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Preface 

Ins~cts and their allies affect humans in a wide variety of ways. As well as 
being highly beneficial as pollinators of fruit and flowers, many are attractively 
coloured and some even sound pleasant. But they also cause considerable 
detrimental effects, destroying crops and damaging food, property, and 
livestock. Most significant is their role in transmitting disease to humans and 
causing debilitating conditions and extreme discomfort. 

This Atlas, which is illustrated with many of the authors' own photographs, 
will enable the reader to identify the cause of these problems and, with a 
knowledge of the creatures' habits, habitat and life history, to prevent further 
attack or infestation. 

The authors are indebted to their colleagues who have assisted in the 
production of the Atlas, and to those who have allowed their photographs to 
be used. 

N. R. H. Burgess 
G. O. Cowan 
London 
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INTRODUCTION 

Members of the phylum Arthropoda are the most 
numerous and widely distributed of all animal 
groups. They maybe found in every part of the 
world and in every type of environment. Many, 
particularly those within the classes Insecta and 
Arachnida, live in close association with humans; 
others, while primarily parasites of animals, will 
readily attack or feed upon humans and some may 
be specifically adapted as human parasites. They 
may be of medical significance simply because of 
their physical attack and blood-sucking habits, or 
they may be of considerable importance as distribu
tors of organisms that cause disease. These arthro
pod disease vectors· may transfer pathogenic organ
isms in a purely mechanical manner from infected 
material to human food, or, more significantly, they 
may act as developmental vectors, incubating the 
disease organisms in their bodies before passing 
them on to uninfected hosts. Several arthropods, for 
example beetles, moths, cockroaches and mites, may 
be of considerable public health and economic im
portance, causing significant damage and nuisance 
by infesting and feeding on stored food and other 
commodities and infesting domestic situations. 

All arthropods, while varying considerably in size 
and shape, have certain features in common (Fig. 
1.1). They are all bilaterally symmetrical and 
metamerically segmented. They have a hard chiti
nous exoskeleton, sometimes sclerotized or calcified, 
inside which is a hollow blood cavity containing a 
clear fluid (haemolymph), a dorsal tubular heart, 
alimentary tract and a central nervous system of two 
longitudinal nerve trunks fused segmentally to form 
ganglia. Respiration may be achieved by a variety of 
methods: via gills, lung-hooks, gaseous exchange 
through the cuticle or by means of spiracles. All 
arthropods have jointed appendages, which may 

Fig. 1.1 A typical arthropod, the centipede, with 
exoskeleton and jointed paired appendages. 

take the form of legs, antennae, mouthparts or cerci. 
The sexes are always separate. Some of the main 
classes are listed in Table 1.1. 

THE PHYLUM ARTHROPODA AND ITS 
CONSTITUENT CLASSES 

Classification 

Every living organism is named in Latin according to 
the genus (first word) and the species (second 
word). For example, the housefly, Musca domestica, 
and the malarial vector Anopheles gambiae are 
classified as shown in Table 1.2. 

Table 1.1 

2 

Insecta 
(insects) 

Arachnida 
(spiders, scorpions, 

ticks, mites) 

Diplopoda 
(millipedes) 

Chilopoda 
(centipedes) 

Crustacea 

Pentastomida 
(tongue worms) 



The classification of living organisms is essentially 
a manufactured system set up for convenience. 
Thus, as more insects are discovered and described 
each year, the gaps in groups will be filled and the 
variations and similarities between species will be
come more apparent. Furthermore, insects continue 
to evolve. For these reasons, or even because of the 

ANATOMY 

according to diet, and usually paired eyes, which 
may be compound or simple. The thorax supports 
three pairs of legs and typically one or two pairs of 
wings (Fig.1.3). The abdomen is usually without 
appendages except for the presence of genitalia on 
the posterior segments. 

The exoskeleton protects the viscera and prevents 

Table 1.2 

Phylum Arthropoda Arthropoda 
Class Insecta Insecta 
Subclass Pterygota Pterygota 
Division Endopterygota Endopterygota 
Order Diptera Diptera 
Suborder Athericera Nematocera 

*Series Schizophora 
*Section Calpteratae 
*Superfamily 
Family Muscidae 
Subfamily Muscinae 
Genus Musca 

*Subgenus 
Species domestica 

*Subspecies 
' Variety 

whims and inclinations of taxonomists, the system 
of classification is continually changing, hence sub
families may be given family status, or one genus 
may be divided into several new ones. The classifica
tion adopted in this atlas is given for guidance. The 
description of the insect, whether it be of a family or 
subfamily, a genus or species, does not change. 

ANATOMY 

The class Insecta forms the largest of all animal 
classes, with about 1 million described species. 
However, only a very small proportion are of 
medical or public health significance. In the adult 
stage, insects are characterized by the division of the 
body into head, thorax and abdomen (Fig. 1.2). The 
head always bears one pair of sensory antennae, 
three pairs of mouthparts, which are modified 

Culicadae 
Anophel inae 
Anopheles 

gambiae 

water loss. Moreover, the internal organs (Fig. 1.4) 
are supported by body fat, which also acts as a food 
store for the insect in unfavourable conditions. 

The gut is divided into three sections: the fore
gut, mid-gut and hind-gut. The fore-gut projects 
backwards from the mouth towards the thorax and 
is flanked by salivary glands, which are of particular 
importance in the transmission of disease. Behind 
the salivary glands, the fore-gut expands to form the 
crop or proventriculus. The crop is lined with 
nodules or spikes of chitin, which grind the food as 
an aid to digestion. In the mid-gut further digestion 
and absorption take place, and the posterior of the 
mid-gut often possesses several blunt tubules 
known as Malpighian tubules or hepatic cae cae, 
which serve the same function as the liver in higher 
orders of animals. Nitrogenous waste is excreted at 
the narrowing of the tubules, which perform a 
similar function to the kidney. The Malpighian 
tubules join the gut at the intersection of the mid 
and hind-gut. The function of the hind-gut is to 
reabsorb water and, in some cases, salts. The hind-

3 



INTRODUCTION 

Fig. 1.2 Gatekeeper' butterfly, Pyronia tythonus. A 
typical insect with the head bearing a pair of antennae, 
mouthparts and compound eyes, the thorax with three pairs 
of legs and two pair of wings, and the abdomen without 
appendages, 

gut terminates at the anus, which is flanked by two 
rectal glands. 

The circulatory system is open, unlike that of 
humans (which is a closed system). Haemolymph or 
'blood' is a colourless fluid in insects and does not 
contain haemoglobin. One ex~eption is the larva of 
the midge Chironomus, which lives in water with a 
low supply of dissolved oxygen. Its haemolymph 
contains small amounts of haemoglobin as an aid to 
respiration, hence its red colour. Haemolymph is 
pumped through the body by the dorsal tubular 
heart (which is a long segmented tube) towards the 
head, where it flows into sinuses or cavities and 
percolates through the entire body, bathing the 
organs and distributing dissolved nutrients. 

The nervous system is composed of a double 
ventral nerve cord with a series of ganglia; these are 
clusters of nerve tissue that form a node in each 
body segment. The ganglia increase in size towards 
the head where the nerve cord divides to encompass . 
the fore-gut, with a large ganglion above and below 
the oesophagus. These two ganglia can be termed 
the 'brain' of the insect. Each ganglion has nerve 
branches leading to it from all parts 6f the body to 
receive and transmit stimuli. The body ganglia are 
often fused, particularly in the abdomen. 

Insects do not possess lungs, and respiration takes 
place in the tracheal system. Each abdominal seg
ment typically possesses two spiracles situated later
ally. The thorax has four larger spiracles, two placed 
anteriorly and two posteriorly. The spiracle is a pore 
leading to a corrugated tube (trachea) that divides 
and redivides into a complex system of branches 
(tracheoles), permeating throughout the insect body, 

4 

Fig. 1.3 Horsefly, Hybomitra distinguenda. A typical 
insect, but with only one pair of wings (order Diptera). 

Fig. 1.4 Internal anatomy of a typical insect 
(cockroach). The internal organs are supported by body 
fat. 



and provides a large surface area for gaseous ex
change. Oxygen entering the trachea is dissolved on 
the moist surface of the. tracheal lining and absorbed 
directly. Respiration is a continuous process and no 
tidal breathing occurs. The number of spiracles in 
the abdomen may be reduced in some insects. 

Separate sexes always occur in insects. The 
gonads or sex organs are internal and consist of 
testes in the male and ovaries in the female; they can 
be seen on either side of the hind-gut of mature 
specimens. Female insects possess a sperm sac or 
spermatheca, which stores live sperm after mating. 
With this, the female insect can control the amount 
of sperm released to fertilize future eggs and thus 
only needs to mate once in her lifetime. Male insects 
possess a penis or aedegus and copulation occurs 
during mating. 

All arthropods possess an exoskeleton composed 
of chitin, a rigid waxy substance. The dorsal and 
ventral sections, the tergum and sternum respective
ly, are heavily chitinized. The lateral section, joining 
the tergum and sternum (the pleuron) is less 
heavily chitinized and thus more flexible. 

The class Insecta is divided into two subclasses, 
the Apterygota and the Pterygota. 

Apterygota 

Members of the Apterygota (a = without; pteron = 
wing, in Greek) are believed to be the oldest form of 
insect. They never develop wings and typically have 
one or more pairs of well-developed appendages on 
the abdomen in addition to the genitalia. Once 
hatched from the egg, the apterygote insect in
creases in size but there is very little change in shape 
(metamorphosis). Apterygote insects include the 
springtails (Collembola) and bristletails (Thysanura), 
for example the silverfish and firebrat (Fig. 1.5). The 
latter may infest kitchens and other . warm and 
humid places, where they feed on starchy scraps at 
night. Occasionally, numbers of firebrats need to be 
controlled but they cause little harm. 

Pterygota 

The pterygote insects are divided into two quite 
separate groups or divisions, the Exopterygota and 
the Endopterygota, and are differentiated by their 
method of development from egg to adult. 

Exopterygota 

These insects tend to lay comparatively few large 
eggs from which six-legged nymphs hatch. These 
resemble the parents in almost every way except for 

ANATOMY 

Fig. 1.5 A typical apterygote insect, the firebrat 
(Thysanura). 

their smaller size, lack of flying wings and sexual 
maturity. Typically, the wings are visible externally 
as wing buds, which increase in size with each 
moult, hence exo (= outside) pterygota (= wings). 
(The term larva is sometimes used in this context to 
refer to the first-stage nymph.) The nymphal stages 
(instars), of which there may be up to ten or more 
depending on the species of insect, feed and in
crease in size by casting their skins (moulting or 
ecdysis) periodically. 

Endopterygota 

These insects tend to lay many eggs, usually on the 
larval food supply. From each of these eggs, a larva 
is hatched with little or no resemblance to the adult 
form. The larval stages, of which there may be 
several, eat voraciously and moult to increase in 
size, until they have accumulated sufficient food 
material to undergo a non-feeding and usually 

5 



INTRODUCTION 

sessile stage of development known as the pupa. 
The sexually mature, winged adult form develops 
inside the pupal case and eventually emerges. The 
wings develop inside the body cavity within the 
pupal case and are evaginated on emergence, hence 
endo (=inside) pterygota (= wings) . 

The life cycle of an exopterygote insect may be 
described as incomplete metamorphosis, whereas 
that of an endopterygote insect has a complete 
metamorphosis. 

SIGNIFICANCE TO HUMANS 

Insects and related arthropods affect humans 
adversely in many different ways. They may feed on 
foodstuffs that are still growing or during processing 
or storage, and they may damage and parasitize 
domestic animals, lowering their condition; howev
er, most significantly they may attack humans them
selves, causing irritation, discomfort and inconveni
ence, and will often transmit disease-causing organ
isms . 

In temperate regions, faster and more comprehen
sive air travel has significantly increased the danger 
of imported disease, often into areas in which it may 
have been endemic in the past and where the insect 
vector still exists. In addition, the increased inci
dence and greater awareness of the role played by 
arthropods in the more domestic scene has empha
sized the need to control public health pests such as 
cockroaches, fleas, lice and mosquitoes. In the trop
ics, arthropod-borne diseases have devastated hu
man populations in the past and continue to be an 
important cause of severe morbidity and mortality. 
Many diseases are re-emerging in developing coun
tries due to economic problems and the resistance of 
vectors to insecticides and of pathogenic organisms 
to therapeutic drugs. The need to control arthro
pods, both from the public health and the medical 
point of view, has never been greater, and the task 
is becoming increasingly more difficult. 

Worldwide, the situation is complicated by the 
attitudes of authorities and minority lobbies and the 
essential legislation imposed on the registration and 
use of pesticides, which is further handicapped by 
the vast financial outlay that this implies. 

DEVELOPMENTAL TRANSMISSION OF 
DISEASE 

The most important form of attack by arthropods is 
that involving the blood-sucking habits of ectopara
sites, such as mosquitoes, bedbugs and fleas. These 
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may simply be the cause of irritation and discomfortl:, 
sometimes resulting in secondary infection of the 
bite. More significantly, blood-sucking insects may 
transmit the organisms causing several debilitating 
and sometimes fatal diseases such as malaria, 
plague, typhus and yellow fever. 

Typically, when an insect bites, a small amount of 
anti-coagulant saliva is injected Into the wound to 
prevent the blood from clotting. It is the host's 
antibody reaction to this saliva that results in the 
swelling, redness and irritation at the site of the 
attack. It is a fact that some people will be bitten 
more regularly than others; the reason for this jis 
unknown but it may be due to skin colour and 
texture, body temperature and content of perspira
tion. It is also true that some people react mOl1e 
apparently and more rapidly than others; this 
reflects the state of immunity and amount of expo
sure to bites from that particular insect in the person 
concerned. Secondary infection, which can be se
vere, is caused by bacteria entering a bite puncture 
or an area that has been traumatized by scratching. 

In temperate regions of the world, the most 
common insect bites are those of mosquitoes and 
other blood-sucking flies, bedbugs, fleas and liCE!. 
Fortunately, these insects, while commonly trans
mitting disease in the tropics, do not often do so in 
temperate regions . Nevertheless,malaria, carried by 
the Anopheles mosquito, was endemic in many cooler 
parts of the world until recent times, and several 
locally transmitted cases occur every year in people 
who have never been to an endemic area. In 
addition, the number of cases of malaria imported 
into temperate countries, where the erstwhile vec~ 
tors are still present, is considerable. Some mos
quito-borne viruses and tick-borne bacteria are the 
cause of sporadic disease outbreaks in temperate 
regions including the British Isles. In the tropics and 
subtropics, the role of insects and other arthropods 
in the transmission of disease is dramatic. 

PHYSICAL ATTACK BY INSECTS AND 
OTHER ARTHROPODS 

Many arthropods will attack humans for a variety of 
other reasons. Sometimes it will be an unintended 
contact, often causing an allergic response as, for 
example, asthma from the house-dust mite, urticaria 
from certain moths and caterpillars, or dermatitis in 
food handlers caused by pests found in stored 
products. Bees, wasps, ants and scorpions may sting 
to protect themselves when provoked, an d spiders 
and centipedes may bite. Flies will lay their eggs or 
larvae on open wounds or sores and the maggots 



will feed on necrosing tissue, producing the condi
tion myiasis. The larvae of a few species, such as .the 
tumbu fly and bot fly, can only develop on living 
tissue. 

It must also be appreciated that entomophobia, or 
the fear of insects, is a very real pathological 
condition, and that delusory parasitosis is common. 

MECHANICAL TRANSMISSION OF 
DISEASE 

Insects that habitually feed on potentially infected 
matter and are closely associated with humans may 
carry pathogenic organisms (particularly those caus
ing enteric disease) from one to the other. 

Cockroaches, although more common in the warm 
tropics from where they originate, are frequently 
found in temperate areas, where they infest kitch
ens, restaurants and store-rooms. They will feed on 
refuse, human faeces and other potentially infected 
matter, and a wide range of pathogenic organisms 
have been isolated from these insects in domestic 
situations. Cockroaches frequenting such areas will 
walk over food intended for human consumption, 
on which they may defaecate and vomit and deposit 

MECHANICAL TRANSMISSION OF DISEASE 

disease organisms. The adult female fly lays her 
eggs on decomposing organic matter in which the 
maggots will develop. At the same time both male 
and female flies will feed on decomposing matter, 
taking organisms into the gut, mouthparts and onto 
the body surfaces. Flies also commonly feed on 
human foodstuffs onto which they regurgitate diges
tivefluid containing organisms from a previous 
meal. They will also defaecate and deposit particles 
adhering to the feet and body hairs. 

Thus, as well as causing a considerable nuisance 
by their presence (often in large numbers), cock
roaches and flies may act as mechanical carriers of 
disease. This is a non-specific vectorial role since the 
diseases are also spread in a wide variety of other 
ways: in water, contaminated food and by human 
carriers. The insect role is contributory and circum
stantial. The effects of arthropods on humans can l?e 
very varied. An appreciation of the appearance, 
lifestyle and habits of these creatures is an invalu
able aid to an understanding and identification of 
many medical conditions. Greater knowledge will 
make treatment and cure more easily attainable and 
will render the prevention of recurrence more realis
tic by controlling the source of the problem. 
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MOSQUITOES 

INTRODUCTION AND DESCRIPTION 

Mosquitoes belong to the order Diptera, a group Of 
insects that only have one pair of wings, located on 
the mesothorax. The hind pair is reduced to small, 
drumstick-like organs, the halteres. Diptera can only 
take fluid food, sometimes in the form of blood. All 
species go through a complete metamorphosis in the 
life cycle. 

Mosquitoes make up the family Culicidae and are 
small, midge-like flies, 5 to 15 mm in length and 
with a similar wingspan, a long narrow body and 
wings, and long delicate legs (Fig. 2.1). the most 
characteristic feature is the long, forwardly-project
ing proboscis, which contains the mouthparts. 

Fig. 2.1 Typical mosquito. 

Some 3200 species of mosquito occur worldwide, 
and are classified into three subfamilies within the 
family Culicidae. Most species of medical import
ance are within the subfamilies Anophelinae (of 
which the most important genus is Anopheles), and 
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Culicinae (Aedes, Culex and Mansonia). 
There are many species of non-biting gnats and 

midges (Fig. 2.2), which resemble mosquitoes in 
several features, but which do not have the long, 
forwardly-projecting proboscis. All mosquito species 
have a characteristic wing venation (Fig. 2.3), the 
third vein being short and simple, and lying be
tween two forked veins. The wings are covered and 
fringed with scales. 

Both male and female mosquitoes feed on plant 
fluids and nectar. However, the female typically 
requires a blood meal from a warm-blooded animal 
before a viable batch of eggs can be laid, and only 
the female is capable of sucking blood. The internal 
male mouthparts are short and only extend about a 
quarter of the length of the proboscis. In contrast, 
the female has long, needle-like mouthparts (Fig. 
2.4), which are capable of piercing animal tissue. 

Fig. 2.2 Non-biting gnat. Note the absence of the long 
forwardly projecting proboscis. 

Fig. 2.3 Wing venation. The third vein is short and simple 
and lies between two forked veins. 



Fig. 2.4 Mouthparts of the female mosquito. These are 
long and needle-like. 

Male mosquitoes have a pair of long bushy (plu
mose) antennae (Fig. 2.5a), whereas the antennae of 
the female are sparsely haired or pilose (Fig. 2.5b). 
Both sexes have one pair of compound eyes. 

GENERALIZED LIFE CYCLE AND 
BREEDING SITES 

During the life cycle, mosquitoes undergo a com
plete metamorphosis, passing through the stages of 
egg, larva and pupa before becoming adult (Fig. 
2.6). The immature stages are always associated with 
free water, which may occur in a wide range of 
locations. The mosquito egg hatches into a minute, 
worm-like larva (Fig. 2.7), which feeds on microor
ganisms in the water or on the water surface using 
paired mouth brushes on the head. Vision is 
rudimentary but larvae react rapidly to changes in 
light intensity, moving actively with a wriggling or 
darting motion through water. 

The bulky, thoracic part of the larva often has long 
bristles or hairs, which assist in achieving balance. 
The abdomen has ten segments; the tenth segment 
is at an angle to the ventral surface and has anal 
papillae. On the dorsal surface of the ninth segment 
are the paired spiracles, sometimes on the end of an 
extended siphon, through which the larva obtains 
oxygen from the air/water interface. The larva passes 
through four stages or instars before moulting to the 
pupal stage. 

The pupa (Fig. 2.8) is comma-shaped, the head 
and thorax having fused to form a cephalothorax, 
with the abdomen hanging down from it. The pupal 
stage is actively mobile, using a pair of paddles 

GENERALIZED LIFE CYCLE AND BREEDING SITES 

(a) 

(b) 

Fig.2.5 Mosquito antennae. (a) Male. (b) Female. 

located on the hind end of the abdomen to progress 
in a tumbling motion through the water. It does not 
feed but comes to the air/water interface to obtain 
oxygen through a pair of dorsal trumpets on the 
cephalothorax. The adult mosquito can be seen 
developing through the pupal skin. 

When the adult mosquito is fully developed, the 
pupa comes to the surface and splits across the 
dorsum, the adult emerging to stand on the water 
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LIFE CYCLE of a MOSQUITO 
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Fig.2.6 Life cycle of the mosquito. The egg, larval and 
pupal stages are shown. 

Fig.2.7 Typical mosquito larva. 
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Fig. 2.8 Mosquito pupa. 

Fig.2.9 Female mosquito sucking blood. 

Fig. 2.10 Anopheles mosquito. 



surface while the exoskeleton hardens and dries. 
Males will typically emerge first and swarm in the 
air over the breeding site. When the females emerge, 
mating will take place. The female mosquito stores 
sperm from a single mating in the spermatheca and 
these will be used to fertilize eggs from alternate 
ovaries when required. Thus the female mosquito 
will only need to mate once during her lifetime but 
may lay up to ten or so batches of eggs. 

The female mosquito will typically feed (Fig. 2.9) 
in subdued light, especially during the night, but 
some species will readily feed in daylight. Depend
ing on the species, female mosquitoes may rest 
indoors or outside before or after feeding. Identifica
tion of the species is thus essential in order that 
correct control measures may be carried out. 

There are some 250 species of Anopheles mosquito 
(Fig. 2.10), about 100 of these are able to transmit 
malaria and 25 are notorious vectors in many parts 
of the world. Anophelines are usually pale brown in 
colour without any prominent markings. The wings 
typically have patches of darker scales, particularly · 
along the leading edge, but the abdomen is not 
segmentally banded. 

The maxillary palps are a pair of organs lying 
alongside the proboscis of a mosquito, between it 
and the antenna on either side. In the male anophe
line mosquito (with bushy antennae), the palps are 
long and have a swollen or clubbed ending (Fig. 
2.11). 

In the female anopheline the palps are as long as, 
or longer than, the proboscis and lie close to it but 
are simple (without a clubbed ending) (Fig. 2.12). 
The resting position of the live anopheline mosquito 
is characteristic, with the head, thorax and abdomen 
in a straight line at an angle of about 45° to the 
resting surface (Fig. 2.13). 

There are over 2000 species of culicine mosquito in 
28 genera, the most important of which are Aedes, 
Culex and Mansonia. Culicine mosquitoes are typical
ly more strikingly patterned than anophelines, with 
black and white or dark and light brown markings 
on the thorax, and dark and light segmental banding 
on the abdomen (Fig. 2.14). The wings, except in 
some species of the genus Culiseta, do not have 
patches of dark scales. 

The palps in the male culicine are long but never 
clubbed, although they may have an elbowed or 
feathered ending (Fig. 2.15). The palps in the female 
culicine are short, usually I only about one quarter of 
the length of the proboscis, and are never clubbed 
(Fig. 2.16). The culicine mosquito characteristically 
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Fig. 2.11 Clubbed palps typical of the male anopheline 
(Anopheles) mosquito. 

Fig. 2.12 Long simple palps of the female anopheline 
(Anopheles) mosquito. 
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Fig. 2.13 Resting position of the anopheline mosquito 
(male). 

Fig. 2.14 Typical culicine mosquito (Aedes). 

rests in a hunch backed posture with the head and 
abdomen towards the resting surface (Fig. 2.17). 

The immature stages of anopheline and culicine 
mosquitoes are easily differentiated. Anopheline 
eggs are always laid on the surface of free water in 
batches of 20 to 30, often in a rosette pattern. Each 
egg is boat-shaped and has a pair of lateral air sacs 
(Fig. 2.18). 

Culicine eggs never have lateral air !;lacs. The three 
genera that are of medical importance lay eggs in 
different conformations. Aedes females will lay eggs 
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Fig.2.15 Long palps of male culicine mosquito. These 
are never clubbed . 

