
Is l!'PROSY TRA NSMITTFn \lY I NSFCTS? 25 

IS LEPROSY TRANSMITTED BY INSECTS? 

by NII'LS DUN(ôAI. 

Pro!i'.uor 0/ PafllO/ogr. Unil'a.lifr 0/ /cc/mui. Rerkjal'ik 

Introduction 

Althollgh the leprosy bacilllls was found by Armauer Hansen 

in I S74, and although nobody doubts that it is the cause of leprosy, 

lhe conclusive proof has neveI' been obtained. As Mycoha("faium 

/l'pml' cannot be cultivated, pure cultures have not been available. 

anti the I"ew experiments which have been ma de to inoculate human 

subjects wilh lepromatous noclules have either been negative or 01" 

cloublful positivity, beeause the person in question might have 

acquirecl the infection from another source. So lhe paracloxical situa­

lion exists, that although the microorganism is generally accepted 

as the cause of leprosy, we still lack lhe proof oI' its causative 

relationship anti even if we are convineed oI' that we are ignorant 

Df its mode of introduction into the human body. 

It is gencrally believed that leprosy is lransferred from one human 

being lo another through intimate contact. which if of longer 

duration is more etTective. How the germ is transferred through 

contact has never been precisely explainecl. In spite of certain 

similarities to tuberculosis, there is no reason to think that leprosy 

is Iransmitted in a similar way. The lungs are not afTected by leprosy 

and there is no reason to assume that conlagion takes place through 

inhalation oI' infected material. Neither is infection likely through 

ingestion of food or drink, for although it is possible that victuals 

may be contaminated by M. /eprae, intestinal lesions do not belong 

to the picture of leprosy and no such portal of entry has been clai med 

for human leprosy, although MARCHOUX and SOREL found that rat 

leprosy could be transmittecl through the stomach. 

The actual mocle of transfer has never been precisely detected. 

Some have thought oI' the nasal mucosa as a portal of entry, but 

in this country lepromatous lesions in the nasal mucosa were most 

uncommon and not likely to be initial lesions. Others have thought 

the bacilli might be transmitted from lepromatous ulcers, without 

indicating how infection could be brought about. For it is by no 

means clear how the infection could be conveyed, even if a person 
got his hands contaminated with M. /cprae, as the organisms do 

not penetrate the skin, and it is very doubtful if they can infect 

through ingestion. Infection through scratches or some skin wounds 

is of course possible, but such a mode of infection has never been 

proved, and experience from leprosy endemic countries has given no 

special indications of such a mode of transmission, as far as I know. 

Leprosy in Iceland has been very prevalent during the last 

centuries, until a hospital was built specially for leprosy patients at 



26 LEP ROSY R E V I E W  

the turn of the century, when there were over  200 cases in a popula­
tion of 70,000. S i nce then the n umber  has decreased rapidly, so that 
now there are only six patients left in  a popu lat ion of 1 60,000. 

At the t ime when leprosy was most prevalent, the hygien ic 
condit ions of the populat ion were very poor. Almost the entire 
population l ived in  poor and dark h uts i n  the country, where l ice 
and fleas abounded. Scabies was a common d isease and the belief 
was w idespread that to be without l ice was a sign of bad health .  

I f  i t  were true that  lepro sy could be spread by these skin parasites, 
it would be on ry natura l  for the di sease to deve lop into the scourge 
which it actual ly was during the last three centuries in th is  country .  

Reasons for enquiry. J nvestigat ions into possi ble i n sect trans­
mission of leprosy cou ld  profitably start fro m Iceland,  where the 
insect fauna is more l imi ted than in most, i f  not a l l ,  countries where 
leprosy has been prevalent .  Here there are no  anopheles, no cu lex, 
no ants, no cockroaches ; bedbugs have been practical ly non-existent ,  
and yet leprosy has been j ust as widespread as i n  many countries 
where mosquitoes and a l l  kinds of i n sects abound .  If transmission 
i s  brought about by insects, the vectors would have to be sought 
among the l imited n umber of species which exist here. 

For this purpose we wrote to 62 hospita ls  and leprosaria, partly  
a lso to medical  authorities i n  various parts of the world, l i st ing 
the parasites which we thought to be the only ones l i kely to transmit  
the d isease in  this country, and asking them to answer the enq uiry 
list for their cou ntry. We received replies from 42 cou ntries .  The 
questionnaire i s  given in Table I in  the Appendix to this paper. 

