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Abstract

Purpose The aim of this study was to investigate protozoan cysts and oocyts in the faecal pellets of the German cockroach
(Blattella germanica), with emphasis on the prevalence of Lophomonas blattarum.

Methods Thirty adult Blattella germanica (12 males; 18 females) were trapped near Madrid, Spain. Expelled faecal pellets
were collected in the laboratory over 5 days in two plastic containers. Protozoan cysts from one container were weighted
and those in the other used for morphologically identification.

Results Protozoan cysts/oocysts per gram of faecal pellet were: Nyctotherus sp. (0.0019/g), Entamoeba (0.0007/g), Bal-
antidium coli (0.0001/g), Lophomonas blattarum (0.00038/g). Observation of 189 protozoan cysts/oocysts indicated the
following prevalence: Nyctotherus sp. 65 (34.4%); Gregarina spp. 34 (18%); Entamoeba sp. 24 (12.7%); Cryptosporidium
sp. 17 (9%); Coccidia 16 (8.4%); Lophomonas blattarum 13 (6.8%); Balantidium coli 4 (2.1%); and unclassified 16 (8.4%).
Conclusion Lophomonas blattarum has previously been demonstrated in the gut of cockroaches, but this is the first assess-
ment of the prevalence in Blattella germanica in faecal pellets. The presence of protozoa in faecal pellets provides some
evidence for one step in a hypothesised route of respiratory infection whereby protozoa from household insects enter the
respiratory tract.

Introduction

This paper examines one step on a hypothesised pathway,
whereby protozoa from cockroach intestine are excreted
in encysted form in faecal pellets, consequently present in
household dust, and then inhaled into the human respiratory
tract. Inhaled protozoa might subsequently be expected to
excyst and cause commensal or pathogenic infection of the
respiratory system.

Cockroaches are a group of arthropods that are closely
associated with an anthropogenic environment, which can
adversely impact on human health. The adverse effect that
has been best evidenced is allergy to cockroach proteins
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(mainly proteases) present in its body, in saliva, intestinal
contents, or in its faecal pellets, which are associated with
asthma in some patients [1]. There is also evidence for the
role of cockroaches as a reservoir for pathogenic microor-
ganisms [2]. The German cockroach (Blattella germanica),
can carry medically important parasites on its surface and
inside its digestive tract, including protozoa such as Bal-
lantidium coli, Blastocystis hominis, Entamoeba histolytica,
Giardia duodenalis, and Toxoplasma gondii [3, 4]. We have
similarly described the presence of a multi-flagellated pro-
tozoon, L. blattarum, in the gut of B. germanica [5].
Protozoa have a number of mechanisms for ensur-
ing survival in adverse environment conditions. Relevant
adverse environmental conditions include: lack of nutrients,
increased osmotic pressure, temperature changes, low pH,
and internal accumulation of waste products. In such circum-
stances, many protozoa form resistant cysts [6]. During this
process (encystation), the cytoplasm is surrounded by a rigid
or semi-rigid wall. The cyst wall is secreted by the organism.
Thus, by means of a cystic form, protozoa can survive in the
environment and transmit from one host to another. When a
mature cyst enters a suitable host, excystation occurs and the
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excysted trophozoite of the relevant protozoal species can
begin a new period of growth and reproduction.

Relatively few studies have assessed the presence of pro-
tozoa in the faecal pellets of cockroaches, but a number of
studies of protozoa in cockroaches have examined the exter-
nal body surface and/or the intestinal contents [7—10]. A sep-
arate line of research has identified allergenic components in
faecal pellets [11-13], but the presence of microorganisms,
including protists, has not been extensively researched in
cockroach faecal pellets [14].

Our interest in L. Blattarum is based on two factors: first,
the potential relationship between this protozoan and bron-
cho-pulmonary disease [15], and second, our observation of
both the excystation of this protozoon and the presence of
immature trophozoites in human respiratory secretions [16].
L. Blattarum is a multi-flagellated protozoon, which is round
to ovoid in shape (20—60 um in diameter), with a double tuft
of flagella inserted at the anterior end, and containing coarse
granules and some phagocytic vacuoles in the cytoplasm.

