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Abstract
Case presentation We report on a German leprosy patient originating from Pakistan who had a relapse more than 5 years 
after completion of multi-drug therapy (MDT) of his first episode of multibacillary (MB) leprosy. State-of-the-art laboratory 
techniques (histopathology, PGL-I serology, microscopy and DNA/RNA qPCR) were applied for laboratory confirmation and 
monitoring of treatment outcome. Serology indicated the relapse long before the presence of unambiguous clinical signs. At 
the time of diagnosis of the relapse the patient had a remarkably high bacterial load suggesting increased risk for a second 
relapse. Furthermore, unexpectedly prolonged excretion of viable bacilli through the upper respiratory tract for more than 
3 months after onset of MDT was shown. Therefore, MDT was administered for 2 years.
Discussion and conclusions The clinical course of the patient, as well as the prolonged excretion of viable bacilli, underlines 
the usefulness of laboratory assessment. Laboratory tools including up-to-date molecular assays facilitate rapid diagnosis, 
timely MDT, identification of individuals excreting viable bacilli and patients at risk for relapses, monitoring of treatment 
outcome and respective adaptation of treatment where appropriate.
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Background

Leprosy caused by Mycobacterium leprae is a neglected, 
chronic infectious disease predominantly affecting skin and 
peripheral nerves. The disease is spectral and categorized 
according to the Ridley–Jopling classification based on type 
of lesions and bacterial load in correlation with the degree of 
cell-mediated immunity into tuberculoid, lepromatous and 
borderline forms. Alternatively a simplified, field-based 
classification considering the number of skin lesions intro-
duced by the WHO distinguishes paucibacillary (PB, up to 

five skin lesions) and multibacillary (MB, more than five 
skin lesions) forms [1, 2].

Still more than 200,000 new cases are reported each 
year suggesting ongoing transmission, which is assumed to 
take place by aerosol spread through the upper respiratory 
tract. Although time spans ranging from months to 30 years 
have been reported, incubation periods are estimated at 
2–12 years. The index of manifestation of M. leprae is con-
sidered low, but it is not known how many infected peo-
ple actually proceed from subclinical infection to clinical 
disease. The risk of developing clinically manifest leprosy 
when infected by M. leprae has been associated with genetic 
factors, poverty and low socio-economic status. In particular 
household contacts of untreated leprosy patients are at high 
risk of disease which is estimated 5–10 times greater for 
contacts of MB patients compared to non-contacts, and 2–3 
times greater for contacts of PB cases [1–5].

Whereas previously PB patients were treated for 6 months 
with rifampicin and dapsone and MB patients for 12 months 
with rifampicin, dapsone and clofazimine, current WHO rec-
ommendations valid since August 2018 envisage to treat PB 
patients for 6 months and MB patients for 12 months with 
rifampicin, dapsone and clofazimine (multi-drug therapy, 
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MDT) [6]. Based on the results of mouse-footpad tests it is 
generally assumed that due to the potent bactericidal effect 
of rifampicin, infectiousness of patients becomes unlikely 
after start of treatment. On the other hand, it is known that 
MB patients can excrete up to 10,000,000 bacteria per day 
and it has also been demonstrated that inoculation of human 
biopsy material derived from MB patients after 12 months of 
MDT still results in mycobacterial multiplication in 15% of 
the cases [3, 4, 7]. Likewise, relapses are considered a rare 
event, treatable with a second course of MDT. However, a 
number of studies provided evidence that the risk of relapse 
is correlated with the bacterial load before treatment and in 
subsets of patients with a bacterial index (BI) ≥ 3 10–20% 
relapses have been observed. Therefore, treatment for more 
than 12 months may be advisable for those patients [1, 3, 
8, 9].

As a result of increasing immigration a number of Euro-
pean countries where leprosy was considered eradicated or 
controlled have begun to give attention to imported cases, 
and e.g., England, Germany, Portugal and Spain regularly 
report to the WHO Global Health Observatory data reposi-
tory. There are, however, no uniform criteria for case defini-
tions, laboratory confirmation or reporting obligations. Dur-
ing the last decade Germany, for example reported up to five 
cases per year, a German case is however only notifiable if 
laboratory confirmed, preferably by nucleic acid detection 
[10–12].

