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ABSTRACT

Since their discovery in 1973, rotaviruses have

been reported to be responsible for waterborne outbreaks of

gastroenteritis. The simian rotavirus (SA11) was used as a

model for the human strains during the development of the

method for concentration of rotaviruses from drinking and

naturally occurring waters.

The microporous filter method developed was capable

of recovering an average of 49% of the input virus from 20

liters of tap water and an average of 31% from 378 liters.

Of the various eluents evaluated, a mixture of 10% tryptose

phosphate broth and 3% beef extract (pH 10.0) was found to

give the greatest efficiency of elution. The 1MDS filters

were found to be superior to the 50S for the concentration

of SA11.

The method developed was successfully used to

concentrate viruses from environmental waters. Indigenous

viruses were isolated from waters in Bolivia and Colombia.

Several treatment plants as well as raw surface and

groundwaters were sampled for the presence of entero— and

rotaviruses. Rotaviruses were isolated from one sample

which had undergone complete treatment and met all current

standards for potability. This study indicated that enteric

xi



viruses can be found in drinking waters considered safe due

to the absence of indicator bacteria.

Prior to this study there were no reports of the

occurrence of enteric viruses in water in Colombia or

Bolivia. The results of this study also indicate the need

for some type of virus monitoring of waters which are

contaminated with sewage in order to evaluate the impact of

these viruses on the population.
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HISTORICAL REVIEW

Enteric Viruses 

Viruses in Water

Enteric viruses are those viruses which can infect

and therefore replicate in the gastrointestinal tract of man

or other warm blooded animals. These viruses are present

in large numbers in domestic sewage and those viruses can be

isolated from bodies of water receiving such effluents.

They are also very resistant to inactivation and can thus

survive for long periods of time in the environment and

eventually end up in waters used for human consumption or

bodies of water used for recreational purposes. Thus the

viruses that belong to this group have the potential to be

transmitted by water.

The viruses which are excreted in the stools of

infected individuals are: adenoviruses, reoviruses,

enteroviruses, rotaviruses, Norwalk agent, hepatitis A,

astroviruses, caliciviruses, coronaviruses, small round

viruses as well as bacteriophages (Smith, 1980; Madeley,

1978). Rotaviruses, cytomegalovirus and papovavirus have

1
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also been found to be excreted in urine (Smith, 1980; Fox,

1976; DuPont et al., 1983).

Some enteric viruses are excreted in numbers as

high as 10 1° to 10 11 per gram of feces (Smith and Gerba,

1982).	 Thus raw sewage may contain large numbers of

infectious viral particles.	 Varying concentrations of

viruses have been found in sewage from different parts of

the world i.e. 100-200 plaque forming units (PFU) per liter

in Houston, Texas (Wallis et al., 1969; Grinstein et al.,

1972); 240-8,600 PFU per liter in Israel (Katzenelson and

Kedmi, 1979); and 1,000-11,600 PFU per liter in India (Rao

et al., 1972). In studies conducted in Colombia, South

America viruses were found in all streams and rivers

receiving raw sewage (Toranzos et al., Manuscript in

Preparation).

Several studies have demonstrated the presence of

viruses in drinking waters (Keswick et al., 1984; Rose et

al., 1984; Herrero and Fuentes, 1978). Goyal et al (1979)

isolated viruses from estuarine waters as well as those

waters overlying oyster beds (Goyal et al., 1979).

Virus survival in the environment

The survival of viruses in the environment is

dependent on the environmental conditions as well as the

particular virus. Enteroviruses have been found to persist
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in marine waters for extended periods of time (Sagar Goyal,

Personnal Communication). A variety of factors are

responsible for viral survival in the environment.

Temperature seems to be the major factor (Smith, 1980;

Shuval et al., 1971), although viral adsorption to suspended

solids, and bacterial numbers in the water are also

important factors in virus survival (Smith et al., 1978).

In studies conducted by Toranzo et al (1983) it was found

that certain marine bacteria produce compounds which

inactivate poliovirus coxsackie B-5 and ECHO-6.

