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1.1 What Are Communicable 
Diseases?

A communicable disease is an illness that is transmitted 
from a person, animal or inanimate source to another 
person either directly, with the assistance of an inter-
mediate host, or by a vector. Communicable diseases 
cover a wider range than the person-to-person trans-
mission of infectious diseases; they include the parasitic 
diseases, infections transmitted by a vector, the zoo-
noses and all the transmissible diseases.

Communicable diseases present in an epidemic or 
endemic form. An epidemic is the introduction of a new 
infection or the presence of an illness in excess of nor-
mal expectancy. This can be seasonal, such as with in-
fluenza, or when the number of susceptible persons is 
sufficient for a new epidemic to take place, e.g. measles. 
Any unknown infection will be epidemic when first 
introduced. An endemic disease is constantly present in 
a geographical area or population group, e.g. malaria is 
found in tropical countries and endemic in the adult 
population.

Communicable diseases are dependent on the per-
son being susceptible to infection, so children meeting 
an infection for the first time or communities that have 
been isolated from the infection are more liable to be-
come infected. They are found particularly in condi-
tions that encourage transmission, such as overcrowd-
ing or poor hygiene, so are more common in developing 
countries. They are invariably associated with poverty.

Epidemic diseases devastate whole populations, as 
when measles ravaged Fiji in 1875, killing a quarter of 
the population, both adults and children. Populations 
then have to start again from the survivors to recover 
their former strength. These are essentially young and 
growing populations.

With endemic diseases it is children that are par-
ticularly vulnerable, so there is a high birth rate to 
compensate. With so many young people in the popu-
lation, non-communicable diseases are uncommon, but 
as people live longer then they become more frequent. 
Non-communicable diseases such as coronary heart 
disease (CHD) are the main problem of older aged 
populations as seen in the Western world.

This division between the developed and developing 
world is purely artificial where diseases are concerned. 
When the plague, or ‘Black Death’ as it was known, 
spread across Europe it caused as much devastation as 

when communicable diseases were introduced to newly 
found nations by Western explorers and missionaries. 
The population started again from the survivors, as it has 
had to do in developing countries. Just over 100 years 
ago, measles was as serious a cause of childhood death in 
large European cities as it is today in developing coun-
tries without well-organized vaccination programmes. 
A tropical environment is more favourable to many dis-
eases than the cooler temperate regions, but even here 
such tropical diseases as malaria were once common in 
Europe. There is nothing new or different about these 
artificially divided parts of the world except for the re-
sources that each is able to devote to the improvement of 
their health. Communicable diseases could be reduced 
to manageable problems if enough resources, both in fi-
nancial and educational terms, could be spent on them.

The difference between communicable and non- 
communicable diseases used to be quite clear-cut. 
Where there was an organism that was transmitted, it 
was communicable; otherwise the disease was classified 
as non-communicable. However, this strict boundary is 
becoming less well defined as new suspect organisms are 
discovered, or diseases, by their very nature, suggest a 
communicable origin. Various cancers are good examples; 
the link between hepatitis B virus (HBV, Section 14.11) 
and hepatocellular cancer is well established, and is now 
being prevented by routine vaccination. Epstein–Barr 
virus (EBV) seems to be a pathogenic factor in Burkitt’s 
lymphoma, but there is also a causal relationship with 
malaria, so controlling malaria (Section 15.6) in Africa 
and Papua New Guinea, where this tumour is found, 
could have a double benefit. EBV might also have a 
causal effect in non-Hodgkin’s lymphoma and nasopha-
ryngeal cancer. Kaposi’s sarcoma may well be transmit-
ted by the sexual route, as shown by the number of 
people with it who acquire human immunodeficiency 
virus (HIV) infection via sexual transmission as com-
pared with those becoming infected from blood trans-
mission, in which the tumour occurs only rarely. The 
trematode worms Schistosoma haematobium (Section 
11.1) and Clonorchis sinensis (Section 9.5) are causative 
factors in bladder cancer and cholangiocarcinoma, 
respectively, so their control as communicable diseases 
will also reduce cancer incidence. Helicobacter pylori, an 
organism that thrives in gastric secretions, is probably a 
causative factor in gastric cancer. The commonest can-
cer with a communicable cause is cancer of the cer-
vix, due to infection with the human papilloma virus 
(HPV, Section 14.9). Prevention of this infection by 
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vaccination offers the greatest hope of reducing this im-
portant cause of female mortality.

Equally intriguing is the possibility that atheroma 
has an infective cause or association. With arterioscler-
osis being largely responsible for CHD and the major 
killer in Western countries, the possibility of preventing 
it by finding the infective causal agent is attractive. 
Chlamydia pneumoniae has been found within ather-
oma lesions, but not normal arteries, while cytomegalo-
virus (CMV) is able to infect the smooth muscle cells of 
arterial walls. The association of H. pylori and CHD 
now seems unlikely, but herpesvirus 1 could induce an 
endothelial cell response. The cause will probably be 
found to be multifactorial, but perhaps in time nearly 
all diseases will be shown to have a transmissible factor 
in their causation. Even road accidents – for which 
there seems no need to look for a predisposing cause in 
a communicable disease – might be made more likely 
to occur as a result of infection with toxoplasmosis 
(Section 17.5). Toxoplasma gondii, the causative organ-
ism, is also thought to be a causal factor in neurosis and 
schizophrenia, and recent work also suggests a correl-
ation with brain cancer.

While avoiding infection is normally the best strat-
egy, our obsession with cleanliness might be responsible 
for the increase in allergies, type 1 diabetes, inflamma-
tory bowel disorders and multiple sclerosis in developed 
countries. These are found less commonly in developing 
countries where conditions of hygiene are poor and 
were rare in developed countries in the early part of the 
last century. It is thought that our obsession with clean-
liness and using antibacterial products prevents minor 
infections that stimulate the immune system. The use 
of antibiotics, especially in children in the first 3 years 
of life, is an important cause. A little bit of dirt is good 
for us, and especially for young children when they are 
developing their immune response.

The key to any communicable disease is to think of 
it in terms of agent, transmission, host and environment. 
These components are illustrated in Fig. 1.1, which will 
be used as a framework in the description of this section. 
There needs to be a causative agent, which requires a 
means of transmission from one host to another, but 
the outcome of infection will be influenced by the 
environment in which the disease is transmitted and 
the response of the host.
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1.2 The Agent

The agent can be an organism (virus, prion, bacteria, 
rickettsia, protozoa, helminth, fungus or arthropod) or 
a physical or chemical agent (toxin or poison). If it is an 
organism, the agent needs to multiply, find a means of 
transmission and survive.

