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Summary The serum concentrations of lactoferrin were determined by competi 

tive enzyme immunoassay in  the sera of 38 lepromatous leprosy patients and 1 6  

healthy volunteers. Of the 3 8  lepromatous patients, 2 5  were without any sign of 

reactions whi le  1 3  were suffering from EN L type of reactions .  The lactoferrin 

levels, in both types of patients, were observed to be significantly higher'(P < 0·0 I 

and < 0 ·00 I, respectively) than in that of healthy volunteers. The rise in  

lactoferrin level in reactive patients was also higher (P < 0'05) when compared to 

those without reactions.  The serum lactoferrin levels were also found to be 

associated with bacterial load (r= 0-4 1 4; P < 0 ·0  I) indicating that in lepromatous 

leprosy patients, lactoferrin may not be very effective in preventing the growth of 

Mycobacterium leprae. Further studies to improve the understanding of the role 

of elevated levels of lactoferrin in pathogenesis of lepromatous leprosy patients 

and in establishing i ts possible use in predicting the occurrence of ENL type of 

reactions would be worthwhile pursuing. 

Leprosy, a chronic disease caused by M. leprae, i s  a spectral disease that ranges from 
tuberculoid leprosy on one hand to lepromatous leprosy on the other. Patients suffering 
from the lepromatous type of leprosy lack any immunity against M. /eprae which, 
therefore, can unrestrictedly multiply inside the body .  Due to the dissemination of M. 
/eprae into various parts of the body, a host of components of the immune system are 
influenced, giving rise to a variety of immuno-biochemical changes, including a rise in the 
immune complex level . l -6 However, there has never been a report on the status of 
lactoferrin , an iron binding protein/·s in leprosy patients .  Since M. /eprae and immune 
complexes are known to interact with polymorphonuclear leucocytes9- 1 1  (the main 
lactoferrin producing cells) ,  1 2, 1 3 and accumulation of polymorphonuclear leucocytes is a 
salient feature of erythema nodosum leprosum (ENL) lesions, 1 4  we fel t  it important to 
determine the levels of lactoferrin in sera from lepromatous leprosy patients with and 
without ENL. As far as we know, this is the first study on this subject . 
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Materials and methods 

SERA S A M P L E S  

Sera samples were collected from lepromatous leprosy (LL) patients who attended the 
out-patient department of the Central JALMA Institute for Leprosy, Agra, India. 
Although most of the patients were under treatment they all showed an active form of the 
disease; 25  patients were without any sign of lepra reaction while 1 3  patients were having 
ENL type of reactions. The sera collected from 1 6  normal healthy individuals formed 
controls for the study.  The 3 groups were matched for age and sex . All the sera collected 
was stored at - 70°C until used . 

REAGENTS 

Bovine-serum albumin, lactoferrin and tween-20 were purchased from the Sigma 
Chemical Company, St .  Louis, U .S .A .  Sheep anti-human lactoferrin antibody (Ig 
fraction) was purchased from Serotec, Oxford, U . K .  and peroxidase conjugated rabbit 
anti-sheep antibody (affinity pure IgG) was collected from Jackson Immuno-research 
Lab, Inc . ,  Baltimore Pike, West Grove, PA 1 9390, U .S .A .  All the other chemicals used for 
making the buffers were of reagent grade. 

B A C TERIOLOG I C A L  INDEX 

The bacteriological status of leprosy patients was studied by determining the bacterial 
index (BI) .  Slit-skin smears were taken from 4 sites, the left and right lobes of both the 
ears, and 2 representative skin lesions.  The smears were stained according to Ziehl
Neilson's method. The average bacterial density was calculated following the Ridley's 
logarithmic scale . ls 

MEASUREMENT OF SERUM L A C TOFERRIN 

The lactoferrin levels in the sera samples were measured by competitive enzyme linked 
immunosorbent assay (ELISA). For this assay lactoferrin was diluted to 2·0 pg/ml in 
carbonate buffer (pH 9 · 6) and 1 00 pI of this suspension was added to each well .  The plates 
(Nunc, Denmark) were kept at 4°C overnight for coating. After this, the wells were 
washed 3 times with phosphate-buffered saline supplemented with 0 · 1 % tween-20 
(PBST) . Excess binding sites, for non-specific binding of proteins, were blocked at 37°C 
for 2 hr, with 1 %  BSA (200 p i/well) prepared in PBST. Next, 50 pI of the undiluted serum 
sample was added to each well and af ter the addition of 50 pI of sheep anti-human 
lactoferrin antibodies, diluted (I : 5000) in  PBST. For each test at least 3 wells were used . 
The plates were then kept at 37°C for 2 hr, washed, dried and further incubated for 45 
minutes with peroxidase labelled anti-sheep antibodies diluted ( I : 5000) in PBST. After 
washing the plates, the colour in the wells was developed by adding 1 00 p I/well of the 
substrate ( 1 ,2-orthophenylenediamine dihydrochloride) for 20 minutes. Finally, the 
enzymatic reaction was stopped by 50 p I /well of 7% H2S04• The optical density values 
were read by using an ELISA reader (Titertek ,  M ultiscan, Flow Laboratories, U . K . ) .  The 
values of serum lactoferrin were calculated using a standard curve obtained with purified 
lactoferrin .  
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Figure I .  Standard curve for lactoferrin .  

