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Third Regional Training Course on Surveillance, Diagnosis and
Control of Old World Screwworm, Muscat, Sultanate of Oman

16 to 20 December 2006
“Historical development of surveillance”

Jan Slingenbergh, DVM
Senior Officer

Animal Health Service
FAO of the UN
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Launching in July 2006

Global early warning system for
animal diseases transmissible to
humans

A joint FAQ-OIE-WHO initiative

i humans
A joint FAO-OIE-WHO Initiative

Newsroom
Brows stores 24 July 2006, Rome/Parts/Geneva - A global early

| 2060 warning systum for animal diseases transmissible to humans

i = 2005 (200n06085) was formally launchad last week in Geneva by the

{2 2004 FAO, the World Organization for Animal Health (OIE) and ths

I 2003 World Health Organization (WHO),

|+ 2002

; The Global Early Warning and Response System (GLEWS) is
¥IFacus on the issues the first joint early warning and resp system ived
TIFAO in the field with the aim of predicting and responding hn animal d‘suses
&Y Audlo including zoonosas worldwids.

k-]

= ;lduoo hoto This system builds on the added value of combining and

A % coordinating the tracking, verification and alert rnsehamsms of

= Fact sheets OlE, FAO and WHO.

£ Madia rontar-te

-28-



25000

)
£
£ 20004
B
=
@
2 15000,
3
D
§ 10000 4
=
B
g 5000 4
E
7
0_
3
o
5]

Fig. 1. The monthly Old Workt scrowwons: (y (OWS) incd

periad Seprember 1996 1o Augmsy 1998,

~20_



Old Warld screwwom i fray 147

Moan delly mlative humidity (RIH%)
BSXR8R&E5 LS8
!Yg
|
|

Lot i T S [ i el R G iR iU TEAES RS S S Ee U B IS
12 14 16 10 20 22 24 22 B 30 2 4 B R
Maan daily emperatwe (C)

Fig.3. Monthly average mean wemperatre and welstive humidity far the Beghdad arca {Soarcs: Baghdad Climate Station, Macorological
Officc of iraq vie Arab Organization for Agriculture Ovvelopment),

Seasonality of Old World Screwworm myiasis in the
Mesopotamia valley in Iragq.

Siddig, A., Al Jowary, S., Al 1zzi, M., Hopkins, J., Hall, M.J.R. &
Slingenbergh, J. (2005)
Geospatial demarcation of Old World Screwworm risk in the Middle

East

AOAD/FAO/IAEA consultant report, 2005, Marius Gilbert
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At each time step, the number of OWS cases was estimated as:
development rate and death rate
respectively established from their relationship with temperature

Nt+1 = Nt (Cfl.Dev — Cf2.Dth) (Eq. 1)
Dev = 0.007911 T° - 0.06711 (Eq. 2)
Dth = 1/(-1.3865 T° + 55.804) (Eq. 3)

where Nt+1 is the number of cases at time step + 1,
Nt is the number of OWS cases in the previous time step
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NOAA images of land surface temperature (LST) as defined by Price
(1984) as
T = Ch4 + 3.33 (ChS5 - Ch4) (Eq. 4)

and

normalised difference vegetation index (NDVI) defined as
NDVI = (Ch2-Ch1)/(Ch2+Chl) (Eq. 5)

where Chl, Ch2, Ch4 and Ch5 are the values taken by the NOAA
channels

A €y ST 1-25
s L ek T S g 25-5
= R nn5-10
2 10- 25
W 25- 50
R 50- 100
R > 100

Observed (left) versus Predicted (right) distribution of OWS cases in Iraq
summed over the period Nov. 96 — Sep. 97. The correlation coefficient between
observed and predicted number of cases is 0.202 (p < 0.001).
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Conclusions

* OWS surveillance and risk mapping is inherently complicated in
marginal areas

* yet, OWS fly is a boom and bust strategist, enabling OWS flies to

exploit intermittently favorable environments such as present in
the Middle East
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CONTROL OF SCREWORMS MYIASIS IN THE
SULTANATE OF OMAN

By
Dr.Sultan Bin Issa Al Ismaily
Asst.DG for Animal Wealth
Ministry of Agriculture &Fisheries
Sultanate of Oman

Acetiology
O Mainly old world screworm Chrysomea bezziana
O Others includes ;

O.ovis

Sarcophagia

Lucillia

Wholfartia

C.albiceps

etc

A RN~

Importance
O Loss in Livestock Production;
1. Tissue damages; wound size up to15-18 cm in width and depth
2. Sterility especially when lesion are at external genitalia
3. Secondary infection
4. Mortality

O Public Health

O Trade barrier

O Environmental concern

O Very expensive
treatment & control
costs
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Spadberry et.al{1992)

CVL,1999

@ ows

8 | carina
O C abiceps
O Whofartia

Larvae Identification by CVL,Rumais(1999)

| 52%
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Clinical symptoms:
O Round, deep wound with offensive smell
O Presence of larvae

Species Incidence

Goats>Sheep>Cattle>Camels>Horses

Geographical Location of OWS larvae-2000

- -
-5 = . Orne case
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Site Distribution -1999

Site No.of Cases Percentage(%)
Perrineal W‘ 152
Tail 18/31 26
|Ears 2/31 |6
[Hoof 1/31 3
[Udder 2/31 l6
|Chest wall [1/31 3
INostrils 1/31 3

Seasonality of Myiasis

. @ Myiasis Cases 1996-1999 0 Sharqiya (1996) S.Batna (1996)
B Shargiya (1997) & S.Batna (1997) B Interior (1998)
Shargiya (1998) S.Batna (1998)
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Approximate Annual Clinical Cases
3000
Annual Incidence Rate

O 3000/1846300=0.0016%

O (1:6154)

Predisposing factors
O Environment
O Suitable temperature 21-25 C
O High Humidity
O Rainfall

Wounds
O Mechanical;
O Accidents
O parturition
O castration
O Ectoparasites; ticks
O Skin diseases;
O ringworm,
O dermatophillosis
O Infectious Diseases;
O FMD
O PPR
O Pox
O Orf

Important Infectious Diseases in Oman
O PPR
O Foot and Mouth Diseases
O Pox
O Brucellosis
O Rabies
O CCPP and other pneumonias
O Clostridial diseases
O Blood parasitic infections
O Ecto and endoparasites
O Myiasis (Screwworms)
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Annual Economic Loss Estimates
O Treatment Cost for 3000 cases @RO 5-000 = 15000
O Mortality (10 %)=300 @RO 120/head = 36000
O Hidden Losses(Infertility, production losses etc) = 50000

¢

TOTAL = 101000

Diagnosis
O Clinical symptoms

O Laboratory confirmation

Treatment
O Wound care
O Insecticidal wound therapy

—43-



Control
O Routine Inspection for wounds
O Early treatment
O Ectoparasites control
O Avoid predisposing factors
O Control of infectious diseases associated with exposed wounds
O Quarantine Inspection
O Extension
O Training

Control limitation
O Nature of fly
1. Endemic in wide area
2. Affects multiple animal spp.

O Cost control
1. In 1960s,> 20 yrs in Southern USA/Mexico
2. In 1988,> 75 million US § in Libya
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International Airport in the
hand luggage of a Thai
passenger...
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NHM Molecular Biology Laboratory for DNA identification of OWS
and other insects of veterinary and medical importance

Dr Paul Ready
Natural History Museum,
London, U.K.

