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Incidence of myiasis in Panama during the eradication of
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We presenr the vesudis of a sty on mylasis fn Panama during the st vears of o Cochliomyia homing vorax
everdication program {fOOR-2005), with the aim of nvestigating the belavior of the Tes that produce moviasls
i anihols and Ruman Beings, The hosts thal vegistered positive for mviasiy were cattle (46.4%), dogs (15.3%),
frraney (J 7% ) Biveds (1 2%), pigs (0500 Borses (4% ), and sheep (1% ) St fiv species cansed niviasis: Dermato-
bia hominis (35% ), Phaemcia spp. {206 ), Cochliomyia macellara (/9% ), Chrysomva rufifacies (50, and may-
gois of widentified species belonging 1o the Sarcophagidae (39 and Muscidae (0.3% )0 With the Dubots index,
was ne evidence that e absence of C. hominivorax alfewed an increase in the cases of facwliative myiasis.
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The terme myiasis relers e the infestation by larvae
of certain families of Diptera on alive vertehrates, that
use these hoests for their development and cause variows
pathologics depending on the species thal induce them
CAcha & Seylres 2003), The causalive species could he
chligate parasites that depend exclusively on live verte-
brates (primary myiasis); facullative parasites that can
develop in decomposing matler as well in live animals
(secondary mviasis): and specics thatl cause accidental
myiasis (Leclercg 1995, Stevens & (ranto 20027,

In the Americas, the main investigations of myiasis
have been made on obligate parasitic species such as
Cochfionnia hominivoray and Dermaiobia fominis, be-
cause of thelr great impact on human and animal health
on the cconomies ol many countrics (Phillips et al.
20040, The results of these iwvestigations were used Lo
establish successful conteol plans, including the program
to eradicale O Rominivorar in the United States, Me
xica, and Central America (Moya 2003),

We estimate that in the Neotropics non-obligatory
myiasis is cansed by approximately 23 species of lies,
0 of which can be considered 1o cause accidental my-
iagis (e.g. some species of Syrphidae) and seven facul-
tative {e.g. some species of Sarcophagidae and Calli-
phoridae) demonstrating the diversity of these groups
{Méndez 1981, Oliva 20020, However, few data exist that
demanstrate their incidence in the region, because only
isclatedd cases have been recorded, and oo investgatons
have been carried out to assess their ecological tmpact
(Meéndez 10817
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Criven present factors, such as world-wide commerce
and climate change, it is very important to carry out sur-
veys in regions around the world to determinge species
diversity in families whose members can cause myiasis,
The new knewledze will allew establishment of control
plans, repaorting foreign Taculiative species, and record-
ing changes in their behavior. This information will be
important since Native American species. such as O
feeminivoraxs and L hendnis, are found in Alrica
(Krafsur & Lindquist 1996} and in Europe (Leclerg
[995). Similarly an African species of Calliphoridae
Crordylobia autfuopopliaga has been broonght o Europe
by travelers returning from Africa (Fox et al. 1992,
Aldkorta e ul. 2001 ).

In this paper we report myiasis in Panama from (908
through 2005, period of eradication of & faminivoerar,
We also report to results of an evaluation of the short-
term empty niche effect, and present early data on the
behavior of nalive and introduced fly species implicated
in lacullalive myiasis.

MATERIALS AND METHODS

Dt callection - As parl of C. hominiverar eradi-
cation aclivities in Punama, in 998 the Panama-United
States Commission for the Bradication and Prevention
ol the Screwworm (COPECG, by the Spanizh acronvm),
Began a national myiasts monitoring program, which con-
sisted of sampling myiasis infections in cattle pouliry,
farms, veterinary clindes, and wild animals throughout
the republic, and in addition, human myiasis identified
at health mstitutions. Samplings were take by velerinary
personnel, working wt farms and owners of pets, who
collected larvae found in skin, natural openings, and
wounds. The data for the vears T998-2005 were analyzed
1o genus. L0 is important o emphasize that during the
veurs 1998 through 2002, species other than Ol fiomi-
sivereny were nob identilicate, and that beginning witly
the vear 2003, all myiasis were identified.
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Stevistical analvsis - Data were organized in Mi-
crosoft Excel™, and included qualitative varizhles such
as date, provinee, hosts and Fly species for each reporled
case. A simple regression analysis was carried out 1o
verify the relationship between the number of O
hominiverax cases and those caused by other flies spe-
cics for cach vear of study from 1998 through 20035

Fly species hehavior was analyzed using the fluctoa-
tion index of Dubois (Guisendo et al. 20061, that quanti-
fies population Tuctuations in each fly species over time,
and how they respond o changes in several factor (in
this case, eradication of O heminiverax), I the analy-
sls gave
L vesligale.