A standard curve was obtained on graph paper by measuring the percent binding ( in  the 
presence of several concentrations of the purified lactoferrin) of anti-lactoferrin 
antibodies to the lactoferrin coated well s .  The binding of anti-lactoferrin antibody, in the 
absence of purified lactoferrin ,  was considered as 1 00 % .  A dose-dependent, inverse 
relationship between the lactoferrin level (up to 320 ng/ml) and the binding of anti
lactoferrin antibody was obtained (Figure I). Thus less binding of anti-lactoferrin 
antibody indicated higher concentration of lactoferrin ,  and vice versa . 

Lactoferrin levels in the sera of the controls and the lepromatous leprosy patients were 
measured using competitive ELISA. Figure 2 depicts the lactoferrin levels in sera from 
each subject. The range of lactoferrin levels in the sera from the controls was O· 32- 1 ·  58 j.lg/ 
ml, in lepromatous leprosy patients without reactions it was 0 ·44-5 · 5 8  j.lg/ml, while in 
those having ENL type of reactions i t  varied from I ·08 to 6 ·24 j.lg/mI. The mean ( ±  S .D . )  
lactoferrin level ( 3 '25 ± 2 '0 1 j.lg/ml and  1 · 95 ± I A7 j.lg/m i) in  the sera of both types 
(reactive and non-reactive, respectively) of lepromatous leprosy patients were signifi
cantly higher (P<O·OOI and P<O'OI) than that (0· 9 9 ± 0 -46 j.lg/ml) of the controls .  We 
also found that lactoferrin in reactive lepromatous patients was higher (P < 0·05)  
compared to non-reactive leprosy patients .  Further analysis showed that lactoferrin 
concentration in 28% (7 out of 25) LL patients were below the mean level of the controls, 
whereas all ENL patients showed above the controls' mean value. 

In order to better understand the anti-M. leprae activity of lactoferrin in  lepromatous 
leprosy patients, the correlation between the lactoferrin level and the bacterial index was 
also investigated . A positive correlation (r=OAI4; P<O'OI), though weak, was noted 
between the lactoferrin level and bacterial load (Figure 3). 

Discussion 

The present study demonstrates, for the first time, elevated concentrations of lactoferrin 
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Figure 2. Lactoferrin levels in sera from lepromatous leprosy patients without reactions (LL),  from LL patients 
suffering from erythema nodosum leprosum (ENL) type of reaction and from healthy controls (N) .  Vertical bar 
indicates mean ± S .D .  for each group. 

In lepromatous leprosy patients as a group. However, there were patients whose 
lactoferrin was below the mean value of the controls .  The individual response to 
chemotherapy and the genetic make up of these patients might cause this . It is noteworthy 
that the lactoferrin level was found to be still higher in ENL cases than those without 
ENL.  From these findings it appears that a continuous rise of lactoferrin level in 
lepromatous patients might prove to be helpful in predicting the occurrence ofENL type 
of reactions.  To confirm this theory, a follow-up study of lepromatous patients is 
required . It would also be interesting to know whether lactoferrin has any role in the 
pathogenesis of lepromatous leprosy, and even more interesting if it affected ENL 
patients. 

There are some possible mechanisms to explain the increased lactoferrin production in 
lepromatous leprosy patients. Polymorphonuclear leucocytes (PMNs) are an important 
component of the immune system and contain lactoferrin in their specific storage 
granules . 1 2 , 1 3 On their activation by a variety of stimuli, for instance the phagocytosis of 
microbesl6-1 8 or interaction with immune complexes, 1 0,1 I the lactoferrin from these 
granules is  discharged both in phagosomes and to the external environment .  Phagocytosis 
of M. feprae by PMNs has been described in lepromatous leprosy patients9 and it has also 
been demonstrated that the immune complex level is  e1evated. I ,4 I t  is possible that 
elevation in the levels of serum lactoferrin in lepromatous leprosy patients may be caused 
by the stimulation of PMNs by phagocytosed M. feprae and immune complexes .  The 
higher level of lactoferrin in reactional patients could be attributed to their higher load of 



