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MEDICAL PRACTICE

For Debate

The changing pattern of infectious disease

KAINE IKWUEKE

Abstract

Several factors contribute towards a decrease in the prevalence
of infectious disease in a population. These include active
control measures, active immunisation, and improvement in the
socioeconomic state of the population. There appears, how-
ever, to be a progressive increase in the resistance of a
population in relation to the length of time the population has
been exposed to an agent. This increasing resistance is
currently thought to be an expression of natural selection but
transmission of actively acquired immunity cannot be ruled out
and in the light of current evidence remains a highly probable
contributory factor.

Introduction

Modern science has contributed immensely to the elimination of
large pandemics that ravaged the earth with massive mortality and
morbidity. The principle of safe immunisation discovered by
Edward Jenner in 1798 has been used in the control of many
diseases and the elimination of a few, notably smallpox.' The use
of chemotherapy followed by the introduction of the antibiotics
has contributed to the reduction in the cycle of transmission of
infectious disease. Finally, the scientific understanding of the
principles of transmission of disease with the introduction of
measures aimed at interrupting transmission by epidemiological
methods has perhaps contributed more than the others to the
changing pattern of infectious disease. Other factors have also had
a role, such as the changing susceptibility of the population,
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changes in virulence of the infective organisms, and the nutri-
tional, social, and economic state of a population.2
The problem of excluding the effects of active control measures

to study the underlying changing pattern of infectious disease is
difficult. In most developing countries, where the incidence of
infectious diseases is high, relatively simple and limited control
measures produce fairly dramatic changes. Difficult as it is,
however, it is equally important to attempt to discern and
understand the underlying changing pattern of infectious disease.
This information is important for planning. It is also important for
clinical practice that the clinician should be aware not only of the
change in prevalence but possibly a natural change in the severity
and manifestations of the disease: only then can the choices from
the available therapeutic options be properly justified.

Falling incidence of infectious disease
In most developing countries the overall pattern in the past 70

years has been the decline in infectious diseases, which has been
particularly dramatic in those areas where successful public health
programmes have been carried out. There has been increasing
longevity, a drop in infant mortality, and a corresponding increase
in the population. In some communities this has been ac-
companied by an increase in the incidence of degenerative and
malignant diseases. During the past 50 years most developing
countries have seen several changes in their regional and national
boundaries. This makes any interpretation of the statistics difficult
as an observed change in the incidence of a disease may simply
reflect a regrouping of an area of high incidence. Nevertheless,
data from certain geographically stable areas have shown a steady
drop in the prevalence of infectious diseases. Carlos Santos Reis
has reported this pattern in former Portuguese Africa (Angola,
Mozambique, Sao Tome)3; and Coulbourne found similar changes
in Hong Kong from vital statistics culled from the annual reports
of the medical services from 1912.4 Scragg, in a review of the
historical epidemiology in Papua New Guinea, described a similar
trend of decreasing incidence of infectious disease and a rapid
growth in population (figs 1 and 2).5
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FIG 1-Variation in crude death rates in Mekeo and Yule Island in Papua New Guinea
showing causes of epidemics as indicated in historical records. The crude death rate
for Mekeo and Yule Island is representative of those of the other islands. From
Scragg. 5
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FIG 2-Combined Mekeo and Yule Island population from church records begun in
1889. Totals were not available from 1924 to 1937.

In the search for an underlying changing pattern of infectious
disease one tends to examine closely the incidence of diseases not
directly treatable by chemotherapeutic agents or whose mode of
transmission is unknown. Examination of the pattern of infections
responsive to antibiotic in the preantibiotic era may also disclose
some interesting information.

