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Introduction 

About 1 900 the d i s t ingu ished Dan ish  dermato l ogist EH LERS 
v is i ted 3 d ifferent i s lands i n  wh ich leprosy was endemic, namely 
Iceland with 1 8 1  known cases and an est imated n u m ber of 200, 
St. Croix in the Car ibbean with 87 ,  and Crete with  about 600. 
Prof. Eh lers advised ant i leprosy measu res for a l l  t h ree is lands com
pris ing the bu i ld ing  of a leprosy hospita l  and the segregat ion of 
every new case . Th i s  was carried o ut ,  but the resu l t  was very variable .  
Thus i n  Ice land the  leprosy hospita l  was bui l t ,  and came into use i n  
1 897,  and leprosy decreased rap id ly  i n  the ensu ing  20  years and had 
pract ica l ly  d ied out by 1 940, and now there are on ly  4 pat ien ts l eft , 
i . e. 4 pat ients  i ll  a total  populat ion of 1 70,000 aga ins t  200 i n  70,000 
popu lat ion i n  1 900. I n  St .  Croix the  resu l t s  were very d i sappoi n ting,  
and leprosy st i l l  remain s  a hea l th  problem. Knot t  in  1 936 had 
occas ion  to  deplore the i nefficiency of the measures taken . The 
leprosari u m  was bu i l t  in  1 9 1 0 and s ince 1 9 1 8  a total of 88  cases 
were found  up to 1 936,  br inging the total known cases up to 99.  
Tn sp i te of good economic cond i t ions  and good n utr i t ion the leprosy 
con t i nued to spread . 

In Crete, leprosy grad ua l ly  decreased unt i l  i n  1 957 the lepro
sari um could be emptied . 

Tn Norway, the course of the  l eprosy has  been s imi lar  to that i n  
r ce land,  i n  that  there has been segregation  in  the h ospital  at Bergen 
and from a fa i r  inc idence about  1 900 it has dec l i ned to n i l  nowadays . 
Bu t  i n  the Ph i l i pp ines, after 40 years of segregat ion ,  leprosy has not  
dec l ined .  So segregat ion i s  s uccessfu l i n  some countries bu t  not  i n  
others .  As  l ong as we cannot po in t  out  the reasons for the  d i screp
ancy we a re ent i t led to suspect that some factors operate which we 
do not know and do not understand .  

CHAUSSINAND2 th inks  tha t  t u berculos is  and leprosy are com
pet i t ive antagon ists .  Th i s  t heory wou ld  explain m uch, but i s  d ifficul t  
to prove, as we k n ow too l i tt le  about the  d isseminat ion of t u bercu
los is  i n  E u rope i n  the  last two centu ries, when leprosy was decl i n i ng.  
Certain ly  in I ce land i t  i s  certa in  that the  decl ine of leprosy had 
noth ing  to do with a spread of tuberculos i s .  G reat n umbers of adu l t s  
were u naffected by t ubercu los is .  Magn usson2 reports that  i n  1 92 1 -30 
the percentage of non Pirquet posi t ives at  the age of 1 4 reached on ly  
30%, and at  age 20 on ly  50% were t uberc u l i n  pos i t ive when leprosy 
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in I ce land was dy ing out .  Leprosy certa i n ly does not i n h i b i t  the 
progress of t ubercu los i s  as BJARNH ED INSSON32 i nd icates from his 
study of autopsies on  I I I  leprosy pat ients,  i n  whom 24 showed s igns 
of healed tubercu los i s  and 20 had d ied of that d i sease. The cause of 
the decl ine  and d i sappearance of leprosy m ust be sought elsewhere 
than i n  the idea of an immun i zat ion of the populat ion aga inst 
leprosy by a widespread d i ssem inat ion of t ubercu los is . 

The main problem in the epidemiology of leprosy st i l l  remains ,  as 
80 years ago, how do the baci l l i  enter the h uman body and prod uce 
leprosy ? 

