
Post Kala-azar Dermal Leishmaniasis (PKDL)
In vivo veritas

Mitali Chatterjee

Dept. of Pharmacology, 
Institute of PG Medical Education &   Research, 

Kolkata





26th August, 2016

•2017: Elimination of Kala Azar & Filariasis

•2017: Elimination of Leprosy

•2020: Elimination of Measles

•2025: Elimination of TB

1st February 2017; Health Budget highlights...... 



What is Kala-azar/Visceral Leishmaniasis?

“The longer you can look back, the further you can look forward”

Winston Churchill (1944)



Enemy Unknown

• 1880s: A mysterious fever started in the Garo Hills
of Assam

• 1890s: The fever takes the form of an epidemic:
‘’Quinine resistant’’ malaria appears in Dumdum,
Burdwan etc.

• 1900: The epidemic spreads to most of India,
especially the East and South



Enemy identified

1903: William Leishman: Prof. of Pathology in an 

autopsy identified amastigote forms of Leishmania 

donovani.

1903, Charles Donovan, Professor of Physiology, 

Madras University, sent a sketch of parasites (in 

the spleen of a patient suffering from spleen 

enlargement and fever) to Sir Ronald Ross. 

Ross labeled them as "Leishman-Donovan" bodies

The Royal Victoria Hospital, Netley, UK



PKDL



Visceral Leishmaniasis has a more limited geographical distribution

Post kala-azar dermal Leishmaniasis, PKDL, the sequel to VL

Narrow geographical spread, elimination/eradication is feasible

Bihar

Jharkhand

West Bengal

Uttar Pradesh



70.7% decline in cases & 80.5% decline in deaths. 

1995-2003

20052005

Pentalateral MOU (India, Nepal,

Bangladesh, Bhutan & Thailand.

1 case per 10,000/zilla/year by 2015

2010Emergence of SAG Resistance

2015 Active surveillance

Identification of PKDL as disease reservoir

2017

2020
London declaration: control of schistosomiasis, soil-

transmitted helminthes, Chagas disease, visceral 

leishmaniasis and river blindness.

A series of delayed targets in the elimination programme
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Active surveillance: a game changer...........

Bihar Jharkhand

West Bengal 
VL

PKDL





Identifying PKDL as the disease reservoir 

Xenodiagnosis

qPCR of skin biopsies from 3

patients with maculopapular or

nodular (PKDL):

Parasite load: 1428-63058/ µg DNA

Molina et al. Clin Infect Dis. 2017; 

doi: 10.1093/cid/cix245



Elimination is achievable…….

• Man is the only host

• Sandfly is the only vector

• Rapid diagnostic tests exist (PKDL?)

• Effective drugs are available (PKDL?)

• Geographical spread is limited to 54 districts

• High political commitment

PKDL, the silent disease reservoir



Dumdum

STM

IPGMER



Immunopharmacology group, IPGMER, Kolkata

Diagnosis

Monitoring chemotherapy

Immunopathology

Chemotherapy



Challenges in research on PKDL

• No animal model exists

• Disease of the poorest of the poor

• Causes morbidity, but no mortality, and so PKDL patients 
do not actively seek treatment

• Parasites are limited to skin lesions; patients may not 
provide a skin biopsy

• As PKDL is a NTD, tough to lure the pharmaceutical industry



Since December 2014…..

Door to door survey KTS (Kala-azar Technical Supervisor), identify suspected cases 

of PKDL

Cases report at the Medical Camps; our teams examine

Samples collected 

(for PKDL, dermal biopsies, sent to IPGME&R)

ITS-1PCR and qPCR performed at IPGMER

Initiation  and monitoring of Treatment



Dr. Manab Ghosh, Dr. Surya Jyati Chowdhury, Dr. Bikash Sardar  

At ground zero………



Laboratory Diagnosis of PKDL

Clinical Suspicion

History of VL

Antigen Based 

Detection

ELISA

 rK39 strip test

Test 

positive control

Nodules Papules

Macules Polymorphic

 Microscopy (LD 

bodies)