The replies. From all 42 i nstitutes, heal th ministries, etc . ,  we 
received our questionnaires carefu l ly completed. Several were 
accompanied by additional p ieces of information and various kinds 
of comment.  Some added that they did not bel ieve insects had any­
thing to do with transmission of leprosy, most of them d isplayed 
interest in the i n qui ry, and some were convinced that leprosy is 
transmitted by one or more kind of insects . 

A summary of al l  the replies to our  q uestions is given i n  Table II 
i n  the Appendix to this  paper. 

In Table I I I  the frequencies of insects in  the above mentioned 
territories are shown numerically, and given in the Appendix to 
this paper. 

It will be seen from the summary in Table II that two parasites 
are reported in  all countries, namely the Pediculus capitis and 
Pediculus pubis, whereas the body louse i s  reported as absent in 
21 % of the territories in  quest ion .  Two other parasites, Pulex irritans 
and Acarus scabiei, are reported as more or less frequent  in 93-95% 
of leprosy endemic territories. As our  questions refer  to present 
condit ions, i t  i s  of course possible that those two parasites were 
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more frequent formerly, when leprosy was more widespread than 
now. 

From the repl ies one would suspect the fol lowing ectoparasites 
particularly : Ped. capitis, Ped. pubis, Pulex irritans, and Acarus 

scabiei. 

Some wil l object that these four parasites are j ust those that 
are ubiquitous, and that their prevalence in leprosy e ndemic terri­
tories does not prove anything. They m ight say that we could j ust 
as wel l attribute leprosy to sunshine, wind or air, or any other thing 
that is everywhere .  

But look ing closer at  t hose things, we can see that : 
I .  Leprosy cannot  be transmitted exclusive ly  by any flying i nsect 

that b i tes .  I n  Iceland there are no Anopheles and no Culex. 
The on ly flying insect that bites is Simulium vittatum. As this 
i nsect is reported as non-existent i n  66% of leprosy endemic 
terr itories,  i t  i s  i nconceivable that leprosy could be transmi tted 
excl usively by th is  species .  A l so i t  i s  so short-l ived, l iv ing on ly  
a few days, that  t he chance of transmiss ion would be very 
smal l .  

2 .  The bedbug, Cimex lectularius, can be ruled out a s  a vector 
i n  Iceland .  That of course does not prove its i nnocence in  
other  countries .  

3 .  The sheep louse, Melophagus ovinus, has probably noth ing 
to do with leprosy, as it l ives on sheep and only exceptional ly 
attacks h umans. I ts reported absence in 50% of leprosy 
territories supports th is  view. 

4 .  The body l ouse, which I had thought of as a possible vector, 
probably plays i f  anyth ing a small role in  transmitting the 
disease . Not only i s  it reported absent in 2 1  % of leprosy 
territories, but in 1 4  territories, where naked tr ibes are l i ving, 
leprosy is reported among n ine  of them ; if the body louse 
was the on ly vector, leprosy would not be found among 
those who go naked, although the body louse may exist in  
the rud imentary garments which naked people wear. 

Lice and fleas. The head louse and the pubic louse are found i n  
a l l  t h e  territories a n d  fleas i n  a l l  b u t  five. McCoy and ClEGG2 found 
acid-fast organ isms i n  l ice and several other investigators have found 
acid and alcohol resistant organisms in l ice. On the other hand, 

nobody has been able to prove that these organisms were M. leprae, 
nor w i l l  that be possible so long as M. /eprae can nei ther be cult ivated 
in vitro nor in an imals .  Nevertheless, the investigations of MuNos 

RIVAS have brought the ent i re problem nearer i ts sol ut ion,  as wil l 
be discussed later. Even apart from the experimental investigations, 
there are some cogent reasons  which point d irectly  to l ice and fleas 
as transmitters. 

It i s  well known that in hospitals of a high hygienic standard, 
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transmiSSIOn of leprosy does not take  p lace from the patients to  
heal thy staff. On the  other hand ,  i t  i s  seen i n  a l l  leprosy count ries 
how the pat ients i nfect the i r  surround ings when they l i ve among 
other people i n  their  d i rty and un hygien ic l iv ing q uarters at home.  

