum score that would

diagnose all MFP-confirmed relapses as described by Shetty

et al. (2005). Shetty’s data were comparable to ours despite

the indication of the BI, which Shetty noted either as the

highest score of a single lesion or as the average of all

smeared lesions (V.P. Shetty, personal communication).

However, both the average BI (avBI) as well as the highest

BI in a single lesion were included in our scoring system.

We therefore correlated the avBI and the highest BI of a

single lesion (slBI) of our own collected data using
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Pearson’s correlation with a significance <0.01. Using the

resulting equations (avBI = 0.621 · slBI – 0.014;

slBI = 1.389 · avBI + 0.246) we calculated the missing

avBI or slBI of the relapses published by Shetty et al.

(2005).

Application of the rating scale to the MALC-diagnosed

relapses allowed us to categorize these as probable,

improbable and uncertain relapses. This categorization

together with testing the sensitivity in the MFP-confirmed

relapses was used to reduce the additional criteria to four

essential ones. Different combinations of these essential

criteria and of their respective score were then applied to

the MFP-data set aiming for maximal sensitivity as

well as simplicity, giving a preliminary essential score.

Finally, we modified the scoring system to include cases

relapsing from PB into MB-leprosy in the final ‘Linder

score’.

Validation of the final scoring system

For validation of the final scoring system we compared its

sensitivity to that of the WHO-criteria (WHO 2003) in

both data sets, the 43 MFP-confirmed relapse cases

published by Shetty et al. (2005) as well as the MB-relapse-

cohort diagnosed in MALC. We diagnosed a relapse

according to the WHO-criteria if the highest slBI at relapse

was at least two logs higher than the last available BI,

regardless of the date of the last BI (provided that it was

not earlier than the case’s discharge). If no last BI was

available we assumed a negative last BI. The P-value was

calculated using McNemar’s test with continuity correc-

tion.

Results

Relapse cohort in Karachi

From 1998 until 2004, 116 relapsed cases were diagnosed

in greater Karachi. One hundred and three of these were

included in this study. Thirteen cases were excluded due

to following reasons: in eight cases no signs of relapse or

activity were recorded, three cases did not receive any

treatment at first admission, one case was not registered

in Karachi and for one case no records were available.

Fifty-seven cases had been classified as PB, 49 as MB at

admission for their first treatment. At relapse, eight cases

had downgraded into the MB spectrum of disease and one

case had upgraded to PB classification. For the develop-

ment of the scoring system, data of the 49 MB cases as

well as the eight downgraded PB cases were used

(Table 1). The 49 MB-patients received following treat-

ments: nine MB patients had been treated with DDS-MT

only for 166 ± 113 (mean ± SD) months, 38 cases

received 29 ± 12 monthly doses of MB-MDT, one case 44

monthly doses of PB-MDT, and one case had been treated

with a combination of DDS and Clofazimine for 21 years.

Ten MB-patients received DDS prior to MDT. Seven MB-

cases had a negative BI at first admission; 16 (33%) of the

MB-cases had a positive initial BI of <3+ and 25 (51%) a

BI of ‡3+. During follow-up after the end of treatment a

BI was available for 44 (90%) and was positive in two

cases.

Figure 1 shows the distribution over the time of 100

MFP-confirmed relapses and diagnosed relapses from

MALC as well as the percentage of cases from MALC that

simultaneously showed a reaction: 38% of MB-relapses

were diagnosed within the first 2 years after RFT, six

during the first 6 months after RFT. From the third year

onwards relapses have been diagnosed continuously up to

the 20th year after RFT. At the time of diagnosis of relapse

43 (71%) MB-cases presented with a positive BI. Five of

these had a score of ‡3+, 39 (80%) presented with new

signs. Twenty-one cases (43%) showed signs of reaction,

11 of these were treated with specific treatment for reaction

(Table 1). The majority of reactions 15 ⁄ 21 (71%) occurred

in these patients within the first 2 years. Only one of the

relapsed cases (no. 28) had an infectious contact case

within the family.

Development of the scoring system

Table 1 shows the detailed scores for every patient during

the development of the scoring system. The primary ‘rating

scale’ and the deduced ‘essential score’ were applied to 49

MB-classified cases, the final ‘Linder score’, was also

applied to the additional eight PB-classified cases relapsing

into MB-classification.