Case presentation

In March 2009, a 40-year-old patient of Pakistani origin who 
has been living in Germany for more than 20 years pre-
sented at our outpatient department with multiple, macular, 
hyperpigmented (reddish), painless lesions on trunk and 
extremities with moderate hyposensitivity. The lesions had 
occurred 1 year ago subsequent to a family visit in Pakistan 
in October 2008. The patient had erythematous swellings in 
the face and on the hands, and both earlobes were thickened 
and reddened. The clinical diagnosis of MB leprosy was 
laboratory confirmed by means of positive PCR as well as 
Ziehl–Neelsen microscopy of skin smears and nasal swabs 
(bacteriological index, BI 1+), a high titer of anti-PGL-I 
antibodies (> 100 antibody units [AU]) according to the 
method described by Sticht Groh in 1992 with minor modi-
fications according to standardized procedures of our accred-
ited laboratory and characteristic histopathological findings 
(foam cells, acid fast bacilli) of a skin biopsy of a macular 
lesion [13]. The patient was treated with 12 months MDT. 
Furthermore, the patient received prednisolone for 12 weeks 
due to a type I reverse reaction (indicated by numbness on 
the dorsum of both feet). The prednisone treatment started 

4 weeks after initiation of MDT with a dosage of 40 mg (per 
day) and was reduced stepwise to 5 mg (per day) from week 
6 onward. The numbness began to resolve after 2 weeks.

The clinical symptoms had completely receded in May 
2010 and a significant decrease of anti-PGL-I antibodies 
(< 30 AU in September 2012) was noted. From then on clini-
cal and laboratory follow-up of the patient including PGL-I 
serology was done in yearly intervals.

In October 2015, the patient presented at our outpatient 
department with painful swelling and morning stiffness of 
the middle finger joints without rubor and calor. A signifi-
cant rise of the anti-PGL-I antibody level (> 100 AU) was 
noted, unambiguous clinical signs of a relapse were however 
absent. The diagnosis of rheumatoid arthritis was made else-
where and the patient received methotrexate therapy over 6 
weeks.

In February 2016, the patient presented again at our out-
patient department with multiple, macular, erythematous 
lesions indicative for a relapse of MB leprosy. This time 
confirmed by histopathology of a skin biopsy of a macu-
lar lesion, Ziehl–Neelsen microscopy and RLEP qPCR 
(repetitive element RLEP of the M. leprae genome) of a 
skin biopsy and nasal swab samples, as well as an unaltered 
high anti-PGL-I antibody titer. The bacillary load of the 
patient as determined by microscopy (nasal swab: BI 4+) 
and quantification by RLEP qPCR (skin biopsy: ~ 300,000 
bacteria in 100 µl extract, nasal swab: ~110,000 bacteria in 
100 µl extract) was remarkably high [14]. Molecular drug 
resistance testing at the Global Health Institute of the Ecole 
Polytechnique Fédérale de Lausanne, Switzerland, was con-
ducted according to standardized methods used by the WHO 
surveillance network for antimicrobial resistance in leprosy 
and revealed no resistance to rifampicin, dapsone or ofloxa-
cin [15, 16]. Furthermore, the morphological index (MI, i.e., 
the proportion of solid stained bacilli) was > 30% per nasal 
swab sample. Based on the assumption that solid stained 
bacilli are viable, whereas non-solid stained bacilli are dead, 
the MI according to the method described by McRae and 
Shepard indicates whether leprosy is active and has been 
used for a long time to monitor treatment response. How-
ever, the reliability of the MI is limited as multiplication 
of M. leprae from non-solid organisms has been reported 
[17, 18]. A molecular viability assay (16S rRNA RT qPCR 
[14, 19]; supplementary material 1) proved the presence of 
viable M. leprae in nasal swab samples. Subsequently the 
patient was put on a second course of MDT (due to delay in 
delivery the medication started with two doses of rifampicin 
and MDT was given with 11 days delay). Furthermore, the 
patient received prednisolone for 16 weeks due to a type I 
reverse reaction (indicated by numbness in the toes and outer 
edge of the right foot). The prednisone treatment started 
4 weeks after initiation of MDT with a dosage of 40 mg 
(per day) and was reduced to 30 mg from week 7 onward, to 
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20 mg from week 9 onward, to 10 mg from week 13 onward 
and to 5 mg from week 17 to week 20. The numbness began 
to resolve after 2 weeks.

In close collaboration with the treating physicians of the 
outpatient department, treatment monitoring was conducted 
by means of microscopy (BI, MI), quantification of bacil-
lary load by RLEP qPCR (providing the total number of 
viable and dead bacilli), viability assessment by 16S rRNA 
RT qPCR of nasal swab samples and PGL-I serology. A 
tenfold decrease of bacillary load was noted 3 days after start 
of rifampicin treatment. However, the RNA assay detected 
viable bacilli in nasal swab samples until day 110 after start 

of treatment, and solid stained bacilli were seen until day 67 
(BI 2 +; MI 10%). Within 6 months anti-PGL-I antibodies 
decreased again to low levels and have remained around 30 
AU since then.

An overview of the case is given in Fig. 1.