I t  has long been bel ieved that leprosy might  be t ransmi tted l i ke  
a venereal d i sease through cohabitat ion ,  and  in  some leprosy 
d i stricts it is considered particularly dangerous to stay over n ight 
i n  the dwel l i ng  of leprosy pat ients .  If  the pubic louse can t ransmit  
the d i sease, i t  would be i n  sexual  contact. 

the d i screpancy between the lack of spread of leprosy to staff 
i n  the hygien ic cond i t ions of a hospital compared with the spread 
of leprosy in the home would be explai ned if verm inous sk in  para­
s i tes, especia l ly  l ice and fleas, t ransmit  the d isease. There is every 
reason to th i nk  that t hese bloodsuckers may ingest leprosy baci l l i  
when they suck blood from the  sk in  of  leprosy pat ients ,  i n  whom 
M. /eprae i s  conta ined i n  enormous amounts  i n  the lepromas. 
Furthermore, as the louse wi l l  b i te twice a day and the flea may bite 
every n ight for months on end, it would be remarkable if  they did 
not harbour  M. /eprae in their i ntest ina l  cana l .  When such l ice and 
fleas attack a healthy person one m ust expect the m icroorgan i sms 
in thei r intest inal  cana l  to enter the skin of the bitten person ,  j ust 
as is known to happen in the transmiss ion of typhus and plague. 

Acarus scabiei. If the female acarus could i ngest M. /eprae, it 
might be able to t ransmi t  the d isease by its burrowing in to the skin , 
where M. leprae would be deposited with the excrements and might  
be able to grow from out of the burrows. Even though the burrows 
are mainly in the epiderm is, the parasite reaches the Ma lpighian 
l ayer and a part of the burrow will therefore penetrate the cori um ,  
where M. /eprae may be  implanted by  th i s  means .  

A degree of associat ion between scabies and leprosy has long 
been known,  s ince DAN IELSEN and BOECK3 described heavy forms of 
scabies i n  leprosy pat ients, which later  was confirmed by several 
authors and goes by the name of "gale norvegienne" wh ich i n  
rea l i ty i s  noth ing b u t  impetigo imposed on a case o f  scabies. 
BASSEWI TZ4 described a s im i lar case of leprosy plus scabies, the fi rst 
reported from Brazi l ,  i n  which he suspected t ransmi ss ion by the 
scabies m i te .  

G .  M UNOS R I VAS has found enormous n u m bers of acid-alcohol ­
fast baci l l i  i n  the i n test ines of Acarus scabiei, col lected from 
dwel l i ngs of leprosy pat ients .  H i s  work deserves a spec ia l  sect ion . 

The work of G. Munos Rivas. I n  Bogota, the capita l  of Colom bia, 
s ince 1 939 he has been working on the re lat ionship between arthro­
pods and leprosy. I n  a publication7  from 1 942 this author puts 
forward a series of arguments and experiments, which point to the flea 
as tpe main t ransmitter of leprosy. One of his arguments is t hat 
the leprosy patients come main ly, i f  not exclusively, from humid 
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parts of the country, where fleas abound i n  the pr imitive huts of 
the populat ion . He  refers to some of his col leagues who have 
maintai ned that fleas are an obl igatory t ransmi tter of leprosy. He 
has performed a great n umber of experiments to e l ucidate th is  
problem, of which on ly the main g ist  can be cited here. I n  200 fleas 
caught and examined in the ant i leprosy dispensary in Cundinamarca, 
he found acid-alcohol -resistant bacil l i  (a .a . r .b .) in  32, or  1 6%.  

f n  a paper now about to be publi shed he describes how he  
dissects t he  stomach out  of  the flea, rubs i t s  contents on a slide and 
examines them for a .a .r .b .  In th is  way he has examined 1 ,627 fleas 
which were fed experimental ly on leprosy patients, and found 
a .a . r .b .  in 1 87 or in 1 1 .4% of the fleas. 

On the other hand, the author exami ned 575 fleas from places 
free of leprosy. I n  these fleas there was not  a single posit ive finding 
of acid fast baci l l i .  

From an imals i n  a leprosy sanatoriu m  he examined 1 74 fleas of 
various k i nds, all  of them negative. 