Time criterion

The time after RFT of available MFP-confirmed relapses

(Jamet & Ji 1992, 1995; Shetty et al. 2001) was compared

to the time of occurrence of late reactions reported by

Becx-Bleumink (1992) and Kumar et al. (2004). Figure 1

shows that most relapses occur after the second year after

RFT. There was no MFP-confirmed relapse in the first year

after stopping treatment within 100 relapsed cases.

Accordingly, type 1 and 2 reactions occur most often

during treatment with a decreasing rate thereafter (Becx-

Bleumink 1992; Kumar et al. 2004). They are still frequent

in the first 2 years after treatment, but after the fifth year of

RFT reactions are rarely reported, which is also shown by

the frequency of reactions in MALC (Figure 1). Therefore,

an increasing score for increasing time after RFT was used

in our scoring system.
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Additional criteria

After starting treatment the BI decreases with a rate of 0.5–

1 log-unit ⁄ year (Katoch et al. 1989, 1991; Ponnighaus &

Boerrigter 1995; Vijayakumaran et al. 1996; Shaw et al.

2000, 2003; Ebenezer et al. 2004). Figure 2 illustrates the

decrease of the BI starting from different initial BI-values

by assuming a fall of 0.5 log-units ⁄ year as well as 1 log-

unit ⁄ year. It shows that the criterion ‘increase in the BI’ is

only valid if it exceeds the expected BI with an assumed

decrease of 1 log-unit ⁄ year by at least 2 log-units. Note

that during follow-up few patients with an initial BI of 5

(4–8 years after start of treatment) or with an initial BI of 6

(4–6 years after start of treatment) may have a higher BI

than the BI that is 2+ higher than the expected BI, indicated

by the crossing of the respective hatched line. The fall rate

of 1 log-unit ⁄ year is used for the calculation of the

expected BI, and both, the avBI and slBI, i.e. ‡2+ higher

than the expected BI, are used as essential criteria for the

diagnosis of MB-relapse.

Rating scale

The criteria of the ‘rating scale’ are shown in Table 2.

When the ‘rating scale’ was applied to the MFP-confirmed

relapses, all 43 cases reached a score above 5. Based on this

finding, the 32 MALC-cases that reached a score of 6 and

higher were classified as ‘probable’ relapses and the seven

cases reaching a score of <4 as ‘improbable’ relapses.

Ten cases with a score of 4–5 were classified as ‘uncertain’

relapses in which the diverse criteria did not clearly allow a

diagnosis.

Essential score

The ‘essential score’ comprises the four most important

criteria that were extracted from the rating scale (Table 3).

When a score of 3 and higher was used to define cases of

relapse, the sensitivity was the highest in the MFP-

confirmed relapses, e.g. 41 of the 43 (95%) were correctly

diagnosed as relapse. Application of this scoring system to

MALC-cases allowed a better discrimination within the

‘uncertain’ group of relapses: 34 ⁄ 49 cases, including two of

the ‘uncertain’ relapses, were diagnosed as relapses. Fur-

thermore, we tested whether any of the four criteria were

less important by omitting any single criterion (increase in

the slBI, risk factor, presence of signs of reaction). The

sensitivity, tested in both, the MFP-confirmed as well as for

the MALC-cases, decreased if any of the four criteria was

omitted (Table 4), indicating that each criterion contrib-

uted to the scores sensitivity.

Final ‘Linder score’

Finally, it was reasoned that the score should also diagnose

patients with a negative BI at the start of treatment –

classified as PB – that had a positive BI at relapse, e.g. a

downgrading immunity into the MB-spectrum of the

disease. Since PB patients usually have a strong cell-

mediated immunity, the probability of a positive BI is low,

and an increase of two units should not be expected to

score in a diagnostic scoring system. Therefore, we argue

that in a PB patient a positive BI at relapse is sufficient to

score for both, avBI as well as slBI. We included this

criterion in the essential score giving the final ‘Linder score’
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Figure 1 Time dependency of the diagnosis of MB-relapses and reaction after RFT. Cases of mouse foot pad-confirmed relapses (dark

bars) (Jamet & Ji 1992, 1995; Shetty et al. 2001) and unconfirmed relapses diagnosed in MALC (grey bars) are shown. White bars
represent the percentage of the unconfirmed relapses in MALC that simultaneously had a diagnosis of reaction in a certain year: 28% of the

patients with a relapse diagnoses also had a diagnosis of reaction in the first 2 years. Note the different percentage of relapses diagnosed in