Public Health Significance

The presence of pathogenic viruses in drinking and

recreational waters is of major concern due to the low

infectious dose (ID) of viruses. The ingestion of as few as

one to ten infectious viral particles can cause infection.

Thus the presence of even one infectious particle in

drinking water is a cause for concern. Dilution of

contaminated waters would possibly not be sufficient to

reduce the health hazard (Smith, 1980). If contaminated

water is consumed by an individual and he or she becomes

infected the chance of secondary infections can be

significant. Secondary spread of viruses has been found to

be very important in nursery schools and hospitals as well

as after drinking water outbreaks of Norwalk virus (Kaplan

et al., 1982).
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Many drinking water sources in the world are

contaminated by sewage in one form or the other, either

treated or untreated (Smith, 1980; Shuval, 1976). These

contaminated waters have been the source of many outbreaks

of viral hepatitis (Melnick, 1957; Hejkal et al., 1983) and

gastroenteritis (Sutmoller et al., 1982; Tulchinski et al.,

1982; Zamotin et al., 1981). Enterovirus aseptic meningitis

has been associated with recreational waters (Smith, 1980;

Goldfield, 1976). Enterovirus 70, another causative agent

of conjunctivitis, may also have water as a vector for its

transmission (Henry Hanssen, Personnal Communication).

Apart from water, food may also be implicatedin

disease outbreaks. Vegetables irrigated with treated sewage

or otherwise contaminated waters may act as a vehicle for

the transmission of viral infections. Konowalchuk and

Speirs (1975) showed that enteric viruses can survive on

vegetables for up to 36 days without significant losses.

Badawi and Janssen (1985) showed that rotaviruses can also

persist on vegetables for more than 20 days at refrigerated

and ambient temperatures. Polioviruses have been isolated

from milk (Henry Hanssen, Personnal Communication), even

though there have been no reports of outbreaks caused by

poliovirus traced back to contaminated milk.

Bacteriological standards for drinking waters were

created in order to reduce the chance of infection by
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waterborne microorganisms, but reports of the isolation of

viruses from drinking waters meeting bacteriological

standards (Keswick et al., 1984; Rose et al., 1984) have

been on the increase. There is an increasing need for the

establishment of virus standards for drinking and other

waters. This need arises from the fact that the world's

population is relying more and more on the use of reclaimed

waters for drinking and other uses. Berg (1965) proposed

that the standard for drinking water should be no detectable

viruses.

Rotavirus Background 

Morphology

Human rotavirus was detected for the first time in

duodenal biopsies of children afflicted with acute

nonbacterial gastroenteritis (Bishop et al., 1973). As

viewed under the electron microscope it was thought to be a

member of the orbivirus group due to the morphological

similarity to the agent causing epizootic diarrhea of infant

mice (EDIM) virus (Smith, 1980). Flewett et al (1973)

reported the presence of particles in human stools which

resembled reovirus. This virus was found to be identical

to the previously described Nebraska calf diarrhea virus

(NCDV) (Bishop, 1974). The name urotavirus" was suggested

for this new virus due to its morphology which when observed
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under the electron microscope had a "wheel-like" appearance

with a rim and spokes radiating from it (Flewett et al.,

1974; Smith, 1980). Further studies showed that the

recently discovered virus shared isoantigens and was

morphologically similar to other viruses such as SA11

(isolated from monkeys), and the "0" agent (Malherbe et al,

1967).

Chasey and Labram (1983) described tubular

assemblies asssociated with naturally occurring bovine

rotaviruses. These tubular structures were found in bovine

feces from animals with clinical diarrhea. The tube lengths

were variable ranging from 92 nm to about 800 nm. The

investigators were able to make a diagramatic representation

of the surface lattice. Palmer and Martin (1982) reported

the isolation of tubular structures from tissue culture-

adapted human rotavirus (Wa strain). Furthermore these

tubular structures were found to break up preferentially

into ring-like units. The outer capsid was found to be

covered by a thin layer of glycoprotein. The capsomeres

were described as having a "pushpin-like" morphology. In

working with the human strain "KUN," Suzuki et al (1984)

found the same type of tubules when grown in MA 104 cell.