The author was i nterested to examine fleas developed from 
larvae der iv ing from experimentally i n fected fleas. I n  338 Pulex 

irritans of th i s  origin he found a .a . r. b. i n  eight, or 2. 36% . In 1 77 
Pulex irritans from n on-contaminated sources he found none 
posit ive. 

That over 2% of pu lex larvae, which never have bitten a leprosy 
patient ,  but a re descendants of parents which have bitten a leprosy 
patient ,  contain a .a . r .b .  is  a significant finding, which may be of 
importance .  

With a t ri turation of fleas n u rtured on leprosy subjects, he  
inoculated fou r  young monkeys and obtained i n  two of them lesinns 
which resembled leprosy and contained scanty a .a .r .b .  i n  the cor­
responding lymph glands. 

In acarinae he found great amounts of a .a . r .b .  in parasites 
col lected from dwell ings of leprosy patients .  Simi lar baci l l i  were also 
found in mites outs ide foci of leprosy, but they were more abundant 
i n  the foci .  The n umber of these bacil l i  i n  the i ntest ines of mites 
in an environment of leprosy may, according to him, be fantastic. 
He also found the eggs of the mites infested with a .a .r .b .  

Thirty mice were i nocu lated by fixing a m i te to the skin of their 
tai l  with a s pecial technique .  Of the 30 mice, two developed typical 
mur ine leprosy. 

The exi stence of a .a . r .b .  in the i n testines of most acarinae causes 
great difficult ies in transmission experiments with leprosy. But the 
existence of other a .a .r .  b .  does not exclude their  possib i lity of 
transmitt ing M. /eprae also. 

On the whole, the i n vestigat ions of Munos Rivas are by far the 
most extensive that anybody has done to prove the transmission 
of leprosy by insects. 
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His opi n ion i s  that any arth ropod i s  a potent ia l  vector ef leprosy. 
Especial ly so Pulex, Acarinae a nd Ornithodorus. 

Can winged insects transmit leprosy? With h i s  report from 
Mart in iq ue, Dr.  P .  OLLE sent a paper by E. MONTESTRUC and 
R. BLACHE in wh ich i s  described an apparent

"
transmission of M. leprae 

by mosq u i toes. A 3 1 -year-old woman came to the [ nst i tut Pasteu r  i n  
Martin ique with a wel l  nourished baby. The mother had leprosy 
of fou r  years durat ion ,  with numerous fresh  lepromata in the face . 
The chi ld had several erythematous i ndurated patches i n  the forehead 
and cheeks .  These lesions we r e  caused by mosq uito bites on the 
p revious day. In ai l ,  n i ne- bites were vis ib le .  From one of these 
lesions a l i tt le set ous flu id  was removed and examined micro­
scopical ly. G reat numbers of acid-fast baci l l i  were found and 
numerous globular cel l s, stuffed with acid-resistant baci l l i .  These 
were wi thout doubt M. leprae . The ch i ld was i so lated from its 
mother and put under a mosq uito net.  Five days l ater the lesions 
had disappeared and no bacil l i  were found in  the serous fl u id .  
Seven days later a fresh mosquito bite was found, a lso contain ing  
acid-fast bacilli. After another week th is  lesion had d isappeared 
and the baci l l i  also. The house of the mother  was found  to be 
heavi ly i nfested with mosqui toes, among which were Culexfatigans, 
A edes aegypti and several un identifiable Culex.  I n  the intest ines of 
one culex n u merous acid-fast baci l l i  were found.  The ch i ld recei ved 
su lphone t reatment and no further info rmat ion of .development of 
leprosy is mentioned. 

A lthough M. leprae may be transmitted by mosquitoes, i t  i s  not 
l ikely that such a transmission p lays any considerable role i n  the 
propagation of the d i sease. If mosquitoes were of any considerable 
importance in this respect, the disease would be expected to spread 
in hospitals and l eprosaria to the medical and n u rs ing staff. A lso 
the di sease when imported to London and Paris,  �tc . ,  would spread 
from the leprosy subjects to healthy people in the surroundings .  
But although h undreds of leprosy patients have been i mported to 
these densely populated areas, no contagion has taken place. 