Fig.2.16 Short palps of female culicine mosquito. 

on a dry surface, which will eventually become 
covered in water (Fig. 2.19). This may take a wide 
variety of forms, for instance a stream bed that win 
become flooded in melt water in tundra regions. 
Eggs are often laid on the inside of water containers. 



Fig. 2.17 Resting position of culicine mosquito. This is 
typically hunchbacked. 

--

Fig.2.18 Anopheles eggs. 

Fig. 2.19 Aedes eggs. 

The container will fill with rain water and cover the 
eggs, which will hatch within 1 to 6 hours. Only a 
proportion of the eggs hatch on the first wetting. 
Aedes eggs are able to resist desiccation for many 
months. 

Culex eggs (Fig. 2.20) are laid on the surface of free 
water in a raft formation with 100 or more eggs stuck 
together side-by-side. The larvae will hatch through 

GENERALIZED LIFE CYCLE AND BREEDING SITES 

Fig. 2.20 Culex egg raft. 

t 

Fig. 2.21 Mansonia eggs. 

a corolla or lid on the end that points down into the 
water. Mansonia eggs (Fig. 2.21) are equipped with a 
spike on one end, which is used to anchor the egg to 
vegetation in the water. 

Anopheline and culicine larvae can be easily 
differentiated. The anopheline larva lies parallel to 
the water surface (Fig. 2.22a) in order to obtain air 
through the paired spiracles, which are flush with 
the ninth dorsal plate. The larva often feeds in this 
position, brushing small particles and microorgan
isms into the mouth with paired mouth-brushes on 
the head (Fig. 2.22b), which is typically narrower 
than the thorax (Fig. 2.22c). The head is rotated 
through 1800 when feeding. 

To assist adherence to the undersurface of the 
water by surface tension, the anopheline larva is 
equipped with paired palmate float-hairs and a waxy 
tergal plate on abdominal segments one to eight 
(Fig. 2.23). 

The paired spiracles on the ninth segment of all 
culicine larvae are situated on the end of a dorsal 
extension or siphon (Fig. 2.24a). The larva will 
obtain air by fixing the tip of the siphon to the water 
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(a) 

(b) 

(c) 

MOSQUITOES 

Fig.2.22 Anopheles larva. (a) Lying parallel to the water 
surface. (b) Showing spiracular plate. (c) Showing paired 
mouth brushes. 

surface by surface tension and hanging vertically. 
Feeding in this position is difficult and is usually 
carried out below the surface, typically at the bot
tom. Thus culicine larvae do not have palmate float 
hairs, feathered bristles or waxy tergal plates (com
pared with anophelines). The head is broader than 
the thorax (Fig. 2.24b). 

16 

Fig.2.23 Anopheles larval segments. Tergal plates and 
palmate float hairs are seen. 

(b) 

Fig. 2.24 Culicine larva. (a) Showing the tips of siphons 
at the water surface. (b) Head of larva, which is broader 
than long. 



Fig. 2.25 Aedes larval siphon. 

Fig. 2.26 Culex larval siphon and tracheae. 

In the Aedes larva the siphon is short (Fig. 2.25), 
and with the tenth segment and the anal papillae, 
forms a Y-shaped ending to the abdomen. In the 
Culex larva the siphon is longer. In Fig. 2.26, the 
tracheae can be seen running from the spiracles 
down the siphon to the abdomen. In the Mansonia 
larva, a hook is present at the end of the siphon (Fig. 
2.27) with which the larva fixes the spiracles to the 
stem of a water plant. Oxygen is thus obtained in 
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Fig. 2.27 Mansonia larval siphon. 

Fig. 2.28 Larval siphon of Eretmopodites species. 

this manner. The siphon in some other genera of 
mosquitoes may be excessively long (Fig. 2.28). 

The larva is the feeding and growing stage of the 
mosquito. When the fourth stage or instar is fully 
developed the exoskeleton will be cast off to form 
the comma-shaped pupa. Pupae are very similar in 
all genera of mosquitoes, with minor differences 
only in the shape of the trumpets and the abdominal 
bristles (Fig. 2.29). 

The immature stages of mosquitoes are always 
associated with free water of some sort but the type 
and location will vary considerably. Still water is 
preferred although slow-moving water at the edges 
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Fig. 2.29 Mosquito pupa. 

(b) 
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of streams and rivers may be suitable. The larvae 
and pupae must be able to obtain water through the 
water surface, thus stagnant, encrusted water is not 
used. However, the water may be polluted with 
sewage, or even brackish. Figure 2.30 shows some 
typical and specific sites in which mosquito eggs, 
larvae and pupae may be found. 

Fig. 2.30 Varied environments in which different 
species of mosquito are able to breed. (a) Free water 
with vegetation. Anopheles gambiae will breed in rice fields 
such as this in the Sudan. (b) Edges of large rivers (Belize). 
(c) Non-flowing areas of streams. Larvae and pupae will 
remain in these regions, not in the flowing areas. (d) Edges 
of flooded fields (Nepal). (e) Below the frozen surface of 
pools. Temperate woodland species can often overwinter 
as larvae, surviving in the water below the ice. (t) Water 
with high salt content. Species such as Aedes detritus 
breed in river estuaries (e.g. River Dee, England). (g) 
Brackish water, very close to the sea shore provides 
breeding sites for mosquitoes such as this Aedes detritus 
site in Cyprus. (h) Water polluted with human effluent. This 
environment is ideal for Culex quinquefasciatus as in this 
village pond (Nepal). (i) This puddle in Botswana supports 
two species of mosquito, one that prefers to develop in 
shaded water and the other in bright sunlight. (j) Humans 
provide breeding sites for various types for mosquito: rain 
water collecting in containers in a rubbish tip is a typical 
example, where Aedes aegypti may breed. (k) Drinking 
water containers also provide an ideal site. Polystyrene 
granules floated on the surface of the water will prevent 
female mosquitoes from laying eggs but will not 
contaminate the water. (I) Five species of mosquito larvae 
were collected from waste water from this house 
(Khartoum, Sudan). (m) Very small collections of water can 
support mosquitoes: the legs of this beehive in I\jepal stand 
in tins of water to prevent ants from attacking the honey. 
Mosquito larvae were found in each tin. (n) The subfamily 
Megharininae pass through the immature stages in water 
collected in the axils of plants. The larvae are usually 
cannibalistic, thus only one larva is found in each axil. (0) In 
some species of Aedes, eggs will be laid by the gravid 
female on dry surfaces, which will become covered in 
water when rain falls or when snow and ice melt. This dry 
river bed in Cyprus floods in the winter, and eggs laid on 
dry soil and rock will hatch within a few hours of immersion. 
(p) Aedes aegypti were found in these fire buckets in Hong 
Kong. A weekly 'dry day', when all water containers are 
emptied, will break the breeding cycle. (q) Anopheles 
larvae were found in this marshy ground in southern 
Cyprus. (Continued over) 
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(c) 

(d) (g) 
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(i) 

(j) Fig. 2.30 continued. 
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(I) 

(m) 



(0) 

(p) 

MEDICAL SIGNIFICANCE 

(q) 

MEDICAL SIGNIFICANCE 

The female mosquito typically requires a blood meal 
before each ovulation. The presence of a potential 
host is detected using several stimuli received by 
sensory organs, particularly in the antennae. These 
include changes in temperature and movement of 
air, and an increase in carbon dioxide, which is 
being expired by the host. The mosquito will land on 
the host and probe the tissue for a blood capillary. 
Only the stylet-like internal mouthparts are inserted, 
the outer sheath of the proboscis, the labium, being 
split dorsally and looped back. 

To prevent the action of the host's blood-clotting 
mechanism, a small amount of anticoagulant saliva 
is injected by the mosquito. If the host is not 
equipped with the antibodies to react to this inva
sion of a foreign substance, all that will appear is a 
small reddish punctum mark (Fig. 2.31). After furth
er bites, antibodies will be created and a reaction will 
occur at the site of the puncture. This may be 
immediate or delayed depending on the· state of 
sensitization and will appear as a red and irritating 
swelling. Sensitization may occur within a few hours 
of the initial bite, but in some individuals it may take 
days or even weeks to occur. The antibodies are 
often specific for one species or a species group of 
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Fig. 2.31 Punctu'm resulting from mosquito bite in an 
unsensltlzed host. 

Fig.2.32 Mosquito bites in sensitized host. This has , 
resulted in swelling and redness with immediate or delayed 
irritation. 

Fig.2.33 Secondary infection of mosquito bites. (a) In 
the lower legs. (b and c) Gross infection of bites on the leg, 

(a) 
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(b) 

insects, and the rate of reaction can be very indi
vidual (Fig. 2.32). 

After repeated attacks from the same species of 
insect, a state of immunity may be reached, when 
the host ceases to react to bites. Thus the state of 
sensitivity or immunity may explain, to a large 
extent, why some people appear to be bittern 
by insects more readily than others; it is more likely 
that all have been bitten but only some have reacted. 

Irritating bites that are scratched and traumatized 
may often become infected with bacteria, particular
ly in a hot and humid climate. Secondary infection is 
frequently a problem when it occurs on the lower 
limbs (Fig. 2.33). 

Mosquitoes can transmit a wide range of disease
causing organisms. These organisms can only de
velop through a particular phase of their life cycle if 
they are present in the mosquito at the right stage of 
the cycle. Many are specific to particular groups or 
even species of mosquito, which will thus act as an 
essential 'developmental' vector (Table 2.1). 

Malaria 

Malaria (Fig. 2.34) is transmitted in this way by 
several Anopheles species (Figs 2.10, 2.35 and Table 
2.2). The gametocytes of the Plasmodium parasite are 
taken up in a blood meal, from an infected human 
host and pass to the mid-gut of the female mosquito 
where they will mate; oocysts are formed on the 
outside of the mid-gut wall, developing inwards into 
the body cavity (Fig. 2.36). 

When mature, the oocysts burst and sporozoites 
move through the body cavity (Fig. 2.37a), many 
thousands being chemically attracted to the paired 
trilobed salivary glands (Fig. 2.37b), from where 
they pass to a new host when the mosquito feeds 
again. This development period may be from 10 to 
15 days depending on the species of Plasmodium. A. 
female mosquito is termed 'infected' if oocysts are 

(c) 



Table 2.1 Diseases transmitted by the two main 
groups of mosquitoes 

Anopheline 

Malaria 

Fi lariasis 
A few arboviruses 

e.g. O'nyong nyong 

Fig. 2.34 Distribution of malaria. 

Culcine 

Filariasis 
Wuchereria bancrofti 
Brugia malayi 

Manyarboviruses 
e.g. Yellow fever 

Dengue fever 
Japanese 
encephal i~is 
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Table 2.2 Examples of important malarial vectors 

Anopheles albimanus 
Anopheles darlingi 

Anopheles gambiae 
Anopheles funestus 

Anopheles stephensi 

Anopheles sacharovi 

Anopheles maculatus 

Anopheles hyrcanus group 

(a) 

Mexico, Central and South 
America 

Africa, south of Sahara 

Egypt to China 

Mediterranean and Middle 
East 

India to China 

Mediterranean to Japan 

Fig. 2.35 Anopheles gambiae. Fig. 2.36 Oocysts. (a) In the wall of the mosquito mid-gut. 
(b) Enlarged view . 

(a) 

. 
" 

(b) 

Fig.2.37 Sporozoites. (a) Moving through the body cavity to infect (b) the salivary glands. 
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present in the mid-gut, but is only capable of 
transmitting malaria (i.e. it is 'infective') if sporozo
ites are present in the salivary glands. The 'infective 
rate' (percentage of infective mosquitoes caught) is 
normally below 1.0% in an area of low endemicity, 
rising to perhaps 5.0% in a highly endemic area. 

Morphology if Malaria pamsites 
STAGES IN THIN FILMS 

P. fak:ioarum 

RING FORMS (EARLY TROPHOZOITES) 
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Fig. 2.38 Morphology of malaria parasites. (From 
Jeffreys and Leach.) 

Clinical aspects 

Four species of Plasmodium parasite (Fig. 2.38) cause 
illness in humans: 

1. Plasmodium falciparum causes several million 
deaths annually in tropical populations, especial
ly in children, and is a lethal infection in persons 
without immunity or protection. Parasitization of 
red blood cells leads to capillary sludging, which 
results in a marked reduction in oxygen delivery 
to all tissues, most dangerously in brain and 

MEDICAL SIGNIFICANCE 

kidney, and to fever and destruction of all in
fected red cells, causing progressive anaemia with 
jaundice and enlargement of the spleen. Death 
results most often from cerebral dysfunction, but 
severe shock, secondary bacterial septicaemia and 
hypoglycaemia may contribute. 

2. Plasmodium vivax and Plasmodium ovale cause non
lethal recurrent fever, typically on every second 
day, with splenomegaly. 

3. Plasmodium malariae also causes recurrent fever, 
but on every third day, and can also cause severe 
renal glomerular damage in young children, . re
sulting in massive urinary protein loss and gener
alized oedema. 

Malaria is diagnosed by demonstration of the para
sites in stained blood films. Treatment is with 
chloroquine, except for the · many strains of P. 
falciparum that are now partially or completely resis
tant to it, for which quinine remains the best 
treatment. Relapses of fever due to P. vivax and P. 
ova Ie malaria are prevented by the subsequent admi
nistration of primaquine. 

Prevention of malaria depends on the control of 
mosquito populations, or measures to prevent mos
quito bites, such as bed-nets, suitable clothing and 
chemical repellents, and on the administration of 
suitable chemoprophylactic drugs to those at risk. 

Arboviruses 

Wild animals will act as reservoirs for many of the 
mosquito-borne arboviruses, for example Japanese 
encephalitis (Fig. 2.39a). The virus may be found in 
water birds and is maintained by mosquitoes in the 
habitat . 

Infected mosquitoes may feed on domestic anim
als (pigs in particular), which will act as efficient 
multiplication hosts and reservoirs. In parts of 
southeast Asia, where the disease is common, hu
mans live in close contact with domestic animals, 
and domestic breeding sites are ubiquitous (Fig. 
2.39b). 

Infected mosquitoes will also readily feed on 
humans. Once the virus crosses from the vascular to 
the nervous system, mortality in untreated cases 
may be as high as 30%, with a further 30% suffering 
physical or mental impairment. 

Clinical aspects 

Arbovirus infection in humans may cause: 

1. A mild short-term fever with muscle pains, e.g. 
dengue, sandfly fever, West Nile fever. 

2. A brisk febrile illness with a maculopapular rash, 
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(b) 

Fig.2.39 Japanese encephalitis. (a) Patient suffering 
from the condition. (b) Pigs and chickens can act as 
reservoirs of Japanese encephalitis. Ample breeding sites 
are present (Nepal). 

red eyes, joint pains and enlarged lymph nodes, 
e.g. Chikungunya, Ross River fever. 

3. A severe illness with shock, a haemorrhagic rash 
and, in severe cases, jaundice (similar to yellow 
fever), e.g. dengue haemorrhagic fever (Fig. 
2.40), Rift valley fever. 

4. Encephalitis, e.g. Japanese encephalitis. 

......... 

Fig. 2.41 Distribution of yellow fever. { 
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Fig. 2.40 Dengue rash . 



Diagnosis is made by serological methods. Treat
ment is generally symptomatic; haemorrhagic forms 
will require intravenous fluids. Some of these infec
tions may respond to treatment with ribavirin. 
Production of vaccines for arbovirus diseases is 
generally difficult, although very effective vaccines 
exist to prevent Japanese encephalitis. 

Yellow fever 

Yellow fever (Fig. 2.41) is caused by an arbovirus 
transmitted by several culicine (Aedes) species, parti
cularly the notorious urban vector Aedes aegypti (Fig. 
2.42). The virus occurs in forest-dwelling monkeys 
in many parts of tropical Africa and Central and 
South America, where it is transmitted by several 
Aedes and Haemagogus mosquitoes. 

Monkeys are not normally affected by the virus 
but if humans are bitten by these forest-dwelling 
mosquitoes the disease may be contracted. Thus 
sporadic cases of jungle or sylvatic yellow fever may 

o mm 

6 

\ 
\ " 

A d<!s aogypll 
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/ femalo 

Fig. 2.42 Aedes aegypti, the yellow fever or tiger. 
mosquito. This species is easily identified by the silver lyre 
marking on the thorax. 
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occur in people living, travelling or working in 
endemic areas. 

Urban epidemics of yellow fever occur when the 
infected host or infective vector find their way to a 
heavily populated area where Aedes aegypti is found 
(Fig. 2.43). These mosquitoes will breed in small 
collections of water such as that in water pots, tin 
cans and drainage gulleys (Fig. 2.44). This species is 
particularly anthrophilic (preferring human blood) 
and is a very efficient vector of yellow fever. 

Mosquito control in urban yellow fever areas is 
often achieved by enforcement of 'dry days', when 
all water containers are emptied once a week thus 
breaking the mosquito breeding cycle. A fine is 

(b) 

Fig. 2.43 Urban, heavily populated areas encourage 
epidemics of yellow fever. (a) Typical populated area. (b) 
Aedes aegypti were breeding in this drain in Belize City, 
Central America. 
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Fig. 2.44 Typical Aedes aegypti breeding site. Note 
larvae present in the gulley. 

imposed by health inspectors on the owner of a 
property on which mosquitoes are found breeding. 
A yellow card (Fig. 2.45) fixed to the building shows 
that it was free from potential vector mosquitoes on 
inspection. 

Clinical aspects 

Yellow fever usually occurs in epidemics. Many 
patients suffer only a short feverish illness for 3 to 4 
days with headache and muscle pains. A minority 
will have a brief respite, then become seriously ill 
with a high fever, vomiting, severe headache and 
finally death from gastrointestinal haemorrhage or 
liver or kidney failure. Diagnosis is made serological
ly. Treatment is supportive, with intravenous fluids, 
blood transfusion, and steroids. Prevention is readi
ly achieved by the use of the excellent vaccine, 17D. 
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Filariasis 

Mosquitoes will also act as vectors of filarial worms, 
which are pathogenic to humans (Table 2.4). 
Wuchereria bancrofti and Brugia malayi have a noctur
nal periodicity, being found in the peripheral blood 
of the host in the infective microfilarial form at 
night, whereupon they are taken up by mosquitoes 
feeding nocturnally. The worm pierces the gut lining 
and moves to the thoracic muscles where it develops 
and moults to the infective larval stage. It then 
moves to the hollow labium, piercing its way 
through the tip into a new host via the bite puncture 
when the mosquito feeds. This development takes 
10 to 12 days. An infected mosquito rarely contains 
more than four or five developing larvae, since an 
overburden would impair the ability of the insect to 
fly and hence to further the life of the parasite. In 
the human host, the worm may obstruct lymphatiq 
vessels causing gross enlargement of limbs (Fig. 
2.46) and other organs such as the scrotum. 

(a) 

(b) 
Fig.2.46 Filariasis cases. (a) The leg. (b) The scrotum. 



MEDICAL SIGNIFICANCE 

Table 2.3 Mosquito arbovirus vectors 

Yellow fever 
(urban) 
(sylvatic) 

Dengue fever 

Encephalitis 
Japanese 

Murray valley 
West equine 
East equine 
St Louis 
Venezuelan 
Chikungunya 

O'nyong nyong 

Aedes aegypti 
Aedes simpsoni 
Aedes africanus 
Haemagogus spp. 

Aedes aegypti and 
other Aedes spp. 

Culex fatigans 
Culex gelidus 

Aedes and Culex 
spp. 

Aedes aegypti 

Anopheles gambiae 

Central and South 
America, Africa 
south of Sahara 

Tropics 

Indian 
subcontinent, 
Southeast Asia 
South USA to 
northern South 
America 

East and South 
Africa, Southeast 
Asia 
East Africa 

Table 2.4 Important mosquito vectors of filarial worms 

Wuchereria bancrofti 
Culex fatigans 
(= Culex quinquefasciatus) 
Anopheles gambiae 
Anopheles sinensis 

8rugia malayi 
Mansonia uniformis 
Mansonia longipalpa 
Anopheles sinenis 

Caribbean, Gulf to Pacific 

Africa, south of Sahara 
Southeast Asia 

Indian subcontinent 
Malaysia 

Southeast Asia 
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Clinical aspects 

Lymphatic filariasis (W. banerofti, B. malayi): the 
disease processes caused by filarial worms result 
from the host's immune response to their presence 
in the lymphatic channels, which cause lymphatic 
blockage and chronic oedema of the affected part 
(elephantiasis). The clinical presentation may be 
with recurrent fever and inflamed lymphatic vessels 
and glands, orchitis followed by hydrocoele, or 
abscesses in limb lymphatics. Involvement of abdo
minal lymphatics may result in the passage of milky 
white urine (chyluria) or chylous ascites. Worms in 

the region of the eye may cause iritis, keratitis or 
glaucoma. In some racial groups (e.g. Tamil), an 
abnormal immune response in the lungs leads to 
cough and shortness of breath with eosinophilic 
lung infiltrates and peripheral blood eosinophilia 
(tropical pulmonary eosinophilia). 

Diagnosis is made by the discovery of microfilariae 
in stained blood films or by serological methods .. 
Standard treatment has been with diethylcarbama·. 
zine but this may be replaced by Ivermectin. 

A summary of diagnostic differentiation between 
all stages of anopheline and culicine mosquitoes is 
shown in Fig. 2.47. 

Fig. 2.47 Differentiation of anopheline and culicine 
mosquitoes. 
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SANDFLIES 

INTRODUCTION AND DESCRIPTION 

Sandflies are nematocerous Diptera and make up the 
subfamily Phlebotominae of the family Psychodidae. 
Also within this family are the non-biting owl
midges or moth flies in the genus Psychoda. Sandflies 
occur throughout the tropics, sub tropics and warm 
temperate regions of the world, the genera Phleboto
mus and Sergentomyia in the Old World and the 
genus Lutzomyia in the New World. 

The sandfly is a small (2 to 4 mm in length), 
delicate midge-like fly (Fig. 3.1) with long thin legs 
and narrow pointed wings in which the second vein 
branches twice. At rest, the wings are held erect 
over the abdomen (Fig. 3.2). It is these features that 
differentiate sandflies from the non-biting Psycho
dids. 

/ 

Fig. 3.1 Sandfly. 

Fig. 3.2 Sandfly in the resting position. 
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The proboscis of the sandfly is short and dow~l 
wardly projecting, as are the longer penduloU? 
palps. The antennae are long and similar in botf 
sexes, although only the female bites and suckf 
blood, thus acting as a disease vector. The female 
abdomen is rounded at the end with small paire~ 
cerci (Fig. 3.3). 

The male sandfly (Fig. 3.4) does not bite. The 
abdomen terminates in large paired claspers. The 
eyes in both male and female are dark and conspicu~ 
ous, and the body and wings are covered in long 
hairs, rendering the sandfly an inefficient flier. Thu~ 
it will not be found far from its breeding site, no~ 
will it fly in breezy conditions or much abov~ 

ground level. 

Fig.3.3 Female sandfly. 

Fig. 3.4 · Male sandfly. In this slide preparation most of 
the body hairs have been removed. 



(b) 

LIFE CYCLE AND BREEDING SITES 

There are some 600 species of sandfly that can be 
found in a wide range of habitats wherever the 
optimal breeding conditions of high temperature 
and humidity occur, often as a microclimate in leaf 
mould on the forest floor or in the cracks in bark and 
so on in tropical rain forests, where distribution of 
the sandfly may be particularly localized. Sandflies 
will also breed in arid climates, provided that a 
microclimate of high temperature and humidity is 
available (Fig. 3.5). Rock fissures and caves provide 
ideal sites for the immature stages. Female sandflies 
will normally only feed nocturnally or in subdued 
light. . 

Sandflies are small enough to pass through the 
mesh of a standard mosquito net. To prevent this, 

Fig.3.5 Breeding habitats of the sandfly. (a) Sandflies 
were breeding in the cracks and crevices in the mud walls 
of this building in Sudan, and feeding on the occupants. As 
the insect is a weak flier, the occupants avoid being bitten 
by traditionally sleeping outside when there is a breeze, or 
above ground floor level such as the roof. (b) During the 
day sandflies will shelter in a high microclimate such as 
that provided by the spaces in these stone walls in Greece. 

LIFE CYCLE AND BREEDING SITES 

the net should be impregnated with permethrin (Fig. 
3.6); The bite of the female sandfly is typically sharp 
and painful, and often causes considerable irritation. 

The life cycle of the sandfly is one of complete 
metamorphosis (Fig. 3.7). The eggs (Fig. 3.8) are 
minute and are laid in cracks and crevices in the 
environment where the microclimate is high, the 
female laying several batches of ten to 100 eggs 
during her lifetime. 