In Hong Kong the incidence of plague dropped from nearly 400
per 100 000 population in 1912 to almost nothing by 1948 and
disappeared completely soon afterwards.4 This was before the
introduction of antibiotics, and this disappearance occurred when
most of the dwellings on the waterfront in Hong Kong were still
grossly overcrowded and infested with rats. Apparently plague also
disappeared from the southern coast of China at about the same
time for similarly inexplicable reasons.6 Though it is difficult to
assign a cause in retrospect, it is unlikely that active control
measures could have accounted for this change, and, of the two
choices of either improvements in socioeconomic and nutritional
standards or changes in the immunological state of the population,
one would be tempted to suggest the latter. In the final analysis,
however, any explanation would probably be a complex combina-
tion of factors.

In Papua New Guinea the population has more or less remained
stable for over 100 years, the population statistics being available
from missionary records from the beginning of the century. An
examination of the mortality statistics shows that the introduction
of medical aid posts, chloroquine, and penicillin in 1950 was
associated with a sharp fall in mortality with resultant rapid growth
in population (fig 1). Closer examination of the death rates before
this period shows a gradual but consistent fall. The gradual or
sometimes sudden decline in the incidence of diseases, inexplicable

by the use of known control measures, is well recognised. In some,
but by no means all cases, it may be explained by a "general
improvement in the health of the community." The decline in
mortality from tuberculosis from 1851 to 1940 in England,
Scotland, and Wales and the Netherlands has been studied by
Springett, who pointed to a remarkable fall in the mortality of the
under 5s from 632 in 1851 to 61 per 100 000 population 90 years
later.' I This continuous trend merged into the streptomycin era in
the late 1940s, with a dramatic fall in the mortality in the entire
population owing to adequate treatment. The factors responsible
for the fall in the preantibiotic era have not been satisfactorily
explained. Improvements in nutrition and housing have been
advanced as contributory factors, though the changes in these
features over this period are not such to account for this
difference.2 I

Increasing age of affected subjects

The average age of people dying from tuberculosis in Hong
Kong was about 25 in 1959 and 60 in 1973. In the United
Kingdom the average age of people dying from the disease has also
progressively increased, an increase that appeared to be par-
ticularly obvious in the years just before the sharp drop due to the
introduction of streptomycin. In fact, the influence of strepto-
mycin on this trend was very slight indeed. For patients aged over
55 there continued to be an increase not only in the death rate but
also in the notification rate all through this period, including the
period after the introduction of streptomycin. This trend was most
definite among men, where the notification rate for respiratory
tuberculosis rose steadily from 43 per 100 000 in 1940 to 81 per
100 000 population in 1955.9

It would appear, therefore, that, with the "aging" of the disease
and before the sharp drop took place, the elderly were being
increasingly affected and were more commonly dying from it.
There have been suggestions that these increases were more a
result of reactivation of dormant disease in later life rather than
new infection.9 On the other hand, with increasing isolation, the
older population has a reduced risk of exposure to infection and it
is not clear what the true infection rate would be after correction
for this.

Decline in severity
There is evidence of a reduction in the clinical severity of diseases

even before or at about the time the incidence drops. Thus Boyd
wrote about typhoid in Canada in the early 1950s: "Typhoid is no
longer the scourge of yesterday. . . . The clinical picture seen in
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FIG 3-Changes in the virulence of myxoma virus and in the genetic susceptibility of
rabbits in Australia since 1950. Both are measured in terms of percentage mortality.
Virus virulence represents the average mortality conferred by strains recovered in the
field after the number of years shown on the x axis, and tested on standard laboratory
bred rabbits. Rabbit susceptibility is that of young rabbits caught in areas which have
experienced the number of epizootics shown and challenges (after any maternal
immunity had vanished) with a virus strain of moderately high virulence (one isolated
about a year after first liberation of the virus and found to kill 90-95% of normal
laboratory rabbits). From Burnett and White.28

. . * . .
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Winnipeg and Manitoba has altered considerably. The disease has
become much rarer and milder.... In some less civilised countries
the morbidity from it is still high (WHO Report)."'0

Smallpox was a disease so severe and so clinically distinctive that
virological diagnosis was unnecessary to distinguish it from
chickenpox. In any case, if the doctor waited long enough, the tell
tale pocks would make the difference very obvious. Nevertheless,
over the years, the pocks became rare, the clinical manifestations
became milder, and, finally, before smallpox was eradicated it
became commonly confused with chickenpox and virological
identification became the only reliable way of making a diagnosis. "
It is perhaps more than coincidence that in the last pocket of
smallpox monitored in Ethiopia before its final eradication the
cases recorded were almost exclusively all of variola minor. Similar
observations were made about the disease in the United States and
Canada in the late 1940s."
Hence apparently there are certain recognisable facets of

changing disease patterns in a community. These could be
summarised as a concept of "disease aging in the community."