The aim of this study was, therefore, to analyse faecal pel-
lets from the German cockroach (B. germanica) to observe
and confirm the presence of protozoan cysts, quantify the
count per faecal mass, and use morphological features to
catalogue observed protozoa, with specific emphasis on L.
blattarum cysts.

Materials and Methods

In the summer of 2018, cockroach trapping was under-
taken in a domestic environment near Madrid, Spain. To
achieve this, a modified plastic bottle was used, containing
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an attractant, which was composed of damp bread, sugar
and potato. Once captured and transported to the labora-
tory, the cockroaches were transferred to two clean plastic
tapered boxes, with holes punched in the plastic to allow for
air flow, and with filter paper as a base. A total of 30 adults
(12 males and 18 females) belonging to the species B. ger-
manica were caught. The boxes containing the cockroaches
were placed in a dark cabinet in the laboratory and stored at
room temperature (21 °C) and 77% humidity. The food pro-
vided was pieces of biscuit, banana and moist bread. After
5 days in captivity, expelled faecal pellets (which were dark,
cylindrical in shape and ranging between 0.5 and 1.5 mm in
size) were carefully collected with the help of a magnifying
glass, thus avoiding any contamination with the remains of
cockroach body parts (Fig. 1). Faecal pellets obtained from
one of the plastic boxes were used to provide a cyst count,
whilst those obtained from the other box were used for mor-
phological characterization of the cysts.

At the end of five consecutive days in captivity, the weight
of faecal pellets collected was 0.3402 g. For the first analy-
sis, the cockroach faecal pellets from one box were gently
crushed and mixed with a saturated salt solution (NaCl 400 g
and distilled water 1000 ml) in preparation for cyst counting.
The resulting mixture was filtered and placed in a McMas-
ter egg slide counting chamber with two grids and assessed
under a light microscope (40 X and oil immersion objective).

For the second analysis, to allow morphological identifica-
tion under light microscopy, the faecal pellets from the other
box were gently crushed with the tip of sterile tweezers and
the resulting material was mixed and diluted with a saline for-
maldehyde solution (SFS) composed of 950 ml of distilled
water, 5 g of sodium chloride and 50 ml of formaldehyde
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(37% solution) by the sedimentation method. The proportion
of crushed faecal pellet to SFS was 1:9. The resultant mixture
was filtered and placed in several centrifuge tubes, 2 ml of
sulphuric ether (diethyl ether) was added, and the tubes were
waved to allow mixing. The tubes were then centrifuged at
1000 rpm for 5 min. The supernatant was decanted and the
sediment was picked up with a Pasteur pipette. The sediment
was partitioned, placed onto glass slides, and examined under
a light microscope using a 40X oil immersion lens. Samples
that were positive for cysts, mainly those that were classed as
potentially L. blattarum, were stored in a plastic microscope
slide box and subsequently stained with 1% Lugols Iodine and
Wheatley s trichrome (see method in supplementary file) to
assist in confirmation of classification, particularly with refer-
ence to identification of L. blattarum. All cysts and oocysts
were identified based on their morphology by comparison
against standard taxonomic keys [17]. In addition, drawings
made by Kudo of L. blattarum cysts [18], were particularly
useful in cataloguing cysts of this multi-flagellated protozoon.
Cryptosporidium oocysts were stained and identified using the
trichrome stain. Cryptosporidium oocysts were rounded, meas-
ured 4-5.4 um in diameter and displayed an internal granular-
looking material with a mauve hue. They also appeared as
unstained structures under oil immersion.

After the examination of the faecal pellets, the captured
cockroaches were dissected to allow examination of their
digestive tract to determine the proportion with L. blattarum.
Each specimen was first anesthetized in a laboratory glass
jar using cotton impregnated with ether. Cockroaches were
exposed to the anaesthetic agent for 15-30 min. Full anaes-
thesia was checked by ensuring that their bodies did not
respond to tactile stimuli. The insects were subsequently
killed by decapitation. After this, dissection was carried
out under a binocular lens. The midgut and hindgut were
removed and sectioned, and the intestinal extracts were
placed onto glass slides for microscopic observation of the
fresh intestinal contents. In total, the cockroaches were kept
for 10 days in captivity (six insects were sacrificed each
day).