CHAUSS INAND2 and many others wi th  h im  have incrim inated the 
in halat ion of nasal d roplets of m ucus from i n fect ive pat ients ,  as in 
t ubercu los i s . But i f  th is were so leprosy should be m uch more wide
spread and shou ld  occur  even in hospital  staff, which does not occur .  
Leprosy i s  not  a l ung d i sease, nor  are nasa l  les ions  so common in  
many countries .  In  the Nauru  epidemic, BRAy3 found the nasal 
mucus free of acid-fast baci l l i  i n  nearly al l  cases, and Dr.  Bjarnhe
d i n sson ,  who was in charge of the leprosar i u m  i n  I ce land,  told me 
that nasal les ions  were so seldom found there that he doubted their  
importance i n  the spread of the d i sease. A l so i n  I ce land fresh cases 
were found  at all ages and were not pecu l iar  to i nfancy and ch i ld
hood.  FLOCH4 found the  same th ing  i n  Cayenne,  where 8 1  % of cases 
first showed the d i sease at ages 40 to 60. 

It is general ly mainta ined that there is l i tt le danger of i n fect ion 
u n less the con tact i s  long and close, such as found  by BOENJAM IN.5 

Yet several cases are on record where the  contact has been short 
and not very close. I n  Colombia  there are certa i n  "casas mald i tas", 
houses under a curse, where danger of contract ing  leprosy is 
be l ieved to fol l ow the spend ing  of a n ight  there. There are a few 
cases of accidental t ransfer of leprosy, as the case reported by 
MARCHOUX6 of a surgical assistant hav ing been infected by a need le  
prick ; and the case of K U NGMU LLER4 of i n fect ion  by a hypodermic 
need le previous ly used on a lepromatous  case in react ion ; a lso 
POR R ETT and OLSEN8 who reported the case of leprosy in  a tattoo 
mark in  two sai lors in A ustra l i a  in 1 943 .  In Co lombia22 there i s  the 
case of a p i nprick apparent ly having t ransferred the d isease to a boy 
of 1 7 , and even i nocu lat ion by scratch ing  ( FENNEL12) seems possib le ,  
as in  a case of habi tua l  scratch i ng of the same p lace i n  the head by a 
con tact, and later a l eprotic granu loma developed i n  that s i te years 
later. A rn ing's  wel l -known exper imen t to graft leprot ic mater ia l  and 
so i nfect a subject i s  of l i t t le va lue to our understand ing  as to how 
the d i sease i s  spread . DANIELSSEN9 and M O U R ITZ I O  carried out un
successfu l  i n oculat ion experiments .  I t  i s  surpr is ing leprosy i s  not 
m uch more widespread in  natura l  cond i t ions ,  cons idering how many 
are the sources of i n fect ion .  In a househo ld ,  many wi l l  escape.  
AYCOCK and McKINLEyl l  report that Gwyther found that  o n l y  4 
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of 1 78 women l i v ing  with ·male leprosy subjects deve loped the 
d i sease, and conj ugal leprosy occurred i n  4. 8 %  of women and 
5 . 1 %  of men . 

Unexplained Problems of Epidemiology 

There are many cases where contact is unknown or cannot  be 
recol lected , and many cases where the transfer of the infect ion 
cannot be p i npo in ted. I t  may be easier to collect i nformat ion in 
northern countries, and d ifficul t  to gai n  i nformat ion i n  t rop ical 
countries densely popu lated, but KNOTT! from St. Cro ix  reported 
several cases of leprosy in ch i ldren who apparent ly  never had con 
tact with leprosy pat ients ,  except that there was a rel at ive w i th  
leprosy who d ied before the  ch i ldren were born .  Th is  problem caused 
Knott to postu late a subcl i n ical form of leprosy. K nott a l so reported 
cases of trans ient  leprosy who made spontaneous recovery. 

In Iceland the fol lowing cases are recorded :-

I .  1.N . ,  a male of 27 years wi th  anaesthetic leprosy. At the age of 20 
he slept one n ight i n  the same room as a leprosy patient ,  but  not  
i n  the same bed, otherwise no  h i story of contact wi th  the d i sease. 
Two years later nerve pain s  began .  