MALC vs. MFP-confirmed cases in the first 2 years (37% vs. 4%). Most of the MFP-confirmed cases in the second to fifth year after RFT

were diagnosed in patients that at the time of diagnosis had received <12 months of rifampin (Jamet & Ji 1992, 1995; Shetty et al. 2001).

Tropical Medicine and International Health volume 13 no 3 pp 295–309 march 2008

K. Linder et al. New diagonostic criteria for multibacillary relapses in leprosy

ª 2008 Blackwell Publishing Ltd 303

 13653156, 2008, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/j.1365-3156.2008.02003.x by IN

A
SP/H

IN
A

R
I - PA

K
IST

A
N

, W
iley O

nline L
ibrary on [20/10/2022]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



(Table 3). Its application did not change the sensitivity in

the MFP-confirmed relapses, but diagnosed 41 ⁄ 57 MALC

cases as relapses, including one additional case that would

have not been diagnosed by the ‘essential score’.

Validation of the scoring system

If the WHO-criteria would have been used to diagnose

relapses in the MFP-confirmed relapse cases only 28 ⁄ 43

relapses (65%) would have been diagnosed. The sensitivity

of the WHO-criteria was significantly lower than the

sensitivity of the ‘Linder score’ in MFP-confirmed relapses

(95%, P < 0.01). The WHO criteria also have a signif-

icantly lower diagnostic sensitivity in the MALC-cases:

31 ⁄ 57 (54%) relapses in Karachi compared to 41 ⁄ 57

(72%) diagnosed by the new diagnostic scoring system

(P < 0.05). Sixteen WHO-negative cases would have been

diagnosed as a relapse by the new scoring system, while six

WHO-positive cases would not have been diagnosed by the

new scoring system. The differences occurring by applica-

tion of WHO-criteria and the different scoring systems are

shown in Table 1.

Discussion

The central problem in the diagnosis of relapses in leprosy

is the need to differentiate relapses and reactions from each

other. This is emphasized in a study by Shetty et al. (2001)

who investigated biopsies of 25 BT leprosy cases presenting

with recurrent lesions 1–13 years after RFT. Although
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Figure 2 Expected fall of the BI after start of treatment depending on the initial BI and the falling rate. The predicted fall of the BI

with a rate of 1 log-units ⁄ year (squares) and with a rate of 0.5 log-units ⁄ year (bullets) is shown in patients with an initial BI (e.g. the
BI at first admission) of (a) 6; (b) 5; (c) 4 and (d) 3 during the years after start of treatment. The hatched lines represent BI values of

putative relapse cases that are 2+ higher than the expected BI, if a fall rate of 1 log-units ⁄ year is assumed.
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none of the cases showed overt signs of reaction, 13 cases

were histopathologically characterized as type 1 reactions,

whereas the others showed features of BT leprosy only.

However, the mouse foot pad inoculations detected living

bacteria in five and seven cases in both groups of patients

respectively. The differentiation of these phenomena is

important as treatment with steroids for a reaction could

promote the multiplication of bacteria if relapses remain

undiagnosed (Shetty et al. 2001). WHO (2003) has

proposed criteria, based upon clinical examination and

skin smears, to address this diagnostic challenge. However,

these criteria are neither uniformly accepted nor applied as

Table 3 Proposed diagnostic scoring system for MB-relapse in leprosy

I. Time factor Time after release from

treatment (months)

Score*

£12 0
13–24 1

25–60 2

>60 3

II. Risk factor If the initial BI is ‡3 + 1 1

III. Clinical presentation at relapse

1. If the BI in a single lesion is ‡2+ higher than the expected BI� 1

2. If the average BI is ‡2+ higher than the expected BI� 1
3. If no signs of a reaction are present� 1

MB, multibacillary; BI, bacterial index.