Ethical Statement

This research was conducted humanely, in line with the
“Guidelines for Ethical Treatment of Animals in Applied
Animal Behaviour and Welfare Research” that have been
developed by the International Society for Applied Ethology.

Results
In a first analysis, faecal pellets were examined using a

McMaster chambers under the light microscope, a total
of 237 counting elements were identified. The number of

counting elements and protozoan cysts/oocysts in faecal
pellets was 0.00069 elements per gram and 0.00055 cysts
per gram respectively. Nyctotherus sp. (0.00019/g), were the
most frequently observed cysts and five types which belong
to pathogenic microorganisms were found (Entamoeba,
Cryptosporidium, Coccidia, L. blattarum and Balantidium
coli), representing 0.00021 cysts per gram of faecal pellets.
Entamoeba were the most frequent (0.00007/g) and Bal-
antidium coli the least common (0.00001/g). L. blattarum
cysts had a prevalence of 0.000038 cysts per gram of faecal
pellets.

In a second analysis of the faecal pellet sediments, 189
protozoan cysts/oocysts belonging to the following types
were identified (Fig. 1): Nyctotherus sp. 65 (34.4%); Gre-
garina spp. 34 (18%); Entamoeba sp. 24 (12.7%); Crypto-
sporidium sp. 17 (9%); Coccidia 16 (8.4%); L. blattarum-
like 13 (6.8%); Balantidium coli 4 (2.1%); and unclassified
16 (8.4%). There were some gender differences, with 43
Nyctotherus sp. cysts observed in the 12 male cockroaches
and 22 in the 18 females; similarly 9 Gregarina spp. cysts
were observed in the 12 male cockroaches and 25 in the 18
females.

Sixteen L. blattarum cysts were identified, based on a typ-
ical round-oval shape, 10—12 um in size, with a distinctive
dark line (perhaps a chromatoidal bar), marking their diam-
eters (Fig. 2). Unlike other protozoa cysts such as Giardia
and Entamoeba, the presence of nuclei was not observed.

Of the 30 captive cockroaches, 23 were alive after 1 week.
The proportion of cockroaches containing free trophozoites
of L. blattarum in fresh samples of intestinal extracts on
dissection (Fig. 3) was 5/23 (16.6%).

Discussion

The medical importance of cockroaches lies primarily within
two domains: an allergic/inflammatory response to cock-
roach allergens [19], and its role as a reservoir and source of
pathogenic microbes in, or close to, human dwellings [20].
Some recent data suggest that infestation of homes with
cockroaches is increasing and the topic is, therefore, one of
potential clinical importance [21]. As early as the second
decade of the last century, Robert Hegner [22] recognised
the potential relationship between cockroaches and protozoa.
He recognised that cockroaches provide an entero-parasitic
habitat and that their close proximity in human dwellings
raised the possibility of the transmission of protozoa to
human subjects. His paper refers to the presence of L. blat-
tarum, among other flagellates, in cockroaches.
Cockroaches were also shown to play a role in the dis-
semination of the cysts of certain infectious protozoa in a
study in Nigeria [23]. Their wider role constitutes the princi-
pal basis of the hypothesis underpinning piece of this work,
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Fig.2 Lophomonas blattarum
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Fig. 3 Trophozoite of Lophomonas blattarum in the intestinal extract
from the gut of Blattella germanica in a fresh sample (x 1200)

specifically, that protozoa in cockroach faecal pellets can
be inhaled into the human respiratory tract and cause com-
mensal or pathogenic infection.

The difference observed between the two analyses,
0.00069 elements per gram and 0.00055 cysts per gram, may
be attributed to the different solutions used for processing
the faecal pellets, the presence of artefacts/contaminants,
and the limitations of observation under light microscopy.
A potential weakness of our study is that we did not have
access to molecular methods for the characterising the dif-
ferent protozoa. Future studies would benefit from utilis-
ing such an approach. It should also be noted that an alter-
native approach to this project would have been to assess
the number of organisms in each individual cockroach. It
should also be noted that cockroaches were not kept separate

@ Springer

between capture and microscopic examination and there is a
small risk that transmission of protozoa could have occurred
between different cockroaches. The study could also have
been strengthened by repeated re-sampling of the cockroach
population, for example, three separate repetitions of the
study described in this paper would have allowed the calcu-
lation of more accurate mean and standard deviation values
for protozoa and cyst prevalence.

