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3. Infections Guinea worm: before the eradication cam-
paign (Fig. 2.7), and in areas where it is still prevalent,
guinea worm can devastate agricultural output,
(Adewale et al., 1997). This can reduce the family’s
income so that the children become malnourished
(Tayeh & Cairncross, 1996) (Fig. 2.8).

4. Nutrition When food is short in the hungry season,
farmers have a significant energy deficit: and the
poorest and their children have the greatest changes of
weight and so are potentially most vulnerable (Pastore
et al., 1993) (Fig. 2.9).

5. Poisoning Careless or untutored use of organophos-
phate fertilizers is an increasing risk, as farmers strug-
gle to increase the yield of their crops. This is also a
risk to their children, who may accidentally swallow
the fertilizer.

6. Hidden disability Farmers in the rain forest or derived
savannah who have dermal onchocerciasis may be
disabled and may sleep badly as a result of their unfor-
giving itch, which can affect up to 40 per cent of
people over the age of 20 (Murdoch et al., 2002). 

A small injury can become infected and lead to a tropi-
cal ulcer if it is not cleaned and dressed early. 
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Fig. 2.3. (a) Cutting grinding stones in northern Nigeria.

(b) Chest radiograph of a stone cutter to show military mottling of

silicosis.

(b)(a )

Fig. 2.4. The cycle of injury and poverty in a rural family when

the farmer is ill or injured.

Fig. 2.5. The vulnerable farmer: snake bite in the guinea

savannah of Nigeria when farming activity is high. (Adapted from

Warrell et al., 1976.)

Fig. 2.6. The disabled farmer: soft tissue injuries like this can be

crippling to a farmer during the rainy season: note the very thick

cornified skin of the hand, which can crack when the humidity

falls during the dry season (copyright EHO Parry).

Fig. 2.7. Guinea worm: incapacity in a village.

Fig. 2.8. Prevention of guinea worm: a health worker in the

Northern Region of Ghana holds a micropore filter cloth for

stored water in his left hand and a small tube with its own

micropore filter. This can be used for sucking up standing surface

water without fear of swallowing Cyclops (copyright EHO Parry).

kill organisms by mechanisms very similar to those used
by polymorphs. Like polymorphs, they have surface
receptors for immunoglobulins and complement and, in
addition, they have receptors for carbohydrate molecules
found on the surface of bacteria, allowing non-specific
recognition, attachment and ingestion. Following inges-
tion, the phagosome fuses with lysosomes. Like the gran-
ules of polymorphs, the lysosomes contain enyzmes
which promote killing of ingested bacteria directly, or
through production of toxic chemicals such as oxygen
radicals and nitric oxide. The pH of the phagosome
becomes acidic. Activated macrophages release cytokines
which promote inflammation and regulate lymphocyte
responses, and enzymes, which can contribute to tissue
damage and fibrosis. Besides these non-specific func-
tions, macrophages have a vital role in the induction of
the specific immune response, for these cells process and
present the antigens of micro-organisms to lymphocytes,
and their cytokines influence the lymphocyte response
(see below). 

Interdigitating dendritic cells are found in tissues such
as the skin and lymphoid tissue. They have a similar role

to macrophages, bridging the innate and specific
immune response. Non-specific receptors allow them to
recognize and take up foreign material by endocytosis,
and they are susceptible to entry by many viruses. They
process and present antigen to lymphocytes, and may be
more important than macrophages in initiating the
specific response to an antigen when it is encountered for
the first time.

However, infection of macrophages and interdigitating
dendritic cells by viruses, such as polio, dengue, influenza
A and HIV can reduce their ability to process antigens nor-
mally. This may be one reason why cell-mediated immu-
nity is impaired during these viral infections. Other
organisms have developed mechanisms that allow them to
live within macrophages without being killed. These
include bacteria, such as Mycobacterium tuberculosis,
Mycobacterium leprae and Salmonella; protozoa such as
Leishmania; and fungi such as Histoplasma. For example,
Mycobacterium tuberculosis can survive in the macrophage
phagosome through mechanisms which prevent fusion of
the phagosome with lysosomes, and which prevent the
phagosome pH from becoming acidic (Fig. 6.3).
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example, Dengue virus uses C3-antibody complexes to
enhance its uptake into macrophages through antibody
receptors. 