Keep it clean — to avoid contaminating samples
(e.g. tissues or DNA from different countries)

Specimens & DNA stored at —20 degrees C
or colder, in freezer
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Space and maintenance of freezers

Specimens kept on ice on |aboratory bench
— to prevent degradation of DNA

lce-making machine
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Sterile forceps (flamed) to dissect muscle
blocks from OWS larvae boiled for 2 minutes

Washing samples in weak detergent (1%)
and sterile water after boiling

Binocular microscope (with cold light)
for dissecting out tissues from OWS
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Tissues from each OWS specimen
placed in a labelled micro(-centri)fuge tube
and kept on ice before g;j_racting DNA

DNA extraction and identification in
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De-ionised water or
sterile double distilled water (autoclaved)

Small electric autoclave

Some necessary small equipment:
micropipettes, microcentrifuge, vortex mixer
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Extraction of OWS DNA from tissues
in sterile microfuge tubes

DNAzol Reagent to extract genomic DNA
from OWS tissues in a few simple steps

Autoclaved Eppendorf tissue grinders
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Grinding OWS tissues in an “Eppendorf”
microfuge tube (Use disposable gloves)

Or grind the OWS tissue with
the disposable tip of a micropipette

Micracentrifuge for separating extracted
DNA from OWS tissue remains etc
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Drying extracted DNA pellets in oven

Drying oven (60 degrees C)

DNA pellets dissolved in water, or 1x TE
(Tris-EDTA) to prevent DNA degradation,
and stored in freezer
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Deep freeze (- 70 degrees C) for long-term
storage of DNA and biochemicals

Sterile preparation of Polymerase Chain Reactions
(PCR) to amplify specific gene fragments from
genomic DNA extracted from OWS tissues

PCRs prepared in laminar flow hood
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Preparing PCR reactions, using a
micropipette to add sterile solutions
in a laminar flow cabinet

PCR amplification of a gene fragment (DNA)
is performed in a programmable heating block

The heating block is used for a second time: after
PCR, the amplified DNA fragments are purified
and then added to a DNA sequencing reaction
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Editing, aligning and analysing the DNA
sequences using Sequencher software on a
Macintosh computer (iMac)

-
=

Aligned DNA sequences, with
chromatograms showing differently coloured
peaks for each DNA nuclectide- A, C, G, T

-109-






dued § | S i il dldlensd (guil ] Rl
il | | gt | ntualisied LRREWS § Zutedd 19 Ltusstornl § i

(Pllad s aulalt fua i e - i J8d .3






Genetic differentiation of Indonesian and Gulf populations of the Old
World Screwworm and its implications for SIT
P.D. Ready, J.M. Testa,
A.H. Wardhana, M. A. J. Al Izzi, M. Khalaj and M.J.R. Hall

Participants: _
* Martin Hall, Paul Ready, Johann Testa - Dept. of Entomology, Natural History
Museum, London
* April Wardhana, Sukarsih Sukarsih, Sri Muharsini - Dept. of Parasitology,
Research Institute for Veterinary Science, Bogor, Indonesia
* Mohammed al Izzi - AOAD, Khartoum, Sudan

* Mehdi Khalaj, Gholamreza Shahhosseini - Atomic Energy Organization of
Iran, Iran

Objectives

+ To investigate the phylogeography of OWS in Indonesia and the Persian Gulf,
using comparative DNA sequence analysis of one mitochondrial gene and two
nuclear genes

* To use the phylogeography results to infer the potential of OWS to re-invade a
region where there is a SIT programme

DNA samples
¢ Muscle blocks dissected from 3 segments of individual larvae (cuticle
removed) stored frozen or in 80% ethanol
* Muscle scraped from thorax of individual dry-pinned adults
» DNAzol method to extract total genomic DNA

Phylogenetic analysis based on mitochondrial Cytochrome b
» Last 717 base pairs (bp) of 3" end of Cytochrome b gene (Cyt b) sequenced
for 65 individual OWS
» Amplified by PCR as one fragment, or two fragments if DNA degraded

* Directly sequenced using ABI BIG DYE Terminator Kit and 377 Automated
Sequencer

Input data matrix for Cyt b:

1223466

4779586934

Taxon/Node 0466047316
Haplotype 5.1 Malaysia CGAATGCCTG
Haplotype 5.2 Iran Iraq CGRATACCTG
Haplotype 5.3 Iraq CGAATACTTG
Haplotype 6.1 Sulawesi CGAACATCCA
Haplotype 7.1 Indonesia AGGATACTTA
Haplotype 8.1 E Sumba CGGGTACTTA
Haplotype 8.2 E Sumba CRGGTACTTA
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Genetic distances between Cyt b lineages 5, 6, 7 & 8: 0.28-0.84% (or 2-6
out of 717 bp)

Insect mitochondrial DNA: 1.0-2.5% per million years.
Therefore, first lineage divergence 112,000-840,000 years ago

Conclusions for Cyt b

* Single (biological?) species of OWS in Indonesia and Gulf

* Phylogeographic structure, with DNA haplotype markers for
regional populations

* Malaysia and Guif share same lineage, but not any haplotypes

* Lineages diverged < 1 million years ago

* Re-invasion unlikely between Gulf, Malaysia and Indonesia

Phylogenetic analysis based on white eye-colour gene
* 1443 bp of white eye-colour gene (wec) sequenced for 2
Indonesian individuals, including exons 2-5 and introns 2-6
* Phylogeographic analysis of 576 bp of exon 3 of wec amplified by
PCR as one fragment
* Genotypes identified by directly sequencing PCR products, using
ABI BIG DYE Terminator Kit & 377 Automated Sequencer
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Results for 576 bp wec

8 alleles and 10 genotypes recognized from 32 individual OWS

9 out of 576 sites were polymorphic

2 allele lineages were recognized, but they did not show a
phylogeographic distribution

However, East Sumba (Indonesia) and Iran (Gulf) did have private
alleles at high frequencies

Conclusions for 576 bp wec

Single (biological?) species of OWS in Indonesia and Gulf

More polymorphic (9/576 bp, or 1.56%) than EF-1 alpha (3/401, or 0.75%),
and therefore more informative

High frequencies of private alleles in E. Sumba (92.86% allele 6) and Iran (50
% allele 7) support Cyt b: long-distance re-invasion is unlikely to affect SIT

Acknowledgements
IAEA and Alan Robinson for funding and support.
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CHAPTER 2.2.8.

NEW WORLD SCREWWORM
(Cochliomyia hominivorax) AND
OLD WORLD SCREWWORM (Chrysomya bezziana)

SUMMARY

The New World screwworm1 (NWS), Cochliomyia hominivorax
(Coquerel), and the Old World screwworm! (OWS), Chrysomya bezziana
Villeneuve, are both obligate parasites of mammals during their larval
stages. Both species are in the subfamily Chrysomyinae of the family
Calliphoridae of the order Diptera (true flies). Larvae feeding on the skin
and underlying tissues of the host cause a condition known as wound or
traumatic myiasis, which can be fatal. Infestations are generally acquired
at sites of previous wounding, due to natural causes or to animal

husbandry practices, but they may also occur in the mucous membranes
of body orifices.

Female flies are attracted to wounds at the edges of which each female
lays an average of 175 (OWS) to 340 (NWS) eggs. The larvae emerge
within 12-24 hours and immediately begin to feed, burrowing head-
downwards into the wound. After developing through three larval stages
(instars) involving two moults, the larvae leave the wound and drop to the
ground into which they burrow to pupate. The duration of the life-cycle off
the host is temperature dependent, being shorter at higher temperatures,
and the whole cycle may be completed in less than 3 weeks in the tropics.

Treatment is generally effected by application of organophosphorus
insecticides into infested wounds, both to kill larvae and to provide a
residual protection against reinfestation. Preventive measures include the
spraying or dipping of susceptible livestock with organophosphorus
compounds and, more recently, use of avermectins (especially
doramectin) as subcutaneous injections to animals ‘at risk’. Strict control
of the movement of animals out of affected areas also acts as a preventive
measure.

Identification of the agent: The larvae of NWS and OWS can be easily
confused with each other and with the larvae of other agents of myiasis.
Accurate diagnosis involves the identification of larvae extracted from the
deepest part of an infested wound. The mature, third instar larvae are
most reliable for this purpose and those of NWS can be identified by their
darkly pigmented dorsal tracheal trunks extending from the twelfth
segment forward to the tenth or ninth. This pigmentation is unique to the
larvae of NWS among the species encountered in wound myiasis.
Confirmation of OWS relies on the recognition of a characteristic
combination of spinulation, the number of lobes on the anterior spiracles
(4-6), and pigmentation of secondary tracheal trunks.

In the adult stage, species in the genus Cochliomyia can be separated
Jrom other genera involved in wound myiasis by confirmation of a body
colour that is usually a metallic blue/green with three dark longitudinal

In this chapter, the term ‘New World’ refers to the Americas and the term ‘Old World’ refers to Europe, Africa
and Asia.
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stripes always present on the thorax. The separation of NWS from the very
similar C. macellaria and the identification of adult OWS are discussed in
this chapter.

Serological tests: At present there are no applicable serological tests, nor
are they indicated in the identification of this disease. However, serology
may have a future role in studies of the prevalence of myiasis.