1.2.1 Multiplication
Two methods of multiplication occur, sexual and asex-
ual reproduction, which have different advantages. In 
asexual reproduction a succession of exact or almost 
exact replicas are produced, so that any natural selec-
tion will act on batches or strains, rather than on indi-
viduals. By contrast, sexual reproduction offers great 
scope for variety, both within the cells of the single or-
ganism and from one organism to another. This means 
that natural selection acts on individuals, and variations 
of vigour and adaptability occur.

There are different consequences of these two 
methods of reproduction. With asexual organisms the 
strain of the organism is either successful or unsuccessful 
in invading the host, whereas in sexually reproducing 
organisms, certain individuals will succeed while others 
will not. In continuing its existence, only one organism 
of the asexual parasite requires to be transmitted, 
whereas with the sexually reproducing parasite, both 
male and female adults must meet before reproduction 
can take place. Some parasites seem to be at a tremen-
dous disadvantage, e.g. the filarial worm Wuchereria 
bancrofti, in which both male and female individuals go 
through long migrations in the body to find an individ-
ual of the opposite sex, but despite all these problems 
this is one of the most successful of all parasites.

Whether the organism reproduces sexually or 
asexually is relevant in treatment and control. If a treat-
ment is successful at destroying an asexually reprodu-
cing organism, then it will be successful against all the 
other individuals of that strain of the organism – unless 
a mutation occurs which renders the individual resist-
ant to treatment, when this resistance will be conferred 
on all other organisms developing from this strain. In 
contrast, sexual reproduction produces individuals of 
different vigour, meaning that some individuals will 
succumb to treatment, while others will not. However, 
having two sexes can be a disadvantage for the organism 
in that methods of control can be devised which attack 

only one of the sexes, or designed to reduce the chance 
of individuals of each sex from meeting.

1.2.2 Survival
Parasitic agents survive by finding a suitable host within 
a certain time. They have been able to improve their 
chances of finding a new host or surviving in the envir-
onment by a number of different methods.

Reservoirs and parasite adaptability
A reservoir is a storage place for water but also serves as 
an appropriate term to describe a suitable place for stor-
ing agents of infection. Once an agent invades a host, 
there is normally a latent or waiting period while suffi-
cient organisms are produced before the main attack is 
mounted. If the host survives but is not able to elimin-
ate the invading organism, then the organism can con-
tinue to live and reproduce in the host.

The relationship between the parasite and host is 
one of continual challenge, what has been termed a 
biological arms race. When the parasite first attacks a 
new species, the host attempts to eliminate it, resulting 
in a severe reaction. In time, adaptation can occur, so that 
the reaction of the host diminishes and the adaptability 
of the parasite increases. The parasite is then able to 
live in the host with few ill effects (e.g. Trichuris 
trichiura), forming an established population, and 
continuing with minimal reaction from the host. The 
host then acts as a reservoir from which parasites attack 
new hosts of the same species or attempt to colonize 
different species. Reservoirs can be humans, animals, 
vectors or the inanimate environment (e.g. soil, water). 
Intermediaries may be required before the final reser-
voir host is colonized. However, it is always within the 
parasite’s interest to improve its reproductive capabil-
ity, so if a new mutation arises which is beneficial to 
this end, then this will be selected, generally to the 
host’s disadvantage.

The adaptability of parasites to their human hosts 
might even have advantages for us. Ascaris, Trichuris 
and the hookworms (particularly Necator americanus) 
secrete substances to reduce the host immune response, 
which inadvertently are absorbed by the gut lining. 
These have been found to help reduce allergic reactions 
such as hay fever. Our more hygienic surroundings, by 
decreasing these parasites, may be responsible for the 
increase in allergic diseases such as asthma in developed 
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countries. It is a strange irony that it may be preferable 
to actually introduce (rather than control) these para-
sites to combat some allergic reactions.

Analysis of the human genome has found virus 
elements, called Human Endogenous Retroviruses 
(HERVS), that were inserted early on in the develop-
ment of our species. While some of these facilitate in-
fection with retroviruses, such as HIV, others appear to 
have given us evolutionary benefits such as the develop-
ment of the human placenta and our large brains. It 
would appear that human evolution has been markedly 
influenced by disease, as covered in more detail in an-
other volume, Disease Selection: The Way Disease Changed 
the World (Webber, 2015).

Persistence
Another mechanism used by parasites to survive is the 
development of special stages that resist destruction in 
an adverse environment. Examples are the cysts of 
protozoa, e.g. Entamoeba histolytica, and the eggs of 
nematodes, e.g. Ascaris. Bacteria can persist in the en-
vironment by the development of spores, as with an-
thrax and tetanus bacilli. Destruction of persistent or-
ganisms requires the use of antiseptics or sufficient heat 
for a prolonged period, as shown in Fig. 1.2.

Latency
The production by the organism of a developmental 
stage in the environment that is not infective to a new 
host is called latency. This allows the parasite to wait 
until suitable conditions develop before changing into 
the infective form. Ascaris, the hookworms and Strongy-
loides exhibit latency.

1.2.3 The effect of the agent
If enough agents survive to infect a new host, they will 
produce illness, the severity of which is determined by 
their toxicity and virulence.

Infectious agents produce a toxic reaction due to 
the foreign proteins they consist of or produce in 
their respiratory or reproductive processes (e.g. mal-
aria). Sometimes the organism produces very little 
toxicity or, conversely, this can be out of all propor-
tion to the insignificant primary infection, as for ex-
ample with tetanus.

Some organisms produce toxins when they grow in 
food, causing illness at a distance. An example is Clos-
tridium botulinum. Toxic chemicals can also contamin-
ate food, e.g. adulterated cooking oil can produce an 
illness that has all the appearances of an epidemic pro-
duced by a living organism.

Some agents have a very marked effect on their 
host, while others have a mild one. A good example is 
influenza. In the so-called Spanish flu of 1918–1920, 
it is estimated that 20–40 million people were killed 
worldwide, while subsequent epidemics of influenza 
have caused mainly mild infections, with mortality 
only in the young or aged. As an infection progresses 
in a community, virulence can increase or decrease 
owing to its passage through several individuals. Gen-
erally, virulence decreases, and passage through many 
experimental animals is a method used in developing 
vaccines.

1.2.4 Excreted load and  
infective dose
The number of organisms excreted can vary consider-
ably according to the type of infection or the stage of 
the disease. In diseases such as cholera, there may be vast 
numbers of organisms excreted (106–1012 vibrios/g of 
faeces), whereas in hookworm infection the number of 
eggs may be comparatively few. In Schistosoma mansoni, 
asymptomatic children excrete the largest number of 
eggs, whereas adults exhibiting severe manifestations may 
be almost non-infectious. In the otherwise harmless 
typhoid carrier, a bout of diarrhoea can cause the pas-
sage of a sufficient number of organisms to initiate an 
epidemic.

