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Preface

For about 100 years Blastocystis stages are known to occur in normal and diarrheic

feces of humans and of many species of animals. Many important papers in this

daily enlarging field of research appeared in Parasitology Research at Springer,

Heidelberg, New York. From the very beginning of the research approaches,

there had been intense disputes whether there exist different species in humans

(e.g., B. hominis) and in animals, whether these cyst-like appearing spherical stages

are true pathogens or just live as passaging commensals, whether they belong to the

phyla of fungi or protozoans, whether they induce diarrheas in humans and animals

or whether they reproduce better in hosts under diarrheic conditions, and finally

whether they are really able to act as zoonotic organisms switching from humans to

animals and back or take the inverse route of primary infection.

Especially the last 45 years delivered worldwide thousands of publications on

Blastocystis presenting results that were obtained by the use of a wide spectrum of

standard and of very sophisticated methods. Although these provide deep insights

into the life cycle, the physiology, morphology, and genetics of this peculiar

organism remained a mysterious sphinx among the intestine-inhabiting organisms.

Against this background this volume of Parasitology Research Monographs

unites renowned specialists and asked them to “put all hard facts onto the table”

that had been obtained in Blastocystis research as well as in the knowledge on

diarrheas and on other apparently zoonotic agents of disease.

Thus this volume tries to evaluate the recent knowledge in the Blastocystis field.
When focussing on open questions the book may stimulate relevant research in

burning problems such as adequate diagnosis and chemotherapy. Its detailed review

articles are directed not only at researchers in this field and physicians and

veterinarians who are confronted with infected individuals or animals but also to

teachers, students, and technical staff in the fields of microbiology, parasitology,

and diagnostic methods.
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Chapter 1

Landmarks in the Discovery of Blastocystis
Stages

Heinz Mehlhorn, Minoru Yamada, Hisao Yoshikawa, Kevin S.W. Tan,

Haris Mirza, and Kenneth Boorom

Abstract This chapter represents a list of papers that were considered by the

authors of this book as important “breakthroughs” in the knowledge of the different

features in the history of the Blastocystis research during the last 101 years. Of

course this is a selection, but due to space, others were not considered in this

chapter, but belong to the basic knowledge collected in the other chapters of this

book and are cited at the end of each chapter.

The first observations of Alexeieff (1911) and Brumpt (1912) of stages, which

looked different from other intestinal spherical, cyst-like, or similar appearing
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unicellular organisms inside the intestinal fluid of humans, were done by means of

light microscopy. This method, although it had opened new and deeper insights

after the amelioration of the microscopical techniques by Carl Zeiss and Ernst Abbe

and after development of different coloration methods (especially for blood smears)

by Gustav Giemsa, Wilhelm Schüffner or Georg Maurer, did not allow to differen-

tiate clearly between the various unicellular organisms, that occur regularly or

occasionally in the intestine of humans and animals. Especially the newly described

organism called Blastocystis hominis by Brumpt (1912) could not be easily classi-

fied when using early microscopical techniques. Thus morphological and some

early physiological criteria led to classifications either to the group of protozoans or

fungi. Even electron microscopical investigations (e.g. Zierdt and Tan 1976;

Mehlhorn 1983; Figs. 1.1 and 1.2) did not solve the problems, which are even

today under discussion, although especially the studies since 1967 brought enor-

mous progress. Therefore the following list presents some publications which are

considered as “landmarks” in the history of the discovery of the “Blastocystis
features” by the authors of this book. Of course this list represents a selection,

which is not complete and it is clear that there exist further excellent, highly

valuable research results by a large number of renowned groups. We apologize

for not naming them. However, all those researchers contributed significantly to the

present stage of knowledge in this field.

1911 and 1912 First descriptions of Blastocystis were given by Alexeieff (1911)

and Brumpt (1912). The term Blastocystiswas coined by Alexieff
since the envelope of the parasite reminded him at the capsule of

the fungus Blastomyces and because the parasite formed cysts

(Greek: kystis ¼ bladder, cyst). It was later appreciated that the

cysts of the parasite were not true cysts but very likely what is

currently termed multivacuolar forms, where the periphery

showed a somewhat-condensed cytoplasm. Alexeieff called the

organism Blastocystis enterocola and a year later, Brumpt coined

the term Blastocystis hominis. The latter term is now widely used.

Thus the organism was initially classified as a yeast.

1967 Zierdt et al. (1967) pointed out the protozoan organization of the

Blastocystis stages and reclassified them as members of the group

of Protozoa.

1973 Zierdt and colleagues intensified morphological studies on

Blastocystis (Zierdt 1973; Tan and Zierdt 1973).

1976 Description of the pathogenic potential of Blastocystis (Phillips
and Zierdt 1976).

1983 First approaches to treatment trials in Blastocystis hominis
(Zierdt et al. 1983).

1986 First study to recommend that Blastocystis patients be diagnosed
with IBS (Markell and Udkow 1986).

1987 Description of morphology of animal species/strains of Blasto-
cystis (Yamada et al. 1987).

2 H. Mehlhorn et al.



Fig. 1.1 It originates from the paper of Zierdt CH and Tan HK (1976) Ultrastructure and light

microscopic appearance of Blastocystis hominis in a patient with enteritic disease. Z Parasitenkd

(now Parasitol Res) 50:277–283. Part 1a–c Hematoxylin and eosin-stained sections. Note light
and dark spherical granules within organisms. Nuclei cannot be clearly identified. Part 1d–f

Nomarski interference contrast photomicrographs showing vacuolar and granular structures within

organisms. Part 2 Electron micrograph of a section of an organism. A nucleus (N) with a crescent-
like concentration of nuclear chromatin and cytoplasm (C) with vesicles and granules are evident.
Note segments of endoplasmatic reticulum (r) near cell surface

1 Landmarks in the Discovery of Blastocystis Stages 3



Fig. 1.2 It originates from the paper of Mehlhorn H (1983) Blastocystis hominis, Brumpt 1912:

Are there different stages or species? Parasitol Res 74:393–395. Part 1–9 Blastocystis-like
stages from human diarrheal stools. 1–4 Light micrographs. Note the different shape of the

cytoplasm. X2820. 5–9 Electron micrographs. Two types of cyst-like organisms are found;

type 1 (5–7, 9) has nongranulated capsule (CA), which is different from that in type 2 (8). The

cyst-like stage in Part 8 is cut tangentially through the cytoplasm, hence the empty space (ES) is

4 H. Mehlhorn et al.



1993 First detailed study on a Blastocystis epidemic (Nimri 1993).

1996 Intensification of taxonomic approaches (Nakamura et al. 1996).

1996 By phylogenetic analysis of the ssrRNA genes, Blastocystis is

reclassified as a stramenopile. The stramenopiles, synonymous

with Heterokonta and Chromista, are a complex collection of

“botanical” protists comprising heterotrophic and photosynthetic

representatives (Silberman et al. 1996).

1996 A method for the in vitro clonal growth of the parasite is reported

(Tan et al. 1996).

1997 First mouse model in Blastocystis research (Moe et al. 1997).

1997 First studies to suggest that Blastocystis infection causes irritable

bowel syndrome (Hussain et al. 1997).

1999 First studies to suggest that some Blastocystis isolates are

associated with acute infections, while others may be associated

with chronic infections (Lanuza et al. 1999).

2000 First long-term study (2 years) on Blastocystis immune response

in patients with and without gastrointestinal symptoms (Kaneda

et al. 2000).

2002 First study to report that common clinical diagnostic techniques

fail to identify most Blastocystis infections (Leelayoova et al.

2002).

2003 First placebo-controlled trial for treatment of Blastocystis infec-
tion with antimicrobials (Nigro et al. 2003).

2003 First study to report a difference in Blastocystis antigen immune

response between symptomatic and asymptomatic patients

(Mahmoud and Saleh 2003).

2005 First major analysis of Blastocystis genotypes from multiple

countries (Noel et al. 2005).

2005 First study to report death in animal models following experi-

mental infection with Blastocystis (Yao et al. 2005).

2005 First large epidemiological study on Blastocystis infection

(Amin 2006).

2007 First investigation of waterborne transmission of Blastocystis
including molecular epidemiology and large-scale population

study of Blastocystis (Li et al. 2007a,b).
2007 A new terminology of Blastocystis is proposed, which is today

widely accepted (Stensvold et al. 2007).

2008 Study indicating that Blastocystis transmission may occur by

drinking water (Leelayoova et al. 2008).

�

Fig. 1.2 (continued) not visible. AL amorphous outer layer (by fecal contamination?); CA capsule;

CY cytoplasm; DV double-walled vacuole (mitochondrion?); ES empty space; FU fuzzy regular

outer layer of the capsule; IN invagination surface depression; LA lacunes, endoplasmatic

reticulum-like structures; LM limiting membrane of the cytoplasm; N nucleus; NU nucleolar

granules; T tangentially sectioned capsule; V vacuole; VL vacuole-like structure

1 Landmarks in the Discovery of Blastocystis Stages 5



2008 First study to perform experimental animal infection with multi-

ple Blastocystis isolated that were subtyped (Hussein et al. 2008).
2008 First real-time PCR test for Blastocystis infection (Jones li et al.

2008).

2008 First systematic review of Blastocystis literature (Boorom et al.

2008).

2009 First genotyping of Blastocystis infection in cancer patients

(Tan et al. 2009).

2010 First study to report multiple immunosuppressive properties of

Blastocystis secretory substances (Chandramathi et al. 2010).

2010 Legumain, the first virulence factor of Blastocystis is cloned and

characterized (Wu et al. 2010).

2011 First complete genome sequencing of Blastocystis (Denoeud

et al. 2011).

2011 First study to report that DNA extraction kits have greatly vary-

ing performance level (Yoshikawa et al. 2011).

2011 First study to report that Blastocystis downregulated nitric oxide

production (Mirza et al. 2011a,b).
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Chapter 2

Morphology of Human and Animal Blastocystis
Isolates with Special Reference to Reproductive

Modes

Minoru Yamada and Hisao Yoshikawa

Abstract Blastocystis, an anaerobic unicellular eukaryotic protozoon, is one of the
most encountered microorganisms in fecal samples of various host animals includ-

ing humans. The parasite is generally spherical in shape but shows a great variation

in size from 5 to 50 mm. When the isolates from the feces were cultured in vitro, the

size of the cell increases and some cells reach up more than 200 mm in diameter.

Since a large central vacuole occupies the central part of the organisms, the

cytoplasm containing nucleus, mitochondria-like organelle, and Golgi apparatus

is pushed to the peripheral rim. The central vacuole possesses storage function and

contains various substances such as carbohydrates, lipids, and basic proteins

identified under the light and electron microscopy. These substances are

accumulated in the vacuole via Golgi apparatus or crathrin-based endocytosis.

There are various naming for morphologically different organisms, such as vacuo-

lar (vacuolated), multivacuolar, avacuolar, granular, amoeboid, and cyst forms,

which appear in fecal and in vitro samples. The vacuolar and granular forms are

predominantly detected in the fresh feces or in vitro cultures, while some other

forms, multivacuolar and avacuolar forms are rare and small in size and are mainly

characterized by electron microscopy. The amoeboid (ameba) forms are also small

in size and are generally more frequently observed in the samples of in vitro culture.

Irregular shape of the amoeboid form is difficult to be distinguished from the

amoebic forms of other intestinal protozoa, and locomotion of the amoeboid form

of Blastocystis has not been recognized. The cyst forms are mainly seen in the fecal

samples and rarely in in vitro cultures. The nuclei in vacuolar and granular forms

can be clearly seen when the cells are stained with DAPI or Giemsa. In general,

small cells show one or two nuclei, while bigger cells show many nuclei.
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When there were two nuclei in a cell, both the nuclei were usually located at the

opposite pole of the cell. The life cycle of Blastocystis is still not clear. The most

conflicting mode is the reproductive stages in the proposed life cycle. Binary fission

is frequently observed in fresh fecal and cultured samples. However, other repro-

ductive stages such as schizogony, plasmotomy (budding), endodyogeny, and sac-

like pouches are not accepted generally for the true modes of Blastocystis.
Schizogony-like and budding-like organisms, which possess many nuclei in the

peripheral cytoplasm or have many daughter cell-like structures in the central

vacuole, are observed especially in in vitro cultures. Many reproductive processes

have been proposed for Blastocystis, however, to date, only binary fission, budding,
or plasmotomy have been proven. Pseudopodal activity, on a few occasions, is seen

in the amoeboid forms, and this form may be proposed as another alternative

reproduction process except three identified modes of reproduction, binary fission,

plasmotomy, and budding (or schizogony) under ultrastructural insights while

locomotion of the amoeboid form has not still been confirmed.

2.1 Introduction

Blastocystis was first thought to be a fungus (nonpathogenic yeast), but it is now

recognized as a human and animal parasitic protozoan inhabiting the cecum and

large intestine (Yamada et al. 1987; Teow et al. 1992a; Boreham and Stenzel 1993;

Stenzel et al. 1994; Stenzel and Boreham 1996; Abe et al. 2002; Tan 2004;

Yoshikawa et al. 2004, 2007). Morphology of Blastocystis isolates has been exten-

sively elucidated by light microscopy using the samples from fresh fecal materials

and axenic or xenic cultures of human and animal isolates (Zierdt 1973, 1988, 1991;

Yamada et al. 1987; Teow et al. 1992a; Boreham and Stenzel 1993; Zaman et al.

1993; Stenzel et al. 1994; Stenzel and Boreham 1996; Abe et al. 2002; Tan 2004;

Yoshikawa et al. 2004, 2007). Blastocystis is strictly anaerobic eukaryotic unicel-

lular organism, because the cells are quickly degenerated when they are exposed to

the air. The most typical feature of this organism is polymorphic appearances,

including a great variation in cell size and distribution of granules in the large

central vacuole and polymorphic morphological shape from spherical to amoebic

form. These polymorphic features are frequently observed not only within a single

sample but also among isolates under conventional and phase contrast microscopy

in fresh materials and in vitro cultures. Therefore, it is difficult to assign a standard

morphology for diagnosis of clinical samples. Here we describe in detail, the

morphological features of major forms of Blastocystis.
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2.2 Morphology of Blastocystis

2.2.1 Light Microscopy

Although Blastocystis organisms have been isolated from a variety of animals

including, mammals, birds, reptiles, amphibians, and insects, all isolates are mor-

phologically indistinguishable (Yamada et al. 1987; Teow et al. 1992a, b; Zaman

et al. 1993; Stenzel et al. 1994; Singh et al. 1996; Suresh et al. 1997; Abe et al. 2002;

Yoshikawa et al. 2004). However, there are various terms for morphologically

different Blastocystis organisms that appear in human and animal fecal samples

based on the light microscopy. Namely, there are vacuolar (vacuolated),

multivacuolar, avacuolar, granular, amoeboid (ameba), and cyst forms (Zierdt

1973, 1988, 1991). In general, the vacuolar and granular forms are the most

predominant in the fresh fecal and in vitro culture samples. The amoeboid form is

generally more frequently observed in the samples of in vitro culture than in fecal

materials, while predominant excretion of the amoeboid form in stool samples of

symptomatic patients has been recently reported (Tan and Suresh 2006a). Irregular

shape of the amoeboid form is difficult to be distinguished from the amoebic forms

of other intestinal protozoans, and locomotion of the amoeboid form of Blastocystis
has not been recognized. The cyst form is mainly seen in the stool samples and rare

in in vitro cultures. The cyst form is relatively small in size, 3–5 mm in diameter

(Yoshikawa et al. 2003); hence it is difficult to identify it in the fecal samples by

routine diagnostic examinations. Several cyst-concentration techniques to detect

cysts from fresh fecal samples have been reported (Zaman and Khan 1994; Zaman

et al. 1995).

The vacuolar and granular forms are generally round in shape and range in size

from about 5–50 mm in fecal samples. When the organism is cultured, it can grow to

a size of more than 50 mm and reaches up more than 200 mm in diameter. Under

phase contrast and Nomarski differential interference microscopy, a large central

vacuole can be clearly observed in the center of the organism. The cells having an

empty vacuole are called vacuolar forms (Figs. 2.1 and 2.2). The function of the

central vacuole is not yet fully confirmed. However, metabolic and storage

functions of the central vacuole containing various substances such as

carbohydrates and lipids have been demonstrated by light microscopy (Yoshikawa

et al. 1995a, b; Yoshikawa and Hayakawa 1996a) (Fig. 2.3). Since the central

vacuole occupies more than 80 % of the cell volume, the cytoplasm of the organism

is pushed to the periphery and is lined thinly just under the cell membrane. During

in vitro culture and also in fecal samples, some take the shape of a peanut, which

indicates that the organism is in the process of cell division (binary fission)

(Fig. 2.2). Many small sized or a mass of granules are sometimes observed in the

central vacuole in fecal samples and cultures, and this stage is called the granular

form. Granular forms in the process of binary fission can also be observed (Fig. 2.4).

When Blastocystis organisms were stained with iodine–potassium iodide solution

or Lugol’s iodine, the central vacuole or containing granules can be stained yellow
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to brown, while in some cases, they are not stained at all. Staining features of

Heidenhein’s iron hematoxylin (HIH) are a little different to others and nonstaining

areas surrounding the organisms are highlighted in the background as recognized

unstained circles, due to the thick outer surface of the organisms (Fig. 2.5). This

feature is also observed in the samples mixed with an India ink. Namely, circular

transparent peripheral margin can be clearly seen demarcated from the surrounding

Fig. 2.1 Light microscopic images of the vacuolar and granular forms of Blastocystis (panels a
and b). The cytoplasm (arrows in panel b) is located at the peripheral rim of the organisms due to

the presence of the large central vacuole (CV). Great variations in size is evident in a culture

sample and the smallest organism is observed in the center of this field (arrow in panel c, �400).

Low magnification view of the culture sample showing many morphologically different organisms

(panel d, �80). The conventional microscopy (panels a, b, and c) and phase contrast microscopy

(panel b). Scale bar: 10 mm. CV central vacuole, GF granular form, VF vacuolar form
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Fig. 2.2 Light microscopic images of Blastocystis observed conventional (panels 1 and 2), phase

contrast (panels 3, 4, and 7–9), and Nomarski (differential interference) microscopy (panels 5 and

6). Panels 1 and 4, and probably 6, show organisms in progress binary fission (1, 3–5, �800; 2,

�400; 6, �200; 7, 8, �600; 9, �500)

Fig. 2.3 Light micrographs of Blastocystis cells stained with various histochemical staining

methods to detect lipids (panel b) and carbohydrates (panels c and d). Unstained fresh material

(panel a) and Blastocystis organisms stained with Sudan black B (b), PAS (c) and Alcian blue at

pH1.0 stain (d) Scale bars: 10 mm
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Fig. 2.4 Light microscopic appearances of Blastocystis organisms observed with various staining.

A granular form in progress binary fission observed by the phase contrast microscopy (panel 10).

Fresh materials with iodine-potassium iodide stain (Lugol’s iodine) (panels 11 and 12).

Note that vacuolar cells are not stained, while granular forms are well stained in the central vacuole.

A diving cell stained with Giemsa (panel 13). A same organism stained with DAPI showing

three nuclei (large arrowheads in panels 14 and 15) with many small dots of the DNA of

mitochondria-like organelle (MLO) (small arrowheads in panel 14). It is evident that the thickened

part of the cytoplasm contains the nucleus and MLO. A tissue section of the cecum (c in panel 16)

stained with HE shows many Blastocystis in the rumen (arrowheads in panel 16). Semi-ultrathin

sections of resin-embedded samples stained with Giemsa (panels 17 and 18) showing morphological

variation of the central vacuole (panel 10, �600; 11, 12, 16, �200; 13, 17, 18, �500; 14, 15,

�1,000)
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materials (Fig. 2.5). These characteristics of Blastocystis organisms are hallmark

for identification of the organisms correctly in fecal samples. On the other hand,

organisms stained with HIH are difficult to recognize the nuclei, while the parasites

stained with Giemsa can easily identify the eosinophilic nucleus and basophilic

cytoplasm. This staining feature is also useful for differentiation of the parasite

from other intestinal protozoan and stool debris (Fig. 2.4). Blastocystis isolates

from monkeys usually possessed a large granule in the central vacuole under

Giemsa and HIH stains (Fig. 2.6). HIH stain also shows a large granule (probably

the nucleus or a volutin granule) in the peripheral cytoplasm.

In preparations stained with DAPI (4,6-diamidino-2-phenylindole), a large,

well-defined, and highly fluorescent body of the nucleus is clearly observed by a

fluorescence microscope (Figs. 2.4 and 2.7), while the DNA of mitochondria-like

Fig. 2.5 Blastocystis organisms stained with Heidenhein’s iron hematoxyline (HIH, upper) and
India ink (lower) showing a circular transparent peripheral margin of the cells (Upper, �300;

lower, �80)
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organelle shows only small and weak fluorescence (Fig. 2.4). No fluorescence is

observed within the central vacuole (Figs. 2.4 and 2.7), although schizogony and

progeny in the vacuole has been reported (Zierdt 1973, 1991; Suresh et al. 1994;

Singh et al. 1996).

The nucleus could also be clearly seen when fresh materials and semi-ultra thin

sections are stained with Giemsa (Fig. 2.4). In general, small cells show one or two

nuclei, while bigger cells show many nuclei. When there are two nuclei in a cell,

both the nuclei are usually located at opposite poles of the cell (Fig. 2.1). The

cytoplasm becomes thick on the side of the nucleus. The nucleus is sometimes

found located in the equatorial region of the parasite.

Fig. 2.6 Granular form of Blastocystis isolated from monkeys. Giemsa (upper) and HIH (lower)
stains. A large granule can be seen in the central vacuole and unstained circular space is also

observed on the outermost of the cells (upper �800; lower, �600)
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2.2.2 Transmission Electron Microscopy

Ultrastructure of Blastocystis has been extensively elucidated by transmission

electron microscopy (TEM) (Zierdt 1988, 1991; Dunn et al. 1989; Stenzel et al.

1989, 1991, 1994, 1997; Stenzel and Boreham 1991, 1996; Yoshikawa and

Hayakawa 1996a; Suresh et al. 1997; Pakandl 1999; Tan and Suresh 2006b;

Yoshikawa et al. 2007). In general, basic morphology of Blastocystis organisms

isolated from various host animals are very similar. However, morphological

variation of the parasite is also observed within and between isolates among

human origins (Dunn et al. 1989). Since a great variation of the central vacuole

Fig. 2.7 The multi-nucleated organisms stained with DAPI observed by fluorescent light micros-

copy. It is evident that the nucleus of the large cell are existing on the peripheral rim of the

organisms (panels a and b, �2,000)
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within a single isolate is observed in the density and distribution of the granules or

materials containing the central vacuole, two distinctive vacuolar and granular

forms cannot be clearly distinguished by TEM. Therefore, the terminology of

vacuolar and granular forms is limited for identifying the organisms under the

light microscopy. Interestingly, virus-like particles in the cytoplasm have been

reported in the parasites isolated from Macaca monkeys (Stenzel and Boreham

1997). The presence of virus-like particles in the Blastocystis isolate from a

seasnake, which was insensitive for DNase, while it was sensitive for RNase, was

also reported (Teow et al. 1992b).

The most prominent feature of Blastocystis is having a large central vacuole;

hence the cytoplasm is pushed in the peripheral rim. The function of the central

vacuole is not yet conclusively confirmed. However, metabolic and storage

functions of the central vacuole had been demonstrated by the trace of cationized

ferritin added in culture medium and by the histochemical methods for lipids,

carbohydrates, and basic proteins (Stenzel et al. 1989; Yoshikawa et al. 1995a, b;

Yoshikawa and Hayakawa 1996a; Yoshikawa and Oishi 1997) (Fig. 2.8). Interest-

ingly, pinocytosis via crathrin-based endocytosis on the surface of the organism

clearly shows that nutrients are accumulated into the central vacuoles via small

vesicles in the cytoplasm (Stenzel et al. 1989) (Fig. 2.9). It is suggested that the

increasing number of the electron-dense pits on the surface membrane as the same

phenomenon may indicate a change in the mode of nutrition or intensity of

endocytosis (Pakandl 1999).

Blastocystis organism is surrounded by a thick outer surface coat, sometimes

referred to as the fibrillar or filamentous layers or capsule. Interestingly, the

thickness of the surface coat is thicker up to 1 mm among parasites freshly isolated

Fig. 2.8 Electron micrographs of Blastocystis stained with and without histochemical staining for

detection of lipids, carbohydrates and basic proteins, respectively. Unstained material (panel a)

and positive reactions with lipids (panel b, asterisks), carbohydrates (panels c and d), and basic

proteins (panels e and f) are observed in the central vacuole, vesicles, or Golgi apparatus. CV
central vacuole, M mitochondria-like organelle, G Golgi apparatus, N nucleus, V vesicles. Short

arrows indicate the peripheral cytoplasm (panel a). Arrowheads show the filamentous layer on the

surface (c, d). Each of asterisk in panels c and f shows no reaction with lipids and basic proteins in
the central vacuoles, respectively. Scale bar: 1 mm
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from fecal samples, while it gradually becomes thin during laboratory cultures. The

surface coat also contains various carbohydrates (Yoshikawa et al. 1995a; Lanuza

et al. 1996). The function of the surface coat is unclear, while adherence of

intestinal bacteria on the surface is frequently observed, suggesting a trapping

purpose for nutrition (Dunn et al. 1989; Zaman et al. 1999).

The cytoplasm and nucleus are located on the peripheral rim of the organism due

to the presence of the large central vacuole. The cytoplasm of anaerobic Blastocystis
organisms contains many organelles commonly observed in eukaryotic cells,

namely, various-sized vacuoles, mitochondria-like organelle (MLO), Golgi appara-

tus, rough endoplasmic reticulum, microtubules, and ribosomes in the cytoplasm

(Fig. 2.10). Binary fission of the vacuolar/granular form is frequently observed, while

this division is rare in themultivacuolar cells. However, nuclear divisionwith mitotic

apparatus does not yet observed. Interestingly, two daughter nuclei are frequently

seen separated by a divided inner membrane, the whole still enclosed within an intact

outer membrane (Fig. 2.11). Same observation was also reported in Blastocystis
isolates from pigs (Pakandl 1999) and by freeze-fracture electron microscopy of

human isolates (Yoshikawa et al. 1988). This observation lends credence to the

theory that nuclear division of Blastocystis begins with separation of the parent

nucleoplasm by the inner membrane into two parts, followed by division of the

outer membrane forming two discrete nuclei. This mode of nuclear division is

reported to occur in the mitosis of Eimeria necatrix (Dubremetz 1973).

Blastocystis is strictly anaerobic organism, and it possesses many electron-dense

organelles which morphologically resemble mitochondria (Figs. 2.10 and 2.11).

Since it is known to lack cytochrome C complex genes (Wawrzyniak et al. 2008),

this organelle is now called as MLO. The function of the MLO is not known, while

it may play a similar role in energy metabolism as classic mitochondria (Hamblin

et al. 2008). The MLO of Blastocystis are either spherical or oval in shape, 1–3 mm
in diameter, and showed many tubular or sacculate cristae which are typical feature

of eukaryotic protozoa. Interestingly, under high magnification, spiral structures

consisting of intertwined coils are observed inside each tubular crista (Fig. 2.12).

Fig. 2.9 Pinocytosis via crathrin-based endocytosis on the surface of the organism is clearly seen

by electron microscopy (arrows) (�40,000)
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The Golgi apparatus of Blastocystis is always found adjacent to the nucleus

(Figs. 2.8 and 2.10). Small electron-dense secretory granules are often seen near the

Golgi apparatus. As general function of this organelle, synthesis of carbohydrate

has been demonstrated histochemically at ultrastructural level (Yoshikawa et al.

1995a) (Fig. 2.8).

Since the cyst form is relatively small in size, it is difficult to identify it by light

microscopy; hence the cyst form has been examined by electron microscopy in

human and animal isolates (Stenzel and Boreham 1991; Zaman et al. 1993, 1995;

Stenzel et al. 1997; Chen et al. 1999; Moe et al. 1996; Yoshikawa et al. 2003).

Fig. 2.10 Ultrastructure of Blastocystis organisms. The central vacuole (CV) showed various

density and distribution of granules among the organisms (panels a–d). High magnification view

of the cytoplasm showing a nucleus (N), Golgi apparatus (G), and endoplasmic reticulum (er)
(panel c). A granular form in progress binary fission (panel d). CV central vacuole, FL filamentous

layer, G Golgi apparatus, M mitochondria-like organelle, N nucleus (panel a �1,000, b � 20,000,

c �13,000, d � 5,000)
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The morphological characteristics of the cyst form reveal a thick wall and a

constant average size in diameter, 3–5 mm, except for the larger size of an isolate

from a monkey (Stenzel et al. 1997) (Fig. 2.12). Although the size of the cyst form

is relatively small, it contains one to 4 nuclei (Yoshikawa et al. 2003). Since a thick

cyst wall is composed beneath the outermost surface coat, the outermost surface

coat (filamentous layer) seems to be fuzzy (Figs. 2.11 and 2.14). In general, the cyst

form is only detected in the fecal samples of human and animals, and rarely in

in vitro cultures (Stenzel and Boreham 1991; Zaman et al. 1993, 1995; Stenzel et al.

1997; Chen et al. 1999; Moe et al. 1996; Yoshikawa et al. 2003). Interestingly, the

central vacuole does not exist in this form, while a large mass of the glycogen

granules in the cytoplasm is reported in a reptilian isolate (Yoshikawa et al. 2003)

(Fig. 2.13). The number of nucleus is also variable among the isolates and it has

been reported from a single nucleus to 4 nuclei (Stenzel and Boreham 1991; Zaman

et al. 1993, 1995; Stenzel et al. 1997; Chen et al. 1999; Yoshikawa et al. 2003).

Fig. 2.11 Nuclear division and cyst form of Blastocystis of human isolates in cultures and fecal

samples, respectively. Dividing nucleus or two daughter nuclei surrounding the outer nuclear

envelope was frequently observed in the cultured samples (panels a–c). It is evident of the thick

surface filamentous layer of the organisms after the short in vitro cultures. The multi-nucleate cell

shows seven nuclei in a section of thickened cytoplasm (panel d). A cyst form observed in human

fecal samples showed a three-layered thick cyst wall surrounding with filamentous materials on the

outer surface (panels e and f) which may be corresponding to the outer filamentous layer existing

on the surface of the vacuolar and granular forms (panels a–d). FL filamentous layer, M
mitochondria-like organelle, N nucleus (panels a, c, e� 20,000; b� 5,000; d� 6,500; f� 95,000)

2 Morphology of Human and Animal Blastocystis Isolates with Special. . . 21



2.2.3 Freeze-Fracture Electron Microscopy

Ultrastructure of a human Blastocystis isolate has also been elucidated by freeze-

fracture electron microscopy (Yoshikawa et al. 1988; Yoshikawa and Hayakawa

1996b). The most remarkable feature of Blastocystis is the heterogeneous

Fig. 2.12 High magnification view of the mitochondria-like organelle (MLO). It is evident a

spiral structures consisted of intertwined coils in the rumen of each tubular crista of the MLO.

Scale bars: 0.5 mm (a), 0.1 mm (b). This figure was cited from Fig. 2.13 in page 1490 in Yoshikawa

T (1988) Fine structure of Blastocystis hominis Brumpt, 1912. J Kyoto Pref Univ Med

97:1483–1500

Fig. 2.13 A typical cyst form of Blastocystis reptilian isolate having a mass of glycogen granule

(asterisk) Scale bar: 1 mm
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distribution of the intramembranous particles (IMPs) of the plasma membrane

because IMPs, known to be integral membrane proteins, are generally distributed

homogeneously in the plasma membrane (Yoshikawa et al. 1988). Similarly,

membrane cholesterol is also distributed heterogeneously associated with mem-

brane proteins (Yoshikawa and Hayakawa 1996b). In addition, different organiza-

tion of the membrane proteins and cholesterol between the plasma membrane

and central vacuole membrane demonstrate different organization of the two

membranes (Yoshikawa et al. 1988, Yoshikawa and Hayakawa 1996b). A great

variation of the distribution and density of the granules in the central vacuole was

also observed. As TEM images, two daughter nuclei enclosed within an intact outer

membrane are also clearly observed by freeze-fracture electron microscopy

(Yoshikawa et al. 1988). When the cyst form of reptilian isolate of in vitro culture

was observed by freeze-fracture methods, the protoplasmic face of the plasma

membrane of cyst form showed extremely low density of the IMPs with many

striated indentations (Fig. 2.15), while non-cyst form (i.e. vacuolar and granular

form) showed many IMPs (Yoshikawa et al. 2003). Practically no IMPs in cyst

form support the resting stage of this form because most of the IMPs have

enzymatic activity or transport function of the membrane. The fractured cyst wall

surrounding the small-sized cyst form show many fine granules (Fig. 2.15),

suggesting protein constituents within filamentous materials observed by TEM

(Fig. 2.11).

2.2.4 Scanning Electron Microscopy

A great variation in cell size among a human Blastocystis isolate and smooth

surface and round shape of the organisms are also evident by scanning electron

Fig. 2.14 High magnification view of the cyst form and vacuolar form of Blastocystis reptilian
isolate. It is evident that cyst wall is composed of three layers, while the vacuolar form shows only

filamentous outer layer on the surface. Scale bar: 0.5 mm
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microscopy (SEM) (Fig. 2.16) (Matsumoto et al. 1987). Most of the organisms in

in vitro cultures show spherical shape, while binary fission is also observed

(Fig. 2.16). The cell surface of the organisms from humans, monkeys, pigs, and

chicken fecal samples has been compared with a cultured human isolate (Cassidy

et al. 1994). It is apparent that the surface structures of Blastocystis isolates from
different hosts are variable, and the organisms from culture are not typical of the

fresh fecal samples. Namely, a cultured sample showed much thinner surface coat

and smooth outer surface than those of the fecal samples. However, these morpho-

logical differences among the isolates are insufficient to differentiate speciation

(Cassidy et al. 1994). Interestingly, Blastocystis organisms in a chicken fecal

sample show surface coat projections. Similarly, fibrillar structure of the surface

coat and individual fibrils extending up to 5 mm from the periphery of the organism

are also observed in human Blastocystis isolates (Zaman et al. 1999). In some cells,

Fig. 2.15 Freeze-fracture images of Blastocystis cyst form from reptilian isolate in in vitro

culture. The P-face (PF) of the plasma membrane of the cyst form of a reptilian isolate showed

an extremely low density of IMPs and many striated indentations. Many fine granules are seen on

the fractured cyst wall (arrow). Scale bar in panel a 1 mm, Scale bar in panel b 0.2 mm
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bacteria adhering to the surface are also observed. Although the function of the

surface coat is not known, entrapment mechanism for bacteria for nutritive purpose

and adherence to the epithelial lining of the gut are speculated (Zaman et al. 1999).

2.2.5 Reproductive Modes

2.2.6 Binary Fission

The life cycle of Blastocystis is not yet conclusively demonstrated. Many

hypotheses for reproduction mode of Blastocystis have been put forward, though

little supportive evidence exists (Suresh et al. 1994, 1997; Govind et al. 2002, 2003;

Tan and Stenzel 2003; Windsor et al. 2003). The current only accepted mode of

reproduction for Blastocystis is binary fission (Matsumoto et al. 1987; Dunn et al.

1989; Stenzel and Boreham 1996; Moe et al. 1996; Govind et al. 2002; Tan 2008).

When DNA content of a single nucleus among various organisms in in vitro culture

of human Blastocystis isolate was randomly measured by DAPI staining with

fluorescence microscopy using the same method as reported in Pneumocystis
organism (Yamada et al. 1986), two peaks corresponding to 1C and 2C was

observed (Fig. 2.17). In addition, when DNA content of the each single nucleus

was compared between a single- and two-nucleated cells, the lower or higher DNA

content nuclei than 1C cells was observed among the two-nucleated organisms,

respectively (Fig. 2.17). These results strongly support that some cells are in

progress of nuclear division. Therefore, binary fission truly exists in the life cycle

of Blastocystis.

Fig. 2.16 Blastocystis organisms observed by scanning electron microscopy (SEM). Note the cell

division (binary fission) (arrows) among spherical organisms in in vitro culture (a). The surface of

the organism is uneven (b). Scale bars: 10 mm (a), 5 mm (b)
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2.2.7 Other Reproductive Modes

The additional reproductive modes of Blastocystis have also been reported. These

are plasmotomy, budding, schizogony, endodyogeny, endogeny, and sac-like

pouches (indicating the production of progeny) (Zierdt 1988; Suresh et al. 1997;

Govind et al. 2002; Windsor et al. 2003; Tan and Suresh 2007). However, these

reproductive modes are not generally accepted as truly present in the life cycle of

Blastocystis. The schizogony (progeny reproduction) has been reasoned under

phase-contrast microscopy by Zierdt (1991) and multiple fission or schizogony

(plasmotomy-like) has been also characterized (Zaman 1997), but under the level of

light microscopy, it is difficult to determine this mode clearly. Tan and Stenzel

(2003) suggested that such progeny as a model of reproduction must be shown to

contain genetic material and to develop into viable adult cells. In any case, care

should be taken when describing reproductive processes in Blastocystis using light

microscopy alone and these modes should be necessary to support electron micros-

copy (Windsor et al. 2003), while in in vitro cultures five modes of reproduction,

namely, binary fission, endodyogeny, plasmotomy, budding, and schizogony are

frequently observed (Zhang et al. 2007) (Figs. 2.18, 2.19, 2.20, 2.21, 2.22, 2.23, and

2.24). Tan and Suresh (2007) also confirmed that plasmotomy, leading to the

formation of multiple nuclei, was the other reproductive mode of Blastocystis
other than binary fission. Under Giemsa and HIH stains, fresh samples of the

feces and in vitro cultures frequently show polymorphic budding organisms

Fig. 2.17 DNA contents of Blastocystis nucleus measured by fluorescence microscopy with DAPI

staining. Left Distribution of a single nuclear fluorescence intensity among Blastocystis organisms

containing various number of the nucleus. It is evident of two peaks of the DNA contents showing

nuclear division. Abscissa: fluorescence intensity in arbitrary unit. Ordinate: number of organisms.

Right Distribution of a single nuclear fluorescence intensity among Blastocystis organisms

containing a single nucleated cells and two nuclei cells. Most of the DNA contents of a each

nucleus are equal among the both Blastocystis organisms, while a few number of the nucleus of the

organisms having two nuclei show a lower or higher DNA contents than the two peaks of the

organisms having a single nuclei. Abscissa: organisms containing a nucleus or two nuclei.

Ordinate number of organisms. FU fluorescence intensity in arbitrary unit
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(three-dividing organisms) and schizogony-like organisms showing multi-nuclei in

the central part of the organisms (Figs. 2.18, 2.19, 2.20). Scanning electron micros-

copy showed that the cell division with binary fission is the main reproductive stage

but budding-like organisms are rarely observed (Fig. 2.22). When observing cells

Fig. 2.18 Various reproductive modes of Blastocystis organisms (Figs. 2.18–2.23). A typical

binary fission and budding form of vacuolar and granular forms. In vitro cultures, two or three

dividing or budding organisms are frequently seen (arrows). Scale bar: 10 mm
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Fig. 2.19 An amoeba-like or budding-like organism (panel a), multi-budding (panel b), and

schizogony-like (panel c) organisms are observed in vitro cultures (arrows). Scale bar: 10 mm

28 M. Yamada and H. Yoshikawa



in vitro cultures, schizogony-like organisms, which have many daughter cell-like

structures in the central vacuole, are found (Fig. 2.22). Schizogony-like organisms,

which possess many daughter cells in the central vacuole, are rarely seen in human

fecal samples (Fig. 2.21c, d). In addition, under in vitro culture, budding-like

organisms sometimes show many nuclei in each dividing cytoplasm (Fig. 2.24).

Fig. 2.21 Blastocystis organisms observed by scanning electron microscopy (SEM). The surface

of the organism is uneven (panel a) and a budding-like organism is also observed (panel b). Scale

bars: 5 mm (a), 10 mm (b)

Fig. 2.20 Triple-budding-like organisms (arrows) observed in fresh specimen (panel a) and

Giemsa stain (panel b) in culture samples. Schizogony-like organisms (arrows) stained with

Giemsa (panel c) and HIH (panel d) in fresh human fecal samples. It is evident of multi-nuclei

in the central part of the organisms (panels c and d). Scale bar: 10 mm

2 Morphology of Human and Animal Blastocystis Isolates with Special. . . 29



Interestingly, however, these endodyogeny, plasmotomy, budding, and schizogony

have not yet recognized by TEM.

The amoeboid forms of Blastocystis have been observed on a few occasions as

the other alternative reproduction process (Tan and Suresh 2007) and they may

indicate pseudopodal activity (Fig. 2.24). However, irregular shape is more likely

artifact in the processing for TEM (Tan 2004) and disruption of this anaerobic

parasite with exposing air is also concerned because locomotion of amoeboid form

has not been yet observed.

Many reproductive processes have been suggested for Blastocystis, however, to
date, only binary fission, budding, or plasmotomy have been proven. It is true that

Fig. 2.22 Schizogony-like organisms observed in culture samples. Several daughter cell-like

structures are seen in the central vacuole (arrows). Scale bar: 10 mm
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the reproductive modes of Blastocystis are binary fission, budding, and possibly

schizogony. The mode of schizogony, supportive of the production of progeny, has

been only confirmed with light microscope observations and has not been clearly

determined with electron microscopy. The amoeboid form may be proposed as

another alternative reproduction process (Fig. 2.22). Recently, three modes of

reproduction, binary fission, plasmotomy, and budding were proposed under ultra-

structural insights (Zhang et al. 2011). Since the available data for identifying the

other reproductive modes, plasmotomy, schizogony, and division of amoeboid

form are only limited at present, further detail research on the other reproductive

modes will be required to clarify whether these modes are truly exist on the life

cycle of Blastocystis.

Fig. 2.23 Schizogony-like (panels a and d) and budding-like organisms (panels b, c and e, f)

stained with DAPI observed by fluorescence microscopy (left, panels a–c) and conventional

microscopy (right, panels d–f), respectively. It is evident that nuclei are localized in the central

part of the cell showing a schizogony-like cell, while the several nuclei are separated into the

budding cells (�2,000)
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2.3 Conclusions

Although Blastocystis is one of the common intestinal protozoa found in human and

animal fecal samples, the taxonomy and reproduction modes of the organism are

still not fully understood. Some of morphological appearances in light and electron

microscopy are controversial surrounding this parasite is the lack of the uniformed

consents. However, the recent accumulating evidences on the morphology and

reproductive modes of various isolates promote that Blastocystis is more mysteri-

ous eukaryote and contribute to its biology gradually but steadily. Researches on

the morphological approaches and identifications of the true reproductive stages or

modes in the life cycle should be useful for the interpretation of a parasite infecting

in the broad range of hosts from vertebrate to invertebrate animals.

Fig. 2.24 The other alternative reproduction process of Blastocystis observed by phase-contrast

microcopy and HIH stain. These morphologically irregular cells may show pseudopodal activity.

Scale bar: 10 mm
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Chapter 3

Epidemiology, Transmission, and Zoonotic

Potential of Blastocystis in Human and Animals

Hisao Yoshikawa

Abstract The genus Blastocystis is one of the most frequently encountered

protozoans in human and animal fecal samples. In general, prevalence of

Blastocystis infection in humans is higher in developing countries than in devel-

oped countries. However, detectability of the parasite is closely related to the

diagnostic methods. Namely, routine parasitological diagnostic methods including

direct fecal smear with or without staining and formalin–ether concentration

methods are known to be considerably lower detection or almost undetectable.

