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I. INTRODUCTION 

The prevalence of leprosy in the municipalities of Cordova and 
Talisay, as revealed by a single physical examination of the inhab
itants, has been the subject of previous reports (1, 2). The two 
communities are similar as regards age distribution of population 
but differ in topography, in occupations and in certain other re
spects. At the time of the survey prevalence rates were high. In 
Cordova the total rate was 17.2 per 1,000 in 1933 but exclusion of 
neural cases considered to be quiescent or arrested lowered this 
to 13.4. In Talisay the prevalence rate for all cases was 19.5 in 
1936-37, reduced to 15.2 by exclusion of inactive neural cases. In 
Cordova 44.2 per cent and in Talisay 50.0 per cent were classified 
as open, that is, known to be positive bacteriologically. The high
est rates were found in persons of 20 to '29 years of age in Cordova 
and in those of 30 to 39 years in Talisay. In both communities ii 
marked excess was observed in males, especially of cutaneous 
leprosy. 

Incidence as distinguished from prevalence: Such data are of 
immediate practical importance, since they indicate more or less 
exactly the magnitude of the current leprosy problem. Of even 
greater significance are statistics of incidence, the rates at which 
cases occur in specified periods of time. Incidence, not prevalence, 
is the elementary epidemiological ratio. In general terms and as
suming no restrictions on exposure, incidence of an infectious dis
ease is dependent upon the balance which exists between resistance 
of the population and pathogenicity of the microorganism. This 
balance determines what may be called the force of morbidity. 
Prevalence is more complex. It is the resultant of the force of mor
bidity and those factors which determine whether the interval be
tween onset and termination shall be short or long, whether a dis
ease shall be acute or chronic. In the absence of migration, the 
relationship between prevalence and incidence for a given popu1a-
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tion may be expressed as follows, the same unit of time being used 
for incidence as for duration: 

Prevalence = Incidence X Duration 
In tuberculosis, for example, if prevalence in a given popula

tion is 10 per 1,000 and if the average duration of illness, from on
set to recovery or death, is ten years, annual incidence in that pop
ulation must be, more or less, one per 1,000 si.nce 

P (0.01) = I (0.001) X D (10) 

Because duration of illness from a given infectious disease is 
subject to variation in different population groups and at various 
times and places, it is clear that statistics of prevalence may lead to 
an erroneous concept of variation in the force of morbidity. Re
cently it was discovered, for example, that among relief clients in 
New York City (3) prevalence of tuberculosis was approximately 
the same for white persons as for Negroes. Since the greater risk 
of the Negro, as judged from common experience and from death 
rates, is well established, the explanation lies in shorter duration 
of illness in the Negro. In this instance no error of interpretation 
was made. 

Another example is more pertinent to the present subject: It 
is a well-known fact that in most areas leprosy is ~ore prevalent in 
males than in females. Rather complex explanations have been 
offered. It follows from the above discussion that this excess may 
be the result of any of the following conditions: 

(a) Higher incidence in males, associated with longer, equal 
or even shorter duration in males than in females; or, 

(b) Equal incidence in males and females, associated with 
longer duration in males than in females; or, 

(c) Lower incidence in males, associated with disproportion
ately longer duration in males than in females. 

This question will be discussed more fully later. At present 
it is cited only to emphasize that the rate of elimination of leprosy 
from any population group must be taken into account in the inter
pretation of prevalence. 

Difficulties of obtaining basic data : Although incidence rates 
for leprosy are highly desirable their acquisition is a matter of con
siderable difficulty. Reliable data on the rate of occurrence of 
milder forms of leprosy can be secured only by keeping a consid
erable population of an endemic area under sufficiently close obser
vation to estimate dates of onset with reasonable accuracy. This 
necessitates repeated physical examinations of the inhabitants at 
intervals which apparently should not be longer than two or three 
years (4). For more severe types of the disease it is, nevertheless. 
quite possible to estimate past rates of incidence from histories, if 
care be taken to secure basic population statistics at the same time 
as the histories are obtained. 
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In pi arming studies in Cordova and Talisay, limitations of 
prevalence rates were recognized and historical facts necessary for 
the study of incidence were collected by clinic staff and enum
erators. The items which were included on the schedule were 
given in the first report (1) . For the entire" municipality of Cor
dova efforts were made to secure a complete record of each house
hold since its establishment. Similar data were collected in Talisay 
but because of its size only a part of the municipality was included. 
The age or date of birth was obtained for each individual. For those 
not present on investigation the date of death or of departure to 
another residence was secured. For those who had developed lep
rosy the date of onset was estimated. Physical examinations were 
made of all except a very small proportion of the current members 
of all households in both areas. 

It should be added that at the time of enumeration, information 
regarding the previous occurrence of leprosy or suspected leprosy 
was sought not only for all present and former members of the 
household but also for parents, grandparents and other relatives. 
The not infrequent appearance of the name of the same leprous 
relative on several family schedules permitted cross-checking and 
contributed to the accuracy of the records. Segregation of bacteri
ologically-positive cases of leprosy was not enforced in the Philip
pine Islands until about 1907, but many patients from Cordova and 
Talisay had been segregated previously in the old Carreta Lepro
sarium at Cebu. Fortunately a list of all admissions to this insti
tution was available. This was supplemented by the lists of ad
missions to Culion and to Eversley Childs Treatment Station at 
Cebu. The former was established in 1907; the latter in 1931. 

It is considered, therefore, that the data from all sources con
stitute a sufficiently complete record of cutaneous leprosy for those 
households existent at time of survey. Doubtless information re
garding neural leprosy is less complete but few cases with conspic
uous deformity are likely to have been omitted. Persons with 
minimal neural lesions, especially those with minor macules which 
had failed to progress, are likely to have been omitted from the 
records unless the individual was living and examined. In some 
instances these persons were already under observation because, 
since 1929, a number of individuals from these localities have been 
examined at the Cebu Skin Dispensary and found to have minimal 
lesions. 

