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Although cockroaches generally reside
in close association with man and his
domestic animals, the precise role that they
may play, either as primary, intermediate,
or transport hosts, in the transmission of
helminth diseases has not been fully as-
sessed. That they may act as transport
hosts for certain helminths, have been ex-
perimentally demonstrated by Macfie (1),
Morisita and Tsuchimochi (2), Porter (3,
4), and Akkerman (5). Most reports of
helminth transmission by cockroaches,
either as eggs or larvae have been con-
cerned with the N >da and Acanth
cephala. References concerning such trans-
mission of the T da and Cestoda are
rare. Concerning the Trematoda, Schisto-
soma baematobsum (Bilharz, 1852) eggs
were recovered from cockroaches that had

feces on

may play a more important role in the
previously suspected.

hosts, including M. clerki (Ward, 1917),
M. dubius (Meyer, 1932), M. Kalabariensis
(Meyer, 1931) and M. merionis (Golvan,
1963.) M. moniliformis (Bremser, 1811)
(genotype) has been reported in inter-
mediate hosts, including Blaps gigas, B.
mucromass, and Periplaneta americana (7).
Acholonu and Fina (8) found cystacanths
of M. moniliformsis in seven of 53 P. amers-
cama collected in San Juan, Puerto Rico,
the record comprised the first report of
infection in this arthropod from the coun-
try, although earlier reports of adults of
the species had been reported from rats.
Numerous species of nematodes are cited
in literature 1o use cockroaches as inter-
mediate or paratenic hosts. Some of these
reports, obviously copied from other cita-
tions, involving certain nematodes are er-

fed on infectious h d

bread (1). The writers are unaware of
any otber trematode infections, natural or
experimental, transmitted by cockroaches.
Eggs of the Cestoda have been infrequently
reported as occurring naturally in cock-
?”nfnml A summary of these reports is in

apie 1.

Reports of cockroaches as intermediate
hosts for acanthocephalan parasites are not
infreq The develop of Prosthe-
worchss elegans (Diesing, 1851) in Blatsells
germanica, Rbyparobia maederae and Bla-
berus fusca was studied in 1938 by
Brumpt and Urbain, Brumpt and Despor-
tes, and Dolifus (6). Several species of
the genus Mowiliformis Travassos, 1915 are
koown to employ cockroaches, either ia
i lly, as intermediate

Of exper

rc The purposes of this paper are
to report personal findings in which various
species of cockroaches, experimentally in-
fected, were observed to harbor helminth
eggs and the results of several experimental
infections of hosts with eggs that had
passed through the digestive tract of these
insects.

MATERIALS AND METHODS
A. Experimental feeding to cockrosches

Four species of cockroaches of the family
Blattidae, three of which are domestic,
were used in these investigations: Peri-
planeta americana (American cockroach),
Blastells germamica (German ocockroach),
Blaberus gigamteus (blaberus roach), and
Paracoblatta sp. (woodroach), a wild spe-
cies. Each species of roach was maintained
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TasLe 1. Eggs of belminthe carried by cockroaches.

Parasite Host Reference
Cestods
Hymenolepis sp. Periplancts americana 2
Polyphaga sausswrei 9
Taenia saginate Perip americana 1
Echimococcws gremnlosws Periplancte americona 10
unidentified cestode eggs Polypbaga saussures 8
Nematoda
Enterobius vermicularis Blatta oriemialis 11
Blatta germanics
Ascavis lumbricoides Periplencta americana 4,1
Periplancta australasiae 12
Neostylopbysa rbombifolia 2
Ascaris sp. Blatta orientalis 13
Periplancta americana 10
Ancylostoma caninum Periplaneta americana 5
A. ceylonicum Periplaneta americana 1
A, duodendsle Periplaneta americana 3
Necator amevicana Periplaneta americana 15
Hookworm eggs Periplaneta americana 2
Periplaneta australasiae
Neostylopbyse rbombifolia
Trichostromgylus sp. Blat1s oriemtalis 13
Capillaria bepatica Blatta oriemtalis 14
Trichuris trichiura Blatta oriemsalis 11
Blattells germanica 1
Periplancta americana 1
Periplaneta australasiae 2

Neossylophysa rbombifolia

Trematoda

Schist b, b

in a specially constructed tin-reinforced
compartment 6” x 6” x 6”, with a sliding
screen top. For experimental feeding, se-
lected groups of each of four species of
cockroaches were starved for five days then
isolated in half-pint circular ice cream con-
tainers whose bottoms had been removed
and replaced with one-eighth inch screen
wire to facilitate recovery of fecal pellets
with minimum disturbence to the roaches.
Fecal pelies were collected, pooled, and
stored from each species of roach that had
been fed a given type of helminth eggs.
Concentrates of eggs, if present, were ac-
complished by employing a zinc-flotation
technique.