The minute maggot-like first-stage larva (Fig. 3.9) 
can be identified by the presence of one pair of long 
tail (caudal) bristles, which can be seen through the 
egg shell during development. The larva increases in 
size by feeding on microorganisms in its environ
ment, including cast larvae and pupal skins. Second, 
third and fourth-stage larvae are progressively larger 
(Fig. 3.10) and have two pairs of caudal bristles (Fig. 

Fig. 3.6 Mosquito net impregnated with permethrln. 

pup. 

larva (4 stages) 

Fig.3.7 Life cycle of the sandfly. 
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Fig. 3.8 Sandfly egg. 

Fig. 3.9 First stage larva of the sandfly. 

Fig.3.10 Later stage larva of the sandfly. 

3.11). All larvae have minute segmental 'matchstick' 
hairs, which are clubbed, with a feathered shaft. The 
mature larva will cast its skin to form the pupa but 
the cast skin with four caudal bristles will remain 
fixed to the end of the pupa (Fig. 3.12). 

34 

Fig. 3.11 Caudal bristles of mature sand fly larva 

Fig. 3.12 Sandfly pupa. 

MEDICAL SIGNIFICANCE 

Female sandflies will act as vectors of three diseases: 
leishmaniasis, sandfly fever and bartonellosis. 

Leishmaniasis 
Leishmaniasis is named after Sir William Boog Leish
man, Director General Army Medical Services 1923-
1926. 

Leishmaniasis is caused by species of the proto
zoan Leishmania and has a wide distribution (Fig. 



(a) 

Fig. 3.13 Distribution of 
leishmaniasis. 

(b) 
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MEDICAL SIGNIFICANCE 

Fig.3.14 Developing leishmaniasis. (a) and (b) Promastigotes; (c) and (d) Amastigotes ((c) in bone marrow; (d) in spleen). 
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Table 3.1 Important vectors of leishmaniasis 

Visceral 
Phlebotomus argentipes 
Phlebotomus chinensis 
Phlebotomus perniciosus 

Cutaneous 
Phlebotomus sergenti 
Phlebotomus papatasii 

Mucocutaneous 
Phlebotomus intermedius 

3.13) and occurs in three distinct clinical forms: 
visceral (kala-azar), dermal (cutaneous) and mucocu
taneous (espundia). Each is transmitted by particular 
species of sandfly in different regions (Table 3.1). 
Leishmania are taken up by the female sandfly while 
feeding from an infected host, which can be a wide 
range of animals including rodents and dogs. The 
organism .undergoes development in the mid-gut of 
the sandfly over a period of 4 to 12 days, depending 
on the species, and is transmitted in a subsequent 
blood meal after migrating to the pharynx and 
proboscis (Fig. 3.14). 

Clinical aspects 

Visceral leishmaniasis (kala-azar) 

Multiplication of L. donovani in the bone marrow 
leads to chronic fever, with progressively reduced 
output of all the formed elements of blood, causing 
infection (secondary to leucopaenia), a bleeding 
tendency (secondary to thrombocytopaenia), and 
progressive anaemia. The parasite also multiplies in 
lymph nodes, spleen and liver, which subsequently 
become enlarged. The patient becomes debilitated 
and hyperpigmented. Death usually ensues from 
secondary infection or haemorrhage. Patients in
fected with human immunodeficiency virus (HIV) 
suffer a particularly aggressive form of this illness. 
Diagnosis depends on demonstration of the parasite 
in stained bone marrow or splenic aspirates. Treat
ment with sodium stibogluconate or Paromomycin. 

Cutaneous and mucocutaneous leishmaniasis 

At least ten different species or subspecies of Leish-
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Middle East 
China 
Mediterranean 

India 
Mediterranean 

Central and South America 

mania can cause lesions of the skin or at the junctioy 
of the skin with the nasal mucosa, and different 
reservoirs of infection exist. This spectrum of dis~ 
eases occurs in the Mediterranean region, the Midi~ 
dIe East, Africa, and Central and South America. I~ 
areas of the Mediterranean and Middle East, L. 
tropica from human and dog reservoirs causes th~ 
classical, single, dry skin ulcer, which eventually 
heals spontaneously. L. major, in the Arabian penin+
sula and North Africa, may cause multiple ulcerating 
papules, possibly along the course of a lymph 
vessel. L. mexicana mexican a in Central Americ~ 
causes single skin lesions, but these may heal an4 
relapse several times. 

Widely disseminated or diffuse cutaneous leisht 
maniasis (DCL) is most often caused by L. aethiopitit 
or L. mexicana amazonensis, and erosive mucocu~ 
taneous ulcers, which are susceptible to secondaryf 
bacterial infection (espundia), are caused usually b~ 
L. braziliensis braziliensis. These may become chronic 
destructive lesions of the face over a period of many 
months. Finally, post kala-azar dermalleishmaniasi~' 
(PKDL) should be mentioned; this occurs mainly i 
India, often after treatment of visceral disease, an 
takes the form of a generalized maculonodular skiJi 
infiltrate containing transmissible parasites, whic~ 
may be confused with the skin lesions of leproma
tous leprosy. I 

Diagnosis is made by the discovery of parasites id 
material taken from the active edge of a skin lesion. 
Serological methods are also available. Treatment is 
with parenteral sodium stibogluconate and som~ 
parasites respond to topical Paromomycin. I 

Species of Leishmania causing dermal or cutaneou~ 
. I 

leishmaniasis will multiply around the site of thel' 
sandfly bite causing the typical sore, which may, 



spread and disfigure the patient (Fig. 3.15). Certain 
species of Leishmania in the New World will attack 
the mucous membranes and cartilaginous areas as 
well as the skin. Exposed areas of the body exposed 
to bites such as the ears are common sites of attack 
(Fig. 3.16). In untreated cases, the parasite may 
spread and cause considerable disfigurement. 

Sandfly fever 

Sandfly fever occurs in the Mediterranean region, the 
Middle East, Pakistan and northern India (Fig. 3.17). 
It is an acute febrile illness of sudden onset, and 
symptoms include a red face, severe headache and 
painful neck muscles. The limbs feel stiff but there is 
no skin rash. Diagnosis is serological and treatment 
symptomatic. Full recovery occurs in all cases, but a 
few patients suffer a second shorter illness after an 
interval of 2 to 3 days (,saddleback fever'). Long
lasting immunity is conferred after the first attack. 
The virus may be passed from one generation of 
sandfly to the next transovarially (i.e . through the 
ovaries) or through the cast larval skins and dead 
adults that are eaten by larvae. In the Mediterranean 
the vector is Phlebotomus papatasii. 

Bartonellosis 

Bartonellosis occurs only in the western Andes (Fig. 
3.18). Bartonella bacilliformis multiplies in the red 

Fig. 3.15 Typical sore seen in cutaneous 
leishmaniasis. 

MEDICAL SIGNIFICANCE 

blood cells causing a rapid haemolytic anaemia, and 
in bone marrow, liver, spleen and lymph nodes. 
This 'oroya fever' is accompanied by bone pain and 
anaemia; survivors may subsequently develop a 
generalized warty skin rash or nodules (,verruga 
peruana'). Diagnosis is made from stained blood 
films, which show the bacilli within the red cells. 
Treatment is with chloramphenicol, co-trimoxazole 
or tetracycline. The vector is Phlebotomus verrucarum. 

(a: 

(b: ' 0.-________ ----1 

Fig.3.16 Mucocutaneous leishmaniasis. (a and b) 
Lesions on the ears. 
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F' 317 D'istribution of sandfly fever. Ig .. 

Fig. 3.18 Distribution of bartonellosis. 



4. Biting midges 
(Culicoides) 



BITING MIDGES (Culicoides) 

INTRODUCTION AND DESCRIPTION 

Several genera within the nematocerous family Cera
topogonidae include blood-sucking midges (Fig. 
4.1), sometimes misleadingly known as 'sandflies', 
particularly the genus Culicoides in which there are at 
least 800 decribed species. Culicoides range in size 
from 1 to 5 mm and, although small, they are fairly 
robustly built. They are usually dark in colour, have 
long bead-like antennae of 13 to 15 segments, a short 
downwardly-projecting proboscis and palps, and 
mottled wings with a characteristic mask-like costal 
cell on the leading edge. 

Fig. 4.1 Culicoides. 

Only the female Culicoides (Fig. 4.2), with sparsely 
haired antennae, feed on blood; males, with plu
mose antennae, only feed on vegetable fluids. 

Female Culicoides will feed on exposed skin, parti
cularly in sultry weather and may cause considerable 
irritation (Fig. 4.3), attacking, in large numbers, 
especially the scalp, face and hands. In parts 
of tropical West Africa, this midge may transmit 
the filarial worms Mansonella (= Dipetalonema 
or Acanthocheilonema) perstans and. Mansonella 
(=Dipetalonema) streptocerca, while in parts of tropical 
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Fig. 4.2 Female Culicoides after taking a blood meal. 

Fig. 4.3 Culicoides bites. 

Central and South America and the Caribbean th~ 
filarial worm Mansonella ozzardi is transmitted. 
However, these worms are not thought to b~ 
pathogenic to humans, although they often occur 
with other pathogenic worms (Table 4.1). 

LIFE CYCLE AND BREEDING SITES 

Culicoides has an almost worldwide distribution 
wherever suitable conditions exist for the immatur~ 
stages (Fig. 4.4). These stages require vegetable 
material with a high moisture content and breeding 
sites. include temperate forests with rotting leaf 
mould, temperate peat bogs, tropical coastal swamp,,! 
beaches on which rotting seaweed has collected, and 
small tropical islands. 

The life cycle is one of complete metamorphosis 
(Fig. 4.5). Eggs are laid in material with a higJ1 
vegetable content, ranging from liquid mud to damp 



LIFE CYCLE AND BREEDING SITES 

(b) 

Table 4.1 Culicoides vectors of filarial worms 

Fi larial worm 

Mansonella 
perstans 

Mansonella 
streptocerca 

Mansonella 
ozzardi 

Vector 

Culicoides austeri 

Culicoides grahami 

Culicoides furens 

Reg ion 

West Africa 

Caribbean 

Fig.4.4 Breeding habitats of Culicoides. (a) Temperate forest in Scotland. (b) Peat bog . (c) Seaweed on beach 
(Belize). (d) Tropical island (Caribbean). 
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Fig. 4.5 Life cycle of Culicoides. 

l 
) 

rotting leaves, depending on the species. In the 
tropics the eggs hatch in 2 to 8 days, but may 
overwinter in colder regions. The larva is eel-like 
(Fig. 4.6) and feeds on decaying organic matter, 
surviving on oxygen dissolved in moisture, through 
the skin and via retractile anal gills. It moves 
through moist or wet media with a writhing motion. 

The mature fourth-stage larva which is 6 to 7 mm 
long will cast its skin to form the comma-shaped 
pupa (Fig. 4.7), not unlike a mosquito pupa except 
that it is smaller. The pupa is slowly mobile but does 
not feed. After 3 to 7 days the adult emerges 
through a split across the dorsal surface. 

MEDICAL SIGNIFICANCE 

Culicoides midges transmit the filarial parasites Man
sonella ozzardi, Mansonella perstans, and Mansonella 
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Fig. 4.6 Culicoides larva. 

Fig. 4.7 Culicoides pupa. 

streptocerca, which may be found in human blood in 
the form of microfiliariae. No specific pathology 
results from these infections, except that adults of 
M. perstans may occasionally cause retroperitoneal 
fibrosis and hence blockage of the ureter, leading to 
renal failure. Culicoides species may also be involved 
in the transmission of certain viruses, for example 
oropouche fever (Brazil), Rift valley fever (Africa, 
from the Rift valley across the Sahel) and eastern 
equine encephalitis (eastern USA). 



5. Biting blackflies 
(Simulium) 



BITING BLACKFLIES (Simulium) 

INTRODUCTION AND DESCRIPTION 

The family Simuliidae contains several genera, one of 
which, Simulium, is an important human-biting fly, 
known as the biting blackfly or buffalo fly (Fig. 5.1). 
Simulium is a small (2 to 5 mm), stoutly built 
hump-backed fly with short cigar-shaped pilose but 
well-segmented antennae (nine to 11 segments) in 
both sexes. The wings of Simulium are broad and 

Fig. 5.1 Simulium. 

Fig. 5.2 Simulium wing. 

clear with the venation characteristically concen
trated along the leading edge (Fig. 5.2). The com
pound eyes of the male are close together (holoptic), 
while those of the female are more widely spaced 
(dichoptic). 

The legs are short and the general appearance of 
the fly is robust, black to dark brown in colour, and 
with white, grey or silver markings in some species. 
It is a strong flier and has been found many miles 
away from its breeding' site. Only the female feeds 
on blood and is a diurnal (daytime) feeder. 
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Fig. 5.3 Life cycle of Simulium. 

LIFE CYCLE AND BREEDING SITES 

The life cycle of Simulium is one of complete meta
morphosis (Fig. 5.3). Distribution is worldwide 
wherever suitable conditions of well-oxygenated wa
ter exist in which the immature stages develop. Eggs 
are laid by the gravid female and then glued to rocks 
or stones, which are awash with well-oxygenated 
water, from slow-flowing streams to rivers in which 
the current is torrential. The female fly may even 
dive below the water surface to lay eggs on fronds of 
vegetation (Fig. 5.4). The eggs hatch after a few days 
into minute indian club-shaped larvae. The larva 
(Fig. 5.5) attaches itself to the substrate below the 
water surface by a small sucker on the thoracic 
proleg and by a larger anal sucker .By means of 
these suckers, the larva 'loops' its way through the 
water. One species, Simulium naevi in tropical Africa, 
attaches itself to the shell of the freshwater crab at 
this larval stage. 

The larva feeds by filtering particles from the 
water and brushing microorganisms into the mouth 
using a pair of prominent mouth brushes (Fig. 5.6). 
Oxygen is obtained from the water by means of ana]~ 

gills (Fig. 5.7), hence the need for well-oxygenated 
water. The larva undergoes six moults and reaches 
the pupal stage in 3 to 10 weeks. The mature larva 
will spin a slipper-like cocoon around itself while 



Fig. 5.4 Breeding sites of Simulium. (a) Stream on 
Dartmoor, England. (b) Belize . 

Fig. 5.5 Simulium larva. 

sticking to various substrates such as rocks, stones 
or water plants. Inside the cocoon the larva will 
pupate (Fig. 5.8), extending long, paired respiratory 
filaments from the open end. The pupa does not 
move or feed. The adult emerges into the water and 
is carried to the surface on a bubble of air, being 
washed downstream at the same time. Adults 
emerge in late spring and early summer in cooler 
regions, often attacking in large numbers, particu
larly in tundra regions. In the tropics, the life cycle is 

LIFE CYCLE AND BREEDING SITES 

Fig. 5.6 Mouth-brushes of Simulium larva. 

continuous. Fig.5.7 Anal gills of Simulium larva. 
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Fig. 5.8 Simulium pupa. 

MEDICAL SIGNIFICANCE 

The mouthparts of the female Simulium are short, 
broad and stubby; thus when feeding she will tend 
to stab the tissue and wait for the ruptured capillar
ies to ooze blood rather than sucking neatly like the 
mosquito. Simulium bites will typically cause con
siderable pain and irritation, and may frequently 
give rise to secondary infection. Most species will 
attack mammals, birds and even cold-blooded anim
als; a few are notorious biters of humans. Once the 
punctum has healed, a black scab forms (Fig. 5.9), 
which is typical of a Simulium bite. 

Fig. 5.9 Simulium bite (scab). 
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Onchocerciasis 

The blood-sucking habit of the female enables it to 
act as a vector of the filarial worm Onchocerca 
volvulus, causing the condition onchocerciasis in 
many parts of tropical Africa (carried by Simulium 
damnosum and Simulium naevi) and Central and 
South America (carried by Simulium ochraceum) (Fig. 
5.10 (opposite)) 

In the infected human, the adult worms 01 
Onchocerca volvulus form subcutaneous nodules,. 
especially over bony prominences, which can be felt. 
Most of the disease processes result from an allergic 
reaction to microfilariae, which are released into the 
skin and eyes (Fig. 5.11). In the skin, this causes 
severe itching, papule formation and thickening and 
loosening of the skin, which subsequently hangs 
down in folds. Arthritis may also occur. The most 
disabling pathology occurs in the eye, where the 
allergic reaction to micro filariae causes sclerosing 
keratitis, anterior uveitis, choroiditis and optic nerve 
atrophy, leading to blindness ('river blindness'). 

Onchocerca volvulus is a tissue rather than a blood 
parasite, and the way in which the fly feeds enables 
it to take up large numbers of microfilariae. How
ever, only two to three will develop in infective 
larvae in the thoracic muscles of the fly, being 
passed on at a subsequent blood feed about 1 week 
later through the thin labial membrane of the prob
oscis. The parasite is found in the peripheral tissue 
of the host'during the day; this corresponds with the 
diurnal feeding habits of the vector. 

Diagnosis is made by the discovery of micro filariae 
in snips of skin that have been incubated in saline. 
The microfilarial drug Ivermectin is used in treat
ment, ideally in a 6-monthly dose until the adult 
worms finally die, which may take up to 15 years. 

Fig. 5.11 Presence of the filarial worm causing iritis. 
This may cause 'river blindness'. 



MEDICAL SIGNIFICANCE 

Fig.5.10 Distribution of onchocerciasis. 



6. Horseflies 



HORSEFLIES 

INTRODUCTION AND DESCRIPTION 

Horseflies make up the family Tabanidae in the 
suborder Brachycera. They are robust two-winged 
flies with antennae of three segments, the third of 
which has a series of annulations known as the style 
(Fig. 6.1). There are some 2000 species varying in 
length from 5 to 30 mm in several genera, the most 
important of which are Tabanus, Haematopota and 
Chrysops. Female Tabanids are blood-sucking (Fig. 
6.2) and some species will readily transmit the 
filarial worm Loa loa, causing loaisis in humans. 

Tabanids can be recognized by a combination of 
features: they are medium to large burly flies with 
three-segmented styled antennae; there is always a 
hexagonal cell in the centre of each wing, known as 
a discal cell (Fig. 6.3); and each foot has three pads 
known as pulvilli (Fig. 6.4). The mouthparts are 
broad and dagger-like, and the large compound eyes Fig. 6.3 Tabanid wing with hexagonal discai cell. 

Fig. 6.1 Typical tabanid antenna. An annulated style is Fig. 6.4 Tabanid foot with pulvilli. 
present on the end of the third segment. 

Fig. 6.2 Female tabanid sucking blood. Fig. 6.5 Tabanid head. 
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Fig. 6.6 Tabanus species. 

Fig.6.7 Haematopota species. 

Fig. 6.8 Chrysops species. 

LIFE CYCLE AND BREEDING SITES 

are often strikingly coloured in live specimens (Fig. 
6.5), being close together (holoptic) in the non-biting 
male but spaced apart (dichoptic) in the female. 

The three important species can be easily diffe
rentiated by the appearance of the wing; Tabanus has 
clear wings (Fig. 6.6), Haematopota has mottled wings 
(Fig. 6.7) and Chrysops has a dark band across each 
wing (Fig. 6.8). 

LIFE CYCLE AND BREEDING SITES 

The female horsefly will lay several hundred eggs, 
often in two or three layers, in a wide range of wet 
and damp sites depending on the species. For 
example, some Chrysops will prefer the waterlogged 
margin of a stream or pond, while some Haematopota 
will use the damp soil or grass stems in pastureland 
(Fig. 6.9). From the egg a maggot-like larva emerges, 

Fig.6.9 Haematopota pluvialis breeding site. In this 
meadow each red peg marks the position of one larva. 

Fig. 6.10 Tabanid (Haematopota pluvialis) larva. 

51 



HORSEFLIES 

Fig. 6.11 H. pluvialis larva and pupa. 

Fig. 6.12 Tabanid pupa. 

Fig.6.14 Distribution of loaisis. 
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which is well-segmented and tapers at both ends 
(Fig. 6.10). The larva feeds on soft-bodied grubs and 
other arthropods in the environment. Development 
may take several months, or as long as 3 years in 
temperate regions where it must typically be sub
jected to frost. The larva will develop through as 
many as ten moults before crawling to higher 
ground to pupate (Fig. 6.11). The pupa is chrysalis
like (Fig. 6.12) and the adult emerges after only a 
few weeks. 

Fig.6.13 Horse fly bites, showing oedema. 



MEDICAL SIGNIFICANCE 

The bite of the female horsefly can cause a severe 
reaction in a sensitized host, with considerable 
oedematous swelling, pain and irritation (Fig. 6.13). 

Loaisis 

Some species of Chrysops, C. silacea and C. dimidiata 
in tropical West Africa (Sierra Leone to Ghana and 
Nigeria), and C. distinctipennis in Central Africa 
(southern Sudan and Uganda), will transmit Loa loa 
to humans (Fig. 6.14). The microfilaria is taken up by 
the female horsefly from the peripheral blood during 
the day (diurnal periodicity). Development through 
two larval stages (Fig. 6.15) occurs in the thoracic 
muscles of the vector for 10 to 12 days before 
migrating to the proboscis and piercing the labial 
membrane to reach a new host at a subsequent 
blood feed. 

Loaisis occurs only in tropical West and Central 
Africa. Adult worms live under the skin and migrate 
around the body, causing allergic ('Calabar') swell
ings and abscesses at the site of dead worms. The 
adult worm becomes visible to the patient if it 
crosses the anterior chamber of the eye, but it does 
not cause serious ocular damage. Occasionally the 
worms invade the brain, causing meningoencephal- . 

MEDICAL SIGNIFICANCE 

Fig. 6.15 Developing Loa loa. 

itis. Marked peripheral blood eosinophilia is usual. 
Diagnosis is made by the presence of microfilariae in 
stained blood films . Treatment is with diethylcarba
mazine, and adult worms can be surgically removed. 
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THE 'HIGHER' FLIES 

INTRODUCTION AND DESCRIPTION 

Members of the suborder Athericera are sometimes 
referred to as the 'higher' flies (Le. they are more 
highly evolved). They have short antennae compris
ing three segments, the two nearest to the head 
being very small, and the third comparatively large 
with a prominent bristle or arista (Fig. 7.1). Members 
of the Athericera vary considerably in size from 2 
mm to over 10 mm and are the most specialized and 
numerous of the Diptera, being found in every part 
of the world. This suborder includes the hover flies, 
Syrphidae (Fig. 7.2), which are sometimes confused 
with the four-winged bees and wasps, and the 
fruit-flies (Drosophila) (Fig. 7.3) the larvae of which 
are often found infesting sugar-containing subst
ances. 

Most athericerous flies of medical significance are 
found within the group known as Calypterate flies. 
Among these are the bot and warble-flies (Dermato
bia, Gasterophilus, Oestrus), and the muscoid and 

Fig. 7.1 Calypterate antenna. 

Fig.7.2 Syrphid. 
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calliphoroid flies, for example, the common housefly 
(Musca) (Fig. 7.4), the lesser housefly (Fannia) (Fig. 
7.5), the bluebottle (Calliphora) (Fig. 7.6), the green-

Fig.7.3 Drosophila. 

0:5 

1:0 

Fig. 7.4 

Musca domestica 
(THE COMMON HOUSE flY) 

OVIPOSITOR 



Fig. 7.5 Fannia. 

Fig.7.6 Calliphora. 

GREEN BOTTLE FLIES 

""0 

0" 

Lucilia sericata 

Fig. 7.7 Lucilia and Chrysomya. 

INTRODUCTION AND DESCRIPTION 

bottle (Lucilia) (Fig 7.7), the tumbu fly (Cordylobia) 
(Fig. 7.8), the grey flesh-fly (Sarcophaga, Wohlfahrtia) 
(Fig. 7.9), and the blood-sucking tsetse fly (Glossina) 
(Fig. 7.10) and the stable fly (Stomoxys) (Fig. 7.11). 

Calypterate flies are of medical and public health 
significance for several reasons. Some, for example 
Musca, Fannia and Calliphora, will act as mechanical 
vectors of pathogenic organisms, especially those 
causing excremental diseases due to their close 
association with human excrement and food con
sumed by humans. Others, such as Lucilia, Sarcopha
ga and Cordylobia, will lay eggs or sometimes larvae 
on soiled or damaged human tissue on which the 
maggots will feed and develop, causing the condi
tion myiasis. Glossina and Stomoxys will suck human 
blood, and Glossina is also the vector of African 
trypanosomiasis in tropical Africa. 

All calypterate flies of medical importance are 
medium to large, burly insects with conspicuous 
compound eyes, a well developed thorax and an 
abdomen of only four to five visible segments. The 
wings are broad and translucent with only six main 
veins, the pattern of which is often a useful guide to 
the genus of fly concerned. 

