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We present the results of a study on myiasis in Panama during the first years of a Cochliomyia hominivorax
eradication program (1998-2005), with the aim of investigating the behavior of the flies that produce myiasis
in animals and human beings. The hosts that registered positive for myiasis were cattle (46.4%), dogs (15.3%),
humans (14.7%), birds (12%), pigs (6%), horses (4%), and sheep (1%). Six fly species caused myiasis: Dermatobia hominis (58%), Phaenicia spp. (20%), Cochliomyia macellaria (19%), Chrysomya rufifacies (0.4%), and maggots of unidentified species belonging to the Sarcophagidae (3%) and Muscidae (0.3%). With the Dubois index,
was no evidence that the absence of C. hominivorax allowed an increase in the cases of facultative myiasis.
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The term myiasis refers to the infestation by larvae
of certain families of Diptera on alive vertebrates, that
use these hosts for their development and cause various
pathologies depending on the species that induce them
(Acha & Szyfres 2003). The causative species could be
obligate parasites that depend exclusively on live vertebrates (primary myiasis); facultative parasites that can
develop in decomposing matter as well in live animals
(secondary myiasis); and species that cause accidental
myiasis (Leclercq 1995, Stevens & Otranto 2002).
In the Americas, the main investigations of myiasis
have been made on obligate parasitic species such as
Cochliomyia hominivorax and Dermatobia hominis, because of their great impact on human and animal health
on the economies of many countries (Phillips et al.
2004). The results of these investigations were used to
establish successful control plans, including the program
to eradicate C. hominivorax in the United States, Mexico, and Central America (Moya 2003).
We estimate that in the Neotropics non-obligatory
myiasis is caused by approximately 25 species of flies,
10 of which can be considered to cause accidental myiasis (e.g. some species of Syrphidae) and seven facultative (e.g. some species of Sarcophagidae and Calliphoridae) demonstrating the diversity of these groups
(Méndez 1981, Oliva 2002). However, few data exist that
demonstrate their incidence in the region, because only
isolated cases have been recorded, and no investigations
have been carried out to assess their ecological impact
(Méndez 1981).
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Given present factors, such as world-wide commerce
and climate change, it is very important to carry out surveys in regions around the world to determine species
diversity in families whose members can cause myiasis.
The new knowledge will allow establishment of control
plans, reporting foreign facultative species, and recording changes in their behavior. This information will be
important since Native American species, such as C.
hominivorax and D. hominis, are found in Africa
(Krafsur & Lindquist 1996) and in Europe (Leclerg
1995). Similarly an African species of Calliphoridae
Cordylobia anthropophaga has been brought to Europe
by travelers returning from Africa (Fox et al. 1992,
Alkorta et al. 2001).
In this paper we report myiasis in Panama from 1998
through 2005, period of eradication of C. hominivorax.
We also report to results of an evaluation of the shortterm empty niche effect, and present early data on the
behavior of native and introduced fly species implicated
in facultative myiasis.
MATERIALS AND METHODS

Data collection - As part of C. hominivorax eradication activities in Panama, in 1998 the Panama-United
States Commission for the Eradication and Prevention
of the Screwworm (COPEG, by the Spanish acronym),
began a national myiasis monitoring program, which consisted of sampling myiasis infections in cattle poultry,
farms, veterinary clinics, and wild animals throughout
the republic, and in addition, human myiasis identified
at health institutions. Samplings were take by veterinary
personnel, working at farms and owners of pets, who
collected larvae found in skin, natural openings, and
wounds. The data for the years 1998-2005 were analyzed
to genus. It is important to emphasize that during the
years 1998 through 2002, species other than C. hominivorax were not identificate, and that beginning with
the year 2003, all myiasis were identified.
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Statistical analysis - Data were organized in Microsoft Excel, and included qualitative variables such
as date, province, hosts and fly species for each reported
case. A simple regression analysis was carried out to
verify the relationship between the number of C.
hominivorax cases and those caused by other flies species for each year of study from 1998 through 2005.
Fly species behavior was analyzed using the fluctuation index of Dubois (Guisando et al. 2006), that quantifies population fluctuations in each fly species over time,
and how they respond to changes in several factor (in
this case, eradication of C. hominivorax). If the analysis gave values near zero, indicate no response to factor
to investigate.
In order to establish the relationships between each
species of fly and its host, and to verify interactions between them, we carried out an analysis of simple correspondence, based on the calculation of Chi-square analysis for contingency Tables, according to Peña (2002).
This analysis compared preferences among the flies inducing myiasis for particular sets of host. The analyses
were made with the XL-Stat program version 4.