Therefore, suitable methods should be used for diagnosis of this parasite. The actual

mode of transmission of Blastocystis between human-to-human, human-to-animal,

and animal-to-animal is not conclusively demonstrated. However, the direct or

indirect transmission of the parasite via fecal–oral route has been demonstrated

between individuals in the closed human communities and among experimental

animals in the same gages. In addition, only cyst form is known to be responsible

for transmission. Therefore, contamination of fecal materials in drinking water or

foods seems to be the most possible route for infection. Indeed, viable Blastocystis
cysts have been found in the source of drinking water. Although zoonotic potential

of the parasite has been proposed based on the genetic similarities among

Blastocystis isolates from humans and animals, positive infections of some

human isolates in rats and chickens indicate the zoonotic feature of this parasite.

However, there are variability in the infectivity of the isolates in relation to genetic

diversity of Blastocystis.
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3.1 Introduction

Distribution of Blastocystis is worldwide in humans and in a variety of animals.

However, the presence of Blastocystis had been reported in leeches and flies at

1910 years; these reports cannot be verified because of the problems in descriptions

and resolution in the light microscope (Zierdt 1991). In this section, therefore, the

prevalence of Blastocystis will focus on the infallible epidemiological reports.

3.2 Epidemiology

Considerable numbers of the reports are now available for prevalence of Blasto-
cystis infection in human and animal. Prevalence of human Blastocystis infection is
different among countries or among different regions in the same country. In

general, however, prevalence of Blastocystis is higher in developing countries

than in developed countries (Table 3.1). The higher prevalence in developing

countries is due to the poor sanitary infrastructure and/or low level of care to

environmental hygiene, because this parasite is known to be infected by the

ingestion of the cyst form via fecal–oral route (Yoshikawa et al. 2004e; Tanizaki

et al. 2005; Leelayoova et al. 2008). Although detectability of the parasite is

correlated with diagnostic method, the traditional parasitological examinations,

such as formalin–ether concentration method, wet-mount fresh fecal smear or

Lugol’s iodine-staining, and trichrome staining are considerably less sensitive

(Suresh and Smith 2004; Termmathurapoj et al. 2004; Yakoob et al. 2004;

Dogruman-Al et al. 2010). Indeed, the reported data examined with fecal smear,

formalin–ether concentration method, or trichrome staining are considerably lower

than those examined by in vitro cultures among the same countries (Table 3.1). The

short-term in vitro culture assay is now gold standard for the diagnosis of

Blastocystis infection in humans and animals because of the highest detection

rate among various stool examinations (Stensvold et al. 2009c; Dogruman-Al

et al. 2010). Although the culture assay requires at least 2 days for growth, it is

also cost effective, and increasing the number of organisms does not require

expertise of laboratory diagnosticians.

High prevalence in human infection of the parasite was observed in developing

countries, even using routine diagnostic technique in epidemiological survey

(Table 3.1). These results indicate that real prevalence of these countries is higher

than that of reported data. Although the prevalence in developed countries is

generally lower than developing countries, several countries such as Turkey

(32.5 %) and USA (22.9 %) show relatively high prevalence. In contrast, the

prevalence in Singapore (3.3 %) and Japan (2.5 %) is very low among developed

countries even using the most sensitive method of in vitro culture.

There are several reports on different prevalence of the parasite among different

regions or populations in the same countries. When the prevalence of Blastocystis
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was investigated by culture method at four distinct areas among two distant

western and eastern China, the prevalence of the parasite in Yunnan province in

western China was several fold higher than that in Shanghai municipality and

Yongjia country in eastern China (Li et al. 2007a). Significant differences of the

prevalence between two regions in China are described as the difference of socio-

economic development between inland province of Yunnan and coastal provinces

of Shanghai and Zhejiang because the economic development of China started in

the coastal provinces. In the survey in Thailand by in vitro culture, prevalence of

Blastocystis infections in two different populations of schoolchildren showed

13.5 % (Yaicharoen et al. 2006) and 18.9 % (Leelayoova et al. 2008), respectively,

while the army population indicated the prevalence of 36.9 % (Leelayoova et al.

2002). The considerably higher prevalence in the soldier population was signifi-

cantly correlated to the consuming unfiltered or unboiled water.

Table 3.1 Prevalence of Blastocystis infection in human populations in various countries

Country

Number of

examined/positive (%) Method for diagnosis References

Developing countries

Iran 4,371/254 (5.8 %) Smear/FEC Arani et al. (2008)

Jordan 500/73 (14.6 %) Lugol’s iodine/trichrome Nimri (1993)

Argentina 504/137 (27.2 %) Telemann technique Basualdo et al. (2007)

China 703/26 (3.7 %) Smear Wang et al. (2002)

239/78 (32.6 %) In vitro culture Li et al. (2007b)

Egypt 168/56 (33.3 %) Trichrome Rayan et al. (2007)

Thailand 1,920/119 (6.2 %) FEC Ngrenngarmlert et al. (2007)

814/110 (13.5 %) In vitro culture Yaicharoen et al. (2006)

904/334 (36.9 %) In vitro culture Leelayoova et al. (2002)

Philippines 172/70 (40.7 %) FEC Baldo et al. (2004)

Malaysia 130/68 (52.3 %) Trichrome Noor Azian et al. (2007)

Zambia 93/50 (53.8 %) Lugol’s iodine Graczyk et al. (2005)

Indonesia 348/208 (59.8 %) Formalin/smear Pegelow et al. (1997)

Chile 970/599 (61.8 %) PAF/sedimentation

method

Torres et al. (1992)

Developed countries

Turkey 2,047/317 (15.5 %) Smear/FEC/trichrome Dagci et al. (2008)

197/64 (32.5 %) In vitro culture Dogruman-Al et al. (2008)

United

States

2,896/662 (22.9 %) CONSED™ Amin (2002)

Germany 67/12 (17.9 %) In vitro culture Yoshikawa et al. (2004d)

Italy 5,351/378 (7.1 %) Smear/trichrome/WIH Masucci et al. (2011)

Spain 8,313/585 (7.0 %) MIF/smear González-Moreno et al.

(2011)

England 1,390/96 (6.9 %) SAF/trichrome Windsor et al. (2002)

Singapore 276/9 (3.3 %) In vitro culture Wong et al. (2008)

Japan 2,037/50 (2.5 %) In vitro culture Yoshikawa et al. (2004d)

FEC formalin–ether concentration method; PAF phenol–alcohol–formalin fixation; WIH
Weigert’s iron hemotoxylin; MIF merthiolate–iodine–formalin; SAF sodium acetate–acetic

acid–formalin fixation
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Blastocystis organism is also commonly isolated from a variety of members of

the Animal Kingdom, including mammals, birds, reptiles, amphibians, and insects.

The prevalence of Blastocystis in animals greatly varies among different animal

species or among different countries in the same animal species (Table 3.2). In

mammals, domestic pigs and cattle, and zoo, wild, or pet primates are commonly

infected with Blastocystis. In birds, domestic chickens and ostriches, and zoo

pheasants and ducks are also frequently infected with Blastocystis. In zoo and pet

animals, however, prevalence of Blastocystis is variable among the countries. For

example, Blastocystis was isolated from giraffes and elephants in Australia,

Belgium, and The Netherlands, while these animals were negative in Japan (Abe

et al. 2002; Parkar et al. 2010). Blastocystis infection in dogs and cats were common

in Chile and Australia, while it was not detected in Japan (Duda et al. 1998; Abe

et al. 2002; López et al. 2006; Parkar et al. 2007). In laboratory animals, rats were

highly infected with Blastocystis, while mice were totally negative (Chen et al.

1997). Blastocystis was also isolated from reptiles such as snakes, iguanas,

Table 3.2 Prevalence of Blastocystis infection in animals

Animals Prevalence (country) References

Mammals

Pigs 46.8 % (Spain) Navarro et al. (2008)

60.0 % (Great Britain) Burden et al. (1978/1979)

82.7 % (Czechoslovakia) Pakandl (1991)

95.1 % (Japan) Abe et al. (2002)

96.1 % (Thailand) Thathaisong et al. (2003)

Cattle 1.8 % (Spain) Quı́lez et al. (1995)

70.9 % (Japan) Abe et al. (2002)

Zoo primates 2.1 % (Malaysia) Lim et al. (2008)

53.8 % (Australia) Parkar et al. (2010)

66.6 % (Spain) Pérez Cordón et al. (2008)

57.7–85.3 % (Japan) Yamada et al. (1987), Abe et al. (2002)

Wild primates 16.0 % (Ethiopia) Legesse and Erko (2004)

Pet macaques 43.2 % (Indonesia) Jones-Engel et al. (2004)

Dogs 36.1 % (Chile) López et al. (2006)

21.7–70.8 % (Australia) Duda et al. (1998), Parkar et al. (2007)

Cats 37.4 % (Chile) López et al. (2006)

67.3 % (Australia) Duda et al. (1998)

Rats 60.0 % (Singapore) Chen et al. (1997)

Birds

Chickens 74.4 % (Australia) Lee and Stenzel (1999)

100 % (Japan) Yamada et al. (1987)

Ostriches 58.0 % (Spain) Ponce Gordo et al. (2002)

Zoo pheasants 80.0 % (Japan) Abe et al. (2002)

Zoo ducks 56.3 % (Japan) Abe et al. (2002)

Reptiles 28.6 % (Singapore) Teow et al. (1992)

Amphibians 41.1 % (Japan) Yoshikawa et al. (2004b)

Cockroaches 80 % (Singapore) Zaman et al. (1993)
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and tortoises from zoo animals in Singapore (Teow et al. 1992). In amphibians,

Blastocystis was common in the wild frogs, while it was totally negative in the wild

newts in Japan (Yoshikawa et al. 2004b). In insects, Blastocystis is commonly

isolated from sewer cockroaches in Singapore (Zaman et al. 1993). Therefore,

a unique unicellular parasite, Blastocystis, may be one of the morphologically

indistinguishable organisms adapted widely among the Animal Kingdom.

3.3 The Mode of Transmission

The actual mode of transmission of Blastocystis infection among wild animals and

between human-to-human or animal-to-human is not conclusively demonstrated.

Molecular approach on human Blastocystis infections in a small closed-community

demonstrated direct human-to-human transmission of a certain genotype (subtype, ST)

of Blastocystis among patients and between patients and staff members (Yoshikawa

et al. 2000). Namely, Blastocystis ST3 had spread widely among patients and staff

members in a facilityA, the patients of another facility Bwere also infected by the same

ST3 after two patients of the facility A moved to facility B. Several molecular studies

also showed implication with contaminated water and close contact with pets and firm

or wild animals as being a source of Blastocystis infections (Taamasri et al. 2000;

Leelayoova et al. 2008; Stensvold et al. 2009b; Yoshikawa et al. 2009; Eroglu and

Koltas 2010). These reports support the direct or indirect transmission of Blastocystis
between individuals via fecal-oral route similar to some intestinal protozoan, including

Cryptosporidium spp.,Entamoeba spp.,Giardia intestinalis, andDientamoeba fragilis.
These parasites are actually frequently coinfected with Blastocystis (Amin 2002;

Yaicharoen et al. 2006; Ngrenngarmlert et al. 2007; Noor Azian et al. 2007;

Leelayoova et al. 2008; Mehraj et al. 2008; Nuchprayoon et al. 2009; Souppart et al.

2009; Stensvold et al. 2009b; Masucci et al. 2011). The direct transmission of

Blastocystis is also suggested by screening of the environmental factors (Basualdo

et al. 2007). When many environmental factors were investigated in the rural

population in Argentina, commensal amoebas, G. lamblia and Entamoeba coli were
detected in the samples of soil and consumptionwater, whileBlastocystiswas only one
case in the water samples, although the prevalence of Blastocystis was several

times higher than other protozoan. Therefore direct transmission is reasonable for

Blastocystis infection than indirect transmission in this survey.

Mode of transmission and the form of the parasite to contribute infection are

recently well characterized by using animal models of rats and chickens. A series of

oral inoculation of cultured organisms or cyst form revealed that only cyst form was

an infective stage (Yoshikawa et al. 2004e). Fecal–oral transmission was also

demonstrated in both rats and chickens from an infected one to an uninfected one

when both animals had been housed in the same cage (Yoshikawa et al. 2004e;

Tanizaki et al. 2005). Interestingly, infection of the uninfected control rat and

chicken was recognized at 9 days and 4 days, respectively.

3 Epidemiology, Transmission, and Zoonotic Potential of Blastocystis. . . 41



Infectivity of the concentrated cyst from the infected animal stool was also well

characterized. Administration of ten cysts into three groups of ten rats showed the

different infectivity from 10 to 100 % (Yoshikawa et al. 2004e), suggesting that

contaminated water and food with a few number of Blastocystis cysts can establish

an infection. The finding of viable cysts in Scottish and Malaysian sewage samples

and in surface water in Malaysia also supports the possible transmission by drinking

water (Suresh et al. 2005; Ithoi et al. 2011). Molecular epidemiological studies also

indicate that consumption of unboiled or raw water plants are infective sources of

Blastocystis (Taamasri et al. 2000; Leelayoova et al. 2004, 2008; Li et al. 2007b).

Several studies showed that cyst form could survive in water for up to 19 days or

1 month at room temperature or 25 �C, respectively, and for 2 months at 4 �C
(Moe et al. 1997; Yoshikawa et al. 2004e). These differences may be strain or

isolate difference, but more studies are required to determine life span of the cyst

form in natural environment. Therefore, only the cyst form sustains transmission of

Blastocystis infection via direct or indirect fecal–oral route.

3.4 Zoonotic Potential

The first study suggesting zoonotic potential of Blastocystis revealed susceptibility

of human isolates in germ-free guinea pigs via oral and intracecal inoculation of the

cultured organisms (Phillip and Zierdt 1976). This study showed the presence of the

organisms up to 120 days in a 3-week-old animal. The later studies used germ-free

piglets or SPF mice for experimental infection of human isolates (Pakandl et al.

1993; Moe et al. 1997). Interestingly, Blastocystis organisms were only found in

one piglet sacrificed at 4 days post-inoculation, while in mice infections were

observed up to 2 weeks post-inoculation. These results are most likely to due to

low susceptibility of those animals, although Blastocystis infection in guinea

pigs and piglets are commonly observed. Subsequently, zoonotic potential of

Blastocystis isolates from various vertebrate hosts have been considered based on

the sequencing of the SSU rRNA gene (Arisue et al. 2003; Noël et al. 2003, 2005;

Thathaisong et al. 2003; Yoshikawa et al. 2004c; Scicluna et al. 2006; Parkar et al.

2007; Navarro et al. 2008; Rivera 2008; Stensvold et al. 2009a) or various PCR-

based methodologies (Yoshikawa et al. 1996, 2003, 2004a; Clark 1997; Abe et al.

2003a,b,c; Abe 2004; Rivera and Tan 2005; Yan et al. 2007). If Blastocystis can
transmit among a variety of mammals and birds including humans, we are facing is

how to assign species name for these Blastocystis isolates from humans and animals

(Yoshikawa et al. 2004c). In 2007, therefore, Blastocystis isolates from mammalian

and avian animal hosts has been consensually named Blastocystis sp. and it

classifies all isolates into 9 STs based on the phylogeny inferred with SSU rRNA

gene (Stensvold et al. 2007b). Because some reptilian and amphibian isolates are

positioned within the ranges of variation by the mammalian and avian clades

(Yoshikawa et al. 2004c; Noël et al. 2005), if these isolates are distinct species,

all of the nine clades (nine STs) cannot be B. hominis. So far, all nine STs of
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Blastocystis have been identified among human populations, while some STs are

limited among the isolates from mammals or birds, or specific animal group. The

recent accumulated molecular data indicate that the majority of human isolates

were ST3 in most countries (Yoshikawa et al. 2004d; Scicluna et al. 2006;

Stensvold et al. 2006, 2007a, 2009a; Li et al. 2007a,b; Dogruman-Al et al. 2008,

2009; Menounos et al. 2008; Özyurt et al. 2008; Wong et al. 2008; Rene et al. 2009;

Souppart et al. 2009, 2010; Meloni et al. 2011). Although a few showed that the

major genotype of human isolates was ST1 or ST4 rather than ST3 (Thathaisong

et al. 2003; Leelayoova et al. 2008; Domı́nguez-Márquez et al. 2009), in the studies

nearly half of the isolates were unidentified ST (Thathaisong et al. 2003). Con-

versely, only a few isolates from animals without primates are found to belong to

ST3 (Abe et al. 2003b; Yoshikawa et al. 2004a; Stensvold et al. 2009a). Interest-

ingly, all these animal ST3 isolates are found to be from firm or pet animals, which

are potentially in close contact with humans. These evidences suggest that only a

genetically distinct genotype (ST3) of Blastocystis can easily infect humans,

whereas other genotypes are sporadic or more suitable to animal hosts. Indeed,

experimental infection in rats and chickens with human Blastocystis isolates of ST3
was fully unsuccessful (Iguchi et al. 2007), while some other subtypes are consis-

tent to the evidence of natural survey. Namely, in avian ST6 and ST7, three out of

four human STs 6 and 7 isolates could infect only chickens, while the remaining

one isolate could infect both chickens and rats. Conversely, both of two human

isolates of rodent ST4 could infect chickens, while only one isolate could infect

rats. It is reasonable to recognize that some STs are fully host specific, while others

are in progress adaptation to the hosts.

Several circumstance evidences also support the zoonotic feature of Blasto-
cystis. High prevalence rate among food handlers, animal handlers, and abattoir

workers are observed (Sadek et al. 1997; Salim et al. 1999; Requena et al. 2003;

Khan and Alkhalife 2005; Parkar et al. 2007, 2010), indicating that certain

occupations such as close contact to animals is high risk of infection with zoonotic

Blastocystis. The finding of human Blastocystis infections with ST5 in the rural area
in China also shows possible infection with the zoonotic ST5 parasites from pigs

because ST5 is predominant in farm pigs and cattle (Yan et al. 2007). Moreover,

molecular epidemiological studies in the local survey areas or specific occupation

also support the transmission of the specific STs from animals or pets to humans

(Parkar et al. 2007; Yoshikawa et al. 2009; Stensvold et al. 2009b; Eroglu and

Koltas 2010). Therefore, more detail researches are needed to validate relationship

between host specificity and Blastocystis STs,and zoonotic potential of genetically

polymorphic parasite.

3.5 Conclusion

The genus Blastocystis is probably one of the most indistinguishable eukaryotic

unicellular organisms found in a variety animals including humans, whether these

isolates are genetically identically or represent unique species is presently unclear.
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Unfortunately, any current molecular methodologies developed are insufficient for

identification or classification of genetically different organisms, because the genus

Blastocystis is extensively genetically polymorphic. Therefore new molecular tools

for these purposes should be developed for this parasite. Recently, there have been

increased evidences of zoonotic potential of this parasite and which genotype(s)

(subtype(s)) is correlated with pathogenicity is still under debate. Although there

are few evidences of the fecal-oral transmission via cyst form of Blastocystis, there
are only limited data are available for existence of the cyst form in the drinking

water or natural environment. Therefore, it should be investigated to what extent

such potentially zoonotic subtypes are correlated with pathogenicity, and clearly,

more studies should aim at clarifying issues related to transmission routes and host

specificity.
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Chapter 4

Blastocystis–Host Interactions: Insights

from In Vitro Model Systems

Kevin S.W. Tan and Haris Mirza

Abstract The enteric protistan parasite Blastocystis is an extracellular luminal

organism of controversial clinical relevance. In the absence of an established

animal model to study pathogenesis, in vitro systems provide some clues to the

pathobiology of Blastocystis. Such studies using specific Blastocystis subtypes

have shown that the parasite is able to induce a variety of effects on intestinal

epithelial cell lines including barrier compromise, cell death, and the production of

proinflammatory cytokines. Other studies also provide some evidence that the

parasite is able to evade the host immune response by suppressing iNOS produc-

tion and cleaving immunoglobulins. Membrane insert (transwell) systems for the

study of Blastocystis–host interactions are useful platforms for investigating inter-

and intra-subtype variations in pathogenesis.

Keywords Blastocystis • Host–parasite interactions • Barrier function • Immune

response • In vitro • Intestinal epithelial cells • IEC • Subtypes • Pathogenesis

4.1 Introduction

The compilation of a book on Blastocystis is timely as 2011 marks the 100th

anniversary since the first descriptions of this enigmatic parasite was reported

(Alexeieff 1911; Brumpt 1912). As time progressed, it became increasingly clear
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that Blastocystis was a divisive organism. Disagreements on its life cycle, modes of

reproduction, phylogenetic affiliations, and clinical relevance plagued the Parasi-

tology field for decades. While it is currently accepted that Blastocystis is transmit-

ted via the fecal–oral route, reproduces by binary fission and is classified as a

stramenopile, its clinical relevance is still highly controversial (Tan 2008). There

are a number of reasons for this. Firstly, Blastocystis can be commonly found in

both healthy and symptomatic individuals. Secondly, symptoms attributed to

blastocystosis are generally mild and non specific. Thirdly, it has been recently

appreciated that Blastocystis exists as a species complex, and the genus comprises

numerous genetically distinct subtypes (ST) (Stensvold et al. 2007), each of which

exert varying levels of cytopathic effects on host cells. Lastly, there is an absence of

a good animal model to study the pathobiology of the parasite. This deficiency will

likely be overcome in the coming years as interest in the parasite increases. In the

absence of a relevant animal model to study Blastocystis infections, in vitro culture
systems provide useful alternatives to study Blastocystis–host interactions. In this

chapter, we will discuss how such and related studies have shed light on

Blastocystis pathogenic mechanisms and also provide some evidence for how the

parasite may evade the host immune response.

4.2 In Vitro Assays That Mimic Blastocystis–Intestinal
Epithelial Cell Interactions

Membrane insert systems, also referred to as transwell systems, are in-well tissue

culture devices that mimic the in vivo environment by allowing the laboratory

culture of cell monolayers with apical and basolateral exposure to nutrients. These

permeable supports have polycarbonate membrane filters with pore sizes ranging

from 0.1 to 12 mm. Designed for the culture of polarized cells, cellular activities can

be studied readily because cells grown on filters provide convenient, independent

access to apical and basal membrane domains (Fig. 4.1). Supports are usually

available as 6-, 12- and 24-well plates and in a dish format. Applications include

studies on transport and permeability, cell invasion, migration, chemotaxis, and

cellular control and differentiation. A number of studies using classical animal

models support the in vitro findings obtained using membrane insert systems,

highlighting their physiological relevance. Due to their high reproducibility and

low cost they can also be readily adapted for large-scale screening studies. Inserts in

various formats are commercially available from a number of sources (Millipore

Millicell1, Corning Transwell1, BD Biosciences BD Falcon™ Insert Systems).

In the context of Blastocystis–host studies, membrane insert platforms have been

applied to barrier function, tight junction, and immunological assays (Mirza et al.

2011b; Mirza et al. 2012; Puthia et al. 2006; Teo et al. unpublished observations).

The format of the assay allows for both contact-dependent and contact-independent

studies to be carried out. In the former, intestinal epithelial cell (IEC) monolayers
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are cultured on the surface of the membrane support before the addition of Blasto-
cystis cells onto the apical chamber. For the latter assay, IECs are grown on the

bottom well of the basolateral compartment while parasite cells are introduced into

the apical chamber, allowing only molecules smaller than the size of the membrane

pores to interact with the IECs (Fig. 4.1).

Various IECs have been used to study Blastocystis–host interactions (Table 4.1).
The nontransformed rat epithelial cell line IEC-6 was used to study cytopathic

effects of Blastocystis ST4 (Puthia et al. 2006). In separate studies, the human

colon adenocarcinoma cell line HT-29 was used for cytotoxic assays after exposure

to Blastocystis ST1 (Long et al. 2001) or clinical isolates (Walderich et al. 1998) but

there was a lack of significant cytopathic effect on this cell line. The human colonic

carcinoma cell line T-84 also showed a lack of cytopathic effect when exposed to

Blastocystis ST1, but produced proinflammatory cytokine IL-8 upon exposure to the

parasite (Long et al. 2001). A later study using the same cell line, but upon exposure

to a ST4 isolate also revealed that T-84 cell lines produced IL-8 when exposed to

parasite lysate or live cells (Puthia et al. 2008). Caco-2, a heterogeneous human

epithelial colorectal adenocarcinoma cell line, is perhaps the most versatile IEC for

the study of host–pathogen interactions as numerous relevant assays can be

performed on these cells. On membrane inserts and on coverslips, the cells differen-

tiate into polarized monolayers and express tight junctions, microvilli and are

capable of secreting cytokines (Hou et al. 2010; Humen et al. 2011). Caco-2 cells

have been employed for apoptosis (unpublished observations), cytokine (unpub-

lished observations), tight junction (Mirza et al. 2012), and nitric oxide (NO) studies

(Mirza et al. 2011b) on Blastocystis. Blastocystis readily adheres to Caco-2

monolayers (Wu et al. unpublished), and such interactions can be visualized by

confocal differential interference contrast microscopy (Fig. 4.2) and confocal

fluorescence microscopy (Fig. 4.3). Table 4.2 summarizes studies on various

Blastocystis isolates and subtypes on IECs.

Basolateral
Compartment

FilterWell Enteric cell monolayer

Blastocystis

FilterWell Enteric cell monolayer

Blastocystis

Fig. 4.1 Diagrammatic representations of a typical membrane insert system for Blastocystis–host
studies. Left, this setup allows the growth of IEC monolayers on permeable membrane supports

and is recommended for coculture, in vitro toxicology, permeability and electrophysiology

experiments. IEC monolayers can be exposed to Blastocystis cells, extracts or purified components

within the apical compartment. IEC cells can be assayed for apoptosis, cytokine production and

barrier function disruption. Right, IEC can also be grown on the well base, and Blastocystis can be
added to the apical compartment to study contact-independent effects

4 Blastocystis–Host Interactions: Insights from In Vitro Model Systems 53



T
a
b
le

4
.1

M
am

m
al
ia
n
ce
ll
li
n
es

em
p
lo
y
ed

fo
r
B
la
st
oc
ys
ti
s–
h
o
st
st
u
d
ie
s

C
el
l
li
n
e

O
ri
g
in

P
ro
p
er
ti
es

A
p
p
li
ca
ti
o
n
s

C
ac
o
-2

H
u
m
an
,
ep
it
h
el
ia
l
co
lo
re
ct
al

ad
en
o
ca
rc
in
o
m
a

P
o
la
ri
ze
d
o
n
m
o
n
o
la
y
er
s,
ex
p
re
ss

ti
g
h
t

ju
n
ct
io
n
s,
m
ic
ro
v
il
li
,
en
zy
m
es

an
d

tr
an
sp
o
rt
er
s
ch
ar
ac
te
ri
st
ic

o
f
en
te
ro
cy
te
s

B
ar
ri
er

fu
n
ct
io
n
st
u
d
ie
s,
d
ru
g
ab
so
rp
ti
o
n
an
d

ef
fl
u
x
st
u
d
ie
s,
N
O
st
u
d
ie
s,
cy
to
k
in
e
st
u
d
ie
s

H
T
-2
9

H
u
m
an
,
ep
it
h
el
ia
l
co
lo
re
ct
al

ad
en
o
ca
rc
in
o
m
a

U
n
d
if
fe
re
n
ti
at
ed

u
n
d
er

st
an
d
ar
d
g
ro
w
th

co
n
d
it
io
n
s,
sp
ar
se

m
ic
ro
v
il
li
,
lo
w
b
ru
sh

b
o
rd
er

en
zy
m
e
ac
ti
v
it
ie
s
u
n
d
er

st
an
d
ar
d

g
ro
w
th

co
n
d
it
io
n
s

S
tu
d
ie
s
o
f
fa
ct
o
rs

in
v
o
lv
ed

in
d
if
fe
re
n
ti
at
io
n
o
f

ep
it
h
el
ia
l
ce
ll
s,
cy
to
k
in
e
an
d
ap
o
p
to
si
s

st
u
d
ie
s

T
-8
4

H
u
m
an
,
ep
it
h
el
ia
l
co
lo
re
ct
al

ca
rc
in
o
m
a

P
o
la
ri
ze
d
o
n
m
o
n
o
la
y
er
s,
ex
p
re
ss

ti
g
h
t

ju
n
ct
io
n
s
an
d
d
es
m
o
so
m
es
,
ex
p
re
ss

re
ce
p
to
rs

fo
r
m
an
y
p
ep
ti
d
e
h
o
rm

o
n
es

an
d

n
eu
ro
tr
an
sm

it
te
rs
,
an
d
m
ai
n
ta
in

v
ec
to
ri
al

el
ec
tr
o
ly
te

tr
an
sp
o
rt

B
ar
ri
er

fu
n
ct
io
n
st
u
d
ie
s,
st
u
d
ie
s
o
n
ep
it
h
el
ia
l

ch
lo
ri
d
e
se
cr
et
io
n
,
ap
o
p
to
si
s,
m
u
ci
n
an
d

cy
to
k
in
e
p
ro
d
u
ct
io
n

H
C
T
-1
1
6

H
u
m
an
,
ep
it
h
el
ia
l
co
lo
re
ct
al

ca
rc
in
o
m
a

N
o
n
p
o
la
ri
ze
d
an
d
u
n
d
if
fe
re
n
ti
at
ed
,
p
o
si
ti
v
e
fo
r

k
er
at
in

an
d
tr
an
sf
o
rm

in
g
g
ro
w
th

fa
ct
o
r
b
et
a

1
(T
G
F
b-
1
)
an
d
b
et
a
2
(T
G
F
b-
2
)
ex
p
re
ss
io
n

S
tu
d
ie
s
o
f
fa
ct
o
rs

in
v
o
lv
ed

in
d
if
fe
re
n
ti
at
io
n
o
f

ep
it
h
el
ia
l
ce
ll
s,
g
ro
w
th

an
d
d
ru
g
se
n
si
ti
v
it
y

st
u
d
ie
s

IE
C
-6

R
at

(R
a
tt
us

no
rv
eg
ic
us
),
sm

al
l
in
te
st
in
e,

ep
it
h
el
ia
l,
n
o
n
-t
ra
n
sf
o
rm

ed
cr
y
p
t-
li
k
e

ce
ll
li
n
e

P
o
la
ri
ze
d
o
n
m
o
n
o
la
y
er
s,
ex
p
re
ss

ti
g
h
t

ju
n
ct
io
n
s,
m
ic
ro
v
il
li

B
ar
ri
er

fu
n
ct
io
n
,
ab
so
rp
ti
o
n
,
cy
to
k
in
e
an
d

ap
o
p
to
si
s
st
u
d
ie
s

54 K.S.W. Tan and H. Mirza



Fig. 4.2 Confocal differential interference contrast micrographs of Blastocystis sp. ST7 in contact
with Caco-2 cell lines. Typical Blastocystis cells (yellow arrows) are seen among larger Caco-

2 epithelial cells. The micrograph corresponds to an optical plane at the top of the epithelial

monolayer. In XZ and YZ transverse sections, the parasites are shown in close proximity (black
arrowheads) to the apical regions of the epithelial cells

Fig. 4.3 Fluorescence confocal micrographs of Blastocystis sp. ST7 in contact with Caco-2 cell

lines. The micrograph corresponds to an optical plane at the top of the epithelial monolayer

Blastocystis sp. ST7 is labeled with Blastocystis legumain antibody-mAb1D5, a murine IgM

monoclonal antibody and visualized with secondary Alexa Fluor1 594 goat anti-mouse IgM

(red). Caco-2 cells are stained with actin-specific Phalloidin-FITC (green) and DAPI (blue).
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4.3 Effects of Blastocystis on Intestinal Epithelial Cell Barrier

Function

Intestinal barrier function is mainly regulated by tight junctions, which are the most

apical component of the epithelial junctional complex and are vital for the selective

diffusion of ions and solutes along the paracellular pathway and for restricting

luminal pathogens and/or their products access to underlying tissue (Marchiando

et al. 2010). Tight junctions consist of transmembrane proteins such as claudins,

occluding and junctional adhesion molecules that provide cell–cell contact, and

cytoplasmic peripheral membrane proteins, including zonula-occludens-1, -2,

and -3, and cingulin, that anchor the tight junction complex to the actin cytoskeleton

(Clayburgh et al. 2004).

Numerous gastrointestinal disorders are associated with a breakdown of epithe-

lial barrier function. These include bacterial enteritis, celiac disease, and inflamma-

tory bowel disease (Marchiando et al. 2010). Evidence for Blastocystis-mediated

barrier compromise was reported by Puthia et al. (2006). Using membrane insert

systems, it was reported that Blastocystis ratti (ST4) mediated barrier dysfunction

evidenced by decrease in transepithelial resistance and increase in transepithelial

flux in IEC-6 cells. Pretreatment with caspase inhibitors failed to rescue

Blastocystis-induced changes, and the authors suggested that apoptosis was not a

major factor contributing to the loss of barrier function. This contrasts withGiardia,
whereby parasite-induced enterocyte apoptosis was associated with barrier com-

promise (Chin et al. 2002). In the case of Blastocystis, more subtypes and IECs need

to be tested before a clearer picture on the role of Blastocystis-mediated apoptosis

and barrier dysfunction emerges. We have recently observed that cysteine proteases

of Blastocystis disrupt Caco-2 monolayer tight junctions in a Rho-kinase (ROCK)-

mediated fashion resulting in colonic epithelial barrier compromise. The pathologi-

cal outcomes are mitigated when components of the Rho/ROCK pathways are

blocked by the inhibitors Fasudil and Simvastatin (Mirza et al. 2012). This is the

first study highlighting the cytoprotective effect of a statin in colonic epithelial

pathology mediated by parasite proteases. Additionally, the study suggests that

statins may be administered to blastocystosis patients as combination or adjunctive

therapy in order to protect the host epithelia from parasite-mediated pathology.

4.4 Effects of Blastocystis on Host Defenses

At mucosal surfaces of the gastrointestinal tract, secretory immunoglobulin

A (sIgA) is the major immune defense against microbial pathogens and their toxins.

sIgA functions to limit mucosal adhesion and colonization of pathogens and also

serve to neutralize toxins. Ig A proteases, enzymes that cleave Ig A molecules, have

been reported for luminal parasites such as Blastocystis (Puthia et al. 2006),

Trichomonas vaginalis (Provenzano and Alderete 1995) and Entamoeba histolytica
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(Quezada-Calvillo and López-Revilla 1987). In the Blastocystis study, both spent

media and cell lysates from subtypes 4 and 7 parasites were able to degrade human

sIgA in vitro as evidenced by fragmentation and decrease in intensity of IgA bands

in western blots (Puthia et al. 2006). Inhibition studies revealed that cysteine

proteases from a ST7 isolate and aspartic proteases from a ST4 isolate mediate

IgA degradation. The study suggests that Blastocystis proteases are virulence

factors and contribute to survival by degrading neutralizing mucosal antibodies. It

would be interesting to investigate if Blastocystis from symptomatic patients

possess greater immunogloblulin-degrading ability when compared to isolates

from asymptomatic patients, as has been shown for T. vaginalis (Provenzano and

Alderete 1995).

Nitric oxide is a multifunctional molecule that plays important roles in the

human body, such as maintenance of vascular tone, modulation of epithelial barrier

function, and neurotransmission. NO also has antimicrobial properties and is

produced by many cell types in response to pathogens. The subsequent nitrosative

stress is an important aspect of innate immune defense against pathogenic

microbes. Protozoan parasites have evolved a variety of mechanisms to evade the

host NO response. Entamoeba histolytica consumes L-arginine, a major cellular

substrate for NO production (Elnekave et al. 2003), thus limiting levels of this

amino acid for iNOS-mediated NO production. In contrast, Toxoplasma and Leish-
mania decrease NO levels by downregulation of iNOS mRNA (Rozenfeld et al.

2005; Matte and Descoteaux 2010). A recent study investigated the role of NO in

Blastocystis–epithelial interactions (Mirza et al. 2011b). The authors compared the

susceptibility of metronidazole-resistant (MZr) and -sensitive (MZs) strains of

Blastocystis to nitrosative stress. Interestingly, the MZr strain was more sensitive

to NO donors when compared to a MZs strain. Using a Caco-2 in vitro membrane

insert system, the authors observed, by real-time PCR, that the MZr but not the MZs

strain was able to inhibit NO production by downregulating the inducible nitric

oxide synthase (iNOS) gene. They surmised that MZr strains of Blastocystis suffer a
fitness cost at the expense of their drug resistance molecular machinery. This is

compensated by the ability of the parasite to decrease host NO levels by inhibiting

the mRNA levels of the iNOS gene. This is the first study to reveal strain to strain

variation in the ability of Blastocystis in modulating the host innate immune

response and may shed light on the possible mechanisms employed by Blastocystis
to persist in the host.

Collectively, the current studies suggest that Blastocystis is able to modulate the

host immune response, by mechanisms that include degradation of secretory

immunoglobulins and suppression of host NO production. Such suppression may

also subvert these protective responses to other coinfecting pathogens, allowing

these microbes to gain a foothold on the host epithelia and cause disease. This

“bystander effect” by Blastocystis would be an interesting area of investigation in

the context of coinfections.
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4.5 Effects of Blastocystis on Host Immune Response

There have only been a handful of studies focusing on the host immune response to

Blastocystis. Despite this, experimental animal infection and in vitro studies sup-

port the notion that Blastocystis is able to induce a proinflammatory immune

response. Earlier studies using ST7-infected Balb/c mice revealed intense infiltra-

tion of inflammatory cells into the colon and inflammation with edematous lamina

propria in the cecum and colon (Moe et al. 1997). In contrast, in a later study using a

rat model (Iguchi et al. 2009), infection with a ST4 isolate revealed neither mucosal

sloughing nor inflammatory cell infiltration but showed an increase in goblet cell

numbers. Real-time PCR quantification revealed an upregulation of the expression

of type interferon-g, interleukin (IL)-12, and tumor necrosis factor alpha, but not

IL-6 or granulocyte-macrophage colony-stimulating factor. The authors concluded

that the parasite induced a proinflammatory response that was insufficient to result

in local tissue damage. The discrepancies in the pathological outcomes may be

attributed to subtype- and host-dependent effects. Balb/c mice are not natural hosts

for ST7 and experimental infections led to an acute infectious course (Moe et al.

1997) while the ST4 infection of rats, their natural hosts, resulted in a chronic

infection (Iguchi et al. 2009).

Using an in vitro experimental system, Blastocystis Nand II (ST 1) parasites

were reported to elicit a significant increase in proinflammatory chemokines IL-8

and granulocyte-macrophage colony-stimulating factor (GM-CSF) in HT-29 and

T-84 IEC human colonic cell lines (Long et al. 2001). This was observable after

24 h exposure to parasites. However, at 6 h, the parasite exposure resulted in a

suppression of Escherichia coli- and LPS-induced production of IL-8. The authors

suggested that Blastocystis is able to modulate the host immune response depending

on the phase of infection. At earlier stages of infection, the parasite downregulates

the host immune response for survival. In a later study (Puthia et al. 2008), T-84 cell

lines exposed to Blastocystis ratti (ST4) live cells and lysates revealed significant

expression of IL-8 chemokine in an NF-kB-dependent manner. IL-8 production

was diminished upon cysteine protease inhibiton, suggesting a role for Blastocystis
proteases in virulence. The authors suggested that in vivo, Blastocystis infection
mediates IEC production of IL-8, causing an influx of inflammatory cells into the

intestinal mucosa with resultant tissue damage and gastrointestinal disturbances.

Future studies must include comparisons across different Blastocystis subtypes
and IECs, because it is difficult to make any conclusions based on studies utilizing

single cell types. Since the outcome of an immune response depends on the balance

between pro- and anti-inflammatory responses, it would be necessary to also

conduct assays that provide a comprehensive overview of cytokine profiles includ-

ing the anti-inflammatory cytokines IL-4, -10 and -13.
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4.6 Progress, Challenges, and Future Directions

Blastocystis research has accelerated in the last decade. Notably, the genome of a

ST7 isolate (B) was recently published (Denoeud et al. 2011), providing researchers

with an invaluable resource for molecular and genetic studies. Analysis of the

genome revealed that Blastocystis produces all major classes of proteases, with

cysteine proteases being the most represented. Among the cysteine protease genes,

96 % are predicted to be secreted. Interestingly, Blastocystis secretes five types of
the cysteine protease legumain, an unusual asparaginyl endopeptidase, which has

been known to play roles in degradation of extracellular matrix proteins and in

activating pro-enzymes. Blastocystis legumain was also shown to be localized to

the parasite surface and was important for the survival of the parasite (Wu et al.

2010). With the genome information available, reverse genetic studies can be

carried out to understand the roles of specific putative virulence factors. A chal-

lenge to achieving this is the lack of a workable transfection system for Blastocystis
to facilitate gene knock-out and expression studies. The author is confident that this

will change in the not-too-distant future.

Figure 4.4 summarizes our current understanding of Blastocystis–host
interactions from in vitro studies. The studies described in this chapter are too

few and much more work needs to be done for one to make firm conclusions on the

pathogenesis of Blastocystis. This is especially pertinent because Blastocystis
exhibits inter- and intra-subtype variations in its biology (Mirza and Tan 2009;

Apoptosis 
Paracellular
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Cysteine Proteases

Nitric Oxide

iNOS suppressionProduction of IL-8, 
GM-CSF, TNF   etc.

IgA Degradation

a

Fig. 4.4 A model for Blastocystis pathogenesis at the cellular level. Blastocystis infection

may result in a variety of pathological outcomes such as secretory IgA degradation, barrier

function compromise via alterations to tight junctions, host cell apoptosis, and induction of

proinflammatory cytokines IL-8, GM-CSF and TNFa. IgA degradation and barrier disruption

may promote the growth and invasion of neighboring pathogens. Parasite cysteine proteases have

been shown to mediate the majority of these features. Blastocystis has also been shown to inhibit

host NO response by transcriptional inhibition of the iNOS gene
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Mirza et al. 2011a,b). Thus, more isolates need to be used on a variety of both

primary and transformed cell lines so that a comprehensive picture of Blastocystis
virulence can be achieved. This will certainly be a great challenge considering the

amount of work required and the dearth of research funding for neglected diseases

such as blastocystosis. A relevant animal model is urgently needed for in vitro

studies to be validated. Rats and chicks have been used with some success

(Yoshikawa et al. 2004; Tanizaki et al. 2005). It has been proposed that mice are

unlikely to be good animal models since mice do not naturally harbor Blastocystis
and do not exhibit long lasting experimental infections (Tan 2008). However, most

studies are conducted on mice from a single genetic background (Balb/c) and it is

well accepted that inbred mice from different genetic backgrounds can display

significant variations in susceptibility to the same pathogen, as has been shown for

Entamoeba (Hamano et al. 2008). Future studies should therefore investigate the

infectivity of Blastocystis in inbred mice of different genetic backgrounds, such as

C57BL/6, C3H, CBA mice. Mice that display severe or chronic manifestations of

blastocystosis will be invaluable tools to study its little-understood pathogenesis.

