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Some Observations on the Ecology of Infectious
Hepatitis *

HANS 0. LOBEL, M.D.1 & ROBERT W. McCOLLUM, M.D.2

Analysis ofreported rates for infectious hepatitis in the USA and in New York State for
the years 1954 through 1962 reveals an inverse relationship between incidence and popula-
tion density in epidemic as well as inter-epidemic periods. Patterns of age-specific rates
were also found to vary with population density, the fluctuations being much greater in
rural than in urban areas. The gradual change of hepatitis from a predominantly childhood
to an adult disease is noted in data from California.

The observations based on data from the USA are compared with those for Denmark
and contrasted with recently reported studies.from eastern Europe. Such comparisons may
prove of value in predicting patterns to be anticipated in areas where infectious hepatitis is
currently in the early or pre-epidemic stage of its evolution as a public health problem.

INTRODUCTION

The incidence of infectious hepatitis among large
populations when viewed in long-term perspective
appears to be characterized by three distinct, but
superimposed, cyclic patterns of varying intervals
measured in seasons, in years, and in decades. The
etiological agent is thought to have a world-wide
distribution, but the state ofepidemiological develop-
ment of the disease varies from country to country.
During the past ten to twenty years the incidence
has reached unprecedented levels in many areas of
the world, while gradually falling in a few areas
where a peak incidence was observed during the
1940's. It is likely that the emerging patterns of this
disease are determined by a variety of factors, as
yet poorly understood, which affect the ecological
balance between agent, host, and environment. In
the absence of specific virological and serological
techniques, knowledge concerning these factors must
be derived from epidemiological observations and
analysis of data based on reported incidence.

It has only lately become possible to make
meaningful interpretations of secular trends of
hepatitis in different geographical areas and com-
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parisons of attack rates among different population
groups since official reporting of this disease is a
relatively recent development in most countries.
The reliability of reported incidence figures is
influenced by the level of medical care, including
availability, degree of diagnostic recognition, and
efficiency of reporting practices, each of which may
vary in time and place. However, such data serve
as the only indices of prevalence and provide the
most uniform body of information for examining the
behaviour of hepatitis in large populations. The
present study is based on reported rates with a full
understanding of the limitations which they impose.

INFECTIOUS HEPATITIS IN RELATION TO POPULATION
DENSITY

Hepatitis was not a reportable disease when
Blumer (1923) published a review of all recorded
outbreaks in the USA. Precise rates were lacking
in most instances, but Blumer was impressed by the
relatively high incidence in rural districts as
compared with cities. Andersen (1937), on the
basis of official reporting in Denmark, pointed to
the rather unusual character of hepatitis with respect
to its apparent predilection for rural environments.
These observations have received little attention
since that time.

United States of America
Average annual incidence rates were calculated

for each state for the years 1954 through 1962, a
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period during which two major epidemic peaks were
observed in the national pattern. In reviewing these
figures it was apparent that densely populated states
reported relatively fewer cases of hepatitis than did
more sparsely populated ones. On the basis of the
census figures for 1960 the states were grouped in
three categories according to population density:
0-9, 10-99, and 100 or more inhabitants per square
mile." The average annual reported incidence rates
in these three groups are 12.8, 8.1, and 6.0 per 100 000
population, respectively. The geographical cluster-
ing of states with a high population density in the
eastern and northern part of the country and those
with a low density in the central and mountain
regions could not entirely explain the observed
differences.

New York State
Since the inverse relationship between incidence

and population density noted in the national figures
could result from variations in reporting practices
in major geographical areas, a single state, New
York, was chosen for a more detailed analysis. Data
on cases of infectious hepatitis reported in New York
City and all counties of upstate New York (i.e.,
the remainder of the state) were examined for the
years 1954 through 1962. The population of New
York City in 1960 was 7.8 million. The counties
which are components of the seven Standard Me-
tropolitan Statistical Areas (US Bureau of the Cen-
sus), with a population of 6.5 million, are defined
as urban. The remaining counties, with a popula-
tion of 2.4 million, are defined as rural.
The population density of the rural counties was