2. 1 . H . ,  a male of 3 5  years wi th  nodular leprosy who was a farm 
worker \0 years ago for 2 years. A year after he left the farmer's 
wife developed leprosy. 

3. S.S. , a male of 35 years with mixed nodular leprosy . A bou t  7 to 
8 years ago he s lept i n  a large room where a leprosy pat ient s lept 
i n  another bed. Then 2t years later sml11 nodules app eared on 
the dorsum of the right foot ,  and t hese later increased in  s ize and 
mult ip l ied. 

' 

4. T.S. ,  a male of 36 years wi th nodu lar leprosy. He shared a bed 
20 years ago with a man who later developed leprosy and there 
was no h i story of other contact wi th  leprosy. 

5 .  1 .Th . ,  a male of 32 years with nodu lar  leprosy.  At the age of J 3 
he shared a bed with a man who later developed leprosy and 
there was no h i story of other contact w i th  leprosy. 

6. P.l. H. , a male of 53  years who gave no  h istory of contact w i th  
leprosy, but  who associated with a woman who developed leprosy 
after they parted . 

FAGERHOLM!3 reports a str ik ing problem of epidemio logy. On a 
small  i sland i n  the Balt ic,  off the coast of Finland,  about 1 0  m i les, 
a s ingle fami ly  l i ved, with no  other people on the i s land. This fami ly  
left and was replaced by another family,  th i s  happening several t imes, 
and four  housewives deve loped leprosy in  succession ,  though all the 
fami l ies came from regions on the main land where there was no 
leprosy. Dr .  Fagerholm suggests a transmission th rough furni ture or  
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househo ld  art ic les of a type ma in ly  used by t he women . Ch i ldren are 
not ment ioned in t hese fam i l ies .  

I nsects as Possible Vectors 

I n  1 9 1 1 E H LERS, BOU R R ET and WITH14 wrote a paper o n  the 
poss ib i l i ty of  p ropagation  of leprosy by arthropods.  They reared 
several k inds  of arthropods and caused them to bite leprosy patients 
of lepromatous type, and d i ssected out and sta ined the stomachs 
for acid-fast baci l l i .  They found only 1 in  2 1  of Pulex irritans and 
I i n  1 2  of Stegomyia jdsciata were pos i t ive ,  and 53 bed b ugs and 
1 6  head l ice were negat i ve .  They thought that leprosy was probably 
not t ransmitted by i n sects .  

S A N DES 1 0  starved certa i n  i n sects and fed them o n  leprosy pat ients .  
H e  found acid-fast  baci l l i  i n  1 in 80 mosq u itoes, .i n  20 of 60 fleas, 
and in 20 of 75 bed b ugs. Later he found acid-fast bac i l l i  in 30% of 
bed bugs, n ot on ly  in thei r stomach contents ,  but  also i n  other 
stomach fl u ids ,  and t hought  there were some signs of growth of the 
baci l l i  i n  the  bed bugs.  When bed b ugs conta i n i ng  leprosy baci l l i  b i t  
a pat ient w i th  anaesthetic leprosy, a papule arose round the b i te  in  
wh ich papu le bac i l l i  were absent bu t  were found peripheral ly .  I t  was 
imposs ible to decide whether t hese baci l l i  were i nocu lated or  derived 
from the pat ient .  