(3.5%), and sheep (1%) (Table I, Fig. 3). A correspondence analysis indicates association between the species producing myiasis and their hosts (Chi-square analysis = 1385.05; p < 0.01; GL = 42) (Fig. 4) and shows
96% variance.
When establishing the index of population fluctuation (Dubois index), it was demonstrated that the myiasis
causing species had stable behavior during the years 20022005, presenting values that were near zero, indicating that
cases of myiasis did not vary during the study years, even
after the eradication of C. hominivorax (Table II).

RESULT

During the years 1998 through 2005, 19,897 cases
of myiasis were registered, of which 15,245 corresponded to C. hominivorax and 4652 to other fly species (Fig. 1). Of these, 95% of the myiasis caused by C.
hominivorax corresponded to the first years of the eradication program and was evident as a linear relationship
between the increase of myiasis cases caused by other species and years (F = 23; p 0.05; r = 0.616, and r2 = 0.38).
For the years 2002 to 2005, 2497 cases of myiasis
were registered, and attributed to: D. hominis (57.9%),
Phaenicia spp. (19.6%), C. macellaria (19.3%), and C.
rufifacies (0.4%) and none to C. hominivorax. In addition, we found maggots identified as Sarcophagidae
(2.5%) and Muscidae (0.3%) (Table I, Fig. 2). These larvae were recovered from cows (46.4%), dogs (15.3%),
humans (14%), chickens (11.9%), pigs (5.8%), horses

Fig. 2: fluctuation of the incidence of the species causes of myiasis in
Panama during years 2002 to 2005.

Fig. 3: incidence of myiasis by hosts in Panama, during years 2002 to 2005.

Fig. 1: occurrence of the cases of myiasis produced by Cochliomyia
hominivorax and other species in Panama between years 1998-2005. GBG:
refer to C. hominivorax; no GBG: others species.

Fig. 4: analysis of simple correspondence between the inductive species
of myiasis and their hosts in Panama during years 2002-2005; row profiles
and column profiles on axes 1 and 2 (96%).
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TABLE I
Number of cases of myiasis, inductive flies and their hosts, during years 2002-2005 in Panama
Host
Year

Species

Cow

Sheep

Pig

Chicken

Total

2002

Dermatobia hominis
Cochliomyia macellaria
Chysomyia rufifacies
Phaenicia sp.
Sarcophagidae
Muscidae

155
50
0
14
0
0

4
0
0
6
0
0

6
16
0
10
0
0

98
12
0
18
0
0

93
0
0
0
0
0

22
22
0
6
0
0

4
14
0
53
0
0

384
114
0
107
0
0

2003

D. hominis
C. macellaria
Ch. rufifacies
Phaenicia sp.
Sarcophagidae
Muscidae

120
77
2
57
2
2

0
2
0
4
0
0

2
22
2
0
2
0

44
18
0
24
2
0

44
0
0
2
2
0

16
18
0
4
2
0

0
10
0
87
6
2

226
147
4
178
28
4

2004

D. hominis
C. macellaria
Ch. rufifacies
Phaenicia sp.
Sarcophagidae
Muscidae

89
46
0
27
6
0

0
6
0
0
0
0

6
10
0
4
2
0

37
10
0
23
0
0

164
0
0
2
4
0

8
12
0
2
2
0

0
4
0
48
6
2

304
88
0
106
20
2

2005

D. hominis
C. macellaria
Ch. rufifacies
Phaenicia sp.
Sarcophagidae
Muscidae

405
75
8
20
4
2

0
2
0
2
0
0

0
8
0
0
0
0

67
18
0
10
2
0

33
0
0
2
6
0

18
6
2
4
0
0

0
0
0
61
2
0

531
133
10
99
14
2

1159

26

88

383

352

144

299

2497

Total

TABLE II
Index of population fluctuation of the inducing species of myiasis
in Panama during years 2002 to the 2005
Year

Index

2002
2003
2004
2005

0.08
0.12
0.01
0.06

DISCUSSION

Our results demonstrate the presence of at least six
species of flies that induce myiasis in Panama, of which
D. hominis, C. macellaria, and Phaenicia spp., which
maintenance a consistent incidence during the years of
study. These results are similar to those reported by
Oliveira et al. (2004), who found that C. hominivorax
(30% incidence), D. hominis (21%), C. macellaria
(18%), and Sarcophagidae (12%) were the species most
associated with human myiasis in the Baixada Fluminense
(Brazil). The data seem to demonstrate that, so far, the
eradication of C. hominivorax has not favored the increase in myiasis caused by other fly species, confirmed
by the low values in the Dubois index, due the values is
near zero, indicate no response to factor to investigate.