Discussion and conclusions

Underlined by the consistent application of laboratory tools 
for long-term monitoring of treatment, our patient presents 
a number of noteworthy features from which one can derive 
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Fig. 1  A1–A3 February 2016: multiple, macular, erythematous 
lesions on trunk and extremities, earlobes thickened and reddened. 
B Anti-PGL-I titer over time: antibody units < 10: negative; 10–14: 
borderline; >  14: positive. C Bacterial load in nasal swab samples 
after initiation of relapse treatment: quantification with RLEP qPCR 
(bacilli per nasal swab sample [100  µl], blue curves) and micros-
copy (bacilli per 100 microscopy fields [× 100 oil immersion], green 
curves). In the background of the graph two methods for measuring 

viability are displayed: 16S rRNA RT qPCR (RNA detection from 
nasal swab samples, vertical dark grey lines if positive) and micros-
copy (morphological index > 1% [> 1% of the bacilli found solid 
stained], vertical red dotted lines if positive). D Microscopic images 
of nasal swab samples of the patient since initial dose of rifampicin 
(day 1): D1 26-Feb-2016 (day 1; BI 4 +; MI 50%); D2 27-Feb-2016 
(day 2; BI 3 +; MI 37%); D3 2-May-2016 (day 67; BI 2 +; MI 10%); 
D4 23-Aug-2017 (day 545; BI 1 +; MI 0%)
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valuable information for the management of leprosy, which 
are of particular importance in countries where the clinical 
knowledge of leprosy has disappeared.

Despite a low bacillary load and full treatment compli-
ance during the first episode of illness, the patient had a 
relapse which was possibly boosted by anti-rheumatic ther-
apy but would have occurred irrespectively of therapeutic 
immunosuppression. In accordance with data from Gelber 
et al., indicating the elapsed time between end of therapy and 
relapse with an average of 6 years, the relapse occurred more 
than 5 years after completion of MDT. If feasible, follow-up 
of MB patients should cover at least that time span, or better 
be extended up to 10 years to ensure identification of early 
relapses (assumedly due to insufficient treatment) as well as 
late relapses (assumedly due to persisting bacilli). In addi-
tion to clinical examination, laboratory assessment should be 
an integral component of follow-up, in particular monitoring 
of bacillary load and anti-PGL-I antibody titers, which are 
both powerful early indicators for relapses before the appear-
ance of definite clinical signs. However, it must be noted that 
these diagnostic tools are only applicable for MB patients [5, 
8, 9, 20]. Furthermore, the diagnostic tools described above 
may not be available in low-income settings and shipment 
of diagnostic samples to reference laboratories abroad may 
be required. Multiple relapses have been reported and the 
initially high bacillary load at the beginning of the second 
episode of illness clearly assigns our patient to the group of 
those at high risk for further relapse. Therefore, MDT was 
administered for 24 months, accompanied by continuous 
clinical and laboratory assessment [1, 3, 9].

In the case of the current relapse of our patient molecular 
assays not only facilitated exact quantification of the bacil-
lary load in nasal swab samples before and under treatment, 
but also revealed the most unexpected, prolonged excre-
tion of viable M. leprae through the upper respiratory tract. 
The infectious dose of M. leprae is only known for mice 
(14–140 AFB or 3.4–34 solid stained/viable AFB) and not 
for humans [21]. However, the exceedingly high number of 
bacilli initially detected in a single nasal swab of our patient 
(~ 110,000 AFB) suggests infectivity for contact persons 
during the presumably more than 6-monthly time interval 
between onset of relapse and start of treatment. Despite 
the tenfold decrease of bacterial load after onset of treat-
ment, considering the prolonged detection of viable bacilli 
infectivity cannot be entirely dismissed for the more than 
3-monthly timespan between onset of MDT and negativity 
of the RNA assay.

With increasing international migration cases of lep-
rosy may occur more often in countries outside endemic 
areas such as Germany and other European countries where 
awareness and knowledge of this disease have become low 
or absent. In terms of crowding, poor hygienic standards 
and low socio-economic status living conditions in camps 

for first accommodation of newly arrived refugees and asy-
lum seekers provide precisely the risk factors that may favor 
the transmission of M. leprae from untreated MB patients 
excreting large amounts of viable bacteria [10].

It can be concluded that laboratory-based assessment of 
suspected leprosy cases including up-to-date molecular tools 
facilitates rapid diagnosis and timely MDT, thus largely 
reducing the risk for transmission. Furthermore, laboratory-
based follow-up of patients allows monitoring of treatment 
outcome, evaluation of infectivity and detection of individu-
als excreting viable bacilli over an extended period of time. 
In addition, it supports the use of preventive measures such 
as wearing of protective masks or sick leave where appropri-
ate, as well as identification of patients prone to relapses and 
in need for extended MDT or alternative treatment regimens 
such as the probatory combination of MDT with bactericidal 
second line drugs, or MDT for 24 months or until smear 
negativity, which was shown to be beneficial for patients 
with high initial BIs [1, 22–24].
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