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ABSTRACT

Cryptosporidium is a protozoan parasite that causes gastroenter-

itis in man and animals. One mode of transmission of cryptosporidiosis is

by the fecal-oral route. A method was developed for the concentration

and detection of Cryptosporidium oocysts in water to study this orga-

nism's occurrence in the environment and its potential for waterborne

disease transmission.

Oocysts from an infected calf were used in experiments and

monoclonal antibody labeled with fluorescein isothiocyanate was used

for oocyst detection. A concentration method was developed using

spun polypropylene cartridge filters. Optimal conditions for concen-

tration, filter elution, filter porosity, and detection were determined

by passage of 20-L volumes of tapwater seeded with 10
5
-10

6 
oocysts

through the filters. The best method incorporated a 1-pm filter;

2 L eluent containing 0.1% Tween 80; backflush of eluent through filter;

cutting the filter; mechanically shaking filter and eluate; and for 378-L

volumes, three successive washings of filter material. Modifications

were made when attempting to recover 10
2
-10

3 
oocysts in 378-L vol-

urnes. These included addition of 1% Tween 80 and 1% sodium dodecyl

sulfate (both made in distilled water) to the pellet, followed by homog-

enization, sonication, Sheather's flotation, and examination of the

entire final preparation using a slide antibody test. To distinguish

oocysts from other organisms such as yeast which may cross-react

xiii
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with the antibody, crystal violet and acid-fast stains were used.

Cryptosporidium oocysts were isolated from secondarily treated sewage

and identified on the basis of size, shape, reaction with antibody,

acid-fastness, and inability to take up crystal violet.

Limited studies with hepatitis A virus (HAV), a cause of water-

borne disease, were performed using the HAS-15 strain of HAV and

the FRhk-4 cell line. Four procedures used for concentration and

detection of HAV in water were developed. They were radioimmuno-

assay for detection of viral antigen, production of HAV stocks, radio-

immunofocus assay for quantitation of infective virus, and inhibition

of certain strains of enteroviruses other than HAV, by guanidine.



CHAPTER 1

WATERBORNE DISEASE CAUSED
BY PROTOZOA

Outbreaks of waterborne disease caused by microbially contami-

nated water continue to occur in the United States. Between 1946 and

1980, 672 outbreaks of waterborne disease affecting more than 150,000

persons were reported in the United States. No causative agent was

identified in over one half of these outbreaks (52.1%). Known causa-

tive agents included bacteria (21.7%), viruses (11.8%), chemical agents

(7.3%), and parasitic protozoa (7.1%). Specifically, the protozoa

Entamoeba caused six outbreaks involving 79 cases of illness, and

Giardia was the causative agent in 42 outbreaks involving 19,813 cases

(Lippy and Waltrip, 1984).

Other parasitic protozoa that can be transmitted by water are

Balantidium cou, Naegleria fowleri, and Acanthamoeba. There is also evi-

dence that Cryptosporidium causes waterborne disease (Jakubowski,

1985; Ma et al., 1985; Soave and Ma, 1985; Sterling, Seeger, and

Sinclair, n. d.). B. coli is the only known ciliated parasite that may

infect humans and cause acute or chronic dysentery in chronically ill

or debilitated patients. There has been one reported outbreak of

balantidiasis, which occurred in the Truk District of Micronesia. The

outbreak was attributed to contamination of the water with pig feces

(Sobsey and Olson, 1983).

1
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N. fowleri and Acanthamoeba are free-living amoeba found in

water which cause primary amoebic meningoencephalitis. Infection can

occur by swimming in infected water. N. fowleri enters through the

nasopharynx, penetrates the olfactory epithelium, and enters the brain

via the olfactory nerve plexus. Acanthamoeba enters through abra-

sions, ulcers, or occurs as a secondary infection and not through any

specific entry site. Although Acanthamoeba has been detected in tap-

water, finished water supplies are not thought to be significant routes

of transmission for this organism and Naegleria (Sobsey and Olson,

1983).

Waterborne outbreaks of E. histolytica due to fecal contamination

of untreated or inadequately treated supplies have occurred. Humans

are the only reservoir, and the organism is widely distributed in the

population. Trophozoite and cyst forms exist. Infection can be

asymptomatic or, if symptomatic, range from fulminating dysentery to

mild gastroenteritis. In some infections the organism enters the blood-

stream and is distributed to other organs, particularly the liver, where

it forms abscesses. However, because of the effectiveness of filtration

for cyst removal, the absence of animal reservoirs, and the absence of

waterborne outbreaks in this country in recent years, E. histolytica 

is not of major concern in the United States today.

Giardia lamblia

Giardia lamblia Characteristics

Giardia lamblia is a flagellated protozoan that has a trophozoite

form and a cyst form. It is classified in the.phylum Sarcomastigophora,
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subphylum Mastigophora, class Zoomastigophorasida, order Diplomona-

dorida, and family Hexamitidae (Levine, 1979). Trophozoites are 9 to

21 pm long, 5 to 15 pm wide, and 2 to 4 pm thick. Cysts are oval or

ellipsoid, slightly asymmetric, 8 to 14 pm long, and 7 to 10 pm wide.

They are found in the small intestine of man and other mammals.

Infection occurs in humans by ingestion of cysts. The organism

multiplies in and colonizes the small intestine. Cysts in the feces of

the host are excreted into the environment and can then be trans-

mitted through contaminated water (Lin, 1985).

Giardiasis and Its Treatment

The clinical syndrome giardiasis involves interference of the

absorption of fats and other nutrients due to trophozoites coating the

intestinal epithelium. The organism appears to feed on mucous secre-

tions which may cause disturbance of intestinal function and irritation

or low-grade inflammation of duodenal or jejunal mucosa. Because of

these abnormalities, acute or chronic diarrhea and steatorrhea occur.

Stools may be watery, semisolid, greasy, bulky, and foul-smelling,

but rarely contain mucus and do not contain blood unless secondary

anal irritation is present from the diarrhea. The symptoms range

from mild diarrhea, malaise, weakness, fatigue, dehydration, weight

loss, distension, flatulence, anorexia, cramplike abdominal pain, and

epigastric tenderness to steatorrhea and malabsorption. The bile ducts

and gall bladder may also be infected, causing cholangitis, cholecys-

titis, jaundice, and colitis. Only symptomatic patients are treated.
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Suitable drugs available in the United states for treatment of giardiasis

are quinacrine, metronidazole, and furazolidone (Lin, 1985).

Waterborne Giardiasis

Giardia lamblia was the most commonly identified pathogen in

waterborne outbreaks during 1972-1981. During this time, 15% of all

waterborne outbreaks and 26% of all waterborne disease were identified

as giardiasis (Craun, 1984). Over 60 outbreaks of waterborne giardi-

asis occurred in the United States between 1965 and 1982. Also, out-

breaks of giardiasis are increasing much more rapidly than other types

of waterborne disease outbreaks, although those are also increasing

steadily (Lippy and Logsdon, 1984).

The first reported outbreak of waterborne giardiasis in the

United States occurred in Aspen, Colorado during December 1965

through January 1966. Half of the city's water came from three wells

that were probably contaminated by sewage. G. lamblia cysts were

isolated from sewage in leaking sewer lines. The remainder of the

city's water came from a mountain creek and it is possible that this

source was also contaminated with G. lamblia. The first waterborne

outbreak of giardiasis in which a G. lamblia cyst was found in the

municipal water supply occurred in Rome, New York during November

1974 through June 1975. This was the largest such outbreak ever

reported in the United States involving approximately 4,800 cases.

A cyst was found in sediment from water collected from the raw water

intake. Water in this outbreak had been chlorinated but not filtered.
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Giardia cysts were also isolated from drinking water from outbreaks

in Camas, Washington (1976) and Berlin, New Hampshire (1977). In

the Camas outbreak involving 600 cases, cysts were found in the raw

water and distribution system. The Berlin outbreak involved 750

cases and cysts were found in raw water sources and at several sites

in the distribution system. Both of these outbreaks involved filtered

and chlorinated water supplies (Craun, 1979).

Endemic waterborne giardiasis also occurs in the United

States, and consumption of untreated or inadequately treated drink-

ing water may be an important cause of such infection (Craun, 1979).

Waterborne outbreaks of giardiasis have occurred in commu-

nity, noncommunity, and individual systems. Most outbreaks and

most disease were caused by drinking untreated surface water or

surface water with disinfection as its only treatment. Ineffective

filtration was also responsible for disease-causing outbreaks (Craun,

1984).

A number of factors contribute to the contamination of water

with Giardia and enhance its disease-causing potential. These include

animal reservoirs such as beavers and muskrats, relatively long sur-

vival times of cysts in water (1-3 months), relatively high concentra-

tions of cysts in feces, and their low infective dose (Sobsey and Olson,

1983).

Detection of Giardia Cysts in Water

A method to detect Giardia cysts in drinking water is neces-

sary because indicators of water purity such as the coliform standard
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are not reliable measures of water safety with respect to Giardia as

indicated in the Camas, Washington and Berlin, New Hampshire out-

breaks. Cultural techniques for Giardia cysts in drinking water,

along with techniques to determine species of origin, viability, and

infectivity have not been developed. However, a method to concen-

trate and detect Giardia cysts in drinking water has been described

by Jakubowski (1984). Briefly, a water sample is passed through an

Orlon or polypropylene cartridge filter having a nominal porosity of

1 pm at a flow rate of 1 gallon per minute. The filter material is

removed from its core and washed in 1 liter of distilled water. Addi-

tional washes are performed until the filter fibers appear clean. The

filter extract is then sedimented or centrifuged. Pellets are resus-

pended in formaldehyde and recentrifuged. Lugol's iodine and zinc

sulfate solution (specific gravity 1.20) are added, bringing the volume

to the top of the tube, and the sample is centrifuged again. A cover-

slip is then touched to the meniscus and allowed to remain there for

2 to 3 minutes. The coverslip is then removed and placed on a slide

and sealed with vaspar. The sample is observed microscopically for

Giardia cysts. Positive identification requires observing structures of

the correct size and shape that have at least two internal morphological

characteristics (nucleus, median bodies, and axonemes). Before a

sample can be declared negative, it must be examined in its entirety.
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Removal and Inactivation of
Giardia in Water

In disinfection studies, Giardia cysts have been shown to be

more resistant to chlorine than indicator bacteria or enteric viruses

(Sobsey and Olson, 1983). A higher dosage than normal of chlorine

with longer contact time is needed to destroy Giardia cysts, especially

in water treatment systems that do not employ sedimentation and filtra-

tion (Lin, 1985).

Studies of waterborne giardiasis outbreaks suggest that filtra-

tion is not always totally effective for removal of Giardia cysts (Craun,

1979). However, proper coagulation, which is the most important factor

for effective filtration, depends on water temperature, pH, the constitu-

ents of the raw water, dosages of coagulant and coagulant aid, mixing

time and mixing intensity; and the plant operator cannot control some

of these factors. It has been shown that greater than 99% cyst removal

can be achieved with optimal coagulant doses, very low finished water

turbidities (0.3 nephelometric turbidity units (NTU)), and consistently

stable filter operation conditions (Sobsey and Olson, 1983).

The Safe Drinking Water Act gives the United States Environmen-

tal Protection Agency authority to set national standards for drinking

water quality (Cotruvo, 1983). Presently, the standards designed to

control waterborne microbial disease are a turbidity no greater than

1 NTU and no greater than 1 coliform per 100 ml. However, in the

severe outbreaks of giardiasis in which the water had been disinfected,

Giardia cysts were found in the absence of coliforms. Also, filtration

may be more effective when lower turbidities are achieved. Because a
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good method for detection of Giardia cysts in water is not presently

available, water treatment requirements, using both filtration and

adequate levels of disinfection rather than a standard involving num-

bers of Giardia cysts allowable in water, seem necessary and feasible.

Detection methods for Giardia in water samples do have potential appli-

cations, however, and efforts should be made to improve the methods.

Applications include monitoring water supplies, evaluation of water

treatment processes, determination of supplies at risk, and outbreak

investigations (Jakubowski, 1984).

Giardia lamblia is a parasitic protozoan and a cause of water-

borne disease, therefore information on its epidemiology, detection in

water, and inactivation in water treatment processes can serve as a

basis for studies on Cryptosporidium.

Cryptosporidium 

Cryptosporidium Characteristics

Cryptosporidium, the cause of cryptosporidiosis, is a proto-

zoan parasite. It is a genus in the family Cryptosporidiidae, suborder

Eimeriina, order Eucoccidia, subclass Coccidia, class Sporozoa, phylum

Apicomplexa (Levine et al., 1980). The suborder Eimeriina also

includes Sarcocystis spp. and Toxoplasma gondii in the family Sarco-

cystidae and Eimeria spp. and Isospora belli in the family Eimeriidae

(Navin and Juranek, 1984).

The organism was first recognized in the gastric glands of the

laboratory mouse by Tyzzer (1907). It was thought to be an uncommon

cause of cryptosporidiosis in animals, and in man it was thought to be
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a little-known opportunistic pathogen (Current, 1984). However,

since the mid-1970s it has become recognized as a cause of a short-

term, flu-like gastrointestinal illness in immunocompetent humans

(Current et al., 1983; Reese et al., 1982) and a severe, prolonged

diarrhea in immune deficient people, especially those with acquired

immune deficiency syndrome (AIDS) (Centers for Disease Control,

1982a; Current et al., 1983). Cryptosporidiosis is one of the more

than 150 zoonoses which are those diseases naturally transmitted

between vertebrate animals and man (Current et al., 1983; Schultz,

1983).

The organism is a small (2-6 pm) protozoan parasite which

may inhabit the microvillous region of the mucosal epithelium (Current,

1984) of a wide variety of animals, including clinically healthy mice,

rabbits, chickens, geese, guinea pigs, and cats; clinically ill calves,

lambs, humans, goats, turkeys, deer, and monkeys; and immunolog-

ically deficient foals (Tzipori, 1983). Illness associated with Crypto-

sporidium infection has also been described in snakes (Brownstein et

al., 1977). Studies have shown little or no host specificity for the

organism (Current et al., 1983; Reese et al., 1982; Tzipori, 1983;

Tzipori et al., 1980) warranting a reevaluation of the more than 11

named species (Current, 1984).

As in most coccidia, the Cryptosporidium life cycle has six

major developmental phases: excystation (release of infective sporo-

zoites), merogony (asexual multiplication), gametogony (gamete forma-

tion), fertilization, oocyst wall formation, and sporogony (sporozoite
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formation). However, the developmental stages of Cryptosporidium

take place in an intracellular-extracytoplasmic location in the host cell,

unlike other coccidia that infect warm-blooded vertebrates intracellu-

larly. The Cryptosporidium organism is intracellular because it is

within a parasitophorous vacuole in the host cell but extracytoplasmic

because this vacuole is at the microvillous surface of the host cell

(Current, 1984).

A proposed life cycle of Cryptosporidium follows. Sporulated

oocysts in feces are ingested by a potential host. Excystation of the

sporozoites occurs in the intestine where Type I meronts containing

six or eight merozoites are formed. These either recycle or become

Type II meronts with four merozoites. The merozoites in the Type II

meront develop into either microgametocytes containing approximately

16 microgametes or macrogametes. A microgamete fertilizes a macro-

gamete to form a zygote. Approximately 80% of the zygotes form

thick-walled oocysts which sporulate within the host cell. Abut 20%

of the zygotes do not form an oocyst wall. Their sporozoites are

surrounded only by a unit membrane. These are autoinfective sporo-

zoites which are released into the intestinal lumen and reinitiate the

cycle (Current, 1984).

Cryptosporidiosis--Identification
and Treatment

Cryptosporidium is an enteropathogen that causes diarrhea in

calves (Anderson and Bulgin, 1981), lambs (Angus, Appleyard et al.,

1982; Tzipori et al., 1981), goats (Tzipori et al., 1982), and pigs (Links,
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1982; Moon et al., 1982). The disease manifests itself as mild-to-

severe diarrhea with anorexia and weight loss in animals 1 to 3 weeks

of age with low mortality and high morbidity due to dehydration and

malabsorption. Animals, unlike humans, do not develop chronic infec-

tion. They either resist infection, have self-limited infections, or die

soon after becoming infected (Current, 1984; Navin and Juranek,

1984). Cryptosporidium has also been associated with intestinal and

respiratory disease in poultry. Significant losses of chickens and

turkeys have occurred because of respiratory cryptosporidiosis (Cur-

rent, 1984). Asymptomatic and symptomatic infections have been

reported in rodents, puppies, and kittens (Current et al., 1983;

Poonchia and Pippin, 1982; Sandberg, Hill, and Ryan, 1982). These

infections may play a role in transmission of the disease to city

dwellers.

In humans, as in animals, the major determinant of disease

severity is immunologic status. Asymptomatic or self-limited infection

occurs in patients with normal immune function whereas immunocompro-

mised patients often develop chronic diarrhea which sometimes contin-

ues until death. Numerous cases of disease have been reported in

the United States in immunocompetent patients (Alpert et al., 1984;

Centers for Disease Control, 1984a; Current et al., 1983; Navin and

Juranek, 1984; Nime et al., 1976; Pitlik et al., 1983; Soave and Ma,

1985; Wolfson et al., 1985) and immunosuppressed patients including

those with AIDS (Centers for Disease Control, 1982a; Koch et al.,

1983; Meisel et al., 1976; Soave et al., 1984). There is also evidence
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of worldwide distribution of cryptosporidiosis (Bogaerts et al., 1984;

H6jlyng et al., 1984; Hunt et al., 1984; Mata et al., 1984; Shahid et

al., 1985; Tzipori et al., 1983; Wyllie, 1984).

Characteristically, symptoms of the disease in humans are pro-

fuse, watery diarrhea without gross or microscopic blood. In immuno-

suppressed patients the diarrhea is accompanied by enormous fluid

losses. Other symptoms include mild epigastric cramping pain, nausea,

vomiting, and anorexia. Mild fever has been reported in patients, but

this is difficult to interpret in immunosuppressed patients because of

their concurrent infections. Routine blood tests on 58 patients with

the disease were generally normal except for those having underlying

disease or malnutrition caused by severe diarrhea. Radiographic

contrast studies of the small and large intestines and endoscopic

examinations of a group of patients were normal or showed nonspecific

abnormalities (Navin and Juranek, 1984). Finally, in immune deficient

patients, Cryptosporidium has been found in the pharynx, esophagus,

stomach, duodenum, jejunum, ileum, appendix, colon, and rectum

(Current, 1984). Respiratory (Forgacs et al., 1983) and biliary

(Guarda et al., 1983) infections of Cryptosporidium in immunocompro-

mised patients have also been reported.

Identification of Cryptosporidium can be made by light or elec-

tron microscopic examination of intestinal biopsies (Navin and Juranek,

1984). It can also be identified in stool specimens using the Sheather's

sugar flotation method for concentration (Levine, 1973) followed by any

number of special stains (Garcia et al., 1984). The Sheather's sugar
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flotation method involves the use of a dense sucrose solution which has

a specific gravity greater than the specific gravity of the oocysts,

therefore allowing the oocysts to rise to the top of the solution. A

centrifuge tube is filled with a mixture of stool and Sheather's solution

and either has a coverslip placed on the top to collect the oocysts after

centrifugation (and then placed on a microscope slide) or the filled

tube without a coverslip is closed with a screw-cap and a sample from

the surface is transferred to a microscope slide for examination.

Iodine-stained wet mounts can be used (Cryptosporidium oocysts do

not take up the iodine; however, some oocysts will after a few minutes)

but various acid-fast stains have been found to be most useful, espe-

cially in distinguishing Cryptosporidium from the similarly sized

yeasts (most yeasts will stain blue-green and Cryptosporidium red).

Overall, best results in a study to recover and identify Cryptosporid-

ium oocysts in stool specimens were obtained with Sheather's sugar

flotation concentration, Giemsa, Kinyoun acid-fast, Ziehl-Neelson acid-

fast, and modified acid-fast techniques (Garcia et al., 1984). Two

acid-fast staining methods using dimethyl sulfoxide have also been

recently described for the detection of Cryptosporidium oocysts in

stool specimens (Bronsdon, 1984; Pohjola, Jokipii, and Jokipii, 1985).

Stool specimens suspected of containing oocysts can be preserved in

5% or 10% formalin or placed in 2.5% potassium dichromate which after

time allows sporozoites within oocysts to be more easily recognized

because much of the oocyst residuum disappears during this time.
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Oocysts do remain viable in potassium dichromate (Navin and Juranek,

1984).

A direct immunofluorescent assay using a monoclonal antibody

(labeled with fluorescein isothiocyanate) to the oocyst wall is also

available for identification of Cryptosporidium (Sterling and Arrowood,

n.d.). This staining procedure can be applied to a fresh formalin-

fixed, polyvinyl alcohol-fixed, or potassium-dichromate preserved fecal

sample.

An effective treatment for cryptosporidiosis in humans and ani-

mals has not been discovered. In a study done by the Centers for

Disease Control (1982a) and subsequent data collected on additional

patients, no drug of several studied was found which resulted in total

recovery. Success occurred only when immunosuppressive drugs were

discontinued. Patients with cryptosporidiosis in this study who had

normal immune function recovered without specific therapy.

In a more recent study (Portnoy et al., 1984), nine patients

with AIDS and one bone marrow transplant patient were treated with

spiramycin, a macrolide antimicrobial drug similar to erythromycin,

for Cryptosporidium diarrhea. After 1 week of treatment, five patients

had complete resolution and four had symptomatic improvement. After

30 days of treatment, the diarrhea of one of the four resolved. In

data compiled from a number of patients with cryptosporidiosis who

were treated with spiramycin, the Centers for Disease Control (1984b)

also reported some positive results with the drug.
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Epidemiology of Cryptosporidiosis

Little is known about the epidemiology of cryptosporidiosis.

Domestic animals and humans may serve as sources of human infection.

An outbreak of cryptosporidiosis among animal handlers in Alabama

occurred; 12 of 18 people who worked with calves infected with Crypto-

sporidium became infected (Centers for Disease Control, 1982b; Cur-

rent et al., 1983; Reese et al., 1982). In urban settings, companion

animals such as rodents, kittens, and puppies may serve as sources

of infection as mentioned previously. Transmission of Cryptosporidium 

oocysts from humans to several animal species (Current et al., 1983)

supports the possibility that humans can acquire the disease from

animals. Lack of host specificity may contribute to domestic animals

constituting a zoonotic reservoir of Cryptosporidium for humans

(Navin and Juranek, 1984). Homosexual men with the disease may

also be a reservoir of the organism for homosexual partners, but since

most homosexual men with cryptosporidiosis also have AIDS, it is not

known whether homosexuality itself is a risk factor (Navin and

Juranek, 1984). The importance of asymptomatic carriers of Crypto-

sporidium is not known. They may act as reservoirs for the organism

as do asymptomatic shedders of Giardia lamblia. In an Australian

study (Tzipori et al., 1983), no Cryptosporidium was found in stool

samples from 320 asymptomatic hospital patients, suggesting that an

asymptomatic carrier state is not common in the general population.