DE Sou z A-ARAUJOl6  found  acid-fast baci l l i  i n  the blood-suck ing 
garrapatas ( Amblyoma cajennense) removed from leprosy patients  
and thinks t hey may t ransfer leprosy. BORREL17 thought Acarus 
scabiei and Demodex folliculorum to be possible t ransmitters. 
Transmiss ion of leprosy by i n sects i s  d ifficult  to prove so long as we 
cannot  cu lt ivate the bacil l u s  nor t ransm i t  i t  to  experimental animals .  
We thought i t  �orth whi le therefore to  compare data from I celand 
with the data of other countries.  Possib le  i n sect vectors are few in 
I ce land but numerous in other coun tries, so we enq u i red of 62 
leprosaria in other countr ies about t he i r  i nsect species, and whether 
few or  abundant .  From 42 countries we recei ved repl ies which 
s howed that P. capitis and P. pubis existed in all the countries, and 
P. vestimentorum was absent  in  2 1 ,  Pulex irritans and Sarcoptes 
scabiei were more or  less frequent i n  93 to 95 % of leprosy countries. 
I t  seemed from t he replies t hat no  flying insect could be the sole 
vector of leprosy, nor i s  it l ikely that i t  t ransfers the d isease at all. 
I n  I ce land the bed bug does not exist, which of course does not 
absolve it from being  a possible vector e lsewhere. The body louse 
probably does not transmit  leprosy, for leprosy occurs in naked 
tr i bes, and naked tr ibes have no  body l i ce, and leprosy was found 
in  9 ou t  of 14  territories where the people go naked. 

I t  i s  genera l ly  admitted that leprosy is a house-bound disease. 
The o ld  idea that  i t  i s  heredi tary origi nates i n its house and family 
i nc.idence, though as a rule the spread of the di sease i s  l imited to the 
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ho useho ld .  TALW I K 1 9  reports of t he i s land of Osel i n  the Baltic that 
leprosy concentrates on  a smal l pen i nsu la ,  tend ing  to l im i t  i tsel f 
to smal l  grou ps, most ly to s i ngle farms, and shari ng a home seems 
of the greatest importance to the spread . "A ho use or  farm in wh ich  
a leprosy patient  l i ves or  stays becomes sooner  or  later a breedi ng  
place for new  i nfections" .  The  same was our  experience i n  I ce land,  
certa in houses and farms seem ing to be b reeding  places of leprosy, 
and recal l i ng the "malas h abitaciones" or  "casas ma ld i tas" of 
Colombia prev ious ly men t ioned .  

H ousebound i n sect vectors might expla i n  t h i s  c lose con nect ion 
with houses, especial l y  where i n fect ions  seem to occur  i n  a house 
wh ich has been vacated by the previous  occupants .  Cock roaches, bed 
bugs, and houseflies are ubiq u i tous .  The former two do no t  occur  in  
I .celand, and the housefly i s  not a very l i kely vector, as i t  does not 
bite .  

The b i t i ng i n sects are more l i kely as vectors, such as the flea, the 
louse, and A carus scabiei. 

Theflea has long been suspected . CAR RASQU I LLA23 i n  1 905 thought 
of i t ,  but as no d i rect proof cou ld  be brought ,  in the course of t ime 
the charge was d ropped, un t i l  i n  1 942 M U Nos R I VAS of Colombia 
rev ived i t .  He  had found  that the inc idence of leprosy i n  various parts 
of Colombia corresponded main ly  w i th  the h u mid reg ions where 
fleas abound i n  the pri m it i ve and d i rty h uts of the poor people. He  
examined fleas from leprosy env i ron ments and  from those free of 
leprosy and found acid-fast baci l l i  in I I  to 1 6 % of the fo rmer, and 
none in the latter. 2 L ,22 He fo und the baci l l i  i n  larvae deve loped from 
i nfected fieas in 2 . 36%, but none i n  the l a rvae from uncontaminated 
fleas. ( Fleas can l i ve up to 500 days . )  OCK LAN024 has pointed out 
how frequent fleas were in Norway d u ring  the t ime when leprosy was 
relat i vely prevalent ,  espec ia l l y  in the h u mid  cl i mate of the  west 
coast, where leprosy was preva lent  i n  d i �ty l odgi ngs of the  poor .  
Now in  Norway hous ing  cond i t ions  are good , fleas have d i sappeared , 
and leprosy i s  pract ica l ly  erad icated . I n  I ce land fleas were very 
frequent at the t i me leprosy was prevalent ,  but Pulex irrifans seems 
now to have d isappeared completely. In former t i mes the use of 
sheepsk i ns in the beds seems to have been associated with an abun
dance of fleas. Fleas are apt to be associated w i th  d i rty dwel l i n gs, 
with every an imal hav ing i ts  own type of flea,  except mon keys, on  
whom fleas  do not t h ri ve. Most i n i t ia l  les ions  of leprosy occur  on 
u ncovered sk in ,  and in t ropical count ries the  i n i t ia l  lesions  may be 
a lmost  anywhere, whereas [ find from the records in I ce land that 
i n i tia l  les ions are i n  the face, feet, hands, and legs, but more rarel y  
o n  t he  thighs and  trun k .  I t  may  be  a matter of mo re covering o f  
clothes. In t he  case of  sharing a bed, the  in i t ia l  les ions  are anywhere. 