""0 

1<) 

YELLOW BOTTLE FLIES 

Auchmeromyia luteola (Congo floor maggot fly) 

9 
Cordtobia anthropophaga 
(tum u fly) 

Fig. 7.8 Cordylobia and Auchmeromyia. 
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GREY FLESH FLIES 

•• Sarcophaga argyrostoma 

Fig. 7.9 Sarcophaga and Wohlfahrtia. 

TSETSE FLIES 

3rd stage larva 

pupa 

Glossina morsitans 

Fig. 7.10 Glossina. 
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Stomoxys calcitrans (biting stable fly) 

Muscina stabulans 
(non' biting stable fly) 

Fig. 7.11 Stomoxys. 

LIFE CYCLE 

The life cycle of a typical calypterate fly is, like aN 
Diptera, one of complete metamorphosis (Fig. 7.12). 
Eggs are laid on decomposing or sound organic 
matter (Fig. 7.13) from which maggot-like larvae will 
hatch (Fig. 7.14), with a vestigial head tapering 
anteriorly to pointed mouth hooks (Fig. 7.15). The 
posterior end of the maggot is truncated and bears a 
pair of spiracles on a flattened plate (Fig. 7.16) . 
There are usually three larval stages, which feed 
voraciously and grow considerably in size. The pupa 
is always enclosed in the unmoulted skin of the 
third-stage larva (Fig. 7.17) and is more correctly 
called a puparium (Fig. 7.18). It is non-feeding and 
completely sessile, oval in shape and dark brown 01' 

black in colour. Athericerous flies are sometimes 
grouped as Cyclorrhapha because' the adult emerges 
through a circular split at the top of the pupal case., 
As with all other Diptera, calypterate flies can only 
take fluid food. The fly will typically regurgitate 
fluid from the crop onto a food source, liquify the 
material and suck it up again (Fig. 7.19). 

Musca domestica is approximately 6 to 9 mm in 
length, and dark grey in colour with some orange or 
yellow on the abdomen, particularly in the male . 
Calliphora is between 5 and 7 mm in length, robust, 
bristly, dark metallic blue in colour, with a noisy and 
apparently erratic flight . Fannia is a much more 
slender fly, about 5 to 7 mm in length, but otherwise 
resembling Musca . Differences in wing venation, 
particularly of the third vein, are useful in dif
ferentiating these and other calypterate genera (Fig. 
7.20). 



\ 
) 

Fig. 7.12 Life cycle of Musca domestica. 

Fig. 7.13 Eggs of Calypterate fly. 

Fig.7.14 Larvae of Calypterate fly. 

Fig.7.15 Larval mouthparts. 

(a) 

(b) 

LIFE CYCLE 

.. 

Fig.7.16 Larval spiracles. (a) Musca. (b) Calliphora. 
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Flg.7.17 Metamorphosis of the mature larva Into the 
pupal stage (puparium). 

Fig.7.18 Puparium. 

compound eye 

antenna 

maxillary palp 
head 

labcllum 

vomit drop 

Fig.7.19 Calypterate fly mouthparts. 

60 

1. Fannia canicularis (Unnaeus, 1761) 

2. Stomoxys calcitrans (Unnaeus, 1758) 

3. Musca domestica (Unnaeus, 1758) 

4. Glossina palpalis (Robineau·Desvoidy, 1830) 

5. Calliphora erythrocephala (Meigen, 1826) 

Note: These species cannot be identified 
by the wings alone 

Fig. 7.20 Differentiation of fly genera by wing venation. 

MEDICAL SIGNIFICANCE 

Mechanical transmission of disease 

Several genera of flies live in close association with 
humans and will feed readily on human faeces and 
other decomposing organic matter (Fig 7.21) as well 
as food intended for human consumption. These 
flies also lay eggs, several hundred at a time, on 
their feeding matter and in which their larval stages 
also develop, although the mature larva crawls to a 
drier environment before pupating. 

When an adult fly feeds on infected decomposing 
matter, for example human faeces containing ex
cremental disease organisms (Fig. 7.22), pathogens 
will be taken up into the gut via the mouthparts. 



(a) 

(b) 

(c) 

Fig. 7.21 Mechanical transmission of disease. 
(a) Typical feeding site of flies in a kitchen yvith a pit latrine 
(Botswana).{b) Fly larvae and pupae, and American 
cockroaches were present; easy access to the kitchen was 
achieved via a vent pipe. (c) Flies may then settle on 
humans, transmitting disease. 

MEDICAL SIGNIFICANCE 

Fig. 7.22 FUes feeding on human faeces and other 
decaying matter. 

Organisms will stick to the hairs of the legs and 
body and cling to the minute bristles on the foot
pads as the fly walks over the faeces. Having taken a 
meal from this source, the insect may fly into a 
kitchen or dining room, land on food which is left 
unprotected and go through the same process of 
feeding. It will walk over food, cleaning the legs and 
body and depositing disease organisms as it moves. 
It will vomit fluid containing organisms from the 
previous meal in order to liquify its present food 
source, and at the same time it will defaecate the 
remains of previous meals of infected material. 
Organisms carried in this way include those causing 
typhoid, paratyphoid, amoebic and bacillary dysen
tery and cholera, as well as other forms of gastroen
teritis. It may also transmit eggs of certain worms 
that will infect the human alimentary canal. 

The flies particularly concerned with this mecha
nical form of disease transmission are the housefly, 
Musca domestica, the bluebottle, Calliphora, and the 
lesser housefly, Fannia. (These flies can be seen in 
Figs 7.4 and 7.5.) In temperate regions, large num
bers of cluster flies (Fig. 7:23) may sometimes be 
found hibernating in lofts and roof spaces from 
where they emerge in early spring, often into the 
building itself, gathering onto windows and other 
areas. 

Myiasis 

Myiasis is the term given to an infestation of living 
tissue by dipterous larvae. Some species of fly are 
unable to develop through their immature stages 
except on living tissue. This condition is known as 
specific or obligatory myiasis and is caused by 
species limited mainly to the tropics, for example the 
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Fig. 7.23 The cluster fly Pollenia rudis. 

tumbu fly Cordylobia anthropophaga (Figs 7.8 and 7.24) 
and the screw-worm fly Auchmeromyia luteola (Fig. 
7.8) in Africa and the bot fly Dermatobia hominis (Figs 
7.4, 7.25 and 7.26) in Central and South America. 
Other species, for example the larvae of Calliphora, 

Fig.7.25 Parasitization by the bot fly, Dermatobia 
homlnis (Belize). 

Lucilia (Fig. 7.27), and Sarcophaga, which normally Fig.7.26 Mature bot fly larva. 

Fig. 7.24 Tumbu larva. Fig. 7.27 Larvae of Lueilia serieata. This was obtained 
from a human axillary carcinoma (England). 
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develop on decaying organic matter, will readily 
feed on wounds or other live, damaged or contamin
ated tissue. This condition is known as semi-specific, 
wound or facultative myiasis, which sometimes 
occurs in the anal and genital regions. Accidental 
myiasis occurs when eggs or larvae are swallowed in 
food, resulting in intestinal disturbances. Occa
sionally, flies that normally parasitize animals as 
larvae will accidentally infest humans (Fig. 7.28). 

Clinical aspects of myiasis 

Cutaneous or specific myiasis occurs when the 
larvae of Cordylobia anthropophaga or Dermatobia homi
nis invade human skin. This will occur if flies have 
laid eggs on clothing. The infection presents as 
multiple painful blind boils in which secondary 
infection may occur. The head of the boil shows the 
black spiracles of the fly larva. Treatment involves 
suffocation of the larva with an oily ointment, after 
which it can be carefully grapsed with forceps to 
ensure that the larva is removed intact. 

Other fly larvae may contaminate necrotic wounds 
or deep ulcerating lesions caused by tumours or 
infections. The presence of maggots may be distress
ful and again, physical removal is the only method 
of treatment. 

MEDICAL SIGNIFICANCE 

Fig.7.28 Larva of the sheep bot or nostril fly Oestrus 
ovis. This was removed from inside the eyelid of a patient 
in Cyprus. 
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TSETSE FLIES (Glossina) 

INTRODUCTION AND DESCRIPTION 

Tsetse flies belong to the genus Glossina, which are a 
unique group of insects -in terms of appearance, life 
cycle, distribution and medical importance. There 
are some 23 species of tsetse, found only on the 
continent of Africa, south of the Sahara desert. 

Species range in size from 6 to 15 mm in length, 
are buff brown in colour and in many respects 
resemble a housefly. However, there are seven 
visible segments on the abdomen, characteristically 
patterned according to species, and the wing vena
tion is diagnostic, having a discal cell in the centre of 
.the wing in the shape of a butcher's cleaver (Fig. 
8.1). The wings are folded over each other like the 

Fig. 8.1 Tsetse fly (Glossina spp.). This shows the 
general appearance and colour, wing venation and 
abdominal segmentation of the fly. 

Fig. 8.2 Tsetse fly. At rest, the wings are folded over the 
abdomen. 
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blades of a pair of scissors when at rest (Fig. 8.2). 
Unlike most groups of blood-sucking flies, both male 
and female tsetse will feed exclusively on blood and 
have a forwardly projecting proboscis held between 
two palps, which remain pointing forwards during 
feeding. The arista, the long bristle on each anten
nae, is feathered (Fig. 8.3), a feature found only in 
this genus. 

:ig. 8.3 Plumed arista of antenna. 

TSETSE FLIES 

3rd stage larva 

pupa 

... 

10 

Glossina morsitans 

Fig. 8.4 Life cycle of Glossina. 



LIFE CYCLE 

The life cycle of the tsetse (Fig. 8.4) is a unique 
exception to that of the typical calypterate fly in that 
only a single egg at a time is fertilized as it passes 
down the oviduct, from sperm held in the sper
matheca after mating. This egg hatches in the 
uterine pouch, and the resulting larva (Fig. 8.5) will 
feed and develop there until fully mature. The larval 
mouthparts are attached to a gland in the wall of the 
uterus, and as the larva develops oxygen is obtained 
through spiracles on the peripneustic lobes, which 
are extruded through the genital orifice of the 
female. Only when the larva is fully grown is it 
'laid', pupating immediately without further feeding 
(Fig. 8.6). Larval development takes about 2 weeks 
and the pupa will hatch in a further 2 to 3 weeks 
(Fig. 8.7). By continually filling and emptying the 

Fig. 8.S Glossina larva with peripneustic lobes. 

ptilinal bladder with body fluid, the fly will remove 
the cap of the pupal case and dig its way out of the 
substrate. The female fly will lay only six to 12 larvae 
during a lifetime, placing them carefully in the 
substrate, away from predators. 

MEDICAL SIGNIFICANCE 

Much of the early work on the epidemiology of 
African trypanosomiasis was carried out by the 
Uganda Sleeping Sickness Commission, which re
ported in 1897. 

Two groups of Glossina are involved in the trans
mission of African trypanosomiasis or sleeping sick
ness to humans (Fig. 8.8). In addition, other species 

MEDICAL SIGNIFICANCE 

Fig. 8.6 Glossina larva and pupae. 

Fig.8.7 Adult tsetse fly feeding. 

transmit the trypanosome causing ngana in cattle. 
The riverine areas of West Africa, based mainly on 
the Niger and Congo basins, are the habitat of 
Glossina palpalis, vector of the chronic Gambian form 
of the disease caused by Trypanosoma brucei gambiense 
(Fig. 8.9). In the hinterland where the rivers dry into 
pools in the hot season, the vector is the smaller 
species G. tachinoides. Both species will feed most 
readily on humans although, unusually, G. palpalis is 
not averse to reptilian blood. 

In the game areas of East Africa, with its wide 
plains and bush country, species oftsetse occur that 
do not require the humid conditions of river bank 
vegetation. Glossina morsitans is found in wooded 
savanna where rocks and· trees provide the shade 
that is required (Fig. 8.10). G. swynnertoni is capable 

67 



TSETSE FLIES (Glossina) 

~ Trypanosoma Rhodesiense 

~ Trypanosoma Garnbiense 

Fig. 8.8 Distribution of African trypanosomiasis. 

of surviving in much more open terrain where the 
only shade is provided by the host animal itself. 
Both species are associated with the Rhodesian form 
of trypanosome found in wild game and infective to 
humans, T. brucei rhodesiense. 

The tsetse fly acquires trypanosomes from the 
peripheral blood of the animal or human host during 
a blood meal. The organisms enlarge and multiply in 

Fig. 8.9 Typical riverine habitat of Glossina palpalis. 
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the alimentary canal of the fly, producing a large 
number of slender forms. These proceed into the 
lumen of the gut inside the peri trophic membrane 
and then forward between the membrane and gut 
wall, back into the oesophagus, and thence into the 
salivary glands of the fly. Metamorphosis occurs 
during this journey, first into the crithidial form and 
finally into the stumpy metacyclic form, which is 

Fig. 8.10 Typical savanna habitat of Glossina 
moristans. 



injected via the saliva into a new host. Further 
multiplication and development occurs in the host 
(Fig. 8.11). 

Clinical aspects 

In humans, African trypanosomiasis occurs in two 
forms : 

1. Rhodesian (T. brucei rhodesiense). Fever starts 
within 1 to 2 weeks of the infective bite, which 
may be apparent as a painless blind boil or 
chancre. Irregular fever continues, accompanied 
by skin rashes, enlargement of the liver and 
lymph nodes, myocarditis and finally progressive 
meningoencephalitis leading to coma and death. 

Fig. 8.11 Trypanosomes in blood smear. 

MEDICAL SIGNIFICANCE 

2. Gambian (T. brucei gambiense). The illness is more 
chronic and insidious, and may last several years. 
There is low-grade fever and some lymph node 
enlargement, especially in the neck. The 'sleeping 
sickness' stage is marked by mental deterioration, 
a shuffling gait, somnolence and increasing in
activity, with death finally ensuing through 
secondary infection or malnutrition. 

Diagnosis of Rhodesian trypanosomiasis is made by 
the discovery of trypanosomes in the blood, and in 
Gambian trypanosomiasis by the discovery of try
panosomes in lymph gland fluid or cerebrospinal 
fluid (Fig. 8.12). Serological methods are also used. 
The traditional treatment drugs, Suramin for early 
cases and Melarsropol if the brain is involved, may 
be replaced by Eflornithine (DFMO). 

Fig. 8.12 Diagnosis of Gambian trypanosomiasis. A 
lumbar puncture is performed to obtain spinal fluid. 
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FLEAS 

INTRODUCTION AND DESCRIPTION 

There are some 3000 species of fleas worldwide, 
making up the insectan order Siphonaptera. All are 
blood-sucking temporary ectoparasites of warm
blooded animals, mainly mammals and some birds. 
Although they are comparatively host-specific, a few 
species will feed readily on humans if their preferred 
host is unavailable. Blood is required by both sexes 
for nutrition and the female requires blood of the 
specific host in order to lay viable eggs. 

Fleas (Fig. 9.1) are oval in shape and light to dark 
brown in colour, ranging in length from 1 to 8 mm 

Fig. 9.2 Flea proboscis. The paired maxillary blades 
surround the stylet-like internal mouthparts. 
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depending on the species. They are laterally 
flattened; this is a useful adaptation that enables the 
flea to move easily through the hairs or feathers of 
its host. The small head has a pair of simple eyes, 
although species that parasitize subterranean hosts 
may be blind. Short, paired antennae are held in 
grooves on the head and the conspicuous blood
sucking mouthparts project downwards (Fig. 9.2) .. 

Fleas are secondarily wingless, having lost their 
wings during the course of evolution as ectopam
sites. However, the legs (particularly the hind pair) 
are highly developed for jumping (Fig. 9.3) and 
enable the insect to leap 10 to 15 em, a considerable 
distance for its size. The abdomen is bulky and 
obviously segmented; the coiled genitalia are usually 
appar:ent through the integument in the male (Fig. 
9.4), whereas the female abdomen is more rounded 
and only the spermatheca is apparent (Fig. 9.5). A 
row of dark bristles! the combs, may be present on 
either side of the head (genal combs) and the thofiilx 

Fig. 9.3 Highly adapted legs of the flea. 

Fig. 9.4 Coiled penis and testes of the male flea. These 
are apparent through the exoskeleton. 



Fig. 9.5 Spermatheca in the female abdomen. The 
shape is often characteristic of the species. 

Fig. 9.6 Genal and thoracic combs. Their presence and 
appearance are useful in species differentiation. 

(Fig. 9.6); these are often useful in differentiating 
species. 

LIFE CYCLE 

The life cycle is one of complete metamorphosis (Fig. 
9.7) and typically takes place in the resting place 
(nest or burrow) of the host. The gravid female (Fig. 
9.8) will lay some 20 to 30 eggs a day in this habitat, 
or the eggs will sometimes be stuck lightly to the 
host. The eggs are 0.5 mm long, oval and pearly 
white (Fig. 9.9). The female flea may live for several 
months. 

The egg hatches in about 1 week and the maggot
like larva (Fig. 9.10) emerges legless and covered in 
long body hairs, with two small processes (anal 
struts) at the posterior end. It moves rapidly in 

Fig. 9.7 Typical life cycle of the flea. 

search of food, which may be in the form of organic Fig. 9.8 Gravid female flea. 

LIFE CYCLE 
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Fig. 9.9 Flea eggs. 

Fig.9.10 Flea larvae. Long body hairs and anal struts 
can be seen. 
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Fig. 9.11 Flea larvae. The gut contains semi-digested 
blood provided by the adult flea. 

& 

Fig. 9.12 Detritus from a cat basket showing particle~ 
of semi-digested blood from the host. This has been 
defaecated by the adu lt flea. 

debris in the habitat of the host, but also dried, 
semi-digested blood excreted by the adult flea. This 
is often apparent in the larval gut (Fig. 9.11) and can 
be detected by low-power microscopic examination 
of the host's habitat (Fig. 9.12). After four stages or 
instars lasting 1 to 3 weeks, the mature larva spins a 
cocoon around itself inside which it pupates. Debris 
from the environment will stick to the outside of the 
cocoon (Fig. 9.13). 

The adult flea emerges from the pupal case after 1 
to 2 weeks but remains in the cocoon until it senses 
the presence of a potential blood meal in order to 
ensure its survival. It may remain protected in this 
way for many months, thus a heavy flea infestation 
may suddenly become apparent in a room or build
ing that has been uninhabited for some time. 



(a) 

(b) 

Fig.9.13 Flea cocoon. (a) Intact cocoon. (b) Flea 
from cocoon. 

MEDICAL SIGNIFICANCE 

Bites 

Both male and female fleas in several species will 
feed on humans, causing irritation, redness and 
swelling in a sensitized host. The flea will feed by 
crouching low (Fig. 9.14) and inserting the proboscis 
into the tissue with a sawing action, injecting an 
anticoagulant saliva into the wound. The develop
ment of sensitivity and later immunity is similar to 
that encountered with mosquito bites. 

In many parts of the world the so-called human 
flea Pulex irritans is still common but, in developed 
countries with improved housing conditions, central 
heating, carpeted floors, and domestic cats, the cat 
flea Ctenocephalides felis (Fig. 9.15) is the most com
mon cause of flea bites in humans. This species will 
bite on the most accessible parts of the body, thus 

MEDICAL SIGNIFICANCE 

Fig.9.14 Flea feeding on human host. 

Fig. 9.15 Genal and thoracic combs of 
Ctenocephalides fells (cat flea). 

bites on the lower limb are typical (Fig. 9.16). The Fig.9.16 Typical flea bites on the lower limb. 
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flea will sometimes stand on the edge of clothing 
(e.g. sock, underwear) and bite where the skin 
emerges. Thus a line of bites may be diagnostic (Fig. 
9. 17}. . 

The presence of fleas in a domestic situation may 
be confirmed by taking brushings from pet animal~ 
onto paper (not plastic, as it makes examination 
more difficult) and looking for the characteristic coils 
or particles of dark dried blood. Debris from chairs 
and carpets can be examined in the same way. 
Sometimes eggs, larvae and cast skins may also be 
seen (Fig. 9.18). 

Fig. 9.17 Line of flea bites. 

Fig. 9.18 Debris from armchair on which a cat sleeps. 
This includes cat hair, cast larval skins and dried blood 
defaecated by the adult flea. 

Plague 

The plague organism, Yersinia pestis is found in a 
wide range of wild rodents in many parts of the 
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tropics and sub tropics, and is passed from one to 
another by their specific fleas, with little or no 
detrimental effect to the host animal. If humans are 
bitten by an infected flea from one of these wild 
animals, a sylvatic infection of plague may be 
contracted, a condition that occurs, for example, 
among hunters, lumberjacks and other backwoods
men. The organism may be carried to an urban 
situation, perhaps via infected wild rodents or hu
mans, the domestic rat (common, sewer or brown 
rat, Rattus norvegicus; ship, black or roof rat Rattus 
rattus) via their own or other species of flea. The 
plague bacillus will usually kill the rat leaving the 
fleas to search for blood from the nearest available 

host, which is often human. Nosopsyllus fasciatus 
(Fig. 9.19a) is the rat flea of temperate regions, and 

.. .. d .. ~ 

r I 

')ox 

Q I 
(a) rt 

(b) _______________ ...... 

Fig.9.19 (a) Xenopsylla species of the tropical rat flea. 
This shows diagnostic differences in the shape of the 
spermatheca in three important plague vector species. (b) 
Nosopsyllus fasciatus. This is the probable vector of 
pandemics such as the Black Death of medieval times. 



species of Xenopsylla such as X. astia, X. braziliensis 
and X. cheopis (Fig. 9.19b) are found in the tropics. 
The bacillus will be taken up in a blood meal from an 
infected animal and will multiply in the proventricu
lus of the flea vector (Fig. 9.20), eventually blocking 
the alimentary canal. The flea becomes increasingly 
hungry, feeding frequently and regurgitating plugs 
of bacilli into new hosts. The flea has long been 
recognized as a savage blood-sucker, and has been 
associated with rats and the plague. 

Fig. 9.20 Female Xenopsylla cheopsis. The 
proventricular valve is blocked with multiplying bacilli. 

Bubonic plague causes a painful enlargement. of 
the regional lymph node ('bubo') in the area bitten 
by the infected flea, accompanied by fever and, in 
severe cases, septicaemia with severe debilitation 
and delirium. In epidemics of plague, direct person
to-person transmission results from contact with pus 
from discharging buboes, and inhalation of material 
produced by patients who have developed plague 
pneumonia (which may be rapidly fatal). Large 
volumes of watery, blood-tinged and highly infec
tive sputum are characteristic. Pneumonic plague 
can also result from inhalation of dust containing 
dried faeces from infected rats. Diagnosis is by 
demonstration of Yersinia pestis in lymph node fluid, 
blood or sputum. Treatment is with streptomycin, 
tetracycline or chloramphenicol. A preventive vac
cine is available. 

Murine (endemic) typhus 

Several species, particularly rat fleas, will act as 
vectors of Rickettsia mooseri causing endemic or 
murine typhus in humans. The organism is taken up 

MEDICAL SIGNIFICANCE 

in a blood meal by the flea from an infected host, 
multiplies in the flea gut, and is passed to a new 
host via the faeces or crushed body of the flea, 
through abrasions in the host's skin. There are 
several other forms of typhus caused by different 
rickettsial organisms transmitted by body lice, hard 
ticks and Trombicula mites. All forms produce a 
feverish illness accompanied by a cough, headache, 
mental dullness and constipation, and often by a 
macular rash on the trunk. Vaccines have been used 
in the past but are not generally available nowadays. 
Diagnosis is by serology, and all forms respond to 
treatment with tetracyclines or chloramphenicol. 

Other diseases 

Humans may become infected with the infective 
larval stage of the tapeworms Dipylidium caninum 
and Hymenolepis diminuta, if infected fleas are swal
lowed. Fleas may also be involved in the transmis
sion of tularaemia. 

Tungiasis 

A few species of the 'stick-tight' fleas will remain 
associated with their host for long periods. One such 
species is the jigger flea Tunga penetrans, found 
originally in tropical Central and South America, 
and lateer in tropical Africa (Fig. 9.21) and western 
India. The jigger flea is only about 1 mm long, with 
a pointed head and a telescoped thoracic region. The 
male abdomen is pointed (Fig. 9.22), whereas that of 
the female is rounded (Fig. 9.23). Both sexes feed on 
blood but the female will remain embedded in the 
tissue, particularly on the feet and hands, where she 
will swell with the developing eggs in the ovaries 
causing the characteristic 'chigger' (not to be con
fused with 'chigoe', which is the parasitic larva of 
the scrub typhus vector and reservoir Trombicula). 
Mature eggs are produced (Fig. 9.24) at a rate of up 
to 200 per day for 1 week to 10 days, and drop to the 
ground to hatch. The female dies in situ and may 
cause considerable local reaction and secondary 
infection. 

