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It i s  genera l ly  accepted that Mycobacterium leprae i s  the causat ive 
organism of leprosy, though the means by which this organism is  
transm itted remains an unsolved problem.  The majority of leprolo­
gists are agreed that close and prolonged contact with an open case 
of leprosy is  a prerequ isite for the start of a new infect ion .  DU NGA L 
( 1 960) has pointed out  t hat though this is probably true, i t  does not  
explain how the baci l l i  escape from the subepidermal t i ssues of one  
individual and gain  access to the subepidermal t i ssues of another 
ind iv idual . He  also advanced arguments to suggest t hat in  the great 
majority of infect ions t here m ust be some active agent or vector, and 
t hat th is  vector i s  probably an ectoparasite or a parasite of the sk in .  
I t  i s  not  suggested t hat the vector i s  an obl igatory or paratenic 
i n termediate host for the baci l l i ,  but t hat transmission i s  accidental 
with l i t tle or no  physio logical i n terrelat ionship .  Tn this  note Dungal 's 
arguments are accepted. 

Prior to any detai led considerat ion of specific an imals as possible 
vectors i t  i s  necessary to examine the condit ions that must be satisfied 
by an animal if it is a vector. The baci l l i  are found i n  the sub­
epidermal t issues of man, therefore i t  is clear t hat the vector m ust 
penetrate to the subepidermal tissues at least once if  i t  i s  to come into 
contact wi th t he baci l l i .  The epidermis  of a second host m ust  a lso be 
penetrated un less it is  postu lated that  the baci l l i  are passed on to a 
second vector .  There does not appear to be any good reason to 
suppose that more than one vector animal i s  i nvolved, t hough the 
possib i l i ty should not  be ignored . The bacil l i  may be transmitted on 
the surface of the animal  or with in i t .  I t  i s  clear that the considera­
t ions applying to these two possibi lities d iffer widely. If the bacil l i  are 
carried within the body of the vector it is un l ikely that t hey would be 
found within the tissues, s ince thi s  "would i nvolve mechan isms of 
t ransport into and out of t he t i ssues and mechanisms of resistance to 
t he t issue responses, apart  from the implications  of physiological 
i nteraction between baci l l i  and vector. I t  i s  very much more probable 
that the baci l l i  would be carried within the al imentary t ract . The 

· Present address : Department of Genetics, The University of Cambridge. 



264 LEPROSY REV IEW 

baci l l i  could escape from t he 
.
a l imentary

· 
tract of t he vector in t hree 

ways, ei t her in t he faeces, in regurgitated material or by the vector  
being scratched into wounds infl icted by t he hos t  in response to  
t he i rr i tat ion it causes. Transm ission of baci l l i  by  these means  can 
on ly  accur if the baci l l i  are resistant  to t he d igestive processes of t he 
host for a length of t ime dependent on the habits of vector and host 
and t heir  i n teract ion .  1t is  clear that the demonstration of acid and 
a lcohol  fast baci l l i  i n  the gut of an an imal  (even if  the possib i l i ty  of 
their being commensal bacteria and not M. leprae is excl uded) is  not 
proof t hat the an imal  is  a vector, si nce by the t ime the vector 
penetrates a new host or  causes sufficient i rritation to provoke a 
scratch ing response t he baci l l i  might have been destroyed . K now­
ledge of host and vector with re lat ion to each other, and of the period 
of surviva l of the baci l l i  wi th in t he vector is  essent ia l  if an assessment 
i s  to be made of the feasibi l i ty  of such hypotheses . I t  i s  of course 
d i ff icu l t  to est imate t he survival  t ime of bac i l l i  t hat can not be 
cu l tured, t hough it is probable t hat successfu l  sta in ing of t he baci l l i  
indicates survival. I f  the baci l l i  are carried on the surface of  t he an ima l  
attent ion must be  given to their  period of survival i n  th i s  s i tuat ion . 
Fina l ly ,  a vector  of leprosy must occur in leprosy endemic territories, 
and if  an important vector must be of widespread geographical 
distr ibut ion .  