A carrier state may be more common in homosexual men or AIDS

patients (Navin and Juranek, 1984).
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Few studies on prevalence of Cryptosporidium have been done.

The prevalence for human infection in the United States is not known,

but in the previously mentioned Australian study, 36 (4.1%) of 884

patients hospitalized for gastroenteritis had Cryptosporidium in their

stool and 320 patients without gastroenteritis did not. The infection

was more common in the summer months, so there may be a seasonality

to the disease.

Studies on the prevalence indicate that Cryptosporidium is

probably a common parasite. A random survey of calves revealed that

44.4% had the organism in their stool (Anderson and Hall, 1982). The

infection may be common in lambs as well (Anderson, 1982; Tzipori et

al., 1981). It should be noted that mature animals rarely have crypto-

sporidiosis, probably because they have acquired immunity to the orga-

nism due to previous exposure to it.

The principal mode of transmission of cryptosporidiosis is by

fecal-oral spread since oocysts are found almost exclusively in feces.

Direct transmission may occur during sexual practices involving oral-

anal contact. Human-to-human contact may also occur through direct

or indirect contact with contaminated feces. Indirect transmission may

occur by exposure to fecally contaminated water, food, or environmental

surfaces (Current, 1984; Navin and Juranek, 1984). There have been

a variety of different types of outbreaks of the disease including pos-

sible nosocomial diarrhea (Current, 1984), day-care centers (Alpert

et al., 1984; Centers for Disease Control, 1984a), traveler's diarrhea
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(Ma et al., 1985; Soave and Ma, 1985), and the cases mentioned pre-

viously due to contact with infected animals.

Little is known about resistance of the Cryptosporidium oocyst

to environmental conditions. However, since oocysts of other coccidia

are, in general, extremely hardy, it is possible that the Cryptosporid-

ium oocyst can survive in the environment for long periods of time

(Navin and Juranek, 1984). The oocysts are extremely resistant to

commonly used disinfectants including iodophore, cresylic acid, sodium

hypochlorite, benzylkonium chloride, sodium hydroxide, and two alde-

hydes (Angus, Sherwood et al., 1982; Campbell et al., 1982). Infectiv-

ity of oocysts is destroyed by ammonia, formol saline (Campbell et al.,

1982), freeze-drying, and exposure to temperatures below freezing or

above 65°C for 30 minutes (Tzipori, 1983). When oocysts are stored in

the absence of air, viability can be maintained for at least 8 to 9 months

(Tzipori, 1983), therefore they may be susceptible to desiccation.

Evidence for Waterborne Transmission
of Cryptosporidium 

Waterborne transmission of cryptosporidiosis is probable, due

to several characteristics of the Cryptosporidium organism. The prin-

cipal mode of transmission is by fecal-oral spread (Current, 1984;

Navin and Juranek, 1984). It causes diarrhea in humans (Navin and

Juranek, 1984) and sources of oocysts include animals who could

contaminate water in streams with feces containing oocysts (Tzipori,

1983). The organism appears to possess little or no host specificity

(Current et al., 1983; Reese et al., 1982; Tzipori, 1983; Tzipori et
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al., 1980), again warranting concern that humans can possibly be

infected with oocysts from a wide variety of animals. There is evi-

dence that the organism causes diarrhea which could be foodborne or

waterborne (Jakubowski, 1985; Ma et al., 1985; Soave and Ma, 1985;

Sterling et al., n.d.). Cryptosporidium also shares many similarities

with Giardia, which causes waterborne outbreaks of disease, as dis-

cussed previously. These similarities include the presence of an

environmentally resistant cyst stage and fecal-oral transmission, both

cause diarrhea in humans, and animals can serve as sources of infec-

tive oocysts that eventually can contaminate water supplies. Finally,

the epidemiology of this organism is incomplete, and because there

has been no reliable method available to concentrate and detect

Cryptosporidium in water, the organism may very well be present in

water and therefore have the potential to cause waterborne outbreaks

of cryptosporidiosis.

Because of the possibility that cryptosporidiosis can be

transmitted by water, this project was undertaken in order to develop

a method for the concentration and detection of Cryptosporidium 

oocysts in tapwater and wastewater. Potential uses of this method

are:

1. Study of the epidemiology of the disease

a. Occurrence in natural and drinking waters

b. Water as a route of transmission of the disease

c. Outbreak investigations
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2 . Study of the organism's removal in wastewater treatment

processes

a. Monitoring water systems which do not use filtration

b. Determining the efficiency of filtration for those water

systems that do use filtration

The principal objectives of the project were to develop a

method for the concentration and detection of Cryptosporidium oocysts

in water and attempt to isolate naturally occurring Cryptosporidium 

oocysts .

In addition to the work on Cryptosporidium, this dissertation

contains data from a number of experiments on hepatitis A virus

(H AV ) . H AV is a cause of waterborne disease and development of a

method for its concentration and detection in water was attempted.

The research is presented in Appendix A.



CHAPTER 2

MATERIALS AND METHODS

Preparation of Reagents 

Formulas for preparation of reagents used in this project are

listed in Appendix B.

Preparation of Oocyst Suspensions 

Cryptosporidium oocysts used in this project were supplied by

Dr. Charles R. Sterling, Department of Veterinary Science, University

of Arizona, Tucson, and his laboratory. Oocysts isolated from a calf

were originally obtained from Dr. Harley W. Moon, National Animal

Disease Center, Ames, IA. A supply of these oocysts, used in all

experiments, was obtained by orally infecting a 5-day-old calf with 10
8

oocysts. Onset of symptoms occurred 3 days after infection and feces

were collected beginning at that time. The feces were preserved in

2.5% potassium dichromate and processed by sieving through stainless

steel mesh screens to yield a particle size of 60 pm. The sieved feces

were pelleted and resuspended in Sheather's solution. The mixture

was centrifuged in a Beckman Model TJ-6 table top centrifuge with a

7-90 rotor (Beckman Instruments, Inc., Palo Alto, CA) at 1,700 x g

(3,000 rpm) for 5 min followed by recovery of the oocysts floating on

the surface. The oocysts were washed in phosphate buffered saline

(PBS) and further purified by passage through a CF 11 cellulose

20
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column (Whatman, Inc., Clifton, NJ). They were then resuspended in

2.5% potassium dichromate for storage at 4°C and finally pelleted by

centrifugation in an IEC Centra-7 bench top centrifuge with a number

210 rotor (International Equipment Co., Needham Heights, MA) at

1,200 x g (2,500 rpm) for 10 min, resuspended in buffered neutral

formalin, and counted with a hemocytometer before use in the first

seven trials of the preliminary experiments. Counts were made using

a Leitz Dialux microscope with phase optics (E. Leitz, Inc., Rockleigh,

NJ). Oocyst preparations used in the remaining trials and all other

experiments were prepared in the same manner with the exception of

CF 11 column purification.

Preparation of Antibody and Determination
of Optimal Concentration 

for Oocyst Detection

Antibody used in this project was supplied by Dr. Charles R.

Sterling and his laboratory. Monoclonal antibodies to the oocyst wall

of Cryptosporidium were made by immunizing Balb/c mice with intact

oocysts and isolated oocyst walls. Spleen cells from an immunized

mouse were fused with a mouse myeloma cell line (P3/X63/Ag8). One

hybrid clone (C1B3-H5) of approximately 150 clones secreted an IgG1

antibody with specificity for oocysts by indirect immunofluorescent

assay. This hybridoma was grown in Balb/c mice for ascites produc-

tion. The IgG1 immunoglobulin was purified by ion exchange chroma-

tography and directly labeled with fluorescein isothiocyanate. This

stock antibody gave fluorescence to a titer of 512.
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To make the antibody working solution used in all experiments,

0.2 ml of stock antibody was diluted 1:50 in 9.8 ml PBS + 0.1% sodium

azide.

To determine at what dilution the antibody working solution

should be used, 0.2 ml of an oocyst suspension containing approxi-

mately 10
7 per milliter was added to 19.8 ml PBS + 0.1 ml Tween 80.

Various volumes of antibody were added to various volumes of sample,

however, each sample contained 10
5 

even though they were contained

in different volumes of PBS (Table 1, p. 59). Triplicate counts of

each preparation were made and analysis of variance was done to com-

pare results of the three treatments. Labeling and counting of oocysts

were performed as described in the section on the general procedure

for 20-L experiments. Brightness of fluorescence was also noted

(Table 2, p. 60) which, along with the results for oocyst counts,

determined the dilution of antibody to use in the 20-L experiments.

Centrifugation

All centrifugations were performed at 1,200 x g (2,500 rpm)

in an IEC Centra-7 bench top centrifuge with a 210 rotor except in

the preliminary experiments in which a Beckman Model J2-21 centrifuge

with a JA-14 rotor were used at 700 x g (2,500 rpm), 800 x g (2,800

rpm), and 9,000 x g (10,000 rpm). All centrifugations were for 10

min except for Trial 15 in the preliminary experiments, which was

for 20 min, and the Sheather's flotation procedure, which was a

30-min centrifugation.
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Development of a Method for Concentration
and Detection of Cryptosporidium 

Oocysts in Water

General Procedure for
20-L Experiments

To devise the best method for concentration and detection of

Cryptosporidium oocysts, experiments were performed using 20-L

amounts of dechlorinated tapwater (pH 3.5-4.5). A 20-L pressure

vessel (AMF/Cuno Division, Meriden, CT) was filled with tapwater and

dechlorinated by addition of sodium thiosulfate (anhydrous) (Fisher

Scientific Co., Fair Lawn, NJ) at a concentration of approximately

1 mg per L. The water was seeded by mixing approximately 10
6

oocysts in 100 ml of dechlorinated tapwater contained in a plastic

beaker. Five milliliters were removed and placed in a 15-ml conical

centrifuge tube to serve as a seed count, and the remaining seed (95

ml) was poured into the 20-L pressure vessel. The water was filtered

at a flow rate of 3.78 L per min using 10 psi nitrogen gas through a

Micro Wynd II polypropylene cartridge filter with a nominal porosity

of 1 pm (AMF/Cuno Division) contained in a plastic housing (AMF/Cuno

Division). The amount not filtered due to leakage in the filter housing

fittings was noted and the number of oocysts in turn that were not

filtered were subtracted from the seed count. Filtrate was collected

in a plastic carboy. To elute the organisms from the filter, eluent

made of 2 L distilled water, 50 ml 37% formaldehyde solution weight/

weight (Fisher Scientific Co.), and 2 ml Tween 80 (Fisher Scientific

Co.) was passed or backflushed through the filter at 10 psi and col-

lected in a plastic beaker. The filter was then unwound into thirds
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onto three metal frames or cut from its core with a scalpel and sepa-

rated into four parts with each part in turn pulled apart. The mate-

rial was then placed into a clean, 3-L plastic bottle along with the

eluate. This was either allowed to sit for 30 min with hand shaking

for 1 min before and after the 30-min period or was placed on an

empty Gyrotory Water Bath Shaker (Model G76, New Brunswick Scien-

tific Co., Inc., Edison, NJ) at a 45° angle and shaken at full speed

for 10 min. Excess eluate was expressed from the filter material which

was discarded, and the eluate was then centrifuged at 1,200 x g for

10 min. Most of the supernatant fractions were removed by vacuum

aspiration (supernatant fractions were decanted in preliminary experi-

ments 1-14) and the pellets were resuspended in some of the remaining

eluate. Five milliliters of PBS were added to the resuspended pellet.

This preparation was placed in a 15-ml conical centrifuge tube. If

the amount exceeded 15 ml, it was placed in additional tubes, centri-

fuged at 1,200 x g for 10 min, the supernatant fractions were pipetted

off, and pellets were resuspended in PBS and placed in one tube. A

sample of 2 L of filtrate was centrifuged and prepared in the same

manner. The seed count tube, the tube containing the final eluate

sample, and the tube with the filtrate sample were centrifuged at 1,200

x g for 10 min. The supernatant fraction was then removed by

pipetting off to a volume of 0.1 ml, including the pellet of sediment.

If there was more sediment present, the supernatant fraction was

pipetted off to a volume of 0.3 ml. Three-tenths milliliter of the

antibody working solution was added to the 0.1-ml sample (or 0.3-ml
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sample) and incubated for 20 min at room temperature. PBS was then

added to a volume of 10 ml and centrifuged at 1,200 x g for 10 min.

The supernatant fraction was pipetted off to a final volume of 0.4 ml.

A hemocytometer chamber was filled with a portion of the sample and

the oocysts present counted, using a Nikon Optiphot microscope with

episcopic fluorescence attachment (Nikon Inc., Garden City, NY).

Except in the preliminary experiments in which two hemocytometer

chambers were counted regardless of the number of oocysts present,

a minimum of 77 oocysts were counted per sample in order for the

final result to be within 25% of the true mean of the sample with 95%

confidence (Krane and Sutter, 1962). If necessary, in order to count

oocysts, 0.1 ml of a sample was diluted in 0.9 ml of PBS and a portion

counted using the hemocytometer. The number of oocysts in each

sample was determined by calculating the number per milliliter and

multiplying by the final sample volume. To determine the number of

oocysts in the seed, the number of oocysts in the 5-ml sample removed

from the 100 ml of seed was determined and then multiplied by 19.

The number of oocysts in the seed not filtered (x) was determined by

the following formula: Seed count/20 L or 378 L in large volume

experiments = x/volume not filtered in L. This number was subtracted

from the seed count to arrive at the actual seed filtered. Percent effi-

ciency of elution was determined by dividing the number of oocysts

recovered in the final sample by the number of oocysts in the actual

seed filtered. To determine percent oocysts retained on the filter

before elution, i.e., the filter retention, the number of oocysts in 2 L
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of filtrate processed was multiplied by 10 resulting in the number of

oocysts in the entire 20 L which passed through the filter. This num-

ber was divided by the number of oocysts in the seed filtered to give

the percent oocysts which passed through the filter. The percent

oocysts which passed through the filter was subtracted from 100 to

give the percent oocysts retained on the filter.

A modification was made in determining the seed count during

the first set of experiments performed to determine the best method

for concentrating and detecting the oocysts. For each 20-L trial,

approximately 10 6 oocysts per 100 ml were added to 200 ml of

dechlorinated tapwater in a plastic beaker and mixed. One hundred

milliliters were removed and added as seed to the 20 L of water. Five

milliliters were removed to use as a seed count. One-tenth milliliter

Tween 80 was then added to the remaining 95 ml of seed in the beaker,

mixed, and 5 ml of this seed plus Tween count were removed to pro-

cess in the same manner as the seed count, with one exception.

Instead of multiplying the number of occysts calculated to be in the

5-ml samples of seed and seed plus Tween by 19, the number was

multiplied by 20 because 100 ml of seed (not 95 ml) were poured into

the 20 L. Seed plus Tween counts replaced seed counts when doing

calculations. However, it should be noted that the 100 ml of seed

placed into the 20 L of water never contained Tween 80, which was

added only to the remainder of the seed samples used to determine

the input number of oocysts.
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Specific modifications were incorporated into this basic proce-

dure to determine the best method for concentration and detection of

oocysts.

Results were analyzed by analysis of variance where appro-

priate.

Preliminary Experiments for Recovery of
Oocysts from 20 L of Seeded Tapwater

The general procedure for 20-L volumes was followed (Table 3,

p. 62). Column purified preparations were used in Trials 1-7. Inoculum

for Trials 1-15 was approximately 10 5 oocysts and 10 6 oocysts for Trials

16 and 17. A 3.78 L per min flow rate and 1-pm filters were used except

in Trials 16 and 17 in which 3-pm filters were used. Eluent consisted of

distilled water and approximately 2.5% formaldehyde, with and without

Tween 80. Filter material was wound onto three metal frames and

placed in a plastic bottle with eluate for mechanical shaking (10 min),

except in the first trial in which filter material and eluate were mixed

by hand in a beaker and in the second trial in which three elutions of

the filter material were performed. Eluent was backflushed through

the filter and centrifuged at 9,000 x g (10,000 rpm) for 10 min. A

second volume of eluent was then backflushed through the filter and

centrifuged. Finally, filter material was placed in a plastic bottle

along with a third volume of eluent, mixed by hand, and the eluate was

centrifuged. Percent recovery of oocysts was based on seed counts

without Tween and on counts of two hemocytometer chambers regardless
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of number of oocysts present (sometimes less than 77). Percent filter

retention was not determined.

Determination of Basic Method for
Concentration and Detection of
Oocysts in 20 L of Seeded Tapwater

The general procedure for 20-L volumes was followed.

Approximately 10
6 

oocysts were added as inoculum for each trial.

Seed counts using a sample of seed containing Tween 80 were begun

in this set of experiments when in Trials 4-10 improbable recovery and

retention values occurred. Results for these trials were recalculated

using a seed plus Tween count of the stock oocyst suspension used

for these trials.

Factors tested in this experiment were 2 versus 3 L of eluent

made of distilled water, 50 or 75 ml of formaldehyde, and approximately

2 or 3 ml of 0.1% Tween 80, depending on total volume of •eluent; back-

flushing the eluent through the filter at a pressure of 10 psi or pass-

ing the eluent through the filter at a pressure of 10 psi without

backflushing; and shaking the eluate and filter material on the mechan-

ical shaker or allowing them to sit for 30 min in the plastic bottle,

shaking by hand for 1 min at the beginning of the 30-min period and

for 1 min at the end of the period. Percent recovery and percent

retention by the filter were determined for each trial (Table 4, p. 63).

All subsequent 20-L experiments were performed using these results

(1-pm filter; 3.78 L per min flow rate; eluent containing 2 L distilled

water, 50 ml formaldehyde, and 2 ml Tween 80 with backflush and

mechanical shaking) unless otherwise noted.
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Effect of Tween 80 on Determination
of Oocyst Concentration

To determine if seed counts performed with Tween 80 were more

accurate than seed counts done without Tween 80, a stock oocyst suspen-

sion in buffered neutral formalin was counted with a hemocytometer and

calculated to contain 8.3 x 10
5 

oocysts per milliliter. One milliliter of this

stock was mixed into a plastic beaker containing 100 ml dechlorinated tap-

water and 0.1 ml Tween 80. Five milliliters were removed, processed with

the antibody, and counted as described in the section on the general

procedure for 20-L experiments. This was compared with seed counts

made and processed in the same manner but without Tween 80, on the

same stock suspension. In order to determine the effect of Tween 80 in

the seed which was filtered through a 1-pm filter, a 20-L experiment

using seed made of 100 ml dechlorinated tapwater, 1 ml oocyst suspension

of approximately 10
6 

per milliliter, and 0.1 Tween 80 was performed.

Percent recovery and retention were calculated.

Effect of Filter Pore Size and
Backflushing on Oocyst Recovery

Trials using 3-pm filters and 1-pm filters following the general

procedure for 20-L experiments were performed with and without back-

flush of 2 L eluent. Mechanical shaking of filter material and eluate

was used. Percent recovery and percent retention were calculated and

percent recovery was compared with results obtained using the 1-pm filter.

Effect of Tween 80 on Oocyst Recovery

Trials using a 1-pm filter; eluent containing 2 L distilled water,

50 ml formaldehyde, and no Tween 80; backflush; and mechanical shaking
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were performed. Percent recovery and percent retention were calculated

and percent recovery was compared with previous results in which eluent

containing 2 L distilled water, 50 ml formaldehyde (approximately 2.5%),

and 2 ml Tween 80 (approximately 0.1%) was used.

Effect of Filter Extraction and
Sonication on Oocyst Recovery

Trials using a 1-pm filter, 2 L of eluent containing Tween 80,

backflush, cutting the filter, sonication of the filter material, and

mechanical shaking were compared with previous trials differing only

in that the filter was wound onto frames and mechanically shaken with

eluate in a plastic bottle without first sonicating the filter material.

Cutting the filter was accomplished by using a scalpel and making a

longitudinal cut down to the core to remove the outermost string which

was wound throughout the filter material. The filter was then sepa-

rated from the core and torn into four equal pieces. These parts

were in turn torn into smaller pieces, as much string being removed

as possible. Material from each of the four parts was placed into a

Ziploc brand bag (Dow Chemical Co., Indianapolis, IN) along with one-

fourth of the eluate. Each bag was closed and then placed in another

Ziploc brand bag containing four large stir bars for weight. Each

outer bag was closed and placed by itself in a water bath sonicator

(Ultrasonic Cleaning System E-module, Branson Cleaning Equipment

Co., Shelton, CT) for 4 min. All filter material and eluate portions

were then combined in the plastic bottle and mechanically shaken for

10 min. Excess eluate was expressed from the filter material and
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centrifuged at 1,200 x g for 10 min. Percent recovery and percent

retention were determined and percent recovery was compared with

trials in which the filter was unwound and not sonicated.

There was no significant difference in the use of sonication

versus no sonication, therefore trials were then done to compare cutting

versus unwinding the filter material, both without sonication. Data from

a previous experiment were used for recoveries and retentions in which

the filter was unwound and not sonicated. Cutting and no sonication of

the filter material was done as explained in the previous section except

that instead of placing the four portions of filter material in Ziploc

brand bags, the material was placed directly into the plastic bottle

along with 2 L of eluate and shaken mechanically. Percent recovery

and percent retention were determined and percent recovery was com-

pared with the results of filter unwinding and no sonication.

There was also no significant difference between unwinding

and cutting the filter when not sonicating, therefore it was decided

to analyze the data of all three methods.

Attraction of Oocysts to
Filter Material

To learn more about possible oocyst-filter interactions in order

to select a more effective eluent, 1 ml of an oocyst suspension contain-

ing approximately 10 6 and some fibers of filter material were placed in a

15-ml conical centrifuge tube and placed on a Gyrotory Shaker (Model

G2, New Brunswick Scientific Co., Inc.) set at 350 rpm for 30 min.

A second tube containing the same mixture and 1 drop of Tween 80
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was also placed on the shaker. A wet mount of each preparation was

placed on a microscope slide having a well in it and coverslipped.