In order te establish the relationships between cach
species af fly and its host, and Lo verily interactions be-
tareen them. we carried oul an analvsis of simple corre-
spondence, based on the calculation of Chi-square analy-
sis for contingency Tables, according (o Pedia (20027,
This amalysis compared preferences among the flies in-
ducing myiasis lor particular sets of host, The analyses
woere mide with the XL-Star program version 4%

RESULT

During the years 1998 through 2005, 19897 cases
of myiasis were registered, of which 13,245 corre.
sponded o O fominivorar and 4032 1o olher Iy spe-
cies {Fig. 1) Of these. 93% of the myiasis caused hy
feominiverax correspondad o the first vears of the eradi-
cation program and was evident as o linear relationship
between the increase of myiasis cuses cansed by other spe-
cles and years (F =23, p 005, c = (0616, and 12 = 0.38),

For the years 2002 10 2005, 2497 cases of myiasis
were registered, and attributed 100 1L beminiy (57 9%,
Phaenicia spp. (19.6%), O macelfario (19.3%, and ©
cyfifncies (0450 and none we O hominivorac, Inoaddi-
tion, we Tound magzows identified as Sarcophagidae
(2.5%) and Muscidae (0.3%:) ('Table [, Iig. 20 These lar-

vae were recoversd from cows (46.4%), dogs (15.35%),
humans €144, chickens (11.9%), pies (5.8%), horses
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valucs near cere, indicate no response 1o facor

{3.5%), and sheep (195 {Table [, Fig. 3). A correspon-
dence analvsis indicates association belween the spe-
cies producing myviasis and their hosts {Chi-square analy-
siv = 138505, p = 001 GL = 42) (Fig. 4) and shows
Q6% variance,

When establishing the index of population fluctua-
tion (Dwbois index), it was demonstrated that the myiasis
causing species had stable behavior during the years 2002-
20005, presenting values that were near zero, indicating that
cases oF myiasis did not vary during the study wvears, even
aller the eradication of €. hominivera {Table 1.
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TABLEI
Number of cases ol myiasis, inductive flies and their hosts, dunng vears 2002-2005 in Panama
Hust

Year Species Corw Sheap Horse Loz Human Fig Chicken Tintal
K2 Dermatolin hominis 155 4 i 98 EE] 2 4 R4
Cachliomynd mgeellaria & 8] 1% 12 n 22 14 L1

Chvkomyta rafifacies ] 0 fJ ] 0 i ] i

Phaenicia sp. 14 f 1 & 1] & 3 107
Sarcophagicdae 0 0 { il o 0 0 0

Muscidae 1 i Q i 1] 0 0 0

HAG 0, heniwis 1200 1] 2 4 =l 14 0 226
£ macellario i 2 o2 5 ] 18 ] 147
Cheorafifacies 2 0 i 0 1] 1] 0 4

Fliagnivia 2p, 37 4 o 24 2 < 57 17
Sarcephagicae 2 0 X 2 2 2z ] 28

Muzcidae 2 £ i 0 [} 1 i 4

ik 1 Ko b i ] 37 1 2 0 3
O omaeelle 4 4 10 ] ] 12 4 B

Chy orufifacies 1 0 0 il 0 0 0 i

Flioeenivia ap, a7 0 4 27 2 2 48 106
Sarcophagidae 3 0 2 8] 4 X 0 20

Ml Lae 0 0 0 0 (1 0 2 2

Ry B hewinis A5 1] §) &7 a3 A } 33l
O omacellaria I8 2 % 14 o] & il 133

O rififacies & ] i 0 ] 2 0 10

Flurenicia sp. i) 2 G [ | | N
Sarcophagidae 4 [ 0 & a 0 2 14

Mseidae 2 (b 0 0 i 4] 0 2

Tl 1150 26 it 383 352 T4 294 2497
TABLE T Itis imporiant te emphasize that an important part of

[ndex of populatzon Muctuation ol the inducing species of myiasis the eradication campaign is to show animal care-givers
in Manama during vears 2002 s the 2005 haw 1o clean wounds, administer medications, and col-

e Year Eee S le:ct larvae. Mevertheless, when O hominivoras cases
dimunash, especially in the western provinces of Panama,

20002 008 many callle dealers andfor pet owners neglect the care

20003 212 of their animals, and the mimber of cases rises. This pat-

E‘ji; .:hI f:: tern was seen for the vears 2001-2005,

o ke Thus, althcugh non O fominiveray species showed

o overall mcreased in ease following the eradication,

there was a change in specics ratios: case of L) kominis

increased to represent 605 of all myiasis cases (Figs 1,

21 and 1l appears that increased in case of this species
DISCUSSION represent an overall decrease in vigilance on the part of