'Chiggers' are painful swellings, often beneath a 
toenail (Fig. 9.25), caused by the presence of the 
gravid female Tunga penetrans. The infection is seen 
in tropical Central and South America, Africa and 
western India. Needle dissection to remove the flea 
is the only treatment of this condition. Subsequent 
disinfection is also required, as occasionally the 
wound can act as an entry portal for the spores of 
Clostridium tetani. 
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Fig. 9.21 Distribution of tungiasis. 

Fig. 9.22 Male jigger flea Tunga penetrans. The pointed 
abdomen is apparent. 
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TUNGIASIS 

Fig. 9.23 Female Tunga penetrans. The spermatheca in 
the rounded abdomen can be seen . 



Fig. 9.24 Mature eggs of Tunga penetrans. Eggs are 
laid by the female in situ. 

MEDICAL SIGNIFICANCE 

Fig. 9.25 Infestation of Tunga penetrans, with 
secondary infection. 

79 



10. Lice 



LICE 

Fig. 10.1 A chewing louse in the order Mallophaga. The 
head is broader than the abdomen. 

• 
Fig.10.2 A sucking louse in the order Anoplura. The 
head is narrower than the abdomen. 
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INTRODUCTION 

Lice are permanent ectoparasites of warm-blooded 
animals. They are remarkably specific in their choice 
of host, each species of louse being confined to one 
particular species · of animal or bird, away from 
which they are unable to survive for more than a 
few hours. Lice are classified according to their 
feeding habit . Those that chew skin, fur and featheoc-s 
are ' in the order Mallophaga (Fig. 10.1), with the 
head broader than the abdomen, those that suck 
blood are in the order Anoplura (Fig. 10.2), with the 
head narrower than the abdomen. 

Humans may rarely and only accidentally he 
attacked by chewing lice. In contrast, three types 
(species and varieties) of Anoplura will live and feed 
exclusively on human blood: these are the two 
varieties of the human louse Pediculus humanus: 
Pediculus humanus capitis, the head louse, and Pedicu
lus humanus corporis, the body or clothing louse 
(sometimes classified as two separate species), and 
the pubic or crab louse Pthirus Pubis (sometimes 
spelt Phthirus). 

All lice undergo an incomplete metamorphosis in 
their life cycle and will spend their entire life on the 
preferred host . 

PEDICULUS HUMANUS 

Description and life cycle 

The two varieties of the human louse are very 
similar in appearance, the main morphological dif
ference being in the shape of the third segment of 
the antenna, which is square in the head louse and! 
rectangular in the body louse. There is, however, a 
considerable difference in the habitat and habits of 
the two; the head louse is found only on the hair of 
the head and sucks blood from the scalp, whereas 
the body louse lives on clothing next to the skin 
(hence its alternative common name of clothing 
louse) and feeds on the body. 

The human louse (Fig. 10.3) is 2 to 4 mm long, 
greyish in colour but reddish brown after feeding. It 
is elongate, wingless and dorsoventrally flattened, 
with a distinct head (narrower than the thorax), 
short antennae and a pair of simple eyes. The 
sucking mouthparts are telescoped inside the head 
when not in use. The thorax is distinct, with six legs, 
each terminating characteristically in a large 
claw. The abdomen is segmented, with a bilobed 
posterior in the female and a pointed aedeagus 
(penis) in the male (Fig. 10.4). Head lice are compa
ratively smaller than body lice . 



Fig.10.3 Female head louse. 

Fig.10.4 Male head louse. 

PEDICULUS HUMANUS 

The gravid female head louse, having mated on 
the host, will lay about six pinkish coloured eggs per 
day during her lifetime of 3 to 4 weeks. Each egg is 
glued firmly to the base of an individual hair (Fig. 
10.5) and hatches within approximately 1 week. The 
pale-coloured empty egg shell, the nit, remains 
firmly attached to the hair (Fig 10.6), and its distance 
from the scalp will give a good indication of the 
length of time of the infestation, since' human hair 
grows at a rate of about 1 cm per month. There are 
three immature (nymphal) stages, each requiring 
several blood feeds per day. The adult develops 
within approximately 10 days (Fig. 10.7). 

Head lice are passed from one human host to 
another in close bodily contact, usually when heads 
touch. It is unusual for them to be passed via hats, 

(a) 

(b) '--__ 

Fig.10.5 Head louse eggs. (a) Ovum of the head louse 
glued to a hair shaft. (b) Developing head louse in egg. 
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Fig.10.6 A head of hair heavily intested with head lice. 
Numerous eggs can be seen. 

Fig.10.7 Adult louse and nymphal stages. 

combs or other articles since the lice do not volun
tarily leave the scalp, although in exceptional cir
cumstances this may happen. 

In many communities, the presence of head lice is 
accepted without social stigma and their removal 
becomes a cooperative task (Fig. 10.8). The infesta
tion usually occurs throughout a family group, thus 
any control measures must be widespread to be 
effective. In a typical infestation there may be only 
10 to 20 lice per head, although in rare cases several 
hundred may be present. Head lice do not prefer 
dirty or long hair, but lice are less likely to be 
noticed if the host is not cosmetically aware. As a 
subspecies, the body louse (Fig. 10.9) has perhaps 
probably evolved in association with the wearing of 
clothes by humans. It lives at the junction between 
skin and clothing (hence the name clothing louse). 
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Fig. 10.8 Removal of head lice as a cooperative task. 

Fig. 10.9 Body louse. 

In appearance it is almost identical to the head 
louse, although slightly larger. Also, the third 
antennal segment is rectangular rather than square 



,jIM 

Fig. 10.10 Body louse. Note the rectangular thi rd 
antennal segment. 

Fig. 10.11 Body louse. Eggs are laid on clothing that is in 
contact with skin. The empty egg cases (nits) are very 
apparent. 

PEDICULUS HUMANUS 

(Fig. to.10). The head and body louse share very 
similar life cycles but their habitats are quite diffe
rent. 

The female body louse will lay eggs on clothing 
next to skin, particularly on seams and threads, to 
which they are firmly glued (Fig. 10.11). The young 
nymph takes a blood feed within a few minutes of 
hatching and feeds' regularly and frequently as it 
develops through three nymphal stages to the adult. 
It is unable to survive for more than a few hours if 
the clothing to which it clings is removed from the 
body. 

Medical significance 

The head louse is rarely involved in the transmission 
of disease, but the body louse is the notorious vector 
of classical (epidemic) typhus and relapsing fever. 

Epidemic typhus is caused by Rickettsia prowazeki 
and is taken up by the louse in a blood meal from an 
infected human (the only reservoir). The organism 
multiplies in the gut of the louse and is passed out 
in the faeces after about 5 days (Fig. 10.12). This is 
then scratched into a bite puncture or abraded skin 
of the host. Multiplication of the rickettsiae in the 
gut cells of the louse is fatal to the vector after about 
12 days. Epidemic typhus is a disease of underpri
vileged situations where the infective louse is able to 
move from one potential host to another with ease. 
The disease is more likely to occur in refugee camps, 
prisons and disaster situations. It is a disease found 
in many areas of the world (Fig. 10.13). 

As with all forms of typhus, clinical aspects 
include a feverish rash, cough, headache, mental 
dullness and constipation, often with a macular rash 
on the trunk. Epidemic louse-borne typhus may be a 
severe illness complicated by gangrene or venous 
thrombosis of the limbs. Death may ensue from 
myocarditis or cerebral involvement, particularly 
because the victims are already in a debilitated state 
due to their circumstances. Diagnosis is made sero
logically, and effective treatment may be achieved 
with tetracycline or chloramphenicol. 

The body louse may be the vector of relapsing 
fever caused by the spirochaete Borrelia recurrentis. 
The organism is taken up in a blood meal from an 
infected human host (the only reservoir) and multi
plies in the body cavity (haemocoel) of the louse, 
becoming infective approximately 4 to 6 days later. 
The organism can be transmitted only when released 
by crushing the body of the louse, which infested 
individuals often do. Sometimes lice are crushed 
between the teeth, which allows the spirochaetes to 
enter the mucous membranes. The louse will remain 
infective for a lifetime. Relapsing fever is charac-
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Fig.10.12 Body louse. Rickettsiae causing epidemic 
typhus are excreted in faeces. 

Fig. 10.13 Distribution of louse-borne typhus. 

terized by an abrupt onset of high fever with severe 
headache, painful eye movements, muscle pain, 
cough, shortness of breath, jaundice and skin 
haemorrhages. Typically, the illness lasts about 7 
days followed by a few days remission and then a 
relapse, which is less severe. Occasionally, further 
relapses may occur at intervals. Louse-borne relaps
ing fever is usually a more severe illness than the 
form transmitted by soft ticks and is caused by 
Borrelia duttoni. Diagnosis is made by the demonstra-
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tion of Borrelia in stained blood films. Treatment is 
with penicillin or tetracycline. 

PTHIRUS PUBIS 

The pubic louse, also known as the crab louse 
because of its shape, infests the coarser, less-dense 
hairs of the human body, particularly in the public 
region. It may be found on any hairy part of the 
body, such as the axillae and legs but very rarely on 
the hair of the head, which is too dense. 

The body of the louse is wide and the claws 
spaced far apart, thus it requires a suitable space 
between hairs in order to cling and move satisfac
torily (Fig. 10.14). The pubic louse (Fig. 10.15) is 

) 

approximately 2 mm in length, greyish in colour 
(darker after feeding) and short and broad in shape, 
somewhat resembling a tiny crab. The head is 
distinct with obvious antennae and blood-sucking 
mouthparts, which are telescoped inside it when not 
in uSe. The thorax and abdomen are fused and the 
legs, particularly the middle and hind pair, end in 
large characteristic claws. 

The gravid female louse will glue her eggs to the 
coarse hairs of the body, often several eggs to a hair 



(Fig 10.16). Development to the adult through three 
nymphal stages takes 10 to 14 days and all tages, 
including th mal and female adult, will feed 
exclusively on blood. 

Medical significance 

S nsitization to the bite of the pubic louse may take 
as long a 30 days to develop (Fig. 10.17), thus it 
may be a con iderable time after initial infestation 
before their presence is noticed. Heavy and 10ng
term infestations may take the form of dark, pig
ment d spots and dry skin (Fig . 10.18). The dried 
blood and louse faeces may be apparent as flecks on 
bed linen and underclothing. Very occasionally lice 
may appear in obstetric specimens (Fig. 10.19). Pubic 
lice may ven be found on eyelashes. 

Ihl 

Fig.10.14 (a) Crab lice clinging to coarse body hair. 
(b) Crab louse ova. 

PHTHIRUS PUBIS 

Fig. 10.15 Phthirus pubis, the pubic or crab louse. 

Fig. 10.16 Several louse eggs glued to the shaft of a 
pubic hair. 

Fig.10.17 Sensitization to the pubic louse. This may 
take up to 30 days to occur. 
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Fig. 10.18 Long-term infestation of the pubic louse 
showing deeply pigmented spots. 

Book lice (order Psocoptera) (Fig. 10.20) are not to 
be confused with true lice. They do not suck blood 
but may sometimes be found feeding on moulds 
growing on discarded skin scales. They are of no 
public health significance. 
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Fig.10.19 Nymphal crab louse. This was obtained in a 
cervical smear specimen. 

Fig.10.20 Book lice (order Psocoptera). 
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BEDBUGS 

INTRODUCTION AND DESCRIPTION 

Most bugs, making up the order Hemiptera, are 
plant feeders.·· However, two groups, the bedbugs 
and cone-nosed bugs, have adapted this fluid
feeding ability to sucking blood from birds and 
mammals, including humans. 

Within the family Cimicidae are the blood-sucking 
bugs associated with nests of birds such as swal
lows, as well as those of bats. Also within this family 
are the bedbugs that feed on humans, Cimex lectular
is (Fig. 11.1), which is found throughout the temper
ate regions, and C. hemipterus (= C. rotundatus), 
which is found mainly in the tropics and subtropics. 
Their appearance is very similar, the most obvious (a) 
difference being the presence of 'cusps' (protruding 
shoulder pads) on the prothorax of C. lectularius. 

BREEDING SITES 

Bedbugs are temporary ectoparasites of humans, 
feeding mainly nocturnally on the sleeping host. 
When not feeding they will hide in cracks and 
crevices, behind furniture, fixtures and other har
bourages in human habitation. Their presence can 
sometimes be sensed by a sweet sickly smell but 
much more apparent is the spotting of surfaces 
around the harbourages caused by their faeces (Fig. 
11.2). 

Fig. 11.1 Female Cimex lectularius, unfed. Note the 
shoulder cusps typical of this species. 
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(b) 

Fig. 11.2 Bedbug harbourages. There is typical faecal 
spotting of the wall panelling(a), and on the surface of a 
bed head (b). 

DESCRIPTION AND LIFE CYCLE 

Cimex (Fig. 11.3) is an oval flattened insect of 4 to 5; 

mm in length, and pale brown in colour although it 
appears darker after a blood meal. The head is short 
and broad, with a pair of prominent antennae and a 
pair of small, dark, compound eyes. The long, 
slender mouthparts are slung beneath the head and 
thorax when not in use but are rotated downwards 
when feeding (Fig. 11.4). The bedbug is secondarily 
wingless, having lost the ability to fly during its 
evolution as a blood-sucking ectoparasite. Three 
pairs of well-developed legs enable the bedbug to 
crawl rapidly. The abdomen is large and conspi
cuously segmented, with a rounded posferior in the 
female (Fig. 11.5). The male has a more pointed 
posterior with a curved protruding penis or 
aedeagus at the tip (Fig. 11.6). 

The bedbug is closely associated with humans and 
the domestic environment throughout its life cycle, 
which is one of incomplete metamorphosis (Fig. 



fed 

C,mex lectularlus adult 

"Bed bug" 

Fig. 11.3 Male and female bedbugs. 

unfed 

mm 

Fig. 11.4 Bedbug taking a blood meal. Note the position 
of the mouthparts, 

11.7). After mating, the female will lay two to three 
ggs per day throughout her life, which may last 

several months, thus several hundred eggs may be 
laid during a lifetime. Eggs will be laid in harbour
ages (Fig. 11.8); they are about 1 mm long, yellowish
white and vase-shaped with a lid or operculum at 

DESCRIPTION AND LIFE CYCLE 

Fig. 11.5 Female bedbug. 

Fig. 11.6 Male bedbug with protruding aedeagus. 

D 

I 

/ 

Fig.11 .7 life cycle of the bedbug. 
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one end (Fig. 11.9) . They hatch within 10 days at 
room temperature (20°C), or sooner at higher 
temperatures, but become non-viable below 14°C. 
There are five immature (nymphal) stages, each 
taking at least one nocturnal blood meal, and de
veloping to the adult in about 6 weeks under 
optimal conditions. This takes considerably longer at 
lower temperatures or in the absence of blood. 
Adults, both male and female, will feed regularly 
and frequently, taking several minutes to complete a 
blood meal, and while human blood is preferred 
they will also feed on rodents, rabbits, bats and 
birds if necessary. 

Fig. 11.8 Bedbug infestation. A prison cel l had become 
infested , the bedbugs laying eggs in the mortar c racks on 
the wall. Nymphs and cast skins can also be seen. 

Fig. 11.9 Bedbugs and eggs. These were located on a 
screw hole in a bed frame. 
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Fig. 11.1 0 Typical excoriated bedbug bite. 

(a) 

(b) 

Fig. 11.11 Typical appearance of bedbug bites on 
parts of the body exposed at night: (a) on the shoulders; 
(b) on the back. 



(a) 

MEDICAL SIGNIFICANCE 

Although all stages in the life cycle of bedbugs rely 
exclusively on blood for nutrition, they are not 
natural vectors of any human disease. However, 
their bite may cause considerable irritation resulting 
in excoriation of the skin (Fig. 11.10) and swelling in 
sensitized victims. Their nocturnal blood-sucking 
habits may result in significant loss of sleep and 
diminished health and morale. Being wingless, they 
rely on being able to crawl or drop onto their host, 

MEDICAL SIGNIFICANCE 

thus bites will commonly and characteristically occur 
on parts of the body uncovered at night, especially 
the arms and the shoulders (Fig. 11.11). Heavy 
infestations are usually associated with substandard 
domestic conditions and poor hygiene, and only 
under very extreme conditions will the bedbugs be 
found harbouring on the victim (Fig. 11.12). Minor 
infestations with the presence of a few insects may 
be the result of articles transported from an infested 
area. 

Fig. 11.12 Extreme bedbug infestation. The victim was semi-destitute, living in a room which contained thousands 
of bedbugs. The feet were in poor condition with uncut toenails (a), and bedbugs were harbouring between the toes 
(b). 

93 



12. Cone-nose bugs 



CONE-NOSE BUGS 

INTRODUCTION AND DESCRIPTION 

Cone-nose bugs form the subfamily Triatominae 
(triatome bugs) within the family Reduviidae (re
duvid bugs), and are found almost exclusively in the 
New World. They are all blood-sucking, temporary 
ectoparasites of warm-blooded animals. Species in 
three genera, particularly Rhodnius prolixus, Triatoma 

Fig. 12.1 Cone-nose bugs. (a) Triatoma infestans. (b) 
Rhodnius prolixus. 
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infestans and Panstrongylus megistus, will feed habi
tually on humans and may transmit Trypanosoma 
cruzi, the causative organism of American trypano
somiasis or Chagas' disease. 

Cone-nose bugs are of medium to large size, 10 
to 25 mm in length and brown in colour, often with 
red, yellow, black or white markings (Fig. 12.1). The 
shape of the head and prothorax gives the bug its 
common name of 'cone-nose'. The elongate head 
has a small dark compound eye on either side, and 
the long thin proboscis is hinged beneath it when 
not in use, stretching below the thorax. The anten
nae are long and have four segments. Their position 
in relation to the eyes and the tip of the head is 
characteristic of the genus (Fig. 12.2). The prothorax 
is prominent. Three pairs of strong legs and two 
pairs of wings in the adult arise from the thorax. The 
front pair of wings are heavily veined and pig
mented, and are folded in a scissor-like fashion over 
the membranous hind pair when at rest. Adults are 
able to fly efficiently. The abdomen is large and flat 
when unfed but swells considerably when full of 
blood (Fig. 12.3) . . 

feeding position 

TRIATOMINAE 

"Cone-nose bugs" 

eggs 

lateral view 

of head 

resting position 

Rhodnius Rrolixus 

Triatoma protraeta 

em. 

Fig. 12.2 Cone-nose bugs showing differentiation of 
genera. 
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Fig.12.3 Blood-fed cone-nose bugs. The faeces have 
been produced while the bug feeds. 

LIFE CYCLE 

Cone-nose bugs are associated particularly with 
rodents and other small rural burrowing animals. 
Their life cycle, which is one of incomplete meta
morphosis, may be completed in the host's nest or 
burrow or in caves inhabited by the host. Infesta
tions may be established in human habitation by the 
flying gravid female, particularly where the dwelling 
provides adequate harbourages in wooden walls and 
atap roofing (Fig. 12.4). About 2 weeks after mating 
and taking the first blood meal, the gravid female 
will lay a total of about 200 eggs in batches of ten to 
20, in cracks and other harbourages. The. egg is 
flask-shaped, about 2 mm in length with a well
marked lid or operculum (Fig. 12.5). Most species 
that infest human habitation lay pinkish-coloured 

MEDICAL SIGNIFICANCE 

Fig. 12.5 Triatome eggs. 

eggs. Once the egg has hatched, about 10 days after 
being laid, the empty egg case is pale in colour (Fig. 
12.6). The nymph that emerges (Fig. 12.7) is wing
less and will shelter for a few days before taking its 
first blood meal (Fig. 12.8), which may be many 
times its own weight. There are five nymphal stages, 
each resembling a mature adult except for the 
absence of wings. The immature cycle may cover 
several months and the adults may live for at least 2 
years. 

MEDICAL SIGNIFICANCE 

The bite of the cone-nose bug may be painless, 
hence the common name 'kissing bug', but it may 
cause urticaria in a sensitized host. The bug is the 

Fig.12.4 Infestation of wooden walls and atap roofs in Fig.12.6 Egg and colourless empty egg case. 
a typical dwelling. The bugs will emerge at night and feed 
on the inhabitants. 
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Fig.12.7 Nymph of Triatoma infestans. 

Fig. 12.8 Nymph feeding. 

vector of Trypanosoma cruzi, the causative organism 
of American trypanosomiasis or Chagas' disease in 
Central and South America (Fig. 12.9). The organism 
is taken up in a blood meal from an infected host 
reservoir, which may include rodent, armadillo, cat 
or dog, and undergoes development in the gut of 
the bug. It is passed to humans some 6 to 15 days 
later when the bug defaecates while feeding. The 
organism is scratched into the bite puncture or 
passes through the mucous membrane of the lips, 
nose, or eyelid on which the bug feeds. 
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Fig. 12.9 Distribution of Chagas' disease. 

American trypanosomiasis is common in northern 
South and Central America, especially in Brazil. The 
site of inoculation of the parasite by the bite of the 
bug, often occurring on the head of a child, may 
form a blind boil (chagoma), with accompanying 
allergic oedema. Dissemination of the parasite may 
lead to fever and enlargement of the lymph nodes, 
liver and spleen, and may cause death from myocar
ditis or meningoencephalitis. The patient may recov
er and remain well for years, only to suffer damage 
to heart muscle (leading to heart failure or sudden 
death) or to the nerve plexuses in the gastrointestin
al tract, leading to gross dilatation ofthe oesophagus 
or the colon. 

Diagnosis in the early stages of the disease can be 
made by the discovery of trypanosomes in stained 
blood films, but in later stages diagnosis can only be 
made by serological methods. Laboratory-bred cone~ 
nose bugs may be used in the technique of xeno
diagnosis. Trypanosome-free bugs are fed on a 
suspected patient and the organisms, if present, will 
become concentrated in the hindgut of the bug, the 
contents of which are examined under a microscope 
after about 7 days. Treatment (with nifurtimox and 
primaquine) is only effective in the early illness. 
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COCKROACHES 

INTRODUCTION AND DESCRIPTION 

The order Dictyoptera comprises cockroaches and 
mantids. A few species have become domestic pests 
worldwide and, because of their close association 
with humans, food and infected material, have 
become incriminated in the mechanical transmission 
of disease. There are some 4000 species of cockroach 
distributed throughout most parts of the world, 
although most are of little or no significance to 
humans. Many species are diurnal in habit and a 
large proportion live in tropical rain forests. They are 
closely related to the mantids (Fig, 13.1) and were, 
until recently, classified in the order Orthoptera with 
the grasshoppers and crickets. They are perhaps one 
of the most successful of all insect groups and have 
changed little in appearance in 250 million years. 
Approximately 50 species have acquired the habit of 
domestication to a greater or lesser extent, and some 
have followed humans to most parts of the globe, 
becoming widespread and significant domestic 
pests. 

Fig. 13.1 Praying mantis. 

Fig. 13.2 Blattel/a german/ca. 
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Cockroach species vary in size from 5 mm to 9 em, 
and those species that have become domestic pests 
range from 10 to 50 mm. Most of these are tropical in 
origin and have adapted to living in a p seudotropical 
environment provided by humans in temperate 
regions: in kitchens, restaurants and food-proces
sing premises. The most important pest species are 
Blattella germanica, the German cockroach (Fig. 13.2), 
Blatta orientalis, the oriental cockroach (Fig. 13.3), 
and Periplaneta americana (Fig. 13.4), the American 
cockroach. 

The adult German cockroach is 12 to 15 mm in 
length and is pale to mid-brown, with two dark 
longitudinal bands on the prothorax. Both male and 
female adults have wings although they do not fly in 
temperate regions. The female carries the eggs 
enclosed in an ootheca until just before they are laid. 

The adult oriental cockroach is 20 to 25 mm long, 
broad in shape and dark brown to black in colour. 
The wings are greatly reduced in the female and 
vestigial in the male. 

The adult American cockroach is 30 to 45 mm in 

Fig. 13.3 Blatta orienta/is. 

Fig. 13.4 Periplaneta americana, a typical cockroach. 



length, reddish brown in colour with prominent 
yellow patches on either side of the pronotum (the 
dorsal prothorax). Both male and female have large 
wings overlapping the abdomen. 

The body of a typical pest species of cockroach 
(see Fig. 13.4) is flattened dorsoventrally and clearly 
divided into head, thorax and abdomen. The front 
dorsal part of the thorax is well developed and 
shelters the head from above. The head bears a pair 
of long. filamentous antennae, paired compound 
eyes and chewing mouthparts that are adapted for 
omnivorous feeding and are slung ventrally. The 
thorax holds three pairs of strong legs and, in most 
species, two pairs of wings folded in a scissor-like 
fashion over the abdomen. The abdomen is well
segmented and bears paired appendages (cerci) at 
the hind end. 