66, of the urban counties 515, and of New York
City 24 704 persons per square mile. The average
annual reported incidence between 1954 and 1962
was 42.5, 19.2, and 10.4 cases per 100 000 popula-
tion, respectively. The inverse relationship between
incidence and population density observed both in
the national figures and in New York State is shown
in Fig. 1. In New York State this relationship is
seen in years of high as well as years of low incidence,
but is most marked in epidemic years (Fig. 2).
The difference between the highest and the lowest
annual incidence was only 14 cases per 100 000 in
New York City as compared with 127 cases per
100 000 in the rural counties. The great variations
in the rural rates suggest widely fluctuating levels of
immunity of the rural population. In individual

1 100 inhabitants per square mnile = 39 inhabitants per
kM2.

FIG. 1
AVERAGE ANNUAL REPORTED INCIDENCE

OF INFECTIOUS HEPATITIS PER 100000 POPULATION,
1954-62 a
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small communities of rural districts a year of high
incidence may be followed by several years with no
cases reported. This aspect is obscured in the data
presented since they describe the combined

FIG. 2
AVERAGE ANNUAL REPORTED INCIDENCE

OF INFECTIOUS HEPATITIS PER 100000 POPULATION
IN NEW YORK CITY AND IN RURAL AND URBAN
COUNTIES OF UPSTATE NEW YORK, 1954-62
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FIG. 3
AVERAGE ANNUAL REPORTED
INCIDENCE OF INFECTIOUS
HEPATITIS PER 100000
POPULATION IN URBAN ANDj
RURAL DISTRICTS OF DENMARK,
1928-60

experience of all such areas over a period of time.
In contrast, the limited rise and fall in New York
City is suggestive of a relatively endemic situation,
although individual districts within the city may
experience greater variations than the collective
data would suggest.

Denmark
Reporting of hepatitis has been a long-standing

practice in Denmark. Data provided by the National
Health Service of Denmark and obtained through
the World Health Organization offer a unique
observation of the rural-urban patterns of this
disease from 1928 through 1960 (Fig. 3). Andersen
(1937) first pointed to the relatively low rates for
Copenhagen and Aarhus as compared with those
for most of the rural districts, a situation which
continued until the end of the epidemic wave in the
Second World War. In epidemic years the rural
rates are more than twice as high as the urban rates,
while little difference exists in years of low incidence.
Although the over-all rates in New York State
(1954-62) are considerably lower than those for
Denmark prior to 1946, the rural-urban patterns
are remarkably similar.

VARIATION IN RESPONSES TO INFECTION

Individual response to infection with the agent
of infectious hepatitis is quite variable and is de-
pendent upon a number of interrelated but poorly
understood host and environmental factors. How-
ever, it is generally recognized that age plays a major
role in the manifestation rate, i.e., the ratio of overt
clinical cases to the total number of infected persons

(Raska, 1957). In the absence of prior immunity

this ratio increases from a very low figure for infants
and young children to a figure approaching unity
for adults. Precise ratios for 'different ages cannot
be established but the relationship can be represented
schematically (Fig. 4). This shifting spectrum must
be considered in interpreting reported age patterns,
which are based almost entirely on symptomatic
and icteric responses to infection.

AGE PATTERNS IN RELATION TO POPULATION

DENSITY

Early reports of infectious hepatitis considered it
as a disease predominantly of childhood and
adolescence (Neumann, 1899; Cockayne, 1912;
Blumer, 1923). More recent observations are

indicative of a shift in the age distribution of re-

ported cases in many areas of Europe and North
America. The reasons for this change are not entirely
clear, but a study of the relationship between age
patterns and population density may provide a

partial explanation.
In New York State distinct differences in the age

distribution of reported cases in the three categories
of population density are observed. The mean
annual age-specific rates in the three years of highest
incidence (epidemic) are compared with those in
the three years of lowest incidence (inter-epidemic)
(Fig. 5). In epidemic years the highest rate in
upstate New York, both rural and urban, is in the
age-group 5-9 years while the maximum in inter-
epidemic years is reached at an older age. In New
York City the peak incidence is in the age-group
20-24 years and shows little variation.
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FIG. 4
SCHEMATIC REPRESENTATION OF
THE RELATIONSHIP BETWEEN AGE
AND HOST RESPONSE TO
INFECTION WITH THE VIRUS OF
INFECTIOUS HEPATITIS