DUNGAL examined t he possibi l i ty of transmission by a variety of 
arthropods. He  did not  consider the possibi l i ty of transmiss ion by 
Demodex Iolliculorum . M AJOCCH I  ( 1 902) and BORREL ( 1 909) noted 
the presence of the mites in t he sk in  of leprosy patients and concluded 
that mi tes and d isease were associated . The demonstration by 
GMEINER ( 1 909) and others that D.  Iolliculorum was common in man 
and not restricted to people sufferi ng from leprosy served to d iscred i t  
the ideas of M AJOCCH I  and  BORREL .  There is  now m uch more k nown 
of the biology of D. Iolliculorum, i t  therefore seems appropriate to 
re-examine the possibi l ity of an association between this parasite and 
leprosy. I t  i s  not my purpose i n  th i s  note to examine the possible 
effectiveness of other vectors or to assess the relative i mportance of 
the different  vectors t hat t here might be. This will  be the subject 
of a fut ure paper. 

The detai l s  of the l i fe cycle of D. Iolliculorum are now k nown ; 
S PICKETT ( 1 96 1  a) .  The parasite is oviparous, the egg being  deposited 
in the sebaceous gland, the newly emerged larva feeds on sebaceous 
material and cel l u lar debris i n  the sebaceous gland .  I t  i s  s lowly 
carried to the mouth of the follicle by the flow of sebum, and 
u ndergoes two moults, fi rstly to protonymph and secondly to 
deutonymph. The deutonymph is  the distribut ive phase, i t  leaves t he 
fol l icle and moves over the sk in  surface . New infestations are started 
by sk in  to sk in  contact and transfer of deutonymphs .  The deuto­
nymph enters a new fol l icle and moul ts i n to the adu lt .  The ma les 
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move over the sk in  surface entering fol l icles to feed . Copulat ion 
occurs i n  the mouth of the foll ic le .  The ovigerous female moves 
fu rther i n to the fol l icle and from there into the sebaceous g land.  The 
ent i re l i fe cycle is  about fourteen days, the period between a m ite 
leaving one sebaceous gland as a larva and entering another as an 
ovigerous female i s  about  eight days. Distr ibut ion over t he sk in  
surface is  accompl ished i n  not  more than 36 hours and probably i s  as  
shor t  a period as 12  hours. 

The parasite is not 'usual ly found outside the confines of t he 
p i losebaceous apparatus  except when on the sk in  surface . I t  might be 
thought therefore that i t  does not satisfy the basic req u i rements of a 
vector  of leprosy, in that it should have contact wi th  the subepi­
dermal t issues of two hosts .  H owever i t  has been noted that in  
infestat ions invo lv ing  classes of ind iv idua l  (e .g .  cruldren) or s i tes 
(e .g .  t he arm) where parasit ism is  uncommon owing to the low level 
of sebaceous act ivity, the an imals  may penetrate the epithe l i um of 
the sebaceous gland ; S PICKETT ( 1 96 1  b) .  D.  folliculorum has mouth­
parts adapted for pierc ing and cut t ing .  I t  has been shown that the 
related species Demodex crileci is capable of burrowing into the 
epidermis  of the hamster ; N UTTING and RAUCH ( 1 958) .  Observat ions 
on D.  folliculorum suggest t hat penetrat ion of the sebaceous epi­
thel i um can occur but does so on ly  when there i s  an uneconomic 
infestat ion of a fol l icle, that is ,  either when there are very many 
parasites i n  a fol l icle or  where there are m ites in  fol l icles in  wruch the 
associated sebaceous glands are relatively smal l or i nactive as 
compared with those of the facia l  sk in  of adu l t  Europeans .  I t  may be 
concluded that under certain circumstances D.folliculorum is  capable 
of gain ing con tact with the subepidermal t i ssues of two hosts .  