There are still major gaps in our understanding of the basic biology of

Blastocystis. For example, nothing yet is known about the adhesion of Blastocystis
to host cells, although this is the first crucial step in the pathogenic process. The

in vitro systems described in this chapter would be useful tools for the development

of an adhesion assay for Blastocystis, as has been described for E. histolytica
(Seigneur et al. 2005). Subsequently, the molecular basis for adhesion and inhibi-

tion studies can be carried out.

There have been interesting reports that Blastocystis is able to mediate pathology

beyond intestinal dysfunction. Infection with Blastocystis has been linked to cuta-

neous disorders, such as urticaria (Zuel-Fakkar et al. 2011) while parasite lysate

was observed to promote the growth of colorectal tumor cell line HCT 116

(Chandramathi et al. 2010; Chan et al. 2012). Future studies should focus on the

mechanistic basis for the unusual outcomes of these Blastocystis–host interactions.
With the plethora of cutting-edge cell and molecular biology tools available

today, one can hope that our understanding of Blastocystis–host interactions would
increase dramatically in the coming years. The missing ingredients for a successful

recipe are adequate research funding and, more importantly, a critical mass of

researchers with a passion for unraveling the mysteries surrounding Blastocystis.
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Quezada-Calvillo R, López-Revilla R (1987) IgA protease in Entamoeba histolytica trophozoites.
Adv Exp Med Biol 216B:1283–1288

Rozenfeld C, Martinez R, Seabra S, Sant’anna C, Gonçalves JG, Bozza M, Moura-Neto V,
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Chapter 5

Clinical Aspects of Blastocystis Infections:
Advancements Amidst Controversies

Haris Mirza and Kevin S.W. Tan

Abstract Blastocystis is a noninvasive, luminal parasite commonly reported in

human stool samples. Its clinical presentation is diverse ranging between acute

diarrhea and mild chronic abdominal discomfort. Clinical manifestations of

Blastocystis also include urticaria and irritable bowel syndrome. Similar to other

luminal parasites such as Giardia and Entamoeba, asymptomatic carriage of

Blastocystis is common. The parasite is zoonotic and animal contact often leads

to infections. The Blastocystis is also opportunistic with higher frequency in

immunocompromised populations including pediatric and cancer patients as well

as HIV-infected individuals. Although parasite is noninvasive it might complicate

pathogenicity of other invasive pathogens. Metronidazole is the treatment of

choice, but clinical management of Blastocystis is difficult owing to frequent

reports of treatment failure. It also exhibits extensive phenotypic and genotypic

diversity, not efficiently captured by classical diagnostic techniques, leading to

under-reporting of Blastocystis infections. Diversity in pathobiology between

variant parasite subtypes is suspected to be responsible for diverse clinical

presentations of Blastocystis infections. Treatment outcomes are also suspected to

be dependent on parasite subtype and phenotype. Despite a number of controversies

surrounding the pathogenic potential of Blastocystis, several advances have been
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made in recent years in the areas of parasite virulence as well as molecular and

cellular biology. These advances have also fueled improvements in clinical diag-

nostic tools as well identification of novel treatment options. This chapter highlights

some of these recent developments.

Keywords Blastocystis • Diagnosis • Diarrhea • Irritable bowel syndrome •

Urticaria • Treatment • Resistance • Metronidazole • Subtypes • Pathogenesis

5.1 Introduction

Blastocystis is an extracellular, noninvasive, parasite colonizing the human colon

(Tan et al. 2010). In several epidemiological studies, it is one of the most frequently

isolated parasites with prevalence ranging between 5 % in industrialized countries

and as high as 76 % in developed countries (Dogruman-Al et al. 2010; Tan 2008).

The parasite exhibits extensive phenotypic and genotypic diversity. It has recently

been classified into 13 subtypes (ST1-13), 9 of which are known to infect humans

(Stensvold et al. 2007). Parasite subtypes display diverse pathobiology (Mirza and

Tan 2009; Mirza et al. 2011a, b). Moreover, the parasite exists in four different

morphological forms i.e., vacuolar, amoeboid, granular, and cystic, each exhibiting

distinct characteristics (Tan et al. 2010). There is limited consensus on the clinical

management of Blastocystis infections (Coyle et al. 2012). Limitations of diagnos-

tic techniques, variable phenotypes and genotypes of Blastocystis, large number of

asymptomatic carriers, and frequent reports of treatment failure are blamed for

most of the controversies surrounding the clinical management of the parasite

infection (Tan et al. 2010). This chapter describes the current advances in the

clinical management of Blastocystis infections, addresses the controversies

concerning the pathogenic potential of the parasite, and discusses the emerging

clinical relevance of this mysterious microorganism.

5.2 Clinical Presentations

Symptomatic infections by the parasite are called blastocystosis (Tan et al. 2010)

and these have diverse clinical presentations, ranging from self-limiting abdominal

discomfort (Nagel et al. 2011; Stensvold et al. 2009c) to chronic persistent diarrhea

recalcitrant to antiprotozoal therapy (Nagel et al. 2011; Stensvold et al. 2008).

Frequently, the parasite infections also present with dermatological symptoms

(Hameed et al. 2011; Zuel-Fakkar et al. 2011). The diverse symptomatology of

the parasite is often explained by isolate or subtype-dependent variations in

Blastocystis virulence (Hameed et al. 2011; Nagel et al. 2011).
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5.2.1 Luminal Infections

The most common symptom of blastocystosis is diarrhea with abdominal pain, with

varying severity (Tan et al. 2010). Other intestinal symptoms include nausea,

vomiting, bloating anorexia, weight loss, constipation, and flatulence (Nagel et al.

2011; Stensvold et al. 2009c; Tan 2008; Tan et al. 2010). Although the parasite is

frequently associated with intestinal symptoms, an unequivocal causal relationship

between the Blastocystis and gastrointestinal disorders has not been established

thus far primarily because of a large number of asymptomatic carriers. Conse-

quently, Koch’s postulates have not been demonstrated for Blastocystis (Coyle

et al. 2012). The duration and severity of symptoms vary from acute enteritis to

chronic mild diarrhea (Nagel et al. 2011; Stensvold et al. 2009c). There is no

consensus on the possible reasons for variation in intestinal symptoms. Some

studies associate these variations with infection density (Kaya et al. 2007;

Moghaddam et al. 2005) while others implicate strain-dependent differences in

virulence (Domı́nguez-Márquez et al. 2009; Eroglu et al. 2009; Mirza and Tan

2009; Mirza et al. 2011b; Nagel et al. 2011; Stensvold et al. 2009b, c). Interestingly

some authors even suggest coinfection of Blastocystis with other known pathogens

as a cause of intestinal symptoms (Herbinger et al. 2011).

5.2.1.1 Parasite Density

Some studies associate the severity of symptoms with Blastocystis density in stool

samples (Kaya et al. 2007; Moghaddam et al. 2005). Higher frequency of acute

intestinal symptoms were reported in patients with>5 parasites in each high-power

field (�400) for wet mount or oil immersion (�1,000) in permanent stained smears

(Kaya et al. 2007; Moghaddam et al. 2005). Recently in a case of life-threatening

toxic megacolon, >10 Blastocystis/field were observed in the absence of Clostrid-
ium difficile (Salvi et al. 2012). Symptoms were resolved with intravenous metro-

nidazole and trimethoprim–sulfamethoxazole treatment (Salvi et al. 2012).

5.2.1.2 Subtype-Dependent Pathogenicity

With the introduction of subtyping system forBlastocystis classification accumulating

studies focus on association of specific parasite subtypes with human pathology

(Nagel et al. 2011; Stensvold et al. 2009c). A number of reports suggest a strain to

strain variation in parasite pathogenicity (Domı́nguez-Márquez et al. 2009; Eroglu

et al. 2009;Mirza and Tan 2009;Mirza et al. 2011b; Nagel et al. 2011; Stensvold et al.

2009b, c). Studies associate subtype 1, 4, and 7 (Domı́nguez-Márquez et al. 2009;

Eroglu et al. 2009; Nagel et al. 2011; Stensvold et al. 2009b, c) with human pathology

whereas subtype 2 and 3 are considered nonpathogenic (Domı́nguez-Márquez et al.

2009; Eroglu et al. 2009; Stensvold et al. 2009c). However, mixed subtype infections
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(Nagel et al. 2011) and high degree of genetic (Stensvold et al. 2012b) and

pathobiological diversity (Fig. 5.1) within subtypes (Mirza and Tan 2009; Mirza

et al. 2011a) complicate the subtype-dependent pathogenecity hypothesis.

5.2.1.3 Coinfection

Another factor undermining Blastocystis’ status as a human pathogen is coin-

fections with other known intestinal pathogens (Herbinger et al. 2011). It is

frequently suggested that before prescribing anti-Blastocystis treatment, a thorough

work-up should be done to exclude other pathogens based on the assumption that

co-colonization of Blastocystiswith other known pathogens is merely a coincidence

(Coyle et al. 2012; Tan et al. 2010). An underappreciated phenomenon is

Fig. 5.1 Subtype-dependent morphological variations in Blastocystis. Micrographs representing

morphological differences between vacuolar form of metronidazole-sensitive subtype 4 (top) and
metronidazole-resistant subtype 7 (bottom) isolates of Blastocystis in axenic cultures. Although

intra-culture size variation is obvious, ST 7 isolate culture exhibits larger cell size compared to

ST 4. ST 7 isolate also exhibits a homogeneous ring like appearance with a distinct large central

vacuole whereas ST 4 cultures exhibit more diversity in cell shapes and vacuole formations
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facilitation of intestinal colonization by opportunistic pathogens by Blastocystis.
There are multiple reports of Blastocystis undermining host defenses (Dagci et al.

2002; Hussein et al. 2008; Mirza et al. 2011b, 2012; Puthia et al. 2005, 2006). The

parasite increases epithelial permeability (Dagci et al. 2002; Hussein et al. 2008;

Mirza et al. 2012; Puthia et al. 2006), which might assist invasion of other intestinal

pathogens (Hu et al. 2008). The suppression of host immune responses by

Blastocystis in the form of IgA degradation (Puthia et al. 2005) and epithelial nitric

oxide synthase down-regulation (Mirza et al. 2011b) could also assist intestinal

colonization by opportunistic pathogens (Herbinger et al. 2011).

5.2.1.4 Enteroinvasion

Two reports also suggest invasive potential of Blastocystis (Hu et al. 2008; Patino

et al. 2008). One of these reports suggested a coinfection with Entamoeba, resulting
in growth of Blastocystis in a liver abscess (Hu et al. 2008) while the other

described its colonization in the peritoneum following invasive adenocarcinoma

(Patino et al. 2008). The parasite has been shown to increase intestinal permeability

in infection models as well as humans (Chandramathi et al. 2010a, b; Dagci et al.

2002; Hussein et al. 2008; Mirza et al. 2012; Puthia et al. 2006), however, no

signs of enteroinvasion by Blastocystis were observed by endoscopy (Chen et al.

2003; Yakoob et al. 2004b). Overt intestinal inflammation characteristic of

enteroinvasion was also absent during parasite infections (Yakoob et al. 2004b).

Blastocystis-induced increase in intestinal permeability (Chandramathi et al.

2010a, b; Dagci et al. 2002; Hussein et al. 2008; Mirza et al. 2012; Puthia et al.

2006) makes the gut leaky resulting in diarrhea (Tan et al. 2010). It might

also expose sub-epithelial tissue and extra-intestinal sites to invasion by other

pathogens (Hu et al. 2008). Altogether reports of Blastocystis enteroinvasion are

inconclusive. The parasite might gain access to extra-intestinal sites with the help

of coinfections or other pathological circumstances (Hu et al. 2008; Patino et al.

2008). Such extra-intestinal colonization of Blastocystis could complicate manage-

ment of enteroinvasive conditions such as amoebic abscess (Hu et al. 2008) and

invasive carcinomas (Patino et al. 2008).

5.2.2 Irritable Bowel Syndrome

IBS is a functional disorder of gastrointestinal tract presenting with abdominal pain

and altered bowel habits. Several studies implicate Blastocystis as a cause of

irritable bowel syndrome (IBS) (Boorom et al. 2008; Stark et al. 2007; Stensvold

et al. 2009c). Compared to healthy controls, a higher incidence of Blastocystis has
been observed in IBS patients (Boorom et al. 2008; Jimenez-Gonzalez et al. 2012;

Stark et al. 2007; Stensvold et al. 2009c). Specific parasite subtypes might also be

associated with IBS, but the current data is inconclusive. A predominance of ST 1
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was reported in one study (Yakoob et al. 2010). Another study reported presence of

ST 1 and ST 3 in IBS patients from Mexico (Jimenez-Gonzalez et al. 2012),

however, no difference in distribution of these strains between disease and control

group was observed (Jimenez-Gonzalez et al. 2012).

5.2.2.1 Blastocystis Cysteine Proteases and IBS

There are limited studies addressing the underlying mechanism of Blastocytis-
induced IBS. It is possible that an altered luminal environment during IBS merely

favors the growth of pathogenic Blastocystis subtypes (Tan et al. 2010). Con-

versely, persistent exposure of Blastocystis antigens during chronic infections

might induce low-grade inflammation in the intestine leading to IBS (Tan et al.

2010). Perturbations in intestinal epithelial tight junction complex with associated

increase in intestinal permeability have been reported in IBS patients (Piche et al.

2009). Intestinal epithelial barrier dysfunction in IBS is attributed to activation of

proteinase-activated receptors (PAR) (Bueno and Fioramonti 2008). Increase pro-

tease activity has been reported in stools of IBS patients (Gecse et al. 2008).

Interestingly, there are a number of reports on increase in intestinal permeability

by Blastocystis (Chandramathi et al. 2010a, b; Dagci et al. 2002; Hussein et al.

2008; Mirza et al. 2012; Puthia et al. 2006). In a recent study we described the

role of Blastocystis cysteine proteases in increasing epithelial permeability by

modulating tight junction complex (Mirza et al. 2012). These tight junction

alterations were Rho kinase (ROCK) dependent (Mirza et al. 2012) and suspected

to be due to activation of PAR by the parasite proteases (Mirza et al. 2012; Tan et al.

2010). A higher protease activity in Blastocystis isolates from symptomatic patients

has also been reported (Mirza and Tan 2009). Furthermore, genomic data of

Blastocystis suggests the presence of as much as 22 proteases that might be secreted

by the parasite (Denoeud et al. 2011). Altogether these findings strongly support the

hypothesis that Blastocystis proteases might play an important role in inducing IBS.

Figure 5.1 illustrates the possible mechanisms for epithelial barrier disruption

induced by Blastocystis.

5.2.3 Urticaria and Other Dermatological Disorders

A correlation between Blastocystis and cutaneous lesions, particularly urticaria has

been increasingly reported (Hameed et al. 2011; Katsarou-Katsari et al. 2008;

Vogelberg et al. 2010). Multiple case studies suggest a causal link of the parasite

with acute or chronic urticaria. The literature addressingmechanisms ofBlastocystis-
induced cutaneous lesions is limited but the disorders are likely to be immune related

(Tan et al. 2010). There are reports on association between delayed-pressure urti-

caria, angioedema, and palmoplantar pruritus with Blastocystis as well (Armentia

et al. 1993; Tan 2008; Vogelberg et al. 2010). Cutaneous manifestations of

Blastocystis are often associated with particular phenotype (Hameed et al. 2011;
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Zuel-Fakkar et al. 2011) or subtype (Katsarou-Katsari et al. 2008; Vogelberg et al.

2010) of the parasite. A recent case report also suggests concurrence of intestinal and

cutaneous symptoms during a Blastocystis ST2 infection (Vogelberg et al. 2010).

Some studies correlate skin pathology with amoeboid form of Blastocystis (Hameed

et al. 2011; Zuel-Fakkar et al. 2011). Eradication ofBlastocystis from intestine results

in complete resolution of skin disorders, reenforcing the role of Blastocystis in

cutaneous pathology (Armentia et al. 1993; Pasqui et al. 2004) however recurrence

of symptoms despite prolonged antimicrobial therapy has been reported (Cassano

et al. 2005).

5.3 High Risk Populations

Blastocystis is considered as an opportunistic organism. Several surveys report a

higher incidence of Blastocystis in immunocompromised individuals.

5.3.1 AIDS and HIV Patients

Blastocystis is frequently isolated from stools of HIV/AIDS patients (Tan et al.

2009). One study reports a higher incidence of Blastocystis-induced intestinal

disorder in these patients (Idris et al. 2010) with resolution of symptoms after

metronidazole treatment. A serious complication of HIV-related Blastocystis
infections is disseminated disease, not frequently observed in otherwise healthy

individuals (Kurniawan et al. 2009; Stensvold et al. 2009a). Subtype 3 appears to be

the most opportunistic of Blastocystis subtypes since it is the most frequently

isolated subtype found in HIV infected patients (Tan et al. 2009).

5.3.2 Cancer Patients

Blastocystis is one of the most common parasites found in stools of cancer patients

(Taşova et al. 2000). Infections present with abdominal pain, diarrhea, and flatu-

lence (Taşova et al. 2000). Subtype 3 and subtype 4 isolates were reported to be

highly prevalent in cancer subjects (Poirier et al. 2011; Tan et al. 2009). In one

report, carcinoma-induced intestinal obstruction facilitated the overt growth of

Blastocystis (Horiki et al. 1999). Another study described growth of the parasite

in abdominal fluid following bowel perforation by adenocarcinoma (Patino et al.

2008). Blastocystis infections have also been reported in breast and colorectal

cancer patients undergoing anticancer chemotherapy (Chandramathi et al. 2012)

suggesting that the parasite is capable of surviving highly cytotoxic drugs, while

debilitating immunosuppressive state induced by chemotherapy (Chandramathi
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et al. 2012) promotes its colonization (Chandramathi et al. 2012). Altogether these

reports suggest that the parasite thrives in cancer patients. Moreover Blastocystis
colonization, particularly in patients undergoing anticancer therapy might contrib-

ute to post-chemotherapy intestinal inflammation and increased permeability (Tsuji

et al. 2003).

5.3.3 Pediatric Infections

Pediatric populations are highly susceptible to Blastocystis infections (Londoño

et al. 2009). Higher incidence of the parasite colonization is observed in immuno-

competent (Londoño et al. 2009) as well as immunocompromised (Noureldin et al.

1999) minors. Children undergoing corticosteroid therapy for nephrotic syndrome

were also reported to be highly susceptible to Blastocystis infections (Noureldin

et al. 1999). Associations of low socioeconomic status (Mehraj et al. 2008) and HIV

positivity (Idris et al. 2010) with Blastocystis infections are also observed in

pediatric patients.

5.3.4 Animal Exposure

Zoonosis is frequently reported in Blastocystis (Stensvold et al. 2009c; Yoshikawa

et al. 2009). There are several reports suggesting a higher incidence of Blastocystis
in professionals frequently exposed to animals or animal products (Stensvold et al.

2009c). Contact with pigs, poultry, primates, and canines increases the risk of

Blastocystis infections (Nagel et al. 2011; Navarro et al. 2008; Stensvold et al.

2009c; Yoshikawa et al. 2009). A recent study of symptomatic patients and their

pets identified a concordance of parasite subtypes recovered from their stool

samples suggesting a possible transmission of the parasite between them (Nagel

et al. 2011).

5.4 Laboratory Diagnosis

Technical advances in recent years have made it possible to efficiently capture

Blastocystis diversity and it should be taken into consideration during laboratory

investigations (Tan et al. 2010). Information on the density, morphology, subtype,

as well as antibiotic susceptibility is important for appropriate management of

Blastocystis infections. Despite availability of tools to assess these parameters,

a number of Blastocystis infections go unreported or ignored owing to its contro-

versial pathogenesis.

72 H. Mirza and K.S.W. Tan



Due to presence of diverse morphological forms, Blastocystis is one of the most

difficult organisms to identify in stool samples. A survey comparing several Euro-

pean diagnostic laboratories reported discrepancies in reporting of Blastocystis-
positive stool samples (Utzinger et al. 2010). Some reports suggest that 20–30 %

of stool samples of infected individuals only contain cysts form of Blastocystis
(Rene et al. 2009; Suresh and Smith 2004). Due to a considerably smaller size and

stark morphological differences from the vacuolar form, diagnostic staff should be

trained to identify cyst stage of the parasite.

Conventional diagnostic methods to identify the parasite in stools include FECT

and XIVC, while tests based on serology and molecular biology are being used

increasingly. Blastocystis antibiotic susceptibility testing is yet to be instituted in

clinical diagnostics, but should be used in cases refractory to antibiotic treatment.

5.4.1 FECT

The formol ether concentration technique (FECT) is commonly used to detect

parasite ova and cysts. Due to poor sensitivity of FECT, however, it is not

recommended for laboratory identification of Blastocystis (Rene et al. 2009;

Stensvold et al. 2007). The reason for the lower sensitivity might be inability of

FECT to isolate subtype 3 of Blastocystis, a very common subtype in humans

(Rene et al. 2009; Stensvold et al. 2007). Using only FECT to isolate Blastocystis
might contribute to the underestimation of the parasite burden in epidemiologic

studies (Tan et al. 2010).

5.4.2 XIVC

Trichrome-stained fecal smears following short-term xenic in vitro culture (XIVC)

exhibits superior sensitivity in identification of the parasite. However, XIVC

should also be used with caution. Due to difference in generation time between

Blastocystis strains (Zierdt and Swan 1981), slower growing subtypes and mixed

infections of slower- and faster growing subtypes may be missed by this technique.

Another consideration for better diagnosis of Blastocystis infections is to take

multiple stool samples over a period of time since the parasite shedding by humans

is irregular (Suresh and Smith 2004).

5.4.3 Molecular Diagnostics

Emerging data suggests association of certain Blastocystis subtypes or strains with
pathogenicity and antibiotic resistance (Stensvold et al. 2009c, 2010), highlighting

the importance of subtyping in the clinical management of blastocystosis.
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For accurate identification of subtypes, genotyping of Blastocystis by PCR methods

is preferable (Stensvold et al. 2006), and should ideally be performed directly on

stool samples. This could either be accomplished by sequence analysis of

Blastocystis-specific PCR products, use of PCR primers that are specific for differ-

ent parasite subtypes, or by using a subtype-specific probe based TaqMan PCR

(Stensvold et al. 2012a; Yoshikawa et al. 1998).

5.4.4 Serology

There are reports of the usefulness of serological techniques in identification of

Blastocystis infections. Some studies involving enzyme-linked immunosorbent

assay for Blastocystis correlate antibody titers with symptoms (Hussain et al.

1997; Mahmoud and Saleh 2003). Since these techniques are quantitative and

identify parasites rapidly with high sensitivity and specificity, they could be pow-

erful tools for diagnosis of the parasite (Tan et al. 2010). Development of such

assays however should take into consideration the genetic diversity of Blastocystis.
A panel of antibodies highly specific for individual subtypes would be useful for

diagnosis of Blastocystis (Tan et al. 2010).

5.4.5 Antibiotic Susceptibility Testing

Antibiotic susceptibility testing is not routinely performed for intestinal parasites,

due to lack of knowledge regarding their resistance to conventional antibiotics.

Chronic Blastocystis infections are often nonresponsive to conventional antibiotic

regimens (Stensvold et al. 2010). Such infections are particularly difficult to

manage in the absence of antibiotic susceptibility data. Classically, Blastocystis
antibiotic susceptibility evaluation utilized serial dilution or radioisotope inclusion

methods (Dunn and Boreham 1991; Yakoob et al. 2004a; Zierdt et al. 1983). These

techniques were expensive, time consuming, and often injurious to health. Recent

development of redox-based assays (Mirza et al. 2011a), as well as improvements

in anaerobic microculture methods, has made it possible to efficiently evaluate

Blastocystis antibiotic susceptibilities within 24 h (Mirza et al. 2011a; Upcroft and

Upcroft 2001). Redox-based assays are cheap, require a small parasite density, and

could be adapted on high-throughput platforms. Furthermore, these assays do not

require sophisticated equipment and are ideal for use in resource-poor healthcare

facilities (Mirza et al. 2011a). Despite their clinical usefulness, most of these assays

are adapted for the vacuolar morphological form of the parasite (Dunn et al. 2012;

Mirza et al. 2011a). It is believed that cysts, which are resistant to metronidazole

(Zaman and Zaki 1996), and not the vacuolar form represent the infectious pheno-

type of the parasite (Tan 2008). For more accurate assessment and management of

the parasite antibiotic resistance, future studies should focus on adapting antibiotic

susceptibility assays for non-vacuolar morphological forms of Blastocystis.
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5.5 Treatment

5.5.1 Current Treatment Options

Due to the controversial pathogenicity of Blastocystis, antibiotics are seldom

prescribed for the infections caused by the parasite. Due to mild nature of the

disease and self-limitation of symptoms clinicians are skeptical of antibiotic pre-

scription for Blastocystis infections (Stensvold et al. 2010). Metronidazole,

a position 1,5 nitroimidazole is the treatment of choice against chronic infections

in which all other etiologies have been excluded (Tan et al. 2010). Multiple studies

suggest the efficacy of metronidazole against Blastocystis (Stensvold et al. 2010).

However other studies suggest that infections can be refractory to metronidazole

treatment, making anti-Blastocystis therapy complex (Tan et al. 2010). Factors that

might influence treatment outcomes include infection density, acquisition of

mutations, resistance of certain developmental stages to metronidazole, and, most

importantly, strain-to-strain variation in antibiotic susceptibility (Tan et al. 2010).

In fact, in vitro studies have suggested a varying response of different Blastocystis
isolates to metronidazole (Zaman and Zaki 1996; Zierdt et al. 1983). A recent study

reported metronidazole resistance in subtype 7 isolates (Mirza et al. 2011a). These

isolates exhibited cross resistance to tinidazole, another position 1,5 nitroimidazole

commonly prescribed for parasitic infections (Mirza et al. 2011a). Although more

isolates should be evaluated, these studies further highlight the significance of

subtyping for effective clinical management of Blastocystis infections. The most

commonly prescribed alternatives to metronidazole for Blastocystis infections are
co-trimoxazole and Paromomycin (Stensvold et al. 2010). Unfortunately, resistance

to these drugs has also been reported (Stensvold et al. 2010) and there is a pressing

need to identify alternative treatment options for Blastocystis infections. Table 5.1
summarizes the clinically proven treatment options for Blastocystis.

5.5.2 Experimental Therapeutics

5.5.2.1 Antibiotics

The most promising alternative antibiotic for treatment of resistant Blastocystis
isolates include furazolidone, which exhibits excellent in vitro toxicity against all

clinical strains of the parasite tested so far (Mirza et al. 2011a). It is an FDA-

approved nitrofuran commonly used for treatment of parasitic infections (Quiros-

Buelna 1989). Other conventional antiparasitic agents highly effective against

Blastocystis in vitro are prophylactic antimalarials mefloquine and quinacrine

(Mirza et al. 2011a). Although, their clinical efficacy is not known, compared to

metronidazole-sensitive strains, these agents exhibit superior antiparasitic activity
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against metonidazole-resistant Blastocystis isolates (Mirza et al. 2011a) and would

be ideal for persistent infections refractory to metronidazole treatment.

5.5.2.2 Probiotics

Probiotic Saccharomyces boulardii was reported to be useful in the treatment of

Blastocystis infections in one study (Dinleyici et al. 2011). Pediatric patients with a
2-week long history of intestinal symptoms with stools positive for Blastocystis
were treated with Saccharomyces, for 10 days. Thirty days after treatment initia-

tion, 94.4 % of the patients became asymptomatic with resolution of stool cysts

(Dinleyici et al. 2011). However, more studies are needed to establish the role of

probiotics in treatment of intestinal protozoal infections (Table 5.2).

5.5.2.3 Nitric Oxide and Arginine

Cytotoxity of NO against Blastocystis has been reported recently (Eida et al. 2008;

Mirza et al. 2011b). Parasites when exposed to nitrosative stress undergo apoptosis

and/or necrosis (Eida et al. 2008; Mirza et al. 2011b). Interestingly, compared to

susceptible isolate, a metronidazole-resistant isolate of Blastocystis was found to be
more sensitive to nitrosative stress suggesting the potential usefulness of NO donors

against antibiotic resistant strains (Fig. 5.2) (Mirza et al. 2011b). NO is a common

innate immune response of host epithelium (Eckmann et al. 2000; Mirza et al.

2011b). It is generated by epithelial inducible nitric oxide synthase (iNOS) by using

arginine as substrate (Eckmann et al. 2000). In order to facilitate its survival in gut

lumen, Blastocystis inhibits epithelial NO generation by consuming arginine (Mirza

et al. 2011b). Dietary supplementation of arginine in infected patients might be

useful in restoring physiological level of luminal nitrosative stress thus limiting

Blastocystis growth (Fig. 5.2).

5.5.2.4 Statins and Rho Kinase Inhibitors

Advances in knowledge concerning Blastocystis–epithelial interactions could also

lead to development of novel treatment options. Observations of epithelial Rho/Rho

kinase pathway modulation by the parasite led to the identification of a few unique

pharmaceutical agents that prevent Blastocystis induced pathology (Fig. 5.2)

(Mirza et al. 2012). Simvastatin is a commonly used, well-tolerated, and FDA-

approved lipid-lower agent (Chen et al. 2008). One of the effects of statins is

epithelial barrier protection via inhibition of Rho/Rho kinase pathway (Chen

et al. 2008). A recent study suggested the role of statins in reducing the risk of

Clostridium difficile (a Rho pathway modulating organism) intestinal infections

which was independent of their lipid-lowering activity (Motzkus-Feagans et al.

2012). In our experiments we observed that Blastocystis-mediated increased
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intestinal epithelial permeability is also prevented by Rho inhibition by statins

(Fig. 5.2) (Mirza et al. 2012). Fasudil is a clinically useful Rho kinase inhibitor

(Fig. 5.2) (Taoufiq et al. 2008). It has been shown to prevent Plasmodium-induced
endothelial pathology (Taoufiq et al. 2008). In addition to simvastatin we also

observed barrier protective effect of fasudil against Blastocystis-induced epithelial

barrier dysfunction (Fig. 5.2) (Mirza et al. 2012). Since these agents target host cells

instead of the parasite, likelihood of resistance development against these agents is

limited and they could be useful adjunct or alternate treatment option against drug-

resistant infections.

5.6 Discussion

Despite being one of the most common intestinal parasites reported in human stool

samples, the pathogenic potential of Blastocystis remains controversial. The pri-

mary reasons for these controversies include lack of standardized diagnostic

Table 5.2 Experimental therapeutics for Blastocystis infections

Drug IC-50 (mM) Comments

Furazolidone 0.5–1 An FDA approved nitrofuran commonly used against

Giardia

No clinical reports of resistance in Blastocystis

Mefloquine 1.5–5 Prophylactic antimalarial, highly toxic to metronidazole

resistant Blastocystis

Quinacrine 3–5 Prophylactic antimalarial, highly toxic to metronidazole

resistant Blastocystis

Ronidazole 0.3–0.5 Veterinary antiparasitic agent, equally effective against

metronidazole resistant and susceptible isolates

Ornidazole 1.1–1.4 Veterinary antiparasitic agent

Equally effective against metronidazole resistant and

susceptible isolates

C-17 0.3–0.6 Experimental position 2,5-nitroimidazole

High toxicity against Giardia and Trichomonas

Exhibits cross-resistance with metronidazole in subtype

4 isolates

Nitric oxide

donors

Induces apoptosis in Blastocystis

Highly toxic against Entamoeba and Giardia

Higher toxicity against metronidazole resistant isolate

Simvastatin N/A Commonly prescribed lipid-lowering agent

Prevents parasite-induced epithelial pathology

Mildly toxic to Blastocystis

Fasudil N/A Approved for treatment of stroke in Japan

Prevents parasite-induced epithelial pathology

Saccharomyces
boulardii

N/A A probiotic

Parasite clearance rate comparable to metronidazole
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techniques, no consensus on treatment of the parasite, limited and variable efficacy

of existing treatment regimen, and large numbers of asymptomatic carriers. Limited

understanding of the complex biology of distinct Blastocystis phenotypes and

subtypes and limited or no knowledge regarding cellular microbiology, immune

evasion, and life cycle of Blastocystis infections further complicates the situation.

All of these little-understood aspects of the parasite pathobiology are active areas of

research and in the last decade a number of studies have addressed these issues to

some extent. Several new diagnostic measures and treatment options are being

identified along with a better understanding of the parasite’s pathobiology. Due to

increase in awareness of the parasite’s pathogenic potential, Blastocystis has also
been included as a microbial agent in the water sanitation and health program of the

World Health Organization (WHO 2008). The clinical significance of the intestinal

Fig. 5.2 Potential targets for therapeutic intervention. This illustration summarizes potential

treatment options (red) and their cellular targets for Blastocystis infections. Drugs such as Fasudil
and Simvastatin target host epithelial Rho/ROCK pathway to prevent parasite induced epithelial

barrier dysfunction. NO donors mimic host innate immune generated, antiparasitic nitrosative

stress to prevent parasite colonization of gut where as L-arginine supplementation could reverse

parasite induced suppression of host epithelial NO generation. Sacchromyces cerevisiae limits

parasite colonization of the gut lumen through its probiotic effect while protease inhibitors

neutralize cysteine proteases, potential parasite virulence factors. NO, nitric oxide, iNOS inducible
nitric oxide synthase, ZO-1 Zonula Occludins-1, ROCK Rho kinase, MLCK myosin light chain

kinase, MLC myosin light chain, MLCp phosphorylated MLC, IgA immunoglobulin A, PAR
proteinase activated receptors
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parasite Giardia intestinalis was recognized only after it became possible to

clinically manage it effectively (WHO 2008). Recent developments of improved

diagnostic techniques and efficient therapeutics will not only improve the clinical

management of Blastocystis infections but also increase its recognition as a human

pathogen.
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Chapter 6

Molecular Approaches on Systematic Position,

Genetic Polymorphism, and Classification of

Blastocystis Isolates from Humans and Animals

Hisao Yoshikawa

Abstract Blastocystis was first reported as a harmless yeast found in human stool

samples in 1912. This organism has been classified into the subphylum Sporozoa and

then reclassified into the subphylum Sarcodina based on the morphological and

physiological characteristics. Molecular sequencing study on the SSU rRNA gene of

a human Blastocystis isolate showed that Blastocystis is not monophyletic with yeasts

(Saccharomyces), fungi (Neurospora), sarcodines (Naegleria, Acanthamoeba, and

Dictyostelium), or sporozoans (Sarcocystis and Toxoplasma) based on the partial

sequence of the gene. Phylogenetic studies inferred with the entire sequence of

the SSU rRNA gene of a human and a guinea pig isolates of Blastocystis revealed
that the organism is a member of the stramenopiles. Furthermore, accumulation of the

molecular data of human and animal Blastocystis isolates showed not only extensive

genetic diversity among Blastocystis isolates from the same hosts but also genetic

similarities were observed among the isolates from different hosts. Therefore, a

consensus terminology of Blastocystis sp. is recently proposed for the isolates from

mammalian and avian hosts including humans and it classifies all isolates into nine

subtypes. Recently, however, several additional novel subtypes have been reported

based on the phylogenetic studies of the partial sequences of the SSU rRNA gene.

Therefore, the genus Blastocystis may be the most genetically polymorphic organism

that parasitizes a wide range of animals.

6.1 Introduction

Blastocystis hominis was originally isolated from humans and reported as a harm-

less yeast by Brumpt (1912). The taxonomic classification was first challenged by

morphological and physiological characteristics in cultures and Blastocystis
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showed many protozoan characteristics rather than yeast (Zierdt et al. 1967).

Physiologically, Blastocystis is strictly anaerobic and growth of the organisms is

supported in some intestinal protozoan media, while no growth in fungal media.

The optimal pH and temperature for growth are 7.0–8.0 and 37 �C, while no growth
under than pH 6.0 and 33 �C, respectively. Morphologically, Blastocystis lacks

a cell wall, contains nucleus, smooth and rough endoplasmic reticulum, Golgi

complex, and mitochondria-like organelle. Subsequently, this organism was pro-

posed as a sporozoan and then reclassified as a sarcodine by Zierdt and colleagues

based on the more detail morphological characteristics in in vitro cultures (Zierdt

and Tan 1976; Zierdt 1991). However, morphological features of this parasite do

not fit to any other protozoa. Therefore, molecular studies are essential to estimate

or classify systematic position among a wide range of the phylum protozoa.

6.2 Molecular Approach on Phylogenetic Affinity

The fist molecular systematic approach was undertaken by using the parasite’s

small subunit rRNA (SSU rRNA) gene sequences with those from different

eukaryotes (Johnson et al. 1989). Based on the partial sequences, it was shown

that Blastocystis is not monophyletic with the yeasts (Sacchromyces), sarcodines
(Naegleria, Acanthamoeba, and Dictyostelium) or sporozoan (Sarcocystis and

Toxoplasma). It was concluded that close relationships to the yeasts or the

apicomplexas/sporozoans are not supported. A later study (Silberman et al.,

1996) revealed entire sequence of the SSU rRNA gene of two Blastocystis isolates
from a human and a guinea pig and it showed that Blastocystis could be a member

of the heterogeneous group of stramenopiles. Stramenopiles are a diverse hetero-

geneous group of unicellular and multicellular algae and protists, including

heterotropic and photosynthetic representatives (Patterson 1989). This diverse

group includes brown algae, diatoms, oomycetes, and several other lineages. The

closest relative of Blastocystis in the stramenopiles is Proteromonas lacertae,
a commensal flagellate in the hindgut of lizards and amphibia (Leipe et al. 1996).

However, unlike other stramenopiles, no flagella and tubular hairs have ever been

observed in Blastocystis.
Another molecular approach has also been employed with the amino acid

sequence of a highly conserved gene, elongation factor 1a (EF-1a). By using

a maximum likelihood method of protein phylogeny, it was concluded that

Blastocystis is not close to fungi and the divergence of the parasite is earlier than

those of Trypanosoma, Euglena, Dictyostelium, and other higher eukaryotes

(Nakamura et al. 1996). However, it was not possible to resolve the positions of

Blastocystis, Entamoeba, Plasmodium, and Tetrahymena due to the low bootstrap

probabilities. The subsequent study showed that, based on the genetic distance

between homologous genes, Blastocystis from humans and animals diverged within

the same group and the isolates all belonged to the same genus (Ho et al. 2000). The

data also suggested an earlier emergence of Blastocystis among eukaryotes and
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a close relative of Entamoeba histolytica. Interestingly, these molecular phyloge-

netic studies of Blastocystis SSU rRNA and EF-1 gene sequences are apparently

disparate conclusions on taxonomic or phylogenetic affiliations. Therefore, molec-

ular approaches on systematic position of Blastocystis was conducted with multiple

conserved genes, SSU rRNA, cytosolic-type 70-kDa heat shock protein, traslation

elongation factor 2, and the non-catalytic ‘B’ subunit of vacuolar ATPase of

Blastocystis with other stramenopiles (Arisue et al. 2002). This study clearly

demonstrated that Blastocystis is a stramenopile and also alveolates are the closest

relatives of Blastocystis/stramenopiles. More recently, phylogenetic analysis based

on the conserved 5.8S rRNA gene with 12 stramenopiles, 2 fungi, 3 algae, and 3

alveolates showed Blastocystis positioned within stranenopiles, with Proteromonas
lacertae as its closest relative (Hoevers and Snowden 2005).

6.3 Genetic Polymorphism and Molecular Classification

A large number of molecular studies have revealed that Blastocystis isolates from
humans and animals appear to be extensively polymorphic in genetics (Yoshikawa

et al. 1996, 1998, 2000, 2004a, b, c; Böhm-Gloning et al. 1997; Clark 1997;

Hoevers et al. 2000; Snowden et al. 2000; Kaneda et al. 2001; Abe et al. 2003a,

b, c; Abe 2004; Noël et al. 2003, 2005). In the earlier studies, random amplified

polymorphic DNA (RAPD) analysis and restriction fragment length polymorphism

(RFLP) analysis of the small subunit ribosomal RNA (SSU rRNA) genes have been

applied to reveal genetic diversity among Blastocystis populations from humans to

animals (Yoshikawa et al. 1996, 1998; Böhm-Gloning et al. 1997; Clark 1997;

Hoevers et al. 2000; Snowden et al., 2000; Kaneda et al. 2001; Abe et al. 2003a, b).

Namely, genetic variations within human and animal Blastocystis isolates were

observed by RAPD analysis (Yoshikawa et al. 1996, 1998). An isolate from a

chicken showed similar RAPD profiles with human isolates from USA and Japan,

but not with five isolates from Singapore. This result indicates the genomic poly-

morphism among Blastocystis isolates from humans and animals and also a possi-

bility of zoonotic potential of the parasite. In addition, subtype classification has

been proposed for different genotypes among human Blastocystis isolates revealed
by RAPD profiles and then developed subtype-specific PCR primers from the

unique sequences of the RAPD products (Yoshikawa et al. 1998, 2000, 2003).

Subsequently, subtype classification is generally accepted for consensus terminol-

ogy for the genus Blastocystis (Stensvold et al. 2007). Conversely, Clark (1997)

showed the sequence diversity among 30 human Blastocystis isolates using RFLP

analysis of the amplified SSU rRNA genes and proposed seven ribodeme classifi-

cation (riboprinting) among the isolates. This study showed extensive genetic

diversity, over 7 % divergence between ribodemes 1 and 2 of human Blastocystis
isolates. Surprisingly, this is approximately four times the genetic distance between

the homologous genes of Entamoeba histolytica and E. disper. However, recent
accumulation of RFLP analysis and sequencing of the SSU rRNA gene of human
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and animal isolates, it became apparent that RFLP approach is limited for use for

classification of Blastocystis isolates. Therefore, genetic polymorphism among

various human and animal Blastocystis isolates has been investigated based on

the sequencing of the SSU rRNA gene.

Accumulated data of the SSU rRNA gene sequences of various Blastocystis
isolates from humans and animals indicate that most of the phylogenetic clade show

a mixed population of Blastocystis isolates from both humans and animals inferred

with the SSU rRNA gene (Arisue et al. 2003; Noël et al. 2003; Yoshikawa et al.

2004c). These results strongly suggest that proposing of various new species

names based mainly on host origins are problematic and cause confusion among

Blastocystis isolates from various hosts (Yoshikawa et al. 2004c). Therefore,

a consensus terminology of Blastocystis sp. is recently proposed for the isolates

from mammalian and avian animal hosts including humans and it classifies all

isolates into 9 subtypes (STs) based on the phylogeny inferred with SSU rRNA

gene (Stensvold et al. 2007) (Table 6.1). The reason that Blastocystis sp. rather than
Blastocystis hominis was proposed is because some reptilian and amphibian species

seems to fall within the range of variation by the mammalian and avian clades

(Yoshikawa et al. 2004c; Noël et al. 2005). If the reptilian or amphibian isolates are

distinct species, all of the nine clades (nine subtypes) cannot be Blastocystis
hominis. However, a most recent phylogenetic study inferred with the homologous

gene including more wide range of isolates from vertebrate to invertebrate hosts has

apparently shown that most isolates from poikilothermal animal hosts (i.e., reptiles,

amphibians, and insects) are positioned into the basal clades among the genus of

Blastocystis, suggesting that the isolates from poikilothermal animal hosts are

different from homoiothermal animal hosts (i.e., mammals and birds) (Yoshikawa

et al. 2007).

Based on the subtype classification, the majority of human Blastocystis belong
to subtype 3, while Blastocystis isolated from several populations such as Iran,

Malaysia, Pakistan, Philippines, and Thailand belong to subtype 1 (Table 6.1).

