
Thesis Approved
By

-------I  ___s.

Major Advisor 
Dean



/

A QUALITATIVE STUDY OF 
THE PARASITES OF BLATTA ORIENTALIS

BY
MARGARET MAILE KAGAWA

A THESIS
Submitted to the Faculty of the Graduate School of the 

Creighton University in Partial Fulfillment of 
the Requirements for the Degree of Master 
of Science in the Department of Biology

Omaha, 1977



I V

ACKNOWLEDGMENT S

I would like to express my sincere appreciation to 
all those who made this thesis possible. Special thanks 
goes to my family and to Dr. Charles B. Curtin. Thanks 
goes also to Dr. Robert W. Belknap and Dr. Harry Nickla. 
I am grateful to the staff at the Henry Doorly Zoo for 
their assistance in my collection Blatta orientalis and 
to the graduate students for their continual encourage
ment. This thesis is dedicated to Pat, in gratitude for 
his support and patience over these last three years.



V

TABLE OF CONTENTS
Page

ACKNOWLEDGMENTS iv
I. INTRODUCTION 1

A. The Medical and Veterinary
Importance of Cockroaches 4

B. Parasites of Blatta orientalis 21
C. Experimental Infections 28

II. PURPOSE 32
III. DESCRIPTION OF THE COLLECTION SITE 33
IV. MATERIALS AND METHODS 33

A. Collection of Blatta orientalis 33
B. Laboratory Methods and Materials 40

V. RESULTS AND DISCUSSION 42
VI. SUMMARY 55
REFERENCES CITED 57



vi

LIST OF TABLES
Page

Table 1. Cockroach Vectors of Pathogens 6

Table 2. Bacterial Pathogens Found in 
Cockroach Feces 11

Table 3. Pathogenic Protozoans Recovered from 
Cockroach Feces 13

Table 4. Parasitic Helminth Eggs Recovered 
from Cockroach Feces 14'

Table 5. Acanthocephalan Larvae Recorded 
from Cockroaches 16

Table 6. Parasitic Nematodes Larvae Recorded 
from Cockroaches 17

Table 7. Protozoan Parasites of 
Blatta orientalis 22

Table 8. Parasitic Nematodes of 
Blatta orientalis 23

Table 9. Insect Parasites of the Gotheca 
and Eqcrs of Blatta orientalis 24

Table 10. Experimental Intermediate Hosts 
for Acanthocephalans 30

Table 11. Types of Zoo Animals at the Two 
Collection Sites 34

Table 12. Animals Found in Enclosed Areas Within 
300 Feet of the Collection Site 35

Table 13. Blatta orientalis Collected from 
the Zoo 39

Table 14. Endoparasites from 50 
Blatta orientalis 43



V I I

list of tables
(cont.)

Page

Table 15. Endoparasites of 20 
from the Barn

Blatta orientalis
44

Table 16. Endoparasites of 44 
Blatta orientalis

Adult
45

Table i—i Chi-square Analyses 46



vili

Figure 1.

FIGURE
Page

Approximate Locations of the 
Enclosed Areas Within 300 Feet 
of the Mammal Building and Barn 36



I. INTRODUCTION

The cause of death of five golden lion marmosets 
at the Henry Doorly Zoo in 1973 and 1974 was acanthoce- 
phaliasis, infection with acanthocephalans. Acanthoce- 
phalans are also known as spiny-headed worms because of 
an invaginable proboscis armed with hooks at the anterior 
end of the worm. The cockroach may serve as an inter
mediate host for acanthocephalans and was selected for 
this study as a possible organism involved in the life 
history of those found in the marmosets.

According to Hyman (1951) , acanthocephalan larvae 
require an invertebrate intermediate host for the com
pletion of their life cycle. The invertebrate interme
diate host required for the continuation of development 
is always an arthropod.

Acholonu and Finn (1974) reported that in a collec
tion of 53 Periplaneta americana, the American cockroach, 
seven cockroaches or 13.2% were infected with Monilifor
mis moniliformis which commonly infects rats. Lackie 
(1974) found that P. americana serves as an intermediate 
host for Moniliformis dubius which also infects rats. 
According to Moore (1970) , Prosthenorchis elegans has
been the cause of North American epizootics except for
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the one at the Houston Zoo in 1953. The spiny-headed 
worm involved at the Houston Zoo was Prosthenorchis 
spirula. The German cockroach, Blattella germanica, 
serves as the intermediate host for both species of Pros
thenorchis .

Members of the Phylum Acanthocephala, according to 
Noble and Noble (1961), are all endoparasitic as adults. 
Hyman (1951) stated that acanthocephalans are among the 
most injurious of the helminth parasites. The proboscis 
hooks, embedded in the intestinal wall, are damaging to 
the tissues, and infection may follow. Takos and Thomas 
(1958) reported on the conclusions reached by Weinberg 
and Romanovitch (1907). They stated that the ,spiny- 
headed worms were responsible only for the mechanical 
damage; and that perforation of the intestine was the 
result of acute bacterial infection of the lesions made 
by the worms.

Similar outbreaks of acanthocephaliasis were repor
ted by Chandler (1953), Takos and Thomas (1958), and 
Moore (1970). Chandler (1953) described an outbreak of 
acanthocephaliasis at the Houston Zoological Garden.
Worms belonging to the genus Prosthenorchis were found 
to infect three gibbons (Hylobates leuciscus), three
pig-tailed monkeys (Macacus nemestrinus), and two
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squirrel monkeys (Saimiri sciureus). All of the gibbons, 
one pig-tailed monkey, and both squirrel monkeys died 
as a result of the infection. In 1958, Takos and Thomas 
reported that four of ten squirrel-marmoset monkeys 
(Saimiri o. orstedii) died as a result of infection by 
the acanthocephalan parasite, Prosthenorchis elegans.
Moore (1970) recorded that five gibbons, three orangutans, 
and one gorilla confined to the Hogle Zoo in Salt Lake 
City, Utah, were infected with P. elegans. Three gibbons 
later died. Moore (1970) also mentioned the epizootic 
of the Paris Zoo where eight primates died.