The slides were observed immediately and again after 0.5 hr by light

microscopy using a Nikon Optiphot microscope with phase optics.

Comparison of Different Eluents

Trials using different surfactants and other chaotropic and

miscellaneous agents as eluents were performed using the basic method

consisting of an inoculum of approximately 10
6 

oocysts, a 1-pm filter,

2 L of eluent, backflush, cutting the filter, and mechanical shaking.

In some of the trials, sonication was also used because it was being

studied as a possible addition to the basic method. Because it was

later found not to make any significant difference in recovery, results

of trials in which filter material was sonicated were analyzed along

with other trials in which the filter material was not sonicated. The

pH of each eluent used was determined and some eluents were adjusted

to a particular pH to optimize elution of oocysts from the filter mate-

rial. One drop of antifoam A emulsion .(Sigma Chemical Co., St.

Louis, MO) was added to some of the eluates just prior to centrifuga-

tion as noted in Table 9 (p. 71). Each of the following were used as

eluents and made in 2 L distilled water containing 50 ml formaldehyde:

5% Tween 80, 1% Tween 80, 0.1% Tween 20 (Sigma Chemical Co.),

1% Nonidet P-40 (Sigma Chemical Co.), 1% Triton X-100 (Eastman

Kodak Co., Rochester, NY), 1% cetylpyridinium chloride (Cepacol

Brand, Merrell Dow Pharmaceuticals, Inc., Cincinnati, OH), 1%

dodecyl sulfate, sodium salt (SDS) (Polysciences, Inc., Warrington,
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PA), 1% tincture of green soap (Medical Chemical Co., Santa Monica,

CA), 2M ethanol with 1 M sodium chloride (NaCl) (Fisher Scientific

Co. ), 2 M urea in 0.02 M glycine (both from Bio Rad Laboratories,

Richmond, CA), 0.25% trypsin (Trypsin 1:250; Difco Laboratories,

Detroit, MI) and 25 ml of a 2% solution of ethylenediaminetetraacetic

acid (Sigma Chemical Co. ) made in distilled water, 3% beef extract

(Gibco Laboratories, Madison, WI), and the combination of 0.1% SDS

and 0.1% Tween 80. Percent recovery and percent retention for each

trial were determined.

Effect of Successive Washings of
Filter Material on Oocyst Recovery

In order to determine whether additional washing of the filter

material in fresh eluent gave higher recovery of oocysts, a 20-L

experiment was performed. The basic method was followed, however,

after the filter material was shaken in the first 2 L of eluate and

excess eluate expressed, the filter was placed in 2 more liters of

eluent and mechanically shaken for 10 min. After the excess eluate

was expressed from the filter material it was placed in a final 2-L

volume of fresh eluent and mechanically shaken for 10 min. The filter

material was then discarded. Each aliquot of eluate was centrifuged as

explained in the general procedure for 20-L experiments and each

pellet was treated individually with antibody. The number of oocysts

in each preparation was calculated.
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Filter Retention of Oocysts

The data for percent retention of oocysts on the filter were

collected from 30 trials using an inoculum of approximately 10
6 

oocysts

and a flow rate of 3.78 L per min through a 1-pm filter. For each

trial, 2 L of filtrate were centrifuged and the pellet reacted with

antibody. The average percent retention of oocysts on the filter was

calculated from these data.

General Procedure for
378-L Experiments

As determined in the 20-L experiments, after filtration at a

flow rate of 3.78 L per min, the 1-pm filter was backflushed with 2 L

of eluent (2 L distilled water, 50 ml formaldehyde, and 2 ml Tween 80),

the filter material was cut from its core and torn into four approxi-

mately equal sections, ripped apart further by hand, eluate and filter

material were mechanically shaken for 10 min, and eluate was centri-

fuged at 1,200 x g for 10 min. A modification was added involving an

additional two washes of the filter material. After the first wash, the

filter material was placed in two more liters of fresh eluent and

mechanically shaken for 10 min. This was repeated once more and all

6 L of eluate were centrifuged at 1,200 x g for 10 min. All pellets

eventually were combined. Pellets were resuspended in eluate, usually

resulting in approximately 100 ml and centrifuged again at 1,200 x g

for 10 min. These pellets were combined and resuspended in approxi-

mately 10 ml of PBS. This was centrifuged with the seed count and

seed plus Tween count tubes at 1,200 x g for 10 min, the supernatant
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fractions pipetted off to a volume of 0.3 ml (because of the resulting

large pellet in the sample tube) and 0.3 ml of antibody working solu-

tion was added. This was incubated for 20 min at room temperature,

PBS was added up to a volume of 10 ml, and centrifuged at 1,200 x g

for 10 min. The supernatant fraction was pipetted off to a volume of

0.4 ml. A portion of this sample was counted in a hemocytometer or

diluted 1:10 if necessary and then counted, as previously described

for the 20-L experiments.

The seed for each trial was made in the same manner as for

the 20-L experiments including preparation of a seed count and seed

plus Tween count. The 378-L tank was filled in the following order:

tapwater, 25 ml seed, 10-ml 10% solution of sodium thiosulfate,

95 L water, 50 ml seed, 20 ml sodium thiosulfate, 95 L water, 25 ml

seed, 10 ml sodium thiosulfate, and 95 L water. Throughout the

procedure, mixing was done with the water coming out of the hose.

A gasoline powered pump was used to pass water from the

tank through the filter. A valve placed upstream of the filter housing

served to control the flow rate. Because 378 L of filtrate could not be

collected, one separate filter retention experiment was performed.

Determination of Optimal Flow
Rate for Large Volumes

Using the general procedure for 378-L experiments described

in the previous section, trials using an inoculum of approximately 10 6

oocysts and different flow rates were performed to determine the best

flow rate to use when filtering 378 L.
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Effect of Successive Washings of
Filter Material on Oocyst Recovery
from Large Volumes

To determine whether two additional washes of the filter mate-

rial in fresh eluent would yield higher recovery of oocysts, a trial

using an inoculum of approximately 106 oocysts and a flow rate of

3.78 L per min was performed. The general procedure for 378-L

experiments was used except after the first wash, the filter was

placed in 2 L of fresh eluent and shaken mechanically for 10 min.

The filter was then placed in a third 2-L volume of eluent and shaken

mechanically for 10 min. All three portions of eluate were centrifuged

at 1,200 x g for 10 min and each pellet was treated as described in

the general procedure section for the 378-L experiments. The percent

recovery of oocysts from each portion was calculated and compared

to determine if three washes were necessary to obtain greater recov-

ery.

Comparison of 1% Tween 80 and
0.1% Tween 80 in Eluent on
Oocyst Recovery

One trial using an inoculum of approximately 106 oocysts and

an eluent containing 2 L distilled water, 50 ml formaldehyde, and 20

ml Tween 80 (approximately 1%) was performed to determine whether

this eluent yielded a much greater recovery of oocysts than the eluent

containing 0.1% Tween 80.
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Effect of Flow Rate on Oocyst
Retention when Filtering
Large Volumes

In order to determine if a particular flow rate allowed for

higher retention of oocysts on the filter, one trial using flow rates of

3.78, 18.9, and 37.8 L per min was performed.

A 100-ml volume of seed (30 ml stock oocysts and 70 ml

dechlorinated tapwater) containing approximately 6 x 10
7 

oocysts was

used. The 378-L tank was filled as described in the section on gen-

eral procedure for the 378-L experiments and 37.8 L were filtered at

a flow rate of 3.78 L per min, then 18.9 L were collected, and 2 L of

this were processed. The flow rate was increased to 18.9 L per min,

37.8 L were filtered at this rate and then 18.9 L were collected, and

2 L of this sample were processed. The flow rate was then increased

to 37.8 L per min, 37.8 L were filtered at this flow rate and then

18.9 L were collected, and 2 L of this were processed. Processing

involved centrifugation of each 2-L volume of filtrate at 1,200 x g for

10 min. Resuspending the pellet in approximately 50 ml of eluate was

followed by additional centrifugation at 1,200 x g for 10 min. The

resulting pellet was resuspended in approximately 10 ml of PBS, cen-

trifuged at 1,200 x g for 10 min and the supernatant fraction pipetted

off to a volume of 0.1 ml. This was reacted with the antibody as

described in the section on the general procedure for the 20-L experi-

ments. The number of oocysts contained in 2 L of the 378 L and the

number of oocysts in the 2 L of filtrate for each flow rate were calcu-

lated. The number of oocysts in 2 L of filtrate was divided by the
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number of oocysts in 2 L of the starting 378 L to obtain an approxi-

mation of the percent of oocysts which passed through the filter.

This number was subtracted from 100 to yield an approximation of the

percent of oocysts retained on the filter.

Recovery of Low Numbers of
Oocysts in 378 L

In order to detect low numbers of oocysts in the final prepara-

tion of eluate, the entire preparation must be placed on microscope

slides and reacted with antibody. A number of procedures involved

with the slide antibody test and treatment of the pellet were developed

to enhance recovery of low numbers of oocysts from large volumes of

water.

Determination of Fixation Procedure for Slide Antibody Test.

Tenfold dilutions of an oocyst stock containing approximately 1.5 x

10 6 
per ml were made in PBS. These dilutions were 1.5 x 105 

per ml,

4 31.5 x 10 per ml, and 1.5 x 10 per ml. For each dilution, 1 ml was

added to 100 ml of dechlorinated tapwater containing 0.1 ml of Tween

80 and mixed. Five milliliters were removed and centrifuged at 1,200

x g for 10 min. The supernatant fraction was pipetted off to a volume

of 0.2 ml, four slides of 0.05 ml each were made, fixed in one of four

fixation procedures, and reacted with antibody as previously described

in the section on the general procedure for the 20-L experiments.

Because one-twentieth of the 5-ml preparation was used and since four

slides were made of each dilution, approximately 2,000 oocysts should

have been seen on slides made from the dilution containing 1.5 x 10 5



39

per ml, approximately 200 on each slide from the 1.5 x 10
4 

per ml

dilution and approximately 20 on each slide from the 1.5 x 10
3 

per ml

dilution.

The procedure for the slide antibody test was:

1. Slide was cleaned with 95% ethanol and dried.

2. Slide was immersed in poly-l-lysine (Sigma Chemical Co.) solu-

tion for 45 min to 2 hr at room temperature.

3. Slide was wiped dry and 0.05 ml of sample was added, air

dried, and fixed.

4. One-tenth milliliter of antibody working solution was added to

the smear and the slide was incubated in a moist chamber for

20 min at room temperature.

5. Antibody was washed off with PBS.

6. Smear was covered with PBS for 5 min at room temperature

and washed off with additional PBS.

7. Step 6 was repeated.

8. One drop of mounting medium was added to slide followed by

a No. 1 coverslip and microscopic observation.

Fixation procedures used were no fixation, heat fixation,

methanol-hydrochloric acid (HC1) for 5 sec, and a combination of heat

followed by methanol-HC1 fixation.

Comparison of Efficiency of Sheather's Flotation Procedure 

using Preparations with and without Sediment Particles. To determine

the efficiency of Sheather's flotation on oocyst preparations with and

without sediment, a preparation of oocysts plus PBS and a preparation
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of oocysts plus PBS plus sediment were subjected to Sheather's flota-

tion and counted. Dilutions of a stock oocyst suspension were made

in PBS. The clean preparation contained approximately 10
3 

oocysts in

0.5 ml PBS and an additional 1 ml 0.1% Tween 80 in PBS. The dirty

preparation contained 10
3 

oocysts in 0.5 ml PBS, 0.8 ml 0.1% Tween 80

in PBS, and 0.2 ml of a sediment pellet. This pellet was made by fil-

tering 378 L of unseeded tapwater through a 1-pm filter at a flow rate

of 18.9 L per min. The filter was eluted and washed three times in

eluent containing 2 L distilled water, 50 ml formaldehyde, and 2 ml

Tween 80; the aliquots of eluate were centrifuged at 1,200 x g for 10

min; and resulting pellets were used in the experiment. Pellets used

in subsequent experiments were prepared in the same manner.

The procedure for each oocyst preparation was as follows:

1. Preparation was layered onto 2 ml of Sheather's solution in a

15-ml conical centrifuge tube and centrifuged at 1,200 x g

(2,500 rpm) for 30 min.

2. Supernatant fraction was harvested, placed in a clean tube,

1% Tween 80 in PBS was added to a volume of 15 ml, and

centrifuged for 10 min.

3. Supernatant fraction was pipetted off to a volume of 0.5 ml

and pellet was washed again in 15 ml of 1% Tween 80 in PBS

for 10 min.

4. Step 3 was repeated and after this last centrifugation, the

supernatant fraction was pipetted off to a volume of 0.1 ml.



41

5. Two slides of 0.05 ml each were made of each preparation,

heat fixed, and the slide antibody test performed as described

in the section on determination of fixation procedure for slide

antibody test.

Percent recovery of oocysts was calculated for each prepara-

tion.

Separation of Oocysts from Sediment Particles. In order to

separate oocysts from sediment so the oocysts would not become pel-

leted along with sediment particles during Sheatherrs flotation, an

experiment was performed as follows. An oocyst suspension containing

approximately 10
3 

oocysts per milliliter PBS was 'centrifuged at 1,200 x g

(2,500 rpm) for 10 min and resuspended in distilled water to remove

the salts present in the PBS from the eocysts. One percent solutions

of Tween 80 and SDS were both made in distilled water.

Two dirty preparations and two clean preparations were made:

1. Pellet + Tween + oocysts

a. 0.1 ml sediment pellet
b. 0.9 ml 1% Tween 80
c. 0.5 ml oocysts (10 3 )

2. Pellet + Tween + SDS + oocysts

a. 0.1 ml sediment pellet
b. 0.4 ml 1% Tween 80
c. 0.5 ml 1% SDS
d. 0.5 ml oocysts (10 3 )

3. Tween + oocysts

a. 1.0 ml 1% Tween
b. 0.5 ml oocysts (10 )
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4. Tween + SDS + oocysts

a. 0.5 ml 1% Tween 80
b. 0.5 ml 1% SDS	 3
c. 0.5 ml oocysts (10 )

The preparations were treated as follows:

1. Vortexed

2. Sonicated for 4 min in a water bath sonicator

3. Layered onto 2 ml Sheathers solution and centrifuged at

1,200 x g for 30 min

4. Supernatant fraction was harvested, placed in a clean tube,

1% Tween 80 was added to a volume of 15 ml, and centrifuged

at 1,200 x g for 10 min

5. Supernatant fraction was pipetted off to a volume of 0.5 ml

and pellet was washed again in 1% Tween 80 by centrifuging

at 1,200 x g for 10 min

6. Step 5 was repeated and supernatant fraction was pipetted

off to a volume of 0.1 ml

7. Two slides of 0.05 ml each were made of each preparation,

heat fixed, and the slide antibody test was performed as

previously described.

Percent recovery for both slides of a set was determined by

dividing the total number of oocysts counted on both slides by 1,000

which was the input number of oocysts for the preparations, each of

which had two slides.
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Effect of Detergents and Sonication on Oocyst Recovery. In

order to determine if sonication was an aid in giving higher percent

recovery of oocysts, the following experiment was performed. The

oocysts and procedure used were the same as in the previous experi-

ment. In addition, a seed plus Tween count was made using a stock

oocyst suspension of approximately 10
3 

per 0.5 ml distilled water.

This was also used for oocyst preparations in each treatment. The

seed plus Tween count was not sonicated or layered onto Sheather's

solution. It was centrifuged at 1,200 x g for 10 min and the super-

natant fraction was aspirated off to a volume of 0.1 ml. Preparations

6 and 7 were also not sonicated. Percent recovery for each treatment

was determined by dividing the total number of oocysts counted in a

given treatment by the total number of oocysts counted in the seed

plus Tween preparation.

The following preparations were used:

1. Seed + Tween

a. 0.5 ml oocysts (10
3

)
b. 1 drop Tween 80

2. Pellet + oocysts --sonicated

a. 0.025 ml sediment pellet
b. 0.5 ml oocysts (10i)

3. Pellet + Tween + oocysts— sonicated

a. 0.025 ml sediment pellet
b. 0.5 ml 1% Tween 80
c. 0.5 ml oocysts (10 3 )
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4. Pellet + SDS + oocysts	 sonicated

a. 0.025 ml sediment pellet
b. 0.5 ml 1% SDS
c. 0.5 ml oocysts (10 -')

5. Pellet + Tween + SDS + oocysts sonicated

a. 0.025 ml sediment pellet
b. 0.5 ml 1% Tween 80
c. 0.5 ml 1% SDS
d. 0.5 ml oocysts (10

3
)

6. Pellet + Tween + oocysts

a. 0.025 ml sediment pellet
b. 0.5 ml 1% Tween 80
c. 0.5 ml oocysts (10 3 )

7. Pellet + Tween + SDS + oocysts

a. 0.025 ml sediment pellet
b. 0.5 ml 1% Tween 80
c. 0.5 ml 1% SDS
d. 0.5 ml oocysts (10

3
)

Use of Crystal Violet Counterstain to Distinguish Cryptosporid-,

ium and Yeast. In order to determine if a crystal violet counterstain

was necessary to distinguish Cryptosporidium oocysts from yeast cells

since one genus of yeast was found to cross-react with the antibody

(see next section) and to determine the effect of the counterstain on

the fluorescent antibody, an experiment was performed using a formalin

fixed mixture of chicken Cryptosporidium oocysts, calf Cryptosporidium

oocysts, and yeast cells. This mixture was provided by Dr. Charles

R. Sterling and his laboratory.

Numbers of each organism per ml of suspension were not

known. One milliliter of the suspension was mixed into 200 ml of

dechlorinated tapwater. One hundred milliliters were removed to use as
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seed as well as 5 ml for use as a seed count. One-tenth milliliter of

Tween 80 was then mixed into the remaining 95 ml of seed and 5 ml

removed to use as a seed plus Tween count. The 100 ml of seed were

poured into 20 L of dechlorinated tapwater and filtered through a 1-lim

filter. The general procedure for 20-L volume experiments was followed

(backflush of Tween-containing eluent and one wash of filter material

in eluate with mechanical shaking). When the final pellet was obtained,

all supernatant was pipetted off and 0.5 ml 1% Tween 80 and 0.5 ml 1%

SDS were added. The preparation was then vortexed, sonicated for

2 min, layered onto 2 ml of Sheather's solution, centrifuged at 1,200

x g for 30 min, and the supernatant fraction was harvested. This was

washed three times in 1% Tween 80 by centrifugation at 1,200 x g for

10 min each time and after the final wash, the supernatant fraction was

pipetted off to a final volume of 0.2 ml. The seed and seed plus

Tween preparations were centrifuged at 1,200 x g for 10 min and the

supernatant fractions pipetted off to a final volume of 0.1 ml. Two

slides of 0.05 ml each were made of the three preparations (seed, seed

plus Tween, and eluate). Both slides of each set were stained with

antibody and one slide of each set was also counterstained with crystal

violet.

The staining procedure was performed as follows (omit Steps

2, 3, and 4 for slides not counterstained):

1. Smear was made on poly-1-lysine-coated slide, air dried, and

heat fixed.
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2. Smear was covered with crystal violet for 5 min and rinsed

with water.

3. Smear was decolorized with 95% ethanol and rinsed with water.

4. Smear was covered with PBS for 5 min and rinsed with PBS.

5. One-tenth milliliter of antibody working solution was added

and incubation took place for 20 min at room temperature in

a moist chamber.

6. PBS rinse, PBS wash for 5 min, and PBS rinse.

7. Step 6 was repeated.

8. One drop of mounting medium was added followed by a No. 1

coverslip.

Slides were observed microscopically at both 100X and 1000X

magnifications for intensity of fluorescence and also at 1000X magnifi-

cation by light microscopy to determine uptake of crystal violet.

Effect of Tween 80 on Nonspecific Fluorescence. The antibody

used in this project was tested with a number of microorganisms for

cross-reactivity. Michael J. Arrowood (1985), a graduate - student in Dr.

Charles R. Sterling's laboratory, performed the slide antibody test on

the following microorganisms: Flavobacterium species (sp.), Pepto-

coccus (sp.), Bacteroides sp., Lactobacillus sp., Fusobacterium sp.,

Acinetobacter sp., Campylobacter sp., Clostridium sporogenes, Entero-

bacter aerogenes, Mycobacterium phlei, Streptococcus faecalis,

Bacillus cereus, Pseudomonas aeruginosa, Proteus vulgaris, Klebsiella 

pneumoniae, Salmonella typhi, Escherichia cou, Shigella flexneri,

Serratia marsescens, Rhodotorula gracilus, Trichosporum cutaneum
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(beigerii), Geotrichum candidum, Candida albicans, Candida krusei,

Cryptococcus neoformans, Torulopsis glabrata, Saccaromyces cerevisiae,

and Giardia lamblia. Rhodotorula gracilus was the only microorganism

of those tested which fluoresced.

To test the possible inhibitory effect Tween 80 may have on

nonspecific fluorescence caused by cross-reacting yeast, pure cultures

of two species of Rhodotorula which cross-react with the antibody were

suspended in PBS and also in 1% Tween 80. All preparations were

stained with antibody and half were also counterstained with crystal

violet.

A portion of a fresh subculture of Rhodotorula gracilus and

another Rhodotorula species were each suspended in PBS and also in

1% Tween 80. These four preparations were centrifuged at 1,200 x g

for 10 min. The supernatant fraction in preparations contained in PBS

was pipetted off and the pellet was resuspended in fresh PBS. The

preparations in Tween 80 were washed two more times by centrifuga-

tion at 1,200 x g for 10 min in the 1% Tween 80 and finally resuspended

in fresh 1% Tween 80. The four suspensions were vortexed. Two

smears of each were made on poly-l-lysine-coated slides, air dried, and

hear fixed. Both slides of each preparation were stained with antibody

and one slide of each preparation was also counterstained with crystal

violet according to the staining procedure in the previous section.

Intensity of fluorescence was observed microscopically at both 100X and

1000X magnifications and at 1000X magnification by light microscopy to

determine uptake of crystal violet.
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Suspensions of both yeast in PBS (0.5 ml each) were also

sonicated for 4 min in the water bath sonicator and examined micro-

scopically to determine whether sonication during processing of the

final eluate pellet would destroy any yeast present.

Recovery of Low Numbers of Oocysts from Large Volumes of 

Tapwater. Using the method devised for treatment of the final pellet

obtained after filtering 378 L of tapwater, six trials were performed to

test the method for its efficiency in recovering 10 2 -103 oocysts seeded

into 378 L of dechlorinated tapwater.