SO,metimes a flea may bite several t imes w i thout  bei ng  able to 
d raw blood.  SNOOGR ASS25 and W E N K26 have made deta i l ed stud ies ,  
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from wh ich i t  emerges that the b i t ing apparat us not  on ly  can d ri l l  
i ts  way i n  very rapid ly ,  a n d  through the sa l i vary t ube sal iva  i s  
pumped downwards du ring the bite w i thout  any ad mixture of blood. 
Baci l l i  from the host can easi l y  st ick to the laci n ia  and ep ipharynx .  
Any  haemorrhage or  exudate aro u nd t h e  i'noculated baci l l i  may 
i n h i bi t  the i n ocu lat ion of the baci l l i .  M O U R ITZ10  and WA DE27 des
cri bed inocu lat ion experiments with great n umbers of bacteria, w i th  
negat i ve resu l t s ; i t  might  be connected wi th  the factor of the act ion 
of haemorrhage or  exudate. The cases of  the posi t i ve resu l t s  from 
tattooing and accidental  need le pr icks might  a lso be based on  th i s  
factor, t hat a b lood less prick may be  more effecti ve. The flea  can 
prod uce both blood less and haemorrhagic pricks, and probably the 
pumping i n  of sal iva has l i tt le i nfl uence. A s imple d ry pr ick i n to the 
dermjs  may be a l l  that  i s  necessary. Of a l l  the b i t ing parasites of man 
the flea l i ves longest, for weeks, months, or  even a year.  I t  may stay 
h ungry for weeks wai t ing for a chance to d raw blood,  and if the flea 
were a t ransmi tter of leprosy we can i magi ne the part it cou ld play 
i n  the case of the shar ing a bed with a leprosy subject. The flea may 
be the explanat ion why people can be i nfected in a ho use after the 
patients have left .  The baci l l i  may remain attached to the p ierci ng  
eq u ipment of the flea and stay a l i ve for weeks when  the  flea  has 
noth ing  to bite .  The baci l l i  may be able to keep a l ive for some t ime 
on the  i nden ted su rface of t he  l aci n ia of the flea, i n  condit ions of 
h umid ity and darkness. 

The louse. M uch of what has been said about  the flea also applies 
to the louse.  H owever, the louse has to l i ve all its l i fe on  the host ,  
and bites i t s  host at least once or  twice a day, and the crab louse may 
suck b lood for hours .  L ice d ie  i f  they have to l i ve w i thout  blood for 
a few days. The pierc ing  and bloodsuck i ng apparatus  resembles that 
of the flea, with the d ifference that the l ouse has only one pump 
wh ich sucks blood, and i t  has n o  pressu re pump for sal i va,  as the 
flea has .  I t h i n k  i t  i s  doubtfu l  i f  l ice t ransmi t  leprosy, as i t  i s  short
l i ved, and would  not survive in deserted houses, where i n  we know 
leprosy has somet i mes apparent ly  origi nated . FAGERLUND28 reports 
an  i n terest i ng  case, where a leprosar i u m  nurse, who had to comb the 
hair  of female louse-i nfected patients,  developed in 1 t years an 
anaesthetic spot on the l eft l itt le finger and l ater macules in various 
parts of the body. There were n o  baci l l i  and the les ions l ater re
gressed, leaving anaesthes ia .  