Life-table method is necessary: To determine the risk of lep
rosy during the period covered by the lives of those included on 
the records it is necessary to use a modified life-table method. This 
permits the division of the life of any individual into years during 
which he was present in the community and household and those 
during which he was absent. It also permits division into years 
prior and subsequent to household exposure, as is necessary, for 
example, when a person from a non-leprous household enters a 
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leprous family. In calculating rates persons are included in the 
denominator only for those periods of their lives during which they 
are known to have been present, that is, they are entered as of 
date of establishment. of household or as of date of birth if born 
in the household and they are removed as of date of death or de
parture. Weinberg (5) used this procedure in calculating mortality 
rates for children of tuberculous parents in Stuttgart. Frost (6) 
modified the method and demonstrated its applicability and poten
tialities in the analysis of field records of tuberculosis. Doull (7) 
applied it in a preliminary . study of the leprosy data collected in 
Cordova. Adaptations of the method have been used in other fields 
of epidemiology. 

The population is expressed in person-years, that is, each year 
of life of each individual is regarded as a unit. For a whole com
munity the sum of the years of life recorded on the schedules con
stitutes the denominator. This population can readily be broken 
down according to sex, age, calendar years bounding the life
experience or other limitation. Only persons developing the dis
ease while resident in the community are counted in the numera
tor. The results are expressed as attack rates per 1,000 person
years, that is, as the average number of cases per 1,000 persons 
observed for one year. The schedules include individuals who 
were born eighty years or more before the enumeration and infants 
born only a day or two before. In the summation of the total 
experience therefore it should be borne in mind that the rates are 
not applicable to the present but are a statement of what has oc
curred during the life-experience of inhabitants of these commun
ities whose households were represented by one or more living 
members at the time of enumeration. 

Defects inherent in the data: Historical records of this type 
frequently yield extremely low mortality rates. This is attribu
table in part to difficulty of obtaining a complete record, children 
dying in infancy being particularly liable to be overlooked. Also 
such surveys usually do not include those not living with an organ
ized household group, persons who are generally supposed to have 
high mortality rates. Families which have died out completely or 
which have broken up on account of excessive mortality or other 
cause are omitted. And since there is a greater likelihood of find
ing surviving members of large than of small families , the schedules 
are weighted somewhat with the more prolific strains of the com
munity. 

It is not so obvious that in each family there must have been 
at least one individual who supplied the necessary information, the 
informant, who theoretically cannot be regarded as having been at 
risk of death since survival to the time of enumeration is essential. 
This is a statistical matter which has nothing to do with the actual 
risk of death for any individual. This source of error was detected 
by Frost and was first taken cognizance of at his suggestion in the 
analysis of tuberculosis records by Stewart, et al. (8) and by 
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Downes (9). The first of these reports deals with the risk of house
hold exposure and will be discussed later. The second is an anal
ysis of records of 1,400 families included in a morbidity survey of 
the general population of a rural area in Cattauraugus County, 
N. Y. By exclusion of the informant in each .family, Downes dem
onstrated that the age-specific mortality experience of these fam
ilies followed closely the age curve of death as derived from the 
1901 life-table for the rural part of the Original Registration States. 

Leprosy, unlike tuberculosis, is usually a contributory rather 
than a primary cause of death. The question which arises therefore 
is whether or not the informants constitute a selected group, in the 
statistical sense, as far as contracting leprosy is concerned. Ad
mittedly there is selection to the extent that the disease shortens 
the duration of life. In Cordova and Talisay, because of segrega
tion of bacteriologically-positive cases, a disproportionately small 
number of informants were themselves patients. In areas where 
segregation is not practiced or in which access to segregated pa
tients is convenient they would be used as informants probably 
almost as frequently as other persons. 

Persons included in the surveys are also selected in that lep
rosy on occasion breaks up the family, which may result in depar
ture of all members from the community. There are, however, 
many conditions other than leprosy which cause dissolution of 
households and there is no basis on which to decide whether or 
not the incidence of leprosy is or has been significantly greater 
among individuals belonging to existent households than among 
those whose families have ceased to exist as separate entities. 

In estimating the true risk of leprosy in Cordova and Talisay, 
after taking these considerations into account, attack rates have 
been calculated by the modified life-table method without exclusion 
of the informants. As a matter of interest, however, rates for cer
tain groups have been calculated with the omission of those periods 
of the lives of informants during which they were members of the 
families for which they were historians; if during other parts of 
their lives these persons were members of other households these 
years of life-experience were not removed. As will be seen, the 
removal of informants affects only incidence rates for cutaneous 
leprosy. Except when specifically stated, incidence rates used in 
this study are based upon the entire population. These rates are 
considered to be as nearly correct as can be obtained by the his
torical method. 

Working rules oj this study: The following working rules were 
adopted: 

1. To include only families in which it was possible to com
plete the life-experience of every known member from entrance 
into the family either to death, to development of leprosy, to de
parture to another household or community, or to the end of the 
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period of observation, taken as June 30th, 1933, for Cordova and 
October 30, 1936, for Talisay. 

2. The beginning of observation was considered to be the date 
of entrance into the household or the date of birth if born in the 
household. Since usually only the year was given and not the 
actual birth or entrance date, it was assumed that birth or entrance 
was on July 1st of the calendar year stated. The usual rules of 
life-table procedure were followed in that a person, unless he was 
born in the household, was assigned one-half year of life-experience 
at the age at which he entered. Those departing were assigned one
half year at the age of ·departure. Those individuals who entered 
the household and left in the same year were allotted each one
quarter of a year of life-experience. 