From Manila, Dr. J. N. RODRIGUEZ reports that in the course 
of his epidemiological study of leprosy he has been struck by the 
strange dissemination of leprosy : "There are, for example, two 
vi l lages of about the same size, say about 250 inhabitants each, 
only 10 km. ,  or even less, distant from each other, i nhabited by the 
same race of people wi th  the same health habits, nutrition, etc. 
The i ncidence of leprosy in one vi llage is high, of the order of say 
three cases per thousand inhabitants, while in the other vil lage the 
rate is only 0.2 per thousand. In spite of much visit ing back and 
forth among the inhabitants of the two villages, i ncluding the 
leprosy patients, during half a century the disease has not spread 
from one village to the other which is so close. 
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A s  the author remarks, i f  there i s  a n  i n sect vector, i t  cannot 
fly or  trave l  far. The observat ions of Dr. Rodriguez fit in better 
with the transmitt ing ro le of fleas, acari and l ice, than with mosquitoes 
or  any winged insects .  

Concluding remarks. As the exact tfansmission of leprosy from 
a s ick person to a healthy ind iv idual has never been explained, the 
vague term of transmission by " longstanding, close contact" can not 
be accepted without further defin i t ion of what i t  impl ies. 

As leprosy has always been known to spread where squalor and 
verm in  abound,  but to stop spread ing when cleanl iness of body 
and housing are adopted, even when contl;lct is frequent, the chances 
of infect ion by s imple,  d i rect contact, seem to be negl igible .  

The t ransmiss ion by insects, although not  yet satisfactorily 
proved, is t he most l i kely mode of transmission .  I n  42 leprosy 
endemic territories the head louse anet the pubic louse were present  
i n  a l l ,  and Pulex irritans and A carus scabiei i n  almost or  probably 
a l l .  As G .  MUNOS R IVAS has shown, the h u man flea, Pulex irritans, 

is probably the vector of greatest importance, but all arthropods 
are poss ib le transmitters of t he d i sease . 

Wh i le so l i tt le is known about transmission of leprosy i t  might 
be worthwhi le to start an experiment somewhere, working on the 
hypothesis t hat fleas, l ice and A carus scabiei are the main t ransmitters 
of the disease. 

An i solated communi ty, prefe rably an is land where leprosy is 
heavily prevalent, should be selected for this purpose. No harm 
would be done, should the resu l t  be negative, and the costs should 
not be proh ibitive. The eradicat ion of human skin parasites is not  
a particularly difficult problem to solve, not as difficul t  as eradication 
of malaria-transmitt ing mosquitoes which has been successfully 
carried out in  many parts of the world. 

The havoc to health and l i fe stil l  wrought by leprosy among 
many nations would j ustify such an experiment, which, if  successful ,  
would open up  new possibilities for fight ing this old scourge of 
humani ty. 
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APPEN DIX 
TA BLE I :  FORM OF ENQUIRY .  The enquiries were sent out  on a single sheet 
containing q uest ions as fol l ows :-
Occurrence and frequency of insects in . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (your country) : 

Pediculus capitis 
Pediculus vestimellli 
Peeliculus pubis 
Pulex irritans 
Xenopsylla cheopis 
Melophagus ovinus 
Acarus scabiei 
Simulium viffatul1l 
Other Simulia, which ? 
Cimex lectularius 

Frequent 

Other insects which you suspect ? 

I n freq uent Non-existent 

Special Questions: Have you any tribes that go naked ? If so, is  leprosy known 
among them ? I s  the body louse unknown among them ? 

TABLE f l : RESU LTS OF THE QUESTIONNAI R E  OUTLINED IN TABLE £ :-
Brazil : Freq uent are Peel. cap. ,  Peel. vest. ,  Ped. pub. ,  Pul. irr. , Xell. ch. ,  Ac. sc. , 

and Cim. lect. I n frequent are Melophagus ovinus and Simulium viffafllm. 
There are no other insects. Naked tr ibes occur, with n o  l eprosy and no 
body l ice among them. 

Taiwan : Frequent are Ped. cap. ,  Pul. irr . ,  Xell. cll. , Ac. sc. ,and Cim. lect. 
I n frequent are Peel. pub. There a re other insects, and no naked tr ibes. 
N on-existent are Ped. vest. 

Costa R ica : Frequent a re Pul. irr. and certai n  Simulia. I nfreq uent are Ped. cap. ,  
Ped. pub . ,  Xen. ch . ,  Melo. ovin . ,  Ac. sc . ,  and Cimex lect. Non-existent 
are Peel. vest. There are other insects and no naked tr ibes. 