Illness and death have resulted from acanthocephalan 
infections in primates. Because of the costly loss of 
the five golden lion marmosets at the Henry Doorly Zoo, 
the cockroach was studied to determine if it was invol
ved in the marmoset infection. The cockroach was also 
studied because of its veterinary importance and the 
possibility that it may have become a new host for 
parasites of zoo animals.
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THE MEDICAL AND VETERINARY 
IMPORTANCE OF COCKROACHES 

Guthrie and Tindall (1968) and James and Harwood 
(1969) reported that during the Carboniferous, some 
250,000,000 years ago, cockroaches existed in great 
numbers. Today there are more than 3,500 known species. 
The majority of these insects appear to be omnivorous, 
thermophilous, and are not found near human habitation. 
Less than 1% of the known species are domestic (Roth 
and Willis, 1957, 1960; Guthrie and Tindall, 1968;
James and Harwood, 1969).

Factors such as the morphology and behavior of the 
cockroach have led to the continuing relationship be
tween the cockroach and man and animal. The flat, thin 
bodies of cockroaches for example, have enabled them to 
crawl into small spaces. According to Herrick (1926), 
this ability has assisted them in their dispersal. Cock
roaches can easily stowaway on ships and accompany man 
in his travels by hiding in crates. Because of their 
mobility and their ability to eat practically every food 
of man and animal, fecal material, sputum, vomitus, and 
dead animal matter, the association between cockroach and 
man and animal has been maintained. Cockroaches are found 
on six continents and especially in tropical America and
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West Africa (Guthrie and Tindall, 1968). Herrick (1926) 
has reported cockroaches found inhabiting huts of Lap
landers .

There are many ways in which domestic species of 
cockroaches relate to human and animal health. It is 
important to examine these relationships since they may 
pertain to the cockroaches captured at the Henry Doorly 
Zoo. From a medical and veterinary standpoint, cock
roaches may have direct effects through biting, acciden
tal invasion or by being the cause of an allergy (James 
and Harwood, 1969). Cockroaches also serve as interme
diate hosts and vectors of disease and parasitic orga
nisms (Faust et al., 1968; Guthrie and Tindall, 1968).
Roth and Willis (1957) list 18 species of cockroaches 
that have been found to transmit pathogenic agents, 
naturally or experimentally, or found to bite man (Table 1).

Direct Effects. One of the direct effects of cockroaches 
is biting. Roth and Willis (1957) reported on 18 inci
dences where man was bitten. Though cockroach bites are 
rare where their populations are controlled or small, in 
areas lacking insect control and having large numbers of 
cockroaches, biting has been confirmed. In a number of 
situations, fingernails, toenails, face, hands, corns,
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Blaberus átropos 
Blaberus cranufer 
Blaberus discoidalis 
Blaberus fuscus 
Blatta orientalis 
Blattella germánica 
Eurycotis floridana 
Leucophaea maderae 
Nauphoeta cinérea 
Neostylopyga rhombifolia 
Periplaneta americana 
Periplaneta australasiae 
Periplaneta brunnea 
Periplaneta ignota 
■Polyphaga saussurei 
Pycnoscelus surinamensis 
Shefordella tartara 
Supella supellectilium

TABLE 1. COCKROACH VECTORS OF PATHOGENS.
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and blisters were areas of the body that cockroaches have 
bitten (Roth and Willis, 1957). Roth and Willis (1957) 

discussed the observations of Pospelow (1904) in which the 
bite of Blatta orientalis is described as causing trian
gular patterns on the neck, chest, elbow, and feet.
These breaks in the skin were covered by dried blood 
crusts. Herrick (1926), Guthrie and Tindall (1968), and 
James and Harwood (1969) also recorded cockroach bites of 
hands, feet, eyelashes, and toenails. It has not been 
determined, in areas where cockroach populations are 
large, whether the bites were accidental or intentional.

Roth and Willis (1957) have reported on cases where 
Blatta orientalis has been recovered from men1s ears. 
Accidental invasion of the nostrils and mouth of man are 
also mentioned. In all situations, the cockroach had 
entered when the person was asleep.

The third example of the direct effects of cock
roaches is allergic reactions. Bodily contact with sleep
ing persons by cockroaches has already been established. 
Roth and Willis (1957) and James and Harwood (1969) noted 
that certain skin diseases have been attributed to this 
contact. Dermatitis and edema of the eyelids are symp
toms associated with the allergic reaction of some people
to cockroaches.
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Though all the examples used to explain the direct 
effects of cockroaches were with humans, it is possible 
for animals to experience these same effects.

Vector. Although most cockroaches are able to fly, they 
are usually runners. Their long, well-developed legs 
enable them to move swiftly (James and Harwood, 1969) .
A number of investigators have studied the distances tra
veled by cockroaches. A study of cockroaches in a muni
cipal sewerage system in Texas led Eads et ad. (1954) to 
conclude that these insects were able to travel at least 
the distance of one city block. Marked cockroaches re
leased at a designated site were recovered one block 
away one month later. In a study reported by Roth and 
Willis (1957), cockroaches captured 34 to 48 hours after 
release were found between 105 and 360 feet from the re
lease point. Although the reason for the emmigration 
of the cockroaches in these two studies has not been de
termined, it may be assumed that at least these distances 
could be traveled by cockroaches searching for food 
or leaving an overpopulated area.

Their feeding habits have led to their ability to 
transport disease causing or parasitic organisms. Roaches 
are not discriminating in their choice of food. Contami
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nated material may be eaten or carried mechanically on 
the legs, feet and body of these insects (Faust et al., 
1968) . According to James and Harwood (1969), their 
habit of disgorging portions of their partially digested 
food at intervals and of dropping feces wherever they go 
has enabled them to contaminate any edible food of man 
and animal. Since cockroaches breed indoors throughout 
the year, Roth and Wiilis (1957) have stated that they 
are potential vectors even in the winter.

In two different studies, cockroaches demonstrated 
their ability to carry pathogenic organisms on their 
feet, legs and body. Common house roaches were shown by 
Longfellow (1912) to carry infectious organisms on their 
legs and feet. Coli communis, Proteus vulgaris, Staphy
lococcus aureus, ¡3. citreus, and a bacillus of the sub- 
tilis type were the organisms identified. Coplin (1899) 
conducted experiments with bedbugs, roaches, and flies 
in which the insects were made to walk over a growing 
culture of Bacillus typhosus and then on a sterilized 
agar plate. B. typhosus was demonstrated on the agar 
plate 96 hours after infection in all situations. The 
feet and the ventral surface of the cockroach were shown 
to carry this infectious organism.