3. Similarly, the date of onset of leprosy was taken as the 
mid-point of the year given in the record. Patients who had been 
removed to a leprosarium were considered to retain their status 
as residents of the communiiy. 

II. INCIDENCE IN THE GENERAL POPULATION 

For Cordova there are included 1153 family units, comprising 
8,057 different individuals and for Talisay 2,051 ·family units with 
13,734 individuals. Those included are classified according to sur
vivorship and present residence in Table l. 

TABLE 1. Classification of persons included on the schedules ac
cording to status at time of survey, for Cordova and Talisay. 

Classification Cordova Talisay 
1933 1936-1937 

1. Living 
(a) Residents 

9855 E xamined 5587 
Not Examined 53 40 

(b) Former Residents 
Examined 82 31 
Not Examined 407 1245 

2. Deceased 192i 2563 

-
Total 8057 13,734 

For Cordova these 8,057 individuals contributed 117,287 per
son-years of life-experience and 160 cases of leprosy, an average 
annual attack rate of l.38 per 1,000 person-years. For Talisay there 
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were 217,729 person-years with 242 cases, an attack rate of 1.11 per 
1,000. Adjustment for age differences, using the age distribution 
of the entire life-experience as a standard, does not affect these 
rates appreciably. 

Of the Cordova cases in the households included in this study, 
101 were living at the time of investigation and 59 were dead. Of 
the Talisay cases, 183 were living and 59 dead. Detailed informa
tion regarding populations and cases is given in the Appendix. 

Attack rates for age g1'CYUPS: The estimated age of onset in 
leprosy as in any chronic disease is subject to considerable error. 
Nevertheless it is of interest that the age-specific attack rates for 
Cordova are very similar to those for Talisay. In both communities 
the highest incidence occurred in the age period 10 to 14 years. 
After 30 years of age the attack rate fell off greatly but cases con
tinued to occur even among persons over 50 years of age. In Cor
dova the rates were higher in the younger ages than in Talisay 
and lower in the older, as shown in Table 2 and illustrated in 
Figure 1. 

TABLE 2. Average annual incidence rates for Cordova and Talisay 
for specified age grouping of life-experience and for the two 
areas combined by sex and age. 

Attack rates per 1,000 person-years 

Age 
in Cordova and Talisay combined 

years Cordova Talisay 
total total 

Male Female Total 

Under 5 · 0.04 0.02 0.05 0.00 0.03 

5 - 9 1.60 1.06 1.55 0.94 1.25 

10 - 14 4.18 2.57 3.74 2.48 3.12 

15 - 19 3.38 1.82 3.12 1.67 2.37 

20 - 29 1.14 1. 37 2.01 0.64 1.28 

30 - 39 0.56 0.82 1.09 0.38 0.73 

40 - 49 0.50 0.95 1.04 0.56 0.80 

50 and over 0.19 1.18 0.88 0.89 0.89 

All ages* 1.38* 1.11* 1. 58* 
I 

0.84* 1.20* 

• For this and the following tables where adjusted rates a re given. they are based 
on the total life-exper ience of both communities. 
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FICURE 1. A nnual incidence of leprosy, Cordova and Talisay, P. I ., by age groups. 

Classification of cases and incidence by clinical type and sex: 
Of 402 cases from both communities included on the schedules, 262' 
were classified as cutaneous, 122 as neural and 18 as unknown. 
Cases of unknown type had occurred in individuals who had not 
been treated in a leprosarium and who had died prior to the study. 

The relationship of sex to the type of leprosy is shown in 
Table 3. About 70 per cent of all with the cutaneous type were 
males and only 53 per cent of those with the neural type. 

It is of interest that in 30 instances the informant was leprous, 
but that only in five of these was the disease of the cutaneous type. 
All of the five had been paroled. 

Incidence rates per 1,000 person-years have been calculated for 
each type of disease for males and for females with and without 
omission of the informants and their life-experience. These have' 
been adjusted for differences in the age constitution of male and 
female populations using the entire life-experience of Cordova and 
Talisay as a standard. These rates are given also in Table 3. 
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TABLE 3. Attack rates for males and females for Cordova and Tal
isay combined, according to type of leprosy. 

Informants included Informants excluded 

Type 
and Rate per 1000 Rate per 1000 
sex Cases Cases 

(402) (372) 
Adiusted ·Crude Adiusted ·Crude 

------ --------- --- --
Cutaneous 

male 183 1.10 1.11 181 1.27 1.29 

female 79 0.47 0.47 76 0.57 0.57 

Neural 
male 65 0.39 0.39 52 0.37 0.34 

female 57 0.34 0.34 45 0.34 0.33 

Unknown 
male 13 0.08 0.08 13 0.08 0.11 

female 5 0.03 0.03 5 0.04 0.03 

• Person-years of experience used In calculation of rates : Informants included. 
males. 166.619; females. 168.397. Informants excluded. males. 142.155; females. 133.304. 

As would be anticipated from the foregoing discussion, removal 
of informants raises the incidence rates for cutaneous leprosy and 
lowers slightly those for the neural type. The relative positions 
of males and females are not appreciably affected. In the cutan
eous type the average annual incidence rate for males has been 
more than twice that for females. In the neural type, the sexes 
have been attacked about equally. 

Excess prevalence in males attributable to higher incidence 
rates: Based upon the experience of Cordova and Talisay it may be 
demonstrated that excess prevalence of leprosy among males is at
tributable almost entirely to higher incidence rates. For total lep
rosy in both communities the average annual incidence for males 
was 1.58 per 1,000 and for females 0.84, a ratio of 1.88 to 1. Total 
prevalence rates (1,2), were, respectively, 25.2 per 1,000 and 12.3, a 
ratio of 2.05 to 1. 