Requirements for vaccines and diagnostic biologicals: There are no
vaccines or biological products available except for the use of sterilised
male flies in the sterile insect technique (SIT). In this technique, vast
numbers of sterilised male flies are sequentially released into the
environment, where their matings with wild females produce infertile
eggs, leading to an initial population reduction and, progressively,
eradication.

A. INTRODUCTION

The New World screwworm fly (NWS), Cochliomyia hominivorax (Coquerel), and
the Old World screwworm fly, Chrysomya bezziana Villeneuve, are species of two
genera of the subfamily Chrysomyinae of the Dipteran family Calliphoridae
(blowflies). Both species are obligate parasites of mammals including humans and,
rarely, birds. Despite being in different genera and geographically separated, the two
species have evolved in remarkable parallel. They have almost identical life histories
because they fill identical parasitic niches in their respective geographical zones. The
following discussion will relate to both species, except where indicated.

Unlike most other species of blowflies, adult female screwworms do not lay their eggs
on carrion. Instead, they lay them at the edges of wounds on living, injured mammals
or at their body orifices. Virtually any wound is attractive, whether natural (from
fighting, predators, thoms, disease, and/or tick and insect bites) or man made (from
shearing, branding, castrating, de-homning, docking, and/or ear-tagging). Commonly
infested natural wounds are the navels of newborn animals and the vulval and perineal
regions of their mothers, especially if traumatised. If eggs are deposited on mucous
membranes, the larvae can invade undamaged natural body openings such as the
nostrils and associated sinuses, the eye orbits, mouth, ears, and genitalia.

Within 12-24 hours of the eggs being laid, larvae emerge and immediately begin to
feed on the wound fluids and underlying tissues, burrowing gregariously head-
downwards into the wound in a characteristic screwworm fashion. As they feed,
tearing the tissue with their hook-like mouthparts, the wound is enlarged and
deepened, resulting in extensive tissue destruction. Infested wounds often emit a
characteristic odour, which can be the first indication that at least one animal in a
group is infested. Although the odour is not always apparent to humans, it is
obviously highly attractive to gravid females (19), which lay further batches of eggs
so increasing the extent of the infestation. A severe infestation that is left untreated
may result in the death of the host.

Screwworm larvae pass through three stages (or instars), separated by cuticular
moults that facilitate rapid growth, and they reach maturity about 5-7 days after egg
hatch. They then stop feeding and leave the wound, falling to the ground into which
they burrow and pupariate. The pupa develops within the puparium, a barrel-shaped
protective structure formed by hardening and darkening of the cuticle of the mature
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larva. On completion of development, adult flies usually emerge from the puparium in
the morning and work their way up to the soil surface, where they extend their wings
for hardening prior to flight. Males become sexually mature and able to mate within
24 hours, but females need to mature their ovaries over 6-7 days, and they only
become responsive towards males and mate when about 3 days old. About 4 days
after mating, female flies are ready to oviposit. They seek a suitable host and lay their
eggs, all oriented in the same direction, like a tiled roof, firmly attached to each other
and to the oviposition substrate. The numbers of eggs laid per batch vary depending
on many factors (e.g. fly strain, disturbance during oviposition), but the average first
batch has in the order of 175 eggs for OWS and 340 for NWS (42). Following the first
egg batch, further batches are laid at intervals of 3—4 days (50). Adult flies live on
average for 2-3 weeks in the field during which time they feed at flowers, and the
females also take in protein, e.g. from serous fluids at animal wounds.

The rate of development of the immature stages is influenced by environmental and
wound temperatures, being slower at low temperatures, although true diapause does
not occur. This effect is most pronounced in the off-host pupal stage, which can vary
from 1 week to 2 months’ duration depending on the season (24). Thus, the complete
life cycle of NWS may take 2-3 months in cold weather (35), whereas in temperate
conditions with an average air temperature of 22°C, it is completed in about 24 days
(22), and in tropical conditions averaging 29°C it is completed in about 18 days (50).

The degree to which NWS and OWS can tolerate cold has had a major influence on
their distributions, best documented for NWS. Historically, the range of NWS
extended from the southern states of the United States of America (USA), through
Mexico, Central America, the Caribbean islands and northern countries of South
America to Uruguay, northern Chile and northern Argentina (22). This distribution
contracted during the winter months but expanded during the summer months,
producing a seasonality at its edges and year round populations in the central areas —
the New World tropics. Use of the sterile insect technique (SIT) in major programmes
has resulted in eradication of NWS from the USA (6), Mexico (17), Curacao, Puerto
Rico, and the Virgin Islands and, in Central America, from Guatemala, Belize, El
Salvador, Honduras, Nicaragua and, in 2000, Costa Rica (53). The Central American
eradication programme is continuing in Panama, where sterile flies were first released
in July 1998. The ultimate objective is to establish a barrier zone in Panama that will
become the future northern limit of NWS in the Americas. A NWS eradication
programme was also officially launched in Jamaica in July 1998, as part of a plan to
eradicate the species from the entire Caribbean. This programme has encountered
severe setbacks due to a complex combination of management and technical
difficulties but is ongoing (12). Although NWS is a New World species, in 1983, it
was detected in Libya in North Africa where it threatened to become firmly
established. However, it was eradicated in 1991 by an intensive SIT campaign (14,
25). The threat of spread of screwworms aided by modern rapid transport systems is
ever present, necessitating constant vigilance from quarantine and other front-line
animal health and medical officers in unaffected areas. Cases of NWS have been
reported recently in Mexico, USA, and even in the United Kingdom (29).

The distribution of OWS is confined to the Old World, as the name suggests,
throughout much of Africa (from Ethiopia and sub-Saharan countries to northem
South Africa), the Gulf countries, the Indian subcontinent, and South-East Asia (from
southern China [People’s Rep. of] through the Malay Peninsula and the Indonesian
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and Philippine islands to Papua New Guinea) (22, 42, 46, 54). OWS was reported
from Hong Kong for the first time in 2000, infesting dogs, and a first human case was
reported in 2003 (34). OWS myiasis has also been reported from Algeria (1), in a
local shepherd, but in the absence of other reported cases, particularly animal cases, a
continuing presence there seems unlikely. The situation in the Gulf area and
surrounding regions is dynamic with recent reports confirmed from Iran (33) and Iraq
(2). Epidemics of traumatic myiasis can follow introductions into such areas,
especially where the livestock owners and veterinarians are unfamiliar with OWS
(37). The climatic requirements of the two screwworm species are very similar and
their potential distributions, if unrestrained, would overlap considerably (46).

Organophosphorus insecticides such as dichlofenthion, fenchlorphos, and in
particular, coumaphos are recommended for the treatment of wounds infested with
OWS and NWS (16, 36, 44). They have the effect of expelling the larvae, which die
on the ground. To provide residual protection against reinfestation, they must be
applied at 2-3-day intervals until the wound has healed. The contents of individual
wound treatment sachets, e.g. 5 g of 5% coumaphos wettable powder, should be either
sprinkled directly on to a wound or, more effectively, brushed into the wound as a
paste after mixing with ordinary cooking oil (33 ml). Organophosphorus compounds
may also be applied as aerosol sprays, in which marker dyes and bacteriostats are
included, or as dusts that are puffed into the wound from plastic squeeze bottles.
Dichlorfenthion is used in South America as a 1% aerosol to treat NWS cases and is
also effective against OWS (36). Any larvae that die in the wound should be removed
to prevent sepsis. Close attention should always be paid to the manufacturers’ safety
Instructions.

Direct prevention of screwworm infestation can be achieved by spraying or dipping of
livestock with coumaphos (0.25% aqueous suspension of 50% wettable powder) or
other organophosphorus insecticides at the maximum concentration prescribed for
external parasite control. The effects of such treatment are twofold: firstly, the
treatment kills larvae directly and provides residual protection; secondly, the
treatment kills ticks and other external parasites, which means that there are fewer
wounds available as sites for oviposition. Synthetic pyrethroids have potential for
control of screwworm larvae in wounds, but there have been few reported trials of
their effect on screwworms (e.g. Permethrin versus NWS, 38). Dipping or spraying of
a group of animals would be indicated if any member of the group was found to be
infested, or if animals were traversing or leaving an infested area, or following
wound-inducing animal husbandry practices, e.g. shearing.