LIFE CYCLE 

The life cycle is one of incomplete metamorphosis. 
Some days after mating the female will lay eggs in 
an ootheca (a feature of all dictyopterans), which may 
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=Ig. 13.5 Oothecae of the oriental cockroach. These 
lere removed from a hollow door frame. 

Fig. 13.6 Hatching ootheca. 

LIFE CYCLE 

contain 12 to 50 eggs depending on the species. The 
ootheca is very resistant to desiccation, and is often 
laid in a protected harbourage such as a hollow 
space behind panelling (Fig. 13.5). The first-stage 
nymph, which hatches from each egg some 2 to 6 
weeks later, is a wingless miniature of the adult with 
a soft and pale exoskeleton (Fig. 13.6). On exposure 
to air the exoskeleton hardens and darkens. De
pending on the species there may be five to 12 
nymphal stages before the final moult to the typical
ly winged adult (Fig. 13.7). All stages of cockroach 
will feed on a wide range of substances, particularly 
refuse, detritus and human food. They will be found 
in drainage systems where there is ready access to 
potentially infected material in the form of faeces 
(Fig. 13.8), and from where the cockroach may be 
able to reach domestic situations (Fig. 13.9). The 
method of feeding involves regurgitation of gastric 
fluid and external maceration before swallowing the 
pulped material. In doing this, a residue may be left 
from a previous meal of contaminated material. The 
external body and legs are clothed with stout bristles 
and hairs to which particles of detritus may adhere. 
In a. domestic situation, cockroaches will feed at 
night on refuse and debris found on floor surfaces, 

While feeding and moving over cutlery and plates, 
defaecation is indiscriminate (Fig. 13.10). During 
feeding, the cockroach also preens itself to remove 

Fig.13.7 Cockroach nymph moulting into th~ adult 
form. 
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Fig.13.8 Habitats of the cockroach. (a) In tropical 
regions, Periplaneta americana are often found in sewers. 
(b) This pit latrine in Botswana harboured Periplaneta 
americana. The area also supported fly larvae and pupae. 

Fig.13.9 Infestation of domestic habitats. Cockroaches 
may gain access to a kitchen from the sewer via a 
damaged water trap. Drainage in the kitchen provides 
water which is most important for survival. 
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Fig. 13.10 Cockroach infestations. (a) In kitchens, 
cockroaches may feed on debris in corners of a floor 
surface. (b) Food lett unprotected at night in areas such as 
hospital and hotel kitchens will encourage infestation. (c) 
Cockroaches crawling over cutlery and crockery may 
cause contamination. 

debris clinging to the legs and body. The presence of 
dark unsightly smears on wall surfaces and around 
harbourages is diagnostic of cockroach infestation 
(Fig. 13.11). In this manner, contaminated food, 



utensils and surfaces will become a potential source 
of infection to humans. Table 13.1 shows a list of 
organisms pathogenic to humans, which have been 
isolated from cockroaches collected in hospitals and 
domestic situations in which patients were suffering 
from disease. Table 13.2 shows that cockroaches will 
take up, and retain in a viable state, a wide range of 
organisms in their environment. Figure 1~.12 shows 
a MacConkey medium plate on which a 'cockroach 
infected with Escherichia coli has defaecated and 
spread faeces for 30 seconds. The incubated medium 
shows its path clearly. 

Many food materials provide good culture media 
for enteric organisms, particularly in the warm 
atmosphere of a kitchen. 

Fig. 13.11 Evidence of cockroach infestations. 

Fig. 13.12 Incubated MacConkey medium plate on 
which a cockroach has spread its faeces containing 
Escherichia coli. 

MEDICAL SIGNIFICANCE 

Table 13.1 Pathogenic organisms foun 
naturally infecting cockroaches 

Organism 

BACTERIA 
Pseudomonas 

aeruginosa 

Staphylococcus aureus 
Streptococcus faecalis 
Escherichia col i 

Salmonel la spp 
inc!. S. typhi & 
S. typhimurium 

Shigella spp 
Klebsiel la pneumoniae 
Serratia marcescens 
Proteus vulgaris 
Yersinia pestis 

FUNGI 
Aspergillus fumigatus 

PROTOZOA 
Entamoeba histolytica 

HELMINTHS (worms) 
Enterobius vermicularis 
Trichuris trichiura 
Ascaris lumbricoides 
Ancylostoma duodenale 
Necator americanus 

VIRUSES 
Hepatitis 
Poliomyelitis 

Disease 

Infections of: 
Urinary tract 
Upper resp. tract 
Wounds, burns 
Boi ls, abscesses 
Faecal contamination 
Urogenital/intestinal 

infections 
Typhoid , other enteric 

fevers 
Gastroenteritis 
Dysentery, diarrhoea 
Pneumonia/URTI 
Upper resp. tract. inf. 
Gastroenteric tract inf. 
Plague 

Aspergil losis 

Dysentery 

Pin/threadworm 
Whipworm 
Roundworms 

Hookworms 

'Jaundice ' 

MEDICAL SIGNIFICANCE 

The characteristics of the organisms detailed in Table 
13.1 make it almost impossible to confirm that a 
cockroach is the prime cause of any disease out
break. By their very nature these diseases can be 
transmitted in a variety of ways and it is unlikely 
that the cockroach is the specific carrier. However, 
circumstantial evidence and scientific commonsense 
indicate that, where cockroaches have access to 
potentially infected material and to human food and 
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food preparation areas, their role in the transmission 
of disease should not be ignored. 

Cockroach debris, dried cast skins and faeces may 
cause an allergic response in susceptible patients. 

This may take the form of a dermatitis; it may also 
present as a respiratory condition or with watering 
eyes and nose. 

Table 13.2 Enterobacteriaceae found in Periplaneta Americana 
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Organisms 

Citrobacter diversus 
Citrobacter freundii 
Enterobacter aerogenes 
Enterobacter aglomerans 
Enterobacter cloacae 
Enterobacter hafniae 
Escherichia blattae 
Escherichia coli 
Klebsiella pneumoniae 
Proteus mirabilis 
Proteus morganii 
Proteus rettgeri 
Proteus vulgaris 
Serratia marcescens 

from insectary I 

Found in 
cockroach 

Persistent 
for up to 
(days) 

10 
10 

7 

7 
9 
2 
8 
6 
8 
6 

10 

Found in 
cockroaches 

dead for 
10 days 

Found 
in 

environment 
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THE ARACHNIDS 

INTRODUCTION AND DESCRIPTION 

In addition to the insects, the phylum Arthropoda 
contains several other classes, of which the most 
medically significant is the Arachnida, which in
cludes spiders, scorpions, ticks and mites. All arach
nids have a body that is divided into a fore- and 
hind-part, which may be fused into a sac-like struc
ture. There is no separate head and no antennae. 
Mouthparts consist of paired chelicerae and pedi
palps, and sometimes a central hypostome, all of 
which may be varied in appearance depending on 
feeding habits. The adult arachnid has four pairs of 
legs attached to the front part of the body, but wings 
are never present. Some arachnids possess venom 
glands incorporated in the mouthparts (spiders, Fig. 
14.1), or at the hind end of the body attached to a 
needle-like sting (scorpions, Fig. 14.2). Some mites 

Fig. 14.1 Spider. 

Fig. 14.2 Scorpion. 
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(Fig. 14.3) will cause an allergic skin .or respiratory 
reaction (e.g. house dust mite and storage mite~, 

others will burrow into the tissue (e.g. scabies mite) 
or may transmit disease (e.g. scrub typhus mite~ . 

Ticks (Fig. 14.4) and a few mites will feed exclusively 
on blood and may act as vectors of a range of 
diseases. 

Fig.14.3 Mite. 

Fig. 14.4 Tick. 

TICKS 

The order Acarina consists of ticks and mites. These 
can be differentiated by the larger size of the ticks 
and the presence of a spiracle on either side of the 
body near the hind pair of legs. All ticks feed om 
blood from amphibians, reptiles, birds and mam
mals, and have a strongly developed hypostome 
(Fig. 14.5), which is used to anchor the other paired 



Fig. 14.5 Hypostome of a hard tick. 

mouthparts to the host. There are two distinct 
groups (families) of tick: the hard ticks (Ixodidae), of 
which there are some 650 species in 11 genera, 
which spend most of their life attached to their host; 
and the soft ticks (Argasidae) of which there are 150 
species in four genera, which live in the habitat of 
the host, only parasitizing during a blood feed. 

Hard ticks 

Adult hard ticks are oval or pear-shaped with a 
sac-like body, and are dorsoventrally flattened. The 

Fig. 14.6 Male and female hard ticks. 

TICKS 

length varies from 2 to 10 mm when unfed, although 
the fully gorged female may be at least twice this 
size. The common name derives from the chitinized 
shield that covers the dorsal surface of the male and 
is often characteristically patterned, but only extends 
over the anterior dorsal surface of the female (Fig. 
14.6). This allows the female to accommodate the 
large blood meal. The mouthparts of both male and 
female are clearly visible from above. The eight legs 
of the adult are large and attached to the front part 
of the body. 

Life cycle 

Almost the whole life cycle of the hard tick is spent 
on the host. Those that parasitize humans will be 
more commonly found on sheep, cattle, deer, ro
dents and dogs, and include species of Ixodes, 
Dermacentor, Amblyomma and Haemaphysalis. Having 
mated on the host, the gravid female drops to the 
ground, lays a massive batch of several thousand 
eggs (Fig. 14.7) and then dies. The eggs will usually 
hatch within a few days but may overwinter de
pending on temperature and humidity. From the 
egg will emerge a six-legged larva (Fig. 14.8), which 
will climb onto vegetation and wait for a host to 
pass. It will typically wave its front legs in the air to 
detect the host and then cling toits fur as it passes, 
crawling immediately to a soft area such as the axilla 
or ear (Fig. 14.9) where it takes a blood meal. The 
larva then moults to an eight-legged nymphal stage 
(Fig. 14.10); some species do this on the host, others 
drop to the ground and will find a new host after 
moulting. The nymph takes a blood meal, which will 
last for several days. It will eventually moult into an 

Fig.14.7 Egg batch of hard tick. 
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Fig. 14.8 Hard tick larva. 

Fig. 14.9 Hard tick larvae on rabbit's ear. 

Fig. 14.10 Ventral surface of hard tick showing genital 
orifice. 
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adult, on or off the host depending on the species. 
The blood feed of the adult, particularly that of the 
female, make take up to 3 weeks to complete, and 
the body weight may increase by a factor of 200. The 
body may be so swollen with blood that the dorsal 
shield may be difficult to see (Fig. 14.11). While the 
female is feeding, the male tick, having completed a 
blood meal, will move over the host searching for a 
female of the same species, and mating will occur on 
the host. The genital opening of both sexes is close 
to the base of the mouthparts on the ventral surface 
(Fig. 14.12), thus transfer of sperm is accomplished 
by the male crawling underneath the female while 
she continues to feed. 

Those species of tick that leave the host at each 
stage to moult (larva to nymph, nymph to adult) are 
known as 'three-host' ticks since they parasitize 
three different individual animals as larva, nymph 
and adult. These include the more important disease 
vectors such as Ixodes ricinus and Dermacentor ander
soni, whose habits increase their capacity as vectors. 
Some Hyalomma and Rhipicephalus species remain on 

Fig. 14.11 Fully fed female tick. (a) With larva. (b) With 
nymphs. 



Fig.14.12 The genital opening of the hard tick. In both 
sexes the genital opening is close to the base of the mouth 
parts on the ventral surface, 

the host when moulting from larva to nymph and 
ar thus known as 'two-host' ticks, and some 
Boophilus species only leave the ho t at the end of 
their adult life and are thus known as 'one-host' 
ticks. 

Medical significance 

Species of hard ticks at all stages will feed on 
humans (Fig. 14. 13), causing irritation and some
times alarm as they swell considerably in size. The 

Fig. 14.13 Hard tick feeding on human. 

TICKS 

Fig.14.14 Hard tick feeding on domestic animal. (a) 
Feeding on the ear (b) Feeding on the eyelid. 

ticks may be brought into human habitation by 
domestic animals (Fig. 14.14). They may leave the. 
host to moult and may parasitize humans at the next 
stage of the life cycle. If the tick is removed clumsily, 
the mouthparts, particularly the hypostome, will be 
left in the bite puncture and may give rise to 
secondary infection. The feeding ticks should be 
removed by holding the body with forceps (Fig. 
14.15), gently pushing the body into the tissue to 
release the barbed hypos tome, twisting the body 
and pulling away. Alternatively, the tick may re
move itself if the air supply is cut off, by covering it 
with liquid paraffin or by irritating it with insect 
repellent or a lighted cigarette. 

Ticks are often acquired when walking through 
infested vegetation that is inhabited by the normal 
host, and large numbers, particularly of larvae, may 
be picked up along habitual animal runs. A practical 
method for collecting ticks involves dragging a 
rough sheet or blanket through an infested area and 
picking off the ticks that cling to it (Fig. 14.16). 

Hard ticks may act as vectors of a wide variety of 
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Fig. 14.15 Tick removal with forceps. 

~ Russian Spring-Summer 

~ Central European 

Fig.14.17a Distribution of encephalitic tick-borne 
viruses. 
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Fig. 14.16 Blanket-dragging for ticks. 

dis a organisms including several encephalitic and 
haemorrhagic arboviruses (Fig. 14.17), rickettsial di -
eases such as tick typhus, bouton neuse fever and 
Q-fever (Fig. 14_18), as w Il as Lyme disease. While 
feeding, the female hard tick may also cause a form 
of ascending motor paralysis. 
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Congo Crimean ~ Omsk ~ Kyasanur Forest Disease 

Fig. 14.17b Distribution of haemorrhagic tick-borne viruses. 

Fig.14.18 Distribution of tick-borne rickettsial diseases. 
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Tick-borne diseases 

Arboviruses 
Viruses carried by ticks are exemplified by those 
which cause encephalitis in Russia and Siberia and 
in South East Europe, and the haemorrhagic fever 
syndrome named Congo-Crimea haemorrhagic fever 
which is transmitted by ticks from ruminant animals 
to man in Central Africa, Arabia, Crimea and 
Ukraine. 

Tick typhus 
All forms of typhus produce a feverish illness 
accompanied by cough, headache, mental dullness 
and constipation. A macular rash may occur on the 
trunk. A small black scab apparent at the site of the 
bite. is seen in tick-borne typhus in Brazil, the 
Mediterranean, Africa and India. However, a 
haemorrhagic rash, known as Rocky Mountain spot
ted fever, is the hallmark of tick typhus in North 
America. Diagnosis of rickettsial diseases is carried 
out serologically, and treatment is effective with 
tetracylines or chloramphenicol. 

Lyme disease 
Lyme disease, caused by Borrelia burgdorferi, is in
creasingly reported from the USA, UK and Europe. 
It causes chronic illness with many similarities to 
those caused by the spirochaete of syphilis, Tre
ponema pallidum, although its transmission is by a 
totally different route. At first, the patient experi
ences some fever and a characteristic rash in the 
form of a red margin spreading slowly out from the 
site of the tick bite (erythema migrans). The spir
ochaete then invades the body generally and may 
cause meningoencephalitis, facial paralysis, or spinal 
cord dysfunction similar to that seen in multiple 
sclerosis. Involvement of the heart muscle may 
occur. Also arthritis, at first acutely in the knee but 
later in a generalized pattern similar to that of 
rheumatoid arthritis, is particularly common in cases 
seen in the USA. 

Diagnosis is made by serological methods, and 
treatment is with penicillin, tetracycline or cephalos
porins. 

Soft ticks 

Soft ticks are blood-sucking ectoparasites of birds, 
bats and mammals including humans. They are 
found worldwide, particularly in the more arid parts 
of the tropics and subtropics, in the nest, burrow or 
habitat of the host. Soft ticks lack the hard dorsal 
shield found in the hard ticks. In contrast to the 

Fig. 14.19 Soft ticks, Ornithodoru5 moubata. 

Fig. 14.20 Soft tick. 

hard tick, the shape is round or oval and the Fig. 14.21 Larva of soft tick. 
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integument is soft and leathery with a shrivelled 
appearance (Fig. 14.19), which becomes taut when 
full of blood. The mouthparts do not protrude and 
cannot be seen from above (Fig. 14.20). 

Life cycle 

The gravid female will lay several batches of eggs 
during her lifetime (each numbering ten to several 
hundred), in the habitat of the host. The six-legged 
larva that hatches is almost round in shape (Fig. 
14.21) and will take a short feed when the host is in 
its habitat, but will typically remove itself before 
the host leaves. The life cycle is completed in the 
habitat of the host, moulting through several nym
phal stages and each stage taking a blood meal. 
Species that commonly feed on humans, particularly 
within the Ornithodorus moubata complex in Africa, 
may be found around human habitation and may act 
as vectors of relapsing fever (Fig. 14.22). The larval 
stage of ticks within this complex remains in the 
eggshell after hatching and does not feed until it has 
moulted to the first stage nymph. There may be a 
total of four to seven nymphal stages; development 
from egg to adult may take about 3 months under 
optimal conditions, but all stages can resist starva
tion for long periods of 1 year or more. 

Fig.14.22 Distribution of tick-borne relapsing fever. 

TICKS 

Medical significance 

The bite of a soft tick may be painful and the site 
may become ulcerated. While feeding, the tick will 
secrete a clea'r fluid from glands opening between 
the first and second pair of legs (coxal fluid), which 
will flood the space beneath the tick. If it has 
previously fed on an infected host, the coxal fluid 
will contain the spirochaetes of Borrelia duttoni, the 
causative organism of relapsing fever, which will 
enter the new host via the bite puncture. Once the 
tick has become infected it will remain so for life, 
and thus act as a reservoir of the disease as well as 
the vector. 

Relapsing fever is characterized by the abrupt 
onset of high fever with severe headache, painful 
eye movements, muscle pains, cough, shortness of 
breath, jaundice and skin haemorrhages. Typically, 
the illness lasts for approximately 1 week, followed 
by a remission of a few days and then a relapse, 
which is less severe. Further relapses may occur at 
intervals. Tick-borne relapsing fever is usually less 
severe than the louse-borne disease caused by Borre

·lia recu rren tis, but it may be neurotropic, causing 
facial paralysis, eye muscle paralysis, deafness, 
meningitis or encephalitis. Diagnosis is made by the 
demonstration of Borrelia in stained blood films. 
Treatment is effective with penicillin or tetracycline. 
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Fig. 15.1 Flour mite, Acarus siro. 

Fig. 15.2 Furniture mite, G/ycyphagus domesticus. 
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INTRODUCTION 

Mites are, in general terms, similar to ticks in 
appearance. They have a sac-like body, mouthparts 
grouped around the mouth opening as a capitulum, 
and eight legs in the adult stage. They are, however, 
with very few exceptions, much smaller in size, and 
their feeding habits and biology are very varied. 
Those of medical significance include the forage mite 
and the house-dust mite, both of which may cause 
allergies, the scabies mite causing the condition 
scabies by its burrowing habits, and the Trombicula 
mite, which is the vector of scrub typhus. 

Several species of mite in the family Tyroglyphi
dae are pests of stored products and may cause an 
allergic response when humans come in contact with 
their faeces, dried bodies and cast skins. These 
include the flour mite Acarus siro (= Tyroglyphus 
farinae) (Fig. 15.1), and the furniture mite Glycypha
gus domesticus (Fig. 15.2). Dermatitis may occur 
when storekeepers, grocers or bakers handle in
fested commodities, and it is even seen in office 
workers handling infested paper. A particular form 
of asthmatic allergy may occur in sensitized patients 
on inhalation of mite debris (Fig. 15.3) that is 
commonly found in bedding and furnishings, where 
the mite feeds on moulds that have formed on 
discarded flakes of human skin. 

Occasionally, mites in the genus Cheyletiella (Fig. 

Fig.15.3 House-dust mite, Dermatophagoides 
pteronyssinus. 



15.4), which infest domestic pets, may cause an 
allergic response in humans after taking a blood 
meal. The presence of the mite can often be con
firmed by microscopic examination of animal 
brushings. The hair follicle mite Demodex folliculorum 
(Fig. 15.5) inhabits human hair follicles, particularly 
of the eyebrows and face, but is rarely problematic. 

-. -----.... ~ . -. 

Fig. 15.4 Blood-sucking Cheyletiella species. 

Fig. 15.5 Hair follicle mite, Demodex folliculorum 

HUMAN SCABIES MITE 

HUMAN SCABIES MITE 

The human scabies mite Sarcoptes scabiei var hominis 
is a permanent parasite in the subcutaneous tissue of 
humans, causing the condition scabies, which is 
seen throughout most parts of the world. Other 
varieties (which are not interchangeable) infest the 
skin of a wide range of domestic and wild animals, 
causing mange. 

Description and life cycle 

The human scabies mite (Fig. 15.6) is minute (less 
than 0.5 mm long) and disc-like with well-developed 
chewing mouthparts and eight short stumpy legs in 
the nymph and adult, terminating in suckers or 
bristles. The mite is yellowish-white in colour and 
bears several short spines on the dorsal surface. A 
scabies infestation will typically begin when a gravid 
female mite is acquired from an infested person, 
usually during skin contact. Early research indicated 
that mites could not be taken up from infested 
clothes or bedding since the mites cannot survive 
away from the host. The gravid mite (Fig. 15.7) 
burrows just below the surface and forms a tortuous 
burrow subcutaneously, defaecating and laying eggs 
at regular intervals. The presence of these foreign 
bodies will cause the allergic response known as 
scabies, which may be considerably more wide
spread than the mite infestation (Fig. 15.8). The eggs 
hatch into six-legged larvae, which form their own 

Fig.15.6 Sarcoptes scabiei, the human scabies mite. 
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Fig.15.7 Gravid female scabies mite. 

Fig. 15.8 Scabies, the allergic response to the human 
scabies mite. 

burrows, branching from the original one. Moulting 
occurs through a nymphal stage to the adult, the 
mite feeding by tunnelling continuously through the 
subcutaneous layers. It is thought that mating occurs 
on the skin when the adult mites burrow to the 
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surface. It is possible to tease a mite from a burrow 
with the use of a sterile needle . Dry skin that is 
scraped gently with a scalpel blade from an infes ted 
area may also reveal mites or their eggs (Fig. 15.9). 
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Fig. 15.9 Scabies mite egg in skin scraping. 

Medical significance 

Infestation of the skin with the human scabies mite 
Sarcoptes scabiei causes an intensely itchy papular and 
vesicular rash in reaction to burrowing adult females 
and their faeces. The rash is most commonly found 
on the hands (Fig. 15. lOa), wrists, axillae, buttocks, 
groin (Fig.IS.IOb) and scrotum (Fig.IS.lOc); howev
er, in Norwegian scabies it becomes generalized and 
severe, with crusting, affecting the face (Fig. IS .IOd), 
particularly in patients with AIDS. 

Scabies occurs worldwide and is transmitted by 
intimate personal contact. Diagnosis is made by 
demonstration of the mites in skin scrapings . Treat
ment is with topical 10% crotomiton or 10% lin
dane, which are applied to all affected skin areas, 
and should be given to all close contacts of the 
patient. 

In the tropics, scabies infestation may be compli
cated by skin infection with haemolytic Streptococcus 
spp., which can cause acute and chronic glomeru
lonephritis. 

SCRUB TYPHUS MITE 

Description and life cycle 

Within the family Trombiculidae are several hun
dred species of mite worldwide, a few of which will 
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Fig.15.10 Human scabies: (a) on the hand; (b) in the 
buttock; (c) on the scrotum; (d) on the face. 

attack humans causing considerable irritation by the 
feeding habits of the larva. These mites, in the genus 
Leptotrombidium (= Trombicula), are free-living at all 
stages except the larval stage. Adults and nymphs 
live in the moist growth layers of vegetation and are 
sap-feeders. Eggs are laid in this environment but 
the hatched six-legged larva requires tissue from 
rodents or other animals. 