Age-specific incidence ratios of epidemic to inter-
epidemic years were used to determine the relative
increase of incidence by age. The difference in
incidence between inter-epidemic and epidemic
years in New York City is of the same order of

FIG. 5
THREE-YEAR AVERAGE AGE-SPECIFIC INCIDENCE

PER 100000 POPULATION IN EPIDEMIC
AND INTER-EPIDEMIC YEARS BETWEEN 1954
AND 1962: NEW YORK CITY AND URBAN

AND RURAL COUNTIES OF UPSTATE NEW YORK

magnitude at all age levels. In the rural and urban
areas of upstate New York the increase is 6- to 7-fold
in the 0-9 years' age-group; in older age-groups the
increase is greater in rural than in urban districts,
especially in the 20-39 years' age-group (Fig. 6).
The age distribution is also influenced by the level

of incidence. Fig. 5 shows that within each category
of population density a shift occurs towards the
younger ages when the level of incidence increases.
Epidemic waves are most pronounced in the non-
adult age-group (Fig. 7) and may reflect to some
degree a greater awareness of hepatitis in epidemic

FIG. 6
AGE-SPECIFIC INCIDENCE RATIOS

(EPIDEMIC: INTER-EPIDEMIC INCIDENCE):
NEW YORK CITY AND URBAN AND RURAL

COUNTIES OF UPSTATE NEW YORK,
1954-62
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FIG. 7
ANNUAL AGE-SPECIFIC REPORTED
INCIDENCE OF INFECTIOUS
HEPATITIS PER 100000
POPULATION, 0-19 YEARS AND
20 YEARS OR OLDER: UPSTATE
NEW YORK, 1947-62
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periods which leads to increased recognition and
reporting of mild and relatively asymptomatic cases

in children. Adult rates are lower and vary less
from year to year. Since the number of susceptibles
decreases with advancing age due to immunity
conferred by prior infection, the relatively high
proportion of adult immunes may limit the spread
in older age-groups.

Available data for Denmark for the three age-
groups 0-4, 5-14, and 15 years and older indicate
that between 1928 and 1960 the 5-14 years' age-

group experienced the highest incidence rates both
in rural and in urban areas, but existing age dif-
ferences may be obscured by the broad classification
of the age-groups. The tabulation below compares
the proportion of adult cases (15 years and older)
in rural and urban areas in periods between 1928
and 1960, adjustments having been made for dif-
ferences in age composition of the two populations:

Period

1928-32
1933-37
1938-42
194347
1948-52
1953-57
1958-60

Urban Rural

41
42
55

65
72
61
85

46
52
62
67
72
66
78

It can be seen that the proportion of cases 15 years
and older in the rural areas is generally higher than
in the urban districts.

SECULAR TRENDS OF AGE DISTRIBUTION

In Denmark the incidence of hepatitis has shown
two major epidemic periods since 1928, i.e., around
1933 and during the Second World War and early
post-war years, and has gradually declined since.
The age distribution not only shows differences
between rural and urban areas but also a marked
deviation towards older age in both areas during the
period 1928-60. Between 1928 and 1932 43% of
the cases occurred in the age-group above 15 years
with a steady rise to 80% of the total cases reported
between 1958 and 1960, a rise which is not directly
related to the changing levels of over-all incidence.
Strom (1959) has observed a similar rise in Sweden.