Experimental infective meals consisted
of sugar-sweetened banans paste in which
were placed designated eggs of helminths.
Ac invervals of 24, 32, 48, 72, and 96 hours,
fecal pelless from the cockroaches were
collected in glass saucers, whose bottoms
were lined with folded, moist filter per
fo prevent desiccation or distortion of eggs
that might have been voided. Fecal pellets
were then transferred to shallow watch

glasses containing a few drops of distilled
water, crushed and stirred to obtain a uni-
form mixture. A drop of this mixture was
placed on a slide, covered with a coverslip
and systematically examined microscopi-
cally for eggs.

Eggs of twenty-one species of helminths,
including eleven Nematoda, nine Cestoda,
and one Acanthocephala were fed to as
many groups of cockroaches (Table 2).
The helminth eggs employed in these ex-
periments were collected directly from
worms recovered from hosts. Except for
Pbhysaloptera turgida Rud., 1819, whose
eggs are fully developed when oviposited,
all nematode eggs were experimentally em-
bryonated before feeding them to oock-
roaches.

B. Experimental feed to other hosts.

Embryonated eggs of Ascaridia galli
(Schrank, 1788) which had been voided by
experimentally fed cockroaches were
pipetted into the esophagi of several eight-
day old leghorn chicks. These young birds
were sacrificed 12 days later and their small



intestines were examined for larval asca-
rids.

Voided embryonared eggs of Toxocars
canis (Werner, 1782), collected from cock-
roaches over a 96-hour period were con-
centrated into a suspension and force-fed
0 ite-free white rats (Nat: NLR
(W1) SPF BR). The rats were necropsied
at intervals of 10, 12, 15, and 20 days and
examined for T. cawis larvae.

About 15 beetles, Tribolium comfusum,
were introduced into each of six stender
dishes, which had been previously lined
with filter paper onto which had been
placed a pinch of sugar and a drop of water
containing eggs from the pooled concen-
trate of Hymenolepis diminusa Rud., 1819.
The beetles remained in these stender
dishes for approximately 12 hours, after
which time they were transferred to un-
treated dishes and allowed to feed on a
regular diet of flour. Two or three weeks
after transference, the beetles were dis-
sected and examined for cysticercoid larvae.
White laboratory rats were also used, being
fed the presumably experimentally infected
beetles.
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Cockroaches which had ingested food
conaining eggs of Hydatigera taewiaformis
Batsch, 1788 were isolated without food or
water in a box equipped with runways
communicating with an adjacent oomrrt-
ment that contained parasite-free albino
rats. The funael-shaped exits from the
roach-side of the box did not permit re-
entry by the insects once they entered the
rat compartment.! The rat com, ent
contained a rack of Purina cat chow and
a small flac tray of water. To prevent
roaches from feeding on droppings of rats,
the feces trays were emptied and washed
twice daily, thus forcing the roaches to
move about the screened-in compartment
floor and increasing the possibility of their
being ingested by rats. Presumably, in-
fected roaches were continuously introduced
into the roach compartment at intervals
over a 10-week period. At the end of this
time, the rats were autopsied and their
livers were examined for strobilocerci lar-
vae of H. Taemiaeformis.

' Details of the box and csge used will be furnish-
ed upon request.