If I = incidence, D = duration, P = prevalence, f = female, 
and m = male, then, since P = I X D: 

(1) Pm 1m X Dm. (2) 2.05 = 1.88 Dm 
Pf = If X Df Df 

(3) DIn 1.10 
:. Df = 
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From this experience it appears that the duration of leprosy is 
only slightly longer, about 10 per cent, in males than in females.§ 
The major component, therefore, of the dispa'rity in prevalence 
(2.05 times) must be higher incidence among males and not longer 
duration. 

Restricting the study to the cutaneous type, the incidence rate in 
males is to the incidence rate in females as 2.36 is to 1, whereas the 
prevalence rate in males is to that in females as 3 is to 1. By a 
similar calculation the duration of the cutaneous type in males is 
apparently about 27 per cent longer than in females. This is again 
the minor component and it may be concluded that greater inci
dence is the chief factor responsible for excess prevalence of cuta
neous leprosy in males but that longer duration also may con
tribute. 

Relationship between prevalence as estimated frOTl'!, cumulated 
incidence rates and actual prevalence as determined in surveys: 
If it be assumed that persons with leprosy do not die off at a sig
nificantly faster rate than the general population, and that inci
dence has remained more or less the same during the period, then 
prevalence at any age may be estimated by summation of incidence 
rates for preceding years of life (Table 4) . This is apparently a 

TABLE 4. Prevalence of leprosy, Cordova and Talisay combined by 
sex: Estimated by cumulation of incidence rates and actual 
as found by physical examination, per 1,000 populaticm. 

Males I Females 
Age 
in 

years ·Estlmated I ··Actual · Estlmated ··Actual 

Under 5 0.15 0.75 0.00 0.00 

5 - 9 4.18 1.66 2.35 0.83 

10 - 14 17.40 12. 94 10.90 11.14 

15 - 19 34 . 55 33 .29 21.28 15.75 

20 - 29 52.40 57 .31 I 28.65 23 .41 

30 - 39 67 .90 49.01 I 33.75 23.62 

40 - 49 78.60 29.52 
I 

38.45 10.99 

50 and I 

over 92.65 23.78 50.15 14. 59 
• Rates on which these are based are given in Table 2 . 

•• From published reports (1. 2) . 

Total 

·Estimated . ··Actual 

0.08 - 0.38-

3 .28 1.24 

14.20 12.04 

27.92 24.58 

39.25 39.57 

49.30 36 . 08 

56 .95 20. 15 

I 68 .95 I 18.73 

§ For TaUsay this method indica tes approximately equal duration of the disease in 
males and females ; the diffe rence a r ises only in the smaller experience of Cordova. 
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sufficiently accurate procedure up to the age of 25 to 30 years. Sum
mation of the rates of Table 2, after multiplication by the number 
of years in the respective class intervals, gives an expected prev
alence rate Qf 39.3 per 1,000 at 25 years of age. This is remark
ably close to the actual findings . In Cordova at the time of the 
survey the pr·evalence rate for persons 20 to 29 years was found 
to be 41.8 per 1,000, for Talisay it was 38.3 and for both communi
ities it was 39.6. 

But if the cumulation be continued beyond 30 years of age the 
earlier disappearance of leprosy patients from the population, pre
sumably by death, is evident from the disagreement between esti
mated and actual prevalence rates. Cumulative incidence rates 
and actual prevalence are compared by sex and age in Table 4 and 
illustrated in Figure 2. 
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FIGURE 2. Prevalence of leprosy, Cordova and Talisay combined, by sex: esti
mated by cumulation of incidence rates and actual as found by physical 
examination. 
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Examination of Figure 2 throws light on a problem discussed 
above, namely, the relative duration of life in females and in males 
attacked by leprosy. The divergence of the estimated from the 
actual prevalence appears earlier in females than in males although 
the total disagreement by the age of 60 years is about the same for 
both sexes. The shorter duration of life in females attacked by 
leprosy is attributable to higher mortality in early adult life. 

III. THE RISK OF HOUSEHOLD EXPOSURE 

Chapin was the first fully to appreciate the potentialities of the 
invaded household as a field for observation of infectious diseases. 
In diseases in which transmission is direct the chance of effective 
exposure is more nearly equivalent when persons are living in the 
same household than under any other circumstances of ordinary 
civilian life. Differences in attack rates, therefore, as between vari
ous classes of individuals in these households, lead to a first as
sumption of variation in susceptibility. 

The secondary attack rate: As a measure of the risk of expo
sure to diphtheria, Chapin (10) devised the secondary attack rate 
in 1903. Later he extended its use to scarlet fever and to measles. 
Parallel tabulations were made for household associates and for 
those of their number who were attacked within a year of the onset 
of the primary case, both being classified by age, sex, history of 
prior attack and certain other attributes. The attack rate, for each 
class, was expressed as the number of secondary cases for every 
one hundred persons exposed. Other methods have been uti
lized to describe the concentration of cases of an infectious dis
ease around the primary case in the household but none has the 
simplicity and usefulness of that of Chapin (11). It is not to be 
assumed that secondary cases are infected by the first; the rate is 
merely an expression of the risk of attack for . individuals living in a 
known relationship to a reported case. 

In calculating the risk of household exposure to leprosy the 
principle of Chapin's method has been followed. As in the study 
of community incidence, however, the denominator has been oh
tained with greater accuracy by the use of person-years of life
experience rather than by estimating the average number of indi
viduals. 