The table shows the final ‘Linder score’ which (in contrast to and as the only difference to the ‘essential’ score) includes primary PB-cases

(negative BI at first diagnosis) relapsing into MB-leprosy (positive BI at relapse). In these cases, a positive BI (instead of an increase of the
BI of ‡2+) at relapse is sufficient to score.

*Relapses are diagnosed with a score of ‡3; the maximal score = 7: the maximal score for the time factor = 3, the maximal score for

the additional factors = 4, these scores are added to give the final score.

�Expected BI = calculated BI with an assumed fall of 1 log-unit ⁄ year; if the initial BI was negative, a positive BI at relapse is sufficient
to score.

�Clinical signs of inflammation of the nerve or the skin or erythemata nodososum leprosum.

Table 2 Rating scale for first evaluation of MALC-cases

I. Time factor Time after RFT (months) Score* Time after RFT (months) Score*

7–12 1 37–48 4

13–24 2 49–60 5

25–36 3 >60 6

II. Risk factors

If the initial bacterial index (BI) is ‡3+ 1

If a case with initial BI <3+ received <24 months of treatment or a case with an initial BI ‡3+ received
<25 months of treatment

1

III. Clinical presentation at relapse

If the BI in a single lesion is ‡2+ higher than the expected BI� 1
If the average BI is ‡2+ higher than the expected BI� 1

If clinical signs other than those of reaction are present 1

If time since expected negativity is ‡1 year� 1

If time since expected negativity is ‡5 years� 1
If no signs of a reaction are present§ 1

MALC, Marie-Adelaide-Leprosy-Centre; RFT, release from treatment; BI, bacterial index.

*Relapses are diagnosed with a score of ‡6, ‘uncertain cases’ had a score of 4 or 5, ‘improbable cases’ a score of £3. The maximal

score = 14: the maximal score for the time factor = 6, the maximal score for the additional factors = 8, these scores are added to give the

final score.
�Calculated BI with an assumed fall of 1 log-unit ⁄ year; if the initial BI was £1+, a positive BI at relapse is sufficient to score.

�Expected negativity = time since expected BI was 0.

§Clinical signs of inflammation of the nerve or the skin or erythema nodosum leprosum.
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they are not sensitive enough to diagnose all MFP-

confirmed cases of relapse (Jamet & Ji 1992; Shetty et al.

2005 and this report). The diagnosis and management of

relapses as performed in Pakistan is only one example of

the divergent approaches used in different control

programmes.

Monitoring of relapse rates, on the other hand, is key for

the evaluation of the efficacy of treatment regimens, and

for the sustainability of the achievements in the eradication

of leprosy (WHO 2005). Comparison of published relapse

rates, however, is not only limited by the divergent

diagnostic criteria, but also by different and often too short

durations of follow-up data after RFT. No reliable data on

relapse rates existed in Pakistan but a rough assessment of

the number of relapses by the proposed ILEP criterion

(ILEP Medico-Social Commission 2001) indicated that an

investigation of the situation of relapses in Karachi was

advisable. Subsequently we developed and propose a

simple scoring system for the diagnosis of relapses in MB-

leprosy that was derived from the investigation of these

relapse cases and previously published data.

We use the time factor as a central criterion in our

scoring system. Time after RFT has recently been impli-

cated as the most useful distinguishing feature for the

diagnosis of pauci-bacillary leprosy (WHO 2006b). Pre-

viously, the time factor has already been suggested by

different authors as an important criterion since relapses

mostly occurred long after completion of therapy (Pattyn

et al. 1988; Becx-Bleumink 1992; Jamet & Ji 1992, 1995;

Cellona et al. 2003). Accordingly, all reactional cases that

showed no growth in the MFP occurred within the first

2 years after RFT, whereas a reaction with multiplying

bacilli occurred from two to 13 years after RFT (Shetty

et al. 2001). This indicates that MFP-confirmed relapses

start to occur in the second year and continue to occur up

to more than 10 years after RFT. The hypothesis that

early relapses are mainly due to insufficient treatment,

whereas late relapses are due to persisting bacteria or

reinfection (Pattyn et al. 1988) is concordant with the fact

that most of the MFP-confirmed relapses diagnosed

between the second and fifth year after RFT received

<12 months of rifampin (Jamet & Ji 1992, 1995; Shetty

et al. 2001) and that a short duration of rifampin

treatment was related to a shorter incubation period of

relapse (Jamet & Ji 1992).