‘TABLE 2. Persistence of eggs of belminths im feces of species of cock-
roaches at various intervals after imgestion

Presence of eggs in feces
8 72

Parasite 24 32
hours hours hours hours hours

NEMATODES
Ascaris colummnaris + + + + +
A. suum + + + + +
Ascaridia galli + + + + -
Toxocara canis + + + + -
T. cati + + + — -
Sypbacia obvelata + + + - -
Physaloptera turgida + + + + -
Toxascaris leonina + + + + -
Setaria equina + + + — -
Heterakis gallinarum + + + + -
Porrocaecum emsicasdatsum + + + + -
CESTODES
Hydatigera taemiaeformis + + + - —
Taenia pisiformss + + + - —-
Cittotaenia pectinata - + + + +
Dipylidisem caninsm + + + - -
Mexo:utlo‘idu lineatus - I 1— I I
H s ime ;
H. mana i + + + + +
Choamotaenia iola + + + + -
Hymemnofimbria macracentbus + + + - -
ACANTHOCEPHALA
Cenmsrorbynchus sp. + + + - -

= present; — = sbsent
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RESULTS AND DISCUSSION
A. Infections of cockroaches

Domestic and wild cockroaches voided
undeveloped, mature, and' embryonated
eggs of the twenty-one spec f
minths employed in this study. Viabie eggs
of most cestodes were recovered from
roaches within four days after feeding. The
survival index of the eggs was high, as
indicated by their presence in the feces of
cockroaches (Table 2).

Of the Nematoda, eggs of Ascaris colu-
muaris Leidy, 1856, A. lumbricoides var.
suum (Goeze, 1782), Ascaridis galli, T.
cawis, and Physaloptera turgida were voided
by approximately 100% of the experiment-
ally fed roaches. Other roundworm eggs
showing a high survival index were T. cass
Schrank, 1788, T. leomima Linstow, 1902
(voided by 100% of Periplameta), Porro-
caecum ensicaudatum (Zeder, 1800) and
Heterakis gollinarum (Schrank, 1788)
(Table 2). Eggs of the latter nematode
were voided by each species of cockroach
employed in this study. The American
roach voided the lowest percentage of hel-
minth eggs (65% of T. cati).

Although eggs of the roundworm, Sypba-
cis obvelste (Rud., 1802) and Sertaria
eguina (Abildgaard, 1789) were also fed to
the four species of cockroaches, the number
of insects voiding these eggs was consis-
tently lower. Voiding of S. obvelata eggs by

Blaberus was 80%, for Periplanets, 65%,
and for both Blattclla and Paracoblatts the
aumber was 50%. The eggs of S. equina
showed a higher incidence of survival than
those of S. obvelata, being found in feces
of 80% of Blattella and Blaberus, 75% of
Periplamata, and 75% of Paracoblatta sp.
{Table 3).

Nearly 100% of each species of roach
voided of H. taewisformss, H. macra-
canthus (Linstow, 1877), and H. mama (V.
Siebold, 1851). Dipylidium caninum Lino.,
1758 and Choamotaenia iola (Lincicome,
1939) were voided by 100% of the German
cockroaches. The survival index of eggs of
C. iola was slightly lower than that of D.
caninum, as indicated by their presence in
the feces of 80% of American and blaberus
roaches and 85% of woodroaches.

Eggs of Mesocoestoides lineatus Goeze,
1782 were voided by 90% of woodroaches,
80% of German roaches and 67% of Ameri-
can and blaberus roaches, respectively. The
incidence of eggs of T. pisiformis (Bloch,
1780) in the feces of roaches was lower than
that of the other cestodes, being voided in
80% of Blaberus, 70% of Periplaneta, 67%
of Paracoblatta sp., and 65% of Blastella
(Table 4).

Cockroaches fed eggs of H. dimsnuta were
fater dissected for the presence of cysticer-
coid larvae; however, none were found in
the 40 insects examined. On the basis of

Tasts 3. The pe ige of kroaches imgesting eggs of todes to those voiding the eggs
Peviplaneta  Blattells  Blaberus  Porcoblatta  Animals
americana __g‘emm'ca giganteuns sp. Infected

S coruee  Sumter ot Nowhr comsge | Nemwe conane

Fugs of Nematodes "::n n:u "::‘I' “::':. ":7 m:‘m “:v:’ ":"

Ascaris columnaris 20 100 20 100 10 100 12 67

A. suum 20 100 20 100 10 80 10 100

Ascaridia galli 20 100 20 100 10 1100 12 83 Chickens (3)
Toxocara cawis 10 100 10 100 10 9% 12 75 Rawss(l)
T. cati 20 65 20 90 10 70 10 80
Sypbucia obvelata 20 (53 20 50 10 80 10 50
Physalopieva turgida 20 100 20 100 5 100 10 70
Toxascaris leonina 20 100 20 95 (1) 80 10 7€
Setaria equina 20 75 20 80 10 80 10 75

Hesorakis gollinarwm 20 80 20 90 b 80 10 100
Pe icawd et 20 75 20 85 10 70 10 80



this observation, cockroaches, contrary to
some reports, apparently do not serve as
intermediate hosts for this tapeworm
species. The present finding in this regard
concurs with the observations of Chandler
(15) and Riley and Johnson (16), who
were unable to infect cockroaches with H.
diminuta.