The larva (Fig. 15.11) is minute (about 0.25 mm 
long), pale in colour, with hairs and bristles on the 
dorsal surface and trifurcate claws on each of the six 
legs. It will climb vegetation and cling to a passing 
host in much the same way as a hard tick. The mite 
crawls to a soft part of the host's body, particularly 

the ear, groin and axilla, and attaches itself to the 
tissue by means of the well-developed mouthparts. 
These secrete a histiolytic enzyme, which dissolves 
the tissue and which the mite subsequently imbibes. 
More fluid is continously secreted until a tube of 
tissue has dissolved, on which the mite has fed. This 
is known as a histiosiphon (Fig. 15.12). When the 
larva is fully fed it leaves the host, spending the rest 
of its life in a non-parasitic manner. These feeding 
habits may cause considerable irritation to the host. 
In temperate parts of the world the larva typically 
feeds in the autumn, giving rise to harvest itch or 
autumn itch, and is caused by species such as 
Leptotrombidium autumnalis in western Europe. The 
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Fig. 15.11 The larval stage of Leptotrombidium spp., 
the scrub typhus mite. 

\ 
. , 

• J. ill .. . : 

Fig.15.12 Section through a larval mite feeding on 
tissue. The mouthparts and histiosiphon can be seen. 

site of the bite often presents as a small, dark, 
necrosed area known as an eschar (Fig. 15.13). 

Medical significance 

In parts of India, China and southeast Asia (Fig. 
15.14) species of Leptotrombidium act as vectors of 
scrub typhus, known also as mite typhus, Japanese 
river fever or tsutsugamushi fever . This is caused by 
the organism Rickettsia tsutsugamushi. A mite colony 
in a confined area (mite island) initially becomes 
infected when the larva feeds on an infected host 
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Fig.15.13 Typical eschar. 

(usually a rodent), and the organism is taken up in 
the tissue on which the mite feeds. Thereafter the 
mite itself remains infected, passing the organism to 
the eggs (transovarial transmission) and subsequent
ly through many generations. This is essential to the 
survival of the disease organism, since the vector is 
only parasitic in the larval stage and the larva feeds 
only once during its life cycle. Thus the mite colony 
itself will act both as vector and reservoir of the 
dis ase. 

When a subsequent generation of larva feeds, 
perhaps on a human host, the organism will be 
passed on in the histiolytic fluid injected into the 
host. Mite islands, with the focus of scrub typhus 
infection, often occur in an area of nomadic cultiva
tion that has been allowed to revert to secondary 
jungle. Rodents (the normal larval host) and mites 
are commonly found in this particular habitat (Fig. 
15.15). Mites will also often harbour in piles of 
discarded palm leaves found in tropical plantations. 

Clinical aspects 

Scrub typhus is a febrile illness with concomitant 
severe headache, mental changes, macular rash 
(Fig.15.16), generalized lymph gland enlargement, 
splenomegaly and, in many cases, a small ulcer 
covered by a black crust ('eschar') at the site of a 
single bite of a larval mite (see Fig.15.13) . 

The diagnosis is often made in those exposed to 
the known habitat of the mite, whereupon patients 
can be serologically confined. Treatment is with 
doxycycline. People at high risk of infection because 
of their occupation may take doxycycline weekly as a 
prophylactic measure. 



SCRUB TYPHUS MITE 

Fig. 15.14 Distribution of scru b typhus. 

Fig.15.15 Typical mite island in secondary jungle. Fig. 15.16 Clinical appearance of scrub typhus rash. 
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BITES, STINGS AND OTHER FORMS OF ATIACK 

In addition to transmitting disease and causing 
trauma by blood-sucking habits and other associa
tions with humans, insects and other arthropods 
may have a wide range of effects on human health 
and well-being. This chapter discusses a miscellany 
of these. 

ENTOMOPHOBIA AND DELUSORY 
PARASITOSIS 

The appearance and presence of insects and other 
related arthropods arouses interest, curiosity and 
suspicion in most humans (Fig. 16.1). In some peo
ple, this may become an inordinate but very real 
fear, developing into a phobia (entomophobia) re-

Fig. 16.1 Entomophobia. 
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quiring medical assistance. The phobia may be due 
to . the fear of being bitten or stung, but more 
commonly it is because of the 'creepy-crawly' 
appearance of the creature, the long legs and anten
nae and its 'hairiness', a condition that would 
probably be increased considerably if human 
eyesight were more acute. Delusory parasitosis 
occurs when the patient is convinced that he or she 
is being attacked or infested by an insect or other 
arthropod. 'Bites' from some other cause may be 
present. Careful investigation may show no evi
dence of insect involvement. Sometimes the mental 
attitude is initiated by the chance finding of a single 
insect, perhaps a bedbug that has been brought 
accidentally into the patient's house, whereupon the 
patient becomes convinced of a much more wide
spread problem of which there is no evidence. The 
'bites' may of course be an allergic response to a 
mite, a psocid, a thrips, or some other creatm'e 
hardly visible to the naked eye, and a very thorough 
investigation of the environment, preferably by an 
entomologist, is essential. The patient must be asked 
a wide range of pertinent questions to ascertain 
whether any arthropod contact has been possible or 
likely, and brushings from surfaces and fabrics, and 
from domestic animals in the environment, must be 
carefully examined under the microscope for evi
dence of the presence of arthropods. The basis of 
both the phobia and the delusion is often a fear of 
the unknown and, although the patients may not 
respond to a reasonable argument, an identification 
of the cause is often helpful. 

CABLE BUG OR CABLE MITE 

With the considerable increase in the use of electro
nic equipment and synthetic fibres, a phenomenon 
is emerging, which has been termed 'cable bug' or 
'cable mite'. The patient has apparently been bitten, 
and shows ample evidence of this, often scratching 
the 'bites' until they become secondarily infected 
(Fig. 16.2). 

An exhaustive investigation may reveal no evi
dence of arthropod involvement, but debris ex
amined under the microscope may include spicules 
of fibreglass and synthetic fibres. The condition 
typically occurs in premises where there is a high 
level of static electricity (e.g. in computer rooms, 
with floor coverings, insulation or filtering equip
ment containing synthetic fibres) . This charge 
attracts spicules to exposed areas of the skin where 
they set up an allergic reaction. A spicule may 
actually pierce the skin in much the same way as an 
insect's proboscis, and may penetrate a stockinged 



Fig.16.2 'Bites' of 'cable bug' or 'cable mite'. 

I g. A simple remedy may be to reduce the static 
electricity by humidifying the environment, 
although care must be taken not to dampen it to the 
extent of allowing moulds to grow on discarded skin 
flakes, encouraging house-dust mit s and an alterna· 
tive allergy . 

(b) 
Fig.16.3 Lepidoptera (a) Larva of Phi/udoria potatoria. 
(b) Larva of Sibine sp. from Belize. 

URTICARIA CAUSED BY CATERPILLARS 

URTICARIA CAUSED BY CATERPILLARS 

A simple allergic reaction may be caused by coming 
into contact with the hairs and spicules of many 
Lepidoptera, that is, butterflies and moths (Fig. 
16.3). This can be seen throughout most parts of the 
world. In the Mediterranean, the processionary 
caterpillar (larva of the moth Thaumatopoea wilkinsoni 
and other species) spins a web in the vegetation in 
which it lives (Fig. 16.4). If the web, with its 
occupants and their cast skins, comes into contact 
with human skin, an allergic rash may result. The 
larvae are named processionary caterpillars because 
they process down the trunk of the tree when ready 
to pupate, in order to undergo further development 
at ground level (Fig. 16.5). The puss moth of 
western Europe (Fig. 16.6) may cause a similar 
urticaria. 

Fig.16.4 Processionary caterpillar. (a) Web ot the 
caterpillar (Cyprus).(b) Nest with cast larval skins. 
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Fig.16.5 Mature Thaumatopoea wilkinson; caterpillars 
processing before pupating. 

BEES, WASPS AND ANTS 

These insects are included in the order Hymenop
tera and many of them are social, living in colonies, 
nests (Fig. 16.7) or hives of many thousands, in 
castes serving various functions. Some, such as 
Pharaoh's ants and garden ants (Fig. 16.8) occur in 
large numbers in domestic situations where their 
foraging habits may pose a public health problem. 
Some ants are able to bite with their strong man .. 
dibulate mouthparts (Fig. 16.9) and can cause an 
allergic urticaria (Fig.16.10). Certain wild species, 
such as the fire ant, will shelter in hollow thorns and 
attack if their harbourage is damaged (Fig. 16.11). 

The ovipositor of many of the Hymenoptera has 
become adapted to form a poison sting that is used 
to inject venom into prey or can be used as a 
defensive mechanism. Reaction to these stings in 
humans is very varied depending on the level of 

Fig.16.7 Wasp nest. 

Fig. 16.6 (a) The Oak Eggar larva, Lasiocampa Fig. 16.8 Garden ants swarming. 
gueraus. (b) Web of Lackey moth, Malacosoma neustria 
in vegetation. 
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Flg.16.9 Wood ant showing strength of the 
mouthparts. 

Fig.16.10 Bites from ants Formica sanguinea. 

Fig. 16.11 Thorns harbouring fire ants within (Belize). 

BEES, WASPS AND ANTS 

sensitivity, and while it is usually mild-, occasional 
cases of hypersensitivity can occur, resulting in 
death. B es (Fig. 16.12) will leave their sting in the 
site of the attack, whereas wasps and hornets (Fig. 
16.13) will remove it. Several hover fly species 
(16.14) can mimic bees and wasps but these are 
completely harmless and only have one pair of 
wings (Diptera) compared with the two pairs of the 
bees and wasps. 

Fig. 16.12 Apis mellifera, the honey bee. 

Fig. 16.13 The hornet, Vespa crabro. 
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Fig.16.14 The hover fly, Eristalis tenax. 

SCORPIONS 

Scorpions (order Scorpiones, within the class Arach
nida) are found in many parts of the tropics and 
warm temperate zones, in both humid and arid 
areas. 

Adults have eight legs, large claws (chelicerae, 
which are the outer pair of mouthparts), and a 
flexible tail or telson, at the tip of which there is a 
needle-like sting (Fig. 16.15). Nearly 400 species 

Fig. 16.15 Order Scorpiones. 
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exist, ranging from 1.5 to 20 cm in length (including 
the telson). The chelicerae of the scorpion are used 
to hold its prey while injecting a paralysing fluid 
into it and feeding on the fluid content. Scorpions, 
in common with many arthropods, will not attack 
humans unless provoked. They are typically cryptic 
creatures, sheltering under stones, tree trunks and 
other such places, but may be encountered by 
accident in domestic situations into which they may 
have inadvertently strayed (e.g. in clothing, bedding 
and footwear). 

The colour of each scorpion species will correlate 
with its environment, those of desert regions being 
sandy-coloured (Fig. 16.16), whereas those inhabit .. 
ing forests will be darker (Fig. 16.17). 

Fig.16.16 The scorpion (Sudan). 

Fig.16.17 The scorpion (southern France). 



SPIDERS 

Spiders (order Araneae, class Arachnida) in the. 
adult stage have the body divided into two regions 
(fore and hind), with paired mouthparts at the front 
end and eight legs attached to the forebody. There 
are several thousand species worldwide and the size 
range is considerable, the smallest being no more 
than a few millimetres in length and the largest 
having a leg span of up to 20 cm. Spiders capture 
their prey using the mouthparts, sometimes causing 
paralysis by injecting venom. Fluid from the cap
tured prey is then extracted by sucking. The venom 
of a few species of spider is particularly toxic to 
humans. The large hairy tarantula-type of spider 
(Fig. 16.18) that is found in many tropical and 
Mediterranean countries is rarely dangerous, where
as the bite of the smaller Latrodectus species (Fig. 
16.19), found in most tropical and subtropical re
gions, can be particularly toxic and sometimes fatal. 

SPIDERS 

Other species such as the brown recluse spider Fig.16.19 Black widow spider, Latrodectus mactans. 

Loxosceles can cause considerable necrosis at the site 
of the bite (Fig. 16.20). 

Camel spiders (solpugids, 'sun spiders') are not 
classified as true spiders and are not venomous, 
although there have been alarming reports of their 
effect on humans. These spiders are carnivorous and 
their large jaws (Fig. 16.21) are often contaminated 
with pathogenic bacteria. In humans, a bite from 
this spider may result in extensive and dramatic 
secondary infection, whereupon the camel spider is 
credited with eating the tissue. 

Fig.16.18 Tarantula (Belize). 

Fig.16.20 Necrosis caused by bite of brown recluse 
spider, Loxosceles reclusa (USA). 

Fig. 16.21 Camel spider. 
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CENTIPEDES 

The most typical arthropod is perhaps the centipede, 
of which there are several hundred species world
wide, making up the order Chilopoda. Centipedes 
are elongate and flattened dorsoventrally, with seg
ments ranging from 15 to over 100 in number, each 
with one pair of legs (Fig. 16.22). The length of the 
centipede varies from a few millimetres to over 25 
em. The front pair of legs is adapted to form fangs 
attached to venom glands, which the centipede uses 
to inject poison into its prey. A few of the larger 
species, such as Scolopendra morsitans (Fig. 16.23), 
may inflict an unpleasant bite to humans. 

Fig. 16.22 Centipede. 

Fig.16.23 Centipede, Scolopendra morsitans. 
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Millipedes, in the order Diplopoda, can be easily 
differentiated from centipedes by the circular cross
section of the body and the presence of two pairs of 
legs to each apparent segment. Millipedes al'e 
vegetarian, without venom glands. Although they 
sometimes attain lengths of up to 25 cm and occur in 
large numbers (Fig. 16.24), they are of little medical 
significance. One or two species are able to secrete a 
vesicant fluid from the glands on the dorsolaten:tl 
surface, which may cause irritation and blistering. 

Some beetles, for example Paederus species, as wen 
as vesicant plants and the nematocysts of jelly-fish 
(Fig. 16.25), may cause a similar effect. 

Fig. 16.24 Mass of millipedes (Nepal). 

Fig. 16.25 Jellyfish stings. 



17. Control of medically 
significant arthropods 
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CONTROL OF MEDICALLY SIGNIFICANT ARTHROPODS 

The detailed and technical aspects of vector control 
are beyond the scope of this work. However, the 
basic approach to the subject is so fundamentally 
important that no book on medical entomology 
would be complete without some consideration of 
the principles of control. The reduction and eventual 
eradication of arthropod-borne disease depends on 
two factors : the first is the elimination of the disease 
organism from its human host or reservoir by 
protection or treatment; the second, and perhaps 
more important, is an attack on the arthropod 
vector, for without the vector there can be no 
disease. 

PERSONAL PROTECTION 

The disease organism can be killed or rendered 
non-infective in the patient by the use of therapeutic 
drugs. This will at least ensure that the organism is 
not available to the vector to transfer to a new host, 
although the patient will already have suffered 
symptoms of the disease that may be irreversibly 
incapacitating or even fatal. 

Development of the organism can be arrested as 
soon as it enters the patient by the use of prophylac
tic drugs such as proguanil and chloroquine, or 
vaccination. This ensures to a greater or lesser extent 
that the patient will suffer no ill-effects from the 
disease, and also that the organism does not under
go further essential development and is thus not 
available in an infective form to the vector. 

It is clearly more satisfactory if the patient can 
avoid being bitten by the arthropod, since this 
prevents the pain and irritation of the bite as well as 
the risk of disease. The use of insect repellents, 
particularly those containing diethyltoluomide 
(DEET), is effective if all exposed skin is treated. A 
formulation containing less than 50% DEET is re
commended to avoid any risk of side-effects, and 
long duration (micro-encapsulated) preparations are 
now available, giving protection for up to 8 hours. 
The area of exposed skin should be reduced to a 
minimum when insects are biting. For example, 
arms and legs should be covered at dusk, during the 
night and at dawn to avoid bites from mosquitoes. 
However, these insects will bite through thin layers 
of clothing, and other arthropods such as hard ticks 
and scrub-typhus mites crawl over outer garments to 
find access to the skin. 

Treatment of clothing, particularly socks and 
trousers, with a miticide such as dibutyl phthalate 
(DBP) or an insecticide such as permethrin is recom
mended. As with all protective measures, the manu
facturer~s instructions on the container label must be 
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read and followed. So-called electronic (ultrasonic) 
insect repellers, which give out an audible high
pitched whine, have been shown to be completely 
ineffective. 

It often appears that some people are bitten more 
frequently than others, but the factor that attracts 
blood-sucking insects has not been shown conclu
sively. It is probably a combination of factors such as 
movement, body temperature, carbon dioxide ex
halation and colour and texture of skin, as well as 
chemicals given off by the skin and body surfacesi. 
Certainly the state of immunity or sensitivity to the 
injected anticoagulant saliva or other proteinaceous 
material will govern the host's reaction. In general, 
fair-skinned people, the young and the elderly may 
be more highly sensitized, whereas darker skinned 
people may have acquired an immunity. Neverthe
less, the response can be extremely varied. 

Sleeping under a mosquito net at night is a very 
effective way of avoiding bites and hence vector
borne disease. The mesh size of the net, however, 
may allow smaller blood-sucking flies such as sand
flies to enter, although once fully engorged with 
blood they are unable to get away. Impregnation of 
the bednet with permethrin is an effective way of 
avoiding this and it has been shown conclusively 
that even damaged nets, provided they have been 
impregnated, are effective against mosquitoes. Im
pregnation of curtains and other fabrics is also 
advocated. Where a mains supply of electricity is 
available, a small hot-plate (Fig. 17.1) may be used to 
vaporize a tablet containing a pyrethroid insecticide, 

Fig. 17.1 Electrical insecticide vaporizer. 



killing insects in the surrounding atmosphere. Mos
quito coils serve a similar function. 

VECTOR CONTROL 

The most satisfactory method of arthropod-borne 
disease control is to combine methods directed 
towards treating and protecting the human host! 
reservoir with control measures directed against the 
vector. Any successful control programme should 
involve five stages: 

1. Survey 
2. Planning 
3. Control measures 
4. Monitoring 
5. Follow-up. 

Identifying the species 

Before satisfactory measures can be undertaken it is 
essential to identify the species of vector involved so 
that control can be directed in the most effective 
way. For example with mosquito-borne disease, 
control organizers need to know which species are 
responsible, at what time of day and at what 
location they feed, whether they enter houses and 
rest inside before or after feeding, what type of 
environment provides breeding sites, and so on. 
Collection and identification of the species will 
provide much of this information already available 
in the literature. Various methods of collection for 
different arthropods can be seen in Fig. 17.2. 

Fig.17.2 Collection and identification of vectors. (a) 
Adult mosquitoes are collected with an aspirator or pooter. 
(b) A USA army light trap, which can be baited for 
increased effectiveness with solid carbon dioxide attracts 
flying insects. (c and d) Mosquito larvae are scooped from 
their breeding sites with a soup ladle. (e) The mosquito 
larvae can be bred through to the adult for easier 
identification. (f) Specimens for examination for parasites or 
virus isolation are sorted on a cold table. (g) Cockroaches 
and other crawling insects can be collected in petri dishes 
or (h) in sticky traps that are left in position overnight and 
examined in the morning. (Continued over) 

VECTOR CONTROL 

(d) 
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(f) 

Fig. 17.2 continued. 

Physical measures of control 

Once the incriminated species has been identified 
and the relevant information assessed, the control 
programme can be planned. When an arthropod 
attacks humans or becomes a public health pest, it is 
seeking one or more of the essential requirements of 
food, water, shelter and warmth. If it can be 
deprived of any of those necessities, control will be 
rendered easier and more effective. Thus purely 
physical measures may play an important role in any 
control programme. For example, aquatic breeding 
sites for mosquitoes should be drained or channelled 
(Fig. 17.3) so that the water flow is too swift to allow 
egg-laying. Damaged or leaking pipes (Fig. 17.4) 
may provide water for mosquito breeding sites, or 
provide essential water for cockroaches in a domes
tic situation. 

Harbourages can be removed or reduced by better 
design of food preparation areas (Fig. 17.5) or the 
use of more efficient building materials. For exam
ple, atap roofing, which provides ideal hiding places 
for cone-nosed bugs, can be replaced with corru-
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(h) 

gated iron sheets, and walls can be plastered to 
reduce cracks and crevices (Fig. 17.6). 

Basic standards of hygiene and good housekeep
ing are essential if a pest-free or vector-free envirol1l
ment is to be maintained. Accumulations of rubbish 
and detritus, animal and human faeces, carcasses 
and other decomposing organic matter (Fig. 17.7) 
will attract flies and cockroaches as feeding and 
breeding sites, and will also act as a source of 
potential pathogens. These hazards should be re
moved before insecticidal treatment is initiated. 
Electric fly killers (EFKs) (Fig. 17.8) are a useful 
supplement to good hygiene and insecticide treat
ment. Flies are attracted to an ultraviolet (UV) light 
and electrocuted by a high voltage grid placed in 
front of the light source, the dead flies being 
collected in a tray at the base of the grid. Siting of 
the EFK away from competing sources of UV light 
(daylight and fluorescent lamps) is important. 

Physical measures in isolation may not be suf
ficient to reduce the pest or vector problem to an 
acceptable level and the use of chemical or biological 
control agents may be required. The most effective 



Fig.17.3 Prevention of mosquito breeding sites. (a) 
Blocked drain provides mosquito breeding site. (b) Well
channelled drain. 

VECTOR CONTROL 

Fig.17.4 Damaged irrigation and drainage pipes. 
Proper maintenance is important as they provide breeding 
sites for (a) mosquitoes or (b) water supplies for 
cockroaches. 
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Fig. 17.5 Good hygiene and practicable design of 
catering facilities. This reduces cockroach harbourages 
and makes good housekeeping easier. 

Fig. 17.6a Selection of building materials. Replacement 
of roofs with cor'rugated iron. 
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Fig.17.6b Walls can be plastered to reduce 
harbourages. 

Fig.17.7 Decomposing organic matter. Any matter of 
this sort will attract flies. 

Fig.17.8 Electric fly killer. When correctly sited and 
maintained this is a useful contribution to control. 



agent and the optimal method of application should 
be considered carefully, to ensure that the insect and 
the insecticide interact, resulting in effective control. 

Insecticide control 

Chemical insecticides are designed to kill insects in a 
variety of ways. They may act as a stomach poison 
when formulated as a bait that is eaten, but more 
commonly they will affect the nervous system of the 
insect, passing through the spiracles, feet or cuticle. 
The impervious nature of the cuticle may be reduced 
by incorporation of a desiccating agent in the for
mulation. The insecticide may be formulated for 
application as an aerosol mist or fog through which 
the insect will fly (Fig. 17.9) when its action may be 
immediate (knockdown) but with no long-lasting 

Fig.17.9 A fog of knockdown insecticide. On flying 
through this the insect will be killed. 

effect, or it may be designed for application to 
surfaces or materials on which the insect will settle 
or crawl, providing a persistent or residual killing 
action over several days or weeks. The earliest 
insecticides were essentially inorganic chemicals that 
acted as stomach poisons, and were as toxic to 
mammals and other non-target species as to their 
intended target. More specifiC insecticides were 
plant derivatives such as pyrethrum from species of 
chrysanthemum. These have a knockdown action that 
is enhanced by the addition of a synergist such as 
piperonyl butoxide. The organochloride insecticides 
such as DDT and BHC (Lindane) were developed 
over 50 years ago. These are very effective and 
economical to produce, but their long residual life, 
often of many months, causes an accumulation of 

VECTOR CONTROL 

residues in the environment and food chains, result
ing in unacceptable toxic effects in non-target spe
cies. 

The further development of insecticide groups, 
through the organophosphates (e.g. malathion and 
fenitrothion), carbamates (e.g. bendiocarb, propox
ur) to the pyrethroids (e.g. permethrin, cyper-

(b) 

Fig.17.10 Wettable (water dispersible) powders. (a) 
Internal application with a compression sprayer. (b) 
Wettable powders are also effective when applied 
externally to porous surfaces. 
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Fig. 17.11 Control of insects. (a) Emulsion concentrate 
applied to non-absorbent surfaces with compression 
sprayer. (b) Insecticide applied as a mist or fog. 

methrin) was aimed at combining more specific 
to~city to the target species with the lowest possible 
mammalian toxicity, and an accepted persistence 
and acceptable breakdown period to avoid excessive 
residues in the environment and in non-target 
organisms. The range of formulations is consider
able, and includes emulsions and flow able concen
trates for use on non-porous surfaces; and wettable 
(water-dispersable) powders for absorbent surfaces 
such as brickwork, plaster and fabrics, applied via a 
compression sprayer (Fig. 17.10). Emulsion or flow
able concentrates are effective in less-absorbent sur
faces, applied with compression sprayers (Fig. 
17.l1a) or as a fog or mist (Fig. 17.11b); dusts for 
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cavity treatment and sites such as electrical equip
ment where fluids are unacceptable (Fig. 17.12); 
powders for personal application; smokes for con
fined spaces; gels and lacquers; and products for 
impregnation of clothing, nets, curtains (Fig.17.13) 
and so on. Baits incorporating an insecticide (Fig. 
17.14) are designed as stomach poisons and residual 
insecticides may also be applied as an aerosol to 
surfaces. Knockdown (non-persistent) insecticides 
are also formulated for application in aerosol form to 
the space through which insects fly, and for dispel1-
sal as a mist or fog. 