For each infectious agent, a minimum number of 
organisms, the infective dose, is required to overcome 
the defences of the host and cause the disease. A large 
dose of organisms may be required, such as with Vib-
rio cholerae, or very few, as in E. histolytica. In most 
infections, once this number is surpassed, the severity of 
the disease is the same whether a few or a large number 
of organisms are introduced, while in others there is a 
correlation between dose and severity of illness. Esti-
mates of doses have been attempted in cholera and 
typhoid using healthy volunteers, but variables such 
as host susceptibility prevent any degree of precision 
in such estimations. A more precise example is found 
in food poisoning, where the severity of the illness is 
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determined by the quantity of the infected food item 
that is consumed. On the beneficial side, a low dose of 
organisms may produce no symptoms of disease, but be 
sufficient to induce immunity. Poliomyelitis is one of 
many such examples.

Infections with a low infective dose (such as enteric 
viruses and E. histolytica) can spread by person-to-person 
contact. This means that the provision of a safe water 
supply or sanitation will have little or no effect. At the 
other extreme are organisms like typhoid and cholera, 
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for which a high infective dose (of the order of 106 
organisms/ml of water) is required to produce the dis-
ease. Improving water quality and the reduction of 
pathogens in the sewage will be beneficial to the com-
munity in protecting them from these infections.

1.3 Transmission

Communicable diseases fall into a number of transmission 
patterns, as illustrated in Figs 1.1 and 1.3.

1.3.1 Direct
Direct transmission includes person-to-person contact, 
as from dirty fingers, or via food and water, as in the 
diarrhoeal diseases. Direct transmission also occurs 
through droplet infection in the respiratory diseases. 
Autoinfection can occur where humans contaminate 
themselves directly from their external orifices. Ex-
amples are the transmission of Enterobius from anal 
scratching or the infection of skin abrasions with bac-
teria from nose picking.

1.3.2 Human reservoir with  
intermediate host
The adults of the schistosomiasis parasite live in humans, 
but for transmission to another human the parasite 
must undergo developmental stages in a snail inter-
mediate host. In the flukes Clonorchis, Opisthorchis and 
Paragonimus, and the fish tapeworm Diphyllobothrium, 
more than one kind of non-mammalian intermediate 
host is required.

1.3.3 Animals as intermediate host 
or reservoir
Animals can either be intermediate hosts, as with Tae-
nia saginata and Taenia solium (the beef and pork tape-
worms) where cysticerci must develop in the animal 
muscle before they infect humans, or they can be reser-
voirs, as in Chagas’ disease (caused by Trypanosoma cruzi). 
In the latter, the infection is maintained in a wild ro-
dent reservoir, from which the foraging dog becomes 
infected, bringing infection into the home of a vulner-
able human.

1.3.4 Vectors
A vector carries the infection from one host to another ei-
ther as part of the transmission process, as in the mosquito, 
or mechanically, as in the house fly, which inadvertently 
transmits organisms to the host on its feet and mouth-
parts. All vectors of importance are either insects – 
 mosquitoes, flies, fleas, lice, etc. – or arachnids – ticks 
and mites. Infection may occur as a result of either the 
feeding of the arthropod or its habits. The cycles of 
transmission are:

• direct insect to human as in malaria;
• insect to animal with humans entering the cycle as 

an abnormal host, e.g. bubonic plague; and
• insect to animal, including humans, from which it 

is transmitted to other humans by the same or an-
other insect vector, e.g. yellow fever and East Afri-
can sleeping sickness.

(Snails, especially in descriptions of schistosomiasis, are 
often called vectors, but they do not carry the infection 
from one host to the other so are intermediate hosts, 
not vectors.)

1.3.5 Zoonosis
In their classification by transmission cycle, communic-
able diseases fall into two main groups, the diseases 
where only humans are involved, and those in which 
there is an animal reservoir or intermediate host. The 
latter include the zoonoses, which are infections that are 
naturally transmitted between vertebrate animals and 
humans. These can be grouped according to the intim-
acy of the animal to the human:

• Domestic: those invited animals that live in close 
proximity to humans, e.g. pets and farm animals.

• Synanthropic: animals that live in close association 
with humans, but are not invited, e.g. rats.

• Exoanthropic: animals that are not in close associ-
ation with humans, e.g. monkeys.

The importance of this type of classification is that 
it indicates the focality of the disease. As domestic ani-
mals are universally distributed, then domestic zoonotic 
diseases are cosmopolitan, whereas at the other extreme, 
in an exoanthropic zoonosis such as scrub typhus or 
jungle yellow fever, it is quite possible for humans to 
live in the same locality but separate from the disease 
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area. Humans have no part in the disease cycle, but 
come into contact with it only when they accidentally 
enter the affected place (focus).

In zoonoses, the animal is all important in control. In 
some diseases, such as beef and pork tapeworm infec-
tions, good hygiene practice and inspection of the animal 
carcass may be all that is required to interrupt transmis-
sion. At the opposite extreme, a disease such as yellow 
fever can never be eradicated from the population even if 
every man, woman and child were immunized because 
the reservoir of disease remains in the monkey population. 
In a zoonosis, the animal reservoir is of prime importance, 
and only by studying the ecology of the animal popula-
tion can any rational attempt be made to control it.

1.3.6 Plants
Vegetable material that is eaten by the host can serve as 
a method of transmission. This can either be a specific 
plant, such as water calthrop on which the cercariae of 
the fluke Fasciolopsis buski encyst, or non-specific, such 
as any salad vegetable that might be carrying cysts of 
E. histolytica.

1.3.7 Carriers and subclinical  
transmission
Diseases in which there is an animal reservoir, inter-
mediate host or vector are complex and difficult to 
control, but even in the simplified transmission cycle of 
direct spread from human to human, complications 
occur with the carrier state. A carrier is a person that 
can transmit the infective agent but is not manifesting 
the disease. There are several types of carriers:

• incubating or prodromal carriers who are infec-
tious but unaware that they are in the early stages 
of the disease;

• asymptomatic carriers who remain well through-
out the infection; and

• convalescent carriers who continue to be infectious 
after the clinical disease has passed.

The carrier state can either be transient or chronic.
The important features of carriers are:

• The number of carriers may be far greater than the 
number of those who are sick.

• Carriers are not manifest so they and others are un-
aware that they can transmit the disease.

• As carriers are not sick, they are not restricted and 
therefore disseminate the disease widely.

• Chronic carriers may produce repeated outbreaks 
over a considerable period.

Identification of carriers is a singularly difficult 
and generally unsuccessful exercise. If the carrier is 
asymptomatic, the organism is often in such reduced 
numbers, or excreted at such infrequent intervals, that 
routine culture techniques will not detect it. The in-
vestigation has to be repeated many times and is prob-
ably only successful at specific instances, e.g. during a 
minor diarrhoeal episode in a suspected typhoid car-
rier. A further difficulty is that clinically well people 
object to having investigations performed on them, so 
coverage is incomplete. Examples of diseases in which 
the carrier state is important are typhoid, amoebiasis, 
poliomyelitis, meningococcal meningitis, diphtheria 
and hepatitis B. More on carriers will be found in the 
sections dealing with each of these diseases.