(1) A new disease is relatively virulent.
(2) It tends to affect relatively young generations.
(3) As the disease "ages" in the community, it tends to affect a

gradually increasing age group.
(4) There is a gradual decline in the severity of the disease.
(5) Finally, the disease declines and dies.
When effective control measures are mounted against the

disease the incidence may drop so sharply that this cycle may not
be so obvious.
The susceptibility of the younger generation to a new disease

may be related to a high cell turnover, which makes them more
vulnerable to toxic and infective agents in the environment, similar
to the susceptibility of rapidly dividing bacteria to a wide range of
antibiotics. There may also be a factor of exposure, that, given
equal resistance in the community, the younger generations have a
higher risk of exposure and so they contract the disease first. The
rapid cell-enzyme turnover also provides them with a more
spontaneous defence reaction so that they tend to develop
resistance to the infection earlier than the older generation.
The resistance developed by the younger population is trans-

mitted to the subsequent generations, so that even without a
change in the virulence of the organism the clinical manifestations
of the disease are modified and decrease until it is finally
eliminated. Evidence for this line of thought is provided by the
pattern of measles infection. Throughout history the response of
non-immune peoples-for example, the Aztecs-to the introduc-
tion of a relatively mild infection has been catastrophic. In 1875 in
the Fiji islands a measles epidemic killed 40 000 people in four
months, eliminating a quarter of the population.'2 Some attenua-
tion in the virulence of viruses occurs after several passes through
tissue culture or living animals, but this great mortality in the
Fijians suggests that the loss of virulence of the measles virus could
not have been important. The clinical manifestations of measles in
children of Nigerians living in the United Kingdom are frequently
those of a severe debilitating illness, sometimes causing alarm.
Measles is a serious illness in Nigeria and the greater severity seen
in Nigerian children living in Nigeria has often been attributed to
malnutrition, which often coexists. The finding of severe measles
in the children from the higher socioeconomic groups in Nigeria
and in Nigerian children living in the United Kingdom, however,
suggests that nutrition may not be the most important factor to
account for this difference.
No difference in species or strain has been shown between the

measles virus that affects white children and the virus that affects
Nigerian children to account for the varying severity, and hence
possibly there is a genetically determined response to the virus
which may be related to the total length of time the Nigerian
population has been exposed to it. In 47 well nourished black
children with measles infection in Durban, Wesley et al showed
that, in spite of their good nutrition, they had developed predictive
markers of a poor prognosis by the second day after the appearance
of the measles rash."' Five of these children eventually died, and 13
of the survivors had persistent pulmonary complications.

Bhaskaram et al found no difference in the degree of immuno-
suppression produced by measles in well nourished and mal-
nourished children."' Furthermore, the severity of measles in
Singapore has been found to be intermediate between that in
Europe and that in other developing countries and it tends to affect
older people than in other developing countries.'5-'7 By inference,
therefore, the population of Singapore has been exposed to the
measles virus for a period intermediate between the European
population and that of other developing countries. In a review of
measles mortality and ethnic groups Anderson has drawn parallels
between the manifestations of measles among white children in
Britain in the nineteenth century and black children in Nigeria
today. 18
Herd immunity has been used to explain the gradual decline in

endemic diseases in a community where the increase in the number
of "immune" (infected or immunised) subjects reduces the pool of
susceptible subjects and thus reduces the transmission and
incidence of a disease with a gradual decline of the disease. Should
there be a breakthrough infection, however, it should affect the
non-immune individuals most, and its severity should be un-
precedented. In practice this does not happen: the severity of such
infections tends to reflect the state of immunity of the population
at the time of the outbreak.