In North America the only areas of long-estab-
lished reporting are California (1922) and the
Canadian provinces of Saskatchewan (1935) and
Ontario (1945). The common feature in these three
geographically different areas is the simultaneous
rise of incidence since 1951 after a continuous period
of apparently low and sporadic incidence. This
suggests that North America is experiencing a true
increase in infectious hepatitis. The gradual devia-
tion towards older age noted in Denmark is also
observed in California, where the proportion of cases
15 years and older increased from 45% between 1928
and 1937 to 63% in the period 1958-62 (Fig. 8). The
maximum incidence shifted from the 5-9 years' age-
group in 193941 to the 10-14 years' age-group in
1949-51, while in 1959-61 the 10-14 and 20-34 years'
age-groups experienced equally high rates. These
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FIG. 8
SECULAR TREND OF THE AGE DISTRIBUTION
OF INFECTIOUS HEPATITIS IN DENMARK
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changes are also reflected in reports from many
other areas of the USA.

DISCUSSION

With the exception of epidemics due to contamina-
tion of food and water supplies, infectious hepatitis
is believed to be transmitted primarily by direct and
indirect contact, as evidenced by the high secondary
attack rates observed in household, school, and
institutional settings. The long-term patterns of the
disease in large populations result from the inter-
action of several major variables: the efficiency of
transmission under differing environmental cir-
cumstances; factors which may affect the clinical
manifestation rate; and levels of immunity con-

ferred by prior infection. The transmission efficiency
is influenced by several interrelated and essentially
inseparable conditions such as levels of personal
and community hygiene, social and community
practices and customs, socio-economic factors, and
the size and density of the population, all of which
may vary geographically and temporally. Although
this paper is concerned primarily with observations
related to population density, it is fully realized
that the findings reported are the results of more

complex associations. Population density has been
used as a basis for defining rural and urban popula-
tions. Comparison of data from different countries
is hampered by the lack of uniform definitions of
such populations and inherent differences in the
types of rural and urban environments encountered.

F
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The epidemiological behaviour of infectious
hepatitis shows many features similar to those re-
corded for poliomyelitis, another viral infection
transmitted primarily by the faecal-oral route and
characterized by a wide spectrum of host response
(inapparent, non-paralytic, and paralytic). The
rural-urban distribution of paralytic poliomyelitis
was a topic of conjecture in Sweden at the turn of
the century (Wernstedt, 1912). Lovett & Richardson
(1912) were also puzzled by their observations of
an inverse relationship between poliomyelitis inci-
dence and population of the communities involved
in the epidemics recorded in Massachusetts between
1907 and 1910. In the 1916 epidemic in New York
City the attack rates were found to vary inversely
with the population density of the five boroughs
(Emerson, 1917). Long-term records of incidence
in Sweden (Olin, 1952) reveal a continuation of the
pattern from 1905 to 1960. The early observation
of a similar rural-urban distribution for hepatitis in
Denmark (Andersen, 1937) appears to be true for
New York State and the USA during the past decade
even though the progression of hepatitis from a
sporadic disease to one of epidemic proportions
occurred about twenty years later in North America
than in Denmark. It is interesting to speculate
whether or not the equilibration of rural and urban
rates will occur in the USA as it did in Denmark
after 1945.

In contrast to the findings of this study, reported
hepatitis incidence in the urban centres of eastern
Europe usually exceeds that in the rural districts,
with a decrease of the urban-rural ratio in years of
high incidence (Kulesza, 1962; Petrilla et al., 1959;
Verbev et al. 1962), although within rural areas an
inverse relationship between population density
and incidence has been observed by Szmuness
(1963). Another difference is found in the reported
age distributions, the persons affected being mar-
kedly younger than those observed in this study;
only about 50% of the cases occur among persons
over 15 years of age, with the peak incidence usually
recorded for children under the age of 10 years.