Cuba : Frequent are Pul. irr. ,  Ac. sc., and Cim. lect. I nfrequent are Peel. cap . ,  
Ped. vest . ,  Ped. pub . ,  Xen. ch. ,  Melo. ovin. ,  a n d  Simul. viff. There are 
no other insects, and no naked tribes. 

Malaya : Frequent are Ped. cap. ,  Xen. cll. ,  A c. sc. ,  and Cim. lect. Infrequent 
are Peel. pub. ,  Pul. irr. ,  and certain Simulia. Non-existent are Ped. vest. ,  
Mel. ovin. ,  a n d  Simul. viff. There are other insects a n d  no naked tribes. 

Iraq : Frequent are Peel. cap. ,  Pul. irr. ,  and Xen. ch. I nfrequent are Peel. pub . ,  
Melo. ovin . ,  Ac. sc. ,  and certain Simulia. Non-existent are Ped. vest., 
Simul. viff. ,  and Cim. lect. There are no other insects, and no naked tribes. 

E. N igeria : Frequent are Ped. cap. ,  Ped. pub. ,  Xen. ch . ,  Ac. sc. ,  and Cim. lect. 
Infrequent are Ped. vest., Pui. irr . ,  and Melo. ovin. Non-existent is Simul. 
viff .  There are no other insects, and t here are naked tr ibes who have 
leprosy, and the body l ouse. 

Paraguay : Frequent are Peel. cap. ,  Ped. vest. , Ped. pub. ,  Pul. irr . ,  Xen. ch. ,  and 
Ac. sc. Non-existen t  are Melo. ovin . ,  Simul. viff. ,  and other Simulia, 
and Cim. lect. There are no other insects. There are naked tribes, no 
leprosy among them, but the body louse among t hem. 

Antigua : Infrequent are Ped. cap. ,  Ped. vest. , Ped. pub. ,  Pul. irr. , Cim. lect. ,  
a n d  Ac .  sc., Non-existent is Xen. ch. There a r e  n o  other insects, a n d  n o  
naked tribes. 

Nairobi : Infrequent are Ped. cap. ,  Peel. vest., Ped. pub . ,  Pul. irr . ,  Ac.  sc. ,  Sim. 
viff . ,  and frequent is Cim. lect. 

Colombia : Frequent are Ped. cap. ,  Peel. vest., Ped. pub . ,  Pul. irr. ,  Xen. ch . ,  
Melo. ovin . ,  A c .  sc., Simul. viff., and Cim. lect. There are other i nsects. 
There are naked tribes, with n o  l eprosy and n o  body louse. 

Netherlands New Guinea : Frequent are Ped. cap. ,  Ped. vest. ,  Ped. pub . ,  Xell. ch. ,  
Ac .  sc., other Simufia, a n d  Cim. lect. I n frequent is Pul. irr. There are 
n o  other insects. Naked tribes exist , with leprosy among them. 

Seychelles : Frequent are Ped. cap. ,  Ped. pub. ,  Pul. irr . ,  Ac. sc. ,  and Cim. lect. 
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Non-existent are Ped. vest . ,  Xell. ch. ,  Melo. OVill. , SimI/I. vitt. , a n d  other 
Simulia. No other insects, and no naked tr ibes. 

I srael : Freq uent are Ped. cap . ,  Ac.  sc. ,  and Cim. leet .  I n freq uent are Ped. vest . ,  
Ped. pllb . ,  and Pul. irr. N on-existent are Xell. ch. ,  Melo . o vil1 . ,  and Simili. 
vitt .  There are other insects, and no naked tr ibes. 

Portugal : Frequent are Ped. cap. ,  Ped. vest. , Ped. pub. ,  Pul. irr. , Xell. ch. ,  Melo. 
OVill . ,  Ac.  sc. ,  and Cim. lect. T here are no other i nsects. Naked t ri bes 
exist,  and leprosy among them, but no body l ice. 

Australia : Frequent are Pili. irr . ,  Xen. ch. ,  Melo. ovin . ,  and other Simulia. 
I n frequent are Ped. cap . ,  Ped. vest. , Ped. pub . ,  Ac. sc. ,  and Cim. lect. 
Non-existent is Simul. vilt. There are no other insects, and no naked tribes. 