6·0 

5·0 

>< 1J.J 
� 4· • 

...J <l 
ffi 3·0 • 

l-U • <l CD 
2· 

, . • 

• 

• •  

• •  

• 

2 • 
• 

•• 

, • 

• 

Lactoferrin in lepromatous leprosy patients 299 

• 

• 
• 

• 

N=37 
r=O·414 
p<·Ol 

• 

• 

01L-�-1.�O-+�2� 0--�3��---74� . O--�5.�O-- -6�� 

LACTOFERRIN ()Jg Iml) 
Figure 3. Correlation of lactoferrin levels with bacterial i ndex in lepromatous leprosy patients. 

immune complexes present, compared to patients not suffering from reactions.4 Further, 
the spil lover during tissue necrosis due to lysis of PMNs accumulated at the site of the 
reactive lesions 1 4 might also add to the lactoferrin level in ENL patients. 

Evidence shows that lactoferrin mediates the antibacterial activity against a wide 
range of micro-organisms, including Gram negative and Gram positive bacteria . 7.8 . 1 9.2o 
Some of the mechanisms involved in antibacterial action of lactoferrin include the 
impedency of iron utilization by bacteria , interfering with the metabolism of microbial 
cel ls ,  destabilization of the microbial cell wal l ,  and stimulation of intracellular kil l ing of 
micro-organisms by phagocytes, etc. 7.8 In the present study a positive correlation was 
observed between M. /eprae load and lactoferrin levels which appears to suggest that 
lactoferrin is unable to prevent bacterial multiplication inside the host .  
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Lactoferrine serique chez les sujets lepreux lepromateux 

O .  PARKASH,  B .  K .  GIRDHAR ET U .  SENGUPTA 

Resume Nous avons determine les concentrations seriques de lactoferrine p a r  test immunoenzymatique par 
competit ion, dans Ie serum de 38 sujets lepreux lepromateux et de 16 volontaires en bonne sante. 25  des 38 sujets 
lepromateux n'ont presentes aucun signe de reaction tandis que 1 3  ont  souffert de reactions du  type ENL. Chez 

ces deux types de sujets nous avons observe que les concentrations de lactoferrine etaients significativement plus 
elevees (P  < 0,0 I et < 0,0 I respectivement) que chez les volontai res en bonne sante. La hausse du taux de 
lactoferrine etait egalement plus elevee ( P  < 0,05) chez les sujets qui  ont presente des reactions que chez ceux qui 
sont restes sans reaction .  Nous avons egalement observe que les concentrat ions seriques de lactoferrine etaient 
associees a la charge bacterienne (R = 0,4 1 4; P < 0,0 I) ce qui indique que chez les sujets atteints de lepre 
lepromateuse, la lactoferrine n'est peut-etre pas tres efficace pour empecher la croissance du  Mycobacterium 
leprae. II y aurait lieu de faire d'autres etudes pour comprendre Ie role des concentrations eIevees de lactoferrine 
dans la pathogenie de la lepre lepromateuse et pour determiner son utilisation possible dans la prevision de 
l 'occurence des reactions de type ENL.  

Lactoferrina del suero en pacientes de lepra lepromatosa 

O .  PARKASH,  B .  K .  GIRDHAR Y U .  SENGUPTA 

Resumen Mediante el  inmunoensayo de enzimas competitivas s e  determinaron l a s  concentraciones d e  
lactoferrina e n  e l  suero de 3 8  pacientes de lepra lepromatosa y 1 6  voluntarios sanos. De l o s  3 8  pacientes 
lepromatosos, 25  no presentaron signos de reacciones, mientras que 13 pacientes sufrieron reacciones de tipo 
EN L.  Los niveles de lactoferrina observados en ambos tipos de pacientes fue significativamente superior 
( P  < 0,0 I Y < 0,0 I ,  respectivamente) que el  de los voluntarios sanos .  EI  aumento del nivel  de lactoferrina tam bien 
fue superior en los pacientes reactivos (P < 0,05) comparado con el de los pacientes no reactivos. Tambien se 
observe que los niveles de lactoferrina en el suero ewin relacionados con la carga bacteriana (r = 0,4 1 4; 
P <  0,06), 10 cual seiiala que en los pacientes de lepra lepromatosa la lactoferrina tal vez no sea un medio muy 
eficaz para prevenir  el aumento de Mycobacterium leprae. Bien valdria la pena efectuar mayores estudios para 
comprender el papel que desempeiian los niveles elevados de lactoferrina en la patogenesis de los pacientes de 
lepra lepromatosa, y para establecer su posible uso en el pronestico de la incidencia de reacciones de tipo ENL.  




