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FAcrl~ORS TNFLUI£NCING 'rHE rrRANSl\1J8SION OF LJ£PROSY 1 

.J. A. KINNEAR BROWN, B.SC., M.D., M.R.C.S., D.1_'.M. 
Specialist L eprologist, Uganda 

This review is based on seven years' work in J~as t Afri ca and more 
than one hundred surveyf'. ~rh e major i t~r have heen in Uganda but some 
in adjacent parts of K enya. Deta il s of lllosthave a lready heen r eported 
(Kinnear Brown). ]j l'om th ef'e it is ('oneludecl that susceptibility or 
lack of r esistance plays a more dl')cisive rol e tllan has been attributed 
to it. The argument can hettel' be advanC'ed h~r considering some of the 
more traditional views about the prevalence and tran smi ssion of 
leprosy. For conveni ence they are li sted as fo llows: 

i. Leprosy is a disease of hot humid climates . 
ii. The prevalence of leprosy is inAuenced by overcrowding and the 

exten t to which people mix. 
iii. Leprosy is 'more common among lllales. 
iv. Leprosy is a di sease of childh ood, suscept ibili ty decreasing with 

age. 
v. Non-lepromatous pati en ts are non-infectious. 

vi. Prolonged intimate contact is necessar~r for infection. 
Evidence can be advanced in support of all but much of i t is circum
stantial and some of it misleading. 

THE INFLUENCE OF CLIMATE 

If what is known of leprosy is plotted on a map the di sease appears 
to belong to those countri es which li e in the tropics and which have a 
fai rly heavy rainfall. One cannot havl') leprosy, hO'wever, without 
people, and there are not many people where there is little rain. The 
map today might be different from one drawn five hundred years ago 
when leprosy was prevalent in counb'i es from which it has no-\v di s
appear ed, and the most mal ignan t form s of the disease today are not 
concentrated within or limited to the tropics. 

1 Reprinted, verbat im, with permission, from the Tmnsactions of the Royal Society of 
T j'opical Medicine and Hygiene 53 (1959 ) 179-189. Th e references, however, have . been till ed 
ou t, as in the a uth or's ol'iginal manuscrip t. 
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Uganda is a compact country, half the s ize of Svain, slightly less 
than the area of the British I sles. It includes large areas of open water 
and swamp, and sits on the Equator on the northern shores of Lake 
Victoria, an inland sea with an area of 26,000 square miles. The lake 
and most of the land are at an altitude of 4,000 feet. r:ehe climate is 
tropical, but with greate r temperature v3;riations than occur at sea 
level. It is influenced near the Lake in the direction of greate r humidity 
hy the vastness of the expanse of water and the storms it precipitates. 
Inland, people a re found living at lower and hi gher levels ;in forest 
and hy the Nile River at 2,000 feet, at 7,000 feet on the un shelter ed 
slopes of Mount Blgon and the Huwenzoris. 

-Within the greater part of the lake area the prevalence of leprosy is 
less than 10 per 1,000. At the f'ame altitude hut inland where there is 
less rain it is often three or four times higher. In the hills of Eastern 
Uganda the incidence is low; at a similar altitude in the west it is high, 
as high as in the thick forest 2-3,000 feet below. At all levels, in open 
country or forest, similar rate:;; OCCUI". ':Jlhere is no correlation with 
temperature, humidity or altitude. 

In Liberia, in the same latitude as Uganda but at sea level, with a 
rainfall of 160 inches at the coast, 96 inches inland, a relative humidity 
of 80 per cent. for 7 months of the year and a mean temperature of 77° 
to 80°F., the incidence is of the order of 1 per] ,000 (Poindexter, 1951). 
In Netherlands New Guinea, with a similar wet tropical climate the 
coastal incidence is about the same but with inland values as high as 55 
per 1,000 (Leiker and Sloan, 1954). In SoutJlern Nigeria in 1930, within 
the same belt of rain fore st and oil palm there were the g reates t varia
tions between individual villages. Tn 1942 Davey recorded a. rang-e of 
15 to ] 29 per 1,000. 

Any influence which the climate exerts must, therefor e, be secondary 
or incidental. It is insufficient to override factors which keep the preva
lence rate low. It is not strong enough to prevent the disease from 
changing its type or even from disappearing altogether. It is probably 
of some significance also, that in the Uganda surveys no obvious 
difference was observed in the frequency of the disease or the type 
of disease among those who were habitually overclothed and whose skin 
was thereby enveloped in a humidity of 100 per cent., and those who, 
because they ",vore little or no elothing, were constantly exposed to the 
sun and the air. 