The oocyst preparation used was either a suspension of

approximately 10 3 oocysts per 0.5 ml PBS (Trials 1 and 2) or approxi-

mately 10 2 oocysts per 0.5 ml PBS (Trials 3-6). For Trials 1-4, the

seed was prepared as previously explained allowing for 100 ml of actual

seed for each trial and a 5-ml sample of seed plus Tween count. For

Trials 5 and 6, 2 ml of the 10 2 oocysts per 0.5 ml PBS suspension

were added to 400 ml dechlorinated tapwater. Two 100-ml aliquots

were removed to use as seed for the trials. Two-tenths milliliter of

Tween 80 was added to the remaining 200 ml of seed and 100 ml were

then removed and placed in two 50-ml conical centrifuge tubes to be

used as the seed plus Tween count. These two 50-ml tubes were

centrifuged at 1,200 x g for 10 min, the supernatant fraction was aspi-

rated off to 5 ml in each tube, the pellets were combined, and centri-

fuged again at 1,200 x g for 10 min. The supernatant fraction was

pipetted off to a volume of 0.1 ml. This preparation was then used

to make slides.
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The general procedure for 378-L trials was used (3.78 L per

min flow rate, backflush of eluent containing 0.1% Tween 80, and three

washes of filter material with mechanical shaking). As in the 378-L

experiments, a valve placed upstream of the filter housing served to

control flow rate.

For each trial, in Trials 1-4, pellets from the first centrifuga-

tion of eluate were resuspended in approximately 250-300 ml of the

eluate, recentrifuged, and the resulting pellet was resuspended in a

total of less than 10 ml PBS and centrifuged again. Trials, 1, 2, 3,

and 4 each had final pellets of less than 0.5 ml after aspiration of

supernatant (0.4, 0.1, 0.1, and 0.1 ml, respectively).

For each trial, in Trials 5 and 6, pellets from the first centri-

fugation of eluate were resuspended in approximately 600 ml of eluate,

recentrifuged, and resulting pellets were then resuspended in 100 ml

of the eluate necessitating an extra centrifugation in order to in turn

resuspend these pellets in less than 10 ml of 1% Tween 80 made in dis-

tilled water. Trial 5 and Trial 6 each had final pellets of 0.5 ml after

aspiration of supernatant.

Each pellet was treated as follows:

1. One milliliter 1% Tween 80 and 1 ml 1% SDS were added

2. Vortexed, sonicated for 4 min, and vortexed

3. Layered onto 3 ml of Sheather's solution and centrifuged at

1,200 x g for 30 min

4. Supernatant fraction was harvested and washed three times in

1% Tween 80, centrifuging at 1,200 x g for 10 min each time
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5. Pipetted off supernatant fraction to a final volume of 0.3 ml

6. Made smears of 0.05 ml each on poly-l-lysine-coated slides,

heat fixed, and stained with antibody (no counterstain)

according to previously described slide antibody test proce-

dure

7. Counted oocysts and, if entire final sample was not examined,

multiplied the result by the reciprocal of the fraction of final

sample examined microscopically to obtain number of oocysts

recovered

8. Divided number of oocysts recovered by number of oocysts in

seed plus Tween count to obtain percent recovery of oocysts.

Detection of Oocysts in Treated Sewage 

All environmental sampling was done at the Ina Road Water

Pollution Control Facility, Tucson, Arizona. Samples were taken as

the effluent was leaving one of the clarifiers just prior to chlorination

and release into the environment. The general procedure for filtration

and elution was used except that a utility knife was used to cut the

filter instead of a scalpel because of the large amount of sediment

present. Also, a seed plus Tween count was done as described for

Trials 5 and 6 in the previous experiment (i.e., 100-ml amounts).

However, modifications in pellet treatment were necessary due to the

large 25-ml volume of the resulting pellet. Addition of sodium thiosul-

fate to the water was not necessary because the effluent had not yet

been chlorinated.
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First Sampling

An unseeded sample was filtered, followed by a seeded sample

in which the 378-L tank was filled and seeded with approximately 10
2

oocysts. Seed plus Tween count slides were made in the same way as

those used in Trials 5 and 6 of the low-dose inoculum trials except

1.5 ml of the 10
2 

oocysts per 0.5-ml PBS suspension were added to

300 ml of dechlorinated tapwater and only one 100-ml aliquot was

removed to use as seed for the seeded sample.

For each sample, pellets from the first 10-min centrifugation

(1,200 x g) of eluate were resuspended in approximately 400 ml of the

eluate, recentrifuged at 1,200 x g for 10 min, most of the supernatant

fraction was aspirated off, and the pellets were resuspended in approx-

imately 40 ml of 1% Tween 80, recentrifuged at 1,200 x g for 10 min,

and the supernatant fraction aspirated off to obtain the final 25-ml

pellet.

For each pellet, twice as much 1% Tween 80 and twice as much

1% SDS as pellet volume were added (portions of these were added to

the pellet to resuspend it and then divided among three tubes to which

the remaining amounts of Tween and SDS were added).

These preparations were vortexed, sonicated for 4 min, vor-

texted, 20-ml aliquots of sample were layered onto 20-ml aliquots of

Sheather's solution, and centrifuged at 1,200 x g for 30 min. Since

no separation resulted, one aliquot of the seeded sample was pipetted

into a clean tube, washed once with 1% Tween 80 for 10 min, and

layered onto a solution of one part Sheather's and two parts PBS.
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This was centrifuged at 1,200 x g for 30 min. Separation did occur,

but since there was clumping of the organic matter which did not

pellet, it was decided to homogenize the Tween- and SDS-containing

pellet.

All material from the seeded sample which had been layered

onto Sheather's was collected and pooled. Because this material had

not been completely resuspended, it was homogenized in a VirTis '45'

homogenizer (VirTis, Gardiner, NY) on setting 30 for 30 sec. Five-

tenths milliliter of oocysts from a stock of approximately 10
3 

oocysts

per 0.5 ml PBS were then added to seed this preparation with an addi-

tional 10
3 

oocysts. Five-milliliter aliquots were layered on 10-ml ali-

quots of Sheather's solution diluted in distilled water (one part

Sheather's to one part distilled water)	 These were centrifuged at

1,200 x g for 30 min, the supernatant fraction was harvested into four

50-ml tubes, 1% Tween 80 was added to each tube up to a volume of

50 ml, and washed once by centrifugation at 1,200 x g for 10 min.

The four pellets were resuspended in a total of 10 ml of 1% Tween 80

and centrifuged in a 15-ml tube at 1,200 x g for 10 min. This washing

was repeated twice more and the final supernatant fraction was pipetted

off to a volume of 0.5 ml. Ten slides of 0.05 ml each were made and

two slides of a centrifuged sample of seed plus Tween having approxi-

mately 10
3 

oocysts were made. The slide antibody test was performed

and the number of oocysts counted. Percent oocysts recovered from

the seeded preparation was calculated by dividing the number of



53

oocysts counted in the seeded preparation by the number of oocysts

counted in the seed plus Tween sample.

Five-milliliter aliquots of the 50-ml unseeded pellet in Tween 80

and SDS were then layered onto 10-ml aliquots of Sheather's solution

diluted in distilled water (one part to one part) and processed in the

same manner as the seeded pellet. Of the ten slides made and stained

with antibody, five were read and counted and the remaining five were

read for oocysts but not quantitated. Four of the slides were then

stained, each using a different staining method. The four methods

used were a modified acid-fast stain (Kinyoun cold technique) (Vera

and Power, 1980), dimethyl sulfoxide-modified acid-fast stain (Bronsdon,

1984), and crystal violet counterstain with and without restaining with

antibody. One of the slides from the seeded sample was counter-

stained with crystal violet and restained with antibody. The coverslip

was removed from each slide and the slide was then washed in

methanol-HC1 to remove the PBS-glycerol mounting medium. After

staining, one drop of mounting medium and a No. 1 coverslip were

added to each slide.

The staining procedures used were as follows:

1. Modified acid-fast stain

a. Carbol fuchsin for 2 min
b. Rinsed with water
c. Decolorized with 5% H 2 SO 4
d. Rinsed with water
e. Light green SF yellowish (Harleco, Gibbstown, NJ)

counterstain for 2 min
f. Rinsed with water
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2. Dimethyl sulfoxide-modified acid-fast stain

a. Carbol fuchsin for 5 min
b. Rinsed with water
c. Decolorizer-counterstain for 1 min
d. Rinsed with water

3. Crystal violet counterstain

a. Crystal violet for 5 min
b. Decolorized with 95% ethanol
c. Rinsed with water

4. Crystal violet counterstain with antibody restaining

a. Crystal violet for 5 min
b. Rinsed with water
c. Gram's iodine for 2 min
d. Rinsed with water
e. Decolorized with 95% ethanol
f. Decolorized with one drop acetone

g. PBS for 5 min
h. Rinsed with PBS
i. 0.1 ml antibody working solution for 20 min at

room temperature in a moist chamber
j. Rinsed with PBS
k. PBS for 5 min
1. Rinsed with PBS
m. PBS for 5 min
n. Rinsed with PBS

Slides were read using fluorescence and light microscopy.

Second Sampling

An additional unseeded sample and seeded sample with approxi-

mately 10
4 

oocysts were done using effluent from the clarifier at the

Ina Road facility. A seed plus Tween count preparation was made in

the same manner as the previous environmental sampling except that a

suspension containing approximately 10
4 

oocysts per 0.5 ml PBS was

used. The slides from these preparations were stained with antibody,

counted, and then counterstained with crystal violet, and restained
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with antibody using the procedure described for the first environmental

sampling.

Turbidity of both water samples was determined. The general

procedure for 378-L trials was used. For both the unseeded and

seeded samples, pellets from the first centrifugation (1,200 x g for 10

min) of eluate were resuspended in approximately 400 ml of the eluate,

recentrifuged at 1,200 x g for 10 min, and the resulting pellets were

resuspended in approximately 40-45 ml of eluate. These preparations

were recentrifuged at 1,200 x g for 10 min yielding pellets of 14 ml

for the unseeded sample and 12 ml for the seeded sample.

Each pellet was treated as follows:

1. Twice as much 1% Tween 80 and twice as much 1% SDS as

pellet volume were added to the pellet and mixed (10 ml of

each solution were first added to the pellet in the 50-ml

conical centrifuge tube, mixed, poured into a 200-ml plastic

beaker, and then the remaining amount of solutions were

added)

2. Homogenized with a VirTis homogenizer on setting 30 for 10

sec

3. Poured back into plastic beaker, covered with parafilm and

sonicated for 4 min in a water bath sonicator, and mixed

again

4. 5-ml aliquots were layered onto 10-ml mixtures of one

part Sheather's solution to one part distilled water and cen-

trifuged at 1,200 x g for 30 min
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5. Supernatant fraction was harvested into four 50-ml conical

centrifuge tubes, 1% Tween 80 was added to a final volume of

50 ml in each tube, and centrifuged at 1,200 x g for 10 min

6. Pellets were combined with 10 ml of 1% Tween 80 in a 15-ml

conical centrifuge tube and centrifuged at 1,200 x g for 10

min

7. Supernatant fraction was pipetted off to a volume of 0.5 ml,

the preparation was vortexed, resuspended in 1% Tween 80,

and recentrifuged at 1,200 x g for 10 min

8. Step 7 was repeated and resulting final volume was 1 ml

9. 0.5 ml was used to make eight 0.05-ml slides, four of which

were stained with antibody using poly-l-lysine-coated and

heat-fixed slides; of the remaining slides, three were stained

with crystal violet and counterstained with antibody according

to the procedure used with the first two environmental

samples; and one was stained according to the following

procedure:

a. Carbol fuchsin for 5 min
b. Rinsed with water
c. Decolorized with H

2
SO 4

d. Rinsed with water
e. Light green SF yellowish counterstain for 2 min
f. Rinsed with water

g. PBS for 5 min
h. Rinsed with PBS
i. 0.1 ml antibody working solution added for 20 min at

room temperature in moist chamber
j. Rinsed with PBS
k. PBS for 5 min
1. Rinsed with PBS
m. One drop of mounting medium added followed by a

No. 1 coverslip.
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Slides were observed with fluorescence and light microscopy.

Ten milliliters of 0.1 M PBS containing 1% glutaraldehyde, pH 7.36

were added to the remaining 0.5 ml of final sample and stored at 4°C

to be used for possible future scanning electron microscopy studies.



CHAPTER 3

RESULTS

Determination of Optimal Concentration of 
Antibody for Oocyst Detection 

The results presented in Table 1 show that by analysis of

variance (a = 0.05), there was no significant difference among the

oocyst counts for three different preparations of sample volume and

antibody concentration. Therefore, any one of the combinations could

be used for detection of oocysts in samples. However, results pre-

sented in Table 2 show that antibody dilutions of 1:67 and 1:200 gave

fluorescence which was sufficiently bright enough to read easily

whereas antibody at a dilution of 1:350 gave fluorescence which was

much more difficult to read even though it detected comparable num-

bers of oocysts to the other two dilutions tested. The 1:100 dilution

was used in some experiments and routinely gave bright fluorescence.

Although it was not tested in the experiment, this dilution is between

1:67 and 1:200 which were both found to be suitable for use in detect-

ing and counting oocysts.

In summary then, a 0.1 ml pellet volume + 0.3 ml antibody

working solution (1:67) or 0.3 ml pellet + 0.3 ml antibody working

solution (1:100) was used in high-inoculum dose ( �- 10
4 

oocysts)

experiments, depending on size of final pellet. As explained above,

in preparations containing 10
5 

oocysts, there was no significant

58
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Table 1. Cryptosporidium oocyst counts obtained at different
concentrations of antibody

0.1 ml 
a

0.3 ml
0.3 mlab
0.1 ml

0.3 mla
b0.05 ml

Preparation Replicate

1 2 3 1 2 3 1 2 3

19 9 11 19 6 16 15 10 23

10 7 10 16 9 9 13 10 6

15 20 22 20 19 9 12 10 13

9 12 3 13 17 12 10 15 10

7 17 16 16 12 7 13 12 13

11 12 10 21 25 10 21 8

10 9 8 5 13 16

84 86 80 84 78 83 86 78 89

a. 10 5 oocyst inoculum contained in amount stated.

b. Amount of antibody working solution added; antibody working
solution: 0.2 ml stock antibody in 9.8 ml phosphate buffered saline
+ 0.1% sodium azide.
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Table 2. Effect of antibody concentration on intensity of
fluorescence of Cryptosporidium oocysts

10
5 

Oocysts
Contained in	 Aba	Ratio	 Antibody	 Fluorescence

( ml ) 	(ml))	 ( Sample : Ab) 	 Dilutionb	 Intensity c

Preparation 1  d

	0.1	 0.30 	1:3 	1:67	 ++++

Preparation 2 

	0.3	 0.10	 3:1 	1:200 	+++

Preparation 3 

	0.3	 0.05	 6:1	 1:350

	

0.3	 0.30	 1:le	 1:100

a. Ah = antibody working solution : 0.2 ml stock antibody in
9.8 ml phosphate buffered saline (PBS) + 0.1% sodium azide .

b. To determine antibody dilution, the ratio of the volume of
antibody working solution to the volume of antibody plus volume of
sample was multiplied by the ratio of the original dilution of stock
antibody in PBS + 0.1% sodium a zide ; for example, in Preparation 1:
3/4 x 1/50 = 3/200 = 1:67.

c. Based on results of triplicate observations of each prepara-
tion :

+++ = very bright, readable
++ = bright, readable
+ = dim, difficult to read

d. Triplicate observations of each preparation were made using
the antibody test procedure outlined in Figure 2 (p. 110-111) . ( Note :
The procedures outlined in Figure 2 were used for several experiments
and the resulting data are reported in many of the following tables . )

e. Not tested, but used in some experiments.
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difference by analysis of variance in the numbers of oocysts detected

and the readability (brightness of fluorescence) of preparations for

volumes of sample and antibody equivalent to antibody dilutions of

1:67 and 1:200. Because 1:100 is between 1:67 and 1:200, it was

suitable to use in experiments, even though it had not been tested.

Development of a Method for Concentration
and Detection of Cryptosporidium.

Oocysts in Water 

Preliminary Experiments for
Recovery of Oocysts from
20 L of Seeded Tapwater

Results are presented in Table 3. It should again be noted

that percent recovery of oocysts was based on seed counts without

Tween 80, which in general give overestimations of true recovery.

The use of 2 L of eluent containing 0.1% Tween 80 with backflush of

the eluent gave the best recovery. In general, eluents without Tween

80 gave the lowest recoveries even when backflushed.

Determination of Basic Method for
Concentration and Detection of
Oocysts in 20 L of Seeded Tapwater

Percent recoveries for duplicate trials of each different method

attempted using a 1-pm filter are shown in Table 4. By analysis of

variance (a = 0.05), use of 2 L of eluent gave better recoveries than

3 L of eluent. Also, backflushing of the eluent through the filter

gave better recoveries than no backflushing. According to these lim-

ited data, mechanical shaking of the filter material and eluate did not

yield significantly better recoveries than allowing the filter material to
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Table 3. Recovery of Cryptosporidium oocysts from 20 liters
of tapwater (preliminary experiments)

Triala

Oocysts Counted inb Eluent
Volume

(L)
Tween 80
in Eluent

Eluent
Backflushed

(10 psi)
Recov-
ered

Water	 Eluate
(x	 10 5 )	 (x 10 5 )

1 c
d 3.33 0.40 1 0.0 No 12.0

2a d 0.05 1 0.1 Yes 17.2
2b

f
0.29 0.06 1 0.1 Yese 20.7

2c 0.17 1 0.1 No 58.6
3 5.40 0.52 1 0.0 Yes 9.6
4 1.51 0.51 1 0.1 Yes 33.8
5 1.43 0.35 2 0.1 No 24.5
6 0.83 0.66 2 0.1 Yes 79.5
7 2.12 1.36 2 0.1 Yes 64.2
8 6.00 2.19 2 0.1 Yes 36.5
9 6.56 2.27 2 0.1 Yes 34.6

10 4.39 1.79 2 0.1 Yes 40.8
11 8.99 2.10 2 1.0 Yes 23.4
12 6.92 1.72 2 0.0 Yes 24.8
13 4.09 0.11 2 0.0 Yes 2.7
14 3.61 0.19 2 0.0 Yes 5.3
15 2.87 2.52 2 0.1 Yes 87.8
16 g 28.40 12.10 2 0.1 Yes 42.6
17 g 33.50 22.10 2 0.1 Yes 66.0

a. CF 11 column purified oocysts used in Trials 1-7; Sheather's
recovered oocysts used in Trials 8-17; 1-pm filter; 3.87 L per min flow
rate; after elution, the filter material was wound onto three metal
frames and with eluate was mechanically shaken, eluate centrifuged as
follows: Trial 1, 800 x g for 10 min; Trials 2-14, 9,000 x g for 10
min; Trial 15, 700 x g for 20 min; Trials 16-17, 700 x g for 10 min.

b. Based on seed counts without Tween 80; fluorescently labeled
oocysts in two hemocytometer chambers in final concentrated sample
were counted.

Filter material and eluate mixed by hand in plastic beaker.

d. Filter material not shaken in eluate after first and second
elution.

e. 35 psi.

f. Filter material and third volume of eluent mixed by hand in
plastic beaker.

g. 3-pm filter used.
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Table 4. Effect of elution conditions on Cryptosporidium 
oocyst recovery from filtersa

Backflush Shaking Trialb

Oocysts Counted in

% RecoveredWater (x 10 6 ) Eluate (x 10 5 )

Eluent Volume: 2 L

Yes Yes 1 3.03c 13.3 44
Yes Yes 2 2.97 c 21.1 71

= 57.5 ± 19.1 d

Yes
Yes

Noe
No

3
4

2.02c
f0.23

10.00
9.44

50
41

51 = 45.5 ± 6.4

No
No

Yes
Yes

5
6

2. 34
2.31 

4.20
7.04

18
30

No
No

No
No

7
8

f
f2.31

2.3 1f

2.90

= 24.0 ± 8.5

19
12

= 15.5 ± 4.9

Eluent Volume: 3 L

Yes
Yes

Yes
Yes

9
10

2.3 1 f
f2.32

3.22
3.40

14
15

R = 14.5 ± 0.7
8

Yes No 11 1 • 58g 3.44 22
Yes No 12 1.64g 3.96 24

= 23.0	 .1. 	1.4

No Yes 13 2 • 65g 2.06 8
No Yes 14 2 • 27g 2.28 10

= 9.0 ± 1.4

No No 15 2.27g 4.00 18
No No 16 2.05g 2.34 11

= 14.5 ± 4.9

a. By analysis of variance (a = 0.05); 2 L eluent, backflush signi ficantly
better than 3 L eluent, no backflush.

b. See Figure 2 for general procedure; filter material wound onto three
metal frames, not cut and torn.

c. Based on seed count without Tween.
d. R = arithmetic mean ± standard deviation.
e. No shaking = filter material and eluate shaken by hand for 1 mm, allowed

to sit for 30 min and shaken again by hand for 1 min.
f. Based on one sample of seed count made with 0.1% Tween 80 from the

oocyst stock suspension used in Trials 4-10.
g. Based on seed plus Tween count.
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sit in the eluate for 30 min. However, using the mechanical shaker

was faster and may help separate the oocysts from the filter material.

Therefore, it was decided to use 2 L of eluent with backflush and

mechanical shaking as part of the basic procedure.

Effect of Tween 80 on Determination
of Oocyst Concentration

This experiment was performed to determine if seed counts

done containing Tween 80 were more accurate than seed counts without

Tween 80. The seed count plus Tween 80 was calculated to contain

2.44 x 106 oocysts per 100 ml, whereas two counts of seed without

Tween 80 made from the same stock suspension of oocysts were calcu-

lated to contain 4.64 x 10 5 
per 100 ml and 3.12 x 10 5 oocysts per

100 ml. The seed counts without Tween 80, therefore, gave results

almost one log lower than the seed count plus Tween. Because of

these results, it was decided to use seed plus Tween counts in all

calculations.

To determine how the addition of Tween 80 to the actual seed

filtered would affect concentration and retention of oocysts, this exper-

iment was performed in which Tween 80 was added to the seed filtered.