However, the sample size of the latter group is relatively small in number (12–45

isolates) and discrepancy results were observed in the same countries in Pakistan

and Thailand. Therefore more detail research should be accomplished in these

countries to confirm which subtype is the dominant among the human Blastocystis
populations. Moreover, recent findings of human infections with Blastocystis sp.
STs 5, 8 and 9 (Yoshikawa et al. 2004a, b, c; Yan et al. 2007; Stensvold et al. 2008)

clearly show that human is specific host capable of being infected by any

Blastocystis subtypes. Recently, there have been reported additional novel STs

from ST10 to ST13 based mainly on partial sequence (about 300–1,000 bp) of

the SSU rRNA gene (Li et al., 2007a; Parkar et al. 2010; Stensvold et al. 2009b).

However, there is no guarantee that phylogenetic tree inferred with partial sequence

will fit to the tree inferred with the entire sequence of the same gene. Since subtype

classification for Blastocystis sp. was originally inferred with the entire sequence of
the SSU rRNA gene, full sequence of the SSU rRNA gene should deposit in

GenBank as a reference sequence data for the novel subtypes.
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6.4 Conclusion

Ever since the first description of a harmless yeast Blastocystis hominis in humans

in 1912, this eukaryotic microorganism has been classified into various subphylum

based on morphological and physiological characteristics. However, recent accu-

mulation of the molecular data of several conserved genes indicates that the genus

Blastocystis is a member of the stramenopiles. Furthermore, an extensive genetic

diversity has been recognized among Blastocystis isolates from humans and

animals indicating that this parasite may be one of the most indistinguishable

unicellular parasite composing from heterogeneous groups of different species.

Because, it has been reported that the 629 positions from the university core region

of the SSU rRNA gene, that should be very conservative, the maximum difference

among the Blastocystis isolates was shown to be 3.6 %, which was comparable with

the differences between Saccharomyces cerevisiae and Pneumocystis carinii
(3.2 %) and between Zea mays and Chlorella kessleri (3.8 %) (Arisue et al.

2003). In addition, this protozoan parasite may not be host specific and many

animal species are potential sources for reservoirs of zoonotic isolates. Further

molecular research may facilitate species designation for this parasite and patho-

genic potential of the specific genotype or species.

References

Abe N, Wu Z, Yoshikawa H (2003a) Zoonotic genotypes of Blastocystis hominis detected in cattle
and pigs by PCR with diagnostic primers and restriction fragment length polymorphism

analysis of the small subunit ribosomal RNA gene. Parasitol Res 90:124–128

Abe N, Wu Z, Yoshikawa H (2003b) Molecular characterization of Blastocystis isolates from birds

by PCR with diagnostic primers and restriction fragment length polymorphism analysis of the

small subunit ribosomal RNA gene. Parasitol Res 89:393–396

Abe N, Wu Z, Yoshikawa H (2003c) Molecular characterization of Blastocystis isolates from

primates. Vet Parasitol 113:321–325

Abe N (2004) Molecular and phylogenetic analysis of Blastocystis isolates from various hosts.

Vet Parasitol 120:235–242

Arisue N, Hashimoto T, Yoshikawa H, Nakamura Y, Nakamura G, Nakamura F, Yano TA,

Hasegawa M (2002) Phylogenetic position of Blastocystis hominis and of stramenopiles

inferred from multiple molecular sequence data. J Eukaryot Microbiol 49:42–53

Arisue N, Hashimoto T, Yoshikawa H (2003) Sequence heterogeneity of the small subunit

ribosomal RNA genes among Blastocystis isolates. Parasitology 126:1–9
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Chapter 7

What Do We Know About Blastocystis Analyzing
Research Studies with Statistical Methods

Kenneth Boorom

Abstract Blastocystis is the most commonly identified parasitic infection in stool

samples from healthcare-seeking patients in many regions of the world. A collection

of close to 1,000 studies exists on Blastocystis, with substantial contributions from

researchers in the Middle East, Asia/Pacific Rim, Europe, and North America. In

many cases, disagreements about Blastocystis appear to originate from difficulties in

determining how decisions should be made from the existing database of studies.

Although more studies will certainly be available in the future, it is possible to apply

objective screening techniques to studies which can be expected to identify

conclusions that are unlikely to be reversed. However, the conclusions identified

with this technique are not necessarily the same conclusions described as certain by

medical professionals. A better understanding of the meaning of statistical data

obtained from populations would help reduce contradictory studies, and examples

are provided of situations under which a pathogen like Giardia intestinalis will

appear more often in healthy individuals. The role of Blastocystis in irritable bowel

syndrome (IBS) is examined, and formulas presented to help understand the costs of

blastocystosis, given research studies identifying the cost of IBS.
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diseases
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7.1 Introduction

As of May 2012, the US National Institute of Health (NIH) Pubmed medical

research database shows that 935 studies referring to Blastocystis have been

cataloged. With close to 1,000 papers on the subject, it is likely that such a

collection contains useful information, misleading information, as well as studies

which contradict each other’s findings. Given that this situation exists for

Blastocystis (as well as most other microbes of clinical interest), how can we

extract information that is needed from that database for clinical and research

purposes? How can we use those studies to make decisions? Can we make decisions

based on this quantity of studies?

Certainly, there are fewer studies on Blastocystis than either Giardia intestinalis
or Cryptosporidium spp., each of which has roughly 6,000 studies, or six times as

many papers as Blastocystis (Figs. 7.1 and 7.2). Each year, about 350 new

G. intestinalis papers are added to Pubmed’s database. Each year a similar quantity

of Cryptosporidium sp., research is added to that database, while 50–60 new studies

on Blastocystis are added annually (Fig. 7.2). Physicians and researchers did make

decisions concerning G. intestinalis and Cryptosporidium spp. when the collection

of studies for those microbes consisted of only 1,000 papers, in the 1980s and
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Fig. 7.1 Cumulative NIH indexed studies for three common intestinal protists. In terms of the

total number of studies, Blastocystis spp. lags Giardia intestinalis by 30 years, and Cryptosporid-
ium spp. by 20 years. Most of the controversy concerning Blastocystis infection occurred between
1986 and 1993, when there were very few studies on the infection available
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1990s. There is little evidence that decisions made based on that smaller set of

studies were egregiously wrong, or resulted in widespread harm or misdiagnosis of

patients. As such, it is reasonable to suggest that we can use a database consisting

of 1,000 studies to make responsible decisions concerning Blastocystis (Table 7.1).
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Fig. 7.2 Number of new NIH indexed studies published each year for three common intestinal

Protists. The rate of publication for G. intestinalis and Cryptosporidium spp. is about 5–7 times

higher than that for Blastocystis

Table 7.1 Comparison of the number of studies, the number of new studies, and NIH grant

approval for three gastrointestinal protozoa

Metric Selection criteria Blastocystis

Giardia

(Giardia :

Blastocystis) Cryptosporidium

Total studies published Microbe name in

title, abstract,

or keyword

935 6,023 6,311

Total studies with microbe

name in title

Microbe name in

title

574 2,871 3,594

Average new studies

published annually,

2009–2011

Microbe name in

title, abstract,

or keyword

56 310 325

Number of US National

Institute of Health grants

awarded 2000–2011a

Microbe name in

title, abstract,

or keyword

0 366 693

The total number of studies and the number of new studies for G. intestinalis and Cryptosporidium
spp. outnumber Blastocystis by a factor of 5–7, and the finding is relatively invariant depending on
the two selection criteria used for defining a microbe study Blastocystis.
aSearch performed with NIH Project Reporter tool, 5/5/2012. http://projectreporter.nih.gov/

reporter.cfm
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7.2 Should We Make Any Decisions About Blastocystis?

Before examining ways of making decisions, it may be worth acknowledging two

contrarian arguments:

1. Sufficient studies do not exist to make a decision with confidence, so no decision

should be made.

2. The existence of conflicting studies on Blastocystis pathogenicity proves that the
microbe could be only marginally pathogenic, and as such, it warrants no

attention.

In examining the first argument, it should be noted that in developed countries,

symptomatic Blastocystis mono-infections now outnumber G. intestinalis, Crypto-
sporidium spp., and Entamoeba histolytica mono-infections combined in parasito-

logical samples from symptomatic patients (Fig. 7.3). That is, a physician ordering

such examinations for patients with gastrointestinal illness will need to make some

kind of decision as to whether to prescribe antimicrobial treatment, pursue further

testing, or to diagnose the patient with irritable bowel syndrome (IBS). Because

physicians cannot delay decisions about patients for several years, physicians will

make decisions in these situations using the available information. As such, the

choice presented to us is not between a decision and no decision, but between a

decision based on current scientific studies, or a decision based on cultural beliefs,

notes from an old parasitology course, or other less desirable sources. Even if we

could prohibit clinical decision making for Blastocystis, it would still be necessary

to make decisions about whether research should be performed.

In addressing the second argument, it is noted that evidence of Blastocystis
nonpathogenicity has come almost exclusively from statistical analysis of popula-

tion studies, and the statistical methods used in those studies are not guaranteed to

prove pathogenicity, only correlation. A pathogen can become uncorrelated with

illness when other factors, such as innate or acquired immunity, enter into the

population and confound the study results. Additionally, as noted later in the

chapter, the presence of other microbes that produce symptoms equivalent to

Fig. 7.3 Blastocystis infection dominates stool samples submitted by patients to clinical

laboratories in most developed countries. Results from stool examination of patients at a regional

Canadian laboratory in 2005 and a US study of samples collected from all 50 states in 2000
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blastocystosis will confound a population study if those patients so-infected are also

Blastocystis-negative.
One interesting example of this comes from studies relating infection with

Helicobacter pylori and gastric cancer. Researchers used two different

immunoassays to assess H. pylori infection, namely a CagA assay and a whole

cell H. pylori assay were used to investigate cancer risk. The population consisted

of 181 gastric cancer patients and 193 cancer-free controls. Taken individually, a

positive finding for either of these immunoassays showed no statistically significant

correlation with gastric cancer originating in the cardia, and no correlation with

gastric cancer originating elsewhere (p ¼ 0.07, 0.11). However, when the patient

populations for both cancers were combined, a statistically significant relationship

was formed with the whole cell response (p ¼ 0.03). Furthermore, when the two

immunoassays were combined, a statistically significant relationship was found

between a positive antigenic finding, and both types of gastric cancer individually,

and both types combined (p ¼ 0.02, p ¼ 0.01, p ¼ 0.003, respectively).

In the case ofH. pylori and gastric cancer, we can see that a serious illness can be
correlated with a microbe, even though some study constructions do not show a

correlation. This addresses the second argument, mainly that if all studies do not

show a microbe is correlated with an illness, then the microbe must be a mild

pathogen. It may be worth noting that in the case of Blastocystis studies, many of

the most frequently cited studies, especially the ones that produced conflicting

information, did not specify how patients were divided into symptomatic and

asymptomatic groups with enough detail to allow us to replicate them. That is,

we do not know how the symptoms typically found in this patient population, such

as diarrhea, vomiting, nausea, fatigue, abdominal pain, and constipation would

translate into an assignment to the symptomatic group or asymptomatic group.

This is particularly problematic for enteric protozoal infections, as individuals with

diarrhea commonly constitute only a third of the symptomatic group (Qadri et al.

1989; US EPA 1979).

7.3 What Kind of Decisions Need to Be Made Concerning

Blastocystis?

Although the discussion concerning Blastocystis is often portrayed as “pathogenic

versus nonpathogenic,” the actual decisions that concern the microbe can span a

much larger range. Examples of decisions that face institutions and individuals include:

1. If Blastocystis is found in a patient who is symptomatic, what actions should be

taken?

(a) Should additional testing be performed?

(b) If additional testing is negative, should treatment be attempted?

(c) Should the patient be informed about the infection?

(d) If the patient is informed, what additional information should be provided?
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2. If researchers studying psychosomatic illness perform a study on patients with

“irritable bowel syndrome,” should those researchers required to test patients for

parasitological infections first?

If patients in such a study are positive for Blastocystis, should they be informed

of the infection?

Is it acceptable to require neuro-gastroenterologists (NGs) to inform IBS patients

of Blastocystis infection if those researchers disagree with the emphasis placed

on the germ theory in identifying gastrointestinal illness, for example as noted in

introduction to the Rome III Diagnostic Criteria for Functional Gastrointestinal

Disorders (Drossman 2006).

If NG’s must test IBS patients for infectious diseases, should microbiologists be

required to test diarrheal patients for things of interest to NG’s, such as early life

exposure to emotional stress or traumatic instances of material separation?

(Drossman 2006).

3. Should this country have a Blastocystis research effort?

4. Should lettuce or spinach contaminated with Blastocystis cysts be fed to humans?

5. If a food service worker at an elementary school develops chronic diarrhea, and

tests positive for Blastocystis, should that worker be informed of the infection?

If a particular physician opposes classification of Blastocystis as a pathogen, is it
acceptable for that physician to diagnose such an individual with IBS and refer

them to psychotherapy?

6. If some physicians believe that the food service worker should be informed of

the infection, but other physicians indicate that no information should be

provided, is that an acceptable situation?

7. Can an employer require a food service employee to be treated for Blastocystis

infection if they have been shown to have infected others through food handling

practices?

What if the employee’s physician opposes classification of Blastocystis as a

pathogen?

7.4 What Is a Metastudy?

Scientists often perform studies on populations of patients, but how do we perform a

study on a population of research papers? Unfortunately, there are few standards or

consensus decisions for examining a collection of studies and drawing a conclu-

sion.1 The Cochrane Reviews may be the most familiar example of a

1 In 2010, BRF submitted an early version of our metastudy on Blastocystis research to a journal,

and that paper consisted mostly of a list of studies finding Blastocystis pathogenic or nonpatho-

genic. A reviewer rejected the paper on the basis that scientific findings are largely the result of

researchers repeating studies until they obtain the result they want, and as such surveying papers or

tabulating study results was of no value. While this is an interesting idea, it creates a kind of

philosophical crisis, in that we would then be unable to use any scientific study result, if such

results are fabrications of researchers.
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methodological approach to decision making, but historically these have been

limited to decision making about the efficacies of treatment, rather than assessment

of clinical significance of microbial infections.2

One approach to decision making involves performing a “metastudy” and using

statistical methods similar to those used in patient population studies. A metastudy

analyzes research findings in the same way that a clinical study analyzes patients:

1. An initial selection criteria is applied to the database of studies. For example, a

search term like Blastocystismight be provided to a search engine like the NIH’s

Pubmed database.

2. From the studies returned in step #1, further selection criteria are applied to

eliminate studies that do not address the question being examined. For example,

a metastudy on antibiotic resistance might discard studies which did not examine

this particular phenomenon.

3. One or more study parameters are quantified and examined for correlation. For

example, a study that investigates whether physical therapy is valuable in the

rehabilitation of hamstring injuries might record the number of weeks each study

noted until return to normal function, along with the type of physical therapy (if

any) provided.

A metastudy differs from a review in that the studies being examined are

selected using a process which can be applied by other researchers in such a way

that the findings would be repeatable. Reviews can largely be the product of a

specific researcher, and as such, can be skewed in favor of the author’s particular

view, and are therefore not repeatable. The lack of repeatability can be seen by

comparing different reviews on the same subject.

7.5 The First Blastocystis Metastudy

By 2008, the NIH’s Pubmed server database had a total of 670 studies on

Blastocystis, but nobody had ever performed a metastudy on this group of studies.

Moreover, it appeared that some public agencies were engaging in a very selective

process when identifying which studies were deemed relevant concerning

Blastocystis significance. At BRF, we organized a diverse group of 11 Blastocystis
researchers from 9 countries to examine this collection of research and also to

examine the relationship between Blastocystis and IBS (Boorom et al. 2008). In

terms of researcher participation and number of countries represented, this study

may be the largest published on either Blastocystis or IBS (Table 7.2).

2We contacted the Cochrane Reviews group about this possibility, but they indicated that such a

study would likely be a low priority, because Blastocystis infection was not viewed as germane to

global world health goals.
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For each of the Blastocystis studies examined, we collected data about sample

size, study approach (animal studies, population studies, treatment studies), the year

of the study, etc. We also recorded the country where the study was performed. We

then sought to determine if any of those factors were related to findings of

pathogenicity.

At the time, a line of investigation had suggested that certain Blastocystis
subtypes may be pathogenic or nonpathogenic, and this was responsible for dis-

agreement among researchers. We were, expecting to see some kind of geographi-

cal clustering, but as happens sometimes in such studies, our actual findings were

very different and potentially more valuable:

1. We analyzed 680 studies, 102 of which provided a finding concerning pathoge-

nicity or nonpathogenicity. We excluded review studies, and letters to the editor,

surveys of enteric protozoa which did not report symptoms, etc. (Fig. 7.4).

2. Within the 102 studies, we found 16 studies identifying Blastocystis as non-

pathogenic, and 86 studies identifying it as pathogenic (Table 7.3).

3. All (16/16) studies identifying Blastocystis as nonpathogenic were conducted on

individuals from more affluent countries (Europe, US, and Australia). Half of the

16 studies (8/16) identifying Blastocystis as nonpathogenic were performed in the

USA before 1994.When studies performed outside of the USA, or after 1994 were

considered, 93 % (79/85) of such studies identified Blastocystis as pathogenic.

Table 7.2 Co-authors of a metastudy of Blastocystis research published in 2010 in BMC Parasites

and Vectors

No. Name Affiliation Country

1 Kenneth Boorom Blastocystis Research Foundation, Corvallis, OR USA

2 Huw Smith Scottish Parasite Diagnostic Laboratory

Glasgow

UK

3 Laila Nimri US Center for Disease Control and Jordan University

of Science and Technology

Atlanta, GA

Jordan

4 Eric Visclgliosi Pasteur Institute,

Lille, France

France

5 Gregory

Spanakos

National School of Public Health

Athens

Greece

6 Unaiza Parkar WHO Collaborating Centre for the Molecular Epidemiology

of Parasitic Infections, School of Veterinary and

Biomedical Sciences, Murdoch University

Australia

7 Lan-Hua Li Department of Preventative Medicine

Weifang Medical University

China

8 Xiao-Nong Zhou China National Institute of Parasitic Diseases China

9 Ulgen Ok Department of Parasitology

Celal Bayer University

Turkey

10 Saovanee

Leelayoova

Phramongkutklao College of Medicine

Bangkok

Thailand

11 Morris Jones US Air Force

Travis Air Force Base, CA

USA

We invited researchers from nine countries to participate in order to minimize the impact of

cultural beliefs on the study’s findings
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4. Overall, 44 % (8/18) of the studies performed in North America before 1994

identified Blastocystis as nonpathogenic, while 93 % (79/85) of the studies

performed after 1994 or outside of North America identified Blastocystis as

pathogenic.

5. In almost all studies (15/16) concluding that Blastocystiswas nonpathogenic, the
author had identified a specific property of Blastocystis infection thought to be

incompatible with pathogenicity. For example, the presence of symptomatic and

asymptomatic individuals in the same family was thought to be impossible if

Blastocystis were a pathogen (Senay and MacPherson 1990).

We mapped researcher findings for those studies conducted in the Western

Hemisphere, because most of the disagreement appeared to originate in this region

(Fig. 7.5). While some clustering existed, we could not explain the divergence of

opinion in terms of the spread of different Blastocystis subtypes, primarily because

of item #5 above. Mainly, researcher finding varied not because Blastocystis varied,
but because researchers themselves differed.

The most fascinating example of this involved one study published in 1993 by a

pair of California physicians (Dr. Edward K. Markell and Dr. Udkow) that noted

Blastocystis presence was uncorrelated with symptoms in patients from Oakland,

California (Udkow and Markell 1993). This paper became one of the five works

selected by the Center for Disease Control for that group’s Blastocystis Fact Sheet,
which was distributed from the CDC’s web site for over 10 years, from 2000 to

2010 (CDC 2000) (Table 7.4)

Qualifying Studies, 
102

Microbiological 
studies, 209

Surveys without 
clinical information, 

134

Reviews, 53

Immunocompromise
d patients, 49

Not about BL, 
40

Animals,
38

Not enough 
information in 
abstract, 36

Comments on other 
studies, 12 No conclusion 

discernable, 7

Categorizations of 680 Blastocystis Studies 
Examined

for a Systematic Review

Fig. 7.4 Analysis of NIH-

Indexed Blastocystis Studies
as of January 2008.

Qualifying studies were those

related to infection in

immunocompetent

individuals where the

researcher reported a finding

concerning pathogenicity

based on a scientific

investigation
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Table 7.3 In a survey of 680 Blastocystis studies published before January 2008, we identified 16
that found Blastocystis to be nonpathogenic, and 86 that found it to be pathogenic. Studies finding
Blastocystis to be nonpathogenic are shown in this table.

No.

Pubmed

ID Title Author

n
Subjects Year Location

1 2889924 Lack of serum immune response to

Blastocystis hominis

Chen 1987 USA

2 3766850 Blastocystis hominis: pathogen or

fellow traveler?

Markell 148 1986 USA

3 3055191 Blastocystis hominis: an organism in

search of a disease

Miller 1988 USA

4 8463612 Blastocystis hominis in inflammatory

bowel disease

Nagler 12 1993 USA

5 2596457 Questionable clinical significance of

Blastocystis hominis infection

Sun 6,262 1989 USA

6 2229995 Frequency of recovery of Blastocystis
hominis in clinical practice

Zuckerman 1990 USA

7 13677378 Clinical characteristics and

endoscopic findings associated

with Blastocystis hominis in

healthy adults

Chen 292 2003 Taiwan

8 10414382 Prevalence and clinical relevance of

Blastocystis hominis in diverse

patient cohort

Cirioni O. 1,216 1999 Italy

9 9158042 Epidemiologic survey of Blastocystis
hominis infection in Japan

Horiki 6,476 1997 Japan

10 8545396 Blastocystis hominis: a common

commensal in the colon. Study of

prevalence indifferent

populations of Paris

Junod 7,677 1999 France

11 16105126 No correlation between clinical

symptoms and Blastocystis
hominis inimmunocompetent

individuals

Leder 2,800 2005 Australia

12 2401797 Blastocystis hominis: epidemiology

and natural history

Senay 1990 Canada

13 7578767 Is Blastocystis hominis a cause of

diarrhea in travelers? A

prospective controlled study in

Nepal

Shlim 301 1995 Nepal

14 2218447 Etiology of diarrheal diseases in

immunocompetent and HIV-

positive patients

Steinman 206 1990 Germany

15 10816147 Enteropathogens in adult patients

with diarrhea and healthy control

subjects: a 1-year prospective

study in a Swedish clinic for

infectious diseases

Svenungsson 1,053 2000 Sweden

16 8515120 Blastocystis hominis: prevalence in

asymptomatic versus

symptomatic hosts

Udkow 1993 USA

All studies identifying Blastocystis as pathogenic were performed on individuals from affluent

countries. Most of the studies characteristics of Blastocystis infection which would seem to be

unlikely in a pathogen. However, most of those characteristics had previously reported in

E. histolytica and G. intestinalis patients
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But the same property had been reported for G. intestinalis and E. histolytica in

two papers studying patients in the same region a few years earlier:

No correlation between symptoms and the presence of absence of infection <with Giardia

lamblia and Entamoeba histolytica> could be detected

–Intestinal Parasitic Infections in Homosexual Men at a San Francisco Health Fair,
1983
No relation was seen between the presence or absence of gastrointestinal symptoms and

infection with pathogenic protozoa.

–Intestinal protozoa in homosexual men of the San Francisco Bay area: prevalence and
correlates of infection, 1984

Following the rules of logic, if correlation with symptoms in humans is to be

used as a litmus test for pathogenicity, one would need to understand why

G. intestinalis and E. histolyticawere uncorrelated with symptoms in those regional

Fig. 7.5 Research conclusion in Blastocystis studies during two time periods. Most studies

identifying Blastocystis as nonpathogenic were published between 1986 and 1993, and in those

studies researchers generally identified characteristics of Blastocystis that were common to

G. intestinalis and E. histolytica. After 1994, those studies became increasingly rare. Research

came to a halt in the USA, possibly due to a policy change at the US National Institutes of Health,

where staff members began informing potential Blastocystis researchers that no evidence existed

to suggest Blastocystis was pathogenic
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studies. Without knowing why the lack of correlation existed for known pathogens,

it is not possible to state that a lack of correlation proves nonpathogenicity.

In this case, it is likely that Dr. Markell was aware of the two papers noted above,

as he was listed as the primary author for both of them. In reviewing Markell’s other

work, it appears that he never published a paper that identified a statistically

significant relationship between any enteric protozoal infection and symptoms. So

we can rephrase the scientific question to, “Why did all of Markell’s studies show

no correlation between G. intestinalis, E. histolytica, and Blastocystis and

symptoms?” Identification of cases where the same property is interpreted differ-

ently depending on researcher goals suggests that researcher interpretation has

played a large role in study outcome.

There are, in fact, many counterintuitive findings that exist for enteric protozoal

infections. In our review paper, we included a collection of these in an appendix

called “Characteristics of Known Enteric Pathogens and Diseases.” A copy of that

appendix is included in the supplementary material for this chapter.

7.6 Analyzing Blastocystis Controversy

Our systematic analysis showed that most of the written controversy about

Blastocystis occurred in the late 1980s and early 1990s, when a number of US

physicians were publishing papers on behavior in Blastocystis thought to be incom-

patible with pathogenicity. The controversy peaked between 1988 and 1990, with

researchers trading angry letters in the Journal of Clinical Microbiology. That

exchange appeared to be the origin of the notion of Blastocystis as a controversial
pathogen (Markell and Udkow 1990a,b; Rosenblatt 1990; Zierdt 1991).

Table 7.4 Studies cited by the US Center for Disease Control Blastocystis Factsheet, 1991–2010

Albrecht H, Stellbrink HJ, Koperski K, et al. Blastocystis hominis in human immunodeficiency

virus-related diarrhea. Scand J Gastroenterol 1995;30:909–914

Markell EK, Udkow MP. Blastocystis hominis: pathogen or fellow traveler? Am J Trop Med Hyg

1986;35:1023–1026

Miller RA, Minshew BH. Blastocystis hominis: An organism in search of a disease. Rev Infect Dis

1988;10:930–938

Udkow MP, Markell EK. Blastocystis hominis: prevalence in asymptomatic versus symptomatic

hosts. J Infect Dis 1993;168:242–244

Zuckerman MJ, Watts MT, Ho H., et al. Blastocystis hominis infection and intestinal injury. Am J

Med Sci 1994;308:96–101

The works of Markell and Udkow had an extraordinary influence on US thought, to the extent that

their work was virtually the sole source cited for information on Blastocystis until 2010, when that
agency replaced the fact sheet and updated the references. By 2010, the average age of the

references in this list was 18.6 years. Copies of both fact sheets appear in the supplemental files

to this chapter
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Dr. Edward K. Markell, a physician with a health maintenance organization

(HMO) in Oakland, California, and coauthor of the venerable Markell’s Medical
Parasitology, became particularly well known for his efforts in this area. Dr. Markell

passed away in 1998, and Blastocystis appears to have followed him to the grave:

He strongly believed that Blastocystis was not a pathogen, and he led virtually a one-man

campaign to draw attention to its coincidental association with disease.

In Memorian, Edward K. Markell, Parasitology Research, 1999 (Editor 1999)

Markell’s work can be shown to be extraordinarily influential on Blastocystis
opinion in the USA, to the extent that US federal policy from the mid-1990s to around

2010 was largely based on his research. The NIH’s Pubmed database shows Markell

authored five works on Blastocystis, but only two of those were research studies. The
other three works were letters where Markell praised researchers who duplicated his

findings, or attacked those who contradicted them. Despite this, both of those studies

earned a place in theUSCenter ofDisease Control’s factsheet onBlastocystis, and one
of those studies remain among the most cited Blastocystis papers of all time

(Table 7.5).

Those five studies were the only ones cited on the US CDC Fact Sheet, which

appeared on that organization’s web site with few changes from February 2000 to

March 2008, according to data archived from that organization’s web site (CDC 2000).

The agency added four additional references in late 2008, one of which questioned

Blastocystis pathogenicity, two of which were performed in Zambia and China, and

one which described treatment of children in Mexico with the drug nitazoxanide (CDC

2008). The agency did not include any study suggesting Blastocystis could cause illness
in immunocompetent adults in developed Western countries until 2010, when an

entirely revised fact sheet was released. That fact sheet excluded all five of the original

studies cited in 2000. The new revision represented the first time when clinical studies

of immunocompetent adults performed in the twenty-first century appeared in the fact

sheet (CDC 2011). Copies of the original 2000 version and the 2010 revision are

included in the supplementary material for this chapter.

In developing decision-making methodologies, there can be value in understanding

if the methodology used in selecting research studies may be producing a bias in favor

of a particular viewpoint. This can be done by calculating metrics for the research

studies selected for an analysis, and determining if those studies are more likely to

exhibit a property which could skew the conclusion. In the case of the five studies in

Table 7.4, there are several metrics we can calculate, which might help identify a more

neutral process for study selection. For example, in 2010 when the CDC data sheet was

updated, the average of five studies identified by the sheet was over 18 years.

7.7 Assessing Confidence and Overconfidence in Medical

Findings

Collecting statistics about researcher methods can help prevent cultural biases from

influencing study conclusion, and later public policy. This process can also be

performed in a way which is “conclusion-neutral” in any specific scientific
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controversy. That is, we can agree to refrain from using certain practices that would

be expected to produce an incorrect decision, and we can create those guidelines

before the controversy begins. For example, we might agree that a list of references

should not over-represent the work of one particular author. We might agree that we

should not rely exclusively on very old studies, because that could also misrepre-

sent the current level of understanding concerning a scientific topic. We might even

want to favor studies that are more recent, since science is often viewed as an

iterative process, and newer studies are likely to be constructed and reviewed by

individuals who have more access to information about the subject.

In examining historical mistakes in medical science concerning microbial patho-

genesis (Table 7.7), it can be seen that errors frequently originate from overconfi-

dence in research findings from a single author or group, even before that finding has

been reproduced by other researchers. Overconfidence in the lack of an association

between a microbe and illness has been demonstrated as well (Table 7.8). Dr. Barry

Table 7.5 The ten most frequently cited Blastocystis papers, based on a search for the word

“Blastocystis” in the title of all journal articles indexed in the scientific collections of Google

Scholar, performed on May 29, 2012

N

Number

of times

cited

Year of

publication

First

author Title Journal

1 288 1996 Dunn Blastocystis hominis revisited. Clinical Microbiology

Reviews

2 222 1991 Zierdt Blastocystis hominis—past and

future

Clinical Microbiology

Reviews

3 127 1986 Sheehan Association of Blastocystis

hominis with signs and

symptoms of human disease

Journal of Clinical

Microbiology

4 135 1993 Doyle Epidemiology and

pathogenicity of

Blastocystis hominis

Journal of Clinical

Microbiology

6 134 1993 Boreham Blastocystis in humans and

animals: morphology,

biology, and epizootiology

Advances in

Parasitology

7 111 1986 Markell Blastocystis hominis: pathogen

or fellow traveler?.

American Journal of

Tropical Medicine

and Hygiene

8 109 1967 Zierdt Protozoan characteristics of

Blastocystis hominis.

American Journal of

Clinical Pathology

9 108 2002 Tan Recent advances in Blastocystis

hominis research: hot spots

in terra incognita

International Journal for

Parasitology

10 104 1997 Clark Extensive genetic diversity in

Blastocystis hominis

Molecular and

Biochemical

Parasitology

Google Scholar is a publicly accessible database of scientific literature which, in addition to

Pubmed, is commonly cited in statistical studies of scientific literature. It represents one of the

largest publicly available collection of citations to such literature. Google Scholar differs from the

search engine Google in that the Google Scholar does not index web pages, and instead indexes

scientific books and papers.
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Marshall, who shared the 2005 Nobel Prize for discovering the role of H. pylori in
stomach ulcers, devoted a book to the subject of the number of times the relationship

had been discovered before and lost to history due to researcher harassment by the

medical community (Marshall 2002). The three-century delay between the discovery

of G. intestinalis and its designation as a pathogen is examined in more detail in the

next Chapter. A more recent example of the failure to recognize a pathogen would be

Table 7.6 An account of Markell’s life noted that he waged a “virtually one-man campaign

against” the idea of Blastocystis being pathogenic, and his work was extraordinarily influential on

medical thought in the USA (Table 7.4) This table shows items associated with Markell and

Blastocystis from the NIH’s Pubmed database.

Year Type Journal Title Details

September

1986

Study Journal of

Clinical

Microbiology

Blastocystis hominis:
pathogen or fellow
traveler?

Asserted that another cause,

such as IBS or another

infection, could be found

in all Blastocystis patients

March 1988 Letter Journal of

Clinical

Microbiology

Association of
Blastocystis
hominis with
human disease

Markell objects to

publications by Sheehan,

et al. and Pikula, et al.

linking Blastocystis to
illness in humans

May 1990 Letter Journal of

Clinical

Microbiology

Association of
Blastocystis
hominis with
human disease?

Markell objects to papers by

Qadri, et. al. and

Sheehan, et al. linking

Blastocystis to illness in

humans

June 1990 Letter Western Journal

of Medicine

Blastocystis hominis Markell objects to

publication by Babb,

et al. identifying

Blastocystis in joints of

an immunocompromised

patient

July 1993 Study Journal of

Clinical

Microbiology

Blastocystis hominis:
prevalence in
asymptomatic
versus symptomatic
hosts

Markell identifies

Blastocystis at a similar

prevalence in

symptomatic (12.8 %)

and asymptomatic

(11.5 %) patients,

suggests that patients will

be harmed by physicians

who investigate

Blastocystis

July 1995 Letter Clinical

Infectious

Diseases

Is There Any Reason to
Continue Treating
Blastocystis
Infections?

Markell praises study on

expatriates living in

Nepal that found

Blastocystis infection at a

similar prevalence in

healthy and diarrheal

patients

Markell only published two papers on Blastocystis before he died in 1998. Most (4/6) of Markell’s

Blastocystis citations are complaints he made against other researchers who published papers that

conflicted with his findings, or praise for researchers who corroborated his work
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the decision in 2000 by the leadership of South Africa to promote the view that the

HIV virus is only incidental in the development of AIDS.

A great deal of the controversy surrounding Blastocystis appears to have

originated from the extraordinary level of confidence possessed by a few early

researchers. In medical research, self-confidence may play a greater role in

influencing opinion than it does in scientific research, where repeatability is more

valued. As one interesting illustration of this phenomenon, Markell attacked a study

where a researcher had identified Blastocystis cells in the joint fluid from a patient

being treated with immunosuppressive drugs, insisting that the researcher had

fabricated the data, or mis-identified the Blastocystis cells (Lee et al. 1990). But

Markell had never performed a study on an immunocompromised patient. How

could he have such confidence that the researcher was in error, since Dr. Markell’s

studies were exclusively performed on immunocompetent patients?

7.8 Decision Making Theory and Management Errors

Tables 7.7 and 7.8 suggest that there are a number of cases where a great deal of

morbidity and mortality could have been avoided by following up on researcher

findings in a timely manner. In reviewing this history, it may be tempting to assume

that the decision makers of the time were corrupt or diabolical. But the difficulty in

developing policies to address this problem lies in the fact that post-mortem

investigations show little if any malfeasance on the part of the decision markers.

There is a body of research known as “Behavioral Decision Theory” which

examines why this is true, especially as it relates to economic decisions and recent

financial disasters (Bazerman and Moore 2009). This field of research is finding its

way into medical science: the most frequently accessed paper in the Public Library

of Science’s journal PLOS-One is entitled, “Why Most Published Research

Table 7.7 Type 1 errors (incorrect attribution of a cause and effect) in medical studies

N Journal PI, Finding Retracted/explained

Oct 2001 Science Mikovits, XMRV found at significantly

increased rate in CFS patients

Oct 2011 (Silverman

et al. 2011)

Feb 1998 Lancet Wakefield, MMR virus from vaccinations is

found in colonic biopsies from autistic

children, and causes autism

Mar 2004

Feb 2010 (full)

(Dyer 2010)

Dec 1986 Infection &

Immunity

Mirleman, E. dispar turns into E. histolytica Dec 1993 (Clark and

Diamond 1993)

1926 (Nobel Prize in

Medicine)

Fibiger, Cancer can be induced in rats by

infecting them with Spiroptera
neoplastica

1930–1935 (Stolt

et al. 2004)

In many cases, studies appeared to be revolutionary, and were embraced by portions of the medical

community, but were subsequently found to result from experimental error. Applying simple

criteria, such as requiring the finding to be independently produced by three different laboratories

in three different countries, can help avoid false alarms
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Findings Are False.” An examination of this literature is of value, because it can tell

us how we would need to approach decision making differently in medical science

in order to avoid situations like those in Tables 7.7 and 7.8.

Harvard Law Professor Max Bazerman proposed the concept of “bounded

ethicality” to explain this type of behavior in his book, “Judgment in Managerial

Decision Making” (Bazerman and Moore 2009). As noted, in most egregious

failures of management decision making, there is little evidence that the people

making decisions were consciously harming others to promote their own interests.

The committees of physicians that dismissed Vibrio cholerae as a cause of cholera
in the 1840s had little to gain from the decision. Physicians who intimidated

H. pylori researchers saw no gain from their behavior (Marshall 2002). Of the

researchers listed in Table 7.7, Dr. Wakefield eventually lost his license to practice

medicine in the UK, and a warrant was issued for the arrest of Dr. Mikovits,

following allegations of the theft of research notebooks. As such, it is difficult to

fit such researchers into a paradigm of individuals following well-designed plans to

hoodwink the public.

Rather, the decision-making process told leaders that their actions were correct.

Experiments on human subjects who are also experts in their field suggests that

certain biases are so strong, that experts will consistently make the wrong decisions

in certain situations, and that behavior can be repeatably demonstrated in human

experiments. (Bazerman and Moore 2009). These biases are strongest in the

following situations (Montier 2010):

Table 7.8 Type 2 errors in medical decision making (failure to recognize a cause of a disease).

Organism

Duration of investigatory/indeterminate

period (discovery in symptomatic

humans to acceptance as pathogen)

Organization or individual credited

with transitioning organism to

pathogenic status

Vibrio cholerae 36 years (1849–1884) Robert Koch

Giardia
intestinalis

298 years (1681–1978) US EPA Symposium on Giardia
(Smith and Wolfe 1980)

Cryptosporidium
sp.

10 years (1976–1997) Various, including US Congress

(Matukaitis 1997; Ortega et al.

1993)

Helicobacter
pylori

91 years (1892–1984) Marshall & Warren

University of Western Australia

(Marshall and Warren 1984)

Escherichia coli 36 years (1947–1983) Riley

US Center for Disease Control

(Wells et al. 1983)

Norovirus 2 years (1971–1972) NIH lab (Wyatt et al. 1974)

Blastocystis 100 years (1911–present) Various

Errors of judgment are common in major infectious diseases, and disputes generate as many angry

comments today asthey did in the 1850s, when experts opposed research identifying Vibrio
choleae as the causative agent in cholera (Boorom 2009). The field of microbiology has not

developed institutionally recognized methodologies for ascertaining pathogenicity. As a result,

investigations into enteric pathogens can often span decades. In many cases, the issue of pathoge-

nicity is not decided within the medical or scientific community, but rather by government

legislation, as was the case for G. intestinalis and Cryptosporidium spp.
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1. The problem is ill structured and complex.

2. The information is incomplete, ambiguous, and changing.

3. Goals are ill-defined, shifting, or changing.

4. When stress is high due to time constraints or a high stakes.

5. When decisions rely on interaction with others.

In reviewing these factors, it is not difficult to see why physicians make mistakes

about pathogenicity, as these factors exist in abundance in medical research. When

we understand the idea of “bounded ethicality,” the mistakes in Tables 7.7 and 7.8

can be seen in a different light. That is, researchers like Wakefield and Mikovits

probably did not intentionally skew the findings of a study in order to produce a

specific conclusion. In fact, the factors that lead them to publish and continually

defend those findings may have operated at the sub-conscious level.

7.9 A Metric for Assessing Confidence in Research Findings

How can we develop systems that provide us with reliable and timely answers about

microbial infections? One approach is to implement a structured decision-making

process, as a substitute for unstructured decision making by experts. A researcher

who calculates confidence intervals for relative risk from a contingency table uses a

structured process, while a physician who draws a conclusion from a “gut feeling”

is using an unstructured process. When a structured process replaces expert guid-

ance, there is sometimes objection that a formula cannot replace the experience and

wisdom of an expert. However, in many cases, an evidence-based structured

process will out-perform unstructured decision making by experts, because such

unstructured decision making is prone to bias (Montier 2010).

In the next chapters, we will discuss specific findings about Blastocystis, and we
will use a structured decision making system to assess the level of confidence we

should have in those findings. The following criteria are used to classify findings:

1. High confidence findings are those corroborated by at least three different

research groups operating in three different countries, and where no contradic-

tory studies exist, or where contradictory studies number <10 % of studies with

the positive finding.

2. Medium confidence findings are those reported in at least one study, the

conclusions of which are not contradicted by another study. Additionally, the

findings must either identify a phenomenon which is known to be true for all

similar infectious diseases or which is supported by the presence of circumstan-

tial evidence from several other studies.

3. Findings which do not meet any of these criteria occasionally work their way

into the medical community, and these are discussed as well.
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The following provides two examples of the application of these criteria:

1. “Is Blastocystis transmitted by contaminated water?” In 2000, researchers from
the USA and Jordan had independently suggested an association between

contaminated or untreated water and Blastocystis infection (Nimri and Batchoun

1994; O’Gorman et al. 1993). With just two studies, this could not be a High

Confidence Finding. Since all highly prevalent pathogenic protozoa (Cryptospo-
ridium spp., G. intestinalis, E. histolytica) are known to be transmissible via

contaminated water, this would be classified as a “Medium Confidence Finding.”

An additional study appeared in 2004 from Thailand implicating waterborne trans-

mission of Blastocystis infection (Leelayoova et al. 2004). Between 2007 and 2012
close to a dozen studies appeared in the literature from multiple countries, including

ones which genotyped Blastocystis in humans and water samples (Leelayoova et al.

2008). As such, at the current time, transmission of Blastocystis by contaminated

water would be considered to be a “High Confidence” finding.

2. “Can symptomatic and asymptomatic Blastocystis infection in humans be
explained primarily by variation in pathogenicity of different Blastocystis
subtypes?”: As a second example, in 2006, some findings could be extended to

suggest that symptomatic and asymptomatic infection may be dependent on differ-

ent subtypes of Blastocystis (Tan and Suresh 2006a,b). However, the evidence for

this was based on findings from one laboratory, which does not mean it was

incorrect, but it may have been related to some other variable or process. Addition-

ally, while parasite genotype has been important in differentiating E. histolytica/
dispar infection, it has not been as significant in explaining symptomatic and

asymptomatic in G. intestinalis or Cryptosporidium spp., so it does not meet the

universality criteria described previously. Additionally, there was not a great deal of

circumstantial evidence, for example, symptomatic and asymptomatic Blastocystis
infection did not cluster in certain areas or families. Subsequent studies from

multiple sites showed that the same subtypes of Blastocystis are present in symp-

tomatic and asymptomatic patients (Dogruman-Al et al. 2009; El-Shazly et al.