B. Infections of other hosts.

Of a group of 12 helminth-free rats with
access to cockroaches that were presum-
ed to be infected with eggs of H. taeniae-
formis, four contained strobilocerci larvae
in their livers (Table 4). The presence of
only one cyst in the liver of each of the
infected rats possibly is due to the strong
immunity conferred in primary infections,
as explained by Campbell (17). Even under
natural conditions, it is unusual to find
more than a few cysts in rodent hosts.

Of four rats force-fed eggs of T. canis,
one was found to have several larvae in its
lungs (Table 3). It is conceivable, there-
fore, that rats may become infected with
this species under natural conditions by the
ingestion of roaches.

Eggs of A. galli, fed to young chicks,
hatched and produced infections in these
latter hosts (Table 3), as evidenced by
the presence of larval worms in their small
intestines. Since chickens are known to feed
t0o some extent on insects, it is conceivable
that they could acquire A. galli infections
by consuming cockroaches that act as trans-
port hosts for the species.
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When eggs of H. diminuta were fed o
flour beetles, cysticercoids developed in the
hemocoel of these insects. The possibility
does exist that in nature cross-transmission
of eggs of this species from cockroaches,
acting as transport hosts, could conceivably
be picked up by intermediate hosts such as
certain species of beetles.

In assessing the importance of cock-
roaches in heiminchic infections it may be
presumed that any aspect of the life history
of the parasite which overlaps the physical
range of the cockroach conceivably could
enhance infections of hosts. Numerous
factors favor effective traasmission, includ-
ing: (a) indiscriminate eating habits-eating
both food and feces of man and other
animals, Snipes and Taubner (18), Jung
and Schaffer (19); (b) being active migra-
tors during hours of darkness, Laing (20);
Jackson and Haier (21); (c) their delay
in emptying their crops following a full
meal, and (d) inability to digest the egg-
shells of helminths.

The fact that chickens eat cockroaches has
been well established (22, 23). Cockroach-
es may be eaten as a regular article of diet,
not only by numerous species of birds, but
mammals as well. As experimental prey,
cockroaches have been fed to dogs, cats and
guinea pigs (24) and may be ingested by
snakes and toads (25).

It has been suggested that roaches may at
times depend upon feces as a source of food
and it is not uncommon to find them in
nests or burrows or rats and mice (26).
Tiner (27, 28) suggested that rodents

TABLE 4. The percentage of cockroaches ingesting eggs of cestodes to those voiding the eggs

Periplaneta Blattella Blaberus Parcoblatta  Animals
americana germanica giganteus p. Infected
Per Per- Per. Per
Number centage  Numher cenfage  Number centage  Number  contage
roache.  volding roaches  wolding roaches  volding 1oaches  vnlding
Eggs of Cestodes used L uwed egs used ey used L
Hydatigera taeniaeformis 20 100 20 100 5 80 12 75  Rats (4)
Taenia pisiformis 20 70 20 65 6 80 12 67
Cittotaenia pectinata 12 100 10 90 6 100 10 70
Dipylidium caninum 20 80 10 100 6 67 10 70
Mesocoestoides limeatus 10 67 10 80 6 67 12 90
Hymenolepis diminuta 12 100 10 100 9 100 10 100 Flou; ;’)eedei
Hymenolepis nana 12 100 10 100 6 100 12 100
Choamotaenia iols 10 80 10 100 5 80 12 85
Hymenofimbria macracantbus 12 92 10 100 5 100 12 83
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the intermediate hosts for the
jworm Ascaris col; 45, the defini-
tive host being the raccoon and other sus-
septible animals that may prey upon infec-
ted rodents. The method by which the
rodent becomes infected is not clear. It is
conceivable that in nature a “mammal-
wood-roach-rodent-mammal” chain may be
involved, since our investigations showed
that large numbers of embryonated eggs of
A. col, is were obtained from experi.
mentally infected cockroaches.

were
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