The actual seed filtered through the 1-pm filter was 4.29 x 10 6 oocysts,

therefore, recovery was 7.5%. However, the number of oocysts calcu-

lated to be in the 20-L filtrate was 2.8 x 10 6 
so the percent oocysts

which passed through the filter was 65, resulting in a filter retention

of 35%.
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Effect of Filter Pore Size and
Backflushing on Oocyst Recovery

Results presented in Table 5 indicate by analysis of variance

(a = 0.05) that pore size was found to be significant. Use of the 1-lim

filter gave better percent recovery of oocysts than did the 3-pm filter.

Backflushing the eluent through the filter was not shown to make a

significant difference in these results, but because these are limited

amounts of data and because backflushing was shown to be significant

in the experiment determining the basic procedure, it was decided to

continue using backflush in the method.

Effect of Tween 80 on Oocyst Recovery

Results of tests to determine the effect of Tween 80 on oocyst

recovery are shown in Table 6. By analysis of variance (a = 0.05), a

significant difference was found between using eluent with Tween and

eluent without Tween. Eluent containing 0.1% Tween 80 gave higher

percent recovery of oocysts than eluent without Tween 80.

Effect of Filter Extraction and
Sonication on Oocyst Recovery

Results comparing cutting and sonication of the filter with

unwinding and no sonication are presented in Table 7. There was no

significant difference in cutting and sonication of the filter with unwind-

ing and no sonication of the filter by analysis of variance (a = 0.05).

Results comparing cutting and unwinding the filter without son-

ication are presented in Table 8. By analysis of variance (a = 0.05),

there was no significant difference between cutting and unwinding the

filter material when sonication was not used.



66

Table 5. Effect of filter pore size and backflushing on recov-
ery of Cryptosporidium oocysts from tapwatera

Oocysts Counted in
Water.	 Eluate

Trialb Backflush	 (x 10 6 )	 (x 10 5 ) % Recovered

Filter Porosity: 3 pm

1 Yes 1.43 3.80 27
2 Yes 1.90 6.08 32
3 Yes 1.67 2.72 16

Fc = 25.0 ± 8.2 c

4 No 1.93 2.96 15
5 No 1.70 3.52 21
6 No 2.07 5.64 27

X = 21.0 ± 6.0

Filter Porosity: 1 pm

7 Yes 3.03 13.32 44
8 Yes 2.97 21.10 71
9 Yes 1.53 6.20 40

R = 52.7 ± 16.9

10 No 2.31 4.20 18
11 No 2.31 7.04 30
12 No 1.89 6.68 35

= 27.7 ± 8.7

a. By analysis of variance (a = 0.05): 1-pm filter significantly
better than 3-pm filter, backflush not significant using these limited
data.

b. See Figure 2 for general procedure, filter material wound
onto three metal frames, not cut and torn.

c. X = arithmetic mean ± standard deviation.
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Table 6. Effect of Tween 80 in eluent on recovery of Crypto-
sporidium oocysts from filtersa

Trialb
% Tween 80

in Eluent

Oocysts Counted in

% Recovered
Water
(x106)

Eluate
(x 105 )

1 0.1 3.03 13.32 44

2 0.1 2.97 21.10 71

3 0.1 1.53 6.20 40

4 0.1 4.42 9.84 22

X= 44.25± 20.24c

5 0.0 12.00 9.16 8

6 0.0 11.60 9.24 8

7 0.0 7.59 3.72 5

8 0.0 5.13 4.24 8

X = 7.25 ± 1.50

a. By analysis of variance (a = 0.05): Eluent containing 0.1%
Tween 80 significantly better than eluent without Tween 80.

b. See Figure 2 for general procedure; filter material wound
onto three metal frames, not cut and torn.

c. 5t = arithmetic mean ± standard deviation.
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Table 7. Effect of cutting and sonication of filter on recovery
of Cryptosporidium oocystsa

Oocysts Counted in

Trialb Water (x 10
6

)	 Eluate (x 10
6

) % Recovered

Cutting and Sonicatione

1 3.05	 1.25 41
2 3.08	 0.73 24
3 3.85	 0.94 24
4 3.05	 1.25 40

5-> = 32.25 ±	 9.53d

Unwinding and No Sonicatione

5 3.03	 1.33 44
6 2.97	 2.11 71
7 1.53	 0.62 40
8 4.42	 0.98 22

= 44.25 20.24

a. By analysis of variance (a = 0.05): No significant difference
between the two methods tested.

b. See Figure 2 for general procedure.

c. Filter material and eluate sonicated in fourths using water
bath sonicator; all filter material and eluate then mechanically shaken
at one time.

d. X = arithmetic mean ± standard deviation.

e. Filter material unwound from core onto three metal frames and
mechanically shaken with eluate.
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Table 8. Comparison of filter cutting and unwinding on
recovery of Cryptosporidium oocystsa

Oocysts Counted in

Trial 
b

Water (x 10 6 ) Eluate (x 10 6 ) % Recovered

Cutting

1 4.31 1.11 26
2 5.00 2.08 42
3 2.93 1.28 44
4 3.22 1.24 38

X = 37.50 ±	 8.06c

Unwindingd

5 3.03 1.33 44
6 2.97 2.11 71
7 1.53 0.62 40
8 4.42 0.98 22

X = 44.25 ±	 20.24

a. By analysis of variance (a = 0.05): No significant difference
between the two methods.

b. See Figure 2 for general procedure.

c. X = arithmetic mean ± standard deviation.

d. Filter material unwound from core into three metal frames
and mechanically shaken with eluate.
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The three procedures were analyzed together using analysis of

variance (ct = 0.05) . There were no significant differences among the

procedures. Cutting the filter material without sonicating was chosen

for use in the general procedure for processing the filter because it

was the fastest and most convenient in that it involved the least

amount of time and equipment.

Attraction of Oocysts to Filter Material

In both preparations observed microscopically, some of the

particles in the oocyst suspension were attached to the filter fibers.

However, no oocysts were seen to be attached to the fibers. The sus-

pension containing Tween 80 did not appear to look any differently

microscopically than the suspension without Tween 80.

Comparison of Different Eluents

Results of the comparison of different eluents are presented in

Table 9. Eluents containing Tween 80 and Tween 20, which are non-

ionic surfactants, and the cationic surfactant cetylpyridinium chloride

gave the highest percent recoveries of oocysts (32-40%). The nonionic

surfactants Nonidet P-40 and Triton X-100, the chaotropic 2 M ethanol

+ 1 M NaCl and 4 M urea in 0.02 M glycine, and the 0.25% trypsin

yielded recoveries of 20-28%. The anionic surfactants 1% SDS and 1%

tincture of green soap as well as 3% beef extract gave the lowest recov-

eries ranging from 0-12%. A combination of 0.1% SDS + 0.1% Tween 80

yielded a recovery of 42%, but because this was not very different

from the average recovery of 44% when using 0.1% Tween 80 alone,
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Table 9. Efficiency of selected surfactants, chaotropic, and
other agents as eluents on recovery of Cryptosporidium oocysts from
filters

Triala Eluent Containing

Oocysts Counted in

% RecoveredpH	 Water (x 10 6 ) Eluate	 (x 10 5 )

1
b

5% Tween 80b c

Nonionic

14.52 405.82	 3.61
2 1% Tween 80	 ' 4.79	 3.14 10.72 34
3 0.1% Tween 20

b
4.64	 2.14 6.88 32

4 1% Nonidet P-40
b

' c
c

4.27	 3.93 10.92 28
5 1% Triton X-100	 ' 4.39	 4.12 8.88 22

Cationic

6 1% Cetylpyridinium 4.18	 3.42 11.48 34
Chloride'

Anionic

7 1% SDSbc"d 4.23	 4.13
000e

O
8 1% Tincture of

Green Soapb ' c 9.77	 2.94 1.80 6

.	 fChaotropic

9 2 M Ethanol,
1 M NaC1 4.00g	 3.14 7.16 23

10 4M Urea in
0.02 M Glycine 9.50g	 3.18 7.12 22

Miscellaneous

11 0.25% Trypsin 4.14	 2.85 5.76
20h

12 3% Beef Extractc 9.00g	 3.31 1.03
13 0.1% SDS + 0.1%

Tween 80 3.97	 3.87 16.20 42

a. See Figure 2 for general procedure; each eluent was 2 L distilled water,

50 ml formaldehyde, and one of the additives.
b. One drop of antifoam A emulsion was added just prior to centrifugation.

c. Filter material was sonicated during processing.
d. SDS = sodium dodecyl sulfate.
e. Three hemocytometer slides (six chambers) examined.
f. Trials 1-8 and 13 are also chaotropic.
g. pH was adjusted to this value.
h. One-fourth of eluate lost due to broken tube in centrifuge so recovery

was probably higher.
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it was not pursued. It should be noted that surfactants are also

chaotropic agents.

Effect of Successive Washings of
Filter Material on Oocyst Recovery

As shown in Table 10, 87% of the oocysts to be recovered in

three washes were recovered after the first wash. Nine percent of the

total to be recovered was recovered in the second wash, and the third

wash yielded 4% of the total recovered. Therefore, the majority of

oocysts in this 20-L volume experiment was recovered after only one

wash of the filter material.

Table 10. Effect of successive washings of filter material on
recovery of Cryptosporidium oocysts (20 L) a

Wash

Oocysts
Recovered

(x 10 5 ) % Recovered
b

% of Final
Recovery

1 12.80 39 87

2 1.32 4 9

3 0.61 2 4

Total recovered 14.73 45

a. See Figure 2 for general procedure; after first shaking,
excess eluate expressed from filter, and eluate centrifuged, filter
placed in 2 L fresh eluent, shaken, excess eluate expressed from filter
and eluate centrifuged, this second wash was repeated; three pellets
reacted individually with antibody.

b. Oocysts in seed filtered = 3.30 x 10
6

.
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Filter Retention of Oocysts

Data from 30 20-L trials are presented in Table 11. The

average filter retention was 85.4% -I- 5.5, yielding a retention of 80-90%

for the Micro Wynd II polypropylene filter with a nominal porosity of

1-pm.

Determination of Optimal Flow
Rate for Large Volumes

Results for 11 trials, using a high inoculum of oocysts in 378

L filtered through a 1-pm filter at different flow rates, are presented

in Table 12. A flow rate of 3.78 L per min with three successive

washes of the filter material gave the highest percent recovery of

oocysts. However, since filter retention was not determined for each

trial, it is difficult to know whether oocysts are being retained on

the filter at high levels as in the 20-L trials or are passing through

the filter.

Effect of Successive Washings
of Filter Material on Oocyst
Recovery from Large Volumes

As shown in Table 13, almost equal numbers of oocysts were

recovered after each of the three washings of filter material, unlike

the 20-L results. Therefore, three successive washings of the filter

material were incorporated into the general procedure for 378-L

experiments.



74

Table 11. Retention of Cryptosporidium oocysts on 1-1im poly-
propylene filters at a flow rate of 3.78 liters per minute

Oocysts Counted ma

Trial
%	 Filter 

Water (x 106)	 Filtrate (x 105)	 Retention-

1	 3.03	 4.30	 86
2	 2.97	 4.56	 85
3	 2.05	 2.23	 89
4	 4.42	 11.48	 74
5	 12.00	 19.40	 84
6	 11.60	 16.20	 86
7	 7.59	 11.32	 85
8	 5.13	 9.12	 82
9	 3.14	 10.72	 74

10	 4.13	 4.96	 88
11	 3.93	 3.40	 91
12	 2.27	 2.98	 87
13	 3.42	 3.95	 88
14	 2.31	 3.56	 85
15	 4.12	 4.84	 88
16	 3.61	 3.69	 90
17	 3.25	 2.68	 92
18	 3.18	 3.90	 88
19	 3.14	 2.60	 92
20	 2.14	 2.77	 87
21	 2.85	 2.49	 91
22	 3.05	 6.72	 78
23	 3.08	 6.00	 81
24	 3.85	 3.90	 91
25	 3.08	 6.35	 79
26	 4.31	 12.40	 71
27	 5.00	 4.36	 91
28	 2.93	 4.16	 86
29	 3.22	 5.12	 84
30	 3.31	 4.00	 88

R = 85.4 ± 5.5c

a. See Figure 2 for antibody test procedure on filtrate pellet.

b. Number of oocysts in 2 L sample of filtrate was multiplied by
10 to obtain total number of oocysts in the 20 L total which passed
through the filter; this number was divided by the number of oocysts
in the seed filtered to obtain percentage of the total oocysts which
passed through the filter; the number of oocysts which passed through
the filter was subtracted from 100 to obtain the percentage of filter
retention.

c.	 = arithmetic mean ± standard deviation.
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Table 12. Effect of filtration flow rate on recovery of Crypto-
sporidium oocysts from tapwater

Triala
Flow Rate

(L/min)

Oocysts Counted in

% Recovered
Water
(x 10 6 )

Eluate
(x 10 5 )

1 3.78 5.96 8.88 15

2 3.78 4.52 5.24 12

3 3.78 3.52 10.28 29

4 3.78 3.56 14.40 40a

5 3.78 3.64 16.80 46a'b

6 18.90 5.63 7.12 13

7 18.90 4.99 3.18 6

8 37.80 8.70 1.07 1

9 37.80 4.73 2.37 5

10 37.80 3.47 6.16 18a

11 37.80 3.28 5.28 16a

a. See Figure 2 for general procedure, 20 L procedure (1 wash)
used except in Trials 4, 5, 10, and 11 in which 378 L procedure (3
washes) was used.

b. Eluent contained 1% Tween 80.
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Table 13.	 Effect of successive
recovery of Cryptosporidium oocysts

washings of filter material on
(378 L) a

Wash

Oocysts
Recovered

(x 10 5 ) % Recoveredb
% of Final
Recovery

1 5.44 15 37.5

2 4.52 13 32.5

3 4.44 12 30.0

Total recovered 14.40 40

a. See Figure 2 for general procedure; three pellets reacted indi-
vidually with antibody.

b. Oocysts in seed filtered = 3.56 x 10 6 .

Effect of Tween 80 Concentration on
Oocyst Recovery from Filters

A 378-L trial, using 3.64 x 106 oocysts filtered through a

1-pm filter at a flow rate of 3.78 L per min with an eluent containing

approximately 1% Tween 80, yielded 1.68 x 10 6 oocysts after three

washings of the filter material. This 46% recovery was not signifi-

cantly greater than the best recovery (40%) obtained using the same

procedure but with an eluent containing 0.1% Tween 80. It was

decided to continue to use eluent containing 0.1% Tween 80 in sub-

sequent experiments.
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Effect of Flow Rate on Oocyst Retention
when Filtering Large Volumes

Filter retentions as calculated for three different flow rates

using 2-L volumes for the calculations are presented in Table 14. Only

a portion of the entire 378 L was filtered at each flow rate and only a

small portion of that was actually processed for oocysts. In addition,

less water had passed through the filter during the first two flow rate

samplings and this may have affected whether oocysts were pushed

through the filter or not, so results must be viewed in respect to these

conditions of testing. Since the three values obtained were relatively

close to each other and in approximately the same range as retentions

calculated for the 20-L trials, it was decided to continue using a flow

rate of 3.78 L per min. This is also the recommended flow rate in the

method proposed by the United States Environmental Protection Agency

for detection of Giardia cysts in water (Jakubowski, 1984).

Table 14. Effect of flow rate on Cryptosporidium oocyst filter
retention a

Flow Rate
(L/min)

Liters Passed
through Filter

Oocysts
in Filtrate	 % Filter

(x 10 4 )	 Retention

	3.78	 18.9	 1.33	 96

	

18.90	 18.9	 6.56	 79

	

37.80	 18.9	 6.12	 81

a. 378 L tapwater seeded with 1.59 x 10
5 oocysts/L were passed

through a 1-pm filter at the indicated flow rates.
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Recovery of Low Numbers of
Oocysts in 378 L

Determination of Fixation Procedure for Slide Antibody Test.

Results of the determination of fixation procedure for the slide anti-

body test are presented in Table 15. Oocyst counts among all four

procedures were similar. However, some floating oocysts were seen

on slides that had not been fixed, and slides fixed with both heat and

methanol-HC1 were difficult to read. It was decided that heat fixation

alone would be used because those slides gave accurate counts and

were easy to fix and read.

Comparison of Efficiency of Sheather's Flotation Procedure 

using Preparations with and without Sediment Particles. Results for

the efficiency of Sheather's flotation method for recovery of oocysts in

mixtures with and without accompanying sediment particles are shown

in Table 16. The method recovered approximately 97.5% of the seeded

oocysts in the preparation without sediment and only 9% of the seeded

oocysts which were mixed with sediment particles. It is possible that

oocysts became associated with sediment and were pelleted during the

Sheather's flotation. The next experiment was done to try to dissoci-

ate oocysts from the sediment.

Separation of Oocysts from Sediment Particles. Results of the

separation of oocysts from sediment particles are presented in Table

17. A combination of 1% Tween 80 and 1% SDS (both made in distilled

water) gave better recovery of oocysts in the preparations containing

sediment than did 1% Tween 80 alone. There was not as great a dif-

ference between the two treatments in results for the preparation
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Table 15. Effect of slide antibody test fixation procedure on
Cryptosporidium oocyst countsa

Approximate Inoculum	 Number of Oocysts
Slide
	

Number of Oocysts	 Counted after Processing

Fixation Procedure: None 

1	 2,000	 't, 2,000b
2	 200	 296
3	 20	 48

Fixation Procedure: Heatc

4
	

2,000	 rt, 2,000
5
	

200	 202
6
	

20	 22

Fixation Procedure: Methanol-HCld

7	 2,000	 I., 2,000
8	 200	 300
9	 20	 1

Fixation Procedure: Heat + Methanol-HC1

10	 2,000	 1,500e
11	 200	 363e
12	 20	 32e

a. See Figure 2 for slide antibody test procedure.

b. Some floating oocysts seen.

c. Slide passed through Bunsen burner 4 times.

d. Slide immersed in methanol-HC1 for 5 sec.

e. Slide difficult to read; debris and faded, darker areas
present.
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Table 16. Effect of sediment particles on the efficiency of
Sheather's flotation for the recovery of Cryptosporidium oocysts

Preparationa
Oocysts Counted
After Processingb	 % Recovered c

With Sediment

0.2 ml sediment pellet
d

93	 9.3
0.8 ml 0.1% Tween 80 in PBS e
0.5 ml 10 3 oocysts in PBS

Without Sediment  

1.0 ml 0.1% Tween 80 in PBS
0.5 ml 10 3 oocysts in PBS

975	 97.5

a. Sheather's flotation procedure performed as shown in Figure 2
but preparation was layered onto 2 ml of Sheather's solution; slide anti-
body test performed as in Figure 2.

b. Based on total number of oocysts counted in entire preparation
placed on two slides.

Number of oocysts counted divided by 10
3 

oocyst inoculum.

d. Sediment pellet made by filtering 378 L unseeded tapwater at a
flow rate of 18.9 L/min and processing as in Figure 2 excluding anti-
body test.

e. PBS = phosphate buffered saline.
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Table 17. Effect of Tween 80 and sodium dodecyl sulfate on
recovery of Cryptosporidium oocysts with and without sediment par-
ticles

Preparation a
Oocysts Counted
after Processing

b
% Recovered

0.1 ml sediment pelletc
0.9 ml 1% Tween 80 d 380 38.0
0.5 ml 10 3 oocystsd

0.1 ml sediment pellet
0.4 ml 1% Tween 80
0.5 ml 1% SDS& e 978 97.8

0.5 ml 10 3 oocysts

1.0 ml 1% Tween 80
0.5 ml 10 3 oocysts

833 83.3

0.5 ml 1% Tween 80
0.5 ml 1% SDS 589 58.9
0.5 ml 10 3 oocysts

a. Sheather's flotation procedure performed as in Figure 2 but
preparation was layered onto 2 ml of Sheather's solution; slide antibody
test performed as in Figure 2.

b. Number of oocysts counted divided by 10
3 

oocyst inoculum.

c. Sediment made by filtering 378 L unseeded tapwater at a flow
rate of 18.9 L/min and processing as in Figure 2 excluding antibody
test.

d. Made in distilled water.

e. Sodium dodecyl sulfate.
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not containing sediment. No PBS was used in this experiment.

Oocysts were resuspended in distilled water and washes of the prepa-

rations during the Sheather's flotation procedure were done in 1%

Tween 80 in distilled water. This and the previous experiment served

as a basis for the next more extensive experiment to determine the

best pellet treatment.

Effect of Detergents and Sonication on Oocyst Recovery. The

highest recovery (76%) of oocysts occurred when the preparation of

oocysts and sediment was treated with both Tween 80 and SDS and

then sonicated before doing the Sheather's flotation (Table 18). The

same treatment without sonication recovered approximately half as much

as the treatment with sonication (45%) . Preparations containing Tween

80 alone with and without sonication gave low recoveries of 15% and

8%, respectively. Treatment with SDS alone and sonication gave a

recovery of 50%. Treatment with SDS alone without sonication was

not done. Sonication alone resulted in the lowest recovery, i.e. , 1%.

The following procedure was adopted because of the results

discussed above: Add 2 volumes each of 1% Tween 80 and 1% SDS to

the final pelleted eluate, vortex to mix, sonicate for 4 min, and vortex

again to mix. The final preparation is layered onto 2 volumes of

Sheather's solution and centrifuged at 1,200 x g for 30 min. After

centrifugation, the supernatant fraction is harvested and washed three

times in 1% Tween 80 at 1,200 x g for 10 min. After the final wash,

the supernatant fraction is pipetted off to a volume that will allow
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Table 18.	 Effect
sonication treatment on
presence of sediment

of Tween 80, sodium dodecyl
recovery of Cryptosporidium oocysts

sulfate, and
in the

Preparationa Sonication
Oocysts after

Processing
b

% Recovered

0.5 ml 10
3 

oocysts 
c

No 1,938
1 drop Tween 80

0.025 ml yellet
d

0.5 ml 10	 oocysts
Yes 26 1

0.025 ml pellet
0.5 ml 1% Tween 80 c Yes 122 15

e

0.5 ml 10 3 oocysts

0.025 ml pellet
0.5 ml 1% SDS c J Yes 966 50
0.5 ml 10 3 oocysts

0.025 ml pellet
0.5 ml 1% Tween 80
0.5 ml 1% SDS

Yes 1,469 76

0.5 ml 10 3 oocysts

0.025 ml pellet
0.5 ml 1% Tween 80 No 92 8e
0.5 ml 10 3 oocysts

0.025 ml pellet
0.5 ml 1% Tween 80
0.5 ml 1%,SDS

No 866 45

0.5 ml 10 3 oocysts

a. Sheather's flotation procedure performed as in Figure 2 but
preparation was layered onto 2 ml of Sheather's solution; slide antibody
test performed as in Figure 2.

b. Number of oocysts counted divided by 10
3 

oocyst inoculum.

c. Made in distilled water.

d. Sediment pellet made by filtering 378 L unseeded tapwater at
a flow rate of 18.9 L/min and processing as in Figure 2 excluding
antibody test.

e. From results of an experiment performed using different seed
plus Tween counts with and without sonication.

f. SDS = sodium dodecyl sulfate.
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smears of 0.05 ml to be made that will be thin enough to be read

microscopically after addition of antibody.