In Czechoslovakia, Poland, and Hungary notifica-
tion of hepatitis has been compulsory since the early
1950's and hospitalization of reported cases has
reached levels of from 80% to almost 100%. Recent
trends indicate a decline of hepatitis incidence in
the capital cities of these countries in relation to
tbeir national incidence figures (Raska & Radkovsky,
unpublished data, 1963; WHO Expert Committee
on Hepatitis, 1964). This shift began in Czecho-
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slovakia about 1954, in Hungary about 1958, and
in Poland about 1960 and probably reflects changes
in environmental conditions in these countries.
Although there are slight variations in age distribu-
tion, peak rates occur below the age of 15 years and
only slight differences are noted between the age
patterns reported for the capital cities and those for
their respective countries.
The gradual change of hepatitis from a pre-

dominantly childhood disease to one of adulthood
is similar to the pattern encountered in the evolution
of poliomyelitis (Freyche & Nielsen, 1955). Similar
factors are likely to be responsible, but at the present
time, without adequate virological and serological
methods, it is not feasible to assess their relative
degrees of importance in the case of hepatitis. An

increase in the relative incidence of serum hepatitis,
which occurs primarily in adults and is clinically
indistinguishable from infectious hepatitis, could
account in part for the changing age pattern, but
it is unlikely that it is a major contributing
factor.
The observations of this study lend support to

the importance of social and environmental factors in
the evolution of infectious hepatitis. It will be of
interest to note the degree to which these trends may
serve as indicators of patterns to be expected in
countries where hepatitis has already reached
epidemic proportions as well as those now entering
the epidemic phase unless, as was the case with
poliomyelitis, the development of an effective
vaccine intervenes.
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RIESUMI!

On ne possede que tres peu de donnees sur l'evolution
epid6miologique a long terme de l'hepatite infectieuse,
affection dont les statistiques de la plupart des pays ne

font officiellement mention que depuis peu de temps. Aux
deux grandes pouss6es 6pidemiques de 1933-34 et 1943-44
a succede, au Danemark, un declin progressif de la
maladie qui se poursuit 'a l'heure actuelle. Dans plusieurs
regions des Etats-Unis et du Canada, apres une longue
p6riode de faible incidence, un nombre accru de cas a

ete constate apres 1951. Les facteurs qui determinent ces

particularites epidemiologiques et modifient l'equilibre
ecologique entre l'agent infectieux, l'h6te et le milieu
sont encore peu connus. Les auteurs rapportent les resul-
tats d'observations ~ffectuees aux Etats-Unis, et particu-
lierement dans l'Etat de New York, entre 1954 et 1963.
Pour l'ensemble des Etats-Unis, l'incidence de l'affec-

tion varie en fonction inverse de la densite de la popula-
tion. La meme difference se marque, dans l'Etat de
New York, entre l'incidence dans les regions rurales,
urbaines et la ville de New York. Dans les regions rurales,
l'incidence est sujette a des fluctuations, dues peut-etre
A des variations d'immunite de la population, qui
contrastent fortement avec l'allure endemique observee
dans les grands centres urbains et a New York. Les
modalites de la repartition par age de l'hepatite infec-
tieuse different suivant la densite de la population et la

frequence globale de la maladie: dans la ville de New
York, l'ecart entre le nombre de cas en periode d'epidemie
et le nombre de cas dans l'intervalle interepidemique est
sensiblement le meme pour tous les groupes d'age, mais
dans les regions urbaines et rurales, il est 6-7 fois plus
eleve chez les sujets ages de 0 a 9 ans; chez les adultes,
l'ecart est plus important dans les regions rurales que
dans les districts urbains. On observe qu'a l'augmentation
globale de l'incidence correspond une frequence accrue
des cas parmi les couches jeunes de la population. Des
donnees recueillies en Californie montrent d'autre part
que la maladie, consideree pendant une periode de temps
suffisamment longue, tend 'a devenir une affection de
l'age adulte. Le pourcentage des sujets ag6s de plus de 15
ans atteints d'hepatite infectieuse est passe en effet de
44% pour la periode 1928-1937 a 63% pour la periode
1958-1962. Ces faits concordent avec des observations
similaires effectuees au Danemark. Ils ne s'accordent pas
en revanche avec les constatations faites en Europe
orientale, oit l'on note une incidence plus forte dans les
centres urbains, et dans les fractions les plus jeunes de la
population.

Les auteurs signalent que l'epidemiologie de la polio-
myelite presentait, avant l'ere de la vaccination, des
particularites du meme type, qui suggerent une analogie
d'evolution.
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