DENSIT Y o~' POPULATJO~J OVERCROWD lNG AND l\11XI:N:G 

There are no villap;es in Uganda, and towns are a modern develop
ment. The family is the uni t of society and the population is segregated 
in family groups. Five and a hal~ million people occupy 80,000 square 
miles of land, an average of 70 to the square mile which holds over large 
areas. Elsewhere a hundred people would crowd into a village of a few 
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acres in th e miGdl e of their farms. In til is co untry they spread over 
the whol e area, each family isolated by its land. Leprosy is seen, there
fore, as a rural di sease uninf-luenced, until r ecently, by artifi cial 
conditions. 

The same fluctuations occur in the prevalence rate, however, as 
anywhere el e. In one locality, with 925 people to the square mile, it 
was 26 per 1,000; in another with 17 to the square mile it wa. 41. The 
same rates were found under different conditions. In the densely 
populated areas the 'natural segregation neutralizes the worst effects 
of o'vercrowding, but in others, where the di spe rsal is g reater, it may 
still limit but be unabl e to prevent a h igh rate of infection . 

The more people mix th e more infectious disease spreads unless, of 
course, there has heen successful vaccination. The higher prevalence 
rates for leprosy did not occur in commercial centres or where there 
was the most movement. They were often in the backwater s where there 
was little communal life. Usually, of course, the more vigorous engage 
in commerce and travel, and amongst th em one would expect a lower 
rate of infection, but this i ' not the complete explanation . Natural 
segrega tion provides a defence for the community. There must be 
another defence, however, that is more individual, that is able to with
stand indiscriminate mixing and is even stimulated . or strengthened 
by it. In its absence, that is, in the uscepbbl e, leaving the protection 
of the family group may be disastrous. 

SEX DISTRIBUTION; LEPROSY I S COMMONER AMONG MALES 

It is still taught and believed that leprosy is characteristically com
moner among males, but some of the figures produced need to be seen 
against their background: Nearly twice as many men attend hospitals 
in this country as women, but there are not twice as many men nor are 
they sick twice a often. The women are simply less mobile. The 
population is divided equally between males and females. The propor
tions in the surveys were the same. The patients were divided equally 
between the sexes. 

Proportion of male 
Country L epro11wto'U,S mte to female patients 

1. Triangulo Mineiro 

2. Netherlands New Guinea 

3. Philippines 1933 
Philippines 1948 

4. Uganda 

75% 

43%a 

60% 
30% 

9% 

• The authors believe this- is a little higher than the actual. 

2:1 

6:5 

2:1 
11:9 

1:1 
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The over-all lepromatous rate wa s 9.1 per cent, but significantly 
more males had lepromatous leprosy, and more females tuberculoid or 
non-lepromatous leprosy. In view of the male predominance reported 
elsewhere, one is led to ask whether the di sease is different in Uganda 
or whether everywh ere there is an underlying relationship between the 
sex and the type. The preceding comparisons are interesting: ~ 

'Vhere leprosy is more common among in ales, the lepromatous type 
predominates; where the tuberculoid type is more common, more 
females are infected. ~rhis was the experi ence in Southern Nigeria. It 
is true of Uganda and of parts of K enya. As there was a swing from 
the lepromatous to the non-lepromatous types in the Philippines (see 
3 above) the sex ratio altered correspondingly, and Littann (1953) has 
shown that the decline of the disease in northern Europe was accom
panied by a similar change. 

Some'l"here there must be an endocrin e link, lepromatous leprosy 
being the "masculine type" and tuberculoid leprosy the "feminine type," 
with a number of patients who are not definitely either, hut are, a t 
various stages, between. The same or a r ela ted endocrine influence 
may be associated with th e 11i gher mal e and lepromatous ratios which 
exist at the present time among races whose skin s are less pigmented 
than the Africans. 

The sex-type distribution s may thus indicate the stage and trend 
the disease has r eached. They may be the consequence of endocrine 
adaptation, the method or result of successful defence. The differences 
in the disease patterns are characteristics not of the disease any more 
than they are superfi cially of the race, but of a particular group of 
individuals within the race. The adaptation which takes place is prob
ably a long-term process wll ereby a Ie:.:s infections type of 'di sea 'e is 
produced, a form of natural selection. 