Fig.17.12 Dust applied with a dust-gun. 

Fig.17.13 Bed nets, curtains and clothing can be 
impregnated with permethrin. 



Fig. 17.14 Insecticidal bait applied against 
cockroaches. 

Fig. 17.15 Bacillus thuringiensis israelensis (Bti) 
crystals. 

Fig.17.16 Mosquito breeding sites treated with 
insecticide or light oil. 

VECTOR CONTROL 

Insect growth regulators 

The synthesis of insect growth regulators (IGRs), 
that are produced naturally by the insect to control 
development, enables much more specific control to 
be achieved. For example, application of metho
prene to the water in which mosquito . larvae are 
developing or to the harbourages of flea larvae will 
prevent the insect from reaching adulthood. Cock
roaches . treated with hydroprene will remain as 
nymphs and thus be unable to reproduce. The use 
of IGRs in control programmes can be very effective 
if correctly applied. Control is highly specific but 
may take longer to achieve than with conventional 
insecticides. However, for certain pests such as 
Pharaoh's ants, it may be the only effective method. 

Insecticidal bacteria such as Bacillus thuringiensis 
var israelensis (Bti) (Fig. 17.15) and Bacil/us sphaericus, 
which act as stomach poisons causing the gut to 
disintegrate, are also extremely specific and effective 
when taken up by the insect. 

Mosquito breeding sites can be treated with insec
ticide or simply sprayed with a light oil (Fig. 17.16). 
A novel and very effective method (if somewhat 
ecologically unacceptable) is to soak parcels of hes
sian in diesel oil and throw them into water in which 
mosquitoes are breeding (Fig. 17.17). Mosquito lar
vae may also be controlled by adding larviporous 
fish (Gambusia) to the water. These are bred speci
fically for this purpose. Horseflies ( clegs) may be 
collected on sticky boards (Fig.17.18). 

Fig. 17.17 Oiled hessian parcels. 
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Fig.17.18 Coloured boards to attract horseflies 
Haematopota pluvialis. The horseflies are subsequently 
trapped by non-drying adhesive. 

General measures 

It is important to record all use of pesticides and any 
control action taken in a pest or vector control book 
or file. Even in the field makeshift recording 
methods can be adopted, such as the dates of 
mosquito spraying noted on hut doors. 

Danger of reinfestation is constant. Cardboard and 
other containers often carry cockroach egg-cases into 

Fig.17.19 Cockroach egg-cases (oothecae) in 
corrugated cardboard. 

previously uninfested premises (Fig. 17.19). It iis 
important to treat all interconnecting ducting and 
shafts (Fig. 17.20) with residual insecticide. 

Perhaps the most important aspects of any vector 
or pest control operation is effective communication 
and good public relations. The cooperation of the 
local population is essential and the significance and 
need for the programme must be explained. 

(a) (b) 
Fig.17.20 Sites treated with insecticidal dust. (a) Ducting. (b) Lift-shafts. 
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Index 
Numbers given in bold are Bedbugs 90-3, 11.1, 11.3-6 
figures, and numbers given in italic breeding sites 90, 11.2 
are tables. description and life cycle 90, 11.2, 

Acarina 106 
Acarus siro 116, 15.1 
Aedeagus 90,11.6 
Aedes 2.14 

eggs 14-15, 2.19 
Aedes aegypti 2.42 

breeding site 2.44 
Aerosol mist 136, 17.9 
AIDS and scabies 118 
Allergic response 

to cockroach debris 104 
to Lepidoptera 125 
to mites 106, 116, 15.3 
to scabies mite 117, 15.8 

Amblyomma 107 
Anal gills, Simulium 44,5.7 
Anopheles 12-14, 2.10 

clubbed palps 2.11-12 
eggs 2.18 
malaria transmission 22-3, 2.10, 2.35, 

2.2 
resting position 14, 2.13 

Anopheles gambiae 3,2.35 
Anoplura 10.2 
Ants 126--7 
Apis mellifera 16.12 
Apterygota 5 
Arachnids 106--13 

body structure 106 
Araneae 129 
Arboviruses 25-7 

distribution by tick 110, 14.17 
Argasidae 107 
Arista of tsetse antenna 66, 8.3 
Arthropods 2-7,1.1-5, 1.1-2 
Arthropods 

classification 1.1, 3 · 
disease transmission 6 
effects on humans 6 
physical attack 6--7 

Asthma 6 
Athericera 56 
Auchmeromyia 62, 7.8 

Bacillus sphaericus 139 
Bacillus thuringiensis israelensis 139, 

17.15 
Bartonella bacilliformis 37 
Bartonellosis 37-8 

distribution 3.18 

11.7 
infestation 11.8, 11.12 

Bees 127, 16.12 
Beetles 130 
Bendiocarb 137 
BHC 137 
Bites 

ant 16.10 
bedbug 93, 11.10-11 
'cable bug' 16.2 
centipede 130 
Culicoides 40 
flea 75-6, 9.16--17 
horsefly 53,6.13 
mosquito 21-2,2.31-3 
Simulium 5.9 
ticks 106--9 

Black widow spider 16.19 
Blackflies, see Simulium 
Blattella germanica 100, 13.2 
Blatta orientalis 100, 13.3 
Blood-sucking 

bedbugs 90-2, 11.4, 11.10 
Cheyletiella mite 15.4 
cone-nose bugs 96--7, 12.3, 12.8 
female blackfly 44, 46 
female horsefly 6.2 
fleas 72 
higher flies 57 
jigger flea 77 
lice 82 
ticks 106--8, 14.5, 14.9, 14.13-14 

Blood-sucking insects 6 
Bluebottle 56, 7.6 
Body louse 82,85,10.9-12 

medical significance 85-6 
Book lice 88, 10.20 
Boophilus 109 
Borrelia burgdorferi 112 
Borrelia duttoni 86, 113 
Borrelia recurrentis 85, 113 
Bot-fly 56, 62, 7.4 

parasitization 7.25 
Boutonneuse fever 110,14.18 
Brachycera 50 
Brown recluse spider 129,16.20 
Brugia malayi 28, 30 
Bubonic plague 77 
Buffalo fly, see Simulium 
Building material selection 134, 17.6 

Cable bug 124-5 

Cable mite 124-5 
Calabar swellings 53 
Calliphora 56--7, 60, 7.6 

disease transmission 61 
larval spiracles 58, 7.16 

Calypterate flies 56, 66 
antenna 7.1 

Camel spider 129, 16.21 
Carbamates 137 
Caterpillars, allergic response to 125 
Caudal bristles, sandfly 33, 3.11 
Centipede 1.1 
Centipedes 130, 16.22-3 
Chagas' disease 96,98 

distribution 12.9 
Chagoma 98 
Chemical insecticides 136--8 
Cheyletiella 116--17, 15.4 
Chiggers 77, 9.25 
Chilopoda 130 
Chi ron om us 4 
Chloroquine 132 
Cholera 61 
Chrysomya 7.7 
Chrysops 50-1,53,6.8 
Chyluria 30 
Cimex hemipterus 90 
Cimex lectularius 90, 11.1 
Cimex rotundatus 90 
Cimicidae 90 
Clostridium tetani 77 
Cluster flies 61, 7.23 
Cockroaches 100-4, 13.4 

collection 133-4, 17.2g-h 
defaecation 101, 13.10, 13.12 
disease transmission 7 
feeding method 101 
habitats 101-2, 13.8 
infestation 101, 13.9-11 
insecticidal bait 138, 17.14 
internal anatomy 1.4 
life cycle 101-3 
medical significance 103-4 
nymph 101, 13.7 
organisms retained 103, 13.2 
pathogenic organisms in hospitals 

and homes 103, 13.1 
Collembola 5 
Cone-nose bugs 96--8,12.1-3 

infestation 12.4 
life cycle 97 
medical significance 97-8 

Cordylobia 57, 62-3, 7.8 
Crab louse 82, 86--8, 10.14-15 

infestation 10.18 
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Crab louse-contd. 
nymphal 10.19 
sensitization 87, 10.17 

Ctenocephalides felis 75, 9.15 
Culex egg raft 2.20 
Culicidae 10-30 
Culicine mosquito 13-15 

palps 13-14,2.15-16 
resting position 2.17 
typical 2.14 

Culicoides 40-2, 4.1-2 
life cycle and breeding sites 40-2, 

4.4-5 
Cyclorrhapha 58 
Cypermethrin 137 

DDT 137 
Decomposing matter as fly food 60-1, 

7.22 
Decomposing organic matter 134, 17.7 
Delusory parasitosis 124 
Demodex folliculorum 117, 15.5 
Dengue rash 2.40 
Dermacentor 107 
Dermacentor andersoni 108 
Dermatitis 6 
Dermatobia 56 
Dermatobia hominis 63, 7.4, 7.25, 7.26 
Dermatophagoides pteronyssinus 116, 15.3 
Dibutyl phthalate (DBP) 132 
Dictyoptera 100 
Diethylcarbazine 53 
Diethyltoluomide (DEET) 132 
Diffuse cutaneous leishmaniasis (DCL) 

36 
Diplopoda 130 
Diptera 10-30, 127 
Dipylidium caninum 77 
Discal cell in horsefly wing 6.3 
Disease 

mechanical transmission 7,60-1, 7.21 
transmission 6 

Disease organism, personal protection 
132-3 

Diurnal periodicity 53 
Doxycycline 120 
Drosophila 56, 7.3 
Dysentery 61 

Eastern equine encephalitis 42 
Eflornithine 69 
Egg case, cockroach, introduction 140, 

17.19 
Egg case, empty 12.6 
Eggs 

bedbug 91,11.9 
Calypterate fly 7.14 
crab louse 86-7, 10.16 
flea 73, 9.9 
hard ticks 14.7 
head louse 83, 10.5-6 
higher flies 57 
jigger flea 77, 9.24 
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mite 118, 15.9 
mosquito 2.18-21 
sandfly 33, 3.8 
scrub typhus mite 119 
Simulium 44, 5.4 
Triatoma 97, 12.5 

Electric fly killers (EFKs) 134, 17.8 
Electronic insect repellers 132 
Elephantiasis 30 
Emulsion concentrate insect control 

137,17.11 
Encephalitic tick-borne viruses, 

distribution 14.17a 
Endopterygota 5-6 
Entomophobia 7, 124, 16.1 
Eristalis tenax 16.14 
Erythema migrans 112 
Eschar 120, 15.13 
Escherichia coli spread by cockroach 103, 

13.12 
Espundia, see Leishmaniasis, 

mucocutaneous 
Exopterygota 5 
Eye, filarial worm 53, 5.11 

Fannia 56-7, 60, 7.5 
disease transmission 61 

Fenitrothion 137 
Filarial worms 40, 4.1, 46 
Filariasis 28-30, 2.46 
Fire ant, habitat 126, 16.11 
Firebrat 1.5, 5 
Fleas 72-9, 9.1 

cocoon 74, 9.13 
debris 76, 9.18 
faeces 9.12 
feeding 75, 9.14 
genal and thoracic combs 72, 9.6 
gravid female 73, 9.8 
infestation 74 
legs 9.3 
life cycle 73-5, 9.7 
penis and testes 9.4 
proboscis 9.2 

Flies, disease transmission 7 
Flour mites 116, 15.1 
Fly genera, wing venation 

differentiation 7.20 
Food 

contaminated by cockroaches 102-3, 
13.10 

preparation areas 134, 17.5 
Formica sanguinea, bites 16.10 
Fruit-flies, see Drosophila 
Furniture mite 116, 15.2 

Gambusia 139 
Garden ants 16.8 
Gasterophilus 56 
Gastroenteritis 61 
Gatekeeper butterfly 1.2 
Glossina 66, 7.10, 8.1 

life cycle 67-9, 8.4 

see also Tsetse fly 
Glossina morsitans 67 
Glossina palpalis 67 

savanna habitat 8.10 
Glossina swynnertoni 67 
Glossina tachinoides 67 
Glycyphagus domesticus 116, 15.2 
Gnat, non-biting 2.2 
Greenbottle 56--7, 7.7 
Grey flesh-fly 57, 7.9 

Haemaphysalis 107 
Haematopota 50-1, 6.7 
Haematopota pluvialis 17.1B 

breeding site 6.9 
Haemocoel 85 
Haemolymph 2, 4 
Haemorrhagic tick-borne viruses, 

distribution 14.17h 
Hair follicle mite 117, 15.5 
Hard ticks 107-12, 14.6, 14.11, 14.13-·14 

genital orifice 108, 14.10, 14.12 
life cycle 107-9 
medical significance 109-10, 112 
see also Ticks 

Harvest itch 119 
Head louse 82-6, 10.3-8 

development 83,10.7 
removal 83, 10.8 

Hemiptera 90 
Higher flies 56-63 

life cycle 58, 60 
Histiosiphon 119, 15.12 
Hornet 127, 16.13 
Horseflies 50-3, 1.3 

antenna 6.1 
collection on sticky boards 139, 17 .. 18 
foot 6.4 
head 6.5 
species 6.6 
wing 6.3 

House-dust mite 6, 116, 15.3 
Housefly 

classification 1.2, 3 
lesser 56, 7.5 
see also Musca 

Hover flies 56, 127, 16.14 
Hyalomma 108 
Hybomitra distinguenda 1.3 
Hydroprene 139 
Hymenolepis diminuta 77 
Hymenoptera 126-7 
Hypostome 106, 109, 14.5 

Insect control, physical measures 13--4-
6,17.3-8 

Insect growth regulators 139 
Insect repellents 132 
Insect repellers, ultrasonic 132 
Insecta, anatomy 3-5 
Insecticidal bacteria 139 
Insecticidal bait 138, 17.14 



Insecticidal dusts, for insect control 
137,17.12 

lift-shaft treatment 140, 17.20 
Insecticide control 136-8 
Insecticide vaporizer 132, 17.1 
Ivermectin 46 
Ixodes ricinus 108 
Ixodidae 107 

Japanese encephalitis 25, 2.39 
Japanese river fever 120 
Jellyfish stings 130, 16.25 
Jigger flea 77 

Kala-azar, see Leishmaniasis, visceral 
Kissing bug 97 

Lactrodectus mactans 129, 16.19 
Larva 

Aedes 17, 2.25 
allergic response to 125 
anopheline mosquito 15-16,2.22-3 
bot-fly 7.26 
Calypterate fly 7.14 
culicine mosquito 15-16, 2.24,2.26 
Culicoides 4.6 
Eretmopodites 2.28 
flea 73-4, 9.10-11 
Glossina 8.5 
Haematopota pluvialis 52, 6.10-11 
hard tick 107, 14.8, 14.11 
Lucilia sericata 7.27 
Mansonia 17, 2.27 
metamorphosis 58, 7.17 
mosquito 11-12, 2.7 
nostril fly 7.28 
sandfly 33, 3.9-11 
scrub typhus mite 119, 15.11-12 
sheep bot 7.28 
Simulium 44-5, 5.5 
soft tick 113, 14.21 
tumbu tly 7.24 

Larviporous fish 139 
"'leishmania 36, 3.14c-d 

ocishmania aethiopia 36 
ul\shmania braziliensis braziliensis 36 
Leisbmania major 36 
Leist'lmania mexican a amazonensis 36 

. ,hmania mexicana mexicana 36 
_ish mania tropica 36 

Leishmaniasis 34-7 
cuta~~ous 3.14a-15, 36-7 
distribtition 3.13,3.1 
mucocutaneous 3.14b, 3.16, 36-7 
visceral 36 

Lepidopt'era 125, 16.3 
Leptotrombidium autumnalis 119 
Life cycle of mosquito 11-13, 2.6-8 
Lift-shafts and ducting, pest control 

140,17.20 

Lindane 137 
Loa loa 50, 6.15 
Loaisis 53 
Louse, specificity 82 
Loxosceles rec/usa 129, 16.20 
Lucilia 57,7.7 
Lutzomyia 32 
Lyme disease 110, 112 

Maggots 6-7 
Malaria 

distribution 2.34 
transmission 6 

Malathion 137 
Mallophaga 82, 10.1 
Mansonella perstans 40, 42 
Mansonella streptocerca 40, 42 
Mansonia, eggs 2.21 
Mantids 100, 13.1 
Methoprene 139 
Midges, see Culicoides 
Millipedes 130, 16.24 
Mite island 120, 15.15 
Mite typhus 120 
Mites 106, 116-21, 14.3 
Miticide treatment of clothing 132 
Mosquito coils 133 
Mosquito net with permethrin 33, 132, 

138, 3.6, 17.13 
Mosquitoes 10-30 

anatomy 2.1 
antennae 2.5 
breeding environments 2.30 
breeding site 

prevention 134,17.3 
treatment 139, 17.16 

collection 133, 17.2a-e 
diagnostic differentiation 2.47 
female 

feeding 12-13,2.9 
mouthparts 10, 2.4 

fevers and areas 2.3 
as filarial worm vectors 28-9, 2.4 
life cycle and breeding sites 11-21, 

2.6-9,2.30 
medical significance 21-30 
wing venation 2.3 
see also Aedes; Anophi!les; Culex; 

Mansonia 
Mouth-brushes, Simulium 44, 5.6 

Mouthparts 
Arachnids 106 
Calypterate fly 7.19 

larval 7.15 
flea 72,9.2 
horsefly 50-1, 6.5 
wood ant 126, 16.9 

Murine typhus 77 
Musca 56-7, 7.4 

larval spiracles 58, 7.16 
Musca domestica 3 

disease transmission 61 
life cycle 58, 7.12 

Myiasis 7, 57, 61-3 
clinical aspects 63 

Nits 83, 10.11 
Nosopsyllus fasciatus 76, 9.19 

Oestrus 56 
Oestrus avis, larva 7.28 

INDEX 

Oiled hessian parcels for mosquito 
breeding sites 139, 17.17 

Onchocerca volvulus 46 
Onchocerciasis 46-7 

distribution 5.10 
Oocysts 22, 2.36 
Ootheca 101, 13.5-6, 17.19 
Organochloride insecticides 137 
Ornithodorus moubata 113, 14.19 
Oropouche fever 42 
Oroya fever 37 

Paederus beetles 130 
Panstrongylus megistus 96 
Paratyphoid 61 
Paromycin 36 
Pediculus humanus 82-6 
Pediculus humanus capitis 82-6, 10.3-8 
Pediculus humanus corporis 82, 85, 

10.9-11 
Periplaneta americana 100-1,13:4 
Peripneustic lobes 67, 8.5 
Permethrin 33, 132, 137, 3.6, 17.13 
Permethrin impregnated nets and 

curtains 138, 17.13 
Pest control 6 
Pesticides, record of use 140 
Phlebotomus 32 
Phlebotomus papatasii 37 
Phlebotomus verrucarum 37 
Phthirus pubis 82, 86-8, 10.14-15 
Piperonyl butoxide 137 
Plague 76-7 
Plasmodium falciparum 25 
Plasmodium malariae 25 
Plasmodium ovale 25 
Plasmodium parasite 22-5 
Plasmodium vivax 25 
Pneumonic plague 77 
Poison sting 126 
Pollenia rudis 7.23 
Polystyrene granules to prevent egg 

laying 18, 2.30k 
Post kala-azar dermal leishmaniasis 

(PKDL) 36 
Processionary caterpillar 125, 16.4-5 
Proguanil 132 
Propoxur 137 
Psocoptera 88 
Psychoda 32 
Pterygota 5 
Pthirus pubis, see Phthirus pubis 
Pulex irritans 75 
Pulvilli, horsefly foot 6.4 
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Pupa 
Culicoides 4.6 
Glossina 67, 8.6 
Haematopota pluvialis 6.11-12 
mosquito 11-12, 17-18, 2.8, 2.29 
sandfly 34, 3.12 
Simulium 45, 5.8 

Puparium 58, 7.18 
Puss moth 125, 16.6 
Pyrethroid insecticide 132, 137 
Pyronia tythonus 1.2 

Q-fever 110, 14.18 

Sergentomyia 32 
Sewers, cockroaches in 101, 13.8-9 
Sex organs 5 
Simulium 44-7, 5.1-2 

life cycle and breeding sites 44-5, 
5.3-4 

Siphonaptera 72 
Sleeping sickness 69 
Soft ticks 112-13, 14.19-20 

life cycle 112-13 
medical significance. 113 

Solpugids 129 
Species identification 133 

. Spermatheca, female flea 72, 9.5 
Rash in human scabies 118, 15.10 Spiders 106, 129, 14.1 
Rattus norvegicus and flea transmission Sporozoites 22, 2.37 

76 Stable fly 57, 7.11 
Rattus rattus and plague transmission 77 Stings 6 
Reinfestation danger 140 bee 127 
Relapsing fever 85-6 black widow spider 129 

distribution by ticks 113, 14.22 hornet 127 
Rhipicephalus 108 jellyfish 130, 16.25 
Rhodnius prolixus 96, 12.1 scorpion 128 
Rickettsia mooseri 77 wasp 127 
Rickett~ia prowazeki 85 Stomoxys 57, 7.11 
Rickettsia tsutsugamushi 120 Sun spiders 129 
Rickettsial diseases, distribution by tick Suramin 69 

110, 14.18 Synthetic fibres and 'cable bug bites' 
Rift valley fever 42 124-5, 16.2 
River blindness 46 Syrphidae 56,7.2 

Saddleback fever 37 
Saliva 

antibody reaction 6 
flea 75 

Sandflies 32-8, 3.1-4 
breeding habitats 33, 3.5 
life cycle 33--4, 3.7-12 
resting position 3.2 

Sandfly fever 37, 3.17 
Sarcophaga 57 
Sarcoptes scabiei 118 
Sarcoptes scabiei hominis 117, 15.6 
Scabies mite 106, 116-18 

description and life cycle 117-18 
gravid 117, 15.7 
infestation 117, 15.8 
medical significance 118 

Scolopendra morsitans 130, 16.23 
Scorpions 106, 128, 14.2, 16.15-17 
Screw-worm fly 62, 7.8 
Scrub typhus 116 

clinical appearance 120, 15.16 
distribution 120, 15.14 

Scrub typhus mite 106, 118-21 
description and life cycle 118-20 
medical significance 120 
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Tabanidae, see Horseflies 
Tapeworms 77 
Tarantula 129, 16.18 
Thaumatopoea wilkinsoni 125, 16.4 
Thysanura 1.5,5 
Tick typhus 110, 112, 14.18 
Tick-borne viruses, distribution 14.17 
Ticks 106, 14.4 

collection by blankeU09, 14.16 
'one-host' 109 
removal 109, 14.15 
'three-host' 108 
'two-host' 109 
see also Hard ticks; Soft ticks 

Treponema pallidum 112 
Triatoma infestans 96, 12.1 

nymph 97-8, 12.7-8 
Trombicula 77 
Trombicula mite 116 
Trombiculidae 118-19 
Tropical pulmonary eosinophilia 30 
Trypanosoma brucei gambiense 67, 69 
Trypanosoma brucei rhodesiense 68-9 
Trypanosoma cruzi 96, 98 
Trypanosomes in blood smear 8.11 

Trypanosomiasis 57 
African 67-9 

distribution 8.8 
American 96, 98, 12.9 
Gambian 69 

diagnosis 8.12 
Rhodesian 69 

Tsetse fly 57,66-9,7.10,8.1,8.2,8.7 
antenna 8.3 
see also Glossina 

Tsutsugamushi fever 120 
Tularaemia 77 
Tumbu fly 57, 62, 7.8 
Tunga penetrans 77, 9.22-3. 

infestation 9.25 
Tungiasis 77-9 

distribution 9.21 
Typhoid 61 
Typhus 

endemic 77 
epidemic 85 

distribution 85, 10.13 
Tyroglyphidae 116 

Uganda Sleeping Sickness Commission 
189767 

Urban epidemics of yellow fever 27, 
2.43 

Urticaria 6, 97 
allergic 126, 16.10 
caused by caterpillars 125-6 

Vaccination 132 
Vector collection and identification 133-

4,17.2 
Vector control 133--40 
Venom glands in Arachnids 106 
Verruga peruana37 
Vespa crabro 16.13 

Warble-flies 56 
Water leak prevention 134,17.4 
Wettable powders 137, 17.10 
Wohlfahrtia 7.9 
Wood ant 16.9 
Wuchereria bancrofti 28-30,2.4 

Xenopsylla 9.20 
Xenopsylla astia 77 
Xenopsylla braziliensis 77 
Xenopsylla cheopsis 77, 9.21 

Yellow fever 26-8 
distribution 2.41 

Yellow quarantine card 2.4S 
Yersinia pestis 76-7 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0033002e00310029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




