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The conditions influencing effective ex-
posure to M ycobacterium leprae and the es-
tablishment of the disease, leprosy, are not
well understood. Several factors have been
investigated, including genetic, immuno-
logical, and environmental variables ( 3-5 . 7 ).
We have investigated the sibship size and
birth order distribution of 187 patients with
leprosy (114 lepromatous and 73 tubercu-
loid) and a control group of 528 hospitalized
patients. If age at exposure to Al. leprac is
important for the development of the dis-
ease, it would be expected that patients with
leprosy in general, or with a certain form of
the disease in particular, would have a dif-
ferent frequency distribution with respect to
sibship size and/or birth order than unaf-
fected persons. We report here the findings
of this analysis.

MATERIALS AND METHODS
The study includes 187 patients with lep-

rosy who were hospitalized or seen as out-
patients at the Center of Hansen's Disease
of the Hospital for Infectious Diseases in
Athens, Greece. The control group com-
prised 528 low socioeconomic class pa-
tients, in order to match the cases with re-
spect to this factor, hospitalized in nearby
general hospitals with a diagnosis other than
leprosy or other infectious diseases. Patients
and controls originated from various re-
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gions of the country, and there were no sig-
nificant differences by place of origin (ur-
ban, semi-urban, rural). All subjects were
of Caucasian origin. It should be noted that
the socioeconomic status of leprosy patients
in Greece is low but not as low as that found
in some less-developed countries. Further-
more, selection of an appropriate control
group eliminates to a substantial extent the
possibility ofcon founding introduced by di f-
ferential recollection according to sibship
size. The study of all cases and controls took
place during a 2-year period.

The diagnosis of leprosy and its classifi-
cation according to the Ridley-Jopling scale
C) was based on clinical picture, bacterio-
logic report, and the histopathology of the
lesions. Only cases with the two polar types
of leprosy were considered; patients with
borderline or indeterminate forms of the
disease were excluded from the analysis. All
73 Hansen's disease patients with the polar
tuberculoid form had a negative bacterio-
logic report and had no "lepra reactions"
during the study period. On the other hand,
among 114 patients with the polar lepro-
matous form of Hansen's disease, 22 had a
positive bacteriologic report and 10 among
them had lepra reactions. No reactions were
noted among patients with the polar lep-
romatous form of Hansen's disease and a
negative bacteriologic report.

Patients and controls were interviewed by
the same person (two of the authors). In the
interviews, data concerning birth order (live-
born children), sibship size, years of school-
ing of both patient and father (believed to
reflect socioeconomic status better than any
other generic indicator in the population of
Greece ' '), status of the father or the mother
with respect to leprosy, and other demo-
graphic and medical variables were record-
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TABLE 1. Summary of observed and sib-
ship-standardized expected frequencies of
leprosy patients by birth order and form of
the disease.

Birth order

1-2 3-4 5+
Total

All leprosy patients
Observed^90 51 46 187
Expected^94.4 52.2 40.4 187

Polar tuberculoid form
Observed^31 24 18 73
Expected^36.3 22.6 14.1 73

Polar lepromatous form
Observed^59 27 28 114
Expected^58.2 29.5 26.3 114

ed. The interview forms were precoded, and
the interviewers were pilot-trained in order
to minimize potential biases.

The analysis was done by the classical
Greenwood-Yule method ( 6 ) as well as with
logistic regression procedures using GLIM
(')•

RESULTS
Table 1 is a summary of the observed and

sibship-standardized (by the Greenwood-
Yule method 6 ) expected frequencies of lep-
rosy patients by birth order and form of the
disease. It can be seen that there is little
overall difference between the observed and

the expected distribution for the total group
of patients with Hansen's disease. However,
there appears to be a different pattern of
discrepancy between the two subgroups of
patients with Hansen's disease, i.e., between
patients with polar lepromatous leprosy and
polar tuberculoid leprosy. Although the
contrast is neither striking nor significant,
it does suggest that for patients with tu-
berculoid leprosy there is a small deficit of
cases in the earlier birth orders (31 observed
vs 36.3 expected); for patients with lepro-
matous leprosy, there is no such deficit at
the earlier birth orders.

In the simple Greenwood-Yule analysis
no account was taken of two important fac-
tors: a) socioeconomic status as indicated
by years of schooling (" ), and b) status of
the father or the mother with respect to lep-
rosy. Both of these factors, as well as sibship
size, birth order, and current age, were taken
into account in the multivariate modeling
summarized in Table 2.

The findings from the logistic analysis in-
dicate that, after control for socioeconomic
class, sibship size becomes a nonsignificant
and nonconsistent predictor of leprosy or of
the form of leprosy. On the other hand, the
multivariate analysis supports the impres-
sion that lepromatous patients belong to the
earlier birth orders in both sexes, although
in neither instance does the contrast reach
statistical significance.