In some diseases, the carrier state appears to be pro-
longed, or is perpetuated when there are in fact no car-
riers. This may be due to cyclical subclinical transmission, 
when infection is transmitted within a family or 
throughout a community that is tolerant or has a high 
level of immunity, without the subjects being aware of 
any particular symptoms. One member of a family 
passes on the infection to another, a process which is 
continued, producing asymptomatic infection. When 
someone who is susceptible to the disease accidentally 
enters this cycle, or the organism is more widely dis-
seminated, then a clinical outbreak occurs. This is a 
mechanism by which poliomyelitis is maintained in the 
community. Most subclinical transmissions result from 
infection acquired in childhood.

1.4 Host Factors

If the agent is transmitted to a new host, its successful 
invasion and continuation will depend on a number of 
host factors.

1.4.1 Susceptibility

Genetic
Certain diseases can only affect animals, and when 
they are transmitted to humans they are not able to es-
tablish themselves. An example is Plasmodium berghei, 
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the rodent malaria parasite, which cannot produce dis-
ease in humans, although it is closely related to the 
human malaria parasites. However, some newly emer-
gent diseases have succeeded in crossing this genetic 
barrier, such as HIV and new variant Creutzfeldt-Jakob 
disease (vCJD).

The heterozygous (the union of two unlike gam-
etes) genetic make-up of animals, including humans, 
gives added protection from infection in that some in-
dividuals will be highly susceptible to a certain disease 
whereas others might be quite resistant. This is well 
shown in tuberculosis and leprosy, where the mycobac-
terium is common in the environment, but only cer-
tain people develop tuberculosis or leprosy. The type of 
disease, e.g. tuberculoid or lepromatous leprosy, is also 
determined by the genetic make-up of the individual. 
Particular genetic traits, such as sickle-cell anaemia, 
give protection against infection, in this case malaria. 
Certain individuals have been found to be resistant to 
HIV infection even in high-risk situations such as 
prostitution.

The wider the genetic separation, the greater is the 
possibility of producing offspring resistant to some 
infections, and it has been the introduction of genet-
ically diverse people into some populations that has 
increased their resistance to disease. Widely diverse 
heterozygotes are at least 20% better at resisting infec-
tion than related heterozygotes. The most widely diver-
gent people so far discovered are the San or Khoisan of 
the Kalahari, whose skeletal development bears close 
resemblance to early Homo sapiens, indicating that they 
have developed this genetic divergence over a period of 
perhaps 100,000 years.

Age
During the course of life, different diseases affect par-
ticular age groups. The childhood diseases of measles, 
chickenpox and diphtheria are found at one end of the 
lifespan, with the degenerative diseases and neoplasms 
predominating at the other.

Sex
The same advantages as parasites derive from having two 
sexes, producing many individuals of different vigour, 
also benefit humans, and it is thought that evading para-
sites might be one of the main reasons why mammals 
evolved with two sexes. Similarly, the more genetically 

divergent the male and female, the greater will be the 
ability of their offspring to combat disease. However, 
one or the other sex might more commonly succumb to 
illness, such as poliomyelitis, which is more common in 
females, and mumps, which is a more serious condition 
in males. Occupation can determine which sex is more 
likely to be involved, such as in East Africa where males 
who hunt and collect honey in tsetse fly-infested forest 
are more likely to contract Trypanasoma brucei rhode-
siense sleeping sickness. Social habits may also be de-
terminant, such as the custom of the Fore people in 
Papua New Guinea, where the women eat the brains 
of the recently dead, making kuru predominantly a 
disease of women.

Pregnancy
When a woman is pregnant, her physiological mechan-
isms are altered and she becomes more susceptible to 
infections. Chickenpox is a severe disease in pregnancy, 
and malaria attacks the pregnant woman as though 
she has little acquired immunity. The pregnant woman 
that contracts Lassa fever is more likely to die from the 
illness. More on pregnancy and infection can be found 
in Chapter 18.

1.4.2 Inherent defence mechanisms
Any infecting organism must be able to overcome the 
body’s inherent defence mechanisms. These can either be:

• physical, such as the skin, mucous-secreting mem-
branes or acidity of the stomach; or

• inflammatory, the localized reaction of increased 
blood flow, the isolation of the site of inoculation, 
the attraction of white blood cells and the in-
creased lymph cell activity (often resulting in 
lymphadenopathy). The range of white blood cells 
includes macrophages, granulocytes, natural killer 
cells and dendritic cells, which produce an array of 
armaments that passively engulf organisms to se-
creting substances that immobilize them. These 
cells also process the foreign material of the invad-
ing organism to initiate the immune response.

1.4.3 Immunity
Experience of previous infection by a host can lead to 
the development of immunity. This consists of two 
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parts: a cellular and a humoral response. In the cellular 
response, the material processed by white blood cells is 
served in a histocompatibility complex to T-lymphocytes 
which then destroy host cells exhibiting this foreign 
material. In the humoral response, B-lymphocytes which 
have pre-formed antibodies on their surfaces are stimu-
lated by the foreign material of an infection to synthe-
size specific antibodies, tailor- made to the antigen. 
These antibodies can either be antigen-specific or able 
to act on a wider range of antigenic structures. In add-
ition, B-cell activation will stimulate memory cells 
which reside in the bone marrow to produce long-term 
protection. Immunity can be either active or passive.

Active
Active immunity follows an infection (with or without 
symptoms) or vaccination with attenuated (live or 
dead) organisms. This will induce the body to develop 
an immune response in a number of diseases. Immun-
ity is most completely developed against the viral infec-
tions and may be permanent. With protozoal infec-
tions, e.g. malaria, it is only maintained by repeated 
attacks of the organism.

Passive
Passive immunity is the transfer of antibodies from a 
mother to her child via the placenta. Passive immunity 
is short lived, as in the protection of the young infant 
against measles for the first 6 months of life. Passive im-
munity can also be introduced by the transfer of anti-
bodies from animals or convalescent human serum, e.g. 
in rabies immune serum.

1.4.4 Resistance
A person’s resistance to infection may be lowered by the 
following:

• Nutrition. Where the nutritional status is de-
creased, the susceptibility to a disease is increased, 
or the clinical illness is more severe.

• Trauma and debilitating conditions. Poliomyelitis 
may be a mild or inapparent infection, but if asso-
ciated with trauma, such as an intramuscular in-
jection, then paralytic disease can result. The ap-
pearance of shingles or fungal infections in 
debilitated people is often seen.