Use of Crystal Violet Counterstain to Distinguish Cryptosporid-

ium and Yeast. Results of tests using crystal violet counterstain

to distinguish Cryptosporidium and yeast are presented in Table 19.

Overall, fluorescence was dimmer on slides with the crystal violet

counterstain. It appears that the counterstain quenches some of the

fluorescence. At 100X magnification with fluorescence microscopy,

which is used for scanning the entire slide in order to examine the

entire preparation on the slide for oocysts, fluorescence was bright

in the slides without counterstain and dim but readable in slides with

counterstain in the preparations containing Tween 80 (seed plus Tween

count and final sample preparation which had been washed in Tween

80). At 1000X magnification using fluorescence microscopy, oocysts in

all preparations, both with and without counterstain, fluoresced

brightly. The yeast present did not fluoresce at this magnification in

counterstained preparations. In preparations without counterstain,

the yeast fluoresced very dimly in the preparations containing Tween

80 (seed plus Tween and final sample) and did not fluoresce at all in

the seed sample. At 1000X magnification using light microscopy,

oocysts could be distinguished from yeast because of the distinctive

oval shape of the yeast. Also, at 1000X magnification using light

microscopy, yeast did take up the crystal violet although some of

the oocysts did also, probably due to the original preparation being

over 1 year old because, unless oocysts are damaged in some way,
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Table 19. Detection of Cryptosporidium oocysts and yeast
after antibody staining and crystal violet counterstain

Fluorescence at

Fluorescence at
1,000X Magnification 

Preparation a	100X Magnification	 Oocysts	 Yeast

With Counterstainb

c
Seed	 _	 +

Seed + Tween	 +c	 +

Eluate	 +c,d	 +

Without Counterstain

Seed + + -

Seed + Tween + + +

Eluate + + +

-

-

-

a. Seed = mixture of yeast and bovine and chicken oocysts fil-
tered in 20 L tapwater; see Figure 2 for general procedure (20 L) and
for slide antibody test procedure; pellet subjected to Sheather's flota-
tion; final pellet placed on two slides for reaction with antibody; one
slide of each set counterstained with crystal violet; slides examined
at 100X and 1,000X magnification for fluorescence and at 1,000X
magnification using light microscopy.

b. At 1,000X (light microscopy) yeast were stained with crystal
violet as were some of the oocysts (oocysts probably damaged, prepara-
tion approximately 1 year old).

c. + = bright, ± = dim, - = none.

d. Bright fluorescence, but not as intense as preparation without
counters tain.
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they will not take up crystal violet. It should also be noted that the

presence of yeast in the final sample preparation showed that the

Sheather's flotation procedure does not remove all yeast cells.

Although yeast, if they do fluoresce, are very dim as compared to

oocyst fluorescence; a counterstain is probably needed to distinguish

the organisms because some yeast may be shaped similarly to oocysts.

Effect of Tween 80 and PBS on Rhodotorula Stained with

Antibody and Counterstained with Crystal Violet. Results of studies

to determine effect of Tween 80 and PBS on Rhodotorula stained with

antibody and counterstained with crystal violet are shown in Table 20.

At 100X magnification, only the R. gracilus preparation in PBS without

counterstain fluoresced. At 1000X magnification, some of the prepara-

tions made in PBS and Tween 80 showed fluorescing yeast, but fluo-

rescence was always dim in these preparations. At 1000X magnification

using light microscopy, the yeast were stained with crystal violet.

R. gracilus was typically yeast shaped (oval), however, the other

Rhodotorula species tested was round and more closely resembled the

shape of an oocyst.

Only one of the eight slides when viewed at 100X magnification

showed fluorescence, although some of these fluoresced dimly at 1000X

magnification. Tween 80 did not inhibit fluorescence of yeast at 1000X,

but the fluorescence was always much fainter than that seen with oocysts.

It appears that even if yeast do fluoresce, they will not be observed

while using 100X magnification to scan the slide. However, since some

yeast are more round than oval, a counterstain is probably needed to
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Table 20. Effect of Tween 80 and PBS on microscopic detection
of Rhodotorula stained with antibody and counterstained with crystal
violeta

Fluorescence of

Rhodotorula	 Rhodotorula
Magnification	 gr acilus	 Species

100X
1,000X

In PBS with CV

-±, rare
b

In PBS without CV

+, rareb

	

100X	 -

	

1,000X	 +, rare	 +, rare

In 1% Tween 80 with CV 

100X
1,000X

In 1% Tween 80 without CV 

100X

	

1,000X	 +, rare	 -±, many
b

a. Preparations of both yeast made in phosphate buffered saline
(PBS) and 1% Tween 80 in distilled water; each preparation placed on
two slides for slide antibody test (see Figure 2 for procedure) on both
and crystal violet (CV) counterstain on one of each set; slides were
examined at 100X and 1,000X magnification and at 1,000X magnification
using light microscopy (both yeast stained with CV).

b. + = bright, ± = dim, - = none
+, rare; +, rare; -±, many = of the yeast present, only a

rare number or many are fluorescing.
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distinguish them from oocysts. Also, it again appears that the pres-

ence of the crystal violet counterstain quenches some of the fluores-

cence.

The sonicated yeast suspensions were observed microscopically.

All yeast cells viewed were intact.

Recovery of Low Numbers of Oocysts from Large Volumes of 

Tapwater. Results of tests showing recovery of low numbers of

oocysts from large volumes of tapwater are presented in Table 21.

Trials 1 and 2, each using an inoculum of approximately 10 3 oocysts,

yielded recoveries of 17% and 29%, respectively. Slides were made of

only one-third of each preparation (two slides of 0.05 ml each) so the

number of oocysts counted in each preparation was multiplied by three

to arrive at an approximation of the total number of oocysts recovered.

In Trial 1, the smears were made too thickly and some of the material

flaked off during staining, which could have resulted in loss of some

of the oocysts. Therefore, the percent recovery in Trial 1 may actu-

ally be higher and closer to the percent recovery in Trial 2.

Trials 3, 4, 5, and 6, each using an inoculum of approximately

102 oocysts, yielded recoveries of 9%, 12%, 18%, and 19%, respectively.

The entire preparation for each of these trials was made into slides

and examined microscopically for oocysts. Six slides (0.05 ml each)

were made for each of the final preparations in Trials 3 and 4, and

eight slides (0.05 ml each) were _made for each preparation in Trials

5 and 6. Filters in Trials 3 and 4 were stored at 4°C overnight before

elution, which may have affected recovery of oocysts. Also, a portion
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Table 21. Efficiency of recovery of low numbers of Crypto-
sporidium oocysts from large volumes of tapwater

Trial a

Oocysts
Seeded

into
Water

Total Number of
Oocysts in

Recovered
b

Seed +
Eluate	 Tween Sample	 %

1

2

Seed + Tween

10 3

10 3

ND e

201c'd

336c

ND

ND

ND

1,160c

17

29

ND

3 f 210 9d ND 9

4 f 10 2
12 ND 12

Seed + Tween ND ND 100c ND

5 10 2
24 ND 18g

6 10 2
26 ND 19g

Seed + Tween ND ND 133 ND

-For Trials 3-6: x = 14.5 ± 4.8h

a. See Figure 2 for general procedure (378 L), pellet treatment
(except no homogenization done and preparations were layered on 3 ml
of Sheather's solution), and slide antibody test procedure.

b. Based on oocysts in eluate divided by oocysts in seed plus
Tween count.

c. Based on counts of portions of entire sample.

d. Possible loss of oocysts due to flaking or wiping of smear.

e. ND = not done.

f. Filters stored at 4°C overnight before elution.

g. May be higher because fluorescing oocysts seen at 1,000X
magnification were not seen at the 100X magnification used in making
counts.

h. 5  = arithmetic mean ± standard deviation.
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of one of the smears made in Trial 3 in which no oocysts were seen

was wiped away, which could have caused loss of any oocysts present

on that particular slide. While examining the slides from Trials 5 and

6, fluorescing oocysts were observed using 1000X magnification, but at

100X magnification for the same fields, no fluorescing oocysts were

seen. Since counts are made at 100X magnification, these oocysts were

not counted. As noticed previously when using the crystal violet coun-

terstain, some of the fluorescence may be quenched; in this case pos-

sibly by other material contained in the final preparation, making some

of the oocysts fainter and undetectable at 100X magnification. There-

fore, oocyst counts may actually be higher, resulting in probable

higher percent recovery.

Detection of Oocysts in Treated Sewage 

First Sampling

Ten slides (0.05 ml each) were made of the total final seeded

sample that had been homogenized and to which an additional 1,000

oocysts had been added after concentration and elution. A total of

487 oocysts were counted on slides of the seeded preparation. A total

of 1,180 oocysts were counted in the seed plus Tween preparation;

therefore, the percent recovery of oocysts was 487/1,180 or 41%.

However, this calculation does not take into account the approximately

100 oocysts originally seeded into the water before filtration.

Ten slides were also made of the final unseeded sample prep-

aration in order to look for natural isolates of Cryptosporidium.

Using the criteria of characteristic size, shape, and reaction with the
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antibody made to the oocyst wall, all the slides were found to have

Cryptosporidium oocysts on them. Five of the slides were counted.

Counts were 23, 20, 16, 21, and 21 (Table 22) for a total of 101 in

half the eluate. Therefore, approximately 100 x 2 = 200 oocysts were

recovered from the 378 L filtered, and if the method is 9% efficient

(see next section), approximately 2,200 oocysts were in the 378 L,

which equals 5 oocysts per liter. Each of the remaining five slides

was not counted but contained oocysts. Four of these slides were

stained as described earlier. The slides stained by two different

acid-fast techniques showed many different types of acid-fast orga-

nisms, but oocysts could not be distinguished from other organisms

present. Fluorescence was totally quenched in the slide counterstained

with crystal violet; however, the slide stained with crystal violet and

then restained with antibody, as well as the one slide from the seeded

sample also stained using this procedure, showed fluorescing oocysts

that were not stained with crystal violet when examined using light

microscopy.

Second Sampling

The turbidity of the water sampled for natural isolates and the

water used as a seeded sample was determined to provide an indication

of the efficacy of the facility's operation. The turbidity of the un-

seeded sample was 4.8 NTU and that of the seeded sample was 4.1

NTU.

Results for the unseeded sample are presented in Table 22.

There were 145 oocysts counted in slides made from one-fourth of the
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Table 22. Recovery of Cryptosporidium oocysts from second-
arily treated sewage samplesa

Sample b Slide

Number of	 Number	 Number Estimated
Oocysts	 Estimated	 Based on Efficiency

in Eluatec	 in Eluated	 of Concentratione

Sample Collected June 3, 1985 

1 1 23	 202 2,222 a	 5/L
2 20
3 16
4 21
5 21

Sample Collected June 13, 1985

2 1 33	 580 6,444 a	 17/L
2 34
3 45
4 33

a. 378-L samples collected at the Ina Road Water Pollution Con-
trol Facility, Tucson, Arizona as sewage was leaving clarifier and just
prior to chlorination and release into the environment; see Figure 2
for general procedure (378 L), pellet treatment, and slide antibody
test procedure.

b. Turbidity of Sample 2 was 4.8 NTU (nephelometric turbidity
units); turbidity of Sample 1 was not determined.

c. One-half of Sample 1 quantitated; one-fourth of Sample 2
quantitated.

d. Based on number of oocysts counted multiplied by reciprocal
of eluate fraction examined.

e. Number estimated in eluate multiplied by 100/9 because the
method was found to be 9% efficient (using data from a seeded sample);
this result was divided by 378 to obtain number of oocysts per L.
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sample, giving an estimated 580 oocysts in the total amount of unseeded

sample. In the seeded sample, 292 oocysts were counted in the slides

made from one-fourth of the sample resulting in a total of 1,168

oocysts, but since 580 of those were already in the 378-L amount of

water filtered for natural isolates, only 588 of the seeded oocysts were

actually recovered. The seed plus Tween count was estimated at

6,400, so 588 divided by 6,400 gives a 9% recovery. Therefore, if the

recovery method is only 9% efficient, an estimated 6,444 oocysts were

actually in the 378-L amount sampled for natural isolates, which equals

17 oocysts per liter.

The slides from both preparations stained with crystal violet

and then counterstained with antibody showed fluorescing oocysts.

The fluorescence was not as bright as on slides without crystal violet,

but it was readable. When examined with light microscopy, the fluo-

rescing oocysts did not stain with crystal violet although yeast present

did take up the stain. Some of the yeast seen did faintly fluoresce

but were distinguished from oocysts because they were oval and took

up the crystal violet stain whereas oocysts were more round and were

crystal violet negative.

The slide from the unseeded preparation stained with an acid-

fast staining technique and then counterstained with antibody showed

that some of the oocysts that had fluoresced using fluorescence micro-

scopy were acid-fast when examined using light microscopy. Some of

the fluorescing oocysts were not acid-fast, but these either were not

oocysts or were damaged oocysts that had lost their ability to be
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acid-fast. The slide from the seeded preparation was damaged during

acid-fast staining and rendered unreadable.

In summary, Cryptosporidium oocysts were detected in environ-

mental samples on the basis of size, shape, reaction with the antibody

made to the oocyst wall, acid-fastness, and the ability to resist stain-

ing with crystal violet (Figure 1).

Oocyst Properties a

4-6 pm size

round shape

fluorescent antibody positive

acid-fast stain positive

crystal violet stain negative

a. These properties were found in oocysts
from 378-L samples collected at the Ina Road
Water Pollution Control Facility, Tucson, AZ,
June 1985.

Figure 1. Criteria for identification of Cryptosporidium oocysts
in sewage after secondary sewage treatment



CHAPTER 4

DISCUSSION

Development of a Method for the 
Detection of

Oocysts in Water

From data collected in different parts of the world, Crypto-

sporidium appears to be a relatively common cause of diarrhea in

immunocompetent people, especially in children during late summer and

fall. It is a cause of life-threatening gastroenteritis in immunocompro-

mised people and is also a well-known cause of disease in animals

(Wolfson et al., 1985). Because one mode of transmission of the orga-

nism is probably by the fecal-oral route and since little is known

about the organism's epidemiology including its presence and preva-

lence in the environment, this project was undertaken to develop a

method for the detection of Cryptosporidium oocysts in water and to

use the method in an attempt to detect natural isolates of the organism.

Twenty-liter volumes of dechlorinated tapwater with a high

inoculum of Cryptosporidium oocysts were used initially to develop the

method for detection because these amounts were convenient and easy

to work with. Tapwater is relatively free of substances, which might

interfere with the testing, and high inocula were used in order to be

assured of detecting the oocysts.

Before beginning the development of concentration methods, it

was necessary to determine the working dilution of antibody to be used

95
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to give optimal results. The stock antibody supplied by Dr. Sterling

gave a fluorescent titer of 512. All dilutions tested gave equivalent

results in quantitating oocysts although intensity of fluorescence when

using the 1:350 dilution was dim, making examination of the slides

difficult. These results were to be expected because when the stock

antibody was originally titered, fluorescence was found only up to a

dilution of 1:512. Therefore, dilutions of 1:67 and 1:100 were used in

the experiments, the latter when larger pellets resulted. When the

slide antibody test was used in order to examine entire final prepara-

tions on slides, 0.1 ml of the antibody working solution was spread on

each air-dried, heat-fixed smear. This amount was sufficient to cover

the entire smear.

The preliminary experiments provided information as to what

conditions would affect concentration efficiencies. From these initial

results, it was decided to use Sheather's purified oocysts for all

remaining experiments instead of the column purified preparations

since these cruder preparations containing substances from fecal mate-

rial more closely resemble what would probably be found in environ-

mental samples. Seed oocyst counts in the preliminary experiments

were also made without Tween 80. As determined later, seed counts

without Tween underestimated the number of oocysts present, there-

fore recoveries in the preliminary experiments are probably falsely

high. However, the results within this set of experiments can be

compared with each other to derive information on a potential method.

They showed that the presence of Tween 80 in the eluent appeared to
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give higher recoveries. Two liters of eluent seemed to cover the

filter material better than 1 L, and it was thought that backflush

might aid in loosening the oocysts from the filter material.

To determine the general procedure, 1-pm filters with

uncharged polypropylene media, matrix (string wound throughout the

filter), and core were used. These filters have a nominal porosity of

1 pm. These filters were chosen because they have been recommended

for use in the concentration of Giardia cysts (Jakubowski, 1984) and

do not release filter fibers into the sample during processing. The

1-pm pore size filters were found to be superior to the 3-pm filters in

overall efficiency probably because of passage of the oocysts (4-6 pm)

through the larger porosity size filter.

Tween 80 is a surfactant and chaotropic agent (Farrah, Shah,

and Ingram, 1981) which acts as a detergent and disrupts hydrophobic

interactions. When added to oocyst suspensions used for seed counts,

it probably breaks up aggregates of oocysts to give a more accurate

count of the number of oocysts present. Tween was never added to

the actual seed placed in the water to be filtered because when this

was done low retention and low recovery resulted, probably due to

coating of the oocysts with Tween, reducing their retention by the

filter fibers (i.e., it made it easier for them to slip through the

pores) or possibly did not allow a hydrophobic interaction to occur

between the filter fibers and oocysts.

A flow rate of 3.78 L per min was used in both the 20-L and

378-L experiments. This is the recommended flow rate for concentration
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of Giardia cysts (Jakubowski, 1984). At higher flow rates (18.9 and

37.8 L per min) the overall recovery of oocysts was found to be

greatly reduced. It is not known whether lower recovery is due to

lower retention because of the higher flow rate or if the oocysts have

been pushed into the filter material more deeply because of the higher

flow rate and have therefore become more difficult to elute off of the

filter material. In a limited filter retention experiment performed on

378 L at different flow rates including 37.8 L per min, retentions

(1-pm filter) were similar to the average retention for 20 L so the

latter reason for low recovery at 37.8 L per min may be more likely.

Use of 2 L of eluent with backflush was optimal. Backflush

may serve to help force oocysts off of the filter material.

Cutting the filter and tearing it apart was expected to give

higher recoveries because more contact of filter material with eluate

was possible than when filter material was wound on metal frames for

washing, but this was not the case. Cutting and tearing the filter

was incorporated into the procedure because it was faster and there

was less hazard with aerosols than when unwinding the filter. Sonica-

tion was thought to possibly help separate oocysts from filter material.

However, it did not significantly increase recoveries, probably being

better used as a disrupter of aggregates of material rather than for

releasing individual oocysts from filter fibers.

Mechanical shaking of the filter material in eluate for 10 min,

although it was not found to give significantly better results than

allowing filter material and eluate to sit for 30 min, with these limited
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data, was continued as part of the procedure because it was faster

and allowed more contact of all parts of the filter material with eluate.

Successive washings of the filter material in 20-L volume

experiments did not significantly increase oocyst recovery. However,

in 378-L volume experiments successive washings did allow for much

greater recovery of oocysts probably because the filter retained a

much greater amount of suspended matter present in the water.

In an effort to determine the best eluent, characterization of

the physical interaction, if any, between the oocysts and filter mate-

rial was investigated. Oocysts and filter material were mixed together

with and without Tween and examined microscopically. Tween had

been added to one of the mixtures to determine if it could inhibit any

interaction which might have taken place; however, no physical inter-

action between filter fibers and oocysts appeared to have occurred.

In previous experiments, the presence of Tween made a signif-

icant difference in recoveries, therefore, other surfactants were tried

as eluents (Dawson et al., 1969). Because Tween is also a chaotropic

agent (all surfactants, i.e., detergents are) and disrupts hydrophobic

interactions and worked well as an eluent, two other chaotropic agents,

2 M ethanol + 1 M NaCl at pH 4.0 and 4 M urea in 0.02 M glycine at

pH 9.5 (Farrah et al., 1981) were also tried. These agents have been

used in work studying elution of viruses from filters. Three percent

beef extract at pH 9.0 (Gerba and Goyal, 1982) was tried because it

is used as an eluent for viruses, and trypsin, because it can detach

cells from solid surfaces. Finally, because a combination of SDS and
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Tween 80 was found to give better recoveries of oocysts in prepara-

tions containing sediment, it was tried as an eluent. In a 378-L trial,

1% Tween 80 was used as an eluent to determine if it gave better

recoveries than 0.1% Tween 80.

The filters used were not charged whereas the oocyst wall is

probably negatively charged at certain pH levels, but since its isoelec-

tric point is not known, the organism's charge status over the pH

range is not known. Physical entrapment is probably the major mecha-

nism in the actual filtration of oocysts with this type of filter. How-

ever, because Tween 80 worked so well as an eluent there is probably

a hydrophobic interaction between the filter material and oocysts. The

oocysts may also be attached to sediment particles which may interact

hydrophobically with the filter material. In the screening of possible

eluents, the ones which gave the best recoveries were those containing

Tween. The cation, cetylpyridinium chloride also gave good recovery

which may be the result of both its ability to disrupt hydrophobic

interactions and its positive charge interacting with the oocyst, if the

oocyst is negatively charged at the pH of that particular system. The

cetylpyridinium chloride used also does contain some Tween. The two

chaotropic agents containing ethanol and urea gave slightly lower

recoveries but still add evidence that hydrophobic interactions are

probably involved. The trypsin and beef extract which involve elec-

trostatic interactions in their mechanisms of action were not as effective

as the best surfactants, but this may be a function of the particular

pH at which they were set. Finally, the anionic surfactants gave the
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worst recoveries. Even though they disrupt hydrophobic interactions,

they are negatively charged and may not have been able to interact

well with the oocyst if the oocyst was negatively charged as well. In

summary, it appears that hydrophobic interaction between the oocyst

and filter is the main effect involved in this system besides physical

entrapment. There may be some type of charge interaction between

the oocysts and eluent but this cannot be determined from the limited

data presented in this study.