TABLE 2. Regression coefficients (b), standard error of the regression coefficients /SE(b)J,
and p values for sibship size and birth order in multivariate modeling (logistic regression).a

Sibship size Birth order

b SE(b) x2 p b SE(b) x` P

Contrasting
Men

All controls" —0.073 0.057 1.7 0.19 0.028 0.064 0.2 0.65
All cases
All TT cases' 0.066 0.090 0.5 0.48 —0.098 0.106 0.9 0.34
All LL cases

Women
Contrasting

All controls" 0.026 0.071 0.2 0.65 —0.101 0.080 1.6 0.21
All cases
All TT cases' 0.027 0.108 0.2 0.65 —0.133 0.122 1.2 0.27
All LL cases

Controlling also for socioeconomic class, age of patients, and (for leprosy cases) for leprosy status of parents.
h 0 for controls and 1 for cases.

1 for TT cases and 2 for LL cases.
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TABLE 3.^Regression coefficients (b), standard error of the regression coefficients [SE(b)J,
and p values for sibship size and birth order in multivariate modeling (logistic regression)
excluding cases with affected parents."

Sibship size^ Birth order

b^SE(b)^P^b^SE(b)^X'^p

Men
Contrasting

All controlsh'^—0.073^0.057^1.7^0.19^0.028^0.064^0.2^0.65
All cases
All TT cases"^0.069^0.099^0.5^0.48^—0.120^0.119^1.1^0.29
All LL cases

Women
Contrasting

All controlsb'^0.026^0.071^0.2^0.65^—0.101^0.080^1.6^0.21
All cases
All TT cases"^—0.027^0.110^0.1^0.75^—0.169^0.131^1.8^0.18
All LL cases

Men and women
Contrasting (controlling for sex)

All TT cases"^0.041^0.072^0.3^0.58^—0.130^0.086^2.7^0.10
All LL cases

" Controlling also for socioeconomic class and age. Leprosy cases (45) with affected parents were excluded.
" 0 for controls and 1 for cases.

These results are, of course, identical to the respective results of Table 2.
d (1 fnr TT r:ICOC :Ind^I^riff 11. ea cos.

Table 3 summarizes the Chi-square val-
ues for sibship size and birth order in the
logistic regression controlling for socioeco-
nomic class and current age, excluding the
45 leprosy cases with affected parents. The
contrasts between lepromatous and tuber-
culoid cases, with regard to birth order, al-
though statistically nonsignificant, are even
more suggestive that lepromatous patients
belong to earlier birth orders in both sexes.

Thirty-seven of the cases reported at least
one of their older sibs as affected by leprosy.
However, when the appropriate interaction
variable was introduced in the respective
model, there was no significant or suggestive
evidence of such interaction.

DISCUSSION
It is known that the incidence of conta-

gious diseases in general rises with the in-
crease of the family size, since the proba-
bility of introduction and spread of infection
is correspondingly greater ( 10). Further-
more, it is known, at least for some infec-
tions, that first-born children are usually ex-
posed to the disease at school age; whereas
later-born children are usually exposed dur-

ing pre-school age ( 2 ). On the basis of these
observations and the recent realization that
leprosy is less unique among infectious dis-
eases than was formerly thought ('), we at-
tempted to investigate if sibship size and
birth order are factors related to the devel-
opment of leprosy in general or to a partic-
ular form of the disease.

In this study we included only patients
suffering from the two polar forms of lep-
rosy in order to avoid difficulties in classi-
fication. We also used, as a control group,
patients of low socioeconomic class from
general hospitals with a diagnosis other than
leprosy or other infectious disease. There is
no evidence that the disease of any diag-
nostic group in the controls is related to
sibship size and/or birth order in any other
way than that mediated by socioeconomic
status which is an intentionally matched
factor. We have focused the analysis on birth
order rather than on sibship size. Both of
these variables can affect age at exposure
and probability of transmission of the dis-
ease. However, because of the extremely
strong importance of socioeconomic factors
for exposure and transmission of leprosy,
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and because of the strong correlation be-
tween socioeconomic factors and sibship
size, we considered it unlikely that we would
have been able to completely control socio-
economic status, and we have expected a
residual confounding with respect to sibship
size. By contrast, the birth order association
could be investigated independently of so-
cioeconomic class and sibship size and, thus,
would be reasonably free from confounding
bias.

For the analysis, we have applied the clas-
sical Greenwood-Yule method CI as well as
multi variate procedures (').