A single subcutaneous injection of ivermectin (200 pg/kg) was effective against OWS
in preventing navel strike of newborn calves (36) and scrotal strike of castrated calves
(43). Ivermectin also prevented re-strike of treated wounds of adult cattle. Cattle
treated with a sustained-release bolus of ivermectin developed no OWS myiasis from
14 to 102 days after treatment (52). However, because of the negative effects on
dung-breeding fauna, it was recommended that boluses be reserved for use in
containing outbreaks of OWS. Early results suggested that ivermectin may be
ineffective against NWS (Mackley & Brown, in ref. 17), but more recent studies
demonstrated that it can produce a significant reduction in the incidence of navel and
scrotal myiasis due to NWS (7, 27). Although results of ivermectin trials show
variation, results of doramectin trials are overwhelmingly positive (18). There has
been an increasing number of publications reporting that a subcutaneous injection of
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doramectin (200 pg/kg) was up to 100% effective as a NWS prophylactic, preventing
infestation of artificial wounds, umbilical or castration wounds of calves, and
infestation of post-parturient cows, for up to 12-14 days post-treatment (4, 31, 32).
This doramectin treatment does not reduce egg-laying and, therefore, is efficient
because gravid adults are not repelled towards untreated animals. Effectiveness
depended on factors such as cattle breed and degree of challenge. In one comparative
trial, doramectin and ivermectin, both at 200 pg/kg subcutaneous injection, gave
100% and 50% protection, respectively, against NWS myiasis, experimentally
induced 2 hours after treatment (30). Doramectin also provided complete protection
for 21 days and partial protection (56%) at 28 days post-treatment (30). In another,
larger, comparative trial, doramectin had a mean efficacy of 94.6% (range 53.3—
100%) compared with 43.7% (range 0-100%) for ivermectin (10). Abamectin
(subcutaneous 1njection, 200 pg/kg) gave good, but not 100%, prevention of post-
castration myiasis by NWS (3). Pour-on formulations of moxidectin, eprinomectin
and doramectin gave poor protection against OWS myiasis (52) when compared with
injectable formulations of doramectin against NWS. There are early indications that
fipronil (a phenyl-pyrazole) might be effective as a preventive of post-castration
myiasis. Similarly, topical application of an insect growth regulator (IGR), dicyclanil,
to castration wounds in cattle gave good protection (>90%) against NWS myiasis (5).
IGRs are very specific to insects and, therefore, are less hazardous in the environment
than many other groups of insecticides. Spinosad, a formulation of products derived
from the fermentation of a bacterium with low mammalian and avian toxicity, was
effective in treating and preventing myiasis due to NWS and OWS when applied as an
aerosol spray (40).

Indirect prevention of screwworm flies infestation includes the avoidance of
wounding procedures at the times of year when screwworm are numerous, the careful
handling of livestock to minimise wounding, the removal of sharp objects (e.g. wire
strands) from livestock pens, and the use of measures to reduce other wound-causing
parasites, in particular ticks, e.g. by dipping and by insecticide impregnated ear-tags.

To prevent the spread of the screwworms beyond present limits, strict observation of
the requirements for international trade, as set out in the OIE Terrestrial Animal
Health Code, is necessary.

B. DIAGNOSTIC TECHNIQUES
1. Identification of the agent

Identification of the eggs and first instar larvae of the agents of myiasis based on
morphology is difficult, and, because these stages are relatively short lived and
seldom encountered during the collection of specimens from infested wounds, they
will not be considered further here.

Larvae collected for diagnosis should be removed from the deepest part of the wound
to reduce the possibility of collecting non-screwworm species, which may infest the
shallower parts of the wound. Living specimens should first be examined for
pigmentation of the dorsal tracheal trunks (Figures 1, 4) and then be preserved in 80%
ethanol and returned to the laboratory for examination under a dissecting microscope
at up to x50 magnification (for further techniques see references 13, 21, 41, 54). If
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larvae are placed directly into most preservative solutions they contract and darken.
However, optimal preservation of larvae, in their natural extended state, can be made
by killing them in boiling water (15-30 seconds immersion) before storage in 80%
ethanol. This killing method had no negative effect on subsequent extraction of
mitochondrial DNA, amplified by PCR (20), but it might impact other molecular
techniques and this should be borne in mind.

Second instar larvae: Second instars have only two spiracular slits in each of the
posterior spiracular plates compared with the three slits of third instars (Figures 2 and
3). Second instars of NWS can be diagnosed by the presence of dark pigmentation of
the dorsal tracheal trunks, for over half their length in the terminal segment. Other
species have less extensive pigmentation of the dorsal tracheal trunks, for example,
these trunks are pigmented for no more than one-third of their length in the twelfth
segment of OWS. The anterior spiracles of second instar NWS have from seven to
nine branches compared with about four branches in OWS (23). More positive
identification may be gained by rearing living, immature larvae to third instars. This
can be done on the standard meat medium used for large-scale rearing of NWS before
the introduction of gel diets, i.e. in the proportion of 1 litre water, 1.3 kg ground horse
or beef meat, 50 g dried bovine blood, and 1.5 ml formalin (48), mixed and
maintained at 35-38°C and 70% relative humidity. For simply rearing up larvae for
identification, the exact meat and blood types are not essential, and more readily
available fresh blood could be used instead of dried blood.

Third instar larvae: Third instars of both NWS and OWS have a robust, typical
maggot shape, with a cylindrical body from 6 tol17 mm long and from 1.1 to 3.6 mm
in diameter, pointed at the anterior end (24, 41). Fully mature larvae of both NWS and
OWS develop a reddish-pink tinge over the creamy white colour of younger larvae.
Both screwworm species have prominent rings of spines around the body and these
spines appear large and conspicuous under a microscope when compared with most
non-screwworm species, the longest averaging 130 um. In NWS the spines can be
either single or double pointed, but in OWS they are always single pointed and thorn-
like (Figure 2). The anterior spiracles of NWS each have from six to eleven well
separated branches, but usually from seven to nine (Figure 2). In OWS, the anterior
spiracles each have from three to seven branches, but usually from four to six (Figure
2). The latter character should not be used on its own to identify OWS, because third
instars of the obligate myiasis-causing species Wohlfahrtia magnifica (Diptera:
Sarcophagidae), whose distribution overlaps that of OWS in the Middle East, have
similarly branched anterior spiracles. Hence, in using any identification key, such as
that in Figure 1, it is essential that each specimen be taken through the whole key to
avoid misidentifications. On the posterior face of the terminal segment of both NWS
and OWS, the posterior spiracular plates all have a darkly pigmented, incomplete
peritreme partially enclosing three straight, slightly oval-shaped slits, which point
towards the break in the peritreme. These diagnostic features are illustrated in Figure
3. Of greatest diagnostic value are the dorsal tracheal trunks, which extend forwards
from the posterior spiracular plates and are darkly pigmented up to the tenth or ninth
segment in NWS (Figure 1; see also refs 13, 15, 18, 21, 22, 41, 54 for identification
keys). This feature is seen most easily in living larvae. Those in preservative may
need dissection to remove opaque tissues covering the trunks. The dorsal tracheal
trunks of OWS are darkly pigmented only in the twelfth segment. However, in OWS
the secondary trachea branching off the dorsal tracheal trunks are pigmented from the
twelfth segment forwards to at least the tenth segment (confirmed in specimens
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throughout the range, from Malaysia, Bahrain and Zimbabwe; M.J.R. Hall,
unpublished). Conversely, in NWS these secondary trachea are not pigmented, only
the dorsal trachea are. Hence, the tracheal pigmentation appears almost reversed
between the two screwworm species (Figure 4).

Adult: Adult flies needed for identification purposes are often collected using wind-
oriented traps (8) and sticky traps (41) baited with a synthetic odour, swormlure-4
(28). A modified bucket-trap and newly developed attractant (“Bezzilure”) is being
developed for surveillance of OWS in Australia (Rudolf Urech, personal
communication). Alternative sampling systems, using electrocuting grids or sticky
surfaces at odour-baited visual targets, have been used for research purposes (19).
Identification of adult flies is seldom required for the diagnosis of myiasis, because
the larval stages are those most apparent to livestock owners and veterinary personnel.
However, a brief description follows.

i) NWS: The body length is usually 8-10 mm long and has a deep blue to blue-
green metallic colour, with three dark longitudinal stripes on the dorsal surface of
the thorax. This combination of colour and pattern is not shared by any other
species commonly involved in wound myiasis except the secondary screwworm
of the New World, Cochliomyia macellaria (Fabricius). These two Cochliomyia
species can be separated by the presence of black setulae on the fronto-orbital
plates of the head of NWS compared with only light yellow hairs on the fronto-
orbital plates of C. macellaria. The fifth (=fourth visible) abdominal tergite of
NWS has only a very slight lateral pollinose dusting, whereas that of C.
macellaria has a dense dusting, producing a pair of distinct, lateral, silvery-white
spots. In addition, females of NWS have a dark brown-black basicosta, whereas

those of C. macellaria have a yellow basicosta (Figure 5; see also refs 11, 15, 24,
41).