Horse

Dog

Human

It is important to emphasize that an important part of
the eradication campaign is to show animal care-givers
how to clean wounds, administer medications, and collect larvae. Nevertheless, when C. hominivorax cases
diminish, especially in the western provinces of Panama,
many cattle dealers and/or pet owners neglect the care
of their animals, and the number of cases rises. This pattern was seen for the years 2001-2005.
Thus, although non C. hominivorax species showed
no overall increased in case following the eradication,
there was a change in species ratios: case of D. hominis
increased to represent 60% of all myiasis cases (Figs 1,
2), and it appears that increased in case of this species
represent an overall decrease in vigilance on the part of
animal care-takers. D. hominis is an obligatory species
that has horizontal mechanical transmission via eggs
stage phoresis, that depends upon at least two variables:
abundance of the phoretic population and contact of this
population with man or other hosts. However, this latter
variable was not evaluated. It is known that D. hominis
has a broad host range, including mammals and birds,
and in our study it parasitized all hosts sampled, although
it occurred mainly in humans, bovines, and dogs. It is
interesting to notice that D. hominis caused 95% of myiasis in humans and 66% in bovines. Parasitism by D.
hominis in humans occurs mainly in suburban and rural
areas where domestic cattle or animals are found near
houses and to a lesser extent in urban areas when inhabitants visit rural or forested areas.
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With respect to the analysis of simple correspondence many hosts attract specific fly species or related
fly species. For example, we found that 83% of myiasis
in birds was caused by larvae of Phaenicia spp. Until
now the idea of co-evolution and specificity of hosts in
Calliphoridae and Sarcophagidae did not exist (with the
exceptions of the association of Lucilia bufonivora and
Notochaeta bufonivora with Anura, and N. carolensis
and Cistudinomyia cistudinis with reptiles) leading us
to believe that the flies respond opportunistically to hosts
that occur in large numbers (in this case the parasitism
of poultry by Phaenicia). The idea of opportunistic host
selection was supported by the finding that species considered to be facultative, as Lucilia (= Phaencia)
cuprina and L. sericata, inflict economic casualties in
sheep in various countries, including the United Kingdom, Australia, and New Zealand (Heath & Bishop 2006).
The selection of desirable characteristics in domestic
animals can be accompanied by changes in the defense
mechanisms of the animals, making them more susceptible to parasitism (Stevens & Wallman 2006). In the
same way, stress caused by confining many animals in
small areas, together with their organic waste, a practice
common in poultry breeding, provides appropriate conditions for fly population increases.
C. macellaria was found to cause 16% of all cases
of myiasis in all hosts sampled. This species, considered the secondary screwworm of the New World, lays
eggs especially on decomposing animal material, and
may, under suitable conditions, invade wounds in live
animals and man (Harwood & James 1987). Myiasis by
C. macellaria has been documented by Oliva (2002) in
Argentina and by Oliveira et al. (2004) in Brazil.
C. rufifacies was observed in low numbers on a variety of hosts. This species is the most common in animal
and human carcasses, where third stage larvae are predators on other species larvae, and it has been reported to
attack living animals (Heath & Bishop 2006), and therefore they can become a serious problem (Harwood &
James 1987). In Panama, in addition to C. rufifacies, two
other species, C. megacephala and C. chloropyga, have
been reported (Bermúdez 2007), the first of which was
found causing myiasis in dying humans (Sukontason et
al. 2005).
The genus Chrysomya is native to the Old World but
dispersed to the Americas during the 1970s (Guimãraes
et al. 1978). It is possible that the first confirmed report
of the myiasis caused by this genus in America was made
by Richard and Gerrish (1983), who described a case of
myiasis by C. rufifacies in a dog in the United States.
Later that species was reported to attack human beings
in Brazil (Oliveria et al. 2004). It is important to emphasize that C. bezziana, which also belongs to this genus,
is the ecological equivalent of C. hominivorax in the
Old World (Lee et al. 2005). That species has not been
reported in the Americas; nevertheless many regions have
biogeographic characteristics that potentially could favor its establishment (Sutherts et al. 1989).
The incidence of myiasis by Muscidae and Sarcophagidae was low during the study. A number of species of Muscidae have been associated with cases of

myiasis in the presence of poor hygiene in countryside
or suburban settings (Méndez 1981). Additionally they
have been reported to cause enteric and urogenital myiasis (Harwood & James 1987, Acha & Szyfres 2003).
Some genera of Muscidae are obligate parasites with a
tight relationship with their hosts, for example, Neomusca and Philornis with birds (Couri & Carvalho 2003).
Concerning myiasis by Sarcophagidae, one species was
responsible for the majority of cases involving the auditory channel of children. The species responsible for
these attacks probably was Wohlfahrtia spp. (observation of one of the co-authors). Flies of this genus have
been reported to cause myiasis in Europe, Asia, and North
America (Harwood & James 1987, Acha & Szyfres
2003). Unfortunately the taxonomy of this family is not
clear, making identifications difficult, and preventing us
from cataloging and understanding the behavior of Panamanian species.
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