In line with other studies [24, 25], Nyctotherus sp. were
the most frequent protozoon found. This ciliated protozoon
(which is non-pathogenic for humans) harbours methano-
genic bacteria as endosymbionts, playing a major role in the
hindgut metabolic activities of the cockroaches [26].

L. blattarum was found in the intestinal extracts of 16.6%
of the cockroaches. The prevalence of L. blattarum in our
previous study of 119 cockroaches (also B. germanica) was
similar, at 13.6% [4]. A study in another species of cock-
roach (Periplaneta americana), observed L. blattarum in
40% of the intestinal extracts of 110 cockroaches [27].

The cockroach and termite digestive tract harbours a wide
variety of microorganisms, including protozoa, which col-
laborate in the digestion of ligno-cellulose compounds [28].
It is well recognised that coprophagia, the ingestion of faecal
pellets, is a mechanism to transmit and populate the hindgut
of early instars nymphs of cockroaches [29] and may also be
a source of transmission of protozoal cysts between genera-
tions of cockroach.

The role of cockroaches as possible vectors of human
pathogens has widely been commented on, but their role in
the transmission of pathogens has seldom been conclusively
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established. A wide range of papers mention cockroaches
as potential mechanical disseminators of enteric protozoan
pathogens including: Entamoeba histolytica, Cryptosporid-
ium parvum, Giardia duodenalis, Balantidium coli, Blas-
tocystis hominis, Cyclospora spp., Endolimax nana, and
Isospora beli [6, 8, 30-32].

We have postulated that cysts may be inhaled and cause
respiratory disease in humans [33]. Protozoal cysts, such as
those of E. histolytica, were identified on the body surface
of 17% of 430 American cockroaches [34], and inhalation of
dust containing cysts of E. histolytica has been proposed as
a possible route of primary pulmonary amebiasis [35, 36],
as well as for L. blattarum [16]. Experimental mechanical
transmission of T. gondii oocysts, S. muris sporocysts, and T.
canis eggs from faecal pellets of cockroaches (B. germanica
and P. americana) to mice and rats (as paratenic hosts) has
been demonstrated in the laboratory [37-39].

In normal domestic conditions, cockroach faecal pellets
are susceptible to desiccation. It is, therefore, feasible that
cockroach faecal pellets may be broken down to form small
particles, which are inhaled [40]. In a study on the measure-
ment and characterization of airborne cockroach allergens
during normal domestic exposure in homes, it was con-
cluded that “airborne particles containing cockroach allergen
(Bla g1) were mainly associated with particles > 10 pm”, and
hence small enough to be inhaled [41]. The cysts observed
in faecal pellets from cockroaches in our study ranged from
12 to 20 um in diameter, suggesting that their aerosolisation
and inhalation is feasible.

By way of comparison with other research, L. blattarum
cysts were identified in two studies in centrifuged sediments
of macerate intestinal extracts from the cockroach P. ameri-
cana [42, 43], but few studies have focused specifically on
the presence of L. blattarum cysts in faecal pellets in B.
germanica.

It may be challenging to prove the potential role of cock-
roaches in the transmission of protozoa cysts to humans
through their faecal pellets, but the proposed causal pathway
merits ongoing investigation.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

Appendix 1: Wheatley’s Trichrome Procedure

First glass bucket: introduce the smears in ethanol 70% for
5 min.

Second glass bucket: Trichromic staining with Para-Pak
Trichrome-Wheatley solution for 10 min.

Third bucket: decolouration (acidic alcohol: 4.5 ml of
glacial acetic acid 4+ 995.5 ml of ethanol 90%. Introduce the
smears during 2-3 s.

Fourth bucket: introduce the smears in ethanol 96%
(quick lavage).

Fifth bucket: introduce the smears in ethanol 100% for
one min.

Sixth bucket: introduce the smears in ethanol 100% for
3 min.

Seventh bucket: introduce the smears in ethanol 100%
during 5 min.

Eighth bucket: introduce the smears in Xylene during
1 min.
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