• Multiple infections. The presence of one disease 
may make it easier for other infecting organisms. 
Secondary respiratory infections commonly occur 
in measles. Yaws has been noticed to increase and 
spread more rapidly following an outbreak of 
chickenpox.

• Immunodeficiency. This can rarely be present at 
birth but is more commonly the result of certain 
infections such as HIV, which interferes with the 
host immune response.

1.5 The Environment

The transmission cycle used by the agent to reach the 
host takes place within an environment that determines 
the success and severity of the infection. Environmental 
factors are subtle, diffuse and wide ranging. A few of the 
more important ones are mentioned in this section. 
These will be divided into the social environment and 
the physical environment.

1.5.1 The social environment

Education
Sufficient is known about most of the communicable 
diseases for them to be prevented, if only people were 
taught how. Education is a complex process, it is not 
just teaching people; they must be able to understand 
to such an extent that they are able to modify their lives. 
This is not a sudden process; changes made by one gen-
eration are used as the starting place for improvements 
or modifications in the following one. Change is always 
opposed, and steps that seem easy to the educated are 
mountains for the uneducated to climb.

It is not the tropical climate that determines much 
of the disease found in developing countries but poverty 
and lack of education. Parts of Australia and South 
America lie in the tropics but a high standard of living 
prevents potential diseases from being a problem. This is 
even more finely divided in the great conurbations of 
Asia where the educated rich live in a good state of 
health, while their less fortunate neighbours residing in 
slum conditions suffer from a range of preventable dis-
eases. Indeed, countries in Western Europe have suffered 
from epidemic diseases that have devastated the popula-
tion. In the time of Shakespeare, England was struggling 
to maintain its population after plague had reduced it by 
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6% in the previous decade. Another great killer was 
smallpox, which was no respecter of privilege, almost 
carrying off Queen Elizabeth I. Measles, rickets, dysen-
tery and every kind of fever were problems of the time. 
While many of these diseases can be identified as typhus, 
malaria or scarlet fever, there are others which seem to be 
new diseases that subsequently died out. The most no-
torious was the ‘English sweat’, where people developed 
fever and died on the same day, although acquired 
immunity drove the disease to extinction by the 1550s. 
Another was the ‘New sickness’, which killed thousands 
in a series of epidemics between 1556 and 1559.

An improvement in the level of education and 
understanding was probably the most important reason 
that endemic communicable diseases largely disap-
peared from the developed world. As education im-
proved there was a demand for improved living stand-
ards. Good water and proper sewage disposal were 
provided, personal hygiene became a normal rather 
than abnormal practice, and cleanliness was sanctioned 
as a desirable attribute. These changes all occurred be-
fore the advent of antibiotics. The decline of tubercu-
losis in England and Wales (Fig. 13.3) is a classic ex-
ample of how a major communicable disease decreased 
as living standards rose.

Resources and economics
The lack of resources leads to poverty, which reduces 
the ability to combat disease. ‘Resources’ means every-
thing that people have to carry out their livelihood. Per-
haps the most important resource is land, which is used 
by the family for living on and growing crops. Alterna-
tively, this land can be used to produce commodities 
that can be sold as part of a manufacturing process. As 
the society develops, then education, or the ability to 
perform a service, becomes a resource.

Resources are required to enact the preventive 
methods or raise standards that have come to be de-
manded by education. At its simplest, food is required 
to build up body processes and prevent malnutrition. 
But with a little extra money a water supply can be built 
or a better house constructed.

Resources, education and disease are inextricably 
linked. Diseases are best prevented by educating people to 
overcome them, but resources are required to achieve this. 
Greater resources allow increased education, and improved 
education leads to the greater utilization of resources. 
These both act in reducing communicable diseases.

Making the most use of resources and balancing 
what is needed with what is available is the province of 
health economics. When someone is ill they need treat-
ment, but there may be several alternatives available, so 
the cheapest option that produces the desired effect will 
be the most appropriate for the health service of the 
country. A good example is the World Health Organ-
ization (WHO) essential drugs programme, which re-
commends the pharmacological component of the 
medicine rather than generic alternatives, so limiting 
unnecessary expenditure on treatment.

A community will express its need for what it per-
ceives is the best requirement to solve its problems, but 
financial restrictions will limit what can be supplied. 
Health services will need to make choices between one 
implementation and another, such as a mass drug 
administration programme or improved curative ser-
vices, basing their choices on cost-effectiveness and 
cost–benefit analysis.

With cost-effectiveness, programmes that yield the 
greatest health improvement for the available resources, 
such as a vaccination programme, are chosen, whereas 
with cost–benefit the outputs of different projects are 
measured and emphasis given to the one producing the 
greatest benefit per unit of cost. Although cost–benefit 
analysis is the more desirable for long-term planning, 
measuring the benefit of a health intervention is diffi-
cult to do.

A development of these methods is the concept of 
marginal costs, as seen in the three different strategies of 
a vaccination programme: fixed units, mobile clinics 
and outreach programmes. Using fixed units (clinics 
and hospitals), the greatest number of children will be 
reached for the least cost, but to obtain higher coverage 
it will cost more per child by this method (building 
more clinics) than adding an outreach programme to 
the existing clinics. To contact the last remaining chil-
dren (at the margin of an outreach programme), it will 
be cheaper to use mobile clinics. So each strategy has its 
value and it is more cost-effective to use them in this 
stratified fashion. The same principle can be applied to 
disease control, as illustrated in Fig. 1.4 for dengue. 
The cheapest method is to get people to remove all 
collections of water (in tin cans, coconut shells, etc.), 
whereas the longer-term, more permanent control 
will be to cover all water containers near people’s 
houses, which will be more expensive to do. Where 
there are collections of people, such as a refugee camp, 
then costly ULV (ultra-low volume) fogging or aerial 
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spraying might be required to prevent an impending 
epidemic. The most economic strategy will be to use a 
mix of methods. (More details on dengue will be found 
in Section 15.4.)

The cost of disease can be considerable, as witnessed 
by many developing countries. It was the success of de-
veloped countries to overcome diseases that helped 
them to become more affluent. However, this can easily 
be brought down by new and epidemic diseases, which 
can strain the resources of a country just when they 
are least expected. The SARS (severe acute respiratory 
syndrome) epidemic of 2002–2003 was estimated to 
cost US$11 billion.

Communities and movements
People gather together into communities and construct 
some form of habitation in which to live. The type of 
structure they live in can play an important part in the 
diseases they succumb to. In South America, the Redu-
viidae bugs that transmit Chagas’ disease live in the 
mud walls of houses, so replacing these with more per-
manent materials can prevent the disease. Conversely, if 
a fire is lit within the house for cooking and heating, the 
smoke-filled interior leads to an increase in acute re-
spiratory infections, one of the most common of all 
health problems.