11)) OWS: The body is up to 10 mm long and has a metallic blue, bluish-purple or
blue-green colour, i.e. it is very similar to NWS, but without the thoracic stripes.
The lower squama (s in Figure 5) also differs from NWS, being distinctly covered
with fine hairs over its entire upper surface in OWS and other Chrysomya
species, whereas in NWS it is hairless above, except near the base. Adults of
OWS can be distinguished from other Chrysomya found in cases of myiasis by
the combination of black-brown to dark-orange-coloured anterior thoracic
spiracles (rather than pale yellow, creamy, or white), with waxy-white, lower
squamae (rather than blackish-brown to dirty-grey) (41, 54).

Remove larva from wound and examine gross surface structure

l
l |

‘Hairy’ larva with obvious body processes ‘Smooth’ larva, with spine bands but no
obvious body processes except on last
segment

Chrysomya albiceps, C. rufifacies, C. varipes J
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Posterior spiracles almost concealed in deep ~ Posterior spiracles not in cavity but clearly
cavity on posterior ‘face’ of last segment exposed on posterior ‘face’ of last segment

Muscidae and Lucilia/Calliphora species |

| |

Dorsal tracheal trunks darkly pigmented Dorsal tracheal trunks not darkly pigment
forwards from the 12th to the 10th or even 9th except possibly in posterior half of 12th
segment segment

Cochliomyia hominivorax |

Anterior spiracle with 46, rarely 7, lobes Anterior spiracle with nine or more lobes

Chrysomya bezziana Other species of Chrysomya, Cochliomyia,
Phormia or Protophormia

Fig. 1. ldentification key for the diagnosis of third instar larvae of Cochliomyia
hominivorax and Chrysomya bezziana from cases of wound myiasis. To avoid

misidentifications, it is essential that the key is worked through from the first step for
each specimen.
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Fig. 2. Head and first two thoracic segments of third instar larvae viewed by two
techniques, of Cochliomyia hominivorax (left, viewed by scanning electron
microscopy, inset is the anterior spiracle of Chrysomya bezziana) and of Chrysomya
bezziana (right, viewed by compound light microscopy, note the thorn-like spines and
that this slide preparation has been cleared using 10% KOH so that the anterior
spiracles on both sides of the first thoracic segment are visible); as = anterior
spiracle.

Fig. 3. Characteristics of third instar larvae of Cochliomyia hominivorax: (4) whole
larva, lateral aspect; (B) posterior face of terminal segment; (C) posterior spiracular
plate; a = anterior spiracle; b = button adjacent to opening in peritreme; p =
peritreme; sl = spiracular slit; sp = spines. (After Laake et al. [24].)
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Fig. 5. Characteristics of adult Cochliomyia hominivorax; note longitudinal thoracic
stripes; b = basicosta; p = fronto-orbital plate, indicated from above on whole
Cochliomyia hominivorax and laterally on head of typical calliphorid fly; s = lower
squama, surface hairless except at base; v = stem vein with hairs on dorsal posterior
surface.

In addition to the standard morphological techniques discussed previously, more
recent techniques for identification of screwworms and their geographical origins
include cuticular hydrocarbon analysis (9), analysis of mitochondrial DNA (20, 26,
49), the complete 16,022 base-pair sequence of which is known for NWS, and use of
random amplified polymorphic DNA polymerase chain reaction (RAPD-PCR) (39).
Problems with identification of larvae or adults from cases of myiasis can be referred
to the Food and Agriculture Organisation of the United Nations Collaborating Centre

N L . . o ¥
on Myiasis-Causing Insects and Their Identification .

2. Serological tests

No standardised serological tests are presently available, nor are they indicated for
diagnosis of this disease. However, experimental studies have shown that serological
techniques have potential value in future investigations of the prevalence of
screwworm infestations in animal populations to detect antibodies to screwworm
post-infestation (51).

C. REQUIREMENTS FOR VACCINES AND DIAGNOSTIC BIOLOGICALS

There are no biological products such as vaccines, available currently. However,
research towards development of potential vaccines is being conducted (47). The only
proven method of eradication of NWS relies on a biological technique, the sterile
insect technique, SIT (17, 25), which has also been applied experimentally to OWS
(45). In this technique, male flies sterilised in their late pupal stage by gamma or x-ray
irradiation are sequentially released into the wild in vast numbers. Any of their
matings with wild females result in infertile eggs only, leading to a progressive

Department of Entomology, The Natural History Museum, Cromwell Road, London SW7 5BD, United Kingdom
Fax: +44.207.942.5229. E-mail: m.hall@nhm.ac.uk
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population reduction and, eventually, eradication. In operational situations, SIT is
supported by the insecticide treatment of screwworm-infested wounds in livestock, by
strict control of livestock movement, by the quarantining of infested animals and by
an active publicity campaign. SIT is very expensive because of the cost of continuous
production and aerial dispersion of sterile flies. Historically, it has been considered
cost effective only when used as an eradication strategy in situations where the
geography would favour such a programme (e.g. references 14, 25). For many years
there was only one New World sterile screwworm production facility, located at
Tuxtla Gutiérrez in the south of Mexico. However, a second facility opened in

Panama3 in late 42006. An experimental facility to produce sterile OWS opened in
Malaysia in 1998 .
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Fig. 4. Dorsal tarcheal trunks of third instar larvae of Cochliomyia hominivorax
(left) and Chrysomya bezziana (right) dissected forwards from the posterior spiracles
(top) to ninth abdominal segment (bottom). Note that the pigmentation of the main

dorsal trunks (DTT) and the smaller secondary trunks (STT) is almost reversed
between the species.

Fig. 2. Ornginal of extra image
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MYIASIS OF HUMANS, DOMESTIC ANIMALS AND WILDLIFE

Martin J.R. Hall, The Natural History Museum, London

SYNOPSIS

1- INTRODUCTION - WHAT IS MYIASIS?

The term myiasis was first proposed by Hope (1840; spelt myasis) to refer to diseases of
humans originating with dipterous larvae. Myiasis has since been defined as, "the infestation
of live vertebrate animals with dipterous larvae, which, at least for a certain period, feed on
the host's dead or living tissue, liquid body substances, or ingested food" (Zumpt, 1965).
There are two main systems for categorising myiasis: (1) the disease is classified anatomically
in relation to the location of the infestation on the host and, (2) the disease agents are
classified parasitologically according to their level of dependence on the host (specific
parasites = obligate; semi-specific parasites = facultative [primary, secondary and tertiary]).
The two types of myiasis classification are combined in the Table at the end of this synopsis,
which specifically refers to myiasis in humans.

Most flies involved in myiasis have a life cycle involving: egg 3 x larval stages
(instars) pupa adult. Three families will be considered in detail, with brief mention being
made of others:

w2 OESTRIDAE (Oestrinae, Gasterophilinae, Hypodermatinae, Cuterebrinae)
CALLIPHORIDAE
% SARCOPHAGIDAE

The Oestridae are all obligate parasites, i.e., they have to develop in or on a living
host. The Calliphoridae and Sarcophagidae include both obligate parasites and facultative
parasites. The latter can develop on living tissues, but can also complete their development
on dead tissues (e.g. carrion). All of the Oestridae have reduced mouthparts in the adult stage
and cannot feed. Therefore, all of their nutrients for adult activities are ingested in the larval
stage and cannot be replenished once the adults emerge. In contrast, Calliphoridae and
Sarcophagidae can and do feed as adult flies. A final striking difference between the families
is that oestrids tend to be highly host specific, whereas calliphorids and sarcophagids tend to
be catholic in their selection of hosts.