D. folliculorum moults  three t imes between leaving one sebaceous 
gland as a larva and entering another as 'an ad u l t  female. This 
suggests that i t  is  un l i kely that M. leprae could be transmitted on t he 
outside of the  parasite's body. Sect ions of lepromatous lesions 
showing mites and stained for acid fast baci l l i  do show baci l l i  on  the 
outside of the parasite .  Trus emphases the need for k nowledge of 
the biology of a supposed vector in  the in terpretation of such 
observat ions .  Baci l l i  have also been seen witrun the bodies of the 
parasites, but only i n  t hose sect ions of skin that show baci l l i  within 
the t issues.  This suggests that D.  folliculorum does not normally 
carry a flora of acid fast baci l l i  but  that D. folliculorum does u nder 
certain circumstances ingest M. leprae. 

I t  has been reported by AYRES ( 1 930) that gross demodicidosis 
may produce symptoms of itching, but infestations sufficiently heavy 
to do this are rare in  Europeans and probably so in  other races.  
It i s  u n likely, but  not  impossible, that t ransmission of baci l l i  could 
be effected th rough self- inflicted wounds caused by scratch ing in 
response to i rritation caused by the pre ence of the parasite.  
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The only external opening to the gut of D. folliculorum is the 
mouth .  There i s  no anus .  I f  the parasite transmits an organism from 
the subepidermal t issues of one host  to those of another it must be 
through the disgorgement of the contents of the a l imentary tract . 
Studies on the feeding mechan ism of this mite have shown that there 
is regurgitat ion of part of the contents of the a l imentary tract, this 
i s  probably associated with predigest ion of food material . I t  has been 
found,  moreover, that smal l  particles of undigested material (p lastic 
and resin part icles were· used in  th i s  experiment) may be regurgitated 
several days after they were first ingested ; S PICKETT ( u n pub l ished) .  
The shortest t ime interval between leaving one sebaceous g land and 
entering another i s  about  five days in the normal  l i fe cycle. J t  is  
therefore probable that the baci l l i  could be transmitted by these 
means.  Two ovigerous females have been found with acid fast baci ll i  
i n  their  gut. These bac i l l i  can on ly have come from the sebaceous 
gland of another fol l ic le si nce at this stage in  the l i fe cycle the 
sebaceous gland of the newly entered fol l icle has not been reached . I t  
i s  probable that in  these two cases the m ites had come from other 
fol l icles of the same individual ,  however their abi l i ty to carry baci l l i  
remains whether they come from another ind ivid ual o r  not ,  and 
furthermore the mode of distri but ion of the m ite is  s imi lar, whether 
to a fo l l icle of the same indiv idual  or to a fo l l icle of a different 
ind ividual .  I t  should be noted that studies on  the l i fe cycle were 
carried out  on infestations of the facial sk in  of ad ults, i t  is possible 
that there are d ifferences i n  t he behaviour  of the m ites when follicles 
of low sebaceous activity are visited . Work i s  being done to examine 
th is  possibi l i ty .  

Comparat ive study of infestations of D. folliculorum in  d ifferent 
human races ; the resu l ts  of which wi l l  be reported e l sewhere ; show 
that the mite is  a very common parasite.  Ea<;h series of sk in  sect ions 
examined from many parts of the world show a freq uency of infested 
material as great as or greater than that fo und in Europeans ; 
SPICKETT ( 1 96 1  b, 1 96 1  c) . This suggests  that t he parasite i s  ubiquitous 
i n  normal adu l t  human beings. In a l l  racial groups infestat ion has 
been found in chi ldren,  but less frequent ly than in  adults ,  also 
infestat ion has been found in  sites other than the face, but less 
frequent ly than the face . It i s  in the less frequent ly infested classes 
that penetration of the sebaceous epithe l ium is  most common .  

I t  i s  obvious that the  epidemiology of leprosy i s  a subject of great 
complexity .  One of the factors that makes date of occurrence of the 
disease difficult  to assess is the absence of any knowledge concern ing 
t he incubation period of the disease. I t  i s  wide ly  bel ieved that most 
cases originate in ch i ldhood , but as BADGER ( 1 959) has pointed out ,  
this v iew can not be held with certa inty .  BADGER has shown that the 
pattern 

'
of occurrence with  respect to age, sex and fami ly  varies 

widely in d ifferent communi t ies .  The variat ion i s  in  all probabi l i ty 
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attributable to d ifferences in tradi t ion and behav iour between 
commun it ies .  