The number of reports of contamination, naturally or
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experimentally by cockroaches, via the oral-fecal route 
is quite extensive. Viruses, bacteria, fungi, protozoans, 
and helminths have been found in the feces of cockroaches.

Sartory and Clerc (1908), Roth and Willis (1957), 
and Steinhaus (1967) reported on the few situations 
where pathogenic viruses or fungi were recovered from 
the feces of cockroaches. Four unspecified strains of 
the poliomyelitis virus, Aspergillus fumigatus, and A. 
niger are the only pathogenic viral or fungal organisms 
for which roaches have been shown to be a natural vector.

Extensive studies of the bacteria found in associa
tion with cockroaches were made by Steinhaus (1941, 1967) 
and Roth and Willis (1960). The report by Roth and 
Willis (1957) provides information on the pathogenic 
bacteria recovered from cockroach feces (Table 2).
Two enteropathogenic type strains of Escherichia coli 
were identified in the feces of American cockroaches 
captured at the Lincoln Park Zoo (Greenberg and Sanati, 
1970). Rueger and Olson (1969) have reported isolation 
of Salmonella strains from the intestines of the Ameri
can cockroach. Olson and Rueger (1959) and Rueger and 
Olson (1969) reported in their studies the experimental 
transmission of pathogenic bacteria by cockroaches and 
have shown that Salmonella enteritis, S. typhosa, and



Pseudomonas aerugino 
Pseudomonas eisenbergii 
Pseudomonas fluorescens 
Micrococcus aurantiacus 
Micrococcus citreus 
Micrococcus epidermidis 
Micrococcus pyogenes albus 
Micrococcus pyogenes aureus 
Veillonella parvula 
Streptococcus faecalis 
Streptococcus liquefaciens 
Streptococcus pyogenes 
Escherichia coli 
Paracolobactrum aerogenoides 
Paracolobactrum coliforme 
Proteus mirabilis 
Proteus rettqeri 
Proteus vulgaris 
Salmonella anatis 
Salmonella morbificans 
Salmonella schottmuelleri 
Salmonella typhimurium 
Salmonella typhösa 
Shigella alkalescens 
Shigella paradysenteriae 
Pasteurella pestis 
Bacillus subtilus 
Clostridium sp.
Mycobacterium lacticola 
Mycobacterium leprae 
Mycobacterium phlei 
Mycobacterium piscium 
Nocardia sp.

TABLE 2. BACTERIAL PATHOGENS 
FOUND IN COCKROACH FECES.
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S. flexnor can be recovered from cockroach feces.
In Longfellow's report to the Laboratory section of 

the American Public Health Association in 1912, he stated 
that

"I have not had the time nor the opportunity to 
investigate the possibility of other pathogenic 
bacteria, but have proven that the common house 
roach does and can carry all the common patho
genic bacteria of the acute and infectious di
seases, as well as any bacteria that can be met 
with in the roach's travel, and any bacteria 
that can survive the environment of the roach's 
diet and habit".
In 1957 Roth and Willis recorded the pathogenic 

protozoans and helminths recovered from cockroach feces 
(Tables 3 & 4). Frye and Meleney (1936) stated that 
cockroaches which have access to feces containing cysts 
of Entamoeba histolytica are able to become transmitting 
agents. Experimental infections of cockroaches with 
Trichomonis hominis, Giardia lamblia, and Balantidium 
coli resulted in the recovery of these organisms in 
cockroach feces. Eggs of trematodes, cestodes, and 
hookworms were also recovered from these insects when 
fed eggs. Cats are the only definitive hosts for 
Toxoplasma gondii. Wallace (1972, 1973) examined the 
intestinal contents of cockroaches that had been fed 
cat feces known to contain sporulated cysts and recovered 
viable oocysts of T. gondii. These studies confirm the



Herpetomonas periplanetae 
Giardia sp.
Entamoeba histolytica

TABLE 3. PATHOGENIC PROTOZOANS 
RECOVERED FROM COCKROACH FECES.



Hymenolepis sp. 
Enterobius vermicularis 
Ascaris lumbricoidei~ 
Ancylostoma duodenale 
Necator americanus 
Trichostrongylus sp. 
Trichuris trichiura

TABLE 4. PARASITIC HELMINTH EGGS 
RECOVERED FROM COCKROACH FECES.
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presence of pathogenic organisms in roach feces and pro
vide further support of the roach's role as a vector.

The cockroach's ability to contaminate food by 
carrying pathogenic organisms or parasites on or within 
its body has led to this discussion on its role as a 
vector. Because the zoo is more enclosed than the na
tural environment of the animals kept there, contact 
between animals by motile insects such as cockroaches 
should be examined since these insects can provided 
the contact between diseased and healthy animals and 
thus act as a vector.

Greenberg and Sanati (1970) have suggested an epi
zootic relationship between cockroaches and primates at 
the Lincoln Park Zoo because

"the cockroach population in the primate buil
ding; the attraction for food and water, par
ticularly fruits and vegetables, in the cages; 
and our observation that primates ate cock
roaches" .

Intermediate Host. Some members of the phyla Aschelmin- 
thes and Acanthocephala require cockroaches for the com
pletion of their life cycle (Chandler, 1940; Roth and 
Willis, 1957, 1960; Faust et al., 1968; James and Har
wood, 1969) (Tables 5 & 6). Cockroaches, which serve 
as an intermediate host, are providing a temporary



Moniliformis dubius 
Moniliformis kalahariensis 
Moniliformis moniliformis 
Prosthenorchis elegans 
Prosthenorchi¥ spirula

TABLE 5. ACANTHOCEPHALAN LARVAE 
RECORDED FROM COCKROACHES.



Agamospirura parahormeticae 
Gongylonema neoplasticum 
Gongylonema pulchrum 
Oxyspirura mansoru 
Protospirura bonnei 
Protospirura muricola 
Spirura gastrophila 
Tetrameres amène ana

TABLE 6. PARASITIC NEMATODE LARVAE 
RECORDED FROM COCKROACHES.
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environment for a developing stage for these helminths.
In addition to nematodes and acanthocephalans, pentasto- 
mids have been shown to utilize the cockroach in their 
development (Lavoipierre and Lavoipierre, 1966).