LEPROSY AS A DISEASE OF CHILDHOOD; SUSC EPTIBILITY DE CREASES WITH AGE 

The child rate is thought to indicate the severity of the disease. The 
average in this country was 18.6 per cent, but it varied. In the north, 
25 per cent of patients were children; in the south, only 9 per cent. In 
the north the child population was bigger, 49 per cent of th e whole; 
in the south it was Ollly 27 pel' cent. The greater the number of children 
- which mean s the larger the families- the greater was the proportion 
infected. 

If all children were susceptible the size of the fami ly should make 
little difference to the child rate. Because it varied, one has to think 
of possible explanations. rrhe following appear the more likely 

i. Susceptibility is a recessive character. Generations of small 
fami lies r es tri ct the number and proportion of r ecessives. 

2 These fi gures weTe extracted or calculated from the followin g authorities: (1) Diniz and 
Da Cunha, 1950 ; (2) Leiker and Sloan, 1954; (3) Guin to et al., .1954; (4) Kinnear Brown. 



25+ Internat i onal Joul'nal oj' /,e7)I'OS!} 1959 

ii. Large lepe.r fami li es in on e trihe may contain more susceptibles 
becauHe it is t lt e practice for vati ents to malTY pati ents. -Where this 
happens promi scuity is often lllore cOlllmon. In another tribe public 
opinion may limit such maniages and infection di ssolve them. 

-Where the child rate was Itigh, the adult rate wa s low; where it was 
low, the adult rate was high. The tota l incidence was usually unaffected. 
S usceptibility is not, therefore, sometlting one is ce rtain to grow out of. 
The age of in fection depends verv llIuch on opportunity and the child 
rate .should he examined from t hi ~ angle. 
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}~IG . 1. Histogram showin g age f requency dist ri buti on, all Uganda. 

Unless the disease is changing, the age frequency should indicate 
the time of infection and onset. Less than 20 pel' cent were children; 
a s many were in or over middl e age ; 60 per cent were between 15 and 
45. Leprosy can hardly be call ed a children's disease at the present 
time. The hi stogram emphasizes the large number of patients who are 
adults, but it has an interes ting depression in th e 15-19 age-group which 
is fo ll owed by a ri se to the maximum in the fo ll owing 10 years. The 
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form is identical with that whi ch can be deri ved from figures obta in ed 
by Ross Innes (1950) in two widely separated distri cts of Uganda some 
~Tears previously. 

This picture is not peculiar to thi s coun try. In Netherlands New 
Gui nea (Leiker and S loan, 195-:1: ) 60 pel' cent of patients a re between 
ages 20 and 49 (Uganda GO per CeJl t) ; 42 vel' cent are between 30 and 
-:1:9 (Uganda 37 per cent) and th er e is the same fall in the ]5 to 19 
age-g roup. Comparable figures hOJll other count ri es lead to the same 
conclusion, that childhood is not the only time of dangel', and con trol 
measures focussed s imply on the child will have limited success. 

The explanation of the depression in the 15-19 g roup is that in this 
co un try opportuni ty for in fection occllrs at two periods sepal'aterl by 
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FIG. 2. Percentage incidence ill the different age groups. 
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an interval during whi ch losses b~· death are not replaced by new cases. 
Th e first period is childhood and involves principally the susceptible 
children within the household of a pati ent. Th~ natural segregation of 
th e population protects all but a min ority of the children in other 
famil ies. The second peri od OCC llI'S wh en a new group becomes exposed, 
the susceptibl e adol escent of healthy families, wh o begin to leave the 
isoJation of their homes and, fo r the first time, to encounter infection. 
Th (:se are the individuals to wll om mixin g- fl'ef'l y is dangerous ; they 
a re probably the only ones. 

I'rh e graph shows th e incidence in each 5-year gl'oup. It ri ses 
s tendily, fall s hetween the ages 15-19, then rises again irregularly 
un W the peak is r eached about age 55. rrhis could hardly mean that 
leprosy is a cause of longevity ! The other possibilities are that people 
a le not now heing infected, tha t the in cuhati on period is lengthening, 
and that many are at tacked irres pect ive of age. 