The index person method has not been used: In field studies 
of tuberculosis in Williamson County, Tennessee, Stewart, et al. , 
(8, 12) upon the advice of Frost, adopted an ing-enious and uspful 
device in the measurement of the risk of household exposure. One 
source of error in family studies already has been mentioned, 
namely, that in each family there must be a survivor (the infor
mant) who cannot be considered to have been at risk of death dur
ing the period between his entrance into the household and report
ing of the case. To compensate for this factor the person who 
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brings the household to the attention of the clinic, called the index 
case or, preferably, the index peTson (13) is regarded as the infor
mant. The period of observation is limited in a backward direc
tion to the date when the index person entered the household. This 
person must have survived to the date of investigation but since 
he does not enter into the population under consideration his sur
vival does not effect the attack rate. 

A very important reason for not attempting to date secondary 
attack rates in tuberculosis from the onset of the primary case is 
that households coming to attention of clinics or health departments 
are "selected"; that is, they do not include all existent households 
in which tuberculosis has occurred. The denominator is incom
plete. There are in every community a certain number of house
holds which are unknown to the health authorities in which there 
have been one or more tuberculosis cases or deaths. Of these 
households, only those in which a secondary case occurs will come 
into future records if investigation be limited to reported cases of 
the disease. Consequently the secondary attack rate will be in
creased, varying with the frequency of such unknown tuberculous 
households and with the proportion of the total secondary cases 
which they contribute (14). If the risk for household associates 
is considered to commence at the date of onset of the disease in the 
index person, this error is avoided. 

The present study is based not upon reported cases but upon 
community surveys. The date of establishment of all households 
was obtained with reasonable accuracy. It has 'been shown that 
correction for the lower risk of informants is a refinement which 
is not as essential as in similar studies of tuberculosis. Also, since 
all households of both areas were included, the error of selection 
of those in which a secondary case followed a missed case or death ' 
has been avoided completely. The index person method, therefore, 
has not been used in this analysis although it would be the correct 
procedure in a study of families brought to the attention of health 
departments by reporting of cases. 

Additional procedures adopted: In addition to the rules which 
were applied to all households the following procedures were 
adopted in studying the risk of household exposure: 

1, A household associate was considered to have been ex
posed to leprosy if he had lived under the same roof as a case for at 
least one month. Subsequently for as long as he lived in the com
munity he was considered to have been a household associate at 
risk of developing leprosy, His status remained unchanged even if 
the patient had been removed soon after discovery, as is done with 
bacteriologically-positive cases, or ' if the associate himself removed 
to another residence in the municipality. 

2. The preexpOSUTe life-experience of household associates, 
from date of entrance into the household to date of onset of the 
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first case of leprosy in the household, was added to that of the re
mainder of the community, as suggested by Frost (6) . 

3. Individuals born into a household in which there was a case 
of leprosy were regarded as at risk from birth. Those present in 
the household at the time of onset of the primary case were allotted 
one-half year of exposed life-experience at the ages at which they 
were at that time. Persons entering the household while a case was 
present were likewise given only one-half year of exposed life
experience at their ages at the time of entrance. Departures were 
treated in a similar manner. 

Incidence rates for exposed and non-exposed: On the Cordova 
schedules there are included a total of 11,773 years of life-experience 
after exposure to leprosy in the household, during which there 
occurred 61 cases, an incidence rate of 5.18 per 1,000 person-years. 
For Talisay there are 15,580 years of post-exposure life-experience 
with 89 cases, a rate of 5.71. For the communities combined, the 
average incidence rate for exposed persons was 5.48 per 1,000 per
son-years. 

For persons not exposed (but including preexposure experi
ence of those subsequently exposed in households) there are re
corded, for both communities, a total of 307,663 person-years with 
252 cases, an incidence rate of 0.82 per 1,000. A summary is given 
in Table 5. 

TABLE 5. Incidence rates per 1 .. 000 person-years for Cordova and 
Talisay for persons exposed in the household and for those 
not exposed, for all forms of leprosy. 

Exposed Not exposed 

Area 
Person- Cases Incidence Person- Cases Incidence 
years rates years rates 

- - --
Cordova 11,773 61 5.18 (4.95) 105,513 99 0.94 (0.95) 

-- --
Talisay 15,580 89 5.71 (5.60) 202,150 153 0.75 (0.76) 

- - - -
Total 27,353 150 5.48 (5.35) 307,663 252 0.82 (0.83) , 
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The excess risk for those in household contact, after adjust
ment for differences in age distribution, is 4.52 (5.35-0.83) per 
1,000. Expressed as a ratio the risk for the exposed group is four 
and one-half times that for all the population and six times that 
for those not known to have lived in the same household as a per
son with leprosy. 

Incidence rates for exposed and not exposed by sex and age : 
The average annual incidence rates for males and females of ex
posed and non-exposed populations are given for various age groups 
in Table 6. 

TABLE 6. A nnual incidence of leprosy (all forms) based on family 
histories for those exposed in the household and for those 
not exposed, by age and sex, for Cordova and Talisay com
bined. 