The overall results arc negative. Even so,
they do not disprove the existence of an
infectious pattern but rather fail to dem-
onstrate whether one does actually exist. A
small deficit of cases with tuberculoid lep-
rosy was found in the earlier birth orders.
This observation could imply that cases with
tuberculoid leprosy arc, on the average, ex-
posed to M. leprae earlier in life than are
cases with lepromatous leprosy, since chil-
dren born to late birth orders are likely to
be infected by their older sibs. In the simple
Greenwood-Yule analysis, no control group
is required; therefore possible bias intro-
duced by secular changes in parity cannot
be controlled (s). Furthermore, no account
was taken for the status of the father or the
mother with respect to leprosy. Both of these
factors as well as sibship size, birth order,
socioeconomic status, and current age were
taken into account in the multivariate mo-
deling where 528 control subjects were in-
cluded. In all comparisons, a small deficit
of cases with tuberculoid leprosy was found
in the earlier birth order. The results from
this analysis suggest that exposure to M.
leprae early in life predisposes to tubercu-
loid leprosy, although nominal significance
(p 0.05) has not been reached in either
approach.

The results of this study are in agreement
with descriptive epidemiological data which
show that in highly endemic areas, where
early exposure to M. leprae is the rule, the
incidence of tuberculoid leprosy is much
higher than in nonendemic countries ( 5 ).
Neither observation, however, leads to any
explanation of the mechanism by which
early exposure to M. leprae leads to the more
resistant type of leprosy.

SUMMARY
To investigate if early exposure to My-

cobacterium leprae is a factor determining
development of Hansen's disease in general,
or of a particular form of the disease, we
have studied the sibship size and birth order
distribution of 187 leprosy cases and 528
hospitalized control patients.

By the Greenwood-Yule analysis, a small
deficit of cases in the earlier birth order in
the tuberculoid form was observed. Such a
deficit was not observed in lepromatous lep-
rosy patients.

In the multivariate analysis, where socio-
economic factors, current age, and leprosy
status of the parents were taken into ac-
count, it was found that sibship size be-
comes a nonsignificant and nonconsistent
predictor of leprosy in general or of a par-
ticular form of the disease. On the other
hand, the logistic analysis supports the
impression that tuberculoid leprosy pa-
tients belong to the later birth order in both
sexes. Although the contrast is statistically
nonsignificant in either sex, it suggests that
early exposure in life predisposes to the tu-
berculoid form of leprosy.

RESUMEN
Para investigar si Ia exposición temprana al Myco-

bacterium leprae es un factor determinants en el de-
sarrollo de Ia enfermedad de Hansen en general, o de
una forma particular de la misma, Sc analizó el nUmero
de hermanos y el Orden de su nacimiento en 187 casos
de lepra y en 528 pacientes control hospitalizados.

Por el analisis de Greenwood-Yule, se observe, un
pequefio deficit de casos tuberculoides en los naci-
mientos de Orden temprano. Tal deficit no se observe,
en los pacientes con lepra lepromatosa.

En un analisis multivariado donde se tomaron en
cuenta factores socioeconómicos, edad actual, y estado
de Ia lepra en los progenitores, se encontrO que el ta-
mafio de Ia progenie no esta asociado ni con el de-
sarrollo de la lepra en general ni con ningim tipo par-
ticular de lepra. Por otro lado, el analisis logistico apoya
Ia impresión de que los pacientes con lepra tubercu-
loide corresponden a nacimientos de orden tardio, en
ambos sexos. Por otro lado, aunque el contraste no es
estadisticamente significativo para ninguno de los sexos,
si sugiere que Ia exposition temprana en la vida, pre-
disponc a la forma tuberculoide de Ia lepra.

RÉSUMÉ

Afin d'etudier si une exposition précoce a Mycobac-
teriunz leprae constitue un facteur intervenant dans le
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développement de Ia maladie de Hansen en general,
ou d'une forme particuliere de l'alfection, on a etudie
la dimension des famines et Ia distribution de l'ordre
des naissances chez 187 malades de la lepre et chez
528 sujets temoins hospitalises.

En utilisant l'analyse de Greenwood-Yule, on a note
un leger deficit de cas parmi les sujets appurtenant aux
valeurs les plus faibles dans l'ordre des naissances, pour
la forme tuberculoide. Un tel deficit n'a pas etc observe
chez les malades lepromateux.

Par rztnalyse multi variee, prenant en compte les Etc-
teurs socioeconomiques, rage actuel, et Ia presence ou
non de lepre chez les parents, on a constate que Ia
dimension de Ia famine ne permet pas de predire de
fawn significative ou cohérente ('apparition de la lepre
en general ou d'une forme particuliere de la maladie.
Par ailleurs, l'analyse logistique renforce ('impression
que les malades atteints de lepre tuberculoide ont plus
souvent des rangs do naissance Cleves. Malgré le fait
que le contraste ne soit pas statistiquement significatif,
ni dans un sexe ni dans l'autre, cette observation sug-
gère cependant qu'une exposition precoce â la lepre au
tours de Ia vie predispose a Ia forme tuberculoide
la maladie.
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