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MORPHOGENESIS OF LARVAL ONCHOCERCA VOLVULUS IN
THE PANAMANIAN BLACK FLY,
SIMULIUM QUADRIVITTATUM
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Abstract. Simudinm quadvivittarun Loew (Diptera: Simuliidae), a man-biting black v,
was shown, for the Orst time, to be capable of supporting development of Onchiocercn
veivia(uy Leuckart (Nematoda: Filarioidea) from microfilariae to third-stage (infective) lar-
vae, The black flies were collected in Chiriqui Pravinee, Panama and iransported alive to
Guatemnala, where they were allowed to feed on a human subject infeeted with €6 vefvndus,
Samples of these flies were dissected over an | L-day period 1o assess morphegenesis of the
parasite. Vigorously motile microfilariae were recovered fram the mid-pot during the first
24 hours postfeeding: second-stage larvae were found in the thoracic muscelature on dav
4; and fully developed third-stage larvae were obtained from the cephalie capsule by day
10, This rate of larval developiment 15 similar 1o that observed in Guatemalan S ocfeacenin
Omchocerciasis is not known to occur in Panama. The resulis of the present stwdy divect

attention to a potential public health hazard there and possibly elsewhere in Ceniral Amer-

L&,

The peographic distribution of onchoverciasis
in the Western Hemisphere is sporadic. [t occurs
inlocalized areas of Mexicoe, Guatemala, Colom-
bia, Veneruela, Brazil and Ecuador. Man-biting
black flies ol the genus Sipudivm are seasonally
abundant 1in several other Central and South
American countaes inowhich the discase has not
as vet been found, Two specics responsible for
the transmission of onchocerciasis in Guate-
mala, namely 5 ochiraccwm and & oetaliicim,
wire described from Panama as early as 1940
but the petential role of these and other Pana-
manian simuliids as vectors of this discase has
nat been investigaied, heretofore. Experimental
evidence now has been abtained establishing that
al least one of them, 5 guadriviiiatvm, can sup-
port morphogenesis of larval £ vofvilfus to the
third stage.

MATERIALS AMNDF METHOMIS

Dering the 3rd week of August 1981, 320 live
black flies, predomanately 5. guadrivisiansg, were
collected by 1wo of the authors (ES and 1P) near
the residential compound of the Fortung Hydro-
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electric Project, Chirigui Province, i the Re-
public of Panama. Pertinent environmental fea-
tures of the arca from which collectiong wers
madde have been deseribed previously.® The col-
lectors served as the alraciants, and the Ries
were captured individually in plastic tubes of the
kind described by Figuerca et all’ when they
alighted and began to take a blood meal. There-
after, they were fed ad Iib on 3% sucrose solution
replenished daily. These lies were transported
vig commercial airhing vom David, Panama, to
Panama City and then o Guatemala City, (Gua-
temala the following day. Eighty flies were dead
on arrival in Panama City and were discarded
without dissection, because facilities for micro-
sCOple examination were not available en roue,
Fifty-seven more fies were found dead after ar-
eival in Guatemala City. These were dissected
and examined, as controls, for the presence of
filarial parasites. On the Sk day aller collection,
the remaining 183 live s were transported from
Giuatemala City, via automobile, for a distance
af about 36 km o Palin, where they were fied on
an enchocerciasis-infected subjecl having a mean
number of emergent microflariae, after 10 min,
of &0/1.5 mm? skin-snip, Feeding was accom-
plished by carefully rernoving the cap [rom o tube
contzining a fy and then quickly applving the
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cpen end of the tebe w the skin on the back,
neck or upper arm of the inlected subject. The
tube was held perpendicular to the surface of the
skin and, upon release after engorgement. the By
remained trapped inside the taube. During ro-
moval of the tube from the sking its open cnd
was covered by o thumb or finger o prevent the
fiv from cscaping while the cap was baing re-
placed. Fortv-six flics were fed successinlly on
the first day and 37 addional Bics were Ted on
the same subject the Tollewing day. The remain-
ing 100 Aies which did not 1ake & Blood meal
served as additional controls to make cerlain that
these simuldiids had not acquired any Blarial par-
asites in their nabve enmvironment. Samples of
the 83 flies receiving an mfective bloed meal
wire dissected and examined by both phase con-
trast and bright Beld microscopy over an | -day
period post-Teeding to assess the ooourrence, vi-
ability and stage of development of onchacereal
larvae.