This synopsis concentrates for details of biology, pathology and control on species of
myiasis causing fly that are of importance in domestic animals, because it is these that are
most studied, but important parasites of wildlife are also covered.

Dr Martin J.R. Hall,
Department of Entomology, The Natural History Museum,
Cromwell Road, London, SW7 5BD, England, UK.
Tel: 0207-942-5715 Fax: 0207-942-5229 E-mail: M.Hall@nhm.ac.uk
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2 DIAGNOSIS - RECOGNITION AND ELEMENTS OF STRUCTURE

The symptoms of myiasis vary extensively, depending on the species of fly involved
and the number of larvae infesting the host. Hence, there is a range from virtually no
symptoms (e.g. infestations with certain Gasterophilinae) to near-death situations, with
extensive wounding and associated trauma (e.g. infestations with screwworms in the family
Calliphoridae). Diagnosis of myiasis is dependent on discovery of fly larvae in the host
tissues. Specific diagnosis is dependent on identification of the larvae collected, aided by a
knowledge of the site of infestation.

Life cycle of Old World screwworm, Chrysomya bezziana

Bearing in mind the life-cycle above, the structure of the myiasis causing species will
be considered briefly by reference to Cochliomyia hominivorax, the New World screwworm
fly. Key features examined will be: CEPHALOPHARYNGEAL SKELETON, BODY
SPINES, ANTERIOR SPIRACLES, POSTERIOR SPIRACLES, DORSAL TRACHEAL
TRUNKS.

3 BIOLOGY AND MEDICAL AND ANIMAL HEALTH IMPORTANCE

3.1 Oestridae

Oestrinae (34 species in 9 genera)

The genus Oestrus has six species parasitising antelopes, sheep and goats, including
O. ovis, the very important sheep nasal bot fly. Larvae of O. ovis develop in the head sinuses
and nasal passages of sheep and goats in all sheep-farming areas of the world. Effects may be
insignificant or may be severe (especially in lambs), with purulent discharge from nostrils,
repeated sneezing and shaking of head and breathing difficulties. Can cause opthalmomyiasis
1N man.

Other genera in the Oestrinae are Cephalopina (1 species which can be a serious
problem in camels, C. titillator [Musa et al., 1989]), Cephenemyia (8 species in Cervidae),
Gedoelstia (2 species in antelopes), Kirkioestrus (2 species in antelopes), Pharyngobolus (1
species in African elephant), Pharyngomyia (2 species in Cervidae), Rhinoestius (11 species
in horses, zebras, pigs, giraffe, hippopotamus, springbuck, sheep) and Tracheomyia (1 species
in kangaroos). All are found in the nasal passages of the host excepting Pharyngobolus and
Tracheomyia which are found in the trachea.

Gasterophilinae (c. 15 species in 3 genera)

Originally restricted to the Palaearctic and Afrotropical regions, species of the genus
of most veterinary importance, Gasterophilus (bot flies, 9 species), now have a worldwide
distribution. Their larvae develop in the digestive tract of horses and zebras. Eggs are stuck
to the hairs of the host (or on vegetation, G. pecorum) and, when they hatch, the larvae enter
the mouth by their own actions or via the hosts tongue in grooming. Gasterophilus
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nigrocornis, G. haemorrhoidalis, G. inermis, G. nasalis, G. pecorum, G. intestinalis (eggs
laid mainly on inner forelegs and stimulated to emerge by hosts licking - larvae migrate
through tongue, second stages move to stomach - heavy infestation may cause irritation of
stomach membranes, ulceration, and other stomach disorders).

The two other genera of this sub-family are Gyrostigma (3 species in rhinoceros) and
Cobboldia (3 species in elephant). Gyrostigma attach to the stomach wall and are eventually
voided with the faeces, but larvae of Cobboldia move freely in the stomach (mainly between
stomach wall and contents) and leave the host via its mouth when mature.

Hypodermatinae (32 species in 11 genera)

Hypoderma (5 species in cattle and Cervidae) are the heel flies, warble flies or cattle
grubs whose larvae migrate from sites of oviposition, by a subcutaneous route and n nerve
tissues, to the back where they develop in "warbles" which spoil the host's hide. Hypoderma
bovis pass through connective tissues to spinal column and then to back (there for 5-11
weeks): H. lineatum go to oesophagus, remain there a while, then to back). Hypoderma diana
attacks deer in a similar manner. The persistence of the females in laying 300-800 eggs can
cause "gadding" by the hosts: can result in reduced milk production and failure to gain
weight.

There are seven other genera in the subfamily Hypodermatinae and the larvae of all
of them develop in the skin of their hosts in the manner of Hypoderma larvae, 1.,
Oestroderma (1 species in pikas), Oestromyia (5 species in mice, marmots and pikas),
Pallasiomyia (1 species in saiga antelope), Pavlovskiata (1 species in goitered antelope),
Portschinskia (7 species in mice and pikas), Przhevalskiana (6 species in gazelles and goats -
in the latter host they can be an important veterinary pest) and Strobiloestrus (3 species in
Kobus species).

Cuterebrinae (>70 species in 6 to 8 genera)

The most economically important Cuterebrid fly is Dermatobia hominis. Sometimes
called the térsalo, or human bot fly, it is a very serious pest of cattle in South America, the
larvae creating boil-like swellings where they enter the skin (Lane et al, 1987). The hides of
infested cattle may be worthless. Females catch other species of host-visiting fly and oviposit
on them: the fly is then released and transports the eggs to the host (phoretic behaviour). The
selection of host is made by the porter fly and so D. hominis is found in a very wide range of
hosts, from mammals to birds.

Species in the genus Cuterebra (>60 species) cause skin myiasis of rodents,
lagomorphs and, occasionally, humans throughout the New World (Baird ez al, 1989). Four
other genera about which very little is known are Alouattamyia (1 species in howler monkeys,
A. baeri), Andinocuterebra (1 species, unknown host), Pseudogametes (2 species, unknown
hosts) and Rogenhofera (6 species, unknown host).

Two genera which have been provisionally placed in both Gasterophilinae and
Cuterebrinae to date are Neocuterebra (1 species in African elephant, in boils on buttocks,
abdominal flanks, chest and thighs - little if any pathological effect) and Ruttenia (1 species in
African elephant, in pockets in dermal tissues of the foot, causing shight localized
inflammation).

3.2 Calliphoridae

Auchmeromyia

Bloodsucking larvae of the African species Auchmeromyia senegalensis the Congo
floor maggot, are atypical myiasis species as they do not live on or in the host, but suck the
blood of sleeping humans and burrow-dwelling animals such as warthogs (sanguinivorous
myiasis).
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Cordylobia

Cordylobia includes three species: C. anthropophaga is the Tumbu fly of Africa
which causes a boil-like (furuncular) type of myiasis, particularly of man and dogs. Eggs are
deposited on dry, shaded ground, especially if contaminated by urine/faeces, or on drying
laundry. Larvae hatch in 1-3 days and remain just under the soil surface until activated by
host body heat. They then emerge, burrow into the host and grow for 8-15 days in a furuncle.
Antelopes and the African Giant Rat are important hosts of C. rodhaini.

Cochliomyia

The two species of the New World genus, Cochliomyia, most frequently encountered
in cases of wound myiasis are C. hominivorax and C. macellaria. The New World
screwworm fly, C. hominivorax, is a true obligate parasite of mammals: females lay eggs at
the edges of wounds on living mammals (or on mucous membranes); within 24 hours, larvae
emerge and immediately begin to feed on the underlying tissues, burrowing gregariously
head-downwards into the wound; larvae reach maturity about 5-7 days after hatching and
leave the wound, falling to the ground into which they burrow and pupate. On completion of
development, adult flies emerge from the puparium and mate within 1-3 days. About four
days after mating, females seek a suitable host and lay an average of 200 eggs (range 10-490)
in a flat, shingle-like batch. Further batches are laid at intervals of three days with an average
of four batches per female. Adult flies live for 2-3 weeks on average and may disperse great
distances. The literature on the New World screwworm is extensive and scattered, but earlier
publications may be accessed rapidly by reference to the bibliography of Snow ef al (1981).
Larvae of C. macellaria involved in myiasis are only secondary invaders, feeding on the edge
or surface of the wound. A rare case of C. minima myiasis of a dog in Puerto Rico has been
described (De Leén & Fox, 1980).