Cockroaches have been found to serve as natural 
intermediate hosts for certain parasitic nematodes. The 
complete development of Oxyspirura mansoni will occur 
only if the eggs are ingested by a cockroach or if the 
eggs have hatched, if the cockroach ingests the larvae. 
When the infected roach is eaten by the definitive host, 
the adult and sexual stages will follow (Cheng, 1974). 
Other parasitic nematodes, which use the cockroach as 
an intermediate host, share similar life cycles.

Cockroaches are natural intermediate hosts for five 
species of acanthocephalans, all of which are parasitic 
to their hosts. Chandler (1940), Hyman (1951), Faust 
et al. (1968), and Cheng (1974) have described the life
cycle of acanthocephalans. Eggs are deposited in the ̂ 
feces of the definitive host and ingested by the inter
mediate host. The eggs hatch in the midgut of the in
termediate host, and the embryo penetrates the gut wall to 
enter the haemocoele. Development continues through the 
acanthor, acanthella, and cystacanth stages. The cysta-
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canth stage is infective for the definitive host. Since 
primates have been observed eating cockroaches (Green
berg and Sanati, 1970), it is likely that the fatal acan- 
thocephaliasis of the marmosets at the Henry Doorly Zoo 
was caused by ingestion of cockroaches infected with 
cystacanth larvae. The original infection, however, must 
have been in at least one of the marmosets.

According to Lavoipierre and Lavoipierre (1966) , 
intermediate hosts of pentastomids have always been shown 
to be vertebrates prior to the discovery of pentastomid 
larvae in cockroaches. They suggest that nymphal or 
adult cockroaches eat lizard feces containing pentasto
mid eggs. The eggs hatch in the midgut of the roach and 
the larvae penetrate the gut wall and travel to the 
haemocoele where development will continue. Infection 
of the definitive hosts for parasitic pentastomids occurs 
when infected cockroaches are eaten. The majority of 
the definitive hosts for parasitic pentastomids are rep
tiles. Lizards, captured and examined, had the remains 
of cockroaches in their stomachs.

Without the presence of an intermediate host, a 
parasite with a digenetic life cycle and present in just 
one zoo animal would be unable to infect other definitive
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hosts. However, if the intermediate host were present, 
infection of other definitive hosts would be entirely 
possible. The cockroach has been shown to be of medical 
and veterinary importance. In an enclosed environment 
such as a zoo, its potential to cause infection or di
sease should be examined.
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PARASITES OF BLATTA ORIENTALIS 
Blatta orientalis, commonly called the oriental 

cockroach, is a natural host for certain protozoan, 
helminth and arthropod parasites (Tables 7-9). Although 
mites have been known to infest cockroaches, the only 
arthropod parasites of B. orientalis are those which are 
parasites of the ootheca and eggs (Roth and Willis, 1960). 
Arthropod parasites of B. orientalis will not be discus
sed since the ootheca and eggs were not examined in this 
study.

According to Cheng (1974) , parasites are found at 
specific locations within the host because of the inti
mate relationship of the parasite and host. Steinhaus 
(1967) reported that most parasitic protozoans infecting 
B. orientalis are found in the intestinal tract of this 
cockroach. Exceptions are Diplocystis schneideri and 
Protomagalhaensia serpentula which are found in the coe
lom and Plistophora periplanetae, Coelosporidium peri- 
plane tae, and Haplosporidium periplanetae which are found 
in the malphigian tubules of the oriental cockroach. All 
adult nematodes are found in the intestinal tract of B. 
orientalis. Gongylonema neoplasticum and Spirura gastro- 
phila, which use the oriental cockroach as an interme
diate host, are found embedded in the muscles of the



Flagellâtes :
Hexamita periplanetae 
Lophomonas blattarum 
Lophomonas striata 
Retortamonas blattae 
Retortamonas orthopterorum 
Tetratrichomastix blattidarum
Amoebae:
Endamoeba blattae 
Endolimax blattae 
Entamoeba thomsoni
Sporozoans:
Coelosporidium periplanetae 
Diplocystis schneideri 
Gregarina blattarum 
Haplosporidium periplanetae 
Plistophora kudoi 
Plistophora periplanetae 
Protomagalhaensia serpentula
Ciliates:
Balantidium praenucleatum 
Nyctotherus ovalis

TABLE 7. PROTOZOAN PARASITES OF 
BLATTA ORIENTALIS (Steinhaus, 1967).



Host for:
Hammerschmidtiella diesingi 
Leidynema appendiculata 
Thelastoma bulhoesi

Intermediate Host for: 
Gongylonema neoplasticum 
Spirura gastrophila

TABLE 8. PARASITIC NEMATODES OF 
BLATTA ORIENTALIS (Roth and Willis, 1960) .



Evania appendigaster 
Evania dimidiata 
Systellogaster ovivora 
Tetrastichus hagenowii 
Tetrastichus sp.

TABLE 9. INSECT PARASITES OF 
THE OOTHECA AND EGGS OF BLATTA 
ORIENTALIS (Roth and Willis, 1960)
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thorax and legs and encysted in the abdomen.
The number of parasites infecting a host is depen

dent on a variety of factors. Hominick and Davey (1972a) 
reported that host age and sex influenced the number and 
composition of Hammerschmidtie11a diesingi and Leidynema 
appendiculata infections of P. americana. These thela- 
stomid species are also parasites of B. orientalis.

Another factor influencing the rate of infection is 
the diet of the host. Only the relative number of two 
species of worms was changed if the cockroach host re
ceived reduced nutrition (Hominick and Davey, 1972b). 
Peregrine (1974) noted that the number of eggs and the 
size and the number of worms were influenced by changes 
in the diet of P. americana. Armer (1944) reported 
the influence of diet on the intestinal protozoans 
of cockroaches. Host starvation lowered the incidence 
of infection and completely eliminated two protozoan 
parasites, Endolimax blattae and Lophomonas blattarum.
A high carbohydrate diet favored a high number of pro
tozoans. Because a complex relationship exists between 
host and parasite, the numbers of parasites within cock
roaches are influenced by diet, age and sex of the host, 
as well as the parasite mix in the host.

Host specificity is defined by Cheng (1974) as the
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adaptability of a species of a parasite to a certain spe
cies or group of hosts. At one extreme are the parasites 
that have adapted to a great variety of hosts and at the 
other extreme are the parasites limited to a small cate
gory of hosts. There are also many intermediate types 
of host specificity. Many of the parasites of B . orien
tali^ are able to infect other hosts. Nyctotherus 
ovalis, Tetratrichomastix blattidarum, Gregarina blatta- 
rum , and Hammerschmidtiella diesingi for example, are 
parasites of B. orientalis, P. americana, and Blattella 
germanica (Guthrie and Tindall, 1968) . Natural inter
mediate hosts of Gongylonema neoplasticum are P. ameri
cana, P. australasiae, B . orientalis, and B. germanica 
(Roth and Willis, 1957, 1960).