 Parasite Culture

 PCR

Antibody  Based 

Detection

(100X)



PCR based diagnostic approaches for PKDL

Qualitative: ITS-1 PCR Quantitative:Real time PCR

Visceral Leishmaniasis (VL); blood

1      2        3        4
Lane 1: Marker (low 

m.w. ladder ) 

Lane 2: Blank

Lane 3:? VL

Lane 4:? VL

Lane 5:? VL

Lane 6 : AG 83 

positive control

Standard curve for estimation of number of 

Leishmania parasites(Ct = cycle threshold);

performed in triplicates

Parasite Load: no: of parasites/µg of gDNA
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No: of parasites/ 200 µl of blood

Post Kala Azar Dermal Leishmaniasis (PKDL); 

dermal biopsies

1     1    2     3    4    5     6Lane 1:Blank

Lane 2:Marker 

(100bp ladder)

Lane 3:? PKDL

Lane 4:? PKDL

Lane 5:? PKDL

Lane 6 : AG 83, 

positive control
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Distribution of PKDL (n = 109)

PKDL (n=109) (●) Median (IQR) = 4377 (865-80441)

Macular PKDL (n=56) (■) Median (IQR) = 3366(857-25166)

Polymorphic (n=53) (▲) Median (IQR) = 18943 (854-186603).

n = 109 n = 56 n = 53

Active disease Macular Polymorphic
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Excellent clearance of parasites by Miltefosine 



LAmB caused incomplete clearance of parasites

p<0.01
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Post t/t,3 weeks

Pre t/t =51923 (3231-175844)

Post t/t= 2061 (731-5763)



6 months later.....

Pre t/t Post t/t, 6 mo.Post t/t, 3  

mo. 
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Pre:41784(1228-705110)

End of t/t: 1603(801-2128)

6mo post t/t:131157(4419-

728300)



Leishmania weds macrophage; a marriage of convenience

M M

Th1Th2

Th0

IL-4

IL-10

TGF-

IL-12

IFN-

Parasite 

persistence

M NO

ONOO.-
Thiols

Impaired antigen presentation?

Alternate activation of 

macrophages

In PKDL…..in vivo veritas?









Mukhopadhyay et al., 2015 PLoS Negl Trop Dis 



Activation status of monocytes/ macrophages

Mϕ

M1-Mϕ

M2a-Mϕ

M2c-Mϕ

IL-4 ,IL-13
IL-10,TGF-β

“Classically activated”
macrophage

“Alternatively activated”
macrophage

“Deactivated”
macrophage

IL-12

ROS, NO

MHC II

IL-10

IL-10

ROS, NO

TLR-2/4

ROS, NO

Arg-1, Mannose receptor

IL-10, TGF-β

Vit D3 receptor





DAPI + CD68                          DAPI + Arginase-1                                Merged                      

Pre treatment

Post treatment

Pre1        Post1       Pre2       Post2        Pre3       Post3

β-actin

Arginase-1
N1             N2              N3

Enhanced expression of Arginase-1 in dermal macrophages



DAPI+ CD68                            DAPI+ Mannose Receptor                               Merged               

β-actin

Mannose receptor

Pre treatment

Post  treatment

N1               N2              N3 Pre1       Post1        Pre2       Post2         Pre3    Post3

Raised expression of mannose receptor in dermal macrophages



VDR

CYP27B1

β-actin

LL-37

N1             N2             N3 Pre1       Post1        Pre2        Post2        Pre3       Post3

Lesional expression of  Vit-D3 signaling associated genes 



Taken together…

Active surveillance, detection and effective 

treatment of PKDL is critical for achieving elimination 

of Leishmaniasis in South Asia. 

 Parasites generate an immunosuppressive milieu to 

ensure their survival. 

Drugs with parasiticidal and immunomodulatory 

properties e.g. Miltefosine are more likely to ensure 

sustained parasite clearance.
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