Cr results demonstrate the presence of at least six
species of flies that induce myiasis in Panama, of which
D homindy, O macellaria, and Phoenicia spp.. which
maintenance a consistent incidence during the years of
study, These results are similar o those reported by
Olivetra el al. (20043, who found that © hominivarar
(A0% incidence), 0. kominis (219%), C. macellaria
(18%), and Sarcophagidae (12%) were the species most
associated with human myiasis in the Baixada Fluminense
{Brazily. The data seem to demonstrale that, so far, the
eradication of O fominiveray has not favored the in
crease 1o myiasis caused by other fly species, confirmed
by the low values in the Dubois index. due the values is
near zero, indicale no respense to factor o investizale,

animal care-lakers. 2. fiominis is an obligatory species
that has horizontal mechanical transmission via cges
stage phoresis, that depends upon at least two variables:
abundance of the phoretic population and contact of this
population with man or other hosts. [Towever, this latter
variable was not evaluated. It is known that £, feminis
has a broad host range, including mammals and birds,
and in our study it purasitized all hosts sampled, although
it occurred mainly in humans, bovines, and dogs. [t is
inleresting to notice that 02 fiominis caused 95% of my-
lasis in humans and 66% in bovines, Parasitism by 7.
fosiinis in humans occurs mainly in suburban and rural
areas where domestic cattle or animals are found near
howuses and 1o a lesser extent in urban areas when inhahit-
ants visit rural or Torested areas.
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With respect to the analysis of simple correspan-
dence many hosts attract specific fly species or related
fly species, For example, we found that 33% of myiasis
in birds wis caused by larvae of Phoenicia 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 Lecifia bufonivorg and
Neteefnefa Bufonivera with Anura, and N corolensis
amd Cistadinceivia cistudings with reptiles) leading us
to beleve that the flies respond opportunistically to hosts
that ocour in large numbers (in this case the parasiism
of poultry by Phaenicia). The idea of opportunistic host
selection was supported by the finding that species con-
sidered te be lucultative, as Lucifia (= Phaencia)
cupring and Lo sericata, inllict ceonomic casuallics in
sheep in various countrics, including the United King-
dom. Australia, and New Zealand ([leath & Bishop 2000
The selection of desirable characteristics in domestic
animals can be accompanicd by changes in the delense
mechanisms of the animals, making them more suscep-
lible to parasitism (Stevens & Wallman 2000), In the
same way, slress caused by confining many animals in
amnall areas, together with Lheir organic waste, a praclice
comman in poultry breeding, provides apprapriate con-
ditions Tor fly population inoreases,

. macelloric was found o cause 10% of all cazes
of myiasis i all hoests sampled. This species, consid-
ered the secondary screwrworm of the New World, lays
eges especially on decomposing animal material. and
may, under suituble conditions, invade wounds in live
anirmals anc man (Harwood & Tames 1987). Myiasis by
Cogeeflaria has been documented by Cliva (2002} in
Arzenting and by Oliverra et al, (2004) i Brazil,

Cornfifacies was observed in low numbers onoa vari-
cty of hosts, This species s the most common in animal
anel hurnan carcasses, where third stage larvae are preda
ters on other species larvae, and it has been reported Lo
attaek living animals (Heath & Bishop 20061, and there-
fore they can become a serious problem (Harwood &
James T9E7) In Panama, i addition to . refifacies, two
other species, (. megacephufo and O chloropyge. have
heen reported (Bermdde: 2007) the ficst of which was
Found causing myiasis in dying humans (Sukontason el
al, 20035,

The genus Chrysamyva 15 native to the Old World bt
dispersed to the Americas during the 19705 (Ouimiraes
eral, 1978, It is possible that the first confirmed report
of the myinsis cavsed by this genus in Aanerica was made

by Richard and Gerrish {1983), who deseobed o case of

mylasis by (O rufifacies inoa dog in the United Stales.
Later that species was reported to attack haman beings
in Brawil (O veria et al, 20040 118 impoctant 1o empha-
sive that O Bezziana, which also belongs 1o this genus,
is the ecological equivalent of O fiominfvarar in the
Old World (Lec et al, 20053 That species has not been
vepoted in the Americas: nevertheless many regions have
higeopraphic characteristics that potentially could fa-
wor is establishment (Sutherts e al, 19807,

The incidence of myiasis by Muoscidae and Sar-
cophagidue was low during the study, A nunber of spe-
cies of Muoscidae have been associated with coses of

ryiasis in the presence of poor hyvgiene in countryside
ar suburhan settings (Ménder 19217, Additionally they
have been reported to cause enteric and urogental my-
insis (Harwood & James [9R7) Acha & Seyires 2003
Some genera of Museldae are obligate parasites with a
tight relationship with their hosts, for example, Nea-
pivtsea and FPhilorass with bards (Coun & Carvalho 20003,
Concerning myiasis by Sarcophagidac, one species wis
responsible for the majority of cases involving the audi-
tory channel of children, The species responsible for
these attacks probably was Wohljafriag spp. (observa-
tion of one of the co-authors). Flies of this genus have
been reported to cause myiasis in Europe, Asia, and North
Armerica (Harwood & James 1987, Acha & Sevires
2003, Unfortunately the taxonomy of this family is not
clear, making identifications difficult, and preventing us
from cataloging and understanding the kehavior of Pana-
manian species,
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