2005), suggesting other factors may be more important in determining asymptom-

atic or symptomatic infection. As such, the proposal that symptomatic and asymp-

tomatic infection is determined by Blastocystis subtype does not meet the criteria for

either a high-confidence or a medium-confidence finding at this time.

The Blastocystis Research Foundation (BRF) began categorizing studies on

Blastocystis infection in 2006 for our metastudy paper. The initial effort was limited

to categorization of studies by researcher finding (pathogenic or nonpathogenic).

We continued distributing the list of those two categories of studies, but we found

that researchers were also interested in lists of other studies into specific areas of

Blastocystis. In, we extended the original two-category list to include additional

categories, with the complete list as follows (as of March 17, 2012):

Studies Identifying Blastocystis as Pathogenic or Correlated with Symptoms (157 studies)
Studies Identifying Blastocystis as Nonpathogenic or Uncorrelated with Symptoms

(17 studies)
Studies Identifying Giardia and E. histolytica as Nonpathogenic, Uncorrelated with

Symptoms, or Not Requiring Treatment (37 studies)
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Studies of Blastocystis and Irritable Bowel Syndrome (IBS) (22 studies)
Studies Linking Blastocystis to Inflammatory Bowel Disease (12 studies)
Studies Describing the Physiological Effect of Blastocystis in Humans and Pathogenesis of

Blastocystosis (16 studies)
Studies Describing How to Detect Blastocystis in Humans (31 studies)
Animal Models for Blastocystis Infection (19 studies)
Antibody Response to Blastocystis (19 studies)
Culturing Blastocystis (63 studies)
PCR Detection of Blastocystis (50 studies)
Blastocystis Treatment Studies and Reviews (46 studies)
Studies Identifying the Proportion of Blastocystis Monoinfections that are Symptomatic (3

studies)
Selected Studies on the Role of IL-8 and Nitric Oxide in Blastocystis infection, IBS, and
Helicobacter pylori infection (23 studies)

7.10 High Confidence Findings

In population studies of groups of 10 or more adults from non-Asian countries,
between 68 % and 100 % of all individuals with Blastocystis mono-infections
report gastrointestinal symptoms: A study published in 2002 by a US researcher

surveyed 2,896 stool samples collected in 2000 and found that 69 % (400/581) of

the individuals the Blastocystis mono-infections reported symptoms (Amin 2002).

A 2010 study noted that 63 % (12/19) of zookeepers studies were found to have

Blastocystis infection and only Blastocystis infection (Parkar et al. 2010). All of

those cases (100 %, 12/12) were symptomatic. And a study of 108 food handlers in

Egypt who were mono-infected with Blastocystis found that 68.5 % were symp-

tomatic (Fathy 2011).

Blastocystis can be transmitted by contaminated water: Researchers have

identified an increased risk of Blastocystis infection in groups consuming untreated

water in studies from the USA (O’Gorman et al. 1993), Thailand (Leelayoova et al.

2004), and China (Li et al. 2007b). Genotyping studies have shown the type of

Blastocystis present in water matches the type in individuals infected with

Blastocystis (Leelayoova et al. 2004; Li et al. 2007b). Viable Blastocystis has

been demonstrated in sewage samples (Suresh et al. 2005) and in recreational

water samples (Ithoi et al. 2011).

Blastocystis infection is found at an elevated rate in IBS patients from all non-
Asian countries: The first study that suggested Blastocystis was causing IBS was

published in 1997 by a University research group in Karachi, Pakistan (Hussain

et al. 1997).3 Six studies from five countries are summarized in Table 7.9. The

relationship between Blastocystis and IBS does not appear in Thai patients

(Surangsrirat et al. 2010; Tungtrongchitr et al. 2004).

3 This finding was in contrast to Markell’s 1986 paper, which indicated that Blastocystis patients
could be diagnosed with IBS (Markell and Udkow 1986).
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Experimental infection of laboratory animals with Blastocystis will produce
gastrointestinal or physiological symptoms, but only if large numbers of cysts are
used: One of the first reports of symptoms in a laboratory animal following

experimental infection was published by a research group from Singapore, describ-

ing experimental infection of mice in 1997 (Moe et al. 1997). This was followed by

additional studies in mice from China in 2005 and 2006 which reported severe

symptoms and death (Yao et al. 2005; Zhang et al. 2006). A study followed on

experimental infection of rats with 40 million cysts in Egypt in 2008 which reported

severe inflammation and precancerous polyps (Hussein et al. 2008). A 2010 study

on murine infection noted no changes mice inoculated with 100 or 100,000 cysts,

but did note significant changes in mice inoculated with 47 million cysts (Elwakil

and Hewedi 2010) Studies describing high levels of oxidative stress in urine

samples from experimentally infected rats were reported by a Malaysian group in

2010 (Chandramathi et al. 2010b), and the group noted that urine samples from

humans exhibited a similar phenomenon in humans (Chandramathi et al. 2009).

A 2009 study from a Japanese group noted changes in cytokine response in

experimentally infected rats, but no histological changes in biopsies of rats. The

animals were inoculated with 100,000 cysts (Iguchi et al. 2009).

The prevalence of Blastocystis infection varies substantially between different
geographies and different groups within a single country: The largest study of

Blastocystis infection in different groups within the same country was performed in

China and published in 2010 (Li et al. 2007a) and noted a prevalence varying from a

low of 1.9 % in the Shanghai municipality to a high of 32.6 % in Yunnan province.

Table 7.9 Blastocystis is significantly correlated with irritable bowel syndrome (IBS) in all

studies from non-Asian countries

No. Year Country

Blastocystis
infection rate in IBS

patients

Blastocystis in asymptomatic

controls or general population

1 2011 (Jimenez-

Gonzalez et al.

2011)

Mexico 31.1 % (14/45) 13.3 (6/45)

2 2010 (Yakoob et al.

2010a)

Pakistan 53 % (90/171) 16 % (25/159)

3 2010 (Dogruman-Al

et al. 2010)

Turkey 76 % (13/21) 11.6 (5/43)

4 2005 (Windsor

2007)

UK 38 % (n > 800) 7 %

5 2004 (Yakoob et al.

2004b)

Pakistan 46 % (44/95) 7 % (4/55)

6 1999 (Giacometti

et al. 1999)

Italy 18.5 % (15/81) 7.5 % (23/307)

This relationship does not appear to be present in Thailand, based on data from two studies

(Surangsrirat et al. 2010; Tungtrongchitr et al. 2004). Variations in prevalence of infection in IBS

patients between studies may be largely due to different detection methods used, which included

PCR detection, stool culture, and less-sensitive staining techniques
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This is the only large population study (n ¼ 2321) performed using a detection

technique (stool culture) considered by most researchers to be reliable. Studies from

additional countries showing substantially different prevalences of infection are

shown in Table 7.9. A study on Blastocystis in zookeepers from Australia and

Europe reported a prevalence of 63 % (12/19) in the zookeepers (Parkar et al. 2010),

which was higher than the prevalence in the zoo animals (!) All individuals infected

with Blastocystis in that study reported gastrointestinal symptoms.

It should be noted that researchers sometimes misrepresent the frequency of

detection of Blastocystis in clinical samples as the prevalence in the population.

However, this practice is incorrect, as clinical samples usually come from patients

with an illness, and such samples will often contain Blastocystis much more often

than samples from the general population. Additionally, as clinical detection

methods have a sensitivity of <40 % (Dogruman-Al et al. 2010; Leelayoova

et al. 2002; Stensvold et al. 2007), it is not reasonable to represent figures from

those methods as a prevalence.

The diagnostic techniques commonly used in clinical settings fail to detect
most Blastocystis infections: One of the first studies to note this relationship was

published by a Thai research group in 2002, noting that the sensitivity of smear and

concentration techniques was about 32.3 % compared to in vitro culture

(Leelayoova et al. 2002). This finding was repeated in 2004 with a study on UK

patients (Suresh and Smith 2004). Additional studies performed in Denmark noted

that staining and concentration techniques in common use in Europe would detect

about a third of the infections identifiable by polymerase chain reaction (PCR) or

stool culture (Stensvold et al. 2006, 2007). A pair of US studies noted the identifi-

cation of Blastocystis infection in a majority of patients with chronic gastrointesti-

nal illness, even though most patients had been found to parasite-negative by

clinical laboratories (Jones et al. 2009; Whipps et al. 2010). A study on Turkish

patients published in 2010 noted that trichrome staining would detect only about a

third of the infections detectable by PCR and stool culture (Dogruman-Al et al.

2010). A 2010 comparison study in which the same stool samples were analyzed by

multiple European reference laboratories found that agreement between

laboratories for Blastocystis detection was the worst for any intestinal parasite

examined (Utzinger et al. 2010).

In Blastocystis mono-infections, the following symptoms are among the most
common reported by Blastocystis patients: diarrhea, abdominal pain, vomiting,
flatulence, and fatigue: This symptomatic distribution was first reported in a

study of 239 mono-infected patients from Saudi Arabia in 1989 (Qadri et al.

1989). A similar distribution was found in a study of Blastocystis mono-infection

in 39 children in the USA in 1993 (O’Gorman et al. 1993), as well as a study of 38

mono-infected schoolchildren in Jordan in 1993 (Nimri 1993). Similar symptoms

were noted in a study of 23 mono-infections from Egypt in 2005 (El-Shazly et al.

2005), and in 108 mono-infections reported from Libya in 2007 (Al-Fellani et al.

2007), and a detailed molecular study of Blastocystis subtypes, coinfections, and
symptoms in 92 patients from Denmark in 2009 (Stensvold et al. 2009).
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Blastocystis subtype 3 is the most common type of Blastocystis infection in
most Western countries: The first subtyping of isolates from aWestern country was

performed in Denmark in 2006 and identified subtype 3 as the most prevalent

variant (Stensvold et al. 2006). This was followed by similar findings from a

Greek study in 2008 (Menounos et al. 2008), a US study in 2009 (Jones et al.

2009), a French study in 2009 (Souppart et al. 2009), a Mexican study in 2011

(Jimenez-Gonzalez et al. 2011), and a Swedish study in 2012 (Forsell et al. 2012).

Subtype 3 is also the most common Blastocystis type found in Egypt (Hussein et al.
2008; Souppart et al. 2010) and China (Li et al. 2007a). Different subtype

distributions have been found in a 2012 Australian study (Nagel et al. 2012),

where Subtype 1 was the most common (45 %) and subtype 3 was as common as

subtype 4 (36 %). In Nepal, 86.4 % of Blastocystis infections were found to be made

up of subtype 4. Additionally, in Denmark, subtype 4 was found to be the most

common subtype among patients with acute (rather than chronic) diarrhea

(Stensvold et al. 2011).

In Western countries, age is a risk factor for the development of long-term
illness with Blastocystis infection. That population consists primarily of
individuals over 30: The average age of individuals with long-term illness

associated with Blastocystis mono-infection is usually significantly greater than

the average age of the population studied. This relationship holds true in studies

conducted in Turkey (Dogruman-Al et al. 2010), Mexico (Jimenez-Gonzalez et al.

2011) and Pakistan (Yakoob et al. 2010b), with a typical average age of 41 years

reported in such studies.

Blastocystis upregulates production of the inflammatory cytokine IL-8: This
was first reported in 2001 in a German study of Blastocystis cells co-cultured with

human colonic cells (Long et al. 2001), and then again in two studies in 2008 from

Singapore labs which noted differences between subtypes in IL-8 upregulation

behavior (Mirza and Tan 2009; Puthia et al. 2008). Similar findings were reported

in 2010 from a co-culture study performed in Malaysia (Chandramathi et al. 2010a).

An interesting finding noted in the next section is that individuals with a polymor-

phism which upregulates production of the cytokine IL-8 are much more likely to

show symptoms when infected with Blastocystis (Olivio-Diaz, 2012).

7.11 Medium Confidence Findings

In adult Blastocystis patients, the duration of infection approaches or exceeds
1 year and may last indefinitely in some individuals:A Japanese study was the first

to report multiyear Blastocystis infection, which was accompanied by a steadily

increasing immune response to the infection (Kaneda et al. 2000). Studies from the

USA and other countries have related Blastocystis infection to long-term illness in

patients, which has been found to be of a duration of 5 years or more (Jones et al.

2009). A Thai study followed adult caregivers at an orphanage and found that

children cleared Blastocystis in an average of 2.6 months (median age 10 months),
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while adults cleared Blastocystis in an average of 10 months (median age 37 years)

(Pipatsatitpong et al. 2012).

Expression of symptoms in Blastocystis infection may depend significantly on
the host’s genetic characteristics: The first study to note a specific host genetic

effect in Blastocystis infection was performed on 45 patients and 45 controls in

Mexico and found that two mutations that up-regulate IL-8 and IL-10 production

were significantly associated with symptomatic expression in hosts, with the IL-

8 characteristic potentially accounting for 45 % of the etiological fraction of illness

(Olivo-Diaz et al. 2012). Relationships between host genetic traits and symptomatic

expression in microbial illness can be identified for most major pathogens. The

most common example may be that heterozygous carriers of the sickle cell trait

exhibit resistance to extreme symptoms in malaria. Blood type A has been found to

confer protection against infection with E. histolytica (Haque et al. 2003). Hosts

with blood types A and AB may be more likely to experience symptomatic

infection with enterotoxic E. coli (ETEC) (Qadri et al. 2007).
The antimicrobial therapies commonly used to treat Blastocystis infection may

fail to eradicate the infection in most or all cases, especially in Western countries:
The development of resistance to metronidazole was first reported in the mid-1990s

(Zaman and Zaki 1996), and isolates from “IBS” patients were tested for antimicro-

bial resistance for the first time in a study from Pakistan in 2004 (Yakoob et al.

2004a). A poster presented in 2007 at the 15th United European Gastroenterology

Week in Paris by Borody and Wettstein noted that most Australian Blastocystis
patients appeared to be receiving no benefit from metronidazole treatment, and

described a combination of drugs which provided better outcomes. A 2010 review

paper, aptly named, “Antimicrobial therapy in Blastocystis: Reality or Delusion,”

critically examined the evidence surrounding the use of antimicrobials in treating

Blastocystis patients (Stensvold et al. 2010). Surprisingly, there are very few studies

inwhich patients who are treated forBlastocystis infection are subsequently tested for
the infection to determine if the therapy can be said to eradicate the microbe. One of

the first such studies was performed on 11 Australian patients in 2011, and it reported

that every (11/11) patient with long-term Blastocystis symptoms who was treated

with 400 mg of metronidazole for 11 days was still positive for Blastocystis infection
at the end of treatment, with Blastocystis detected by PCR (Nagel et al. 2012).

7.12 Findings Which Do Not Meet any of These Criteria

Blastocystis only produces symptoms in immunocompromised patients: It is not
clear where this concept originates. Overall, when we reviewed Blastocystis litera-
ture in 2008, we identified 86 studies pointing to symptomatic Blastocystis infection
in immunocompetent patients, but only about half that number in immunocompro-

mised patients. That trend has continued post-2008, with about 80 % of the current

studies addressing immunocompetent patients, or the general population, and only a

few studies focusing on HIV, cancer, and organ transplant patients. A 1990 study of
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130 Canadian Blastocystis patients noted that only a few were immunocompro-

mised (Doyle et al. 1990).

The origin of this idea may be related to the fact that some other microbes only

cause symptoms in HIV and patients undergoing chemotherapy. The physician thus

extrapolates that finding to assume that variability in symptomatic expression for all

microbial infections is due to HIV infection and cancer treatment. Alternately, it

may be the case that HIV and cancer patients visit physicians more often, and have

more tests performed, and the discovery of Blastocystis in those patients establishes
a mental correlation between Blastocystis infection and host immune status.

Blastocystis infection is easily treatable in all patients with metronidazole: In
the few studies that have followed up with patients treated with metronidazole using

sensitive detection techniques, that drug has been shown to have a high failure rate,

particularly in patients in developed countries (Nagel et al. 2012; Stein 2007).

7.13 Is Giardia Good For You? Understanding Population

Studies with Analytical Methods

A 2006 paper on Blastocystis from the London School of Hygiene and Tropical

Medicine (Scicluna et al. 2006) noted that:

Most population-based studies find no difference between rates of infection in symptomatic

and asymptomatic individuals. In contrast, in individual infections a strong case can be

made for the organism being the cause of disease.

Why is this? And is the phenomenon unique to Blastocystis? A short time spent

reviewing papers on established pathogenic gastrointestinal protozoa will show that

many researchers have performed population studies and found that these

organisms can, in some populations, show no correlation or little correlation with

illness (Janoff et al. 1990; Markell et al. 1983, 1984). Patients with G. intestinalis
infection have even been reported to be healthier than those without such infection

(Veenemans et al. 2011). Does this mean that protozoal infections are good for you?

Surprisingly, there are few papers in which a researcher has begun with known

properties of existing pathogens, and determined if it should be possible to consis-

tently demonstrate pathogenicity in all epidemiological situations. That is, can the

known properties of established gastrointestinal protozoa account for researcher

findings that show no correlation between G. intestinalis infection and symptoms?

Consider the Relative Risk and statistical significance (Fisher’s Exact Test or

Chi square) of a 2 � 2 contingency table representing a population of 1,000, all of

whom are infected with Giardia, but only 50 % of whom show symptoms. We can

assume that the asymptomatic individuals have acquired or innate immunity, for

example.
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Giardiaþ Giardia� Total

Diarrhea 500 0 500

No diarrhea 500 0 500

Total 1,000 0 1,000

We can now show that in this population, the relative risk of having diarrhea is the

same, whether the patient is infected withG. intestinalis or not. So since the RR ¼ 1,

the contingency table shows no relationship between G. intestinalis and diarrhea.

However, lack of correlation does not prove lack of causation, and in this case,

we can see that if symptomatic expression is dependent on a host genetic or

immunological factor, correlation studies may not demonstrate pathogenicity for

a particular microbe. As a further examination, consider the effect of adding 250

individuals, all of whom are infected with Cryptosporidium sp., and all of whom

have diarrhea.

Giardiaþ Giardia� Total

Diarrhea 500 250 750

No diarrhea 500 0 500

Total 1,000 250 1,250

We now see that 67 % (500/750) of the patients with diarrhea test positive for

G. intestinalis, but 100 % of the patients who are healthy have G. intestinalis. Thus,
people with G. intestinalis are healthier than those without G. intestinalis! The
example can be repeated with larger numbers of patients to create a “landmark”

study. Such studies which might involve thousands of patients are just as suscepti-

ble to confounding variables as smaller studies.

The results do not tell us anything about whether we should treat patients, or

whetherG. intestinalis is causing illness. If we refuse to treat G. intestinalis patients
based on this study, we leave up to half of the population with a treatable type of

diarrhea. It is worth noting that once the correlation calculation is performed, many

researchers will stop analyzing the results, and conclude that G. intestinalis (or

Blastocystis) is either harmless or even healthful:

Healthy day care children with asymptomatic Giardia infection show no disadvantage and

perhaps even an advantage in nutritional status and freedom from other illnesses. (Ish-

Horowicz et al. 1989)

An additional study examining Tanzanian children noted that children who tested

positive for Giardia intestinalis were less likely to have diarrhea, but that relationship was

lost when the children were treated with a nutritional supplement. (Veenemans et al. 2011)

To focus on the question of pathogenicity, it is necessary to remove confounding

variables:

1. The inclusion patients with other infectious diseases that produce the same

symptoms as the microbe under study will weaken statistical correlation, or even

reverse it.
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2. If adaptive or innate immunity can exist for the microbe under study, including

patients who are immune to the infection will weaken the correlation. Limiting

the study group to patients who are older or have specific genetic traits can

improve correlation figures for Blastocystis (Olivo-Diaz et al. 2012).

7.14 Acquired Immunity and Peak Shifting

Researchers have noted seemingly enigmatic behavior in both E. histolytica and

G. intestinalis, as they discover groups with a high infection rate, and few

symptoms. This effect has largely been ignored in public health efforts, which

generally focus on reducing exposure, rather than building immunity through

vaccination. It is necessary to understand this effect in order to properly assess

the significance of potential new enteric microbes and also to understand potential

effects of reducing exposure to these microbes. One remarkable study followed 82

schoolchildren for months and showed they exhibited no symptoms from G.
intestinalis infection:

We prospectively evaluated excretion of Giardia lamblia in children in day care centers in

Houston by conducting two prevalence studies of 600 children enrolled in 30 day care

centers, and an 18-month longitudinal study in 82 children in one center. In the two

prevalence surveys, Giardia cysts were identified in 72 (21 %) and 67 (26 %) children,

respectively, who provided stool specimens. Trophozoites were found in 15 (4 %) and

8 (3 %), respectively. There was no correlation between the frequency of recent diarrheal

episodes and the finding of Giardia. In the longitudinal study, cysts were detected in stool

specimens from 27 (33 %) of the 82 children at least once during the survey. Twelve children

hadGiardia cysts in weekly stool specimens for a mean of 6.2 � 1.2 months and trophozoites

for 3.3 � 1.2 months. The number of enteric symptoms observed in children and the classifi-

cation of nutritional status based on monthly height and weekly weight measurements did not

differ significantly when infected and noninfected children were compared.

–Occurrence of Giardia lamblia in children in day care centers, 1984 (Pickering et al.

1984)

Giardia lamblia infection was identified in 33 of 89 (37%) 3-month-old to 3-year-old children

who were followed with monthly stool examinations for up to 12 months in a day care center.

The infection was mainly asymptomatic and usually associated with prolonged carriage of the

parasite. There were no significant differences for height and weight achievements and mean

hemoglobin values between Giardia-positive and Giardia-negative children. However,

Giardia-positive children tended to achieve higher weight and height for age than Giardia-
negative children; weight for agewas above the 50th percentile in 69%ofGiardia-positive vs.
40 % of Giardia-negative children (alpha ¼ 0.01). Giardia-positive children tended to have
fewer symptoms related to the gastrointestinal and respiratory tracts as recorded by a weekly

questionnaire. Lactase deficiency was detected by breath hydrogen testing in 8 of 26Giardia-
positive vs. only 1 of 21 Giardia-negative children (P less than 0.02). Healthy day care

children with asymptomatic Giardia infection show no disadvantage and perhaps even an

advantage in nutritional status and freedom from other illnesses.

–Asymptomatic giardiasis in children, 1989 (Ish-Horowicz et al. 1989)

We conducted a point prevalence survey for enteric protozoa in 205 institutionalized

orphans 1-61 months of age in Bangkok, Thailand. Cryptosporidium was identified in 17

children (8%), Giardia lamblia in 42 (20%), and 3 children (1%) had both parasites. At the
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time of diagnosis, diarrheal symptoms were present in a minority of subjects: 36% of

children with Cryptosporidium alone, 10% with G. lamblia alone, and in 20% of those with

neither parasite. . .Although neither infection with Cryptosporidium nor G. lamblia was

consistently associated with acute diarrheal symptoms, Cryptosporidium was more often

associated with depressed acute nutritional status than G. lamblia.
–Endemic Cryptosporidium and Giardia lamblia infections in a Thai orphanage (Janoff

et al. 1990)

The most interesting example of asymptomatic E. histolytica infection may

come from a 1925 paper from Harvard Medical School professor Dr. SF Chiang,

who infected rats with E. histolytica from his own stool samples:

Material for the second series of experimental infections was furnished by Dr. S., he

himself being a healthy carrier of E. histolytica, E. coli and Endolimax nana.
–The Rat as a possible carrier for E. histolytica (Chiang 1925)

The rats did, in fact, develop illness. Can these studies help us understand some

of the mystery behind why some people show symptoms in Blastocystis and others

do not? Why does the long-term morbidity keep showing up in Europe but not in

Africa or Asia (so far)?

One commonality of all these studies is that they focus on individuals in hyper-

endemic environments, where exposure is occurring. We can see a similar phenom-

enon in a modern study of E. histolytica in Bangladeshi children:

The contribution of amebiasis to the burden of diarrheal disease in children and the degree to

which immunity is acquired from natural infection were assessed in a 4-year prospective

observational study of 289 preschool children in an urban slum in Dhaka, Bangladesh. Ent-
amoeba histolytica infection was detected at least once in 80%, and repeat infection in 53%, of

the childrenwhocompleted4years of observation.Annually therewere 0.09 episodes/child ofE.
histolytica-associated diarrhea and 0.03 episodes/child of E. histolytica-associated dysentery.

–Entamoeba histolytica infection in children and protection from subsequent amebiasis

(Haque et al. 2006)

In some pathogens, groups with the greatest exposure also experience the

greatest morbidity. This is clearly true for exposure toMycobacterium tuberculosis
and the HIV virus. But a pattern can be seen for gastrointestinal protozoa in which

individuals who are exposed frequently or continuously do now show severe

manifestations of the illness. This is one reason researchers have focused on the

development of a vaccination for E. histolytica (Haque 2006).

Studies showing that enteric protozoa as uncorrelated with symptoms are often

conducted on populations from day cares, orphanages, prisons, or on gay men,

where exposure is common (Table 7.10). On the other hand, studies of individuals

with infrequent exposure show illness, which is often severe. Cases like this include

vacationing travelers from developed countries, or community exposures in areas

that usually have uncontaminated water supplies (de Lalla et al. 1992).

Individuals in a Thai community are found to maintain high levels of immunity

toG. intestinalis throughout their lifetime, while individuals in the USA were found

to exhibit declining levels of immunity after age 19 (Fig. 7.6). One interpretation of
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the data would suggest that public health efforts do not prevent all exposures to

gastrointestinal protozoa, but rather have the effect of delaying the first exposure

and creating more time between exposures. This produces an epidemiological

characteristic known as peak shifting, where the peak in prevalence vs. age occurs

at a later time. For some microbial infections which are more severe when first

exposure occurs later in life, the improved efforts at sanitation may have the

paradoxical effect of increasing morbidity in the population by reducing the

frequency of exposure, but increasing the severity of illness following an exposure.

7.15 How Much is Blastocystis Costing Communities?

A number of papers have provided cost estimates for outbreaks of acute illness due

to food-borne bacterial and Cryptosporidium spp. (Corso et al. 2003, Batz et al.

2012). Comparable studies for Blastocystiswould be complicated by the clinical use

of low-sensitivity diagnostic tests, and a lack of reporting mechanisms for infections.

A more feasible approach would be to use existing cost estimates for IBS and

adjust those by the percentage of cases which are due to Blastocystis infection. The
latter factor might be calculated by identifying the percentage of IBS patients who

Table 7.10 Many studies suggest that patients with G. intestinalis or E. histolytica are just as

healthy as those without such infections

Year Study group Region Organism Finding

1954 Prisoners Southern

USA

G. intestinalis Experimental infection of prisoners

with G. intestinalis produces no
clinical manifestations of giardiasis

(Rendtorff 1954)

1954 Prisoners Southern

USA

E. histolytica Experimental infection of prisoners

with E. histolytica produces no

clinical symptoms of amoebiasis

(Rendtorff and Holt 1954)

1986 Gay Men UK E. histolytica E. histolytica appears to be a

“commensal” in gay men (Allason-

Jones et al. 1986)

1984 Children in

daycare

Houston G. intestinalis No correlation between symptoms and

infection (Pickering et al. 1984)

1989 Children in

day care

Israel G. intestinalis Children with G. intestinalis appear
healthier (Ish-Horowicz et al. 1989)

1990 Children in

Thai

orphanage

Thailand G. intestinalis
Cryptosporidium

spp.

No correlation between diarrhea and G.
intestinalis (Janoff et al. 1990)

2011 Children Tanzania G. intestinalis G. intestinalis provides protection
against diarrhea unless a food

supplement used (Veenemans et al.

2011)

These studies are often performed on population where the infection is endemic, suggesting the

possibility that acquired immunity may play a significant role in asymptomatic infection

7 What Do We Know About Blastocystis Analyzing Research Studies with. . . 123



0.60
a

b

c

0.50

0.40

O
p

ti
ca

l D
en

si
ty

0.30

0.20

0.10

0.00
Cord <1 1-4 5-19

Age, years

20-39 40-59 60+

0.40

0.30

O
p

ti
ca

l D
en

si
ty

0.20

0.10

0.00
Cord <1 1-4 5-19

Age, years

20-39 40-59

0.25

0.20

0.15

O
p

ti
ca

l D
en

si
ty

0.10

0.05

0.00
Cord <1 1-4 5-19

Age, years

20-39 40-59 60+

60+

Fig. 7.6 Average serum antibody to G. intestinalis antigens response for 210 residents of Denver,
Colorado versus 207 residents of Soongern, Thailand. In the USA, antibody response declines

substantially after age 19, which is not seen in Thailand. If illness is more severe or long lasting in

immunologically naı̈ve adults over 30, a counterintuitive trend may develop, where the population

with a lower prevalence of an infection sees more incidences of severe illness
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are infected with Blastocystis by the percentage of those infections which are

expected to be symptomatic:

Cost of Blastocystis ¼ PIBS � Psymp � cost of IBS

Where PIBS is the percentage of IBS patients who are infected with Blastocystis
and Psymp is the percentage of Blastocystis infections that are symptomatic.

This formula accounts for the argument that some patients who are infected with

Blastocystis do not show symptoms, so a portion of the Blastocystis-positive IBS

patients could represent asymptomatic Blastocystis carriers who have another cause
for the illness.

When studies using stool culture or PCR detection are considered, PIBS has been

reported as 31, 53, 76, 38, and 46 % in existing studies (Table 7.9), giving 48.8 % as

an average.

Numbers for Psymp for non-Asian countries have been reported to be in the range

of 69–100 % (see High confidence findings). One of those studies used a small

sample, and two of those studies could have arguably been influenced by patient

self-selection (Amin 2002; Yoshikawa et al. 2004), so an argument could bemade that

Psymp could be lower. However, in studies of other enteric protozoa in healthcare-

seeking individuals, resolution of symptoms occurs in over 95 % of healthcare-

seeking patients following eradication of the infection, suggesting that Psymp

for healthcare-seeking patients may be higher than Psymp for the general population.

35

Costs are total and reflect direct and indirect costs.
CHF indicates congestive heart failure; IBS, irritable bowel syndrome.
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Fig. 7.7 Comparison of the total costs for various long-term illnesses in the USA (Cash et al.

2005). Existing studies suggest that 24.4–46 % of IBS morbidity may be attributable to

Blastocystis, which would place the cost of Blastocystis infection at between $7.3 and $13.8

billion in the USA
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For example, Psymp for E. histolytica is estimated to be only 10 %, but in treatment

study of patients with symptoms and E. histolytica infection, 80 to 90 % of patients

report resolution of symptoms (Latonio, 1988).

Using a value of Psymp ranging from 50 to 95 %, combining the two coefficient

gives:

Cost of Blastocystis infection ¼ ð0:244 to 0:46Þ cost of IBS

Figure 7.7 illustrates how this cost-multiplier can be applied to existing cost

estimates of IBS to estimate the cost of Blastocystis infection alone.

It may be worth noting that most existing studies have assumed the rate of IBS is

relatively static, and that the illness is due largely to psychosomatic causes. If a

substantial portion of IBS cases are caused by an infectious disease, this would

suggest that the illness is contagious, and if cases are untreated, the prevalence of

the illness will increase over time.
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Chapter 8

Behavioral Decision Analysis and Pathogenicity:

How Do We Decide What Makes Us Sick?

Kenneth Boorom

Abstract The previous chapter suggested ways to use statistics to understand

conflicting study results and improve decision making, however, such approaches

remain uncommon in the area of infectious diseases. This chapter examines the

processes that are currently used to resolve controversies, and the criteria people

use to judge pathogenicity. We examine methods by which a scientific controversy

can be categorized and understood based on written statements by individuals

involved. Existing published studies suggest that the idea of pathogenicity is

strongly subjective, with significance variation from individual to individual.

Considerations such as economic cost, perceived benefit, and conflict with religious

and philosophical beliefs can influence researcher viewpoints. By understanding

the particular interests and impacts such a decision makes on different interest

groups, scientists can design studies and guide research efforts to avoid unproduc-

tive conflict with the medical community.

Keywords Blastocystis • Pathogenicity • Irritable bowel syndrome • Diarrheal

diseases

8.1 Introduction

The last chapter focused on statistical ways to analyze medical literature to obtain

conclusions, but in practice most decisions people make are not based on statistical

analysis (Bazerman and Moore 2009). This chapter investigates the opinions people
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have formed about Blastocystis, and the factors that may have influenced those

beliefs. The documents used to form this view consist of the following:

1. Medical studies and letters concerning Blastocystis published in peer reviewed

journals.

2. Informational sheets and “fact sheets” on Blastocystis published by health

organizations.

3. Correspondence from the US National Institutes of Health (NIH) and US Center

for Disease Control to US Congressional Representatives and BRF concerning

Blastocystis infection.
4. Internal correspondence between employees of the NIH concerning Blastocystis

infection, which BRF obtained through the Freedom of Information Act (FOIA).

5. Public testimony provided by the State of Oregon’s Epidemiology Office at a

hearing of legislation to make Blastocystis a reportable infection in Oregon.

6. Funding history for research into Blastocystis, from 1985 to 2012, as obtained

from the NIH’s REPORTer database.

7. Journal articles and text books analyzing the phenomenon of scientific

controversy.

8. Emails and letters from patients and physicians to BRF concerning Blastocystis
infection.

Although many of these sources are from theUSA, it is suggested the behavior is of

general interest, becausemost of the published opposition toBlastocystis as a pathogen
has come from the USA and other English-speaking countries (Chapter 7, Table 1.3).

Most of the world’s most influential medical journals (JAMA, Lancet, NEJM, Annals

of Internal Medicine) are published in the USA or the UK, raising the possibility that

medical opinion in those countries may have a disproportionate impact on global

medical thought. Finally, the influence of medical information available through the

internet is increasing in society, and the highest ranked documents concerning

Blastocystis infection are commonly authored in theUSAby theUSCenter forDisease

Control and the Mayo Clinic, according to Google’s search ranking results.

In its simplest form, assessing pathogenicity involves determining whether

exposure to a microbe will result in illness in some patients who would not be

sick if they were not exposed. But analysis of the process as a purely scientific

endeavor can’t account for the delays of decades between the first reports of illness

associated with a microbe, and a consensus within the medical community that it

should be classified as pathogenic (Table 7.8)

Over 15 years ago, researchers were already noting the slow rate of progress in

this area:

Despite more than 80 years of debate since the first accepted descriptions of the genus

Blastocystis, not a single issue about this organism has been satisfactorily resolved. Substan-

tial progress has been made in the description of the morphology of Blastocystis hominis
during recent years, but structures and organelles present in the cell remain of unknown

function. The method(s) of division is questioned. The pathogenicity of the organism has not

been determined, and the significance of B. hominis in immunocompromised patients has not

been ascertained. The necessity for treatment and the most appropriate chemotherapeutic

strategies have not been defined. The taxonomy of the organism remains controversial.

Blastocystis Revisited (Stenzel and Boreham 1996)
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Considering the progress commonly seen in “hard sciences” (atomic physics,

astronomy, electronics, aeronautics) over 80 years, it is difficult to attribute the

delay associated with assessment of pathogenicity as stemming from purely scien-

tific or technical barriers.

8.2 Cognitive Controversy Vs. Social Controversy

Disagreement about the significance of scientific data is not unique to Blastocystis, and
sociologists have produced a body of literature that classifies controversies, and

describes the interactions that occur in their formation and resolution. An awareness

of concepts from this area of study can be valuable to researchers seeking to understand

what may be seemingly irrational behaviors in the field of medical science.

Sociologists suggest that scientific controversies can be divided into two classes

to facilitate analysis (Engelhardt and Caplan 1987). Cognitive controversies con-
cern specific facts or scientific findings, while social controversies involve

decisions about public policy. An example of a purely cognitive controversy

might be the finding, reported by researchers in 2011, that neutrinos could be

observed to travel faster than light (Cartlidge 2012). Because the outcome of the

controversy would have little or no impact on any social policy, the controversy

depended solely on the factual question as to whether neutrinos could travel at the

proposed speed. A purely social controversy would be the disagreement about

public funding of birth control information in predominantly Catholic countries.

Because an abundance of information exists on the clinical efficacy and use of birth

control methods, there are few factual questions that would be relevant to the

resolution of this disagreement. Disagreements appear to stem solely from personal

and religious beliefs.

Social controversies commonly involve a larger number of people, many of

whom are not experts in a particular field, and who are participating due to an

economic or personal interest in the debate’s outcome. Social controversies can

continue for decades or generations, because they involve competing interests and

philosophical disagreements which are not resolved by the presence of new infor-

mation. Cognitive controversies are often resolved in a few years. For example, the

issue of faster-than-light neutrinos was explained in a few months once other

groups tried to repeat the findings (Cartlidge 2012).

Which model best describes the controversies associated with assessment of

pathogenicity? Although this may seem like a simple cognitive question, the timing

of events suggests that the ability to demonstrate the pathogenicity of most enteric

microbes predated the acceptance of pathogenicity by decades. For example,

references to Giardia intestinalis pathogenicity date back to World War I, with a

1916 paper (Fantham and Porter 1916) noting that “While British troops were in

Gallipoli, a number of men contracted various forms of dysentery or diarrhea, and

severe cases occurred. Among the men invalided to England a number were found

to be infected with Giardia (Lamblia).” In addition to reporting the illness, the

authors of the paper performed an experimental animal infection on rats and kittens:
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From then till the forty-fourth day the feces were negative. On the forty-fourth day the feces

were loose and diarrheic, and Lamblia cysts and flagellates appeared in them. The kitten

showed signs of distress, howled, and refused food. Its coat became rough, and the animal

shivered. On the forty-fifth, forty-seventh, and forty-eighth days some Lamblia cysts were

present in the feces. The kitten seemed ill, vomited, sent up piteous cries, and the condition of

the coat was bad. Violent diarrhea set in on the forty-eighth day, and the kitten died on the forty-

ninth day after the first infective feed. At death it weighed 638 grams, its control weighing

997 grams.

The Pathogenicity of Giardia (Lamblia) Intestinalis to Men and to Experimental
Animals (Fantham and Porter 1916)

In the case of G. intestinalis, we can see that the technological means exist to

demonstrate pathogenicity as early as 1916, but 40 years later, medical

professionals still rejected the idea that it could cause epidemic illness. A paper

reporting an epidemic of giardiasis in Portland, Oregon impacting over 50,000

individuals was rejected in the mid-1950s on the grounds that demonstration of G.
intestinalis infection in a large portion of the population did not constitute proof of

an epidemic (US_EPA 1979). Oregon’s public health commissioner attributed the

illness to an unknown virus and is quoted as such in the proceedings of the 1978

EPA Symposium on Waterborne Transmission of Giardia (US_EPA 1979). Those

proceedings are now available online from the National Service Center for Envi-

ronmental Publications, and they provide a fascinating look at the struggles

scientists had in establishing G. intestinalis as a cause of disease (US_EPA 1979).

8.3 Resolution of Scientific Controversies

Most discussion of Blastocystis controversy has focused on specific findings

concerning that infection. But the subject of Blastocystis controversy can be viewed
in a larger context as just one of a number of scientific or medical controversies

which can be found to exist at any point in history. In a text devoted to the subject,

medical ethicist H. Tristam Engelhardt Jr. (Center for Ethics, Medicine, and Public

Issues, Baylor College of Medicine) identifies five ways in which scientific

controversies can be resolved (Engelhardt and Caplan 1987):

1. Sound argument: An argument is presented that is accepted by all parties and

shows that the opposing view is incorrect.

2. Consensus closure: The opposing views have not been found to be incorrect, but
the parties agree to end the controversy.

3. Procedural closure: The controversy is ended by a formal, governed effort

which ends the discussion.

4. Natural death closure: The controversy has ended by the gradual fading away of
interest.

5. Negotiation closure: The controversy has ended because a negotiated settlement

has been reached which is acceptable to the opposing parties.
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In the last few years, a number of cognitive controversies in science have been

resolved when other scientists have tried to repeat an experiment, failed, and

sometimes succeeded in identifying an intervening variable that was present in

the original research report, and lead to a faulty conclusion. For example, the

phenomenon of cold fusion was not reproducible outside of the laboratories

where it was discovered and may have been the result of measurement error

(Huizenga 1992). When researchers were unable to reproduce the results linking

xenotropic murine leukemia virus-related virus (XMRV) virus with Chronic

Fatigue Syndrome (CFS), analysis by other labs showed that commercially avail-

able PCR reagents were commonly contaminated with the virus, which could have

led to the original researcher’s unreproducible findings (Zheng et al. 2011).

However, in most of the controversies surrounding gastrointestinal microbes, the

resolution of the controversy did not coincide with a particular study or technique,

or any action by the scientific community. Scientists had developed a model for

experimental giardiasis as early as 1916 (Fantham and Porter 1916), and Crypto-
sporidium spp. was repeatedly identified as an agent of diarrhea in immunocompe-

tent individuals in the mid-1980s (O’Donoghue 1985). During the 1980s, and

1990s, when cases were emerging by what could now be estimated in the millions

(Kappus et al. 1994), scientific and medical organizations were largely silent on the

issue of public response to G. intestinalis and Cryptosporidium spp. These included
prestigious groups such as the American Medical Association, the National Acad-

emy of Sciences, the American Society of Microbiology, the US Center for Disease

Control, the US NIH, and the Infectious Disease Society of America (IDSA).

In fact, it was the US EPA which took action unilaterally to organize researchers

to identify and develop a response to highly publicized epidemics from drinking

water contamination (Eisenberg et al. 2005; Matukaitis 1997; Smith and Wolfe

1980; US_EPA 1979). Actions by that organization, rather than a scientific or

medical society, are credited by some researchers with recognition of the signifi-

cance of the problem ofG. intestinalis infection (Smith andWolfe 1980). Giardiasis

finally became a nationally reportable illness in the USA in 2002, 87 years after the

1916 publication of Fantham’s animal model for the infection (Hlavsa et al. 2005).

8.4 Role of the NIH in Blastocystis Controversy

The US NIH is the world’s largest funding body for medical research. In 2011, the

agency’s budget was $31 billion, which was distributed between internal research

projects and over 40,000 external investigators (Crow 2011; Ginther et al. 2011).

The NIH played an intriguing role in the controversy surrounding Blastocystis, in
that the agency had a role in beginning the controversy, by funding a large part of

the research into the organism in the 1980s. Afterwards, the NIH actions

contributed to an end of research in the US, by making statements that discouraged

researchers from investigating the infection.
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Between 1976 and 1995, the NIH was the world’s leading institution concerning

research on Blastocystis infection (Table 8.1). All papers originating from the NIH

labs published after 1986 identified Blastocystis as pathogenic (Table 8.1). NIH

researcher Dr. Charles H. Zierdt authored several of the most frequently referenced

paper of Blastocystis infection, including the second most frequently referenced

review paper (Zierdt 1991a). He also contributed the first study to demonstrate that

Blastocystis patients exhibited an elevated serum antibody response to Blastocystis
antigen not seen in healthy controls (Zierdt et al. 1995). Dr. Zierdt performed many

of the early studies which developed ways to culture the organism, as well as

axenicizing isolates from patients into the collection of the American Tissue and

Culture Collection (ATCC) (Jones 2008).1

Interestingly, the NIH appears to have reversed its position on funding of

Blastocystis research after the 1990s. Communications from researchers and

patients interacting with the agency indicate that the agency considered Blastocystis
to be nonpathogenic, and ineligible for funding:

When I’ve contacted the NIH about Blastocystis research, they’ve told me there is no

evidence that Blastocystis can cause illness in humans.