Some parasites are capable of infecting a wide 
range of hosts. The range may even become extended un
der certain circumstances. According to Baer (1951), 
the host range of parasites in restricted environments, 
such as aquaria, may increase because of the possibi
lity for exchange of parasites between fishes. If 
parasites that are accidentally acquired by an unnatural 
host adapt, they will become incidental parasites of 
their new host. The possibility exists that B. orien
talis may have become a potential and previously unre-



27

corded host for parasites of zoo animals because the 
host range of parasites in restricted environments 
may have become extended.
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EXPERIMENTAL INFECTIONS
Physiologic, genetic, and ecologic factors limit 

host selection and control the ability of a parasite 
to invade a host and survive within it (Noble and Noble, 
1961; Cheng, 1974; Olsen, 1974). Cheng (1974) reported 
on a study by Schiller (1959) where the ability of Hy- 
menolepis nana to infect a variety of mammals was tested. 
Because some of the mammals were not known to harbor 
this tapeworm in nature, yet were susceptible to the 
experimental infection, Schiller (1959) concluded that 
the lack of infection by H. nana in nature was due to 
a lack of opportunity to make contact with these mam
mals. Cheng (1974) has called the prevention of infec
tion due to ecological barriers, ecological nonspecifi
city.

Experimental infections provide the opportunity 
for contact between parasite and host. Cheng (1974) 
suggested that through experimental infections of un
natural hosts, the parasite's range of host specifi
city can be determined. According to Olsen (1974),

"the factors involved in the development 
of host specificity among parasites are 
opportunities for contact between them 
and their host, followed by entrance, 
adaptation, establishment and reproduction 
in them".
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If more opportunities for contact between parasites and 
potential hosts were provided, the range of hosts of 
some parasites might be extended.

Roth and Willis (1957, 1960) reported on experimen
tal infections in domestic species of cockroaches. Be
sides being successful as experimental vectors for dif
ferent pathogenic organisms, some cockroaches were suc
cessful as experimental hosts of pathogenic or parasitic 
organisms. B. orientalis was one of the cockroaches 
reported as an experimental intermediate host for Moni
liformis moniliformis, a parasitic acanthocephalan (Roth 
and Willis, 1957) (Table 10). This suggests that the 
number of suitable hosts for each parasite may be dif
ferent than the number presently reported. Inglis (1971) 
argued that restrictive host range is disadvantageous 
and that selective pressure could be expected to operate 
to extend the host range of parasites.

Although B. orientalis has not been reported as a 
natural intermediate host for pathogenic acanthocepha- 
lans, it has been shown to be successful as an interme
diate host for at least one acanthocephalan species.
B. orientalis may have been involved in the acanthocepha- 
liasis of the marmosets at the Henry Doorly Zoo.

Opportunities for B. orientalis to contact new and



INTERMEDIATE HOSTS
ACANTHOCEPHALAN

Prosthenorchis elegans

Prosthenorchis spirula

Moniliformis dubius

Moniliformis
moniliformis

TABLE 10. EXPERIMENTAL

NATURAL EXPERIMENTAL

Blattella germanica Blaberus fuscus 
Leucophaea maderae

Blattella germanica Blaberus fuscus
Leucophaea maderae

Periplaneta americana Blattella germanica 
Penplaneta australasiae

Periplaneta americana Blatta orientalis
Blattella germanica 
Leucophaea maderae

INTERMEDIATE HOSTS FOR ACANTHOCEPHALANS.

LO
O
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different parasites has also led to this study. Results 
of experimental infections show that the host range of 
some parasites may be larger than previously reported. 
The exact number of parasites for which B. orientalis 
can potentially serve as a host is unknown.
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II. PURPOSE

The purpose of this study was to identify the ecto
parasites and the endoparasites of the body cavity and 
intestine of B. orientalis and to determine whether such 
parasites could be related to the parasitosis of the 
marmosets.

Between May and August of 1975 and during June of 
1976, specimens of B. orientalis were collected from the 
mammal building and barn at the Henry Doorly Zoo in Omaha, 
Nebraska. The cockroaches were brought to Creighton Uni
versity where they were identified, dissected and their 
parasites identified.

Though it is already known that B. orientalis 
serves as a host for a variety of parasites, this study 
is unique because of the collecting site. Since B. orien- 
talis lives in close proximity to many zoo animals, this 
association may have resulted in it becoming a previously 
unrecorded host for a parasite of the zoo animals.
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III. DESCRIPTION OF THE COLLECTION SITE

After the marmoset deaths, malathione was used to 
kill the cockroaches. According to the zoo keepers, only 
the large, black cockroaches survived in large numbers.

All specimens of the oriental cockroach were collec
ted from the mammal building and barn at the Henry Doorly 
Zoo. Both buildings are located at the northwest area 
of the zoo grounds. There are other buildings and dis
plays within 300 feet of these two collecting sites. It 
is significant to mention these buildings and displays 
because of the ability of the cockroach to travel this 
distance (Eads et avl. , 1954; Roth and Willis, 1957) and 
because of its potential to make contact with parasites 
of the animals in the vicinity (Tables 11 & 12; Figure 1).

Cockroaches, collected from the barn, were taken 
from the fruit bat and galago displays. Entrance to 
both displays is from the preparation room of the barn. 
Cockroaches in the fruit bat display were taken from 
the stone wall and floor at the back of the exhibit 
where the door of the preparation room is located. The 
stone wall is formed from cement blocks with spaces be
tween some of the blocks. The floor was smooth cement. 
There is an artificial, hollow tree located in the greater



BARN
Horse
Mule
Goat
Sheep
Llama
Rabbit
Fruit Bat
Boa Constrictor
Greater Black Galago

MAMMAL BUILDING
Golden Lion Marmoset 
Slow Loris 
Toco Toucan 
Raccoon-like Dog 
Ocelot

TABLE 11. TYPES OF ZOO ANIMALS 
AT THE TWO COLLECTION SITES.