There is  very l i t t le knowledge concer'1 ing the variat ion i n  
susceptib i l i ty  between ind iv iduals  and  populat ions ,  i t  i s  t herefore 
d ifficul t  to assess what the freq uency of exposure m ust be that i s  
correlated with freq uency of occurrence. 

The known facts of the epidem iology of leprosy would support 
the v iew that personal con tact with an open case i s  a prereq u i s i te of 
i nfect ion and that the greater the i n t i macy of contact the greater the 
probabi l i ty of cont ract ing the di sease . I t  i s  clear that much the same 
considerat ion wi l l  apply to the transmiss ion of a parasite, such as 
D. folliculorum, that i s  d i ssem inated by sk in  to sk in contact . I f  
D..folliculorum transmits  leprosy i t  must leave the sk in  o f  a n  infected 
person,  havi ng penetrated the sebaceous epithel i um,  this most 
commonly  occurs in  sk in  other than that of the face of adults  
( unless there i s  very heavy infestat ion ) or from the sk in  of ch i ldren . f f  
sebaceous activity i s  re lat i vely very low infestat ion  i s  very rare, e .g .  
i nfestation sometimes occurs i n  the facial  sk in  of chi ldren but very 
rarely in sk in  from o ':her sites. I t  would be expected therefore that 
D..folliculorum would act as a vector to and from the sk in  of t he neck,  
arms and thorax of ad ults and less  frequently from the abdomen and 
upper leg, whereas i n  chi ldren the i m portant s i tes would be at the 
face and scalp,  and less freq uently the neck .  [n this connect ion ,  it 
would be relevan t  to consider the site of attack of other  possible 
vectors, particularly i f  comparison i s  made between leprosy endemic 
a reas varying in their ind igenous parasites. H owever, a l lowances 
would have to be made dependent upon the behaviour  of the 
d ifferent  comm unit ies particularlY with respect to clothing and 
sleeping habi ts .  I t  i s  proposed to examine this question i n  deta i l  i n  a 
future paper. 

The proba bi l ity that an ind ividual l iv ing in  a I.eprosy endemic 
area will be exposed to parasite-borne i n fect ion ,  wil l  vary with the 
freq uency of any particular parasite and according  to the i n teraction 
between the bio logy of the parasite and the behaviour  of members 
of the comm unity. H owever, even if  m uch i s  k nown of these factors 
they wi l l  only become mean ingful when more i s  known of the 
nature and pattern of susceptib i l ity to l eprosy in populations and 
individuals .  There i s  some evidence to indicate that this m ight be 
under genetic contro l .  Work i s  now being done to determine 
whether this  i s  so, and i f  so what the nature of the relevant  genetic 
system is .  

This  paper i s  offered i n  t he hope that it wi l l  st imulate cl inicians  
and others dealing d i rectly with  leprosy patients to make their own 
observat ions or to offer material for i nvestigat ion ,  so that the possible 
associat ion between D. folliculorum and M. leprae may be put 
beyond the realm of speculat ion . 
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Summary 

I .  There i s  evidence to show that M. leprae can be carried in to 
healthy sk in  by arthropod ectoparasites and that such a means of 
transmission may be of im portance in the epidemio logy of leprosy. 

2 .  Certain sets of condit ions relat ing to the eco logy of the vector, are 
proposed that m ust be satisfied before an an imal  may be con­
sidered to be a vector  of leprosy. The presence of M. leprae in 
association with an arthropod does not j ust ify the concl usion that 
an arth ropod is  a vector un less one of these sets of condi t ions  is 
sat i sfied . 

3. Demodexfolliculorum does sat isfy one of these sets of cond it ions .  
4.  Acid fast baci l l i  have been seen i n  the gut of D. folliculorum when 

it is  i n  the pi losebaceous cana l  at a stage i n  its l i fe cycle that shows 
that the baci l l i  m ust have been acq uired from another fo l l ic le .  

5 .  I t  i s  not  possible to assess the i mportance of a vector un less there 
is detai led knowledge of the biology of the an ima l ,  the re levant 
behaviour of the human population and the pattern of suscepti­
bil ity in that populat ion .  
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