The 378-L trial using 1% Tween 80 (46% recovery) did not give

much better recovery than 0.1% Tween 80 (40% recovery). Thus, it

was decided to use 0.1% Tween 80 as eluent. It gives good detergent

action but not as much foaming as other concentrations of Tween and

other surfactants.

Filter retention experiments indicated that at a flow rate of

3.78 L per min for 20-L volumes, 80-90% of the oocysts were retained.

These figures actually make the percent recoveries 10-20% higher than

they were calculated to be because those calculations were based on

oocysts filtered, not oocysts actually retained on the filter. However,

when using this particular filter at the low flow rate of 3.78 L per

min, retention is not a controllable factor, so in reality, percent

recoveries must be calculated using number of oocysts in the seed

filtered and the number of oocysts recovered, without taking retention

into account.

Because filter retention experiments were difficult to perform

with 378-L volumes, results of recoveries from 378-L experiments must
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be interpreted with caution. However, retentions at the three differ-

ent flow rates tested were close to the range of retentions found in

20-L trials. Additional work is needed to determine retention and

recovery of oocysts from 378-L volumes so that at higher flow rates

samples may be collected in a more practical span of time. Higher

flow rates cause decreased adsorption of viruses onto filters when

electrostatic interactions are involved because a minimum time is needed

for the interaction to take place (Gerba and Goyal, 1982). However,

charge interactions are probably not involved, or if they are, are a

minor factor in oocyst-filter interactions. Lower recoveries did occur

at the 37.8 L per min flow rate used with 378-L volume trials, but as

mentioned earlier, it is not known whether oocysts have been pushed

more deeply into the filter, becoming more difficult to elute, or if less

oocysts are being retained.

Modifications in the method were necessary when attempting to

recover and detect low numbers of oocysts. Hemocytometer counts

could not be used because a minimum of 1 x 10
4 

organisms are needed.

Therefore, it was necessary to examine the entire preparation of

sample. Poly-l-lysine-coated slides were used to allow better sticking

of oocysts to the slide surface. Slides were also heat fixed, which

proved to be the most convenient fixation and provided an extra mea-

sure of fixation since unfixed (floating) oocysts were observed in slides

using only poly-1-lysine without additional fixation.

The Sheather's flotation procedure was used in order to

separate oocysts from the great amount of other material present in
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resulting pellets after concentration and elution. Sheather's flotation

is used routinely to separate and recover Cryptosporidium oocysts from

organic debris and other microorganisms in feces, and in this project,

for separation of oocysts from material found in tapwater and sewage.

This includes possibly rust, metals, and soil particles present in water

pipes; and suspended solids both dissolved and particulate, organic

material, inorganic nutrients such as nitrogen and phosphorus, heavy

metals, and other microorganisms in sewage (Bitton, 1980). However,

Sheather's flotation alone was not able to recover oocysts in prepara-

tions containing sediment found when concentrating tapwater. Because

of poor recovery in these preparations, it was thought that oocysts

were probably associated with the sediment particles and being pelleted

with them during the Sheather's flotation procedure.

Possible interactions between the oocysts and sediment particle

include salt bridging, hydrophobic interactions, and electrostatic

(charge interactions) forces (Bitton, 1980). Cations present in the

PBS in the experiments testing Sheather's flotation for separation of

oocysts from sediment particles may have decreased repulsion forces

between them and allowed salt bridging to occur. Therefore, PBS

was not used for pellet treatment and other solutions used in that

procedure were made in distilled water. Tween 80 is chaotropic and

disrupts hydrophobic interactions as previously stated. SDS is also a

chaotropic agent (Wallis and Melnick, 1967) and neutralizes charge

interactions (Freifelder, 1982). Addition of 1% Tween 80 and 1% SDS

became part of the pellet treatment for use in helping to separate
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oocysts from sediment particles if these interactions were, in fact,

occurring.

Sonication of the pellet was also evaluated. Although sonica-

tion did not help separate entrapped oocysts from filter material, it

was used for pellet treatment in hopes that it would break up aggre-

gates of oocysts and sediment particles. The results presented in

Table 18 show that a combination of Tween, SDS, and sonication

recovered the highest percentage of oocysts in preparations containing

sediment particles. It should be noted that pH affects the mechanism

of possible interactions between oocyst and sediment particle by deter-

mining the charge on both. The isoelectric point of the Cryptosporid-

ium oocyst wall, as previously stated, has not been determined so it

is not known at what pH values the organism is positively and nega-

tively charged, which would aid in determining how it will interact

with different filters, eluents, and the other substances present.

Further study on characterization of the oocyst wall and its interaction

with these three groups is needed in order to optimize recovery of

oocysts from environmental samples.

In contrast to the ease of separation of pellets from seeded

tapwater using undiluted Sheather's solution, pellets from seeded sew-

age could not be separated. This probably occurred because of the

densities of particulates in sewage which could not move through the

undiluted Sheather's. A modification in pellet treatment incorporating

dilution of Sheather's with distilled water, however, overcame this
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problem. Naturally occurring oocysts were also recovered using this

modified procedure plus homogenization of the pellet.

Reactivity of the antibody with microorganisms other than

Cryptosporidium oocysts was found by Michael J. Arrowood (1985) who

found that the yeast Rhodotorula gracilus will cross-react. Cross-

reactivity was also found with another Rhodotorula species tested.

In preparations from environmental samples, cross-reactivity was seen

with bacteria, yeast, and even some elements resembling fungal hyphae.

The oocyst wall is probably composed of a glycoprotein and cross-

reacting organisms may have similar residues on their surfaces so

interaction with the antibody is to be expected (Arrowood, 1985).

Most cross-reactivity was distinguished from oocysts on the basis of

size and shape. However, yeast are of similar size and shape as

oocysts, sometimes being more round than oval. Although fluorescence

of yeast with the antibody was much dimmer than oocyst fluorescence,

a discriminatory stain was needed to distinguish the two organisms.

Crystal violet was used as a counterstain. Yeast take up the

crystal violet, staining purple which oocysts do not. At 100X magnifi-

cation used for scanning the entire slide and for quantitating oocysts

if present, fluorescence was partially quenched by the counterstain.

In studies with Rhodotorula gracilus and Rhodotorula species, only a

rare number of R. gracilus in PBS without crystal violet fluoresced

at 100X magnification. So Tween was not significantly better than

PBS in inhibiting fluorescence. At 1000X some of the preparations

fluoresced, but the intensity was dim. Fluorescing yeast do not
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appear to be a problem at 100X magnification because their fluorescence

is too dim to be seen at this magnification and therefore they would

not be counted as an oocyst. At 1000X magnification, the fluorescence

is visible and they must be discriminated from oocysts.

Quenching of fluorescence not only occurred when crystal

violet was present, but also in preparations from environmental samples

which had many organics present. The fluorescent light emitted pos-

sibly is being absorbed by the stain and/or organic material present

(Freifelder, 1982). Therefore, it is recommended that preparations

examined for natural isolates not be counterstained so as not to dim

the fluorescence further since it probably will not be as bright as

preparations without organic material. If fluorescing organisms appear-

ing to be oocysts on the basis of size and shape are found, staining of

another portion of the preparation (or of the same slides) can then be

done, which is then counterstained with antibody in order to show

that the fluorescing organisms are oocysts due to their resistance to

take up crystal violet. An additional stain to distinguish oocysts from

yeast is the acid-fast stain. Oocysts resist acid decolorization of the

red carbol fuchsin dye whereas yeasts do not.

Results presented in Table 21 show that recoveries using an

inoculum of 10
2 

oocysts seeded into 378 L of tapwater averaged 14.5%.

When an inoculum of 10
4 

oocysts was seeded into 378 L of secondary

effluent from the Ina Road sewage treatment plant, an estimated 9%

of the oocysts were recovered as explained in the previous section.

Percent recoveries were highest with tapwater seeded with a high
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oocyst inoculum, lower with a low inoculum of oocysts, and lowest with

effluent from the Ina Road sewage treatment plant.

Detection of Oocysts in Treated Sewage 

In spite of a low estimated recovery efficiency of approximately

9%, natural isolates of Cryptosporidium oocysts were recovered from

secondarily treated sewage at the Ina Road plant (Table 22). Identi-

fication was based on the properties listed in Figure 1.

Primary sedimentation does not effectively remove protozoan

cysts from sewage. The activated sludge process during secondary

sewage treatment does not efficiently remove protozoan cysts and trick-

ling filters do not completely remove them (Bitton, 1980). However,

percent removal of E. histolytica cysts and G. lamblia cysts in oxidation-

type ponds has been shown to range from 52% to 100% (Feacham et al.,

1983). Cryptosporidium oocysts are among the smallest protozoan

cysts, so less efficient removal during settling processes compared to

the larger cysts would be expected unless the Cryptosporidium oocysts

become attached to sediment and are removed along with it. Oocysts

were recovered prior to chlorination so its effect on them is not known.

However, the amount of chlorine required to kill Giardia cysts appears

to be substantially higher than that presently recommended by the

United States Environmental Protection Agency for treatment of water

for the destruction of coliform bacteria (Jarroll, Hoff, and Meyer, 1984).

Therefore, Cryptosporidium oocysts, some of which are probably viable,

are being released into the environment.
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It is not known if the very rough estimated numbers of 5

oocysts per liter and 17 oocysts per liter found in the two samples

processed from the Ina Road sewage treatment plant are typical levels

found throughout the year. Regular sampling of effluent from a num-

ber of sewage treatment plants and of surface waters needs to be

done throughout the year to ascertain prevalence of oocysts in the

environment. There may be a seasonal variation in the disease

(Wolfson et al . , 1985) and levels in the environment throughout the

year may reflect this. Studies must also be performed on the efficacy

of inactivation of the Cryptosporidium oocyst using present sewage

treatment methods. This information, along with prevalence studies,

will help determine the organism's real impact as a public health prob-

lem.

Additional modifications to the detection method developed in

this project need to be studied. A faster flow rate of 18.9 L per min

or 37.8 L per min would allow more water to be sampled in a more

practical time span. In conjunction with faster flow rates, more

detailed retention studies should be done to determine if flow rate

does actually affect retention or if oocysts are pushed more deeply

into the filter at a faster flow rate, making them more difficult to

elute from the filter. Additional washes of filter material in fresh

eluent , although time consuming, may increase recovery of oocysts .

More knowledge of the composition of the oocyst wall, its isoelectric

point, and interaction of oocyst with the filter material may help in

determining a better eluent and/or filter. Separate solutions of
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1% Tween 80 and 1% SDS used in pellet treatment should be combined

into one solution, as stated in Figure 2. Different dilutions of

Sheather's solution may be needed, depending on the type of water

sampled. In this project, undiluted Sheather's was used with prepa-

rations derived from tapwater and diluted Sheather's solution was

necessary to obtain separation when working with sewage-derived

pellets. Also, foaming during homogenization of the treated pellet was

a problem which needs to be solved. Finally, scanning electron micro-

scopy of final preparations may be useful as an additional means of

identifying Cryptosporidium oocysts in environmental samples.

The final procedure developed for the concentration and detec-

tion of Cryptosporidium oocysts in water, utilizing the results obtained

in this study, is presented in Figure 2. The method is merely a begin-

ning in the ability to detect the organism in the environment, but it is

hoped that it will be useful in learning more about Cryptosporidium 

and cryptosporidiosis.



WATER SAMPLEa

3.78 L PER MIN FLOW RATE

1-pm POLYPROPYLENE CARTRIDGE FILTER

BACKFLUSH (10 psi) 2 L ELUENT OF DISTILLED
WATER, 2.5% FORMALDEHYDE, 0.1$ TWEEN 80

CUT FILTER FROM CORE, TEAR INTO SMALL PIECES

MIX ELUATE AND FILTER MATERIAL ON
MECHANICAL SHAKER FOR 10 MIN

EXPRESS EXCESS ELUATE FROM FILTER MATERIAL

CENTRIFUGE ELUATE AT 1,200 x g FOR 10 MIN

MIX FILTER MATERIAL WITH 2 L FRESH ELUENT
ON MECHANICAL SHAKER FOR 10 MIN

EXPRESS EXCESS ELUATE FROM FILTER

CENTRIFUGE ELUATE AT 1,200 x g FOR 10 MIN

REPEAT PREVIOUS 3 STEPS

ASPIRATE OFF SUPERNATANT FRACTIONS AND POOL PELLETS

ADD 2 VOLUMES OF A SOLUTION
b OF 1$ TWEEN 80

AND 1$ SODIUM DODECYL SULFATE TO THE PELLET
4,

HOMOGENIZE

SONICATE FOR 4 MIN

LAYER 5-ml ALIQUOTS OF ENTIRE PREPARATION ON 10-ml
ALIQUOTS OF SHEATHER'S SOLUTIONc IN

50-ml CONICAL CENTRIFUGE TUBES

CENTRIFUGE AT 1,200 x g FOR 30 MIN

HARVEST SUPERNATANT FRACTIONS INTO 50-ml CONICAL CENTRIFUGE
TUBES AND ADD 1$ TWEEN 80b TO A VOLUME OF 50 ml IN EACH TUBE

4,
CENTRIFUGE AT 1,200 x g FOR 10 MIN

ASPIRATE OFF SUPERNATANT FRACTIONS TO 1-ml VOLUME,
POOL PELLETS INTO 15-ml CONICAL CENTRIFUGE TUBE

AND ADD 1% TWEEN 80 TO A VOLUME OF 15 ml

CENTRIFUGE AT 1,200 x g FOR 10 MIN

ASPIRATE OFF SUPERNATANT FRACTION TO 1-ml
VOLUME AND ADD 1$ TWEEN 80 TO A VOLUME OF 15 ml

CENTRIFUGE AT 1,200 x g FOR 10 MIN

REPEAT PREVIOUS 2 STEPS, BUT RESUSPEND FINAL PELLET IN
APPROPRIATE VOLUME OF SUPERNATANT FRACTION TO MAKE

THIN SMEARS OF HALF THE PREPARATION; STORE
REMAINING HALF AT 4°C FOR ADDITIONAL STAINS

PLACE 0.05 ml OF PREPARATION ON ALCOHOL-CLEANED AND
POLY-L-LYSINE-COATED SLIDE, AIR DRY, HEAT FIX

4

a. If using this procedure for laboratory experiments using 20 L tapwater seeded with high
inoculum (> 104 ) of oocysts, only one mix of filter material with eluent is necessary (the two addi-
tional washes are not); tube antibody test (not slide antibody test) can be performed as follows:
After centrifugation of eluate, pool pellets into a 15-ml conical centrifuge tube, centrifuge at 1,200
x g for 10 min, aspirate off supernatant to 0.1 or 0.3 ml volume depending on pellet size, add 0.3
ml antibody working solution, incubate at room temperature for 20 min, add 10 ml PBS, centrifuge
at 1,200 x g for 10 min, aspirate off supernatant to 0.4 ml volume (if necessary, make 1:10 dilution
of 0.1 ml sample + 0.9 ml PBS), examine portion of preparation in hemocytometer counting a minimum
of 77 fluorescing oocysts, calculate number of oocysts in original sample.

b. Made in distilled water.

c. Use undiluted Sheather's solution for tapwater-derived pellets; use a dilution of one part
Sheather's solution and one part distilled water for sewage-derived pellets.

Figure 2. Method for concentration and detection of Crypto-
sporidium oocysts in water



COVER SMEAR WITH 0.1 ml ANTIBODY WORKING SOLUTION d

AND INCUBATE AT ROOM TEMPERATURE FOR
20 MIN IN MOIST CHAMBER

WASH OFF ANTIBODY WITH PBS e

COVER SMEAR WITH PBS FOR 5 MIN

WASH OFF WITH PBS

REPEAT PREVIOUS 2 STEPS

ADD 1 DROP MOUNTING MEDIUM
AND NO. 1 COVERSLIP

EXAMINE ENTIRE SMEAR MICROSCOPICALLY
AT 100X MAGNIFICATION FOR

FLUORESCING 00CYSTS

IF NEGATIVE, EXAMINE PORTION	 IF POSITIVEg, QUANTITATE AND
OF REMAINING PREPARATION	 EXAMINE PORTION OF REMAINING

PREPARATION AS FOLLOWS

FOR EACH SLIDE TO BE STAINED, PLACE 0.05 ml OF PREPARATION ON AN
ALCOHOL-CLEANED, POLY-L-LYSINE-COATED SLIDE, AIR DRY, HEAT FIX

111

4.

COVER SMEAR WITH CRYSTAL
VIOLET FOR 5 MIN

RINSE WITH WATER

COVER SMEAR WITH GRAM'S
IODINE FOR 2 MIN

RINSE WITH WATER

DECOLORIZE WITH 95% ETHANOL

DECOLORIZE WITH 1 DROP
ACETONE, IF NECESSARY

COVER SMEAR WITH PBS FOR 5 MIN

RINSE WITH PBS

4.

COVER SMEAR WITH CARBOL
FUCHSIN FOR 5 MIN

RINSE WITH WATER

DECOLOR1ZE WITH 5% H 2 SO4
RINSE WITH WATER

COVER SMEAR WITH LIGHT GREEN SF
YELLOWISH FOR 2 MIN

RINSE WITH WATER

COVER SMEAR WITH PBS FOR 5 MIN

RINSE WITH PBS

COVER SMEAR WITH 0.1 ml ANTIBODY WORKING SOLUTION AND INCUBATE
AT ROOM TEMPERATURE FOR 20 MIN IN MOIST CHAMBER

WASH OFF ANTIBODY WITH PBS

COVER SMEAR WITH PBS FOR 5 MIN

WASH OFF WITH PBS

REPEAT PREVIOUS 2 STEPS

ADD 1 DROP MOUNTING MEDIUM AND NO. 1 COVERSLIP

EXAMINE SMEAR MICROSCOPICALLY AT 1000X MAGNIFICATION FOR FLUORESCING 00CYSTS
WHICH ARE CRYSTAL VIOLET NEGATIVE AND ACID-FAST POSITIVE

d. Antibody working solution = 0.2 ml stock antibody + 9.8 ml 0.025M PBS with 0.1$ sodium
azide.

e. PBS = 0.025 M phosphate buffered saline.

f. Mounting medium .= 50% PBS + 50% glycerol, pH 8.0.

g. Slide may also be stained with other stains and restained with antibody as described if
coverslip is carefully removed and mounting medium is washed off in methanol-HC1.

Figure 2. --Continued



APPENDIX A

SELECTED STUDIES ON HEPATITIS A VIRUS

Introduction

Hepatitis A virus (HAV), the causative agent of viral infectious

hepatitis (hepatitis type A), is an enterovirus (enterovirus type 72)

within the family Picornaviridae (Melnick, 1982). Over 100 different

viruses, including HAV, are excreted in human feces and become water

pollutants in sewage. The risk of contracting disease from the inges-

tion of sewage-contaminated water has been well established. The

spread of bacterial disease by this route has been controlled by water

treatment and monitoring water for bacterial indicators of fecal contam-

ination. However, sewage treatment including chlorination is not always

effective in eliminating viruses as it is for bacteria (Melnick, 1984).

Hepatitis A virus was the first viral disease to be conclusively

shown to be transmitted by water (Neefe and Stokes, 1945). Numerous

waterborne outbreaks of HAV have occurred and continue to occur

(Hejkal et al., 1982; Lippy and Waltrip, 1984; Sobsey, 1984), so it

would be useful to be able to detect HAV in water. The ability to con-

centrate and detect HAV in water would allow monitoring of water sys-

tems or investigation of waterborne outbreaks of disease, with the

ultimate goal of lowering morbidity and mortality of hepatitis type A.

Methods have been developed for the concentration of viruses

in water (Gerba and Goyal, 1982), however, because HAV does not

112
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exhibit cytopathic effect (CPE) in cell culture and since methods for

detection of HAV have just recently been developed, a specific method

for concentrating HAV in water has not yet been devised. The virus

has been detected in water using concentration methods developed for

other enteroviruses. Hejkal et al. (1982) detected hepatitis A antigen

in sewage and well water samples using radioimmunoassay (RIA).

Sobsey (1984) and coworkers detected and quantitated HAV in samples

of fecally contaminated groundwater using the radioimmunofocus assay

(RIF A) with confirmation by experimental infection in chimpanzees.

HAV has also been found in sewage by Freon extraction and centrifu-

gation of the sample followed by affinity chromatography and immune

electron microscopy (Elkana et al., 1983). All three of these findings

were associated with hepatitis outbreaks.

Four procedures used for concentration and detection of HAV

in water were developed. They were: RIA, production of stocks of

hepatitis virus, RIF A for viral quantitation, and inhibition of certain

strains of enteroviruses other than HAV by guanidine.

The HAS-15 strain of HAV was used in these studies. It was

originally isolated from the feces of a person hospitalized with hepatitis

type A in Phoenix, Arizona (Carl et al., 1982). The HAS-15 desig-

nates stool number 15 from a group of patients with hepatitis type A

being studied. HAS-15, after isolation from the human feces, was

passed in a chimpanzee, isolated from its feces, and then grown in

cell culture.
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The cell line used for this work was a continuous fetal rhesus

monkey kidney cell line, FRhk-4, first isolated by Wallace et al.

(1973). It was grown in Eagle's (modified) minimal essential medium

with Earle's salts supplemented with 20% fetal bovine serum (FBS),

2.92% glutamine, 0.075% sodium bicarbonate, 0.03 M HEPES buffer

(N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid), 100 IU per ml

penicillin, 100 p g per ml streptomycin, 50 pg per ml gentamicin or

100 pg per ml kanamycin, and 25 units per ml mycostatin (MEM).

Maintenance MEM was the same except for 2% FBS instead of 20% FBS.

Both the virus and the cell line were provided by Dr. Susan L.

Stramer, Hepatitis Branch, Division of Viral Diseases, Center for

Infectious Diseases, Centers for Disease Control, Atlanta, GA.

Radioimmunoassay for Hepatitis A Virus 

The RIA for H AV detects antigen and is a double antibody

sandwich solid phase RIA (Hollinger et al., 1975). Plasma containing

convalescent anti-HAV IgG from a chimpanzee (Tam) and serum contain-

ing convalescent anti-HAV IgG from a human (Burton) were the anti-

bodies used. These two reagents were also provided by Dr. Stramer.