HYENA DISPLAY
Spotted hyena 
Brown hyena
African Crested Porcupine

CIRCULAR ANIMAL ENCLOSURE
Black Spider Monkey 
Japanese Macaque 
Jaguar

FLAMINGO AREA
Caribbean Flamingo 
Chilean Flamingo 
Capybara 
Cereopsis Goose

WATERFALL
Swan
Fish

TABLE 12. ANIMALS FOUND IN ENCLOSED AREAS 
WITHIN 300 FEET OF THE COLLECTION SITES.
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5". *Hyena Display

*Mammal Building

*Black Ape
*Canadian Otter

*Circular Animal 
Enclosure

*Praire Dog
*Barn *Snack *Beaver and Crocodile 

Bar Pool

0

0 1 "

*Waterfall
*Flamingo
Area

FIGURE 1. APPROXIMATE LOCATIONS OF THE ENCLOSED 
AREAS WITHIN 300 FEET OF THE MAMMAL BUILDING 
AND BARN. ( one inch ^  100 feet)
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black galago exhibit. The tree is anchored by the trunk 
in the center of the display and by a branch attached to 
one wall. Cockroaches collected from this area came from 
the tree and the spaces between the branch and the wall.

There were many B. orientalis in the mammal building 
as evidenced by the numbers of B. orientalis found each 
morning in the watering dishes of the animals housed 
there. The roaches collected from this building were 
found in the monkey chow barrel which was kept in large 
trash cans with loose fitting lids ar frequently uncovered.
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IV. MATERIALS AND METHODS

A) Collection of Blatta orientalis.
The capture of B. orientalis from the Henry Doorly 

Zoo took place from May 27, 1975 to September 15, 1975 
and on June 4, 1976. The 50 oriental cockroaches collec
ted came from the monkey chow barrel in the mammal buil
ding, the fruit bat exhibit, and the greater black gala- 
go display in the barn (Table 13). The method of capture 
was different at each location.

Because the initial attempt to pick up B. orientalis 
from the monkey chow barrel with a fishnet was unsuccess
ful, the cockroaches were collected by hand. The fishnet 
was similar to those used in home aquaria and it was im
possible to keep the cockroaches from climbing out. The 
oriental cockroaches were then placed in a jar. Nail 
holes in the jar cover provided ventilation and a wet 
paper towel within the bottle supplied the roaches with 
water. The jar served only as a transfer container from 
the zoo to Creighton University.

Attempts to capture cockroaches from the fruit bat 
area again proved unsuccessful when using a fishnet.
Since the first light into the fruit bat area each day 
came when the zookeepers opened the door from the prepa-
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SEX
MAMMAL
BUILDING

BARN
FRUITBAT GALAGO TOTAL

Females 21 2 9 32
Males 5 2 5 12
Nymphs 4 2 6

Total 30 4 16 50

TABLE 13. BLATTA ORIENTALIS COLLECTED FROM THE ZOO.
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ration room to feed the animals, it was possible to cap
ture a few of these nocturnal insects by hand when the 
door was opened. Because this method was not very pro
ductive, a trap was later used. Powdered sugar and let
tuce were placed in a five gallon bucket about 15 inches 
high. Vaseline was rubbed in the inner rim, two inches 
wide from the top, to prevent captured cockroaches from 
climbing out. The trap was placed in the display area 
in the evening and checked the following morning. Cock
roaches captured at this location were placed in jars 
like those described earlier.

Each morning the greater black galago display was 
hosed for sanitary purposes. Because of the large num
bers of B. orientalis in the tree and between the suppor
ting branch and the wall, water was directed also at 
these locations. The oriental cockroaches collected 
were picked up off the floor after the display was hosed 
and then put into jars.

B) Laboratory Methods and Materials.
Fifty of the 53 cockroaches captured were identi

fied as Blatta orientalis using the Public Health Service 
Publication No. 55 on Pictorial Keys (1969). The cock
roaches were always examined within a week from the date
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of capture and were kept in 1/2 pint milk bottles until 
they were examined for parasites. The opening of the 
bottle was covered with cheesecloth and secured with 
a rubber band. Purina laboratory chow and a wet paper 
towel within the bottles provided food and water. No 
more than three cockroaches were kept in each 1/2 pint 
milk bottle. All of the bottles were secured in a cricket 
cage.

Ether was used to anesthetize the cockroaches and 
death was by decapitation. Each organism was placed in 
invertebrate saline and examined first for external and 
then for internal parasites. Temporary slides were made 
with polyvinyl alcohol (PvV.A.). The permanent slides 
were stained with trichrome or hematoxylin. The slides 
made from the six cockroaches captured in June, 1976, 
were not stained. Nematodes were preserved on slides 
using Hoyer's cement.

Identification of protozoan and helminth parasites 
were made using the references by Kudo (1926), Chitwood 
(1932, 1950), Dobrovolny and Ackert (1934), Hyman 
(1951), Thorne (1961), Cheng (1974) , and Olsen (1974) . 
Appendages and fecal material were preserved for future 
reference in 5 ml. vials of formol-acetic acid-alcohol 
(F.A.A.) and glycerin.
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V. RESULTS AND DISCUSSION

Two nematode and three protozoan species of parasites 
were identified from specimens of B. orientalis collected 
at the Henry Doorly Zoo (Tables 14-16). All parasites 
were recovered from the intestinal tract of the oriental 
cockroach. No ectoparasites were found nor were any 
parasites observed in the body cavity.

The chi-square test was used to evaluate the infec
tion rates of B. praenucleaturn, L. appendiculata and 
Lv striata (Table 17). There was no significant diffe
rence between the rates of infection of these three 
species of parasites in cockroaches collected from the 
barn and from the mammal building. Chi-square analyses 
also showed no significant difference between the infec
tion rates of B. praenucleatum and L. appendiculata in 
male and female cockroaches.

B. orientalis collected at the two sites mentioned 
above were not infected with acanthocephalans nor were 
new parasites identified from them. Protozoan para
sites other than those identified may have been present 
since it was not possible to identify all of the cysts.



TOTAL BARN MAMMAL BUILDING TOTAL
no. no. no.

PARASITES Total
no.
Exam.

with
Para
sites

% with 
Para
sites

Total
no.
Exam.

with
Para
sites

% with 
Para
sites

with 
Para
si tes

% with 
Para
sites

Balantidium
praenucleatum

20 12 60 30 17 57 29 58

Lophomonas
blattarum

20 2 10 30 4 13 6 12

Lophomonas
striata

20 4 20 30 11 37 15 30

Hammerschmidtiell a 
sp.