Cohort analysis has been applied to explain the apparent shift in
the average age of the affected subjects and deaths in some
diseases. In this technique there is a longitudinal study of the
mortality (or morbidity) of groups born within five or 10 year
periods and followed throughout life. Some groups show the
highest death rates for a disease at all ages and may be assumed to
have been born with a high risk for the disease. The apparent shift
in the death rates for the disease is thus a manifestation of the aging
of the cohort rather than affliction of progressively older genera-
tions in the population. The "risk" for tuberculosis might then be
represented by the pool of infected or infective population, or the
genetic endowment of the cohort with its predetermined im-
munological response to infective agents in the environment.
Nevertheless, in a detailed cohort study of mortality rates from
tuberculosis in Massachusetts, the United Kingdom, and the
Netherlands, Springett still showed a progressive shift in the age of
the peak adult mortality, especially in men and in densely
populated areas, and the figures from Hong Kong are even more
striking.7

Transmission of acquired immunity

Lamarck is remembered today for his concept of transmission of
actively acquired immunity, though the thought was neither
original to him, nor did he consider it of central importance to his
work. 1920 His exposition on evolution, Philosophie Zoologique, was
published in 1809, and, though his ideas were not universally
accepted during his lifetime, the formal destruction of his
reputation began at his death, when Georges Cuvier unleashed the
first of a series of attacks.20 Since then the debate on the
mechanism of evolution has been polarised into two opposing and
mutually exclusive sides, often with strong emotive overtones, the
other side being Darwin's theory of natural selection. Experi-
mental models, which have shown evidence of transmission of
acquired characteristics but which were not substantiated, have
not helped to settle the argument one way or the other.
Meanwhile in biochemistry and microbiology there has been a

steady accumulation of experimental evidence and an understand-
ing of biofeedback systems which make transmission of actively
acquired features a feasible proposition. Thus operon theory of
enzyme induction systems provides a mechanism for the environ-
mental (substrate) control and preferential expression of genetic
potential.2' Bacteriologists have discovered a variety of genetic
insertion mechanisms-for example, transformation, episome
transfer, and bacteriophage mediated transduction. Each of these
provides a means whereby microbes can incorporate and pass on
genetic material acquired during their lifetimes.
There are now also examples of xenotropic viruses which behave
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as transmissible viruses in one host species and as mendelian genes
in another. The discovery in 1970 of the enzyme RNA dependent
polymerase or "reverse transcriptase," posed a challenge to our
central dogma in the genetics of the one way information traffic
from the germline chromosomes to somatic genes through to
synthesised products.22 It thus provides a vital link in a possible
chain of an alternative information channel from the environment,
through the somatic to the germline chromosome for transmission
to the offspring. Steel has proposed a complete scheme for this
germline preservation of somatic genes selected by environmental
factors and for transfer of "enhanced" genetic information to the
subsequent generation.22 He has also published results of experi-
ments that showed the transmission of detectable immune
tolerance in the offspring after the parent rats had been im-
munised.2425 The immunity was transmitted through the male line.
The results could not be reproduced, however, by Brent.2627
The concept of transmission of features actively acquired during

life should not exclude the principle of natural selection as possibly
both factors operate in combination to mould the evolutionary
direction of biological development. There was an elegant
epidemiological experiment in Australia in the early 1950s to
eliminate wild rabbits by infecting them with the myxoma virus.28
The virus was spread by mosquito bite and produced 99% mortality
in infected rabbits. Within two years of its introduction, a
detectable drop in the virulence of the virus had occurred and
instead of 99% it now produced a mortality of around 90% in pure
bred laboratory rabbits. The susceptibility of young wild rabbits
with no previous exposure and tested after the disappearance of
maternal antibodies remained at around 85%. By the end of six
years, however, while the mortality in the pure bred laboratory
rabbits had remained at 80%, that in the young but wild rabbits in
the endemic area had dropped to 30% (fig 3). The recovery of the
wild rabbits was not due to immunity acquired as a result of
previous exposure to the virus as they had never encountered the
virus, though their ancestors had. Their increased resistance was
inherited and genetically transmitted. Burnett and White argue
that this is the result of intense natural selection and that the
genetically transmitted factor is the innate resistance.28 It is difficult,
however, to see how we can exclude actively acquired immunity
transmitted to successively more resistant generations. Possibly
both factors act in combination, natural selection being more
important in the early stages owing to the extremely high mortality,
and transmission of actively acquired resistance contributing more
as the infected rabbits survive to reproduce.