RESLULTS

The data resulting from the disscetions of the
Panamanian 5. guadeivittadune experimnentally
infected in Guaternala are shown in Table 1. None
af the 157 black flies which served as controls
in this study harbored any larval nematodes,
Eighty-three (43%) of the 183 captive flics suc-
cecded in oblaining a bloodmeal from the in-
fected subject. Micrehlariae, abour one-half of
which exhibited vigorous meility, were founcd
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i ahundance in the mid-gut up to 24 hours post-
feeding. Comparative measurements of 1hese
microfilariae and those of O vefvafis obtained
in previous investigations in Guatcmala® re-
vealed no statistically signiticant difterences. Late
frst-stage larvag (L3 qust beginning 1o maolr, woene
found in the thoracie musculature on day 2 post-
infection {Fig. [ Late L, larvae in an advanced
stage of the molting process were found on day
AiFip. . Malting was completed by day 4. when
pypical L, larvae were dissected from the thoracic
musculature ol the Mes (Fig. 3 Fully developed
L. larvae (he stage infective for humans when
transmitted by the kite of the black v were
recovered rom the cephalic capsule on davs 10
and 11 (Fig. 43 The infectivity of these third-
slage larvas was nol determined.

L SCUSSI0N

The rate of morphogenests of larval O valvlus
in ¥ greelrivitiatian s similar 1o that observed
i experimentally infected Guatemalan 5, ocfieg-
cewint Although the sample sizc in the case of
the former species is relatively small, 11 appears
that both the percentage of flies infected and the
mean number of 1., larvae pec infected fiv also
arc wery similar.

[ preparing the protocol for this study, som
skepticism was expressed about whether the cap-
tive Mes would 1ake a Dlood meal. Gibson found
that the three species of Siwmedivm, e, S ochra-
cewmr, S metallionm and 8 callidum, which
commoenly bite man in Guatemala, would naot
feed in captivity.® Several thousand Mies that had
emerged from pupac in the laboratory were given
the apportunity to feed on human volunteers
under a “grear variely of conditions,” bul only
three of these ook @ blood meal® By contrast,
£5% ol the 183 5, guadvivinianom given the chanoe
1o hite the infected subypect at Palin i this in-
vestigation, did so and led 1o repletion. The rea-
sonfs) for the contrasting resulis ol these teo
studies 15 et known bat 11 may be atiribulable
o ang or more of the following: 1) a difference
in the feeding behavior of the two species of 5i-
mfiunn 21 diflerences in feeding requirements
relative 1o the conditions of cmergence (i, lab-
aratory vs, natural environment), and/or 3)
method by which the captive flics were given the
apportunity o feed. According to ohservations
miele in this stucdy, successiul feeding of 5. guad-
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Ficiures | =4, Morphopenesis of lareal O wolvadus i 5. guadivitiatuen. 1, Late Ly stage a1 beginning of moli,
Mote separation and wrinkling of the tegument (arrow], = 380, 2L, form n an advanced stage of melting. Mote
shed poriton of old tegument (amrew). = 3800 3, Eacly L. forms alter completion of the moli, Mo well developed
amal pore (arrow). Phase comtrast, =123, 4. Fully developed third-stage larvae (L) =154,
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rivictarien was achieved only when the collection
tubes used in the process cach contained a single
fiv. Chibson did net indicate whether he exposed
hig flies in large numbers or individoally in his
altempts to infect them.®

A new focus of onchocerciasis recently has heen
reparted from Eouador™? In one study three
species ol man-hiting simuliids were identified,
among which 5 guadriviiiaiin was predomi-
nanl.” This species consuiules a serious pest
probleny in Panama. More than %0% of the adult
black flies collecied on human bait in the viginity
of the Fortuna Hvdroelectric Project belonged 1o
this species.® As shown for the first time by this
study, 5. guadrivitiatm 18 a polential vector for
human onchocerciasis, Surveys cmploving skin
Bicgrsies have been conducted in several locali-
ties where black fics are abundant in Panama,
But as vt this discase has not been found in the
indigenous population there, Upen completion,
the Panamerican Highway will inlerconnect areas
of high endermicity, both north and south of Pan-
ama. [meramerican travel by infected persons
now residing in these endemic areas could bring
omchocerciasis into this and other non-endemie
countrics of Central America, Extensive migra-
tion of refugees from politically unstable coun-
trics in that region would enhance such intro-
duction and ingrease the likelihood that new foc
ol this disease eventually will become estab-
lished.
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