20 6 30 30 0 0 6 12

Leid.ynema
appendiculata

20 8 40 30 18 60 26 52

TABLE 14. ENDOPARASITES FROM 50 BLATTA ORIENTALIS.



PARASITES

GALAGO AREA
PiO.

Total with 
no. Para- 
Exam. sites

% with 
Para
sites

FRUIT

Total
no.
Exam.

BAT AREA 
no. 
with 
Para
sites

% with 
Para- 
si tes

BARN 
no. 
wi th 
Para
sites

TOTAL

% with 
Para
sites

Balantidium
praenucleatum

16 9 56 4 3 75 12 60

Lophomonas
blattarum

16 2 13 * 4 0 0 2 10

Lophomonas
striata

16 4 25 4 0 0 4 20

Hammerschmidtiella
sp.

16 5 31 4 1 25 6 30

Leidynema
appendiculata

16 4 25 2 2 100 8 40

TABLE 15. ENDOPARASITES OF 20 BLATTA ORIENTALIS FROM THE BARN



PARASITES Total
no.
Exam.

MALES
no.
with
Para
sites

% with 
Para- 
s i tes

Total
no.
Exam.

FEMALES
no.
with
Para
sites

% with 
Para- 
si tes

TOTAL 
no. 
wi th 
Para
sites

ADULT

% with 
Para
sites

Balantidium
praenucleatum

12 8 67 32 21 66 29 66

Lophomonas
blattarum

12 2 17 32 3 9 5 11

Lophomonas
striata

12 5 42 32 9 28 14 32

Hammerschmidtiel1 a 
sp.

12 1 8 32 5 16 6 14

Leid.ynema
appendiculata

12 7 58 32 16 50 23 52

TABLE 16. ENDOPARASITES OF 44 ADULT BLATTA ORIENTALIS.



PARASITES

(Infection rates) 
X2 VALUES

Male vs. Barn vs.
Female______ Mammal Bldg.

Balantidium praenucleatum 0.004 0.055
Lophomonas blattarum * *

Lophomonas striata * 1.590
Hammerschmidtiella sp. * *

Leidynema appendiculata 0.243 1.923

TABLE 17. CHI-SQUARE ANALYSES. 
* Expected < 5.
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Specimens of B. orientalis in this study were infec
ted with zero to three protozoan species of parasites.
The three protozoan species, Balantidium praenucleatum, 
Lophomonas blattarum, and L. striata, have previously 
been reported as parasites of the oriental cockroach 
(Roth and Willis, 1960; Steinhaus, 1967 ; Guthrie and 
Tindall, 1968). The infection rate for each protozoan 
parasite was different.

B. praenucleatum is a large ciliate found in the 
large intestine of B. orientalis. According to Noble 
and Noble (1961), this ciliate can reach 127 micra in 
length. Infection of the oriental cockroach occurs when 
cysts are ingested. Twenty-nine or 57% of the 50 cock
roaches examined were infected with B. praenucleatum.
The frequency of infection was higher than with the two 
other protozoan parasites identified. No significant 
difference was found, in the infection rate between male 
and female roaches, with this ciliate. The infection 
rates of_B. praenucleatum, from insects collected from 
the barn compared with insects collected from the mammal 
building, did not differ significantly.

L. blattarum and L. striata are flagellate parasites 
found in the intestinal tract of B. orientalis, B. ger
manica, and P. americana (Roth and Willis, 1960; Guthrie
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and Tindall, 1968). Kudo (1926) reported that infection 
occurs when cockroaches eat cysts of these two flagellates. 
L. striata was recovered from 15 of the specimens examined. 
L. blattarum infected B. orientalis less frequently; only 
six insects were infected. Mixed infections of these two 
flagellate species were also observed. It was not possi
ble to evaluate the infection rate of L. blattarum, using 
the chi-square test, because of the low expected number.
No significant difference was found between the infection 
rates of B. orientalis collected from the barn and ;the

mammal building with L. striata (Table 17).
Large numbers of cysts were present in the temporary 

and permanent slides made from B. orientalis. Many para
sitic protozoans are capable of encystation and typical 
protozoan cysts are rounded masses of protoplasm enve
loped by rigid cyst walls (Cheng, 1974). All of the cysts 
were not identified. Though some of the cysts were stages 
of the parasitic Protozoa previously mentioned, some cysts 
may have been other protozoan species.

The identification of most cysts is difficult. For 
example, cysts of Endamoeba blattae, a parasite of B. 
orientalis, will vary in size according to the number of 
nuclei present. Identification of this cyst after staining 
is still inconclusive because differential staining of
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E. blattae is poor (Morris, 1936). Since excystation and 
a subsequent examination of the trophozoites were not done 
in this study, it could not be determined whether more 
than three species of protozoan parasites were present 
in specimens captured from the zoo.

The majority of B. orientalis examined were infected 
with at least one nematode parasite species. Mixed in
fections of Leidynema appendiculata and Hammerschmidtiella 
sp. were also observed. L. appendiculata was reported 
as a parasite of the oriental cockroach by Chitwood 
(1932), Dobrovolny and Ackert (1934) , Todd (1944) , Lee 
(1958b), Roth and Willis (1960), Guthrie and Tindall 
(1968), and Cheng (1974). The Hammerschmidtiella sp. 
identified showed a slight morphological difference 
from Hammerschmidtiella diesingi, an oxyurid nematode 
of B. orientalis (Chitwood, 1932; Todd, 1944; Lee, 1958a; 
Roth and Willis, 1960; Cheng, 1974).

L. appendiculata is an intestinal nematode parasite 
of B. orientalis. Twenty-six of the 50 cockroaches 
examined were infected with this nematode. Infection 
occurs when L. appendiculata eggs are eaten (Dobrovolny 
and Ackert, 1934). Eggs of L. appendiculata were iden
tified from permanent slides made with fecal material 
of B. orientalis. Fay (1961) reported that L. appendi-
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culata eggs can be transferred by adhering to the oothe- 
cae of cockroaches. Nymphs hatching from these contami
nated oothecae were protozoan-free but infected with L. 
appendiculata.