Examination of the changing pattern of infectious disease
suggests that over tens or hundreds of years populations tend to
abate the spread of infectious disease by active intervention and
when this is unsuccessful, or impossible, a gradual increase in the
resistance of the population leads to a decline in the pathogenicity

and prevalence of the disease with its eventual elimination. As the
world lays to rest its dying diseases and harnesses its resources to
fight the new diseases-for example, acquired immune deficiency
syndrome (AIDS) and Kawasaki disease-it is to be hoped that
successful active intervention rather than death of the diseases at
the end of a prolonged existence is the pattern we will see.

I thank Professors L Brent, H Dudley, and A Nicolaides for their
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Vecht for his comments and Miss Gillison for secretarial help. My gratitude
goes especially to the Coronary Artery Disease Research Association
(CORDA) for their financial support. Finally I am grateful to Sir
Macfarlane Burnett, Cambridge University Press, and Professor Roy
Scragg for permission to reproduce their diagrams.
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Someyears ago an 80year old man had heart block, which has been successfully
controlled with a pacemaker. The patient, who takes frusemide daily, complains
of weakness; might this be due to the treatment?

The feelings of weakness are unlikely to be due to the presence of the
pacemaker provided that it is working properly. An efficient pacemaker
makes the patient feel better. It is, however, entirely possible that the
feelings of weakness might be related to the taking of frusemide. It is
important to exclude orthostatic hypotension, which may be provoked by
diuretics. If the patient is in heart failure this will cause fatigue and the
pacemaker will not prevent it. Weakness might also be due to hypo-
kalaemia for even though the patient is presumably taking Slow-K poor
compliance with this drug is notorious and absorption is variable. It would
be helpful to check the patient's haemoglobin, urea and electrolyte levels,
and possibly the serum digoxin. Unless he is in atrial fibrillation it is
doubtful whether much will be gained by giving digoxin, and many elderly
people even with atrial fibrillation do not seem to need continuous
digitalisation. Unless the patient is clearly in congestive failure little is
likely to be lost by an experimental withdrawal of the digoxin and the
diuretic.-R E IRVINE, consultant physician, Hastings.

What is the cause of pendulous abdomens in men?

Pendulous abdomens in men are due to obesity, stretching of abdominal
muscles and ligaments, and diastasis of the recti muscles. Excessive eating
and drinking and lack of exercise contribute to the problem. Once
established, a pendulous abdomen may be self perpetuating by obstructing
its own venous and lymphatic drainage. Massive pendulous abdomens,
which may hang below the knees, lead to immobility because of the weight
of the abdominal wall and are subject to recurrent cellulitis or lymphan-
gitis. Treatment depends on the severity of the condition and the fitness of
the patient. Diet and abdominal muscle exercises may help, but in severe
cases surgical abdominoplasty may give a good result. Such surgery
necessitates not only resection of the excess fat and skin but also
recognition and correction of associated abnormalities such as diastasis and
longitudinal stretching of the recti and repair of hernias. Surgical
complications in one series of 20 400 abdominoplasties were wound
infection (7 3%), death (0-02%), and law suits (002%).'-JAMES COX,
senior registrar in geriatrics and general medicine, Hull.
I Grazer F, Goidwyn R. Abdominoplasty assessed bv survev with emphasis on complications. Plast

Reconstr Surg 1977;59(4): 513-7.
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