Attack rate per 1,000 person-years 
Age-period 

of life- E xposed in household Not exposed in household experience 
in years 

Male Female Total Male F emale Total 

0-4 0. 68 0.00 0.36 0.03 0.00 0.01 

5 - 9 10.89 6.03 8.59 0.93 0.62 0.78 

10 - 14 18 .80 9.06 14.16 2.34 1.91 2.13 

15 - 19 11. 58 7.91 9.77 2.15 1.02 1.5& 

20 - 29 6.60 3.93 5.23 1. 54 0.33 0.90 

30 - 39 1. 21 2.01 1.65 1.07 0.21 0.64 

40 - 49 2 .04 1.15 1.56 0.91 0.46 0.69 

50 and over 2.85 2.68 2.75 0.52 0.42 0.47 

Total 
(adjusted) 6.69 3.87 5.33 1.11 0.55 0.83 
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The first point of interest is that the higher attack rate in males, 
observed in the general population, is still in evidence among per
sons known to have lived in leprous households (Figure 3). This 
would suggest as the first assumption that the responsible factor is 
not primarily greater exposure of males than of females but rather 
greater susceptibility of males to the disease. This explanation 
gains support from the fact that incidence among males was higher 
than among females as early as the ages 5 to 9 years and 10 to 14 
years. Considering the period of incubation, if greater exposure 
be the factor, this must occur at an age when environmental condi
tions would appear to be identical for both sexes. This evidence 
therefore points to greater inherent susceptibility of males during 
childhood and adolescence. The peak of incidence in both males 
and females occurred in the age group 10 to 14 years. In males 
the rate for this age group was almost two per cent annually. 

<0 
s.. 
cO 
Q) 

>. 
I 

s::: 
0 
III 
s.. 
Q) 

0. 

0 
0 
0 
.-i 

s.. 
Q) 

0. 

s.. 
Q) 

.D 
F. 
;:I 
z 

20 

18 

16 

14 

12 

10 

8 

6 

4 

2 

,. ..... , .... , , , , , , , 
I , , , 

Male 

Female 

' .... " ...... 

Age 
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It was also rather unexpected to find the peak of age-incidence 
in. the same age group for those exposed in the household as for 
those not subjected to household exposure (Figure 4). In leprous 
households the average age at onset nevertheless was much earlier; 
the age curve declines sharply after its peak.. Among the non
exposed, on the other hand, the decline is gradual; cases continued 
to occur at more or less the 'same rate even in the later decades of 
life. 
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Risk of household exposure in relation to type of primary case: 
In ' the Philippines it has been the practice for many years to 
remove those with cutaneous leprosy from their homes as promptly 
as feasible following discovery. Those suffering from the neural 
type usually have remained in their own households. In Table 7 
a comparison is made of attack rates in households in which the 
type of primary case was (a) cutaneous, (b) n~ural or (c) un
known. The attack rate for non-exposed persons is given for com
parison (d). 

TABLE 7. Attack rates for leprosy per 1,000 person-years according 
to type of primary and seconda1'y case. 

Type of Type of leprosy in secondary case 
leprosy in 

primary case Cutaneous Neural Unknown Total 

a) Cutaneous 4.56 (4.38) 1.89 (1.70) 0.15 (0.14) 6.60 (6.23) 

b) Neural 0.86 (0.85) 0.86 (0.75) no cases 1.72 (1.60) 

c) Unknown 1.59 (1.98) 2.54 (3.51) no cases 4.13 (5.49) 

All types 3.58 (3.55) 1. 79 (1.68) 0.11 (0.10) 5.48 (5.33) 

d) None 
(remaining 0.53 (0.53) 0.24 (0.26) 0.05 (0.05) 0.82 (0.83) 
population) 

Adjusted rates are given in parentheses. 

The highest attack rate (6.23 per 1,000 person-years) occurred 
in those exposed to cutaneous cases. When the primary cases were 
neural the rate was only 1.60. The risk for household associates 
exposed to cutaneous cases was about eight times that for persons 
not exposed, whereas the risk for those exposed to neural cases 
was only about twice that for persons who had not been subjected 
to exposure in their own households. 

It is curious that when the primary case was cutaneous the 
risk of contracting cutaneous leprosy (4.38) was about two and a 
half times the risk of contracting the neural form (1.70); but when 
the primary case was neural the attack rates for the two types were 
about equal. Further data on this question are necessary but it 
may be that there is a familial tendency toward the neural form. 

Attack rates when primary case was cutaneous, by sex and age: 
For those exposed to cutaneous leprosy, the most infectious form, 
attack rates are given by type of secondary case, sex and age in 
Table 8. 
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TABLE 8. Attack rates among persons exposed to cutaneous lep
rosy in the household, by sex and type of secondary case. 

Cases of leprosy per 1,000 person-years of experience 

Age in 
years Cutaneous Neural 

Male Female Total Male Female 

--- --------- -----
0- 4 0.00 0.00 0.00 1.04 0.00 

5- 9 9.77 2.01 6.30 2.44 2.01 

10 -14 19.42 6.16 13.20 3.11 2.64 

15 - 19 10.97 6.25 8.68 2.53 1.79 

20 - 29 6.92 2.13 4.42 2.31 3.19 

30 - 39 0.88 2.80 1.95 0.00 0.00 

40 - 49 0.95 0.81 0.87 0.95 0.81 

50 and over 0.00 0.00 0.00 2.02 3.62 
- - --- - - - ----- - --
Total 6.69 2.50 4.56 1.88 1.90 

----- - --
Total, 
adjusted 
for age 6.16 2.38 4.38 1.77 1.58 

• Includes one case of leprosy of unknown type. 
: Includes two cases of leprosy of unknown type. 
§ Includes three cases of leprosy of unknown type. 

Total 

Total Male Female 

------ - -
0.57 1.04 0.00 . 

2.25 12.22 5.03· 

2.89 22.52 9.68" 

2.17 13.51 8.04 

2.77 9.23 5.32 

0.00 0.88 2.80 

0.87 1.90 1.62 

2.95 3.04- 3.62 
--- - --

1.89 8.68- 4.60: 
------

1.70 7.99. 4.22 

Total 

---

0.57 

9.00· 

16.50' 

10.85 

7.20 

1.95 

1.75 

3.38-
--

6.60§ 
--

6.23 

For all ages and for all types, as stated above, the adjusted 
attack rate was 6.23 per 1,000 person-years. For males the rate 
was 7.99 and for females 4.22. 