I'rh ere are reasons for believing that the d isease is on th e decline, a 
feature of whi ch may be a leng thening of th e in cubati on period, tha t 
is, the period between infecti on and fin al breakdown of whatever r esist
anct3 there is. Both may be producing an effect, hut a ufficiently la rge 
proportion of pa ti ents are known to have shown the first signs in middle 
life to support tIl e view that under natural conditions leprosy is not a 
children's disease. Artificial conditions SUell as the crowding of people 
in to compounds and villages may make it appear so by bringing every
one in to contact with infection in infanc~T . 

THE I NFECTTOUS P ATIENT 

F rom the view that all patj ents were infectious and the general 
interest needed their segregation, the pendul um swung almost to the 
opposite extreme. Beli eving th a t interference with the liberty of the 
individual was justifi ed only in excepti onal circumstan ces, an attempt 
was made to treat as out-pati ents all who were bacteriologically nega
tiye and to allow th em complete freedom of movement. From thi s it 
was an easy step to regarding the leproma tous or open case as the only 
source of infection. Thi s vi ew could have put the clock back consider· 
ably where it guided admini strative poli cy because there is evidence that 
it is mistaken. Fortunately, th e introduction of modern chemotherapy 
has helped to neutralize the danger. 

\\There the lepromatous rate is high and th e people live in close 
proximity there may be a patient of this type within the orbit of every 
per son. ·Where it is low and the people scattered, it r equires mor-e than 
a little imagination to attribute all the leprosy in a large area to the 
odd lepromatous subject who is a lready virtually seO'regated. 

In one survey after another, where th e prevalence rate was 20 01' 

more per 1,000 not one lepromatous pati ent was discovered and the 
inclusion of on e or two unrecognized open cases would not have affected 
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the issue, unless the important concession is made that the majority are 
open at some time or anoth er. In the accompanying plan the homes of a 
number of patients have been plotted to show the distance in miles 
between them. There was no evidence that any were lepromatous, 
and there were no other patients in the area. , \There two occupi ed the 
same house they had married after infecti9n. 

"- . 
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. " 

1 

/

• 3 

~.- . 
FIG. 3. Diagram showing' distan ce in miles between the homes of th e 01l1y patients in 

the a rea around the Igaru H ea lth Centre in K enya. Single dots signify s ingle patients ; double 
dots signify man and wife, but married after contracting leprosy; solid square indicates 
Health Centre. 

Tuberculoid patients have tuberculoid children; occasionally their 
children are lepromatous. In either case, by whom are the children 
infected, by the negative parent within the house or a lepromatous 
patient 10 miles away ~ 

Tuberculoid lesions that have always been negative suddenly react 
and are found to be positive. Even the so-called burnt-out non-lepro
matous patient, who had always been negative, can suddenly develop 
bacteriologically positive nodules. From where do the masses of bacilli 
suddenly come, from a new infection in a hitherto resistant patient by 
release from a fo cus that had not been discovered, or were they there 
before but for some reason did not take up the stain ~ 

It has been estimated that it take a minimum of 10,000 tubercle 
bacilli per c.c. of sputum before the ordinary direct smear can reveal 
enough for any given specimen to be con side red posi tive (Wade, 1954). 
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~ri ssue concentration and newel' methods of staining reveal bacilli in 
lesions that had been regarded as negative. Surely a negative result 
only means, "Bacilli not found." There is little quarrel with the belief 
that the lepromatous patient with his skin and mucous membranes 
teeming with bacilli is the more grossly infectious, but it is ignoring 
facts to maintain that he is responsible for every case of leprosy, 
mild or serious, found within miles of his horne. The question, "Who is 
the infectious patient f " should really be, "vVhat is an open case?" 

PHOLONGED INTIMATE CONTACT 

Everyone within a patient's home must have prolonged intimate 
contact with him; but that does not prove it is necessary for infection. 
Any contact with a patient outside the home must be deliberate if it is 
prolonged and intimate, or casual when it may be forgotten or even no t 
recognized. Many a patient in this country is the first in hi s immediate 
family. Infection was from outside, where the natural segregation 
favo urs such contacts, being more accidental than in a village. Not 
every patient is wrong when he says he has never had prolonged and 
intimate contact. There may only be one or two patients known to him, 
and they a mile or two from his house. As an expression, "prolonged 
intimate contact" epitomizes a difficulty, something. we do not under
stand about the transmission of the disease. Using it does not solve the 
diffi culty. Some form of intimate contact is reasonable, but how inti
mate and why prolonged? 