Doubts about the louse as a vector a l so extend to the crab louse. 
Sarcoptes scabiei. This is certa i n ly  one of the in sects under 

s uspic ion, espec ia l ly as leprosy and scabies are often associated . 
I NNEs29 fou n d  leprosy and scabies so closely connected i n  certa in 
parts of East  Africa that he came "to accept the amount of scabies 
in a gro u p  as a rough i n dicator of the i nc idence of leprosy. Where 
t here i s  m uch gross untreated scabies, there is l i able to be much 
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leprosy i n  the comm un i ty,  and i n stances are  nu merous of the two 
d i seases be ing  coincident in  the same person" .  If the shal low pricks 
of the tattoo need le  transferred leprosy, as in the  case reported from 
A ustra l j a  and prev ious ly ment ioned,  i t  wou ld  not be surpr is i ng  i f  the  
scabies rrutes, wh ich  operate to a s im i lar depth i n  the  sk in ,  co u ld 
convey leprosy bacil l i .  

Cimex lectularius has long been suspected . I t  does not ex ist  i n  
I celand, s o  m ust b e  ruled o u t  a s  a vector there, but  i t  cou ld  be s o  i n  
other countries, for i t  is  a household i n sect, can l i ve a l o n g  t ime 
wi thout  drawi ng bl ood, and freq uen t ly attacks people i n  bed , 
pierc ing r ight  i n to the  dermi s .  SANDES15 from h i s  experi ments 
i ncri m i nates the bed bug as a possi ble vector .  Cock roaches are non 
bit i ng  and therefore much less l i ke ly to be  vectors . They have not  
been fo und i n  I ce land .  

Comments 

Leprosy is fi rst and foremost a ho usebound d i sease. I nfect ion i n  
a modern leprosari u m  never  occurs, i f  the hygien ic  standard i s  h igh 
and ectoparasi tes absent .  I nfect ions co u ld occur  in  a l eprosarium of 
l ower standards in t hese t h i ngs.  Cases of pu re ly  domic i l iary i n fe.ct ion , 
where the pat ients have moved out ,  are puzz[ j ng but  co u ld  be 
expla i ned if arthropods, especial l y  fleas, were vectors .  I n  cases of 
apparent  t ransmiss ion from person to person by shar ing a bed , the 
case may have been one of latent leprosy, as s uggested by FIGUER EDO 
and DESA I30 who found acid-fast baci l l i  in 1 0 % of apparent ly sound 
contacts of leprosy pat ients .  Some latent  cases may be expected to  
develop i nto recogn i sable leprosy, some never  deve lop fran k  lesions .  

Conclusion 

I n  the absence of s uccess i n  h uman and an imal i noculat ion 
experi ments,  an other approach to the problem of the transmjss ion  
of leprosy i s  cal led for .  I suggest t hat choice be made of a l imi ted 
area or island relat ive ly isolated , w i th  a fai r  i nc idence of leprosy. 
I n  thjs area or i s land a t horough p lanned effort shou ld be made to 
eradicate a l l  sk in arthropods, part icular ly i n  h o uses occupied or  
formerly occupied by leprosy subjects .  I t  may have to i ncl ude the 
exterrrunation  of fleas on cats and dogs and perhaps other an imals .  
Efficient i n secticides are now ava i lable and the task is not i n super
able .  Such an experiment wou ld  of course i ncl ude the choice of a 
control  area or  i s land ,  carefu l  prel im inary surveys for leprosy and 
ectoparas i tes, and adeq uate record ing and supervis ion over a long 
period, say 5 to 1 0  years or more .  

Summary 

The author points ou t  the unsat isfactory state of knowledge of 
the mode of t ransmiss ion of leprosy, and th i nk s  that i nsects cannot  
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be ru led o ut. He  rev iews work wh ich makes i t  poss ib le  t hat some of  
them are at  least worth  consideri ng, and d i scusses i n  th is respect 
fleas and body l i ce and scabies.  He suggest s  the advisab i l i ty of 
p lann ing a field experimen t based on the exterm inat ion  of ecto
parasites by modern i nsecticides. 
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