The attraction of cities has resulted in one of the 
largest demographic changes in recent times; whereas 
before, the majority of the population lived in rural 
areas, urban areas have now become the commonest 

place of residence in tropical countries. Slums have de-
veloped in which the diseases of poverty thrive and the 
imbalance of the sexes has led to an increase in sexually 
transmitted diseases. At the other extreme is the nomad 
continually moving from place to place, making it diffi-
cult to provide maternal and child health services, with 
the result that children are not vaccinated, making 
them vulnerable to many childhood infections.

People have to move to get to their place of work, 
attend school, visit the clinic, or for many other reasons, 
but all movements incur a health risk. The woman 
collecting water may make herself more vulnerable to 
contracting a diarrhoeal disease by drinking from a pol-
luted source, while the tsetse fly vectors of Gambiense 
sleeping sickness favour biting people at water-gathering 
places. The mother carrying her baby to market with 
her makes it more liable to contract measles and 
whooping cough at a younger and more vulnerable age. 
Fishermen, with their greater contact with water, are 
more likely to contract schistosomiasis.

Local migrations from one country to a neighbour-
ing country for trade or to visit relatives can risk the 
health of individuals or families. In much of South-east 
Asia, borders generally follow ridges of high ground, 
which by their nature are inaccessible and generally con-
tain remnants of forest. Mosquitoes inhabit these for-
ests, where there are the right conditions in which to 
breed. As a consequence, malaria is more intense along 
these borders, so that crossing to the next country and 
staying for a few days has been found to increase the 
chance of contracting malaria by as much as six times. 
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Fig. 1.4. (A) The relative costs of alternative methods of dengue control. (B) The optimum mix of methods.
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This is a complex process (designated ‘forest fringe mal-
aria’) involving forests and the illegal cutting of timber, 
which is well illustrated in Fig. 1.5. Insurgents and traf-
fic in narcotics often complicate the picture. Illegal log-
gers set up camps to exploit the remaining forest, and 
these are also likely to be the areas in which people spend 
the night when crossing from one country to another, 
increasing the likelihood of them contracting malaria.

Following trading routes was the manner in which 
classical cholera was taken to East Africa in the 19th 
century, and repeated with El Tor cholera in the 20th 
century. Schistosomiasis was carried to the Americas 
and Arabia along with the slaves that were forcibly 
taken to these parts of the world; a continuing ven-
geance for the evils inflicted on them.

The intriguing story of the jigger flea (Tunga pene-
trans), which burrows into the foot causing painful 
swellings and a passage for bacterial infection, tells 
how it was carried the other way round. First de-
scribed in 1525 by the Spanish in South America, it 
was brought to Angola in South-west Africa by the 
British ship Thomas Mitchell in 1872. Originating 

from Rio de Janeiro, the Thomas Mitchell was carrying 
sand ballast on its return voyage (probably from trans-
porting slaves), the perfect soil type for the develop-
ment of Tunga larvae. When this was offloaded, the 
jigger found a ready host in the barefoot African and 
travelled with the slave caravans to reach Zanzibar, on 
the other side of Africa, only 25 years later. It is now 
endemic in the continent, producing much misery, es-
pecially in poverty-ridden children.

Travel to another country permanently to seek em-
ployment or escape from civil conflict is a particularly vul-
nerable time for the individual and family. Refugees in 
particular need extra help, but sometimes this can be mis-
placed and the situation made worse. During the Cambo-
dian crisis, water containers were provided to households 
in refugee camps along the Thai border, but these proved 
excellent breeding places for Aedes mosquitoes, with the 
result that there were large outbreaks of dengue. In Tanza-
nia, refugees were settled in a large uninhabited forest 
area, but it was uninhabited because it was infested with 
tsetse flies, so soon cases of sleeping sickness began to ap-
pear. Refugee health has become a subject in its own right, 
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Fig. 1.5. The complexity of forest/border malaria in South-east Asia.



Elements of Communicable Diseases 

15

and communicable diseases are one of the many troubles 
that these unfortunate people suffer from.

As with refugee health, a new speciality has devel-
oped around the health of travellers. The phenomenal 
increase in air travel has brought the risk of contracting 
a communicable disease in a foreign country to all 
kinds of people. Several thousand cases of malaria are 
imported to England and Wales every year, making it 
more important than many of the indigenous health 
problems. HIV infection in European countries has 
changed from being predominantly in the homosexual 
community to an increasing problem in the heterosex-
ual, mainly due to infections contracted overseas. Prob-
lems also travel in the other direction, as when students 
from malarious areas come to temperate countries to 
study, so losing their acquired immunity and rendering 
them liable to contract serious malaria when they re-
turn home. Influenza generally arises in the northern 
hemisphere and is carried to the south by air travel.

1.5.2 The physical environment

Topography
The nature of the physical surroundings can influence 
the diseases that are found there. In much of Asia, a 
complex interaction termed ‘forest fringe malaria’, de-
scribed above, increases the likelihood of developing 
malaria at the forest margin. A similar cycle of transmis-
sion occurs with yellow fever, illustrated in Fig. 15.4. 
Destruction of primary forest, to be replaced by 
secondary growth, also makes ideal conditions for the 
development of the ‘mite islands’ that are important in 
scrub typhus (see Section 16.2).

Human activity not only destroys the natural bal-
ance of nature but often changes the landscape to make 
it more suitable for the transmission of communicable 
diseases. The growing of rice in paddy fields provides 
suitable conditions for the Culex mosquitoes that trans-
mit Japanese encephalitis (JE) and for Anopheles sinen-
sis, the vector of malaria in much of China. The con-
struction of dams and irrigation canals has encouraged 
the proliferation of intermediate host snails of schisto-
somiasis. However, the Simulium fly that transmits on-
chocerciasis breeds in fast-flowing oxygenated streams 
that are often destroyed when dams are built, depriving 
them of their breeding place. All major construction 
projects should therefore have a health evaluation to de-
termine how the health risk can be minimized.

Climate
Climate can be divided into different components of 
temperature, rainfall (humidity) and, less importantly, 
wind. These attributes of the climate have a marked in-
fluence on where diseases are found and the ways in 
which they are to be controlled.

Temperature
Temperature varies by distance from the equator, alti-
tude, prevailing winds and the size of land masses. A 
number of diseases are found only in the tropics, which 
is the main area for communicable diseases. Tempera-
ture decreases with altitude, so that malaria will be 
found at the lower hot altitude, while respiratory dis-
eases are commoner in the colder hills. At the fringe of 
the mosquito range, exceptional conditions of tempera-
ture and humidity can produce epidemic malaria.

Temperature not only affects the presence or ab-
sence of disease, but often regulates the amount. The 
malaria parasite has a shorter developmental cycle as the 
temperature rises and so permits an increased rate of 
transmission. Many insect vectors have a more rapid 
development in the tropics, making them difficult to 
control. The life cycles of a number of parasites are dir-
ectly related to the temperature.