In some situations the effect of complement activation
may be damaging to the host (see below). For example,
complement activation contributes to the syndrome of
endotoxic shock. Complement activation can also lead to
localized tissue damage in diseases where antigen–
antibody (immune) complexes are formed. 

Low levels of C3 and total haemolytic complement are
found in many diseases. However, measurement is of
most clinical value in differentiating post-streptococcal
immune-complex acute nephritis (in which complement
components are used up) from other renal diseases in
which complement levels are normal.

Polymorphonulcear leukocytes (neutrophils) 
These phagocytic cells are a most important part of the
non-specific defences against microbial invasion. The
cells are attracted to the site of invasion, for example a

cut, boil, or insect bite, by chemotactic factors (Table 6.3),
which are released by damaged tissue, activated comple-
ment, and bacteria themselves. Activated polymorphs
express molecules on their surface which allow them to
stick to vascular endothelia, migrate through the vessel
walls, and enter the connective tissue where they first
engulf and kill the organisms, and then die (Fig. 6.2).
Phagocytosis of most pathogenic organisms, especially
those with capsules, is achieved with the aid of serum
factors such as complement and antibody, for the cells
have surface receptors for both C3b and the Fc portion of
immunoglobulin (Ig) G (see below). Once the microbe is
inside the polymorph, the granules, containing powerful
enzymes, discharge and kill the organism. The enzymes
can kill directly, or through production of toxic chemicals
including reactive oxygen intermediates such as superox-
ide anions (•O2

�) or hydrogen peroxide (H2O2).
In African practice a variety of secondary polymorph

defects are seen: polymorphs from severely malnourished
children are unable to kill bacteria efficiently, bactericidal
function is impaired in severe septiciaemia, chemotaxis is
impaired in measles. Patients with HIV infection often
have multiple or recurrent abscesses, or severe pyogenic
infections such as pyomyositis. This may be because the
specific antibody response is reduced in HIV infection
(see below). Hence the coating of bacteria with antibody,
and complement activation, required for efficient phago-
cytosis by polymorphs, is impaired. 

The importance of polymorph killing is shown in chil-
dren with genetic polymorph defects such as chronic
granulomatous disease and Chediak–Higashi syndrome,
whose polymorphs are able to ingest but not kill bacteria.
These children suffer from severe and chronic infections.

Macrophages and interdigitating dendritic cells 
Mononuclear macrophages are derived from bone
marrow stem cells and migrate to strategic sites through-
out the body. These macrophages were previously referred
to as the reticulo-endothelial system. They function to
remove particulate matter such as bacteria, immune com-
plexes, and denatured proteins from blood and tissues, by
phagocytosis or endocytosis. Alveolar macrophages in the
lungs contribute to the first line of defence against inhaled
pathogens; Kupffer cells in the liver process material
entering through the digestive system; splenic and lymph
node macrophages process material circulating through
the lymphatic system and the blood, and circulating
monocytes can migrate to new sites of infection and
develop into mature, active phagocytic cells. 

Macrophages, unlike polymorphonuclear neutrophils,
are long-lived phagocytic cells. However, they engulf and
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1.   Adherence of opsonized
bacterium through phagocyte

surface receptors

2. Ingestion

3.    Phagosome formation
and   degranulation   

4. Killing and digestion of
bacterium

Fig. 6.2. Phagocytosis and killing of a bacterium by a

polymorphonuclear leukocyte. Fig. 6.3. Mycobacterium tuberculosis multiplying within a human monocyte-derived macrophage in culture.
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