THE DISTRIBUTION OF LEPROSY 

The prevalence rates in the different surveys varied from 0 to 43 
per 1,000. The sample average was 17 per 1,000. Using the relevant 
figures to estimate the number of patients in each district, there are 
about 70,000 patients in T ganda with a general average of 13 per 1,000. 
Of these 6,500 are lepromatous (9.1 per cent). The map illustrates the 
distribution. 

The most striking feature was the occurrence of the higher rates in 
the smaller, more isolated tribes, th e isolation being due to language and 
custom as well as to geography. rrhis is more understandable on the 
assumption that susceptibility is a r eressive characteri sti c. Until r e
cently marriage within the tribe was inevitable. This, together with the 
custom of brother and sister marriages-a man from one clan could 
only marry a girl from another if a man from the second clan marri ed a 
girl from the first-must have led to some degree of inbreeding,whereby 
any r ecessive characteri sti cs would be maintained or disappear more 
slowly. 

The distribution of the diseast'- between -the-- Lwo ·and·-Ba,ntu tribes 
is of particular interest. The parent tribe of the Lwo peoples who are 
Nilotics is in the north. At one point there was a large migrati on to the 
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FIG. 4 Map of Ugand a showjng prevalence rates per thousand in individual surveys. 

south and a large settlement in Kenya. In both these tribal groups the 
incidence of leprosy is about 10 per 1,000. A small unit, however, was 
left behind in eastern Uganda and, being surrounded by Bantu peoples, 
has become known as the Badama. The incidence of leprosy in these 
Nilotics isolated among the Bantus varies between 30 and 43 per 1,000. 
Among the Kenya Lwo, however, the position is reversed; the higher 
prevalence rates are in one or two small Bantu units surrounded by 
Niloti.cs. 

The Bakonjo and the Baamba were left behind by the various Bantu 
movements and have remained secluded in the mountains and forests 
of ,Vestern Uganda. The prevalence of leprosy among them is more 
than 30 per 1,000. Their more numerous neighbours, the Batoro of the 
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same Bantu stock, move and mix freely beyond the natural confines of 
the tribe. Theil' prevalence rate is no more than 4 per 1,000. 

,\There the Banyoro, Batoro and Baganda are immediate neighbours, 
and there is no barri er to their mixing freely, the incidence is low 
among them all. Among a small section of the Banyoro, however, that 
is more scattered and geographically isolated, the incidence is Illuch 
higher, 30 per 1,000. Sandwiched and isolated between thi s g roup of 
Banyoro and the River Nile are the Chopi, a small renmant of Lwo 
stock. ,]~h e incidence among them is even higher, 41 per 1,000 . 

. These variations are not due to external influences such as climate, 
over-crowding or even diet nor to something peculia i~ to the trihe, but 
to a factor which may be present to a greater or less deg ree in any 
tribe, a factor which behaves genetically and reflects the history of the 
tribe and its customs. Leprosy is practically non-existent in Germany, 
yet in South America in the Colonia Tovar is a colony of immigrants 
from the Black Forest who settled there in the middle of the last 
century. They have maintained their isolation and their culture by 
keeping their stock pure. They number 1,126 of whom 113 have leprosy, 
a prevalence rate of 100; 43 per cent are lepromatous (Convit et al. , 
1952). Various reasons have been put forward for the disappearance 
of the disease from Great Britain. It could quite easily have been due 
to the opening up of the country and the expansion of the marriage 
circle. A man no longer had to marry in his own or the neighbouring 
village; the Londoner married in Tyneside and the English married the 
Scot. 

ANOMALIES 

Wherever the prevalence of leprosy is investigated, certain anoma
lies are encountered. The rate of conjugal infection ought to be high, 
it is surprisingly low. All the children born to patients should contract 
the disease; many of them do not. There should be a high rate of 
infection among those who are in daily contact; it is far lower than 
one would expect. Occasionally a parent develops the disease after his 
child has introduced it to the home. Other anomalies have already been 
referred to. If infection depended only on contact with an open case 
they could not happen. The-exceptions prove the rule, some people are 
easily infected, some cannot be. 