Adult New World screwworm fly, Cochliomyia hominivorax

Chrysomya screwworms

The life cycle of Chrysomya bezziana (Old World screwworm), its habits and the
appearance of wounds infested by it are very similar to those of Cochliomyia hominivorax.
The two species appear to occupy an exactly equivalent parasitic niche in their natural ranges.
Adult female Ch. bezziana only oviposit on live mammals, depositing 150-500 eggs at sites of
wounding or in body orifices such as the ear, nose and urinogenital passages. The larvae
hatch after 18-24 hours, moult once after 12-18 hours and a second time about 30 hours later.
They feed for 3-4 days and then drop to the ground and pupate. This species has been
recorded on 21 host species at a zoo in Malaysia (Spradbery & Vanniasingham, 1980).
Similar reports exist for Cochliomyia hominivorax and Wohlfahrtia magnifica.
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Chrysomya species other than screwworms

Chrysomya albiceps is a facultative parasite and normally lays its eggs on carcasses.
The first instar larvae feed on exudations of the decomposing flesh, but second and third
instars are, in addition, predacious, feeding on other blowfly larvae. They may even be
cannibalistic. Whilst the eggs are normally laid on carcasses, they may also be laid on
neglected wounds where the larvae can cause tissue destruction. Chrysomya albiceps and the
similar Ch. rufifacies are frequently involved in secondary myiasis in sheep.

Lucilia

Members of this genus are responsible for the condition known as “blowfly strike” of
sheep in a number of countries including South Africa and Australia, where the species
responsible is L. cuprina, and in many temperate areas including Europe and North America,
where the important species is L. sericata. Female Lucilia lay their eggs on carcasses, in
neglected, suppurating wounds and, in particular, on the wool of sheep soiled with urine,
faeces or blood. Lucilia sericata has been used to assist the healing of deep wounds in man, a
treatment termed 'maggot therapy' (larva therapy or biosurgery), whereby the larvae ingest
necrotic tissues and stimulate the healing process (Sherman & Pechter, 1988; Thomas et al.,
1996). Lucilia bufonivora is an obligate parasite of toads and frogs.

Calliphora

The two most important species are C. vicina and C. vomitoria which share similar
biologies. Females are attracted for oviposition to any decaying matter, of which carrion 1s
most suitable. Calliphora are usually only involved in myiasis as secondary species, but C.
vicina, in particular, may be a primary invader (Zumpt, 1965; Smith, 1986).

Phormia, Protophormia

These closely related genera are, approximately, confined to areas north of the Tropic
of Cancer. The important species are Phormia regina and the more northern Protophormia
terraenovae. They are very similar in appearance and habits, both usually breeding in
carrion, but also recorded in wound myiasis. Protophormia terraenovae may, in particular,
be a serious parasite of cattle, sheep and reindeer (James, 1947; Smith, 1986).

Protocalliphora
Flies in the genus Protocalliphora are obligate, blood-feeding parasites of nestling

birds in the Old and New Worlds (Sabrosky et al., 1989) but, in general, their effects are not
SETIous.

Other Calliphorids causing obligate myiasis

Flies in the genus Booponus develop as larvae in boils under the skin of bovids and
deer of the Old World. In that respect they are somewhat like Cordylobia, but they lay their
eggs directly on the host. Elephantoloemus indicus is the sole representative of its genus and
develops in the skin of Indian elephants - many thousands of larvae can impart a honey-comb
appearance to the skin due to numerous scars.

33 Sarcophagidae

Wohlfahrtia

Females are larviparous, depositing first instar larvae rather than eggs. The most
important agent of myiasis is W. magnifica an obligate parasite of warm blooded vertebrates
in southeastern Europe, southern and Asiatic Russia, the Middle East and North Africa. Some
120-170 larvae are deposited near to wounds or body openings of man and other animals,
such as sheep (Farkas et al., 1997), goats, cattle, horses, donkeys, pigs, dogs, camels and
geese (see figure on following page). The larvae of Wohlfahrtia magnifica feed and mature in
5-7 days and then leave the wound for pupation (Zumpt, 1965; Kettle, 1984). Wohlfahrtia
nuba also infests wounds of livestock in North Africa and the Middle East, but it probably
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feeds only on dead or diseased tissues rather than on living tissues (James, 1947).
Wohlfahrtia vigil and W. meigeni (opaca) are North American species whose larvae tend to
penetrate the hosts skin individually producing furuncles like Cordylobia (Alexander, 1984).
Wohlfahrtia meigeni can be a serious pest of mink and fox in fur farms in North America
(Knowlton, 1941; Gassner & James, 1948). °

Sarcophaga, Cistudinomyia

Sarcophaga sensu lato may occasionally be involved in myiasis, but little is known
of their larval stages. Sarcophaga cruentata (= haemorrhoidalis) is one of the most common
species and breeds mainly in faeces (Zumpt, 1965; Smith, 1986). Blaesoxipha plinthopyga is
reported to be an important facultative myiasis causing sarcophagid (Baumgartner, 1988).
Cistudinomyia cistudinis is parasitic on turtles and tortoises, but is probably of little economic
importance with infestations rarely being large enough to cause death (Knipling, 1937).
Larvae may penetrate at ongoing or previous sites of attachment of tortoise ticks. Other
species recorded rarely on tortoise and other reptiles are Chrysomya megacephala and Lucilia

(Frank, 1981).

Example of trypical traumatic myiasis of sheep’s vulva caused by Wohlfahrtia magnifica

34 Mouscidae

Members of the family Muscidae may be involved as secondary invaders, especially
the ubiquitous Musca domestica, the common housefly. Species of Fannia are sometimes
involved in urinogenital myiasis. Species of Passeromyia are obligate, blood-feeding larval
parasites of bird nestlings, feeding from the skin surface or burrowing subcutaneously - they
may cause death of the host (Zumpt, 1965).

4 CONTROL

Control measures can be considered at three levels:-
* Control or eradication of fly population (e.g. eradication of Cochliomyia hominivorax and
Hypoderma species);

Avoidance of infestation where adult control is not possible (e.g. by fly screening, dressing
of wounds, prophylactic treatments);

Treatment because of failure of both above levels (removal of larvae manually or by
insecticides, lavage, debridement and application of antibiotics).
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Manual removal of calliphorid and sarcophagid larvae in cases of traumatic myiasis may
be achieved by forceps. For calliphorid, sarcophagid and oestrid larvae in furuncles or
warbles (e.g. Dermatobia, Hypoderma, Cordylobia, some Wohlfahrtia) extraction can be
made by gentle pressure around the site of infestation, by occlusion of the opening (to prevent
larval respiration), or by injection of anaesthetic into the cavity below the larva to force it out
(e.g. lidocaine hydrochloride). Note that insecticidal treatments after removal of larvae from
wounds may have to be repeated at frequent intervals while the wound is healing to prevent
reinfestations by calliphorids or sarcophagids.

Hall & Wall (1995) provide a thorough review of modern control techniques, with
emphasis on: 1) insecticides (including traditional insecticides, such as organophosphates, the
macrocyclic lactones and insect growth regulators); 2) mechanical means (surgical
techniques); 3) biological control; 4) sterile insect technique; 5) genetic control; 6) vaccines;
7) baits, traps and targets (Hall, 1995; Wall & Smith, 1997).

5 COLLECTING AND PRESERVING MATERIAL

Maintenance of living larvae: Adult flies are usually more easy to identify than immature stages,
especially the younger immature stages. Therefore it can be valuable to keep some specimens
alive, to rear to adulthood. These should be placed in a jar with sawdust or paper tissue and a
perforated lid (to enable gaseous exchange) and be maintained at room temperature. If the larvae
are very young and of a facultative myiasis causing species, then some meat (e.g. liver, minced
meat or canned dog food) should be added to enable them to feed and complete their
development. Young larvae of obligate species are extremely difficult to rear to maturity. Adult
flies can be killed by placing them in a deep freezer for one hour. Care should be taken not to
keep dead, wet insects out of preservative at room temperature, especially in an airtight
container, as they will quickly decompose if they cannot dry out. Dry insects will keep well
without preservative.

Killing and preservation of larvae: Direct immersion of live larvae into ethanol and other
killing fluids causes larvae to contract as they die, making it difficult to see some diagnostic
features. However, good quality, extended specimens can be obtained if larvae are first killed by
brief immersion in hot water, just below boiling point. Near boiling water can be taken to the site
of collection in a thermos flask or it can be prepared on site using a water heater operated from a
car cigarette lighter. After killing, larvae should be transferred to 80% ethanol for long term
storage. The preservative medium should be changed after 24 hours because it will be diluted
somewhat by the water on and in the larvae.