US Scientist to BRF, 2010 (name withheld)

The duality of the NIH’s response is even more intriguing, as the agency’s own

Medical Terms Database (MESH) clearly identifies Blastocystis as a pathogen

(Fig. 8.1). Interestingly. the entry also describes disabling illness, which is consis-

tent with descriptions of illness provided by some patients, but had not been

published widely in scientific literature.

8.4.1 Obtaining Data from the NIH: Methods and Results

The NIH’s position on Blastocystis research appears to be a complex one, and one

that varies with time. Understanding the agency’s position further is a complex task,

since the NIH does not publish planning or road-mapping documents for most of the

infectious diseases studied at that agency, so one cannot point to a date where a

specific planning document changed.

The NIH’s grant award database provided one source of information. The NIH

Reform Act, passed by the US Congress in 2006, required the agency to make its

grant awards database accessible by the public. Queries to that grant database show

that between 1995 and May 2012, the NIH approved a total of over 600 grants into

G. intestinalis, Cryptosporidium spp., and Entamoeba histolytica with a cost of

$100 million, but 0 grants were approved for Blastocystis research (Table 8.2).

1 Cultures axenicized by Dr. Zierdt are still available from the ATCC and were used to develop

the first real-time PCR test, which was used in the first US study to demonstrate that patients with

symptoms attributable to irritable bowel syndrome or Gulf War Illness were infected with

Blastocystis, which had not been previously detected in those patients (Jones 2008, 2009).
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Table 8.1 NIH Papers on Blastocystis Infection

N Date Title Journal

1 Oct 1995 Serum antibody detected by fluorescent antibody

test in patients with symptomatic Blastocystis
hominis infection

Recenti Prog Med

2 Feb 1995 Enzyme-linked immunosorbent assay for detection

of serum antibody to Blastocystis hominis in
symptomatic infections

Journal of Parasitology

3 Apr 1994 Lipid biosynthesis by axenic strains of Blastocystis
hominis

Comp Biochem Physiol

Biochem Mol Biol

4 Jun 1993 Antibody response to Blastocystis hominis
infections

Annals of Internal

Medicine

5 Jan 1993 Taxonomic status of Blastocystis hominis: reply Parasitology Today

6 Jul 1992 Comparative analysis of lipid composition in

axenic strains of Blastocystis hominis
Comp Biochem Physiol

B

7 Mar 1991 Pathogenicity of Blastocystis hominis Journal of Clinical

Microbiology

8 Jan 1991 Blastocystis hominis—past and future Clinical Microbiology

Rev

9 Sep 1990 Magainin analogs effective against pathogenic

protozoa

Antimicrobial Agents

and Chemotherapy

10 May 1988 Biochemical and ultrastructural study of

Blastocystis hominis
Journal of Clinical

Microbiology

11 Jan 1988 Blastocystis hominis, a long-misunderstood

intestinal parasite

Parasitology Today

12 Feb 1986 Cytochrome-free mitochondria of an anaerobic

protozoan—Blastocystis hominis
Journal of Protozoology

13 May 1983 In vitro response of Blastocystis hominis to
antiprotozoal drugs

Journal of Protozoology

14 Nov 1981 Generation time and growth rate of the human

intestinal parasite Blastocystis hominis
Journal of Protozoology

15 Oct 1976 Ultrastructure and light microscope appearance of

Blastocystis hominis in a patient with enteric

disease

Zeitschrift für

Parasitenkunde

16 Jun 1976 Endosymbiosis in Blastocystis hominis Experimental

Parasitology

17 Jun 1976 Blastocystis hominis: pathogenic potential in
human patients and in gnotobiotes

Experimental

Parasitology

18 Oct 1974 Blastocystis hominis: axenic cultivation Experimental

Parasitology

19 1974 Freeze-etch studies of the granular and vacuolated

forms of Blastocystis hominis
Zeitschrift für

Parasitenkunde

20 Nov 1973 Ultrastructure of Blastocystis hominis Zeitschrift fur

Parasitenkunde

21 Feb 1973 Studies of Blastocystis hominis Journal of Protozoology

22 Nov 1967 Protozoan characteristics of Blastocystis hominis American Journal of

Clinical Pathology

The US National Institutes of Health was a major contributor to Blastocystis research until the

mid-1990s, with over 22 articles published by Dr. Charles H Zierdt on the subject. All of the

Zierdt’s later papers identified Blastocystis as pathogenic. Z. Parasitenkd; now Parasitology

Research
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The grant awards database made it possible to document an outcome (funding

behavior), but it did not provide visibility into the thought process responsible for

producing that outcome. Letters from BRF and US Congressman generated written

responses from the agency. A 2008 response indicated Blastocystis was a special

case, noting that a commitment of funding for clinical research was “infeasible,”

but researchers could try applying for grants (Fig. 8.1 and Supplemental files).

From 2009 to 2011, the NIH’s position on the infeasibility of performing clinical

Blastocystis research did not change, despite the emergence of a body of literature

Fig. 8.1 Entry for Blastocystis infection in the NIH’s MESH Database, Retrieved July 2011. The

entry illustrates the conflicting positions from that agency. Interestingly, the entry makes note of

“disabling” symptoms, which have been frequently described to BRF in patient emails, but are

generally undocumented in medical literature
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published internationally, which became progressive more detailed about how it

was causing illness, and how to develop animal models. As international research

groups had clearly made a different decision about Blastocystis research, we wanted
to understand why the NIH’s decision differed. Mainly, why would different

scientific organizations draw very different conclusions, given the same body of

research study available? What were the criteria by which the NIH had determined

should be treated specially? Why was the funding level remaining at zero for so

many years in a row? And why did researchers indicate that the NIH had advised

them against applying for grants?

In 2011, BRF filed a FOIA request with the agency to obtain documents relating

to the decision making process concerning Blastocystis.2 The FOIA request asked

for information similar to that requested in a November, 2011 letter from US

Congressman Kurt Schrader to the NIH Supplementary files. The NIH responded

to that letter, but the response did not answer the questions posed (Supplementary

files). The FOIA request specified the following documents:

1. Written documents which describe the process by which NIAID reviews medical

literature to assess the public health significance of specific microbes.

2. Documents from meetings held in 2008, 2009, 2010, and 2011 where the NIAID

reviewed the public health significance of Blastocystis and/or its policies and

research activities related to Blastocystis infection. The request included emails,

agendas, meeting notes, and handouts.

Table 8.2 Comparison of the number of NIH grants and aggregate spending for selected enteric

microbes from January 1995–May 2012

Organism

Number of

NIH grants

written with

microbe term

in title

1995–2012

Total dollar

amount of

grants (sum of

primary project

dollar column)

Frequency of

detection in

symptomatic

patients based on

2000 US-wide

survey (Amin 2002)

Percent of mono-

infections that were

symptomatic based

on 2000 US-wide

survey (Amin 2002)

Blastocystis sp. 0 $0 24 % (662/2,896) 69 %

Giardia
intestinalis

176 $31,812,247 0.4 % (19/2,896) 100 %

Cryptosporidium
spp.

267 $44,954,253 4.1 % (121/2,896) 70 %

Entamoeba
histolytica

180 $24,080.646 2.3 % (68/2,896) 75 %

2The intention in filing the FOIA request was not to be disrespectful of the institution or its staff

members. Rather, BRF noted that each US University-based research effort that we had worked to

organized came to an end when it was determined that the NIH would not provide funding. At the

same time, we saw groups emerging in Mexico, Europe, and Asia, many of which did receive

national funding. Why was the NIH’s position different? What can we learn about the decision

making process from the differences? We also felt that this was a legitimate public policy question,

since this infection was present in 10–15 % of the US population, with about 70 % of mono-

infections being symptomatic by some analyses (Amin 2002).
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3. Responses by the Laboratory of Parasitic Diseases to inquiries outside of the

NIAID into whether Blastocystis should be considered a pathogen, and into any

aspect concerning the scientific research or clinical status or Blastocystis infec-
tion including email responses and written responses to physicians, public health

professionals, researchers, and patients.

The FOIA request produced only two email communications (Figs. 8.3, 8.4, 8.5).

We found no evidence of any organized discussion or review of Blastocystis
literature, or of any meetings conducted from 2008 to 2011 to discuss the issue of

Blastocystis funding or pathogenicity (Table 8.3).

Fig. 8.2 Letter from the NIH indicating that it was not pursuing any Blastocystis research, but that
it would consider grants
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Fig. 8.3 Decision as to whether the NIH Laboratory of Parasitic Diseases would consider seeing a

patient with Blastocystis spp. infection as well as Dientamoeba fragilis infection. The response

from the Deputy Chief indicates that the laboratory considers both to be nonpathogenic. The

response notes that Blastocystis has been reclassified as a fungus, and is no longer a parasite
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The FOIA documents more closely reflected the information we received from

researchers. Those emails indicated that staff members considered the question of

whether the infection was pathogenic to be resolved in favor of nonpathogenicity,

and did not wish to revisit the issue (Figs. 8.3, 8.4, 8.5).

8.4.2 Analysis of Specific Responses from the NIH

Figure 8.3 provides additional visibility into the views concerning Blastocystis

pathogenicity. This correspondence contains several notable elements:

1. Fig 8.3 “They have 2 nonpathogens. . .they should consider using metronidazole
. . . or Trimethoprin/sulfa”: The author suggests that both Blastocystis and

Dientamoeba fragilis are nonpathogenic, but antimicrobial treatment is suggested.

This statement may illustrate the complexity of defining the term “pathogenic.”

Fig. 8.4 An inquiry from a US researcher to the NIH about the possibility of funding a research

project into Blastocystis infection. Internal discussion of the inquiry at the NIH appears in Fig. 8.5
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Mainly, some definitions of the term would suggest that if an antimicrobial

treatment is prescribed for a microbial infection with the intention of relieving

patient symptoms, then the microbe in question would be considered a pathogen.

2. Fig 8.3 Blastocystis is not a parasite and has been reclassified as a fungus: We

were unable to find any reference to Blastocystis being reclassified from a

parasite to a fungus in recent reviews of Blastocystis, or in common archives

of medical literature. All recent papers continue to refer to Blastocystis as a

parasitic infection, and none note any status as a fungus (Boorom et al. 2008;

Fig. 8.5 An internal NIH communication discussing a researcher’s inquiry as to whether the NIH

would fund a proposed Blastocystis research project. The position of the NIH staff member is

consistent with communications made to BRF by patients and researchers, which indicate that

agency believes no evidence exists that the infection could cause illness in healthy humans
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Stensvold et al. 2010; Tan et al. 2011). The statement illustrates the difficulty

associated with developing consensus around technical aspects of Blastocystis
infection. Variations in viewpoints among individuals may develop spontane-

ously, and do not appear to originate from any medical studies.

3. Fig 8.3 D. fragilis is nonpathogenic: The statement was intriguing, as most

recent papers from national health services in Canada, the UK, and large

hospitals in Australia identify D. fragilis as pathogenic, and suggest that

symptoms would be largely similar to those seen in other intestinal parasitic

diseases (Lagace-Wiens et al. 2006; Windsor 2007; Windsor and Macfarlane

2005). Reviews noting diagnosis and treatment of patients are commonly

published in mainstream clinical journals, such as the American Journal of

Tropical Medicine and Hygiene (Stark et al. 2012) and Clinical Microbiology

Reviews (Johnson et al. 2004).

Figures 8.4 and 8.5 illustrate an inquiry to the NIH concerning funding of a

Blastocystis research grant. In Fig. 8.4, the researcher notes the trend of Blastocystis
research, and the development of a consensus of researchers that the microbe is patho-

genic. In Fig. 8.5, the discussion at the NIH concerning this grant suggests that no funds

would be made available for a project investigating Blastocystis infection (Table 8.4).

Table 8.3 Institutional Affiliation of Selected Researchers co-authoring papers on Blastocystis

Agency

Author (year of

publication) Title

US National Institute

of Health

Zierdt (1991a) Blastocystis Past and Future

US Center for

Disease Control

CDC (2000) Blastocystis Fact Sheet, 2000–2010

US Center for

Disease Control

CDC (2010) Blastocystis Fact Sheet, 2010-present

US Center for

Disease Control

Boorom et al. (2008) Oh my aching gut: irritable bowel syndrome,
Blastocystis, and asymptomatic infection

China Center for

Disease Control

Boorom et al. (2008)

US Air Force Jones et al. (2009) Association of Blastocystis subtype 3 and 1 with
patients from an Oregon community presenting
with chronic gastrointestinal illness

US Department of

Agriculture

Santin et al. (2011) Development of a new PCR protocol to detect and

subtype Blastocystis spp. from humans and

animals

World Health

Organization

(Coordinating

Center)

Parkar et al. (2010) Molecular characterization of Blastocystis isolates
from zoo animals and their animal-keepers

Papers on the infection are commonly published by researchers at national and regional public

health organizations and hospitals, as well as national universities. Within the USA, the NIH

elected to discontinue research participation after the mid-1990s, but scientists from other federal

agencies have published papers on the subject

146 K. Boorom



Table 8.4 Blastocystis Firsts, 1990–2012

Item Author (year) Country

First studies to examine antimicrobial resistance Silard and Burghelea

(1985)

Romania

Zaman and Zaki (1996) Pakistan

First study to recommend that Blastocystis patients
be diagnosed with IBS

Markell and Udkow

(1986)

USA

First study to suggest that Blastocystis infection was

the underlying cause of irritable bowel syndrome

Hussain et al. (1997) Pakistan

First mouse model Moe et al. (1997) Singapore

First studies to suggest some Blastocystis isolates are
associated with acute infection, while others may

be associated with chronic infection

Lanuza et al. (1999) Italy

Stensvold et al. (2011) Denmark

First study to report that common clinical diagnostic

techniques fail to identify most Blastocystis
infections

Leelayoova et al. (2002) Thailand

First detailed study of a Blastocystis epidemic Nimri (1993) Jordan

First long term study (2 years) of Blastocystis
immune response in patients with and without

gastrointestinal symptoms

Kaneda et al. (2000) Japan

First study to report a difference in Blastocystis
antigen immune response between symptomatic

and asymptomatic hosts

Mahmoud and Saleh

(2003)

Egypt

First placebo controlled trial for treatment of

Blastocystis infection with antimicrobials

Nigro et al. (2003) Italy

First study to report death in animal models

following experimental infection of Blastocystis
from symptomatic humans

Yao et al. (2005) China

First major analysis of Blastocystis genotypes from
multiple countries

Noel et al. (2005) France

First large epidemiological study of Blastocystis
infection

Amin (2005) USA

First large scale population study of Blastocystis
using a reliable diagnostic technique and sub-

typing of isolates

Li et al. (2007a) China/Japan

First comparison of conventional diagnostics, stool

culture and PCR detection for identification of

Blastocystis infection in stool samples

Stensvold et al. (2007a) Denmark

First international agreement on naming conventions

for Blastocystis isolates
Stensvold et al. (2007b) Denmark

First studies to investigate waterborne transmission

of Blastocystis, including molecular

epidemiology

Li et al. (2007b) China

Leelayoova et al. (2008) Thailand

Eroglu and Koltas (2010) Turkey

First real-time PCR test for Blastocystis infection Jones Ii et al. (2008) USA

First genotyping of Blastocystis infection in cancer

patients

Tan et al. (2009) Malaysia

First study to provide details (molecular weights of

antigens) for Blastocystis immune response in

symptomatic humans

Hegazy et al. (2008) Egypt

(continued)
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8.5 Blastocystis and IBS in Medical Studies

Published medical studies provide another avenue for understanding how views

about pathogenicity can vary between individuals, and how those views are formed.

The two studies by Dr. Edward Markell, provide a good reference point, as Dr.

Markell’s 1986 paper, “Blastocystis: Pathogen or Fellow Traveler” remains one of

the ten most cited Blastocystis studies. The abstract of the paper describes his

conclusions as follows:

To investigate this possibility, we identified 148 persons whose stools contained this organ-

ism. Of this number, 32 had at least 6 stool examinations performed. Twenty-seven of the 32

persons were later found to have greater than or equal to 1 recognized pathogens—Ent-
amoeba histolytica, Giardia lamblia or D. fragilis—and, after receiving appropriate therapy,

Table 8.4 (continued)

Item Author (year) Country

First study to perform experimental animal infection

with multiple Blastocystis isolates that were sub-
typed

Hussein et al. (2008) Egypt

First systematic review of Blastocystis literature Boorom et al. (2008) USA + ten

other

countries

First detailed clinical reports of Blastocystis in
producing skin rash

Katsarou-Katsari et al.

(2008)

Greece

Turkey

First sub-typing of Blastocystis infection in an

irritable bowel syndrome (IBS) patient as well as

a “Gulf War Illness” patient

Jones et al. (2009) USA

First study to genotype Blastocystis in inflammatory

bowel disease patient

Dogruman-Al et al. (2010) Turkey

First study to report multiple immunosuppressive

properties of Blastocystis secretory substances

Chandramathi et al.

(2010a)

Malaysia

First study to report that Blastocystis (and E.

histolytica) are associated with relapsing

symptoms in inflammatory bowel disease patients

Yamamoto-Furusho and

Torijano-Carrera

(2010)

Mexico

First study to identify a diagnostic test whose results

differ in both symptomatic Blastocystis patients,
and in experimentally infected rats

Chandramathi et al. (2009,

2010b)

Malaysia

First study to report that Blastocystis down-regulated
nitric oxide production

Mirza et al. (2011) Singapore

First complete genome sequencing of Blastocystis Denoeud et al. (2011) France

First study to report that DNA extraction kits have

greatly varying performance level in their ability

to produce DNA for Blastocystis detection

Yoshikawa et al. (2011) Turkey/Japan

First study to identify a host genetic trait which is

responsible for mediating symptoms in

Blastocystis infection

Olivo-Diaz et al. (2012) Mexico

Participation of laboratories in Asia, the Middle East, and most recently Europe and Mexico has

been essential for the development of Blastocystis research. The lack of US participation after

1995 is notable
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became asymptomatic. The B hominis infection, however, was unaffected by therapy. Five

persons with only B. hominis infection were treated with iodoquinol without effect; these

persons fulfilled the medical criteria for irritable bowel syndrome. We believe that when an

apparently symptomatic B. hominis infection responds to therapy, the improvement probably

represents elimination of some other undetected organism causing the infection.

Blastocystis: Pathogen or Fellow-Traveler (Markell and Udkow 1986)

We can identify several concepts about pathogenicity from this statement:

1. Pathogenicity can be determined by response to antimicrobial treatment. That
is, the lack of symptomatic improvement following treatment with iodoquinol

shows that a microbe is nonpathogenic. Subsequent in vitro studies showed the

iodoquinol had little activity against Blastocystis infection (Dunn and Boreham

1991; Mirza et al. 2010). The idea that pathogens must be treatable is also noted

in a 1990 letter to the Journal of Clinical Microbiology concerning Blastocystis
pathogenicity (Rosenblatt 1990), and also in a 2010 review on the treatment

prescribed for Blastocystis, with the title, “Eradication of Blastocystis carriage

with antimicrobials: reality or delusion” (Stensvold et al. 2010).

2. If a patient has symptoms meeting the criteria for irritable bowel syndrome,
microbial causes can be eliminated.

3. The drop-out effect is not a concern in studies of this nature. Most patients (116/

148, 78 %) dropped out of Dr. Markell’s study. Of the original 148 study

participants, only 32 completed the study. In the paper text, Markell noted that

he communicated the results of the testing with patients while the study was

being conducted, causing patients with Blastocystismono-infections to drop out:

“In others [leaving the study], the patient was reassured by initial examinations

which were negative for recognized pathogens, and did not return.” (Markell and

Udkow, 1986, p. 1024) Markell did not perceive this drop-out effect to be

incompatible with the study’s conclusion that symptomatic Blastocystis mono-

infections were uncommon.

4. The appearance of another pathogen during the study proves that the original
infection was not the cause of illness in the patient. Markell collected six

samples over a period of 11 months, according to the paper.

5. At the end ofMarkell’s study, hewas left with a populationwhere 15.6% (5/32) of the
Blastocystis patientswere symptomaticallymono-infected. This level of symptomatic

mono-infection is thought to prove that Blastocystis does not cause of illness.

The issue as to whether asymptomatic carriers can be used to prove that a

microbial infection is nonpathogenic repeatedly appears in the literature concerning

Blastocystis infection. The argument is that since all enteric protozoal infections

have high rates of asymptomatic carriers, this would not be the best criteria to use in

“proving” that a suspected enteric protozoan is nonpathogenic. Dr. Charles H.

Zierdt’s response to the issue of asymptomatic carriers was as follows:

Dr. Rosenblatt states: “Some patients with diarrhea have the organism in their stool and

some do not; some asymptomatic patients have it in their stool and some do not.” What a

beautiful description of the presence of Entamoeba histolytica!
Blastocystis pathogenicity (Zierdt 1991b)
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The issue as to whether Blastocystis patients (and patients with other microbial

infections) should be diagnosed with IBS continues to be controversial in the

medical community. One group of scientists indicates that such infections should

be excluded before diagnosing patients with IBS, publishing a 2007 review article

entitled, “Irritable bowel syndrome: a review on the role of intestinal protozoa and
the importance of their detection and diagnosis” (Stark et al. 2007). However, other
researchers argue the microbial causes for gastrointestinal illness have been given

too much emphasis in the medical community. Dispensing an infective diagnosis

for diarrhea based solely on the presence of an infection, be it bacterial or protozoal,

is not appropriate because infections appear in asymptomatic patients:

For example, an individual with a bacterial gastroenteritis or other bowel disorder who has no

concurrent psychosocial difficulties and good coping skills may not develop the clinical syn-

drome (or be aware of it) or if it does develop, may not perceive the need to seek medical care.

Another individual with coexistent psychosocial comorbidities, high life stress, abuse history, or

maladaptive coping, may develop a syndrome (e.g., postinfectious irritable bowel syndrome

[IBS] or dyspepsia), go to the physician frequently, and have a generally poorer outcome.”

The Functional Gastrointestinal Disorders and the Rome III Process (Drossman 2006)

This text appears in the introduction to the Rome III Process document,

published in the journal Gastroenterology. The document is an international stan-

dard for the diagnosis of functional gastrointestinal disorders. According to the text,

the paradigm shift began thirty years ago, and was produced as a result of centuries-

long unjust exclusion of a type of research by the medical community, a process

which is remedied with the development of new paradigms:

The first event began 3 decades ago with a paradigm shift that moved away from

conceptualizing illness and disease based on a 3-century-old reductionistic model of

disease in which the effort was to identify a single underlying biological etiology to a

more integrated, biopsychosocial model of illness and disease. The former disease-based

model had its roots with Descartes’ separation of mind and body and at the time was a

concept that harmonized prevailing societal views of separation of church and state. What

resulted was permission to dissect the human body (which was previously forbidden), so

disease was defined by what was seen (i.e., pathology based on abnormal morphology).

This approach led to centuries of valuable research producing effective treatments for many

diseases. The concept of the mind (i.e., the central nervous system [CNS]) as being

amenable to scientific study or as playing a role in illness and disease was marginalized,

however. The mind was considered the seat of the soul, not to be tampered with.

The Functional Gastrointestinal Disorders and the Rome III Process (Drossman 2006)

The viewpoint that individuals control their response to infectious diseases is not

a new idea, and was promoted widely in the teachings of Mary Baker Eddy, the

founder of the Christian Science movement in the USA, which advocates prayer for

the treatment of infectious diseases (Swan 1983). Advocates of the idea point to the

presence of asymptomatic carriers of infectious diseases like Vibrio cholerae. The
paradigm can be extended to other diseases, such as tuberculosis. The following

appeared in a journal of the largest charity in the UK devoted to patients with

irritable bowel syndrome (IBS):

We have known since the birth of civilization how people weakened by malnutrition and

poverty are particularly susceptible to illness. The same applies to people undermined by
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emotional distress. The dramatic potential of the Tubercle bacillus to devastate the health of

young men and women crossed in love is a dramatic theme of many novels of the

nineteenth and early twentieth centuries.

Nick Reed, MD, Issue 69, Gut Reaction, Journal of the Gut Trust

It is difficult to resolve this controversy between microbiologists and bio-psy-

cho-social (BPS) scientists because of the different methods used by each group.

Specifically, BPS faults the use of reductionism in the medical community, a

process which typically involves narrowing possible causes with laboratory experi-

ment, until the smallest set of factors is identified which can reproduce the disease.

BPS scientists emphasize “multi-determinism,” and believe many factors

influencing symptoms in infectious diseases cannot be clearly quantified, and

have unfairly been excluded from the medical process. These influences might

include traumatic experiences early in life, maternal separation, the cumulative

effect of emotionally stressful life events, etc. BPS scientists may also draw on

discussion of novels or seventeenth century European philosophers, while

microbiologists emphasize repeatable clinical and laboratory studies.

8.6 Prevalence as a Test for Pathogenicity

Measurements of the prevalence of Blastocystis have also been cited in conjunction
with discussion of pathogenicity. In 2006, I worked with an Oregon State legislator,

Representative Sarah Gelser, to bring a bill, HB2699, before the legislature to make

Blastocystis a reportable infection (Fig. 8.6).3 The bill was opposed by the State

Epidemiologists who cited the prevalence of the infection as proof that it could not

cause disease:

Based on the number of studies we have seen or read, about 10–20 % of the population in

the world, and the USA, may actually carry Blastocystis hominis. That would equal about

700,000 individuals in Oregon carrying the organism, walking around with Blastocystis

hominis, and not having any symptoms at all. So that is very telling of the likelihood of the

organism and the possibility of causing disease.

Dr. Emilo deBess, Testimony to State of Oregon Health Policy Committee, March 2007

A counter-point to the argument that prevalent microbes can not be pathogenic

was suggested in a 2010 review on Blastocystis, which noted that the prevalence of
chronic gastrointestinal illness (IBS) generally tracked the prevalence of

3 The logic was that physicians already recognized Blastocystis as a pathogen by their actions. The
common practice, as communicated to me by interviews with multiple physicians and gastroen-

terologists, was to treat Blastocystis when it was found in symptomatic patients. That is,

laboratories looked for the organism in stool samples, physicians diagnosed patients with

blastocystosis, and treated the infection. We had detailed testimony from patients or their

guardians who had been seen repeatedly by physicians associated with the major hospitals and

clinics in the region, and had been diagnosed and treated for Blastocystis infection. All physicians
and board certified gastroenterologists who we contacted in the area supported passage of the bill,

and provided signed letters supporting it.
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Blastocystis infection in a number of developed nations (Fig. 8.7) (Boorom et al.

2008). The review also noted that in Egypt, 21 % of apparently individuals have

been found to carry E. histolytica. In a study of a slum in Brazil, 11 % carried E.

Fig. 8.7 Comparison of the prevalence of irritable bowel syndrome (IBS) or chronic abdominal

pain in surveys from various countries to the frequency of detection of Blastocystis infection at

clinical laboratories. The high prevalence of both the patients and the illness may contribute to

opposition to pathogenicity, some individuals suggest that an infection which is highly prevalent is

unlikely to be pathogenic

Fig. 8.6 The author testifying to the State of Oregon Health Policy Committee in support of

making Blastocystis a reportable infection in Oregon
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histolytica. In both cases, ELISA assays were used to differentiate E. histolytica
from E. dispar, and the number reported is the prevalence of E. histolytica.

Measurement of the prevalence of the infection in specific populations has also

been cited as a way to determine pathogenicity of Blastocystis. Markell and

Udkow’s second study, published in 1993, noted that the infection was found at a

similar prevalence in symptomatic and asymptomatic individuals:

There was no statistically significant difference in prevalence between the two study groups

(11.5 % vs. 12.8 % for asymptomatic and symptomatic respectively, P¼0.435, Fisher’s

one-tailed test)

Blastocystis hominis: Prevalence in Asymptomatic versus Symptomatic Hosts (Udkow
and Markell 1993)

However, it has been noted that Markell also published two papers noting that

there was no correlation between the presence of E. histolytica and G. intestinalis
and symptoms in his study groups (Boorom et al. 2008).

Of the health fair group, however, 44 (42 %) responded “no” to all nine questions

[concerning gastrointestinal symptoms]. Of the 44, 12 (27 %) were infected with potential

pathogens. No correlation between symptoms and the presence or absence of infection with

E. histolytica, G. intestinalis could be detected.

Intestinal parasitic infections in homosexual men at a San Francisco Health fair,
(Markell et al. 1983)

The prevalence of Entamoeba histolytica (28.6 %) was similar to that reported in other

studies, whereas that of Giardia lamblia was lower. Infection with E. histolytica was

correlated significantly with a prior history of syphilis or gonorrhea (P < 0.0001), with

the number of sexual partners in the preceding 12-month period (P < 0.0001), and with the

reported frequency of oral–anal sexual contact (P < 0.001). Giardial infection was also

significantly related to oral–anal sex (P < 0.001). No relation was seen between the

presence or absence of gastrointestinal symptoms and infection with pathogenic protozoa.

Intestinal protozoa in homosexual men of the San Francisco Bay area: prevalence and
correlates of infection (Markell et al. 1984)

Markell’s last study equated attention to Blastocystis with dereliction of the

physician’s professional responsibility:

Reconciling even potential pathogenicity with the essentially equal prevalence of this

organism in symptomatic and asymptomatic persons. . .seems difficult. Furthermore, focus-

ing attention on B. hominis may stifle further investigation to the possible detriment of the

patient or may prompt treatment that is both unnecessary and potentially dangerous.

Blastocystis hominis: Prevalence in Asymptomatic vs. Symptomatic Hosts (Udkow and

Markell 1993)

We do not have an explanation as to why investigating Blastocystis would cause
such harm, while investigating G. intestinalis and E. histolytica would presumably

be acceptable, even though as Markell noted, there was similarly no correlation

between any of these infections and symptoms in his study populations. That is, we

have an example where the identical finding is interpreted in different ways by the

same researcher, depending on the objectives of the paper.

Why was every intestinal protozoal infection uncorrelated with symptoms in

Markell’s studies? Studies of intestinal protozoal infections in humans are, at best,

partially controlled studies. Both Markell and a Blastocystis review paper suggested
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the possibility that patients who show symptoms are more likely to seek medical

treatment, which can skew results of population studies (Boorom et al. 2008;

Markell et al. 1983). That is, if all the symptomatic patients seek and receive

treatment, we are left with asymptomatic patients for epidemiologists to study.

Besides patient behavior, acquired immunity can influence expression of

symptoms. Studies citing a lack of correlation between intestinal protozoal

infections and symptoms are often conducted on individuals with frequent exposure

to the infections (Pickering et al. 1984). The results from detailed study of

individuals in endemic settings suggests the possibility that in cases of frequent

exposure, most of the infections are asymptomatic, and this process may maintain

immunity at a level such that the infection does not develop into severe illness

(Haque et al. 2006). This pattern is very different from some other diseases (i.e.,

HIV infection, tuberculosis) where individuals who are most frequently exposed

also have the highest morbidity.

Other confounding factors include the presence of an undetected pathogen like

Cryptosporidium spp. in the microbe-free symptomatic population (Chapter 7,

Section 7.13); the presence of innate immunity (Duggal et al. 2004; Haque et al.

2002); and the manner in which the physician classifies a patient as symptomatic or

asymptomatic (Janoff et al. 1990). Markell was apparently aware of the influence of

acquired and innate immunity in mediating symptoms of parasitic infections, as he

noted both in his text on medical parasitology, but they were not noted as possible

factors in influencing the outcome of Blastocystis population studies (Markell and

Voge 1976).

8.7 Other Tests for Pathogenicity

Additional tests for pathogenicity have been proposed. One author, writing a letter

to the editor in the Journal of Clinical Microbiology in 1990, cited five criteria:

Markell and Udkow comment on the “guilt by association” phenomenon which has grown

up around this organism in the recent literature. Stated another way, simply repeating

continuously the statement that B. hominis is a pathogen will not make it so. In addition to

the fact that there is no clear segregation of this organism between symptomatic and

asymptomatic persons, we need to remember the following: (1) Koch’s postulates have

never been satisfied (there is no reproducible model of experimental infection due to B.
hominis only), (2) no pathologic evidence of or immunologic response to “infection” has

been demonstrated in humans, (3) no mechanisms of pathogenicity, such as toxin elabora-

tion, attachment to intestinal mucosa, or invasiveness, in humans have been described, (4)

no antimicrobial agent which is uniquely active against B. hominis has been shown to

reliably eradicate both the organism and the diarrhea, and (5) there has never been a point-

source outbreak of gastroenteritis in which epidemiologic evidence suggested that B.
hominis was the cause.

Blastocystis Pathogenicity (Rosenblatt 1990)

In this case, the author suggests that a combination of laboratory studies (animal

models, immunologic response, and pathogenesis) should be used in conjunction
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with an epidemiological criterion of the point-source outbreak, and the clinical

criteria of a drug that acts against the microbe.

Additional criteria were cited by Dr. Emilio deBess, in testimony from the State

of Oregon Epidemiologist’s Office in testimony concerning legislation making

Blastocystis a reportable infection (Supplemental files).

1. We asked the CDC. They have an epidemiologist section where they deal with things

like Giardia and other parasites, and again they claim there is no convincing evidence at

this point that would make us think that B. hominis is an organism that could actually

cause an illness or disease.

2. One of the interesting facts about this particular organism or parasite is that when it was

actually fed to animals that were bacteria free, it did not cause disease that is one of the

basis by which we actually look at how a bacteria or parasite works.

3. As I said, the AIDS and HIV era did not put Blastocystis hominis forward as an

organism that could actually cause illness in people who are immune compromised.

4. There are few lines of evidence in regards to blastocystosis but one of them in 2000 has

to do with a Swedish study, and they actually found more Blastocystis hominis in well

people than sick people. And that is kind of a landmark article.

– Dr. Emilio deBess, DVM

Oregon State Epidemiologist’s Office

April 2006

As an illustration of the difficulty in developing consensus on the idea of pathoge-

nicity, Dr. deBess’ four criteria form almost a disjoint set with respect to Rosenblatt’s

criteria. Dr. deBess introduces a new criterion for establishing a pathogen—mainly, it

should be shown to be problematic in HIV patients. Also, while Dr. Rosenblatt

limited his criteria to the existence of medical studies, Dr. deBess introduces a

criterion for opinion polling, in that a specific group should agree that the organism

is pathogenic. While Rosenblatt’s criteria required that specific studies exist, Dr.

deBess criteria include what might be called “lack of existence” criteria. That is, an

organism should not be considered pathogenic if specific studies exist which would

conflict with the idea of pathogenicity, such as the Swedish study, or the animal

study.

The abstract from an invited review on Blastocystis published in the January

2012 issue of Clinical Infectious Diseases, the journal of the Infectious Disease

Society of America, provides some additional viewpoints on pathogenicity, and

also shows how the requirements can potentially change over time:

Parasites in the genus Blastocystis comprise several subtypes (genotypes) and have a

worldwide distribution. In some surveys, these are the most common parasites found in

human stool specimens. An emerging literature suggests that the pathogenicity of

Blastocystis is related to specific subtypes and parasite burden, although even individuals

with small numbers of cysts may be symptomatic. Some data suggest an association

between infection with Blastocystis and irritable bowel syndrome. However, there anuare

few clinical studies demonstrating a direct relationship between the presence of this

parasite and disease, few animal models to explore this relationship, and no consensus as

to appropriate treatment. We recommend that asymptomatic individuals with few cysts not

be treated. However, those who have gastrointestinal or dermatologic signs and symptoms
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and many cysts in stool specimens may require treatment. Metronidazole is the drug of

choice. Additional studies are required to determine pathogenicity and appropriate therapy.

Blastocystis: To Treat or Not To Treat (Coyle et al. 2012)

In 2006, animal models had been identified only by a research team in Singapore

(Moe et al. 1997). By 2012, a number of laboratories, primarily in the Middle East

and China had published papers describing animal models for blastocystosis in

mice and rats. While the body of research would have met Rosenblatt’s criteria

from 1990 for animal models, a new criterion is proposed by Coyle, mainly that

many animal models should exist (Table 8.5).

At the same time, some researchers had reported that symptomatic experimental

animal infection required inoculating animals orally with a large number of cysts,

noting that small numbers of cysts did not produce symptomatic infection (Elwakil

and Hewedi 2010). This adds a level of complexity if negative criteria are to be

applied, such as that noted by Dr. deBess in 2006. Mainly, if researchers use a small

number of cysts in inoculating animals, Dr. deBess’ second criteria (or objection)

will be present, mainly that studies exist which show that inoculating animals with

the microbe does not produce illness.

Table 8.6 shows the diversity of opinion concerning pathogenicity that can exist

among experts by comparing nine different criteria for pathogenicity cited by these five

experts (Markell, Rosenblatt, deBess, Hall, Coyle). Atmost, different experts share only

two of these nine properties, and in many cases, experts do not have any concepts in

common. Pathogenicity appears to be highly subjective, and the discovery of new

information does not necessarily improve the level of consensus between decision

makers. This may explain why historically, decision making about many pathogens is

seldom performed by organizations of physicians.

8.8 Other Methods for Making Medical Decisions

The slow pace of progress in the area of gastrointestinal protozoal infections may be

due to the mechanism by which public policy decisions are made. Although

medical studies go through a peer review process prior to publication, in many

cases, the development of policy from medical studies is performed through a

second review process (Table 8.7). Examples include the process of drug approval,

which is performed by the Food and Drug Administration (FDA) in the USA. The

process by which mental disorders are defined is performed by panels of experts

convened every few years by the American Psychiatric Association.

In these cases, it is recognized that the second review process is needed, because a

consensus does not develop in the community solely from the existence of more

studies. The process of reviewing studies and making decisions requires resources

and an environment which may not be present in the physician’s office. It is not a

process that happens spontaneously. The process is designed to prevent specific

biases. For example, in drug approval, physicians who develop drugs may develop

biases in favor of their use, so the FDA selects groups of individuals to review studies
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who are not involved in the drug’s development. In writing the Statistical Manual of

Mental Disorders (DSM), the American Psychiatric Association recognizes that

different physicians may develop different ideas about how to classify mental

disorders, and that there is a value in developing an industry-wide standard.

Why are such regulatory organizations necessary in medical science, and not in

physics or mathematics? One reason may come from an examination of the number

of individuals who have an interest in the outcome of a decision, and the process by

which the “debate” is held. In the case of Blastocystis infection in the USA, there

have been approximately five researchers who have pursued multiyear research

projects concerning Blastocystis infection over the last 30 years. However, data

from those research efforts impacts medical practice of virtually all physicians in

the USA, who number over 600,000.

The decision making process is generally self-selective, with researchers

choosing to publish, and individuals within the medical community choosing to

object to such publication. If just one physician in 1000 objects to a type of

research, individuals who object to the research will quickly out-number the

parasitologists. In contrast, organizations that develop medical policies generally

use an appointment process, where individuals are selected to serve on a committee

which renders a decision.

Table 8.6 Number of times

overlapping is observed in

criteria for pathogenicity cited

by experts, based on data

from Table 8.5. Out of nine

possible criteria only two

criteria were identified by

more than one researcher,

suggesting that the idea of

pathogenicity may be a

strongly subjective concept.

Markell Rosenblatt deBess Hall Coyle

Markell – 1 2 0 1

Rosenblatt – – 2 0 2

deBess – – – 1 2

Hall – – – – 0

Coyle – – – – –

Table 8.7 Examples of groups that review medical studies regularly, and public policy decisions

concerning those studies

Region Group name How often Input Output

USA Food and drug

administration

(FDA)

Weekly–monthly Medical studies

testimony

Decisions concerning drug

approval and warning

labels

USA Institute of medicine

(IOM)

Several times/

year

Medical studies

testimony

Written medical policy

analyses, often for US

Congress

USA American

Psychiatric

association

(APA)

Once every

several years

Medical studies Statistical manual of

mental disorders

(DSM)—mental

disorders and diagnosis

codes

Europe European medicines

agency

Weekly–monthly Medical studies Decisions concerning drug

approval and warning

labels for the EU
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The mechanics of this process might be seen in the recent controversy

surrounding reclassification of Pluto from a planet to a small planetary body.

Even though this proposal would have little tangible economic or social impact,

the reclassification was vigorously opposed by many schoolchildren and teachers.

State legislative bodies in the USA even passed laws declaring Pluto to be a planet.

The final decision was made by the International Astronomical Union, and is a

potential illustration of the necessity of decision making bodies in science. It is

unlikely that publication of additional studies about the size of Pluto would have

much effect in resolving the controversy.

8.9 Blastocystis Firsts and the Shift of Research East

In compiling a list of significant events in Blastocystis research (Table 8.4), it is

intriguing to note the number of countries involved, and that regions in the Middle

East and Asia are strongly represented in this list, while the USA and UK are virtually

absent. In the development of an international standard for naming Blastocystis
isolates in 2010, no US researcher participated.

It is suggested that this distribution differs from that seen in G. intestinalis or

Cryptosporidium spp., where US and UK teams made significant contributions.

Researchers from the US and UK were the first to achieve a variety of milestones,

such as the first animal models (Fantham and Porter 1916), the first studies of

immunological responses in humans (Brown et al. 1973), leadership for the first

full-genome mapping of G. intestinalis (Morrison et al. 2007) and Cryptosporidium
spp.(Xu et al. 2004). In the case of Blastocystis, the US withdrawal from research has

altered the landscape for this organism, andmost advanced research is now performed

in Asia, the Middle East, and more recently Europe and Mexico (Table 8.4).

The variation cannot be explained by the prevalence of the infection alone, since

studies show that Blastocystis ranks as the most frequently identified parasitic infec-

tion in theUS andUK, and is detected in over 20%of individuals with gastrointestinal

illness in studies from those countries (Windsor et al. 2007, Boorom et al. 2008).

Given research trends noted earlier, some parallels may be drawn between the situa-

tion in Blastocystis, and the ban of US federal funding of many types of embryonic

stem cell research, whichwas a response to objections from leaders of certain religious

groups in the USA. The ban provides advantages to research centers in Asian

countries, where similar objections do not exist (Walters 2004).

For researchers interested in future work, this suggests that the epicenter for this

type of research will remain in the East, as the majority of advanced research will

come from a few European countries (Denmark, Turkey, France, Greece) working

with Asian and Middle Eastern groups. Those collaborations can already be seen in

papers, such as a 2010 review paper with strong participation from researchers in

these regions (Boorom et al. 2008), a collaboration between French and Egyptian

researchers (Souppart et al. 2010), and a collaboration between Turkish and Japa-

nese researchers (Yoshikawa et al. 2011).
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Chapter 9

Diarrheas in Humans Due to Agents of Disease

Heinz Mehlhorn

Abstract Blastocystis species and related species—the topics of this book—introduce

intestinal symptoms of diseases that are described in literature as diarrheas of

dysenterias. Thus this short article intends to present a condensed survey on other

agents of diseases leading to similar symptoms as infections with Blastocystis species.
In general these symptoms are not very specific, so that intense diagnosis must be done

in order to find out the responsible agents of disease and thus to have the chance to

apply the most helpful measurements of therapy and prophylaxis.

9.1 Introduction

The target organisms of this volume of the book series Parasitology Research

Monographs are human or animal Blastocystis species, which may lead under

certain, but not completely understood conditions to severe diarrheas (Darai et al.

2009; Löscher and Burchard 2010; Mehlhorn 2008, 2012a, b; Neumeister et al.