Rainfall
Rainfall is perhaps the most essential element in 
human livelihood. Rainfall must be sufficient and 
regular (Fig. 1.6), allowing people to plant crops and 
ensure they come to fruition. An irregular rainfall can 
be as disastrous as a low rainfall, leading to failed crops, 
malnutrition and a reduction of resistance to infection.

Rainfall also has a direct effect on certain diseases. 
Moderate rainfall creates fresh breeding sites for 
Anopheles mosquitoes, but excessive rain can wash out 
larvae and cause a reduction in the number of mos-
quitoes. Some diseases, such as trachoma, favour dry 
arid regions.

Wind
Winds produce local alterations to the weather. A major 
wind system is the monsoon, which brings rainfall to 
the Indian subcontinent and South-east Asia. In West 
Africa, the hot, dry Harmattan blows down from the 
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Fig. 1.6. The tropics, rainfall and seasonality. , The tropics, Cancer to Capricorn; –, developing country zone. Seasonality within the tropical region: , rainfall  
in every season; , heavy seasonal rainfall; , variable seasonal rainfall; , arid.
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Sahara, reducing humidity and increasing dust. It is 
these secondary effects on rainfall and temperature that 
determine the disease patterns.

The winds are appreciated by humans to improve 
living conditions in the warm moist areas of the 
world, but are avoided in the hot, dry zones. However, 
excess wind in hurricane areas or localized tornadoes 
cause destruction and loss of life (Fig. 1.7). Natural 
disasters disrupt the normal pattern of life, destroy 
water supplies and provide ideal conditions for epi-
demics to occur.

Natural disasters
In addition to the damage produced by adverse weather 
events is that resulting from earthquakes and volcanic 
eruptions, including the greatest force, tsunamis or 
tidal waves that can devastate huge areas with consider-
able loss of life. These are always medical emergencies 
not only because of the trauma that results but also due 
to the likelihood of epidemic disease breaking out.

With the increase in urbanization that has taken 
place in recent decades there are now greater concentra-
tions of people in seismically active parts of the world 
and, should a major earthquake occur, this could lead 
to loss of life on a scale never seen before.

Seasonality
Temperature and rainfall together determine the sea-
sons. This will have a major influence on the best time 
to grow crops and produce a seasonal pattern of a num-
ber of diseases. In areas of almost constant rain there is 
very little seasonal variation, but in the drier regions, 
seasonality can be quite marked. These areas are illus-
trated in Fig. 1.6.

The pattern of life determined by seasonality can be 
generalized as follows:

• Food stores are low or absent during the rains as it 
is the longest time since the harvest.

• When the rains come, people are required to work 
their hardest when they have the least amount of 
food.

• The rains bring seasonal illnesses, especially diar-
rhoea and malaria, which debilitate just when 
complete fitness is required.

• The time of the rains often coincides with late 
pregnancy for the woman, conception having 

taken place during harvest. As all members of the 
family are required to work in the fields and much 
of the burden of cultivating falls on the woman, 
the increased strain threatens her pregnancy, while 
her physical reserves are stretched even further.

• Once harvest comes, then body weight is restored, 
excess crops are stored or sold, and some respite 
taken before the cycle repeats itself.

This pattern leads to the following observations:

 1. Attendance for treatment at medical institutions 
and admission to hospital often follow a cyclical pat-
tern. This is illustrated in Fig. 1.8, where it will be seen 
that the reporting of ill health is least during the dry 
months and increases with the rains.
 2. Knowledge of the seasonality of disease can be used in 
health planning, the deployment of manpower, the order-
ing of supplies, the best time to take preventive action, etc.
 3. Many illnesses show a marked seasonal pattern. 
Mosquitoes require water to breed, so rainfall will de-
termine a seasonal pattern for many of the vector-borne 
diseases. The massive contamination of rivers caused by 
the first rains washing in accumulated pollutants from 
the many dry months makes this a period of diarrhoeal 
diseases. The seasonality of cholera allows a warning 
system to be implemented and prevention initiated (see 
Section 8.4, especially Fig. 8.2.)
 4. A different pattern of seasonal diseases occurs with 
the viral infections, measles (see Figs 1.9 and 12.2) 
being a good example. As measles confers lifelong im-
munity, then the only way that sufficient susceptibles 
can accumulate for another epidemic to occur is by im-
migration or reproduction. If the birth rate is high, a 
critical number of susceptibles will soon be produced 
and annual epidemics will occur. If the birth rate is low, 
then the interval may be every 2–3 years.
 5. Knowledge of the seasonality of disease allows 
planned preventive services. If a mobile or mass vaccin-
ation campaign is used to combat measles, then timing 
it in the few months before an expected epidemic is the 
most cost-effective action. In Tanzania, measles out-
breaks often occur in the rainy season (Fig. 1.9), a time 
of shortages, malnutrition and difficult communica-
tions; the worst possible time to have to do emergency 
vaccination to contain the epidemic. Just a few months 
before, there was little ill health, nutritional status was 
high, road conditions were good and medical staff were 
at their slackest. This would have been the best time to 
ensure that every child was vaccinated.
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1.5.3 Climate change due to global 
warming
The increase in carbon dioxide (CO2) and other pollu-
tants in the atmosphere due to the burning of fossil 
fuels (coal, petrol, etc.) and methane from bovine flatu-
lence has led to an increase in global temperature. 
While only a comparatively small increase, this has 
begun to have a major effect on the climate, with a dis-
ruption of weather systems and a raising of the sea level. 

This has been most marked on a system of currents off 
the west coast of South America known as the El Niño 
Southern Oscillation. Climatic systems are reversed or 
severely disrupted, with heavy rains and flooding when 
no rain is normally expected and drought conditions 
when there should normally be rain. Countries in 
South America, South-east Asia and Oceania are mostly 
affected, but effects are felt all over the world. While 
these effects will be more general in the diseases they 
affect, such as the association of illness with the rains 
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(see Fig. 1.6), outbreaks of plague in Ecuador have been 
shown to have a possible connection with the appear-
ance of El Niño. An association has also been shown 
between influenza pandemics and La Niña events as the 
last four pandemics were preceded by cooling of ocean 
surface temperatures, which occur with the La Niña 
phase of the El Niño Southern Oscillation. This alters 
the migration of birds, possibly favouring gene swap-
ping among them and also contacts with domestic birds 
and animals. (See further in Section 19.2.)

As well as major climatic disruption, there has also 
been an increase in the severity and frequency of storms 
leading to flooding and destruction by winds. Flooding 
will make diarrhoeal diseases more likely and extend the 
range of diseases that favour a watery environment, such 
as leptospirosis.