In contrast to relapses, reactions are likely to occur

during treatment or within the first 1–3 years after RFT

with decreasing probability (Becx-Bleumink 1992; Vijaya-

kumaran et al. 1996; Shaw et al. 2000; Cellona et al.

2003; Kumar et al. 2004). Becx-Bleumink and Berhe

(1992) stated that ‘the risk of reaction after stopping

treatment appears to be highest during the first year,

particularly during the first 6 months’. Late reversal

reactions or erythemata nodosum leprosum rarely occur

later than 5 years after RFT (Vijayakumaran et al. 1996;

Cellona et al. 2003; Kumar et al. 2004). In conclusion, a

relapse appears very likely if signs of clinical activity or

histology are observed 4–5 years or more after stopping

MDT (Becx-Bleumink 1992). Thus an increasing score for

an increasing time after RFT in our scoring system reflects

this observation.

Reinfection cannot be ruled out as a cause of reappear-

ance of active leprosy, and reinfection may be the reason

for a false diagnosis of relapse (Haldar et al. 2003).

Dasananjali reported household contact as a possible risk

factor for the diagnosis of relapse (51% of 49 relapsed PB-

cases had history of household contact), e.g. these cases

may have been reinfections rather than relapses (Dasa-

nanjali 1996). Since only one case of the MALC-patients

had history of contact to an infectious household case, we

assume that reinfection within MALC-cases is less

probable.

Comparison of relapse cases in MALC and of MFP-

confirmed relapses showed a higher number of patients

diagnosed with relapse shortly after RFT (37% vs. 4% in

the first 2 years). We hypothesize that many of these early

cases at the MALC are reactions rather than relapses and

that in Karachi the control programme per se is effective.

Table 4 Importance of the different criteria for the sensitivity of the scoring system

Excluded criterion

Sensitivity*

MALC-relapses MFP-confirmed relapses

No 1.00 0.95

II. If the initial BI is ‡3+ 0.88 0.95
III. 1. If the BI in a single lesion is ‡2+ higher than the expected BI 0.91 0.93

III. 3. If no signs of a reaction are present 0.88 0.86

MALC, Marie-Adelaide-Leprosy-Centre; MFP, mouse foot pads; BI, bacterial index.

*The sensitivity of a scoring system was tested using the ‘essential score’ and excluding the indicated criteria one by one. The sensitivity is

diminished by up to 12%.
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Usually, reactions are recorded relating to the start of

treatment, whereas relapses are recorded relating to the

RFT. In our calculations, we assumed a treatment duration

of 2 years. When reactions already occur during treatment,

patients that receive a shorter treatment course have a

higher incidence of reactions in the first years after RFT. In

those patients, the number of relapses after RFT may

increase due to insufficient treatment. Thus the diagnosis of

relapse in the first critical years after RFT is even more

problematic. In these patients the time criterion is com-

paratively weaker and our additional criteria that aim to

distinguish between the two phenomena in the critical early

years after RFT have a greater importance.

The second criterion that we included in our scoring

system is a high initial BI as risk factor for a relapse.

Patients with a high BI have a higher chance to relapse than

patients with a low BI (THELEP 1987; Jamet & Ji 1995;

Baohong 2001; Cellona et al. 2003): The initial BI of all

relapses was ‡2.7 (Cellona et al. 2003) or ‡4+ (Jamet & Ji

1995), in another study the relapse rate in patients with a

slBI of ‡5+ was 21.3% compared to 13.6% of patients

with a BI £4+ in patients treated with various regimens

(Jamet & Ji 1992), and Girdhar et al. (2000) reported a

relapse rate of 16.7% in the patient group with a BI ‡4+ vs.