For all ages and for the cutaneous type only, the attack rate 
for males was 6.16 per 1,000 person-years and, for females, 2.38. In 
the younger ages the disparity between the sexes was even greater 
than this, the risk being nearly five times greater for males than 
for females at 5 to 9 years and more than three times greater at 
10 to 14 years. 

In males the average age of onset for cutaneous leprosy was 
substantially lower than in females. The peak of incidence was 
reached at 10 to 14 years in males and at 15 to 19 years in females. 

The attack rates for neural leprosy, on the other hand, do not 
indicate selectivity for either sex. From the data, the age of onset 
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appears to be much older than for the cutaneous type but it may be 
subject to greater error. 

Estimated prevalence at 25 years of age. Cumulation of age
specific attack rates for household associates of cutaneous cases 
yield results which are rather startling. For both sexes and for aU 
types, the estimated prevalence reaches 22 per cent at 25 years of 
age; for males, the figure is actually 29 per cent. For females, the 
figure is only 14 per cent. 

Restricting the discussion to the expected prevalence of cuta
neous leprosy in persons exposed to cutaneous primary cases, 
cumulation of the rates to the age of 25 years yields a total of 23.5 
per cent. For females the cumulation is only 8 per cent. 

Probably it has never been appreciated that approximately one 
male in four would contract leprosy under these circumstances in 
Philippine communities. Of the approximate correctness of the fig
ures there can be little doubt. It is unlikely that more than the 
actual number of cases would be recorded on the schedules. Un
doubtedly there are omissions from the denominator but even if 
such amounted to fifty per cent, which is highly improbable, the 
expected prevalence rate at 25 years of age would still be 20 per 
cent, more or less, for all types of leprosy in males exposed in the 
household to cutaneous cases. 

IV. SUMMARY 

A study is presented of the incidence of leprosy in the munic
ipalities of Cordova and Talisay, Cebu. The primary data were col
lected in the homes and were supplemented by statements of pa
tients in leprosaria and from records of these institutions. All save 
a very few of the residents of these communities were examined in 
clinics established for the purpose. The statistical methods em
ployed are discussed in detail. 

Incidence in the general population: 
1. The average annual incidence for all forms of leprosy, for 

the period included on the schedules, was 1.38 per 1,000 person
years for Cordova and 1.11 for Talisay. For both communities the 
average attack rate was equivalent to 1.20 cases per 1,000 persons 
annually. 

2. The peak of incidence occurred in the age group 10 to 14 
years in both communities. 

3. For the cutaneous type, for both communities, the average 
annual incidence was 1.11 for males and 0.47 for females; for the 
neural, it was 0.39 for males and 0.34 for females. 

4. Excess prevalence of total leprosy in males, noted in pre
vious reports (1, 2), is demonstrated to be attributable chiefly to 
higher incidence in males than in females and not to longer dura-
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tion of the disease in males. In the cutaneous type, however, a 
minor part of excess prevalence in males is apparently attributable 
to longer duration of the disease. 

5. Cumulation of age-specific incidence rates to the age of 25 
years yields an expected prevalence for all types of leprosy of 39.3 
per 1,000. This is remarkably close to the prevalence rate (39.6) 
observed at the time of examination in persons of this age. Beyond 
30 years of age, however, the higher mortality of leprosy patients 
than of other persons is indicated by the disagreement between 
actual and estimated prevalence rates. 

The risk of household exposure: 
1. For persons exposed in the household the average incidence 

rate, for all types of leprosy, was 5.35 per 1,000 person-years. This 
is more than six times the rate for persons not known to have been 
subjected to household exposure. 

2. For age periods, the highest incidence in both males and 
females occurred at 10 to 14 years both in household associates an.] 
in other persons. The average age of onset, however, was lower 
for those exposed in the household than for other persons. 

3. When the primary case was cutaneous, the risk of develop
ing any type of leprosy, for household associates, was about eight 
times that for persons not exposed to leprosy in the household. It 
was four times as great as when the primary case was neural. 

4. When the primary case was cutaneous, the risk of develop
ing cutaneous leprosy was about two and a half times the risk of 
contracting the neural form; whereas when the primary case was 
neural the secondary attack rates for the two types were about 
equal. 

5. When the primary case was cutaneous, the secondary at
tack rate for males, for all types of leprosy, was 7.99 per 1,000 per
son-years and, for females, 4.22. The secondary attack rate for 
cutaneous leprosy only was 6.16 for males and 2.38 for females. No 
sex selectivity is indicated by the secondary attack rates for the 
neural type. 

6. The greatest disparity between the rates for the sexes ap
peared in the secondary attack rates for cutaneous leprosy, in chil
dren of 5 to 9 years of age exposed to primary cases of the cutane
ous type. Here the rate for males was 9.77 and that for females 
was only 2.01. This suggests greater inherent susceptibility of 
males rather than difference in environment as the principal cause 
of sex variation. 

7. Cumulation of age-specific attack rates to the age of 25 
years, for persons exposed to primary cases of the cutaneous type, 
gives an expected prevalence, of all types of leprosy, of 293 per 
1,000 for males and 140 per 1.000 for females. Considering cutane
ous secondary cases only, the expected prevalence for males is 235 
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per 1,000 and for females 83. These figures are very much higher 
than is generally appreciated and throw new light on the infectious
ness of leprosy. 
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, 
APPENDIX A. PeTson-years of life-experience in various age groups for males 

and females, exposed and not exposed in the household in 
Cordova and Talisay. 