2009; Mertens et al. 2004).

This uptake of agents of disease may occur on the oral pathway after direct

contact with feces or drinking of contaminated water respectively after eating

contaminated food. However, such agents of disease may also become transmitted

indirectly by flies as was recently proven by investigating the bodies, feces, feet,

and mouthparts of flies caught in the nature close to feces of dogs, cattle, rabbits,

chicken, pigs, and horses (Gestmann et al. 2012; Förster et al. 2012). These findings

in nature were confirmed by the same group of researchers when exposing flies to

defined amounts of parasites and bacteria and controlling the transmission poten-

tial. Among the detected pathogens a broad spectrum of bacteria and parasites was
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isolated, which are known to induce clinical symptoms of disease that in common

are described as diarrhea respectively dysenteria. However, all symptoms observed

are in general rather similar so that it is needed to start microscopical and/or

molecular biological test series in order to diagnose the exact agent of disease or

to find explanations pointing to an organic disease of the intestinal tract. Otherwise

chemotherapy—wherever possible—could not be accomplished or dietic

measurements would be the wrong decision in severe cases of infections with

bacteria. Only the correct diagnosis will finally allow to introduce additional

sanitary measurements which could reduce the risk of a mass infection in a group

of humans living close together.

Thus it is worthwhile—especially under the aspects of a necessary differential

diagnosis—to throw a glimpse onto other factors respectively other agents (viruses,

bacteria, fungi, parasites) that may introduce diarrheal stools in humans leading in

many cases to life threatening diseases due to an often extreme loss of water (in

some cases being accompanied by blood loss). Such diseases and their primarily

gastro-intestinally based symptoms may have their origin in inappropriate food or

in physiological defects of the intestine but also may occur as a consequence of the

uptake of agents of diseases.

Especially in malnourished persons living closely together in camps with bad

hygienic conditions local outbreaks may lead to intense rushes of transmissions of

such agents, which may belong either to the groups of viruses, fungi, bacteria, or

parasites. Since in many cases chemotherapy is not possible at all or not available at

the local sites of outbreaks, a quick stop of such epidemics is mostly not possible

and thus leads to a spreading of the agents of diseases by travelers, goods, and/or

insect vectors over long distances even into countries with high standards of

hygiene.

9.2 Definitions and Pathogens

Diarrhea (Greek: dia ¼ through; rhein ¼ flowing) and dysenteria (Greek: dys ¼
bad function; enteron ¼ intestine) describe diseases which are characterized

respectively defined by the fact that concerned persons excrete liquid feces at

least more often than three times per day and thus are endangered by a considerable

loss of water and electrolytic compounds, which then may introduce a potential

collapse of the body especially in severe (¼acute) cases, where large amounts of

mucus, pus, and/or blood are additionally included therein.

While the terms diarrhea or dysenteria cover in a more general sense, practically

all malfunctions of the intestinal tractus lead to increased liquid defecations. The

terms gastroenteritis (Greek: gaster ¼ stomach; enteron ¼ intestine; -itis ¼ mal-

function), cholangitis (Greek: chole ¼ bile, gall), and colitis (Greek: kolon ¼ ter-

minal portion of the intestine prior to rectum and anus) are used to describe regional

intestinal diseases of the stomach, bile producing system respectively of the mid or

terminal portions of the intestinal tract. With respect to the infectious intestinal
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diseases there are many agents of diseases that are able to introduce rather similar

appearing symptoms of disease (Tables 9.1, 9.2, 9.3) (Darai et al. 2009; Kist 2009;

Reuter 2004; Streckert 2009a, b, c; Tschäpe et al. 2009).

The various clinical symptoms of diarrheas and dysenterias are the basis of the

description of different subgroups of these diseases which often show overlapping

symptoms.

9.2.1 Diarrheas

1. Acute or catarrhalic diarrhea: with numerous, liquid defecations per day.

2. Chronic diarrhea: with long lasting symptoms.

3. Lientric diarrhea: with indigested food particles in stool.

4. Profuse diarrhea: strong, watery stools.

5. Malassimilatory diarrhea: food is resorbed.

6. Mucus diarrhea: stool contains large amounts of slimy elements.

7. Diarrhea paradoxa: as follow up of an obstipation.

8. Tropical diarrhea: especially disease of travelers due to different agents of

disease.

9. Inflammatory diarrhea (Table 9.4): is based on invasion and destruction of the

intestinal wall by the pathogen and/or excreted toxins.

10. Noninflammatory diarrhea (Table 9.5): numerous watery defecations, often

with convulsions.

9.2.2 Dysenterias

Many authors claim for the symptoms of this group, that bloody components are

essential diagnostic tools.

1. Dysenteria endemica: due to Entamoeba histolytica (intestinal phase).

2. Dysenteria hepatica: due to Entamoeba histolytica (liver abscess).

3. Dysenteria fulminans: stormy with heavy water loss.

4. Dysenteria maligna: life threatening, often deadly form mostly due to bacterial

invasion in tissues.

9.3 Importance and Pathways of Infections of Diarrheas

Diarrheas respectively dysenterias are very important human infectious diseases

which reached in times of climatic changes and intense globalization worldwide

the status of emerging diseases (Mehlhorn 2008; Mehlhorn 2012a, b, c).

The transmission of the pathogens occurs exclusively orally—fecally by oral
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Table 9.1 Alphabetical list of pathogens that may induce diarrheas (selection)

Agent of disease (genus/species)

Characteristics and systematical position of the

pathogen

Arcobacter butzleri, etc. Gram-negative, spirallic bacteria;

Campylobacteriaceae

Balantidium coli Parasite: Protozoa, Ciliate

Blastocystis hominis Parasite: Globular unicellular organism with varying

size of 5–200 mm in diameter

Caliciviren See Norwalk-Virus: small RNA-viruses of 26–35 nm

in size without capsules, icosaedric, cup-like shape

Campylobacter jejuni and other Gram-negative spirallic bacteria;

Campylobacteriaceae, Protobacteria

Citrobacter freundii Gram-negative, rod-like bacteria with endotoxins;

Enterobacteriaceae

Clostridium perfringens, etc. Gram-positive, anaerobic, short rod-like bacteria

(with subterminal spore); Bacillaceae

Coxsacki virus Human enterovirus; Picornaviridae; spherical, not

covered RNA-virus of 30 nm in diameter

Cryptosporidium species Parasites: Protozoa; spherical oocysts with 5 mm in

diameter

Cyclospora cayetanensis Parasite: Protozoa; Apicomplexa; oocysts with two

sporocysts each with two sporozoites

Cytomegalovirus (HCMV) Human herpes virus linear, double strand DNA-virus

with capsid; Herpesviridae

Dicrocoelium dendriticum Parasite: trematode lives in bile ducts, up to 15 mm in

length

Dientamoeba fragilis Parasite: amoeba-like protozoan of up to 12 mm, may

form cysts

Echovirus, Parechovirus Human enterovirus, spherical RNA virus of 30 nm in

diameter, without cover

Entamoeba histolytica Parasite: Amoeba: Minuta- (10–20 mm) and Magna-

form (40 mm). The latter may enter intestinal wall

and liver forming abscesses

Enterobacter sakazakii, E. aerogenes,
etc.

Gram-negative rod-like bacteria of up to 3 mm in

length, formation of capsules and endotoxin;

Enterobacteriaceae

Escherichia coli and its variations

(EHEC, ETEC, EIEC, EPEC, AEEC)

Gram-negative, rod-like bacteria of 1.5 � 2–6 mm in

size, with or without capsules. EPEC, etc. are

obligate pathogens; Enterobacteriaceae

Giardia lamblia (syn. duodenalis) and
other assemblages (A–G)

Parasites: flagellated protozoan (with 8 flagella as

trophozoite; cyst with 4 nuclei); size 10–20 mm
Hantavirus (Hantaan-virus, etc.) Virus with a minus single strand RNA genome with

a diameter of 100 nm containing three separate

nucleocapsids

Hepatitis-A-virus (HAV) Picornaviridae-virus of 27 nm in diameter without

cover containing a single strand linear+, RNA

genome of about 7.5 kb in length

Hookworms (genera Ancylostoma,
Necator)

Parasites: nematode worms of about 1–1.5 cm in

length, suck blood in both sexes at the intestinal
wall

(continued)
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Table 9.1 (continued)

Agent of disease (genus/species)

Characteristics and systematical position of the

pathogen

Hymenolepis nana, etc. Parasite: Tapeworms of 5–6 cm in length, self-

infections possible ¼ mass infection.

Isospora belli (syn. hominis) Parasite: Protozoan: Apicomplexa; forms oocysts of

20–30 mm � 10–20 mm containing two sporocysts

each with 4 sporozoites

Liver flukes (Opisthorchis, Clonorchis) Parasites: Adult trematode worms of about 1.5 cm in

length live in the bile ducts; infection by oral uptake

of infected fis.

Legionella species Gamma protobacteria; gram-negative, facultatively

intracellular, not sporeforming, short coccoid rod-

like bacteria of 0.3–0.9 mm � 1.5–2 mm in size

Leishmania donovani, etc. Parasite: singly flagellated (short, hidden flagellum)

protozoan that reproduces in humans

intracellularly; transmitted by bites of sandflies

Listeria monocytogenes, L. ivanovii Gram-positive, mobile bacteria, not spore forming rod-

like short bacteria with facultative intracellular

reproduction; Lactobacillidae

Measles-virus, Morbilli-virus Virion has a size of 110–250 nm and has a cover

surrounding the helical nucleocapsid with a RNA-

genome; Paramyxoviridae

Microsporidia (e.g., Encephalitozoon
cuniculi, Enterocytozoon bieneusi)

Parasites small-sized, intracellular protozoans

(2.5 mm), form cysts in immune-suppressed

persons; generalization as opportunistic agents

Neisseria meningitides Gram-negative, diplococcoid, non-motile, non-spore

forming, aerobic b-proterobacteria of 1 mm in

diameter

Norwalk-(Noro)virus (NV) Non-covered, 27 nm sized, icosaedric virus of 27 nm in

diameter containing a RNA-genome, Caliciviridae

Plesiomonas sp. (syn. P. shigelloides,
Aeromonas shigelloides)

Motile gram-negative, rod-like bacteria with flagella at

one of the two cell poles, Enterobacteriaceae

Rotavirus (6 human serotypes; 2 groups) Virus of the family Reoviridae with a diameter of about

70 nm containing 11 segments of double-strand

RNA

Salmonella enterica, etc. Bacteria of the family Enterobacteriaceae; gram-

negative, capsule-less, non-spore forming, rod-like

bacteria with a size of 1.3–4 � 2–6 mm
Sarcocystis species (S. suihominis,

S. bovihominis)
Parasites: Protozoa, Apicomplexa. Humans excrete

oocysts with two sporocysts and each with four

sporozoites or single sporocysts (after disruption of

oocyst wall)

Shigella dysenteriae Bacteria of the family Enterobacteriaceae; gram-

negative, aerobic, rod-like bacteria without spore

formation with a size of 2–6 mm � 1.3 mm; they

invade intestinal cells; E. dysenteriae produces
Shigatoxin; some authors consider Shigella as

E. coli-pathovars

(continued)
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uptake of persistent stages (cysts, spores, etc.) of the various pathogens (Tables 9.1,

9.2, 9.3, 9.4, 9.5) from human or animal feces by direct contact or by uptake of

contaminated food and/or drinking water. The food or human mouthparts may also

become contaminated indirectly by help of licking flies. Many studies (literature,

see Förster et al. 2012; Gestmann et al. 2012) showed that the body, the mouthparts,

and/or feet of numerous fly species may carry large amounts of pathogens

(Figs. 9.1, 9.2, 9.3).

Furthermore the feces of blood-sucking insects may contain agents of diseases,

which then might become inhaled or ingested by humans. The experiments of

Mencke et al. (2009) and Vobis et al. (2003, 2005) clearly showed that feces of

cat fleas, which had taken up blood from animals being infected with Feline
Lymphoma Virus (FeLV) or Feline Calici-Virus (FeCV) remain infectious for

weeks. Thus virus-infected flea feces may endanger for weeks in humans who get

into contact with pathogens containing feces of fleas.

Since in most cases only a few specimens of pathogens are needed to establish a

progressive infection, the transmission pathway by flies and fleas is probably

worldwide still underestimated.

According to reasonable calculations of WHO (2004) and other groups Modis

(2012) ranges human diarrheal infections on place two after parasitic diseases

asking 72.8 million DALYs (¼Diasability Adjusted Life Years; Murray 1994;

Murray and Lopez 1996; Mathers 2008) and thus range significantly before AIDS

Table 9.1 (continued)

Agent of disease (genus/species)

Characteristics and systematical position of the

pathogen

Staphylococcus aureus Bacteria of the new classified family Micrococcaceae;

stages are gram-positive coccoid bacteria, which

often form clusters during growth

Strongyloides stercoralis Parasite: nematode worm, which lives as

parthenogenic, 2 mm long females in human

intestine and as bisexual generation outside of the

body (reaching lengths of 0.8–1 mm)

Taenia species (e.g., T. solium,
T. saginata, T. asiatica)

Parasites: tapeworms, reaching lengths of up to 8 m in

human intestine; mostly only one adult worm per

person

Trichinella spiralis and related species Parasites: nematode worms: ♀, ♂ of ~1–3 mm live in

human intestine; (100 mm long larvae live

intracellularly in human muscle cells)

Trichuris trichiura Parasite: nematode worms of 5–6 cm in length, live in

the colon of humans; their thin anterior end

penetrates into the interior of intestinal cells

Vibrio cholerae, etc. Bacteria belonging to the family Vibrionaceae; stages

are 0.5–0.8 mm � 1.4–2.6 mm sized vibrions with

comma-appearance and gram-negative reaction,

polar flagella

Yersinia enterocolitica, etc. Proterobacteria (Fam. Enterobacteriaceae), short rod-

like, gram-negative bacteria
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(58.5 DALYs), tuberculosis (34.2 DALYs), or malaria (34 DALYs). In total it is

estimated that about 20 % of the diarrheal diseases are induced by transmitted

parasites and the rest by various viral and bacterial pathogens.

However, the sources of outbreaks of diarrheas respectively dysenterias remain

often hidden due to the lack of appropriate methods for diagnosis (Streckert 2009a,

b, c). Thus documentating reviews on outbreaks of diarrheal diseases show often

the pattern that was described by Barnes et al. (1998) in Australia for 4,637

hospitalized children. This group documented that in 43.3 % of the cases, the agents

Table 9.2 Alphabetical list of pathogens that may induce gastroenteritis

Agent of disease (genus/

species) Characteristics and systematical position of the agent of disease

Adenovirus Family Adenoviridae: virus (without cover), measures 70–90 nm size

and contains a linear, double-strand DNA-genome

Astrovirus Family Astroviridae (genus Mamastrovirus); the 27–30 nm sized,

icosaedric capsid contains a single strand RNA-genome

Blastocystis hominis See Table 9.1

Campylobacter species See Table 9.1

Clostridium species See Table 9.1

Coxsackivirus See Table 9.1

Echovirus,
Paraechovirus

See Table 9.1

Edwardsiella sp. Gram-negative, rod-like, motile bacteria with a size of 1 � 2–3 mm
Enterobacter sp. See Table 9.1

Escherichia coli See Table 9.1

Listeria monocytogenes See Table 9.1

Norwalk-(Noro-)virus See Table 9.1

Reovirus (Orthovirus) See Table 9.1

Rotavirus See Table 9.1

Salmonella enterica,
etc.

Bacteria of the family Enterobacteriaceae; gram-negative, capsule-less,

non-spore forming, rod-like bacteria with a size of 1.3–4 � 2–6 mm
Shigella sp. See Table 9.1

Trichinella species See Table 9.1

Vibrio species See Table 9.1

Yersinia enterocolitica,
etc.

Proterobacteria (Fam. Enterobacteriaceae), short rod-like, gram-

negative bacteria

Table 9.3 Alphabetical list of pathogens that may induce colitis

Agent of disease

(genus/species) Characteristics and systematical position of the agent of disease

Campylobacter jejuni See Table 9.1

Clostridium species See Table 9.1; C. difficile after use of antibiotica; endotoxins attack
intestinal walls and induce necrosis

Cytomegalovirus Family Herpesviridae; virus possesses icosaedric capsid, tegument and

outer membrane. Genome: double strand DNA

Entamoeba histolytica See Table 9.1

Escherichia coli See Table 9.1
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of the gastroenteritis was not found, while 39.6 % were diagnosed to occur as

consequence of a rotavirus infection, 6 % respectively 1.9 % as follow ups of

infections with specimens of the adenovirus—or astrovirus group. Only 5.8 % were

due infections with bacteria of the Salmonella group respectively 3.4 % due to

species of the Campylobacter group.

Table 9.4 Pathogens inducing an inflammatory diarrhea (selection)

Species

Incubation

period

Persistence of

symptoms Fever > 38.5 �C
Campylobacter species 6–48 h ~7 d þ
Entamoeba histolytica 2 d–3 months Diarrhea: 6–14 d

Abscess: months

þ (rare)

Enteric Salmonella species 6–48 h 1–10 w þ
Enterohaemorrhagic Escherichia coli

(EHEC, etc.)

1–8 d 3–7 d þ (rare)

Typhic Salmonella species 1–3 w ~4 w þ
Vibrio parahaemolyticus 5 h–1 d ~7–10 d þ
Yersina species 10–48 h 1–3 w þ
>: higher, more than; þ: yes; ~: about; d: days; h: hours; m: months; w ¼ weeks

Table 9.5 Pathogens inducing a non-inflammatory diarrhea (selection)

Species

Incubation

period

Persistence of

symptoms Fever > 38.5 �C
Blastocystis hominis 2–3 d–3 w ~5 w þ (rare)

Clostridium perfringens 14–24 h ~24 h þ (rare)

Cryptosporidium species 1–2 d 3–12 d �
Cyclospora cayetanensis 2–7 d 2–12 w �
Enterotoxic Escherichia coli

(ETEC)

16–72 h ~10 d þ (rare)

Giardia lamblia ~1–2 w ~months �
Isospora belli 2–13 d 2–4 w–1 year �
Norwalk-Virus 1–2 d 1–2 d þ (rare)

Rotavirus 1–3 d 6–8 d þ
Sarcocystis suihominis 4–6 h ~24–48 h �
Vibrio cholerae 1–3 d 6–9 d �
þ: present; �: not present; ~: about; d: days; h: hours; w: weeks

Fig. 9.1 Macrophoto of a Musca fly in its typical position of licking at a surface
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With respect to the death toll, rotaviral infections are forerunners killing up to

650,000 persons per year (especially children of 6 months until 2 years in age).

90 % of these deaths occur in Asia and Africa (Glass et al. 2005). Also the species

of the adenovirus group lead to disseminated diseases with a lethality of 20–80 %,

Fig. 9.2 Scanning electron micrographs of the mouthparts of a Musca fly showing the enlarged

tips of the labellae, which are provided with numerous grooves that are filled with gluing saliva.

(a) Lateral view, (b) ventral surface of the licking labellae

Fig. 9.3 Petri dish with bacteria growing medium when just exposed to a Musca fly (a) and after

2 days with fully grown bacterial colonies (b)
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while the obligatorily notifiable disease due to Salmonella leads only in 5 % of the

cases to enteritic symptoms (Tschäpe et al. 2009). In the case of infections with

Campylobacter species (C. jejuni; C. coli) it turned out that their number increases

worldwide and are seated on top of the list of agents of enteritis prior to the

Salmonella species. Acute, watery diarrheas may occur up to 20 times per 24 h

(Kist 2009). In 30 % of the Campylobacter stools blood is mingled among the

watery feces. This makes it clear why Campylobacter infections have to be

announced in many countries as notifiable diseases to the Governmental Health

Authorities.

Although it is absolutely clear that the predominant pathway of the transmission

of agents diarrheas respectively dysenterias is based on fecal–oral contacts with

such pathogens, their potential to become transported by insects (e.g., ants, flies,

cockroaches, beetles, fleas, etc., Figs. 9.4, 9.5, 9.6, 9.7) is large enough that in

communities of closely “packed” people, severe and wide epidemics may become

initiated—especially in those cases where the sanitary conditions are poor (Figs. 9.8

and 9.9).

All literature on diarrheal diseases clearly points out, that in all cases the

severeness of the diseases depends largely on the fitness of the immune system of

the persons that become infected. Kids below 2 years and immuno-compromised

Fig. 9.4 Macrophoto of an American cockroach (Periplaneta americana) It came in the 17th

century with sugar canes from USA to Europe

Fig. 9.5 Scanning electron micrograph of a so-called pharao ant (Monomorium pharaonis), which
like to feed on human protein food and on wounds
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persons are therefore most highly endangered. In these groups the severeness of the

clinical symptoms reaches the highest values and even considerable rates of

lethality (Neumeister et al. 2009; Löscher and Burchard 2011; Darai et al. 2009;

Mehlhorn 2012a, b, c).

Fig. 9.6 Scanning electron micrograph of an adult cat flea (Ctenocephalides felis)

Fig. 9.7 Macrophoto of a larva of the flour beetle (Tenebrio molitor), which is often found on

human food

Fig. 9.8 Fluid feces with bloody contents after an infection with the amoeba Entamoeba
histolytica
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9.4 Conclusions

Diarrheas and dysenterias are worldwide very wide spread and may lead to severe

life-threatening diseases. The situation becomes worse when considering that in

many types of diseases the means and methods of diagnosis are in general not

existing, poor, or not available in many countries. Furthermore there are practically

no remedies to cure viral diseases completely. Furthermore many bacterial

pathogens have developed considerable resistances against several groups of

antibiotics. Thus the recent situation is worldwide in a critical phase and not only

in countries with low hygienic standards.

Therefore as important approaches in the fight against diarrheal diseases the

following measurements must have top priority in all countries wherever on earth:

• Control of fecal deposals

• Avoidance of contact to human and animal feces

• Production and provision of pathogen-free drinking water for humans and

animals

• Control of insects close to and inside human dwellings and animal stables

• Constant control of hygienic conditions in institutions, food production,

restaurants, shops, etc.

• Establishment of an alarm system to recognize epidemics as early as possible

• Repeated, reasonable information of the public on the pathways of transmission

of pathogens and available methods of prophylaxis
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Löscher T, Burchard RD (2010) Reisemedizin, 2nd edn. Thieme, Stuttgart

Mathers G (2008) The global burden of disease: 2004 update. WHO, Geneva

Mehlhorn H (ed) (2008) Encyclopedia of parasitology, 3rd edn. Springer, New York, Heidelberg

Mehlhorn H (2012a) The parasites of animals, 7th edn. Springer, Spektrum Akad. Verlag,

Heidelberg

Mehlhorn H (2012b) The parasites of man and the diseases, 7th edn. Springer, Spektrum Akad.

Verlag, Heidelberg

Mehlhorn H (ed) (2012c) Arthropods as vectors of emerging diseases. Parasitology research

monographs, vol 3, Springer, Heidelberg

Mencke N, Vobis M, Mehlhorn H, D’Haese J, Rehagen M, Mangold-Gehring S, Truyen U (2009)

Transmission of the feline calicivirus via the cat flea. Parasitol Res 105:185–189

Mertens T, Haller O, Klenk HD (2004) Diagnostik und Therapie von Viruskrankheiten, 2nd edn.

Elsevier, München

Modis Y (2012) Exploiting structural biology in the fight against parasitic diseases. Trends

Parasitol 28:124–130

Murray CJ (1994) Quantifying the burden of disease: the technical basis for disability-adjusted-life

years. Bull World Health Org 72:429–449

Murray CJ, Lopez AD (1996) Evidence-based health policy. Science 274:740–743

Neumeister B, Geiss KH, Braun RW, Kimmig P (eds) (2009) Microbiological diagnostic, 2nd edn.

Thieme, Stuttgart

Reuter P (ed) (2004) Springer Lexikon Medicine. Springer, Heidelberg

Streckert HJ (2009a) Astrovirus. In: Neumeister B et al (eds) Microbiological diagnostic, 2nd edn.

Thieme, Stuttgart

Streckert HJ (2009b) Calicivirus. In: Neumeister B et al (eds) Microbiological diagnostic, 2nd edn.

Thieme, Stuttgart

Streckert HJ (2009c) Reovirus. In: Neumeister B et al (eds) Microbiological diagnostic, 2nd edn.

Thieme, Stuttgart
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Chapter 10

What Are Zoonotic Diseases?

Heinz Mehlhorn

Abstract Humans consider themselves as “crown of the creation,” since they feel

to be guided by a breeze of the “divine spirit” that enables some insights into the

scene of life and into basics of earth. However, with respect to their relationships on

earth, humans are just members of the animal kingdom and thus endangered by the

same agents of disease that threaten the life of animals. Since humans as predators

are also members of the food chain on earth, they may also become infected with

agents of diseases that are on or inside of animals that belong to the daily human

food. Diseases due to such animal-based or animal-transmitted pathogens are called

zoonosis. Such pathogens may belong to the groups of prions, viruses, fungi,

bacteria, and animal parasites, which may interact in a broad spectrum of pathways.

The main topics of this book—Blastocystis species—belong to these pathogens.

Thus many pathways of transmission of the numerous above-cited pathogens will

run identically or are at least very similar. Therefore it is worthwhile to throw a

glimpse onto the, in general, already available transmission pathways of the agents

of zoonotic diseases while giving definitions and showing important examples.

10.1 Introduction

Since about 20,000–100,000 years, when larger settlements were founded, the

specimens of the Homo sapiens started to live in close neighborhood to farmed

animals and/or animals (such as rats, mice, dogs, flies, etc.), which seek shelter or

food inside or close to human dwellings. This was the chance for several, primarily

strictly host-specific agents of diseases or of parasites of animals to begin a phase of

coevolution inside animals and humans and thus to enlarge their host spectrum
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considerably and as consequence to obtain better chances for a long-term survival

on earth. Such processes of adaptations were found in viral, bacterial, fungal, and

parasitic infections, which after a slow beginning then occurred more and more

often simultaneously in the constantly growing human population. Many of these

natural cross-infections surely failed, while others probably ended fatal for those

hosts—animals or humans—which were infected as a second host after the agent of

disease had been propagated for a long time in its first hosts, which therefore had the

chance to become adapted. Thus then these first hosts suffered only from low-

graded symptoms of disease or even showed no disturbances after an infection.

Therefore there are mostly much heavier symptoms of disease in those cases, where

agents of diseases hit a host population, which had not yet been in contact with such

aggressors. For example, mankind probably suffered longer from infections with

Plasmodium vivax than with P. falciparum, which demands today a much higher

death toll per year than all other malaria types together. Similarly opportunistic

parasites such as Giardia lamblia introduce practically no symptoms of disease in

immunocompetent hosts, while they lead often to severe, slimy diarrheas in naı̈ve

hosts (¼those without any previous contact to the parasite) or in immunocompro-

mised persons (e.g., in AIDS-patients). Another factor supporting the development

of zoonotic diseases was given when mankind started farming of animals close to

their housings and enlarged it in our days of mass production of animals in

overcrowded stables. This close neighborhood of animals and humans (often at

short distances to towns with huge populations) increases the chances for ping-pong

transmissions of agents of diseases between animals and humans. This is especially

the case, when flies that are attracted by feces, get the chance to become vectors by

taking up pathogens from feces of some hosts and transport them to the food of

other hosts. The potential importance of this often-neglected transportation system

was recently shown in a study lasting 3 years, which proved the occurrence of more

than 100 important parasites and bacteria on the surface and in the intestine of

different fly species which were caught close to stables of horses, pigs, cattle,

chicken, or rabbits respectively close to dog ponds or common human recreation

sites (Gestmann et al. 2012; Förster et al. 2012). These examinations showed that

severe agents of diseases such as EHEC (Enterohemorrhagic Escherichia coli
bacteria), Staphylococcus aureus, Campylobacter sp., etc. and/or several common

parasites might be easily transmitted. Thus they may introduce severe outbreaks of

diseases among crowded populations of humans and animals.

10.2 Which Are the Definitions of Zoonosis?

This term has its origin in theGreekwords zoon ¼ animal and nosos ¼ disease that

originally meant “disease of animals.” The present use of many Greek terms as

termini technici for diseases is based on the facts that this early human high culture

left many written documents on diseases and potential medications and that their

physicians also used the medicinal knowledge of previous human high cultures
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such as the Assyrians, Babylonians, Sumerers, or Egyptians. Table 10.1 summarizes

some important landmarks in the discovery of zoonotic agents of disease from the

early beginning to the early twenties of the last century that was full of discoveries,

that are still today of high importance (Mehlhorn 2012a, b, c; Grüntzig and Mehlhorn

2010a, b).

In the more recent past the original sense of the word “zoonosis” as “disease of

animals” was erroneously changed by scientists who apparently were not familiar

with the “old Greek” language. They started to use the word “zoonosis” to describe

a peculiar disease, the agents of which were constantly transmitted in a cycle

between animals and humans. However, since there are significant variations in

the ways, modes, and directions of the transmission pathways, many international

groups of researchers described several subgroups of zoonosis. However, there is

no final agreement in the use of the terms among the international community of

scientists. In general up to five different types of zoonosis were used in literature

(see Mehlhorn 2008, 2012a, b, c).

1. Direct zoonosis: This term is often used to characterize the transmission of

agents of disease, the shape of which remains identical in animals and later in

infected humans. Examples of such direct zoonosis occur during the transmis-

sion of the viruses of the rabies disease (Lyssa-virus), of the bacteria of the

brucellosis (Brucella species), of the parasitic protozoans introducing the

entamoebiasis (Entamoeba histolytica) or the giardiasis (Giardia duodenalis).
Furthermore the top targets of this book—the Blastocystis species—would also

fit into the category of a direct zoonosis, since the fecally excreted cyst stages are

taken up orally and then may colonize the intestinal tract of humans.

2. Cyclic zoonosis: In these cases a successful transmission from one host to

another one may only occur after a morphologic transformation of the agent of

disease has occurred in an animal or in a human. This example is the case in the

life cycles of tapeworms such as Echinococcus granulosus or Taenia solium,
both of which are found as adult worms in the intestine of the final host

(¼predators, carnivores) and as larval stages in the muscles and/or other tissues

of intermediate hosts (prey animals, herbivores or omnivores).

3. Metazoonosis: This term is used to describe transmission pathways that include

arthropods as distributors (¼vectors), which in some cases ingest an agent of

disease, allow its reproduction in their bodies or not, but transmit these

pathogens to another host during a bite or by fecal contamination. Examples

for this category would be the transmission of plague bacteria (Yersinia pestis)
by fleas, the viruses of the Dengue or Yellow fever by Aedes mosquitoes, or the

mechanical transmission of bacteria and parasites that are attached at the feet,

mouthparts of flies, or that are included in the feces of any other insect (e.g.,

cockroaches).

4. Saprozoonosis: This group contains agents of disease that occur in nature on the

soil or on degenerating contaminated food of animals which thus become

infected. These pathogens may be transmitted, when humans eat raw meat or

come into contact with fecally contaminated plants or waste waters. Examples
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Table 10.1 Historical landmarks in the discovery of zoonotic parasitic diseases (selection)

Date Event

5000 BC Nematode eggs discovered recently in a frozen human body (Ötzi) in Austrian Alps

2000 BC Taenia and Schistosoma ova in Egyptian mummies

1500 BC Papyrus Ebers (Egypt) gives reference to roundworms (Ascaris lumbricoides),
threadworms (Enterobius vermicularis), and tapeworms (Taenia sp.)

1234–1300

BC

Biblical references to Dracunculus medinensis in Red Sea region

700–600 BC Records of Dracunculus medinensis worms from Mesopotamia (today Irak)

500 BC The Greek poet Herodot reported that the Egyptians used fine nets against

mosquitoes

430 BC The Greek physician Hippocrates (460–399 BC) described Ascaris, Oxyuris, adult
Taenia, and Malaria

342 BC The Greek natural scientist Aristotle (384–322 BC) established a first classification

system for animals (Historia animalium) and described flat and round worms

300 BC Chinese description of threadworms, tapeworms, hookworms, and hookworm

disease

20 AD The Roman Aulus Celsus recognized as tapeworms Taenia, Tinea, and Taeniola
(Taenia sp.), vermes cucurbitini (tapeworm proglottids), “hailstones”

(cysticerci), and roundworms, lumbrici teretes (Ascaris lumbricoides)

62 AD In his Historia naturalis, the Romans Lucius Columella (40–88 AD) and Plinius

Secundus (23–79 AD) reported on parasitic animal diseases

129–199 AD The Greek-Roman physician Galen recognized three types of worms: roundworms

(Ascaris lumbricoides), threadworms (Enterobius vermicularis), and
tapeworms (Taenia sp.) and also cysticerci in livers of slaughtered animals

1000 AD Avicenna (Abu Ali El-Hosein Abdallah Ibn Sina, 980–1037). This Persian

theologian and physician reported in his book Liber canonis medicinae on
malaria and many worms, especially on Dracunculus, which today in French is

still called Fil d’ Avicenne

1150 AD Hildegard of Bingen (1098–1179). This German nun published plant based

methods of treating worms in her book De causis et curis morborum

1498 AD The Italian monk Girolamo Savonarola (1452–1498) described in his Tractatus de
vermibus the occurrence and treatment (by mercury) of worm-infected humans

1520 AD The German physician P.A.T. Bombastus von Hohenheim, called Paracelsus

(1496–1541) introduced inorganic salts (e.g., zinc salts) as anthelminthica

1684–1698

AD

The Italian physician and philosopher Francesco Redi (1626–1697) described in his

book Osservazioni interno agli animali viventi about 108 different worms and

published (in 1798) a detailed study on Fasciola hepatica. Due to his leadership
he is considered the Father of Parasitology—the name “rediae” for special

trematode developmental stages honors this

1699 AD The Dutchman Nicolaas Hartsoeker (1656–1725) and the Frenchman J. Andry

(1658–1742) proposed that helminth infections derive from oral intake of

excreted worm eggs

1717 AD The Italian Lancisco postulated that malaria is caused by bites from mosquitoes

1739–1778

AD

The Swedish physician Carl von Linné (1707–1778) created within the different

editions of his book Systema naturae a comprehensive system of classification

of animals and plants

1756 AD The English physician Alexander Russel (1715–1768) discovered in Aleppo (today

in Syria) the skin leishmaniasis

(continued)
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Table 10.1 (continued)

Date Event

1801 AD The German physician and natural scientist Carl Asmund Rudolphi (1771–1832)

published his book Entozoorum historia naturalis with the taxonomy of all

available parasites

1801 AD The French natural scientist Jean Baptiste Lamarck (1744–1829) presented the first

general theory of the evolution within his Philosophie Zoologique

1820 AD The French scientists Pierre Joseph Pelletier and Joseph Lavandou isolated quinine

from plants

1838 AD The German scientists N. Schleiden and Theodor Schwann (1810–1882)

formulated the “cell theory,” which became the dead end for the former de

novo-creation-theory

1848 AD The American Josiah Nott postulated again that mosquitoes were vectors of malaria

and yellow fever

1850 AD The German physician Theodor Bilharz discovered Schistosoma haematobium in

Cairo, Egypt

1853 AD The German C.T.E. von Siebold (1804–1885) showed the life cycle of

Echinococcus granulosus

1855 AD The German physician Gottlieb Küchenmeister demonstrated that Taenia solium
infections are acquired by eating infected pork

1859 AD The Germans Rudolph Virchow (1821–1902) and Rudolph Leuckart (1822–1898)

independently discovered the life cycle of Trichinella spiralis

1859 AD The English philosopher, theologian and natural scientist Charles Darwin

(1809–1882) published his book The Origin of Species—another landmark of

the evolution theory

1863 AD The English scientist Thomas Cobbold suggested that snails might be the

intermediate host of schistosomes

1867 AD The German zoologist Rudolf Leuckart described the life cycle of Echinococcus
granulosus

1869 AD The German physician Otto Wucherer (1820–1873) discovered in Brazil

microfilariae and schistosomal eggs in human urine

1876 AD The English scientist Joseph Bancroft observed and described adult Wuchereria
banchrofti worms

1878 AD The Scottish scientist Sir Patrick Manson (1844–1922) working in China showed

that Wuchereria bancrofti is transmitted by mosquitoes (Culex sp.)

1880 AD The French Charles L.A. Laveran (1845–1922) showed malaria stages within

erythrocytes (Nobel Prize in 1907)

1881 AD Leuckart and Thomas independently described the life cycle of Fasciola hepatica

1888 AD The French physiologist Charles Richet (1855–1935) formulated the basic concept

of humoral immunity (Nobel Prize 1919)

1893 AD The Americans Theobald Smith and F.L. Kilbourne identified the transmission of

Babesia bigemina by ticks (Boophilus annulatus)

1895 AD The English military physician David Bruce (1855–1932) showed that the tsetse fly

is the vector of animal trypanosomes

1897 AD In India the English Army doctor Sir Donald Ross (1857–1932) proved that avian

malaria was transmitted by Anopheles mosquitoes (Nobel Prize in 1902). In the

same year the Italians Bignami, Bastianelli and Grassi did the same for human

malaria

(continued)
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for this group would be the transmission of the bacterial agents of listeriosis, of

the spores of fungi of mycosis, or cysts of amoebic dysenteria.

5. Other authors grouped zoonotic transmission procedures according to the main

direction that is taken by an agent of disease.

(a) Zooanthroponosis: In these cases the infectious agents occur mainly in

animals and may be transmitted from there to humans. Examples for this

category would be the transmission of the Trichinella spiralis larvae in

muscles of wild boars to humans when eating undercooked meat. Also the

transmission occurs when Balantidium coli cysts are swallowed by humans.

(b) Anthropozoonosis: This term describes the pathway of transmission, when a

pathogen of an animal has its origin in humans and leads to disease in

animals. This may be the case when e.g., wild bears or wolves feed on

humans infected with Trichinella muscle larvae or when pigs or cattle

Table 10.1 (continued)

Date Event

1898 AD The German physician and discoverer of the agents of anthrax, cholera and

tuberculosis (Mycobacterium tuberculosis) Robert Koch (1843–1910)

described Theileria parva, the agent of East Coast fever (Nobel Prize 1905)

1898 AD The French P.L. Simond succeeded in demonstrating the transmission of plague by

rat fleas

1900 AD In Cuba an American group working with Walter Reed demonstrated the

transmission of yellow fever by mosquitoes (Aedes aegypti)

1903 AD The English scientists W.B. Leishman and C. Donovan independently described

Leishmania donovani, the agent of Kala-azar disease (Leishmaniasis)

1904 AD In Cairo the German helminthologist Arthur Loos (1861–1923) discovered the

transmission of the hookworm

1906 AD The American physician Howard T. Ricketts (1878–1910) recorded the tick

Dermacentor andersoni as being a vector of the agents of the Rocky Mountain

spotted fever

1906 AD The German zoologist and discoverer of the agent of syphilis Fritz Schaudinn

(1871–1906) described Entamoeba histolytica as a human parasite introducing

bloody diarrhea

1907 AD The American E.E. Tyzzer described stages of the genus Cryptosporidium

1907 AD The German chemist Paul Ehrlich (1854–1925)—the father of chemotherapy—

proposed the drug trypan red against trypanosomiasis (Nobel Prize 1908)

1908 AD In North Africa the French military doctors Charles Nicolle (1866–1936) and

L.H. Manceaux described Toxoplasma gondii in a rodent

1909 AD The Brazilian Carlos Chagas (1979–1934) discovered the life cycle of

Trypanosoma cruzi and described Pneumocystis carinii

1909 AD Teams working with the French scientist Charles Nicolle (1866–1936) (Tunis) and

the American H.T. Ricketts (Mexico) proved that the louse Pediculus humanus
corporis is the vector of the typhus-causing rickettsia

1910 AD The Italian scientist Carini discovered Pneumocystis carinii in rats

Until today And so on the work of hundred thousands scientists, etc
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swallow human feces containing the sporocysts and/or the oocysts of

Sarcocystis species. Of course pathways of transmission starting from

humans are much more rare than those with a source in animals reaching

humans from there.

When looking at the great variations of transmission pathways that have been

established by zoonotic agents between humans and animals during coevolution, an

absolutely correct classification according to the categories described above is

mostly very difficult. Therefore the proposal to use exclusively the term zoonosis
to characterize any of the numerous ping-pong infections between humans and

animals seems most reasonable. In this case, however, it makes sense to differenti-

ate according to the main pathways of transmission into:

(a) Food-borne zoonotic diseases

(b) Vector-borne zoonosis

(c) Cyclic zoonosis

(d) Contamination-borne zoonosis

10.3 Examples of Zoonotic Pathways in the Transmission

of Pathogens Between Humans and the Animals

and from Their Surroundings

Except for prions and viruses which depend on living cells and are reproduced by

them all other members of the living society on earth—plants, fungi, animals

(including humans)—have to fight for their survival, i.e., they have to defend

their living space (¼biotope) against competitors. Only those, which had been the

winners in this daily survival fight, are our contemporaries. All members of the

living society on earth belong to a giant food chain—a pyramid with predators at

top sites and preys and producers at the lower levels. Therefore it is not astonishing

that there had been established correlations among the different members of the

food chain and that man and animals are attacked by various organisms seeking

shelter and propagation inside their bodies. Such invasions may occur occasionally

or might have been established since long and thus run often according to extremely

fixed pathways of transmission. Tables 10.2, 10.3, 10.4, 10.5, 10.6 in the following

Sects. 10.3.1–10.3.5 list some of the most important human diseases, which have

their sources in organisms that exist longer on earth and thus in the human

surroundings of our days than mankind. This is not only true for the rather recent

Homo sapiens with his only ~100,000-years-old history but also for its precursors

such as specimens of the genera Ardepithecus or Australopithecus, etc. Since man

still exists although there are these huge amounts of hostile agents of diseases

around him, there is good hope that humans will have a future on earth.
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S
p
ir
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li
c
w
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h
ir
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g
u
la
r
w
in
d
in
g
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–
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–
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o
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el
la
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b
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ra
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o
d
er
m
at
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;
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p
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b
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p
e,
U
S
A
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m
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m
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h
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at
ed

b
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ca
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m
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at
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d
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d
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B
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G
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at
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d
s;

re
p
ro
d
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ra
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n
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o
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p
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S
ev
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p
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ra
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re
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c
b
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a
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h
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ra
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b
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p
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b
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b
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b
li
g
at
o
ri
ly

in
tr
ac
el
lu
la
r
b
ac
te
ri
a;

si
m
il
ar

to
le
g
io
n
el
li
d
s

Q
-f
ev
er

(Q
u
er
y
-f
ev
er
)/

D
o
x
y
cy
cl
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p
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u
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m
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iv
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p
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o
m
o
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o
n
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le
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o
b
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o
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tr
ac
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la
r

b
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te
ri
a
o
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1
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u
m
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o
n
o
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c
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ic
h
io
si
s/
D
o
x
y
cy
cl
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H
ig
h
fe
v
er
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o
cc
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n
al

m
en
in
g
it
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,
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an
th
em
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D
o
g
s,
w
il
d

ru
m
in
an
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,
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m
an
s

B
it
es

o
f

A
m
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m
m
a
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u
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er
n
U
S
A

F
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is
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is
,

F
.
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la
rc
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b
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G
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m
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eg
at
iv
e
ro
d
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ac
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ra
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H
ig
h
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er
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d
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d
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p
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d
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at
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,
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at
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p
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h
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p
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H
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H
.
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,
H
.
su
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,

H
.
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il
m
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,
et
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b
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a
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h
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)
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f
3
–
6
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le
n
g
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;
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d
e
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o
m
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h
(c
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at
ta
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an
tr
u
m

an
d
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rp
u
s
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g
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n
s
o
f
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o
m
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h
)

G
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an
d
h
ep
at
o
-

in
te
st
in
al

sy
m
p
to
m
s/

C
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ri
th
ro
m
y
ci
n
e,

A
m
o
x
ic
il
li
n
,
et
c.