1.3% in the patient group with a BI of <4+. Baohong

(2001) therefore stated in an editorial: ‘This indicates a

close correlation between relapse and the size of the

bacterial population in patients before MDT, and a high

initial BI of ‡4.0 appeared to be the most important risk

factor for relapse among patients with MB leprosy’. It may

well be that this group of patients, e.g. those with a high

initial BI of ‡4.0, should not receive a shorter treatment

course as discussed by for patients with MB leprosy

(Girdhar et al. 2000; Cellona et al. 2003; Biswas 2004;

Gelber et al. 2004) and should receive a long-term follow-

up. Given the known uncertainties in the performance of

skin smears, we conservatively used an initial BI of ‡3+ as a

risk factor in our scoring system.

Finally, the clinical presentation at the time of relapse

was evaluated for the final scoring system. From a set of

presenting clinical features reported in other studies (Pattyn

et al. 1988; Katoch et al. 1989, 1991; Becx-Bleumink

1992; Becx-Bleumink & Berhe 1992; Jamet & Ji 1992,

1995; Vijayakumaran et al. 1995; Girdhar et al. 2000;

Shaw et al. 2000; Baohong 2001; Shetty et al. 2001;

Cellona et al. 2003; Ebenezer et al. 2004; Gelber et al.

2004; Kumar et al. 2004) we extracted three that seem to

be important for a high sensitivity as validated in MFP-

confirmed relapse cases: the slBI ‡2+ higher than the

expected BI, the avBI of ‡2+ higher than the expected BI,

and signs of a reaction. Omitting any of these resulted in a

reduced sensitivity.

A definite increase in the BI is used as the main

diagnostic criterion for diagnosing a relapse in MB-leprosy,

as it is the indicator for re-multiplying bacilli. The

elimination of dead bacterial bodies – represented in the BI

– is slow and positive BIs may still be present long after the

end of treatment even without clinical correlate or relapse

during follow-up (Vijayakumaran et al. 1995). A compar-

ison with follow-up BIs is also problematic – if available

their quality is often worse due to missing active lesions.

We therefore required signs of active leprosy as pre-

condition for the application of our criteria and only used

the initial BI in our scoring system. We introduced the

‘expected’ BI referring to the fact that the decrease of the BI

is predictable: The BI usually decreases by 0.5–1 log-

unit ⁄ year (Katoch et al. 1989, 1991; Ponnighaus & Boer-

rigter 1995; Vijayakumaran et al. 1996; Shaw et al. 2000,

2003; Ebenezer et al. 2004), with only few cases showing a

slower decrease. In contrast to its slow decrease after

treatment the BI seems to increase fast in patients with

relapses (Jamet & Ji 1992). For simplification of the

scoring system, we assumed a 1 log-unit decrease of the BI

per year and claimed an increase of 2 units or more as

indication for a real increase accepting that very few cases

with a slower fall of the BI may be misdiagnosed

(Figure 2). We emphasize the importance of an increased

BI by representing it twice: the increase of the slBI, which

may be the first focus of multiplication, and the increase of

the avBI of several lesions all over the body.

In conclusion, we present a new simple scoring system

for diagnosing MB-relapses in leprosy. Our scoring system

was validated on a similar data set of MFP-confirmed

relapses that all showed clinical disease assuming that these

were real relapses (Shetty et al. 2005). The ‘Linder score’

has a higher sensitivity than the WHO-criteria in both,

MFP-confirmed relapses and in our Karachi cohort of

unconfirmed relapses. This scoring system should be

further validated in a prospective study to confirm its

superior sensitivity and to evaluate the specificity of these

criteria by using MFP-confirmation for patients presenting

with signs of activity after treatment. The decreasing

importance of the initial BI for the diagnosis of relapse

(WHO Expert Committee on Leprosy 1998; WHO 2004),

however, may – in the long-term – hinder the implemen-

tation and uniform application of this scoring system. In

future other diagnostic methods for the prediction of

relapse, such as elevated ant-PGL1 antibody levels (Chin-a-

Lien et al. 1992), may be available and could replace the BI

in our scoring system. But as these methods remain to be

confirmed and are costly and too demanding for applica-

tion in the field, we suggest that all patients diagnosed with

leprosy should receive at least one initial BI that may be

useful for the diagnosis of a relapse many years after RFT.
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