Both were prepared by precipitation with equal volumes of saturated

ammonium sulfate followed by DEAE-cellulose (diethylaminoethyl) ion

exchange chromatography (Fields and Maynard, 1982). Iodination of

the chimpanzee anti-HAV IgG was done by the chloramine T method

(Hunter and Greenwood, 1962). Separation of bound 
125

1 from

unbound 125
1 was accomplished by gel filtration (Bolton, 1983) using

Sephadex G-25M PD-10 columns (Pharmacia Fine Chemicals, Uppsala,



115

Sweden). The human antibody was diluted in 0.01 M PBS with 0.025%

sodium azide (PBSN) to an optimum dilution determined to be 1:1,000

(Stramer, 1983). One hundred microliters of this diluted antibody

vire added to wells of a polyvinyl chloride microtiter "U" plate (Dyna-

tech Laboratories Inc., Alexandria, VA). The plate was covered and

incubated at room temperature overnight. The wells were then washed

three times with PBSN containing 2% FBS. Seventy-five microliters of

the sample to be tested for HAV antigen were added to each of two

wells. A positive control (two wells) made of a virus stock previously

tested by RIA to have a high P/N and negative controls (eight wells)

of 1% bovine serum albumin in 0.01 M PBSN were also done. The plate

was covered and incubated by flotation in a water bath at 45°C for

1.5 hr. The sample was removed and the wells washed three times

with PBSN plus 2% FBS. Seventy-five microliters of 125 I-labeled anti-

HAV IgG made in 50% PBS + 50% FBS at a dilution of 100,000 counts

per minute (cpm) per 75 Ill were added to each well and the plate was

incubated again at 45°C for 1.5 hr. The plate was washed three times

with PBSN + 2% FBS to remove unbound labeled antibody, the wells

cut out, and counted in an LKB-Wallac 1275 MiniGamma Counter (LKB-

Wallac, Turku, Finland). A P/N ratio was determined for each sample.

P equals the arithmetic mean of the cpm count of the two sample wells

and N equals the arithmetic mean of the cpm count of the eight nega-

tive control wells. P/N ratios of virus harvested from cell culture and

preparations from uninoculated cells can be compared to determine if

virus multiplied in the cells.
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Production of Viral Stocks of 
Hepatitis A Virus, Strain HAS-15 

Pooled supernatants from HAS-15 infected cell cultures pro-

vided by Dr. Stramer were Freon extracted, concentrated, and centri-

fuged at 35,000 rpm in a Beckman Ultracentrifuge Model L with an SW

39 rotor for 2.5 hr. The pellet was resuspended in 2 ml of 0.01 M

PBS and sonicated in a water bath sonicator. A portion of this was

tested by RIA and its P/N calculated as 42. The preparation was

diluted 1:10 in PBS and filter sterilized. Two 850 cm
2 

roller bottles

containing a monolayer of FRhk-4 cells were each inoculated with 7.5 ml

of this preparation. A negative control roller bottle was inoculated

with 7.5 ml PBS. The bottles were placed on a roller bottle apparatus

and after an adsorption period of 1 hr at 37°C, approximately 100 ml

of MEM maintenance medium were added and the bottles were incubated

for 14 days. Every 2 weeks, the medium of an infected bottle was

poured off and frozen for future concentration. The monolayer was

washed twice with PBS, trypsinized, the trypsin action stopped by

addition of MEM containing fetal bovine serum, and half of the harvest

was used to reseed the roller bottle to maintain the presumably per-

sistently infected cells. The remainder of the harvest was placed in a

50-ml conical centrifuge tube, and freeze-thawed three times in an

ethanol-dry ice bath. A volume of Freon equal to the volume of har-

vest was added, the tube was vortexed for 1 min, and centrifuged at

1,200 x g for 10 min. The upper aqueous layer containing the virus was

pipetted off and frozen to be tested by RIA and used in future experi-

ments. RIA results are presented in Table A-1 and show that the cells
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Table A-1.	 Growth of hepatitis A virus strain HAS-15 in
persistently infected FRhk-4 cells

Virus
Passages
Number

Virus Yield (P/N ratio) a

Negative Control
Roller Bottle Roller Bottle A Roller Bottle B

inoculumc 1.8 3.1 3.1

1 2.7 31.8 36.6

inoculumd 1.6 19.3 29.7

lA 2.1 23.6 30.9

2 4.3 19.8 24.6

3 3.9 20.3 14.5

4 1.6 24.3 22.0

5 3.9 25.7 19.2

6 2.4 13.1 16.4
7 e 2.3 46.3 59.2

8
e 2.4 48.1 55.6

a. P/N = arithmetic mean of the counts per min (cpm) of the
duplicate sample wells divided by the arithmetic mean of the cpm of
the eight negative control wells; P/N > 3.61 is positive.

b. FRhk-4 cell line passages P.z14P222„.-	 used for virus passages
1, 1A-8.

c. Inoculum for negative control was phosphate buffered saline
(PBS) and for roller bottles A and B was HAV in PBS.

d. Inoculum for negative control was PBS and for roller bottles
A and B was 1:2 dilution of virus passage 1 harvest in PBS.

e. P/N ratios for harvests of virus passages 7 and 8 were cal-
culated from a radioimmunoassay (RIA) performed after the RIA which
was done for harvests of virus passages 1, 1A-6.



118

were initially infected with the HAV, and without further addition of

virus, resulted in regular production of virus. The arithmetic mean

and standard deviation of the P/N ratios for the negative control roller

bottle were determined and an upper limit negative P/N of 3.61 was

calculated. Therefore, a P/N > 3.61 was considered positive. These

results show that HAV could be grown in presumably persistently

infected cells as other investigators have done (Simmonds et al., 1985).

Possibly, if 14-day passages had been continued, a drop in P/N may

have been seen as Simmonds et al. found with the HM-175 strain of

HAV they studied.

Radioimmunofocus Assay

General Procedure for RIFA

The radioimmunofocus assay for HAV is a relatively new method

for quantitation of infective virus based on autoradiographic demonstra-

tion of foci of HAV-infected cells under an agarose overlay (Lemon,

Binn, and Marchwicki, 1983). The general procedure used in trying

to develop this method with the FRhk-4 cell line and HAS-15 strain of

HAV follows. FRhk-4 cells were grown in 60 mm acetone-resistant

plastic petri dishes. When a monolayer was formed, 0.5 ml of sample

was placed on the cells and allowed to adsorb for 2 hr at room temper-

ature and removed. Negative control plates were inoculated with

PBS + 2% FBS. The dishes were overlaid with 5 ml maintenance medium

containing 0.5% Seakem ME agarose (FMC Corporation, Marine Colloids

Division, Rockland, ME). Dishes were incubated at 35°C in an atmos-

phere of 5% CO 2 for 14 days. At the end of the first 7 days a second
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overlay of 5 ml was added to the plates and they were incubated for

another 7 days. After the 14-day incubation period, the overlay was

removed and the cells were washed with PBS. After air drying, the

cells were fixed for 2 min with 2 ml of acetone at room temperature

and air dried	 Two milliliters of human (Burton) 
125

I-labeled anti-

HAV IgG (labeled by the chloramine T method) made in PBS with 10%

FBS and 0.1% potassium iodide (KI) at 500,000 cpm per ml (label) and

filtered through 0.4- and 0.2-pm filters were added to each dish fol-

lowed by incubation at room temperature for 4 hr. The antibody was

then removed and the dishes washed five times with a total of 10 ml

PBS. After air drying, the bottom of each plate was cut out, taped

to a cardboard sheet and placed in a Kodak X-Omatic cassette with

Kodak X-AR5 film (Eastman Kodak, Rochester, NY) and a Cronex

lightning-plus intensifier screen (E. I. DuPont DeNemours and Co.,

Inc., Photo Products Dept., Wilmington, DE) for autoradiography at

-50°C for 3 days, followed by 4°C for 1 day and room temperature for 2

hr. Films were developed as follows (all steps were performed at 70°F)

Kodak GBX developer, 5 min; 1% glacial acetic acid in distilled water,

30 sec with continuous agitation; Kodak rapid fixer, 5 min with agita-

tion for 5 sec every 30 sec; running distilled water rinse, 5 min; dis-

tilled water rinse containing Kodak Photo-Flo 200 Solution, 1 min; and

air drying (all photographic chemicals were from Eastman Kodak,

Rochester, NY). Completed autoradiograms were examined for foci

of developed grains on each dish. The amount of virus in each sample

was to be estimated in terms of radioimmunofocus-forming units (RFU)

per dish per 0.5 ml.
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Several experiments were done which incorporated a number of

variations in the procedure including different cell lines and another

strain of HAV. In general, the experiments were done using a virus

preparation with P/N ratio of 59 as determined by RIA and diluted in

PBS + 2% FBS + antibiotics. Two plates each of tenfold dilutions rang-

ing from 10
-1 

to 10
-8 

were inoculated. In three experiments, additional

cell lines and/or virus were used. These were MA-104 and BGM con-

tinuous cell lines which are Buffalo green monkey kidney cells. Also

used were the African green monkey kidney BSC-1 continuous cell line

and HM-175 strain of HAV, isolated from a patient in Australia with

hepatitis type A, both obtained from Dr. Mark D. Sobsey, Department

of Environmental Sciences and Engineering, School of Public Health,

The University of North Carolina, Chapel Hill.

The results of the radioimmunofocus assay for the hepatitis A

virus are presented in Table A-2. Following is a summary of what was

done in each RIFA experiment and the results.

Experiment 1. The method of Lemon et al. (1983) was

attempted using FRhk-4 cells and HAS-15 to determine if any modifica-

tions in that method were necessary when using this particular cell line

and virus strain. Two sets of plates were made: One set processed

at 7 days and the other set at 14 days. There were foci on the 7-day

negative control plates and the foci present on other plates did not

indicate a dose response, i.e., there were not more foci on plates

inoculated with lower dilutions or less foci on the plates inoculated
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with more dilute suspensions of virus. Plates processed at 14 days

had no foci, possibly because the cells in the monolayers may have

died.

Experiment 2. Because RFU were present on test plates and

negative control plates, a neutralization test employing anti-HAV IgG

was performed to determine if the RFU present were due to a reaction

of HAV with antibody. Two sets
-1 -8

of virus dilutions of 10	 to 10

were incubated at 37°C for 1 hr; however, one set was made in a 1:30

dilution of anti-HAV IgG (Burton) in PBS + 2% FBS + antibiotics. A

set of plates was also done as a repeat of the previous experiment.

Plates were then inoculated and x-ray films eventually examined to

determine if plates inoculated with the virus suspension containing anti-

body had less foci (neutralization of virus). Results showed that there

appeared to be less foci on these plates. There appeared to be a dose

response and the monolayers were intact, but nonspecific foci were

present on negative controls and foci plates were difficult to count.

Experiment 3. The attempt was next made to eliminate foci on

negative control plates by studying the effect of KI concentration in

the label and by filtering all components of the label together (radio-

active portion, PBS, FBS, and KI). In previous experiments, the

radioactive portion of the label was filtered and then the other compo-

nents were added. Three different cell lines were inoculated with

PBS + 2% FBS + antibiotics (negative controls). Another group of

places contained inoculum/no cells and no inoculum/no cells. All

plate types were inoculated with label made with 1 mg per ml KI,
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10 mg per ml KI, and 100 mg per ml KI. The label containing 100 mg

per ml KI gave large blotches of foci on plates of all three cell lines

tested. Other concentrations of KI did not. It was decided to use a

concentration of 1 mg per ml as originally suggested by Lemon et al.

(1983).

Experiment 4. A set of plates was done using the correctly

filtered label. It was hoped that this would improve test results.

Foci present were countable, there was dose response, but a few non-

specific foci were present on negative controls. Also, many cells were

lost from the monolayer during processing and potential foci were prob-

ably lost along with them.

Experiment 5. To try to prevent cell loss, both 0.5% and

0.19% agarose in overlays were tested, each with two fixation proce-

dures and each of these combinations were processed at both 7 and 14

days. One fixation procedure was called " acetone" and is the one pre-

viously described. The second fixation procedure ("acetone on over-

lay") used was the addition of 10 ml acetone to each plate, the plate

was covered, and allowed to sit overnight. The next day, the acetone

and overlay were removed, the plates were air dried and then pro-

cessed as previously described. For all plates there were no foci at

7 and 14 days. More cells were lost from plates with 0.19% agarose

than with 0.5%. There was no difference in results with either fixation

procedure.

Experiment 6. Again, to try and prevent cell loss, four dif-

ferent concentrations of agar were tested (0.2%, 0.3%, 0.4%, and 0.5%)
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and the two fixation procedures were tested for each concentration.

On every plate, very few foci were present and most of the cells were

lost.

Experiment 7. In order to study survival of uninoculated

cells, and to resolve the continuing loss of cells from the monolayers,

an experiment was done using three different cell lines (FRhk-4,

BSC-1, and BGM), except that inoculum was PBS + 2% FBS + anti-

biotics, and instead of adding label, each overlay was removed, the

cells were fixed, monolayers were stained with crystal violet, and

examined for the extent of monolayer still remaining intact. The mono-

layer in each cell line was complete at 4 days and then used. Two

concentrations of agarose were tested for the overlay (0.2% and 0.5%)

and both fixation procedures were tested for each agarose concentra-

tion. Plates for each combination were done and processed at 7, 10,

and 14 days. In general, there was good survival of monolayers. The

best procedure incorporated 0.5% agarose and the "acetone" fixation

procedure, except in the BSC-1 cell line in which the "acetone on

overlay" fixation procedure was better on the 10- and 14-day plates.

Experiment 8. Because cell survival appeared good in the

previous experiment, an experiment including 0.5% agarose and "ace-

tone" fixation with the three different cell lines (FRhk-4, BSC-1, and

BGM) was performed. Only 3 ml of overlay medium were used for

feeding the cells at 7 days. As in the previous experiment, the mono-

layer for each cell line was complete at 4 days and then used. The
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three cell lines were each tested with HAS-15 and HM-175. No foci

were detected on any of the inoculated cell monolayers.

RIFA Conclusions

In general, even when foci were present, they were very diffi-

cult to count, were present on negative controls, and much of the cell

monolayer itself was lost. Even when 0.5% agarose and "acetone" fix-

ation, which were determined to be optimal for cell survival, and

4-day-old cells were used (cell age was determined to be important

(Sobsey, 1984)), no foci were present. BSC-1 cells and the HM-175

strain which have been used successfully elsewhere (Sobsey, 1984)

did not produce foci with RIFA.

Passage number of FRhk-4 cells was successively higher with

each experiment and it is possible that the cells lost their sensitivity

to the virus (Dahling, Safferman, and Wright, 1984). A lower passage

number of FRhk-4 cells was not available in order to attempt further

testing. The lack of foci on BSC-1 with HAS-15 and BGM cells with

HAS-15 and HM-175 was probably due to the fact that these strains of

virus had not been adapted to those cell lines. However, since HM-175

had been adapted to the BSC-1 cells, lack of foci cannot be explained

by lack of adaptability.

Cell survival was good on cells not inoculated with virus or

label, but as soon as the complete procedure was done, the assay was

unsuccessful. Another investigator (Stramer, 1983) has also had dif-

ficulties when using FRhk-4 cells and HAS-15 in the RIFA. Attempts

could be made with a lower passage number of FRhk-4 cells. If these
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attempts proved to be unsuccessful, a change to the system used in

Dr. Mark D. Sobsey's laboratory would be indicated. As mentioned

previously, his laboratory successfully used the BSC-1 cell line and

HM-175 strain of HAV for RIFA.

Growth Inhibition of Selected Strains of 
Enteroviruses by Guanidine 

One approach to the detection of HAV in water is to inhibit

other viruses present so they will not interfere with growth and detec-

tion of HAV. Guanidine inhibits the growth of some enteroviruses

(Tershak, Yin, and Korant, 1982). However, growth of HAV is not

inhibited by its presence (Siegl and Eggers, 1982). The exact mecha-

nism of inhibition has not been elucidated, but the major and most

rapid effect of guanidine is inhibition of viral ribonucleic acid (RNA)

synthesis (particularly the production of single-stranded RNA) which

leads to inhibition of viral protein synthesis and maturation of virions,

a process that cannot occur in the absence of continued viral RNA

synthesis.

Four strains of enteroviruses were grown in the presence of

guanidine hydrochloride (Sigma Chemical Co.) and tested for inhibition

of CPE which would be an indication that the chemical inhibits viral

multiplication. Poliovirus type 1, echovirus type 1, echovirus type 7,

and coxsackievirus type B3 diluted in a Tris buffer at a concentration

of approxiamtely 10
2 

per flask were each inoculated into three 25-cm
2

flasks containing monolayers of FRhk-4 cells (passage Number 243).

After an adsorption period of 1 hr at 37°C, maintenance MEM was
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added to one flask, maintenance MEM containing 1 mM guanidine hydro-

chloride was added to another, and maintenance MEM containing 2 mM

guanidine hydrochloride to the third flask. Two negative controls

were done for each of the three media. No inoculum was added to

three of the flasks and Tris buffer was added to three other flasks.

All flasks were incubated at 37°C for 21 days and checked daily for

CPE. In a previous experiment, the medium was changed every 4 days

and results compared with flasks containing medium which was not

changed during the 21-day period. There was no difference in results

of the two treatments, so medium in this experiment was not changed.

Results are presented in Table A-3. All four strains showed

CPE in the flasks containing only MEM (without guanidine). Polio type

1 and echo type 1 became positive for CPE on Day 3, echotype 7 on

Day 5, and coxsackie type B3 on Day 4. In the flasks containing

guanidine, CPE for both polio type 1 and echo type 1 were inhibited

for the entire 21-day incubation period at both guanidine concentra-

tions. However, echo type 7 showed CPE on Day 7 for the 1 mM guani-

dine concentration and on Day 11 for the 2 mM concentration. Cox-

sackie type B3 was inhibited from producing CPE in the presence of

2 mM guanidine for the entire 21-day period but was inhibited only

until Day 11 with the 1 mM concentration.

From these results, it appeared that of the four strains, echo

type 7 was the most resistant to guanidine. The other three strains

were inhibited for the entire 21-day incubation period with a concen-

tration of 2 mM guanidine. Uninoculated flasks and those inoculated
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Table A-3.	 Inhibition of enterovirus cytopathic effect by
guanidine hydrochloride

Virus Strain

Number of Daysa CPE	 Inhibitedb

Nonec 1	 mNsi c 2 m/vi c

Poliovirus Type 1 3 21 21

Echovirus Type 1 3 21 21

Echovirus Type 7 5 7 11

Coxsackievirus
Type B3 4 11 21

a. Experiment was terminated at Day 21.

b. CPE = cytopathic effect of FRhk-4 cells, passage number

P 243 .

c. Concentration of guanidine hydrochloride in cell culture
medium (millimolar),
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with Tris buffer remained negative for the entire period. As stated

in the literature and as seen in this experiment, not all enteroviruses

are susceptible to guanidine. These and additional strains, including

HAV, should be tested with various concentrations of guanidine and

other chemicals such as 2-(a-hydroxybenzyl)benzimidazole to determine

if these chemicals would be useful as aids in the detection of HAV in

water.

Conclusions 

HAV is a difficult virus with which to work. RIFA is a useful

method for its study and has been successfully used in a few labora-

tories. As stated previously, if a lower passage number of FRhk-4

cells is not available to reattempt RIFA, use of a cell line and virus

strain which have worked in other laboratories should be used. Inno-

vative methods using deoxyribonucleic acid probes to HAV RNA is

another possibility in the search for a method to detect HAV in water.



APPENDIX B

REAGENTS

The following reagents were used in this project:

2.5% potassium dichromate

potassium dichromate	 25 g
distilled water	 1000 ml

Sheather's Solution

sucrose	 500 g
distilled water	 320 ml
liquid phenol	 9.7 ml

0.025 M phosphate buffered saline (PBS)

solution A	 20 ml
solution B	 105 ml
distilled water	 875 ml
NaCl	 8.5 g
pH 7.2-7.4

Solution A: 27.6 g NaH 2 PO4 
in 1 L distilled water

Solution B: 53.65 g Na2 HPO4-7 H 20 in I. L distilled water

buffered neutral formalin solution

37% formaldehyde solution
distilled water
sodium phosphate monobasic
sodium phosphate dibasic (anhydrous)

100 ml
900 ml
4.0 g
6.5 g

130
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10% sodium thiosulfate

sodium thiosulfate
	

100 g
distilled water
	

1000 ml

poly-1-lysine solution ( 30 pg per ml)

poly-l-lysine	 0.06 g
distilled water	 2000 ml
stir until dissolved

methanol-H CI

methanol	 97 ml
H Cl , concentrated	 3 ml

mounting medium

0.025 M PBS
glycerol
adjust to pH 8.0 using 1N HC1

1% Tween 80 used in pellet treatment

Tween 80
distilled water

1% SDS used in pellet treatment

S DS
distilled water

25 ml
25 ml

10 ml
1000 ml

10 g
1000 ml

crystal violet

crystal violet	 2 g
ethyl alcohol	 20 ml
ammonium oxalate	 0.8 g
distilled water	 80 ml
dissolve crystal violet in alcohol, dissolve ammonium oxalate

in water, combine both solutions and mix, let stand for
24 hr, filter



Gram's iodine

iodine	 1 g
potassium iodide	 2 g
distilled water	 300 ml
dissolve potassium iodide in 20 ml water, then add

iodine

95% ethanol

ethanol	 95 ml
distilled water	 5 ml

carbol fuchsin

basic fuchsin
95% ethyl alcohol
phenol crystals
distilled water

4g
20 ml
8g

100 ml

5% H
2 SO 4

H 2 SO4 ' concentrated
	

5 ml

distilled water
	

95 ml

light green SF yellowish

light green SF yellowish
	

0.2 g
distilled water
	

100 ml
glacial acetic acid

	
0.2 ml

carbol fuchsin-dimethyl sulfoxide

basic fuchsin crystals	 4 g
dissolved in 25 ml of 99% ethyl alcohol
phenol crystals liquified in a water bath	 12 g
or liquid phenol	 12 ml
glycerol, chemically pure	 25 ml
dimethyl sulfoxide	 25 ml
distilled water	 75 ml
let stand 30 mm, filter
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2% aqueous solution of malachite green
glacial acetic acid (99.5%)
glycerol, chemically pure

220 ml
30 ml
50 ml 

0.1 M phosphate buffered saline + 1% glutaraldehyde

solution A (see 0.025 M PBS)	 140 ml
solution B (see 0.025 M PBS)	 360 ml
distilled water	 750 ml
NaC1	 8.5 g
pH 7.2
8% aqueous glutaraldehyde
make a 1:8 dilution of 8% aqueous glutaraldehyde by

mixing 5 ml glutaraldehyde in 35 ml 0.1 M PBS
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