Basutoland : Frequent are Ped. cap . ,  Ped. vest. , Ped. pub . ,  Pul. irr. , and Ac. sc. 
f nfrequent is Xen. cll . Non-existent are Melo. ovin . ,  Simul. viff . ,  other 
Simillia, and Cim. lect. There are n o  other insects .  

Martinique.: I n freq uent are Bed. cap. ,  Ped. vest. ,  Ped. pub. , Pul. ir,. , Xen. ch. ,  
A c .  sc. ,  Simul. vitt. , a n d  Cim. lect. There are other insects, a n d  n o  naked 
tribes. 

Malta : I nfreq uent a re Ped. cap. ,  Ped. vest. , Ped. pub. ,  Pul. irr. , Xen. cll., Melo. 
OVill . ,  and Cim. lect. N on-existent is Ac.  sc. There are other insects, and 
no naked tr ibes. 

Philippines : Freq uent are Ped. cap. ,  Pili. irr . ,  Xell. ch. ,  A c. sc. , and Cim . lect. 
I nfreq uent are Ped. pub. and other Simillia. Non-existent is Ped. vest. 
There are no other insects. 

French Polynesia : Frequent are Ped. cap. ,  Ped. vest . ,  Ped. pub. ,  Pili. irr . ,  Xell. ch. ,  
A c .  sc. ,  a n d  Cim . lect. f n frequent are other Simulia a n d  non-existent is 
Simul. vitt.  There are no other i nsects and no naked tribes. 

Niger Republic : Freq uent a re Sim. viff. and other Simulia. I nfrequent are Ped. 
cap.,  Ped. vest . ,  Ped. pub . ,  Pul. irr . ,  Xell. ch . ,  Melo. OVill. , and A c. sc. 
N on-existen t  is Cill1 . lect. There are no other insects.  There are naked 
tribes, with leprosy among them. 

Barbados : Frequent are Ac. sc. , Simul. vift. , and ot her Simulia, and Cim. lect.  
I nfreq uent are Ped. cap. ,  Ped. vest. ,  Ped. pub . ,  and Pul. irr. Non-existent 
is Melo. ovin. There are other i nsects, and no naked tr ibes. . 

R uanda Urundi : Frequent are Ped. cap . ,  Ped. vest , Ped. pub . ,  Pul. irr . ,  Xell. cfl . ,  
A c .  sc. ,  ot her Simulia, a n d  CiIl1. lect. I n freq uent i s  Melo. a viII. There 
are other insects, and no naked tr ibes. 

New Caledonia : Freq uent is Xell. cfl. I nfrequent are Ped. cap. ,  Ped. vest. , Ped. 
pub.,  Pul. irr . ,  Ac.  sc. ,  and Cim. lect. N on-existent are Melo. ovill. and 
Simul. vift. There a re other insects and no naked tribes. 

West Australia : Frequent are Ped. cap. and Ac.  sc. f n frequent are Ped. vest . ,  
Ped. pub . ,  Pili. irr . ,  Xell. ch.,  Melo. OVill . , a n d  Cim. lect. There are n o  
o ther i nsects. There are naked tribes, w i t h  leprosy among them, and 
body l ice. 

Zanzibar : Freq uent are Pili. irr., Xen. ch. ,  Ac. sc. ,  and Cim. lect. I n frequent are 
Ped. cap. ,  Ped. vest. , Ped. pub. Non-existent are Simul. viff. and other 
Simulia. There are no other insects, and no naked tr ibes. 

Spanish Guinea : Freq uent are Ped. cap. ,  Ped. vest. , Ped. pub. , Pul. irr., Ac. sc. , 
and ot her Simulia. I nfreq uent is Cim. lect. and non-existent is Melo. o vin. 
There are other insects. There are naked tribes, with leprosy among them, 
and body l ice. 

Netherlands : Frequent is Pul. irr. I n frequent are Ped. cap . ,  Ped. vest.,  Ped. pub . ,  
Xen. ch. , Ac. sc. , a n d  Cim. lect. Non-existent a re Simul. vift. and ot her 
Simulia. There are no ot her i nsects and no naked tr ibes. 

Argentina : i n frequent are all the l i s ted insects. There are n o  other insects, and no 
naked tribes. 