DISCUSSION 

Thirty years ago the soil was r egarded at least as important as the 
seed. Since then concentration has been less on the host than on con
tact with the bacillus, the bacillus that could be found rather than the 
one that had to be assumed. Theories of transmission have sometimes 
been moulded away from the facts because the disease was not seen 
other than in an artificial environment. It is not diffi cult for the atten-
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tion to be diverted from the picture to the frame; what appears to be 
characteristic of the disease may be quite misleading. 

In recent years the host has had rather more attention. It is believed 
that those who do not react positively to the lepromin test lack some
thing essential to resistance. The knowledge that many who are nega
tive in childhood become positive in later life, or after B.C.G. vaccina
tion-but not all- has increased interes t in the hos t. 'What the relation 
of induced lepromin positivity is to resistance or susceptibility is not 
fully known. It is important, however, that the host is coming more into 
prominence. The emphasis on the bacillus and the open case has left 
gaps in schemes of control because the host has been forgotten, as a 
r esult of which he has suffered. The susceptible individual needs to 
be found and protected against every possible source of infection, not 
just from those which are obvious. 

Susceptibility and resistance are not new ideas but they have not 
been given the prominence they deserve. Rotberg (1937) r eferred to 
the N factor without which some individual s are inherently incapable 
of reacting; Fernandez (1943) suggested that a protective allergy could 
only be evoked in the presence of an unknown constitutional factor. 
' Vade and Ledowsky (1952) drew attention to the considerable propor
tion of cases in the Nauru epidemic that were infected in adult life, 
and to the contrast between the high susceptibility of the people to 
infection and their resistance to the progression of the disease, evi
denced by the mild form it took in most patients. They believe that 
some other inherent and fundamental factor is involved, and that 
resistance to attack is distinct from resistance to the progression of 
an already engrafted disease. 

Keil, writing about hereditary factors in leprosy, gave several 
instances of twins, some believed to be identical, both of whom or 
neither of whom developed the disease. Some time ago it was r eported 
that there had been twins (thought to be identical) in one of the Uganda 
leprosaria, with lepromatous leprosy. They had then returned to their 
home 200 miles away where, unfortunately, all trace was lost. Identical 
twins with tuberculoid leprosy were discovered, however, the only 
patients among nine surviving children of non-l eper parents (Kinnear 
Brown, 1958) . 

The suggestion made here is that susceptibility behaves genetically, 
but not that it is a single gene. A number of influences may be involved, 
some or all of which behave genetically. It is probably their permuta
tions and combinations that produce Cjuantitative differences in the im
munological status of different individuals. These permutations may 
be responsible for those manifestations whi ch are classified rather too 
rigidly into groups, phases and types. 

It would be very convenient to have a limited number of pigeon ]loles 
into one of which each patient could automatically be placed . . The 
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predominatjng' forms of the disease vary, howe\;er, from one people to 
another. They represent the immunological progress which has been 
made by a process of selection throughout successive generations but 
the different races have started at different times, each with a different 
heritage. They have progressed at different rates hecause the customs 
which influence inheritance have been dictated by different circum
stances. As far as is known, there is only one bacillus hut there a re 
many hosts, patterps of disease are recognizable put thei l' border s a re 
often vague and ill defined and in time evolu tion brings m.utati on. Clas
sifi cation as a form of analysis or comparison is a useful exe-rcise, 
but only the widest classi fi cation will embrace all experience, and the 
wider the system the less simpl e it will be and less applicable in the 
clini c or the fi eld. 

COXCLUSTO)TS 

1) Climate, density of population and overcrowdingal'e of seconda ry 
importance. 

:2) Under natural conditions leprosy is not a ~hjJdren's disease. 'J~h e 
age of onset is determined by opporhinity for infection. 

3) Individual susceptibility or lack ,of resistan~e decide the issue 
whenever there is contact with infection. . 

4) Le~romatous cases are grossly infectious but they are not the 
only, nor - always the most important, sources of infection. Most 
patients, at some time or other, may be infectious to susceptible indi
viduals. Prolonged intimate contact is not necessary. 

5 f Susc~ptibility is 'a compound factor. Some or all of. its compo
nents behave genetically. 

6) Susct\ptible individuals belo.Qg to a race within the. race. 'They 
remain undiscovered until they react ineffectively to infection. 

7) The r esponse of the host determines the form of his disease and, 
whilst there are strong 'resemblances between certain predominating 
patterns, not all fall 'easily into a simple classification. 
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