Males 
Age Cordova Talisay 

in years Not Not 
Exposed exposed Exposed exposed Total 

0- 4 609 -i2,730 871 22,640 36,850 
5- 9 687 8,519 966 16,325 26,497 

10-14 749 6,076 952 12,299 20,076 
15-19 694 4,519 860 8,988 15,061 
20-29 1,138 8,958 1,288 15,017 26,401 
.30-39 708 6,615 940 11,990 20,253 
40-49 638 3,400 832 . 7,557 12,427 
50 and over 543 2,257 860 5,394 9,054 
'Total 5,766 53,074 7,569 100,210 166,619 

Females 
Age Cordova TaIisay 

in years Not Not 
Exposed exposed Exposed exposed Total 

0- 4 600 12,214 728 21,816 35,358 
5- 9 687 8,254 805 15,770 25,51.6 

10-14 694 5,883 851 11,929 19,357 
15-19 668 5,055 848 9,593 16,164 
20-29 1,112 9,781 1,434 17,371 29,698 
30-39 849 6,157 1,142 12,702 20,850 
40-49 723 3,239 1,009 7,534 12,505 
50 and over 674 1,857 1,193 5,225 8,94!! 
Total--- 6,007 52,440 S,010 101,940 168,397 
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APPENDIX B. Person-years of life-experience in various age gl·0UpS for males 
and females , exposed in the household, according to type of 

Age 
in years 

0- 4 
5- 9 

10-14 
15-19 
20-29 
30-39 
40-49 
50 and over 
Total 

Age 
in years 

0- 4 
5- 9 

10-14 
15-19 
20-29 
30-39 
40-49 
50 and over 
Total 

primary case (Cordova and Talisay Combined.) 

Males 

Primary case 

Cutaneous Neural I Unknown Total 
955 405 120 1,480 

1,228 305 120 1,653 
1,287 290 124 1,701 
1,185 247 122 1,554 
1,733 441 252 2,426 
1,136 283 229 1,648 
1,055 215 200 1,470 

988 190 225 1,403 
9,567 2,316 1,392 13,335 

Females 

~imary case 

Cutaneous Neural Unknown Total 
812 375 141 1,328 
995 325 172 1,492 

1,136 257 152 1,545 
1,119 271 126 1,516 
1,879 380 287 2,546 
1,431 243 317 1,991 
1,232 223 277 1,732 
1,382 203 282 1,8S.~ 
9,986 2,277 1,754 14,017 
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in 
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ApPENDIX C. Cases of leprosy in maZes and ferrnUes by t1lPe* and age at onset for those exposed and 
not exposed in the ho'USehold, classified by type of primary case. 

" Males Females 

Cordova Talisay Cordova Tallsay 

Total 
Total I I Exposed to Exposed to I Exposed to Exposed to 

Type 

cases 

TOTAL 

CASES 

Not Not cases Not I Not 

C I N 1 u exposed C ! N I u exposed 1 C I N 1 u i exposed C I N I Uexposed 

-----;;-0--~4--:-----=N---:I----;-1 -- - I - I 1 1 1 1 - ----L=...J - 1-2 - I I ill I - I - I - I ~ 

C 'j 5 \ = \ = I 7 ! 7 ! 1 ! - ! 8 ! 28 - I - I 1 I 1 1 2 I - 1 - 1 4 1 8 1 36 5 -9 ~ I ~ ~ I ~ ~ ~ ~ ~ Ii i 1 = ~ I ~ = = ~ ~ 1~ 2f 
10 - 14 ~ I ~ I = I ~ I ~ 1 ~ 1 ~ I = 1 ~ I ~ ! 1 = 1 1 I I I l 1 = ! = 1 ~ -'- ~~ 1 ~~ 
15 - 19 I ~ I l l ~ I ~ 1 ~ 11/= 1= 1 --l~_1 ~L J 1 ~ I ~ 1 1-' ~J~ = I_~_I_~! I ~~ 

I C 1 1 1- 1- 1 9 1~1 - - 1 17 I 38 lLEJ - 1 1 I 3 1 - 1 - 1 2 1 7 I 45 N 3-- 11-- 611 3 - - 33 - - 211 22 
U ---- 2 --- 2 4 - - - - - - - 1 1 5 I ~ 1= 1= 1= I ~J ~ 1= I~!-g- I-lr -= I = I=I-~-r~-I =-1-= 1-· '-: - 1 -· 8 - 1-2~ 
u - - - 1 - - 1- _ 3 4 - - - L~,-=_ --=-I--=- --= _____ 4 

I ~ I ~ 1 = I = I ~ I ~ I = I ~ I ~-Il- ~ 1 = 1 = I = 1 ~ 1 = 1 = 1 l ! ~ I_II 

20 - 29 

30 - 39 

40 - 49 

i C 1- 1- 1- 1 - 1- 1 1 I- I 2 1 3 - 1- 1- 1 - 1- 1- 1- 1 1 I 1 I 4 50 and overl, ttr ~ = 1 = = \ ~ = = ~ ~ = = = I = ~ _ = = _~ __ I_~ __ ~~ 
I C 123 1-- I 1 1 43 141 I 4 1 1 1 69 I 182 9 I - I 3 I 19 I 16 1 - 1 - 1 32 1 79 I 261 All ages N 8 1 1 18 10 1 2 25 66 9 1 3 14 10 1 2 17 57 123 
, U - - - 5 1 - - 7 13 2 - - 1 - - - - 3 5 18 

Total I I 31 1 1 I 2 I 66 I 52 I 5 I 3 I 101 I 261 20 I 1 I 6 I 33 I 26 I 1 I 2 I 52 L.l!1 L 4.c>2--

• C = Cutaneous or mixed. May be considered bacteriologically-positive or "open." 
N = Neural. May be considered bacteriologically-negative or "closed," 

U = Type unknown. 