C
h
ro
n
ic

g
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tr
it
is
,
o
ft
en

sy
m
p
to
m
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H
um

an
s,
m
o
n
k
ey
s,

p
ig
s,
et
c.

F
ly

tr
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sm
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o
n
o
r

o
ra
l
u
p
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o
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p
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m
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ro
p
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o
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L
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n
n
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d
is
ea
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;

P
o
n
ti
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fe
v
er
/

M
ac
ro
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d
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R
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p
ic
in

P
n
eu
m
o
m
o
n
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;
le
th
al
it
y

u
p
to

8
0
%

H
um

an
s,
fr
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w
at
er
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o
b
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In
h
al
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n
o
f

in
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o
eb
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in

b
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s
o
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w
at
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s

W
o
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d
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id
e
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L
ep
to
sp
ir
a
sp
ec
ie
s;

L
.
in
te
rr
og
an
s;

L
.
bo
rg
pe
te
rs
en
ii
,

et
c.

S
p
ir
il
li
c,
v
er
y
th
in
,
h
ig
h
ly

m
o
ti
le

b
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te
ri
a
0
.2

�
6
–
3
0
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si
ze

W
ei
l’
s
d
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ea
se
,

le
p
to
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o
si
s/
P
en
ic
il
li
n

G
,
D
o
x
y
cy
cl
in

S
ep
ti
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em

ia
,
fe
v
er
,

d
ia
rr
h
ea
,
ic
te
ru
s

H
um

an
s,
w
il
d

an
im

al
s,
ra
ts
,

m
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e

F
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al

co
n
ta
m
in
at
io
n

o
f
w
o
u
n
d
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h
al
in
g
b
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te
ri
a

fr
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m

fe
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o
f

ra
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W
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L
is
te
ri
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yt
og
en
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y
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.

C
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te
ri
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is
ep
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F
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u
lt
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iv
e
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b
e
ro
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o
si
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v
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er
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b
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te
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an
d

ex
tr
ac
el
lu
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L
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m
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F
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ik
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b
u
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al
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g
it
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ev
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.
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o
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s
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an
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ru
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an
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,
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b
ir
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F
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ta
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at
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,
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il
k
o
f
an
im

al
s

W
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d
w
id
e

N
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ri
ck
et
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se
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et
su
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y
n
.
E
hr
li
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ia
)

C
o
cc
o
id
,
G
ra
m
-n
eg
at
iv
e,

p
le
o
m
o
rp
h
e,
n
o
n
m
o
ti
le
,

o
b
li
g
at
o
ri
ly
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tr
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el
lu
la
r

b
ac
te
ri
a
o
f
0
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–
1
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in
si
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p
an
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e
se
n
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et
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-
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h
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m
o
n
o
n
u
cl
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o
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ev
er
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u
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b
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ic
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O
b
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ac
el
lu
la
r
sh
o
rt
o
r

co
cc
o
id
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T
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D
o
x
y
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H
ig
h
fe
v
er
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in

ex
an
th
em
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H
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an
s,
d
o
g
s,
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d
en
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B
it
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o
f
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m
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A
si
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d
ia
,

A
u
st
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R
ic
ke
tt
si
a
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no
ri
i

O
b
li
g
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o
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in
tr
ac
el
lu
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o
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o
r
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o
id
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d
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o
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–
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in
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M
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ra
n
ea
n
ti
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-b
it
e

fe
v
er
/D
o
x
y
cy
cl
in

H
ig
h
fe
v
er
s,
sk
in

ex
an
th
em
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H
um

an
s,
d
o
g
s,

ro
d
en
ts

B
it
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o
f

R
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M
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it
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ra
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n
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d
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A
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R
ic
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tt
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O
b
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ac
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p
h
u
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d
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u
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%

le
th
al
it
y
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D
o
x
y
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H
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h
fe
v
er
s,
sk
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an
th
em
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H
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an
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B
it
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an
d
fe
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s
o
f

b
o
d
y
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W
o
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d
w
id
e

R
ic
ke
tt
si
a
ri
ck
et
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O
b
li
g
at
o
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tr
ac
el
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la
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o
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o
r
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o
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ro
d
s
o
f
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–
2
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in
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R
o
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y
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o
u
n
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in
s
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o
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v
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o
x
y
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in

H
ig
h
fe
v
er
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sk
in

ex
an
th
em
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H
um

an
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d
o
g
s,

ro
d
en
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B
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o
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m
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to
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R
hi
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,

A
m
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m
m
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N
o
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h
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d
S
o
u
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A
m
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R
ic
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a
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O
b
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ac
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o
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M
u
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n
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x
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h
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p
h
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S
p
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C
h
ar
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D
is
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re
at
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en
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S
y
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d
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H
o
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P
at
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ay
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o
n
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eo
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p
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d
is
tr
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ti
o
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P
n
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ca
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,
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ve
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T
h
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-w
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d
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st
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w
it
h
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7
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d
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et
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,
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n
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in
in
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u
p
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h
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1
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tr
o
p
h
o
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P
n
eu
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o
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in

im
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o
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efi
ci
en
t
p
er
so
n
s/

S
u
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o
n
am

id
s

L
u
n
g
ex
su
d
at
e,

o
ed
em
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p
n
eu
m
o
n
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,

se
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n
d
ar
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b
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te
ri
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su
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er
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fe
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io
n
s

H
um

an
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h
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at
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n
o
f
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o
r
b
y
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m
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n
ta
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y

tr
an
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is
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o
n
?

W
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d
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id
e

M
ic
ro
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or
u
m

ca
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(s
y
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.

M
.
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u
in
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,
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.
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tu
m
)
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o
lo
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ie
s
g
ro
w

q
u
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,
b
o
rd
er
s

ir
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g
u
la
r;

m
ic
ro
co
n
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,

m
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ro
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n
id
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w
it
h

en
la
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ed

ti
p

T
in
ea

ca
pi
ti
s,
T
.
co
rp
or
is
/

T
er
b
in
afi
n
,
F
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co
n
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o
l,

G
ri
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o
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in

T
in
ea

ca
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T
.
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H
um

an
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o
g
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B
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d
y
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n
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p
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10.3.1 Prions with a Zoonotic Potential

Prions—an abbreviation of the description as proteinaceous infectious particles—

are no true living organisms but wrongly folded intracellular proteins inducing

other proteins to do the same under peculiar not yet well-understood conditions

(Prusiner 1998; Rabenau 2009). These wrongly folded proteins, which e.g., in the

case of the BSE-epidemiology (Bovine Spongious Encephalopathy) in Great

Britain asked a death toll of more than 200 persons and left hundres other victims

with severe brain damages besides a loss of more than 500,000 cattle, which had

been killed either due to acute infections or due to preventive measurements. Since

there was a clear proof for transmission from cattle to humans these diseases were

also called transmissible encephalopathies. Similar degenerative symptoms may

also occur due to hereditarily transmitted destructions in the genome of some

families, but are rare compared to the wave of infections that rolled on after the

feeding of animal meet powder (produced from BSE-infected animals) to unin-

fected ones. The reason was that no one had expected that such powdered animal

meat should have been heated up to at least 141 �C in order to destroy these

aggressive wrongly folded proteins, while normal cell proteins degenerate mostly

already at 60 �C.
In nature there exists a broad potential of transmission of such infectious

proteins from one host to the other. This was shown by the experiments of our

group (Post et al. 1999). During these experiments Sarcophaga carnaria fly larvae

were fed with brains of Scrapie-infected hamsters (see Table 10.2). One to seven

days later these maggots were squeezed and the minced material was orally

inoculated to uninfected hamsters. The same was done with pupae and adult flies

(Fig. 10.1) obtained from the originally infected fly larvae. In all cases the hamsters

showed 3–5 months after the experimental infection the full range of symptoms of

BSE respectively Scrapie-disease including the full loss of motility control. Fur-

thermore they were all prion-positive as was shown by molecular biological tests.

These experiments strongly supported the supposition that apparently these

wrongly folded proteins are parts of nature being transmitted since long (probably

without producing broad outbreaks but only single fatal cases). Such a transmission

scenario would be given e.g., in cases when fly larvae feed on the remnant placenta

of an infected animal and were later engorged by other grass feeding ruminants.

Fig. 10.1 Macrophoto of a

pupa and an adult of the gray

flesh fly Sarcophaga carnaria
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Such a transmission will also explain the astonishing findings during the BSE-

outbreak in Europe that some cows that had definitively not been fed with animal

meat powder were positively tested for BSE.

However, evaluating all these aspects together, it can be stated that prions

(Table 10.2) will not be a considerable threat for human health. Under natural

conditions (i.e., when ruminants are fed by normal grass or plants) the natural

infection rate of those animals with prions will never lead to such a significant

increase of the amounts of prions inside the ruminant populations, that this later

could lead to a significant infection potential.

10.3.2 Virus-Borne Zoonotic Diseases

The term virus has its origin in the Latin word virus, which means mucus, poison,

moisture. Viruses themselves are no living organisms but are obligatory based as

intracellular pathogens on the reproduction machinery of their host cells, which is

situated in the nucleus and along the ribosomes. Therefore successful viruses had

developed methods to become firmly attached to potential host cells, to enter such

cells, and to find their way to the steering system, where their genetic material—

RNA or DNA (in species specifically varying arrangements)—might be reproduced

and finally released from the invaded cell. Thus for viruses it is most important to

reach the surfaces of such cells otherwise they will burst or become digested by

cells of the defense systems of attacked hosts. Therefore the viruses have developed

some major pathways of transmission (Table 10.3):

• Transmission by vector bites (Fig. 10.3)

• Transmission by feces of vectors (Figs. 10.1, 10.2, 10.3, 10.9a, b)

• Transmission by feces of infected hosts

• Transmission by contact or by inhaling of excretions or raw meat of infected

hosts

While it is much easier for humans to avoid the last three transmission pathways

using normal hygienic preventive methods, the contact to vectors occurs practically

unlimited—at least in low numbers. Therefore the transmission and propagation of

the pathogens of the so-called emerging diseases (Mehlhorn 2012a) increases

Fig. 10.2 Macrophoto of the

adult green flesh fly Lucilia
sericata
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constantly under the recent worldwide accelerating conditions of globalization and

global warming (i.e., local change of the climate and huge migration and traveling

activities worldwide; Dobler and Aspöck 2008, 2010; Neumeister et al. 2009).

Table 10.3 summarizes important viral diseases of humans which are discussed

in more detail in Sects. 10.4–10.7 (Aspöck 2010; Dobler and Aspöck 2008, 2010;

Darai et al. 2009; Löscher and Burchard 2010; Neumeister et al. 2009). The

existence of viruses and their high potential to create new combinations, however,

endangers life on earth, since they are easily transferred by genetic variations into

highly dangerous pathogens. Due to their reproduction inside host cells there are

only very restricted possibilities of chemotherapy apart from vaccination trials,

which, however, are very often not successful, since many viruses often change

their surfaces that have to be recognized by vaccines.

10.3.3 Bacteria of Zoonotic Importance

The present life on earth would not be possible without bacteria. They are found

everywhere in nature, inside body cavities, and they even may settle inside cells.

Since long some of these bacteria have undergone (as our mitochondria) a close

symbiosis with all living organisms. However, a broad spectrum of these organisms

that are invisible with naked eyes, may also introduce severe diseases, which in

times of worldwide epidemics and pandemics of plaque or cholera reduced man-

kind significantly in many regions. For example, in Europe the population was

reduced during the so-called 30 years-war (1618–1648) down to 15 % mainly by

plaque epidemics. Even today the bacteria of tuberculosis or cholera request

millions of victims every year.

It is not long ago when both “popes of bacteriology,” the German Robert Koch
(1843–1910) and the French Louis Pasteur (1822–1895) and their famous scholars

started to enlighten the hidden world of “good and bad” bacteria and to develop

preventive measurements, which later were supported by the invention of the

sulfonamides by the German Bayer Company scientist Gerhard Domagk
(1895–1964) and the penicillin by the Scottish scientist Alexander Fleming
(1881–1955). Both got (1939: Domagk and 1945: Fleming) the Nobel Prize for

Medicine. However, the bacteria struggled back by a constant and often very quick

Fig. 10.3 Macrophoto of an

Aedes mosquito sucking

blood on human skin
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development of resistances, so that today many bacterial diseases are far from being

under control (and even may start a new career as “emerging diseases.”

Table 10.4 summarizes a selected spectrum of bacterial diseases, which are

spread between humans and animals in their surroundings. The peculiar pathways

of transmission are discussed in the Sects. 10.4–10.7 of this article (Alam and Zurek

2004; Bielaszewska et al. 2011; De Jesus et al. 2004; Ekdahl et al. 2005; Emerson

et al. 2004; Fischer et al. 2001; Fotedar 2001; Fotedar et al. 1992; Grübel et al.

1999; Hold et al. 2007; Karch 2005; Kobayashi et al. 1999; Mian and Jacal 2002;

Nichols 2005; Olsen and Hammack 2000; Rasko et al. 2011; Sasaki et al. 2000;

Szalanski et al. 2004). Again the vector-transmitted pathogens of this group are

most difficult to control, since the bites of the mostly lonely acting blood suckers

(ticks, mites, mosquitoes, tabanids) or contact to skin lickers (flies) can only hardly

be avoided.

10.3.4 Fungi with an Anthropophilic Zoonotic Potential

Fungi, the name of which has its origin in the Latin word: fungus ¼ mushroom are

heterotrophic organisms, which are covered by a chitin containing outer layer

consisting of a network of fibrils. Most species of the fungi belong to the free

nature, settle and feed at moist places. Several species of the fungi (French:
champignons) are eatable.

However, some of the fungi species (see Table 10.5) invade body cavities of

humans or animals respectively spread on their skin—mostly at places, where a

high humidity is guaranteed as it is in the case at the hair-covered scalp, below

finger or toe nails, in the groins, or in the shoulder-hollows. These places will be

invaded especially in patients with immune suppression and can be treated only

with difficulties (Figs. 10.4 and 10.5). This is due to the hidden places of the

infection, the poor penetration of chemical substances through the surface of

the fungi and due to a general lack of really potent fungicides with low side effects.

The main transmission pathways are contacts to contaminated surfaces, direct

contacts to contaminated human skin or to hair of infected animals. Other

possibilities of transmission of fungi from human or animal feces or from other

excretions are given via contaminations of food or materials (Abbot 2002; Banjo

et al. 2005; Darai et al. 2009; Neumeister et al. 2009).

10.3.5 Parasites with a Zoonotic Life Cycle

Parasites are per definition in a strict sense animals that live on costs of other

animals. Of course there also exist plants that stay as parasites on other plants, but

they are here not considered, since they do not harm the health of humans. The

name “parasites” has its origin in the Greek word “parasitos,” which described
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“employees” at noble courts that had to taste the food for poisons and thus were

nourished on foreign costs. The parasites attack animals and humans. However,

although many parasitic species rely on many hosts (e.g., Toxoplasma gondii),
some had become specialists in the last 10,000–20,000 years and have adapted

themselves as specialists (e.g., Ascaris lumbricoides) to the “late runner” on earth,

i.e., the Homo sapiens. Parasites occur in many phyla of the Zoological Kingdom.

Thus they are found among the unicellular organisms (Protozoa), among animals

with a reduced number of cells (Myxosporida), among the various groups of worms

(Plathyhelminthes, Nemathelminthes, Acanthocephala, Pentastomida, leeches),

and among the billion-headed crowds of ticks, mites, and insects. The members

Fig. 10.4 Macrophoto of a culture of Aspergillus fumigatus which may enter into the lung of

mammals after injection of three different concentrations of the neem-seed derived extract

MiteStop (Fa. Alpha-Biocare). Note the clear, doses dependent spots of clearance

Fig. 10.5 Macrophoto of a culture of Aspergillus fumigatus which may enter into the lung of

mammals after injection of three different concentrations of the neem-seed derived extract

MiteStop (Fa. Alpha-Biocare). Note the clear, doses dependent spots of clearance
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of the latter three groups may also act as vectors of different pathogens (prions,

viruses, bacteria, fungi, and parasites; see Tables 10.2, 10.3, 10.4, 10.5, 10.6). This

transmission might be done just mechanically by means of contaminated

mouthparts, by body contacts, and/or by placing pathogen-contaminated feces

onto food, skin, or wounds. However, it may also occur as result of a defined

developmental cycle with a reproduction of the pathogen inside the vector. Very

often such reproduced pathogens even enter the eggs inside the female ovary or

uterus so that the next vector generation is already carrier of the once ingested

pathogen (i.e., this occurs inside ticks when the viruses of the spring-summer-

meningoencephalitis or the kinetes (¼motile zygotes) of the protozoan Babesia
species enter the not yet fertilized eggs. Having entered the egg the parasites are

firmly included therein and the thick eggshell, which is formed after fertilization

and thickened during the laying process by adding a layer of wax, protects the

growing tick larva and the therein included pathogens from desiccation. Examples

of important zoonotic life cycles are compiled in Table 10.6) (Aspöck 2010; Darai

et al. 2009; Getachew et al. 2007; Greenberg 1973; Kollaritsch and Paulke-Korinek

2010; Mehlhorn 2008; Mehlhorn et al. 2011; Mehlhorn 2012a, b, c; Oyerinde 1976;

Szostakowska et al. 2004).

10.4 Food-Borne Zoonosis

When taking into consideration a very wide definition of the term food-borne
zoonosis any pathogen that occurs inside or on meat of animals (inclusive fish)

respectively is found within milk would fit into this group. However, in this case the

differentiation from contamination-borne zoonosis would be rather difficult. There-
fore it seems more reasonable to draw the limitations much stronger. This, however,

leads to the fact that only a few groups of pathogens could be placed into this

category. The prions—especially those of the bovine spongious encephalopathy

(BSE)-group—would surely find their place here, since they introduce disease as

well in animals as in humans after eating meat (even cooked one) of infected

animals (Table 10.2). The viral pathogens with a zoonotic potential are mainly

transmitted by bites of arthropods (mites, ticks, insects) or by fecal contamination,

and only rarely—if at all—by infected food of humans and/or animals (Table 10.3).

The explanation is that viruses need for their reproduction the very well-adapted

DNA/RNAmachinery of a living cell, which has problems to survive the passage of

the stomach and intestinal system of humans (Altekrues et al. 1997; Darai et al.

2009; Neumeister et al. 2009; Steinmueller et al. 2006; WHO 2002a, b).

Likewise most bacteria prefer pathways of transmission other than the direct

inclusion inside organs of warm- or cold-blooded animals respectively, fish. Thus

there are not many bacteria like those of the Brucella-, Listeria- or Salmonella-
groups that are frequently found not only on contaminated meat but also in milk

(see Table 10.4).
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Fungi with a zoonotic potential (Table 10.5) have no direct food-borne trans-

mission pathways apart from fecal contaminations, that are common pathways in

the species of the Blastocystis-group (if these species are really accepted as a

fungus—see the other chapters).

On the other hand food-borne transmissions are very common in parasites

(Table 10.6). There are protozoans such as several Sarcocystis species (Fig. 10.6)
and Toxoplasma gondiiwhich develop intracellular stages that later are transmitted,

if this infected tissue is swallowed by a predator (inclusive humans). Then it starts a

further developmental phase there. Man might act as final host (where the sexual

process is running in his intestine, e.g., in Sarcocystis species) or as intermediate
host with an exclusively asexual reproduction of the parasite in his tissues (e. g. in

Toxoplasma gondii).
Also among the trematodes (phylum Plathyhelminthes) there are many examples

of food-borne parasitosis in humans. In general humans are final hosts, since the

adult worms live in their intestine (e.g., Fasciolopsis buski), in their lung

(Paragonimus species), or in their liver (Clonorchis sinensis, Opisthorchis species,
Fasciola hepatica, etc.; Table 10.6). The infection of humans with stages

(metacercariae) of trematodes occurs by eating infected raw or undercooked inter-

mediate hosts (e.g., fish, crustaceans) or plants with metacercariae that had been

attached there by intermediate hosts (e.g., snails; Mehlhorn 2008).

For tapeworms (Cestodes; phylum Plathyhelminthes) humans might be final or

intermediate hosts. In the case of the large human tapeworms Taenia saginata,
T. solium, T. asiaticum and Diphyllobothrium latum, humans act as final hosts and

shelter in their intestine the several meter long, hermaphroditic adult worms after

being infected by ingestion of larval stages (cysticercus in the case of Taenia
species respectively plerocercoids of D. latum) inside undercooked meat or fish.

In the case of T. solium humans can be both final and intermediate hosts, since the

cysticercus larvae may also develop inside their muscles and/or brain after they had

orally ingested worm eggs from human feces (Mehlhorn 2008, 2012c).

On the other hand, however, in the cases of the tiny dog, respectively, fox

tapeworms Echinococcus granulosus and E. multilocularis humans remain exclu-

sively intermediate hosts, within which large cysts develop. Transmission of

tapeworms of dog or fox to humans does only occur via the fecal contamination

pathway when ingesting worm eggs from feces of dogs or foxes. However with

respect to the general life cycle of these tapeworms humans are “dead ends,” since

in general they are not eaten by the final hosts (dogs, foxes).

Among the nematodes there are rather few examples for food-borne worm

infections in humans with respect to the huge number of nematode species. How-

ever, one prominent example is given by the Trichinella species, of which up to

now seven had been described. These worms live as adult, rather tiny worms (♀,♂)

of only 1–3 mm in length inside the intestine of predators (inclusive man)

(Fig. 10.7). The females produce larvae; however, these stages do not leave this

infected individual (i.e., acting here as final host), but they penetrate into the muscle

cells, where they stay until another predator feeds such infected meat. Thus these

predators are final and intermediate hosts at the same time and free stages do not

occur outside a body (Mehlhorn 2008).
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Fig. 10.6 Life cycle of Sarcocystis suihominis with two obligatory hosts. 1 Motile sporozoites

hatch from the ingested sporocysts inside the intestine of the intermediate host, i.e., swine. 2 Two

generations of schizonts are formed (5–6 and 12–17 days after infection) inside endothelial cells of

blood vessels, giving rise to 50–100 merozoites by endodyogeny. 3 Free motile merozoites; first-

generation merozoites enter other endothelial cells and form schizonts, whereas merozoites of the

second generation induce formation of tissue cysts. 4 Cyst formation inside typical cells (muscle

fibers, brain cells); within these cysts the parasites are reproduced by repeated endodyogeny

leading to thousands of cyst merozoites which are situated inside chamber-like hollows. 5 When

the final host man has eaten cyst-containing raw or insufficiently cooked meat, the cyst merozoites

are set free and enter cells of the lamina propria. 6 Formation of female (macrogametes, 6.3) via

gamonts (6.1, 6.2) within 14 h of infection. 7 Fusion of gametes. 8 Formation of the oocyst wall

around the zygote. 9–11 Formation of two sporocysts (containing four sporozoites each) inside the

host cell. The smooth oocyst wall often becomes disrupted. Thus, fully sporulated oocysts are

found in the feces (11). DM developing merozoites; DR disrupted oocyst wall; HC host cell;

N nucleus; NH nucleus of the host cell; OW oocyst wall; PC primary cyst wall; PV parasitophorous

vacuole; RB residual body; S sporocyst; SP sporozoite; WB wall-forming bodies
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In the case of the species of the genera Anisakis, Porrocaecum, Contracaecum
(Fig. 10.8), and related worms humans are intermediate hosts. Man, however, is not

relevant for the transmission. He is a “dead end,” since the adult worms live in the

intestinal tractus of large marine mammals after they had ingested the larvae inside

fish. Humans do the same: they eat raw fish containing these worm larvae, which

live for a short time (1–3 weeks) in the human intestinal system before they die.

Similar infections are also possible, when humans eat raw meat of reptiles; then

they may ingest also larval pentastomids which finally may grow up to considerable

size in humans (Mehlhorn 2008, 2012c).

10.5 Vector-Borne Zoonosis

Vectors in the sense of parasitological terms are animals that are able to transport

pathogens from one host to another, while these vectors search their food on such

hosts (Abbot 2002; Aspöck 2010; Hald et al. 2008; Holt et al. 2007; Löscher and

Burchard 2010; Neumeister et al. 2009). The simplest way of such a transfer is the

Fig. 10.7 Light micrograph of a muscle fiber of a rat containing three larvae of Trichinella
spiralis

Fig. 10.8 Light micrograph

of the muscles of a fish

containing many Anisakis
larvae
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transport of pathogens that glue at mouthparts, at feet, or at the body surface of such

vectors (Figs. 10.1, 10.2, 10.3, 10.9, 10.10, 10.11, 10.12), which are mostly mites,

ticks, mosquitoes, flies, midges, simuliids, tabanids, leeches, etc. This type of trans-

mission is described as mechanical, since the pathogens are not multiplicated on the

vectors. For example, if 800 bacteria of a special species glue at the fine hair of a fly,

the transmission maximum would be 800, but in general the finally transmitted

amount is much less. Nevertheless this method might be still highly effective, if it

is considered that many bacteria (such as e.g., toxic or hemorrhagic strains of

Escherichia coli (EHEC, ETEC) need only an initial dose of 20–30 specimens to

start severe infections. Recent studies examined various fly species of the genera

Musca, Calliphora, Sarcophaga, Lucilia, etc. for their “normal load” of bacteria and

parasites (protozoans and worm eggs). These flies had been caught close to stables of

pigs, horses, cattle, rabbits, chickens, dog ponds respectively close to human recrea-

tion sites inside and outside of towns. Astonishing masses and varieties of pathogens

were found on the examined flies. These studies of Förster et al. (2012) and Gestmann

et al. (2012) confirmed earlier ones (Förster 2009; Förster et al. 2007, 2009) showing

that more than 100 important bacteria species and more than 15 infectious stages of

parasites might be transmitted via flies as vectors.

Fig. 10.9 Photograph of a petri dish filled with bacterial culture medium. Onto the surface of this

petri dish a Musca fly was placed for 30 s (a). The photo at the right (b) shows the growth of

bacteria 2 days after the exposition. This proves that the feet of this fly had been highly

contaminated with bacteria

Fig. 10.10 Two adult Ixodes
ticks laying eggs, which

already may contain the

viruses of the spring-summer

meningoencephalitis
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Additional experimental transmission experiments showed that practically all

types of bacteria were also transferred to bacterial culture plates, if the flies had

contact for only 20–30 s to bacteria on a culture plate. In another series of

experiments single flies were placed onto a fluid containing a definite number of

Toxocara canis eggs. Then these flies were washed and squeezed (to get the

intestinal fluid). When counting the obtained eggs from these flies the astonishing

result was noted that merely two-thirds of the original number was found again.

These experiments clearly show that the importance of licking flies as mechanical vectors is

apparently underestimated.

The same should be true for biting and/or blood sucking mites, ticks,

mosquitoes, flies, fleas, lice, tabanids, etc., since most of them are able to switch

quickly from one host to another, so that many tiny blood droplets remain liquid

thus keeping the pathogens in an infectious status.

The situation becomes even worse in those cases, where a regular reproduction of

the pathogens has been developed inside the vectors during evolution. Such reproduc-

tive processes occur regularly in vectors bearing special species of viruses, bacteria,

and parasites (see Tables 10.3, 10.4, 10.6). Since these vectors even are able to

Fig. 10.11 (a, b) Photograph of a tabanid of the genus Chrysops and a wandering worm (Loa loa)
in an eye (b, right)

Fig. 10.12 Scanning electron micrograph of a black fly (Simulium morsitans), the vector of

Onchocerca volvulus worms
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transmit the pathogens into their eggs as e.g., the spring–summer–meningoence-

phalitis virus in ticks (Fig. 10.10), the distribution intensity is enormously enlarged

not only by the flying activity of the vectors but also by the transmission into their

progeny.

Therefore flying vectors that give pathogens a chance to reproduce inside their bodies

represent a hidden risk, since they may help to spread severe epidemics. The consequences

for mankind would have been terrific, if mosquitoes, tabanids, or ticks would be able to

transmit the AIDS viruses as easy as they do it with other viruses.

Nevertheless the various vector-borne zoonosis demand even today a high death

toll in many regions of the world. Considering the recent enormous increase of the

Dengue-virus propagation by Aedesmosquitoes, the progress of the West-Nile-Virus

intomany countries as well as the still not yet solvedmalaria situation or filarial worm

problems new and concentrated control measurements are highly needed. Especially

in times of global warming and intense globalization epidemics may quickly become

pandemics, which will not stop at the borders of countries, where the population

believe even today to live on “safe grounds.”

10.6 Cyclic Zoonosis

This term comprises pathways of transmission of agents of diseases that run

repeatedly in a fixed direction and are based on at least two different hosts, where

always defined developmental processes take place (Mehlhorn 2008). With respect

to these conditions the transmission pathways of the malarial, babesial, and

sarcosporidian parasites would fit in this category, because in these life cycles

asexual processes like merogony (schizogony) start in a first host (human tissues)

and are followed by gamogony and sporogony in a second host, which belongs—

depending on the species—to the group of vectors (mosquitoes, ticks) or to mam-

malian species (as it is the case in the Sarcocystis species; Table 10.6, Fig. 10.6).

Although the life cycle of the trematodes fits into this category, since, for example,

the adult schistosomal worms live in the blood system of humans and other

mammalians, while the asexual reproduction (via sporocysts and the finally infec-

tious cercariae) takes places inside the tissues of water snails (Table 10.6). The life

cycles of tapeworms belong to this group, too. Only if humans eat the cysticercus-
larva with raw meat or the plerocercoid-larva in raw fish, the adult worms can

develop from these ingested larval stages inside the human intestine (Table 10.6).

Among the nematodes examples of cyclic zoonosis are much more rare than in

trematodes and cestodes (Aspöck 2010; Mehlhorn 2008). However, especially the

filarial worms have developed very sophisticated developmental cycles, which need a

very tight coordination in the different biotopes, if the transmission of the parasite

from one host to the other should be successful. In the case of the filarial worms

Wuchereria bancrofti, Brugia malayi, and Loa loa the adults live either in the lymph

nodes or in the subcutaneous tissues (Loa loa), while their sheathed larvae
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(¼microfilariae enveloped by the egg shell) stay in the blood. However, since these

three worm species use different vectors with different behaviors and activity periods,

the larvae of these worms are concentrated at different day times in the peripheral

blood vessels. Wuchereria bancrofti and B. malayi are transmitted by nightly active

mosquitoes, thus their larvae are found in the peripheral blood mainly at 10 p.m. On

the other hand Loa loa is transmitted by day time active tabanids (Chrysops species;
Fig. 10.11). Thus their larvae are found in day-time from 1 p.m. to 3 p.m. in the

peripheral blood vessels. The adult worms ofOnchocerca volvulus (accumulations of

their dead larvae in human eyes induce the so-called river blindness) stay in humans

inside the subcutaneous tissues, where the females are often found in groups inside

nodules. The infectious (unsheathed) larvae stay all day long in the lymph fluid of the

skin system. There they are taken up by the simuliids (black flies; Fig. 10.12) which

do not have as fine mouthparts as the mosquitoes, but scissor like ones, which lead to

the formation of small “lacunes” of blood and lymph in the skin. Such an all-day-

presence of the larvae in the skin makes sense for Onchocerca larvae, since the

simuliids only suck blood during day time.

Besides all differences in their behavior inside humans the first larvae

(¼microfilariae) of all four species described above proceed a nearly identical

development inside their vectors. Having reached the insect’s gut the larva 1 enters

the body cavity of the new host, grows up there (while molting twice), and the larva 3

enters finally the head of the vector. If this infected insect starts a new blood sucking

action, the relatively thick larva 3 perforates the connecting membranes of the

different mouthparts, creeps outside down to the biting site at the human skin and

enters there the body of the new host.

Although this cyclic development seems very complicated, it is so perfect, that even today

more than hundred fifty million humans in the tropics suffer from diseases due to these

worms, since available means of chemotherapy are still rather poor.

10.7 Contamination-Borne Zoonosis

The diseases categorized inside this group are characterized by the fact that both

humans and animals carry these pathogens, but their cross transmission occurs more

or less occasional and the direction of the transmission is not fixed. This means that

humans may get the pathogens from animals and that also the opposite way is

possible (Tables 10.2, 10.3, 10.4, 10.5, 10.6). Examples for such contamination-

borne zoonosis can be found in all groups of pathogens, which in addition also may

use other pathways of transmission (WHO 2002a, b; Mehlhorn 2008).

Rabies viruses can be transmitted directly by saliva during bites of infected

animals, by blood transfusion, or by contact to virus-contaminated saliva. Many

bacteria change the host if there is contact either to human or animal feces or to

contaminated food. The same is true for several species belonging to the group of

fungi and thus also for the different Blastocystis species. Among the non cyclically

transmitted parasites the species of the generaGiardia and Cryptosporidium as well
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as the different microsporidian species (Table 10.6) belong to the group of

contamination-borne zoonosis. In all these cases fecal stages (cysts, oocysts,

respectively, spores) might contaminate food by direct contact with feces or by

help of the transportation activity of licking flies (Table 10.6). But even in cycli-

cally transmitted parasites such as Trichinella spiralis, Plasmodium species,

Trypanosoma species, Babesia species, and Leishmania species mechanical trans-

mission of the different pathogens may occur by contaminated mouthparts of large

sized blood suckers (tabanids, leeches, blood licking bats) or even more frequently

by transfusion of blood obtained from semi-immune donors with a low and thus

only hardly detectible parasitemia.

Of course all these contamination-borne transmissions cannot become

completely avoided—especially not in rural regions, however, strict hygienic

conditions—as far as reasonable—will limit large outbreaks, as they had occurred

in the USA or Australia when hundred thousands of humans had used drinking

water that was contaminated with oocysts of Cryptosporidium species respectively

with cysts of G. lamblia (duodenalis) (Fig. 10.13a, b).

Therefore preparation of safe drinking water will be worldwide one of the most prominent

tasks of the future.

The outbreak of a kidney destroying disease due to hemorrhagic strains of

Escherichia coli (EHEC, EPEC, etc.), which in 2011 took its start somewhere in

Germany, spread due to travelers into many countries within weeks, and killed

more than 300 persons, showed that the populations in crowded cities are highly

vulnerable. Even today (i.e., 1½ years after the start of an intense search for the

source of this epidemic), it is not completely finished and it remains unsolved,

whether the finally detected contaminated soja sprouts had been the only source.

Fig. 10.13 Light micrographs of cysts of Cryptosporidium sp. oocysts (a) and a four-nucleated

cyst of Giardia duodenalis. Such cysts had been excreted by infected animals in lakes in

Milwaukee respectively Sydney. Humans became infected after drinking contaminated water

and mass epidemics occurred
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10.8 Myiasis

Myiasis, the name of which has its origin in the Greek term myia ¼ fly, midge, is a

very peculiar form of zoonosis (Mehlhorn 2008). Around the world there exists a

group of flies, which do not proceed their larval development in debris of any kind or

even not in dead bodies as it is done by many fly species, but which place their eggs

or freshly hatched larvae onto the skin of animals and humans. These larvae bore—

anterior end with the two mouth-hooks forward—into the skin. Exclusively the

terminal end of the penetrated larva with its two terminal plates of the tracheal ¼
oxygen uptaking system has contact to the surface. In order to avoid falling out

unwillingly from their feeding hollow, these larva developed often very stiff circu-

larly arranged hooks along their different segments. This peculiar appearance led to

the description of these larvae as “screw worms.” Some of these fly larvae are

specialists and attack exclusively animals (e.g., Haematobia bovis). Others enter
both humans and animals (e.g.,Oestrus species), while again others have developed
a peculiar preference for humans (Dermatobia hominis; Fig. 10.14).

EspeciallyD. hominis has developed an unbelievable way of superinfection. The
adult females catch while flying, a female mosquito of the blood sucking group and

attach a bundle of own eggs on the body of this insect. As soon as this mosquito has

a touch down on a host, the Dermatobia larvae hatch immediately during the

sucking phase of their transporter mosquito and enter the skin—anterior end

forward. After two molts the larva 3 finally leaves the inflamed hole in the skin,

drops down to earth, and pupates there within a short time. Depending on the

outside temperature the development of the adult stage inside the pupa takes only a

few days, so that propagation can go on. In this case a broad spectrum of animals

and the Homo sapiens are involved in a very effective, sophisticated manner. Thus

these flies use mosquitoes and motile mammals (humans) to enlarge the spectrum of

their biotopes.

Fig. 10.14 Skin hollow (a)

and the therefrom extracted

second stage larva of

Dermatobia hominis (b).
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10.9 Conclusions

The health of humans and their animals are threatened by a big bunch of pathogens,

which have established during coevolution with their hosts a broad spectrum of

pathways of transmissions. They all together belong to the group of zoonosis, where

ping-pong infections occur between humans and animals. These infections might

occur directly via contact to pathogen-containing feces, contaminated drinking

water, or infected food. The indirect methods of transmission are based on the

activity of so-called vectors, which transmit pathogens during blood sucking, while

licking on skin and/or lips of humans or by contamination on human food.

With respect to these well-established pathways, the use and amelioration of

measurements to avoid such transmissions is of high importance especially in

increasing populations of animals and humans. Thus the following measurements

have high priority in the near future:

• Preparation of safe, noncontaminated drinking water for humans and animals

• Quick clearance of human and animal feces

• To fight against possible vectors of pathogens in human houses and in stables of

animals

• To use, wherever possible, vaccines and to develop new ones

• To establish a regular international control system to detect (at the very early

moment) possible transmissions of pathogens and thus avoid outbreaks of

epidemics and pandemics

• To keep masses of farmed animals in closed systems under most effective

hygienic conditions

• To inform regularly farmers, leaders of institutions, veterinarians, physicians,

and also the public on recent protection methods

• To intensify at the search for new compounds and new methods to control those

pathogens, where treatment is not yet possible or where pathogens have devel-

oped resistances
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Chapter 11

Conclusions

Heinz Mehlhorn, Minoru Yamada, Hisao Yoshikawa, Kevin S.W. Tan,

Haris Mirza, and Kenneth Boorom

Abstract The most important aspects of the results obtained in the 101 years of

research in Blastocystis are evaluated in this short chapter concluding the statement

that this organism still remains an enigma, although all important methods had been

used worldwide in this field.

Although huge progress has been achieved in the field of Blastocystis research since
its discovery in the year 1911, this organism remained a sphinx with many contro-

versial features. However, intense research using a variety of classic and most
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modern molecular biological methods has led to deeper insights during the last 20

years. Thus the following findings can be considered as widely confirmed.

1. Blastocystis stages are the most encountered microorganisms in the feces of a

broad spectrum of animals and in humans.

2. Although there are species descriptions such as Blastocystis hominis, it is still
doubtful whether there exist true species, since phylogenetic studies of the

partial sequences of the SSU rRNA revealed at least nine subtypes. Thus

Blastocystis belongs to the most genetically polymorphic unicellular organisms.

3. Traditional diagnostic methods when used commonly for inspections of probes

of stool and/or animal feces showed that Blastocystis in general occurs as

spherical globules with diameters varying between 5 and 50 mm.

4. When cultured in vitro also a size of up to 200 mm may be reached.

5. The stages obtained from fresh feces are characterized by a large central vacuole

which pushes the cytoplasm with one to numerous nuclei, mitochondria-like

organelles, Golgi apparatus at the peripheral rim. The central vacuole contains a

broad spectrum of substances such as carbohydrates, lipids, and proteins being

accumulated there by the activities of the Golgi apparatus and/or by crathrin-

based endocytosis.

6. Due to their varying shape, the stages are described as vacuolar, multivacuolar,

avacuolar, granular, amoeboid, or cystic. The vacuolar and granular forms are

mainly seen in fresh feces or in in vitro cultures, while the mostly tiny amoeba-

like stages are seen practically exclusively in cultures.

7. Locomotion or penetration of the intestinal wall has never been observed so

that Blastocystis stages are typically inhabitants of the intestinal fluid.

8. The small Blastocystis stages in general contain one or two nuclei. If two occur,
they were usually located at opposite poles of the cell. Larger stages contain

several to many nuclei inside the small strand of peripheral cytoplasm.

9. Binary fission is apparently the most frequent reproduction seen as well in fresh

stool samples as in in vitro cultures. However, also processes described as

budding or plasmotomy were proven.

10. The actual mode of transmission of Blastocystis among the various hosts and/or

the transmission from animals to humans and back is not yet conclusively

demonstrated, although the occurrence of transmissions using apparently the

fecal–oral route is very probable when looking at outbreaks among persons

under tight living conditions or among animals in the same cage.

11. Experimental transmissions of human Blastocystis isolates to rats and the

finding of human isolates in the intestine of chickens support the idea that

there is a considerable zoonotic potential of Blastocystis stages.
12. The proposed oral–fecal route of transmission of Blastocystis is also supported

by the fact that Blastocystis infections of humans are much more common in

developing countries than in developed ones with higher sanitary standards.

Especially contaminated drinking water seems of high importance in the

transmission of Blastocystis stages.
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13. The symptoms of disease, which are attributed to the occurrence of Blastocystis
stages in the intestines of humans and animals, range between acute watery

diarrhea, mild chronic abdominal discomfort until asymptomatic performances

(being most common). However, there are also descriptions of urticarial and

irritable bowel syndromes in humans, where Blastocystis stages are found in

intestinal fluids.

14. Blastocystis has apparently a high opportunistic potential, since there are higher
frequencies of Blastocystis in immunocompromised hosts including sick

animals and pediatric and cancer patients as well as HIV-infected humans.

There are also indications that the occurrence of Blastocystis stages in the

intestine may lead to higher pathologic effects in parallel infections with

invasive parasites.

15. It is suggested that the different clinical symptoms might be based on the occur-

rence of different subtypes, pheno- and genotypes of the parasitic Blastocystis
stages observed.

16. Treatment of Blastocystis infection is poor—even today after a broad spectrum

of reports using varying medicaments. Some groups recommend metronida-

zole—the medicament of choice against intestinal amoebae—as helpful, how-

ever, there are also a large number of reports of treatment failure when using

this compound.

17. The systematic position of Blastocystis was discussed controversely for long,

so that this peculiar organism wandered from the groups of flagellates to

sporozoans, from there to amoebas (Sarcodina), to yeasts (Saccharomyces
group), or fungi (Neurospora relatives). However, the recent investigations of

the entire sequence of the SSU rRNA gene of human and guinea pig isolates of

Blastocystis revealed clear hints that this organism apparently belongs to the

group of stramenopiles. This group, which is also called Chromista or

Heterokonta, is characterized by a unicellular body often with two differently

sized flagella and contains species with photosynthesis like Xantophyceae

(yellow-green algae) or colorless, flagella less groups such as Oomycetes,

Opalinea, etc.

However, all findings indicate that the members of the genus Blastocystis belong
to the most genetically polymorphic organisms among the wide spectrum of human

and animal parasites. This may explain the numerous failures in treatment and/or

the large variety of described subtypes. However, the last words are not yet spoken.
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