Preparation of material for microscopical examination: The mouthparts, spiracles and other
material should first be 'cleared' by macerating the specimen in a 10% aqueous solution of
potassium hydroxide (KOH) at room temperature for at least 15 minutes. Specimens that
have been in alcohol for six months or more need a longer period in KOH, up to 12 hours at
room temperature or a shorter time in warmed KOH. Small larvae should be put into the
solution whole, with punctures to allow its penetration; larger larvae can be dissected and
only the required parts macerated, taking care to keep all the parts of single specimens
together. As the muscles soften they can be teased away with fine forceps or sharp needles.
In order to avoid destroying the sclerites, care must be taken with dissecting instruments and
with KOH. When the muscle and fat-body has been cleared away, the specimens should be
placed in glacial acetic acid for at least 15 minutes, to neutralise any residual KOH, and
should then be rinsed well with 80% ethanol. Thorough rinsing with ethanol should be
sufficient if acetic acid is not available. They are then ready for examination, mounting or
storage. There are many methods of mounting slides. One is to dehydrate the samples in
absolute alcobol, transfer them to clove oil to clear, then mount in Canada balsam;
alternatively, from absolute alcohol they can be mounted directly into Euparal.
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Scanning electron microscopy: This can be a tremendous asset to the morphological study
of fly larvae for identification and research purposes, the detailed images surpassing any
produced by light microscopy (Spradbery, 1991). Careful preparation of the material is
important to minimise physical distortion of the characters. Essentially, the material needs
dehydration and then critical point drying before coating with gold/palladium (Grodowitz et
al., 1982; Ruiz-Martinez et al., 1989).
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TABLE 1: Classification of Human Myiases (Hall & Smith, 1993)

1. CUTANEOUS MYIASIS

Sub-group

Description

Examples

Blood-sucking or
sanguinivorous
myiasis

Furuncular myiasis

Creeping myiasis

Wound or traumatic

myiasis

Larvae attach to skin
and suck blood or bite

Penetrate skin and make
boil-like swellings

Tunnel in human
epidermis, but do not
complete development
1n man

Develop in existing
wounds or lesions

Auchmeromyia’, Tabanidae',
Therevidae'

Dermatobia’, Cordylobia’
Wohlfahrtia®

Hypoderma®
Gasterophilus®

off

Calliphoridae™,
Sarcophagidae®’, Muscidae',
Fanniidae', Phoridae’
Tachinidae® (very rarely)

2. BODY CAVITY MYIASIS

Sub-group Description Examples
Nasopharyngeal, Eggs or larvae dep- Calliphoridae"/f,
auricular, lung and -osited in ear, eye Sarcophagidae®”,
ophthalmomyiases nose, sinuses and Oestridae’,

Intestinal myiasis
Sarcophagidae,
(enteric, rectal)
Phoridae,

Urogenital myiasis
Sarcophagidae,

pharyngeal cavities

Larvae accidently
ingested or enter via

rectum

Adults attracted to

infected tissue or
soiled clothing

Muscidaef, Phoridae’
Calliphoridae,

Muscidae, Fannidae,
Psychodidae, Anisopodidae,
Stratiomyidae, Syrphidae,
Drosophilidae, Ephydridae,
Micropezidae, Piophilidae,
Sepsidae, Tipulidae,
Therevidae (all facultative)

Calliphoridae,
Muscidae, Fanniidae,

Anisopodidae, Scenopinidae
(all facultative)

° = obligate parasites, ' = facultative parasites
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Programme for the

Third Regional Training Course on
Surveillance, Diagnosis and Control of

Old World Screwworm

Muscat, Sultanate of Oman
16-20 December 2006

Saturday 16/12/2006 :
8:00 — 9:00 | Registration
9:00 — 10:30 | Opening Session :

- Speech by H.E. Sheikh Salem Bin Hilal Bin Ali El Khalili,
Minister of Agriculture and Fisheries

- Speech by H. E. Dr. Salem Al-Lozi, Director General , Arab
Organization of Agricultural Development

Break,

10:30 - 11:00
Move to the Main Lecture Room
11:00 - 11:45 | Opening lecture: Old World Screw-Worm; An Overview. (Dr.
Philip Spradbery-Australia).
11:45— 12:00 | L-ecture : Joint AOAD/FAO/IAEA Project for Eradication of Old
’ ) World Screwworm in the Middle East (Dr. K. A. Awadh)
12:00 — 12:15 | Break
12:15 — 13:00 Lecture : 1.Methods for Surveillance of OWS, Myiasis, Traps and
; : Sentinel animals (Dr. M. Al-Izzi)
2. Historical Development of Surveillance, Traps and Sentinels (Drs.
P. Spradbery and Jan Slingenbergh)
Lecture : Epidemiology and Control of OWS in the Sultanate of
13:00 - 13:45 Oman (Dr. S. El-Ismaili)
13:45 - 14:45 | Lecture : Geographical Distribution of OWS and Use of Computer
Models for Prediction of the Spread in Arab Countries (Dr. S.
Elowni)
Sunday 17/12/2006 :
8:00 - 9:00 |Lecture: 1. Laboratory Rearing of OWS on Artificial Diet (Dr. M.
Al-Izzi).
2. A Concise history of Mass Rearing (Dr. P. Spradbery).
9:00 - 10:00 |Lecture: A Concise history of NWS, Eradication by SIT from USA
and Central America (Dr. P. Spradbery, Jan Slingenbergh).
10:00 - 11:00 |Lecture : SIT as a component of Integrated Pest Management for

Eradication of OWS (Dr. M. Al-1zzi)

11:00 - 11:45

Break, Transport to the Laboratory

11:45 - 13:45

Practical : Preparation of Lure, Traps and Sentinel Animals

(The Experts)
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Monday 18/12/2006 :

8:00 - 9:00 Lecture : FAO - supported activities relevant to control of
screwworm (Dr. Jan Slingenbergh).

9:00 - 10:00 | Lecture: The OWS Project in Papua New Guinea and the Australia's
Preparedness for an OWS Invasion. (Dr. P. Spradbery).

10:00 —10:30 | Video Presentations for Methods of Diagnosis and Control of QWS
(Dr. S. Elowni and Dr. Al —Izzi)

10:30-11:00 | Break

11:00 - 12:00 | Lecture : DNA characterization and analysis in relation to OWS
control (Dr. Paul Ready).
Open Discussions. (Drs. Philip Spradbery and Jan Slingenbergh).

12:00 - 12:30 | Break, Transport to the Laboratory

12:30 - 14:30 | Practical : Collection of Fly Samples from Traps, Eggs and

Larvae from Sentinel Animals and Methods of Preparation and
Transport of Samples to the Laboratory (The Experts).

Tuesday 19/1

2/2006 :

8:00 - 9:00 Lecture : Introduction to Myiasis (Dr. M. Hall).

9:00 - 10:00 Lecture : Identification of OWS Larvae and Adults Based on
Morphological Characters ( Dr. Martin Hall)

10:00 - 11:00 | Lecture : Sampling techniques and preparation of samples for
reference collection and DNA characterization (Martin Hall and
Paul Ready)

11:00-11:45 | Lecture : IAEA - supported activities relevant to control of
screwworm (Dr. Udo Feldmann).

11:45 - 12:30 | Break, Transport to the Laboratory

12:30 - 14:30 | Practical Morphological Identification of Agents of Myiasis

emphasizing OWS, Dissection of OWS and Extraction of DNA from
their tissues (Martin Hall and Paul Ready).

Wednesday 20/12/2006 :

7:30 - 8:00 Transport to the Laboratory

8:00 - 10:30 OWS sample collecting trip to farms around Muscat (The Staff)

10:30 - 12:00 Round up sessions, including identification of specimens collected in
morning, their processing for morphotaxonomy and DNA typing
(Martin Hall and Paul Ready).
Open Discussions. (Drs. Philip Spradbery, Jan Slingenbergh and
Udo Feldmann).

12:00 — 12:30 | Evaluation of the Training Course

12:30 - 13:00 | Break

13:00 - 14:00 | Closing Session and Award of Certificates
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