Hong Kong : Frequent are Ped. vest. , Xell . ch. ,  and Ac. sc. I n frequent are Ped. 
cap. and Ped. pub. Non-existen t  are Pul. irr., Melo. ovin., Simul. vift. ,  
a n d  other Simulia, a n d  Cim. lect. There are other i nsects, a n d  no naked 
tribes. 

Southern Rhodesia : Frequent are Ped. cap., Ped. pub. , A c. sc. , other Simulia, 
and Cim . lect. Infrequent is Xen. ch. Non-existent is Ped. vest., Pili. irr. ,  
Melo. ovin . ,  a n d  Simul. vift. There are no other insects, a n d  no naked 
tribes. 

North Borneo : Frequent are Ped. cap. ,  A c. sc . ,  and Cim. lect. [nfrequent is 
Ped. vest. ,  Ped. pub . ,  Pul. irr . ,  Xen. ch. ,  Melo. O Vill., Simul. viff. , and 
other Simulia. There are n o  other insects. 

Hawaii : Frequent are Ped. cap.. and Xell. ch . I nfreq uent are Ped. pub . ,  Pul. irr., 
and Cim. lect. Non-existent are Ped. vest. ,  Melo. o vin . ,  A c .  sc. , SimI/I. vitt. , 
and other Simulia. There are no other insects, and no naked tribes. 
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Mauritius : Frequent are Ped. cap. ,  Pul. ir,. . ,  Xell. ch. ,  Ac.  sc. ,  and Cim. lect. 
I nfrequent are Ped. vest. and Ped. pub. Non-existent are Melo. OVill . ,  
Simul. vilt . ,  and other Simulia. There a r e  no other insects, and no naked 
tribes. 

Sarawak : Frequent are Ped. cap. ,  Ped. pub . ,  Pili. ir,. . ,  Xen. ch. ,  A c. sc., and 
Cim. lect. I nfrequent is Ped. vest. There are no other insects ; there are 
naked tribes, with leprosy among them, and body l ice. 

Dutch Antilles : I n frequent are Ped. cap. ,  Ped. vest . ,  Ped. pub. ,  Pul. ir,.. ,  and Ac. sc. 
French Guiana : Freq uent are other Simulia and Cim. lect. I n frequent are Ped. 

cap. ,  Ped. vest . ,  Ped. pub. ,  and Ac. sc. N on-existent are Pul. irr. ,  Xell. ch. ,  
Melo. ovin . ,  a n d  SimI/I. vitt .  There are no other insects.  There are naked 
tribes, with no leprosy, but  body l ice. 

Bombay State : Frequent are Ped. cap . ,  Ped. pub . , Xell. ch. ,  Ac.  sc. ,  and Cim. lect. 
I nfreq uent is Pul. ir,.. N on-existent are Ped. vest . ,  Melo. ovin . ,  Simul. vitt . ,  
a n d  other Siml/lia . . There are other insects. There a re naked tr ibes, with 
leprosy among them, but no body l ice. 

Jamaica : Frequent is Cim. lect. I nfrequent are Ped. cap. ,  Ped. vest . ,  Ped. pub . ,  
Pul. itT. , Xell. ch. ,  Ac.  sc. ,  and other SimuJia. 

Iceland : Frequent are Ped. cap. ,  Ped. vest . ,  Ped. pub . ,  Pul. ir,.. ,  Melo. OVill . ,  
Ac. sc. ,  and Simul. vitt .  I n freq uent is Xen. ch . Non-existent a r e  ot her 

. Simulia and Cim. lecl. There a re no naked tribes. 

TABLE I I I  
Non- Total N on-

Frequent I n frequent existent F + I existent % 
Pediculus 
capitis 25 1 7  42 0 

Pediculus 
veslimenti 1 2  2 1  9 33 2 1  

Pediculus 
pubis 1 6  26 42 0 

Pulex 

irrilans 2 1  1 8  3 39 7 
Xenopsylla 
cheopis 2 1  1 4  4 3 5  1 0  

Melophagus 
ovinus 4 I I  1 5  1 5  50 

Acarus 
scabiei 27 1 3  2 40 5 

Simulium 
viltatum 4 6 1 9  1 0  66 
Other 
Simufia 1 0  9 1 0  1 9  34 
Cimex 

lectularius 23 I I  7 34 1 7  