Increase in temperature has the potential to expand 
the range of infections that are normally constrained by 
temperature, such as malaria. This has led to speculation 
that malaria could become a problem in the developed 
countries of Europe and North America, where it oc-
curred in former times. However, this is unlikely, as good 
preventive measures are able to keep the disease from 
spreading even if the malarial mosquito re-establishes it-
self. A  good example is Australia, where much of the 
country lies within the tropical region, the main malaria 
vector Anopheles farauti (the same as in Papua New 
Guinea and Solomon Islands) is present, yet control 
methods have eradicated the parasite and continued sur-
veillance has prevented it from being reintroduced.

A more serious problem is in areas of highlands 
within tropical countries such as East Africa and South 
America. At a certain level of altitude, where the lower 
temperature prevents the mosquito vector and parasite 
from developing, malaria is not found, but evidence 
from Ethiopia and Kenya has shown that this level is 
already rising. Malaria is now found at higher altitudes, 
with the rate of ascent linked to the rise in temperature. 
There is also a wider fluctuation of temperature, result-
ing in a greater risk of epidemic malaria in people who 
have no immunity. Other diseases transmitted by mos-
quitoes – dengue, JE and other arboviruses, such as Rift 
Valley fever – are likely to increase.

While diseases transmitted by mosquitoes are likely 
to increase, S. mansoni is liable to decrease because of an 
increasingly unfavourable environment for the snail 
intermediate host. Rising water temperature will ad-
versely affect the snail, reducing the number of suitable 
habitats in which it can live.

Leishmaniasis is an established disease in southern 
Europe and, with the changing climate, conditions 
might well become favourable for the vector sandfly to 
extend its range further north. However, the Phlebota-
mus species already have a wider range than the patho-
gen (Leishmania infantum) and reservoir dogs are com-
mon in central and northern Europe, so there are no 
compelling reasons to suggest that this disease will in-
crease its range. In contrast, Ixodes ricinus, the main vec-
tor of Lyme disease, and tick-borne encephalitis (TBE) 
in Europe, has been found to have already extended its 
range into higher latitudes (Scandinavia) and higher 
altitudes (the mountainous area of the Czech Republic), 
so there is likely to be an increase in spread of these two 
diseases. Also, the prolonged season could intensify 
transmission in areas where these infections are already 
prevalent. A similar scenario is likely to have taken place 
with the vector ticks of Lyme disease in North America.

If ocean levels rise, then small island nations will be 
threatened by a reduction in land area on which to live and 
grow their crops, and by saltwater intrusion into freshwater 
aquifers. Thirteen of the 20 major conurbations are at sea 
level, and the population at risk from storm surges could 
rise from 45 to 90 million people. Countries at greatest 
risk are Bangladesh, China, Egypt and the small island 
nations of the Pacific, Caribbean and Indian Oceans.

Climate change will be most felt at the extremes of 
the world, the Arctic and Antarctic regions. A  rise in 
temperature could damage the permafrost, upsetting 
the balance of nature and the livelihood of indigenous 
people who live in the colder parts of the world. The 
increase in CO2 will result in preferential conditions for 
tree growth and the development of forests, which 
would be beneficial in the long run, but the animals 
that live in these lands might not be able to adjust to the 
rate of change and might become extinct.

While most of the concern on increase in disease 
due to global warming has been expressed in the West-
ern world, it is more likely that most of the effects will 
be concentrated in the poorer regions of the world, with 
an increase in vector-borne and diarrhoeal diseases, 
malnutrition and natural disasters.

1.5.4 Geographical information 
systems (GIS) and remote sensing
Such features as topography, climate and altitude are 
more commonly the province of geography than of 
medicine, but epidemiologists are making more use of 
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geographical tools to help them understand the distribu-
tion and spread of disease. The classic tool is the map, 
and many examples of this will be found in several sec-
tions of this book where maps are used. A development 
of mapping is geographical information systems (GIS) 
using complex computer software packages to analyse a 
range of coordinates to identify links between them. The 
power of GIS is their ability to integrate and manipulate 
multiple layers of spatial data that can then be applied to 
larger areas. Also, data can be continually updated to 
incorporate seasonal changes or long-term alterations in 
the topography, such as forest clearance. As well as the 
facility to map diseases, GIS can also be used to quantify 
risk and create databases for further analysis.

GIS are particularly useful in vector-borne diseases 
and have been used to good effect in mapping the risk 
areas for Lyme disease in Europe and North America. 
In Mexico, villages with high levels of Anopheles albi-
manus were identified and multivariate analysis indi-
cated that transitional swamps and unmanaged pastures 
were the most important landscape features in vector 

abundance. Looking for these particular landscape fea-
tures could then be used to estimate malaria risk. Meas-
ures of malaria incidence can also be directly applied to 
geographical features, as was done in the Red River 
Basin in Yunnan Province in China. This showed that 
the more paddy fields around the household and the 
closer people lived to areas of forest, the higher was the 
risk of contracting malaria.

While GIS collect information in detail for a small 
area, particular features identified as risk factors can be 
looked for by remote sensing over larger areas. Remote 
sensing initially used aerial photographs, but the advent 
of orbiting satellites such as Landsat and SPOT has 
considerably extended the use of geographical data. 
These map the surface of the world at frequent inter-
vals, allowing detailed features identified by GIS to be 
applied to areas, and comparisons made over time. For 
example, in the study in China mentioned above, 
paddy fields and forest can be identified on satellite im-
ages for a much larger area and the malaria risk pre-
dicted (Fig. 1.10). Both of these features will change as 
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Fig. 1.10. Simplified satellite image to show forest, rice paddy and people’s households in part of Yunnan, China. (Modified from Luo 
Da-Peng (2000) Spatial prediction of malaria in the Red River Basin, Yunnan, China, using geographical information systems and re-
mote sensing. PhD thesis, University of London. Reproduced with permission.)
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forest is cut down and new paddy fields are created, so 
continued monitoring of malaria risk can be visualized 
without having to make detailed surveys.

A malaria risk map for Africa (MARA) has been de-
veloped for the whole continent using GIS and remote 
sensing. Remote sensing has also been used to identify 
new settlements in the Amazon forest where yellow 
fever is endemic. Remote sensing is at the forefront of 
identifying alterations that are resulting from global cli-
mate change.

Summary

• A communicable disease requires an agent and a 
means of transmitting the infection to a suscep-
tible host within an amenable environment.

• The agent needs to be able to multiply and survive 
if it is to have an effect on the host.

• Transmission can be direct, via an intermediate 
host or by a vector.

• The host’s susceptibility is influenced by age, sex, 
defence mechanisms and immunity.

• The social environment is modified by education 
and resources and altered by movements of com-
munities or individuals.

• The physical environment is affected by the nature 
of the surroundings, seasonality and climate change.
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