There was no significant difference between the in
fection rate of L. appendiculata among male and female 
cockroaches or among cockroaches collected from the barn 
and the mammal building (Table 17). The results of the 
chi-square test suggest no host sex preference by L. ap
pendiculata. Because no significant difference^was found 
between the infection rates of this nematode among cock-j- 
roaches collected at the barn and the mammal building, 
environmental factors, which may affect the host-parasite 
relationship, appears to be similar- at the two collection 
sites.

Six of the 50 specimens of 3. orientalis were infec
ted with the intestinal nematode, Hammerschmidtiella sp. 
which was not identified as Hammerschmidtiella diesingi 
because of a morphological difference observed. Hammer- 
scmidtiella sp. appears to be morphologically similar to 
H. diesingi as described by Chitwood (1932), Todd (1944), 
and Lee (1958a), except in the length of the isthmus 
posterior to the ovoid pseudobulb of the esophagus. The 
isthmus of Hammerschmidtiella sp. seems to be approxi
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mately the same length as the diameter of the esophageal 
bulb. Descriptions and pictures of H. diesingi indicate 
that the isthmus is shorter; about the radius of the 
esophageal bulb. This nematode shares the same generic 
characteristics of Hammerschmidtiella as described by 
Chitwood (1932).

The only other Hammerschmidtiella species mentioned 
in the literature is H. neyrae (Roth and Willis, 1960; 
Guthrie and Tindall, 1968). Roth and Willis (1960) re
ported that after personal communication with Chitwood, 
the report by Sanchez (1947) of the infection of B. orien- 
talis with H. neyrae is in error. Because of the absence 
of a description of H. neyrae and the controversy over 
whether H. neyrae exists, it was impossible to determine 
whether Hammerschmidtiella sp. is H. neyrae.

Six of the 20 cockroaches collected from the barn 
were infected with Hammerschmidtiella sp. None were 
identified from the specimens taken from the mammal 
building. Though cockroaches have been shown to travel 
distances over 300 feet (Eads et al., 1954; Roth and 
Willis, 1957), the difference found in the infection 
rates of Hammerschmidtiella sp. at the two collection 
sites may indicate that Hammerschmidtiella sp. was not
present in the mammal building and that B. orientalis



does not migrate from one collection site to the other. 
Because of the sample size, it was not possible to make

conclusions based on these data •
Examination of host sex preference of Hammerschmid- 

tiella sp. may help determine which species of Hammer- 
schmidtiella was found in cockroaches caught in the barn. 
Hominick and Davey (1972a) have shown that H. diesingi 
occurs more frequently in male than female P. americana.

No acanthocephalans were found nor were new para
sites identified from these oriental cockroaches. Though 
opportunities were present for contact between B. orien- 
talis and different parasites, parasites must adapt in 
their new host once contact is made in order to survive 
the host's defense reactions against them.

Salt (1963, 1970) reported that blood cells are al
ways involved in insect defense reactions and act by 
surrounding foreign bodies and forming a dense, coherent 
covering called a cellular capsule. Effects of the in
sect defense reaction on metazoan parasites range from no 
effect to the destruction of the parasite. According 
to Salt (1963),

"the defense reactions of insects are influen
ced by the species, genetic strain, stage, in
star, size, health and physiological state of 
the host; and by the species, genetic strain, 
physical and physiological activity, and health

52



53

of the parasite. Environmental temperature and 
the presence of other parasites of the same or 
different species will also have the same ef
fects on the reactions".

In a report by Jackson et al. (1969), encapsulated nema
todes were found in B. orientalis. Cellular encapsu
lation restricts the availability of nutrients and oxy
gen and the parasite will die (Salt, 1970).

Parasites must overcome the defense reactions of 
cockroaches if they use them as hosts. Lackie (1974) 
reported on the production of a non-cellular envelope 
by Moniliformis dubius which apparently assisted this 
acanthocephalan in evading the cellular defense reaction 
of its intermediate host. Brennan and Cheng (1975) also 
discussed the ability of M. dubius to resist the defense 
reactions of its host P. americana. In order for B . orien
talis to become a new host for different parasites, after 
contact and entrance, the parasite must adapt in some way 
to survive the host's defense reactions.

If the parasite survives the defense reactions of 
the host, then according to Baer (1951) and Cheng (1974), 
it will continue to live if able to acquire its nutri
tional and metabolic requirements. Conditions must be 
suitable for reproduction and infection of other hosts 
through some means in order to ensure the continuation
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of the parasite.
The relationship between parasite and host has been 

shown to be extremely complex. Endocrine and neuroendo
crine relationships have recently been studied (Gordon, 
1968; Davey and Hominick, 1973). In 1968, Gordon repor
ted that the removal of the median neurosecretory cells 
of the host was followed by a significant decrease in the 
numbers of adult H. diesingi. Davey and Hominick (1973) 
suggested that parasites may alter the endocrine balance 
of the host in order to change the anatomy and physiology 
of the host to favor the parasite. Though there was op
portunity for contact between B. orientalis and new para
sites, at some time during the sequential interactions, 
the relationship was not suitable for host and/or para
site.
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VI. SUMMARY

Specimens of Blatta orientalis from the barn and 
mammal building at the Henry Doorly Zoo were examined to 
determine if B. orientalis was involved in the acanthoce- 
phalan infections of the marmosets. The oriental cock
roach was also examined to determine if it had become a 
new host for any parasite. Results indicate that B. 
orientalis was probably not involved, since no acantho- 
cephalan larvae were identified from the cockroaches 
captured. No new parasites were identified from these 
insects. Since all cysts were not identified, it is 
not possible to conclude that B. orientalis did not be
come a new, and previously unrecorded host, for any para
site.

Evaluation of the infection rates of Balantidium 
praenucleatum and Leidynema appendiculata indicate that 
these parasites showed no host sex preference. Conditions 
influencing frequency of infection of B-. praenucleatum,
L. appendiculata, and Lophomonas striata, may be similar 
at the two collection sites since no significant dif
ference in infection rates was found between the two sites.

Hammerschmidtiella sp. was recovered only from cock
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roaches collected at the barn. This nematode shares the 
generic characteristics of Hammerschmidtiella but was not 
morphologically identical to any species.

The emphasis of recent cockroach research has been 
on the physiology and control of cockroach populations 
through the use of chemicals. This study, however, was 
a qualitative evaluation of the parasites of Blatta 
orientalis. Collecting the cockroaches from the Henry
Doorly Zoo makes this study unique.
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