Double and single shelled particles were observed within

infected cells. These investigators also proposed that

virions possessing an envelope were the result of
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inefficient virus maturation at the last stage of outer

capsid formation.

Two types of rotaviral particles can be observed

under the electron microscope. Complete infectious

particles posess a double capsid and are referred to as

complete, double—shelled, smooth or L particles (for Light)

(Holmes et al., 1975; Kapikian et al., 1976b; Cohen, 1977

Those particles that lack an outer capsid. are referred to

as incomplete, single capsid, D (for dense), or rough

particles (Holmes et al., 1975, McNulty, 1978; Smith, 1980).

Els and Lecatsas (1972) reported that 1-2% of the total

virus yield was composed of enveloped viruses. However, the

envelope does not seem to be needed for infectivity, this

can be proved by the ability of rotaviruses to infect cells

even after treatment with organic solvents.

Biochemical composition

The rotaviral genome is composed of 11 double—

stranded RNA segments (Welch, 1971; Smith, 1980). Even

though human strains of rotaviruses have only been grown in

vitro with limited success, studies have been possible due

to the excretion of large numbers of virions in the stools

of infected individuals afflicted with rotaviral gastro-

enteritis (Flewett and Woode, 1978). Purification of the

virions from stools involve low speed centrifugation of the

stool sample for clarification, followed by halogenated
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hydrocarbon treatment and ultracentrifugation in sucrose or

cesium chloride gradients (Smith, 1980).

Newman et al (1975) and Rodger et al (1975)

reported that the total molecular weight of the rotaviral

genome was approximately 11 x 10 6 to 12 x 10 6 for the 11

5segments and the individual segments ranged from 2 x 10	 to

2.2 x 10 6 (Smith, 1980).

Studies using the antibiotic tunicamycin showed

that the capsid proteins of rotavirus are glycosylated

(Sabara et al., 1982; Petrie et al., 1983). Concentrations

of 1 ug/ml of tunycamycin reduced the virus yields by up to

4 logs, as well as preventing the incorporation of tritiated

uridine into complete rotavirus particles. Soler et al

(1982) reported that the inhibition of glycosylation with

tunicamycin yielded viral particles without an outer layer.

Stability of Rotaviruses

Human and animal strains of rotavirus are resistant

to a variety of physical treatments including centrifugal

forces of up to 100,000 x g (Smith, 1980), treatments with

acid, ether, chloroform and Genetron (Estes et al., 1979).

In the same study Estes et al reported that the simian

rotavirus SA11 was rapidly inactivated by heating at 50 C.

The infectivity of this virus was lost when heated or frozen

in the presence of 2 M MgC1 2 . Rotaviruses are not only
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stable to trypsin treatment but infectivity is in fact

enhanced in the presence of it. Infectivity of the bovine

(Babiuk et al., 1977b; Clark et al., 1979), porcine (Theil

et al., 1977), and simian strains (Estes et al., 1979) was

enhanced in the presence of trypsin or pancreatin.

Trypsin has been used in the growth media of cells

in order to enhance the infectivity of rotaviruses (Smith et

al, 1979). Kalica et al (1983) isolated and identified a

rotaviral gene that codes for hemagglutination and protease-

enhanced plaque formation using the temperature-sensitive

mutants of bovine rotavirus. These investigators showed

that the fourth RNA segment was the one coding for viral

hemagglutination and protease enhancement in MA 104 cells.

Even though the exact mechanism of trypsin enhancement is

not known, it possibly works in a manner similar to that of

reovirus, i.e. trypsin removes the outer capsid and the RNA-

dependent-RNA polymerase is associated with the inner

capsid, thus the trypsin exposes this enzyme and this

facilitates the multiplication of progeny within the

infected cell (Randall Pritchett, Personnel Communica-

tion).

Palmer et al (1977) reported the stability of

human rotavirus at pH ranging from 3 to 10 and showed that

the outer capsid collapses at pH lower than 3. Estes et al

(1979) reported that SA11 was more sensitive than polio-
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viruses to alkali treatment. SA11 rotaviruses were comple-

tely inactivated when held at pH 11 for 10 minutes.

Cohen (1977) reported that treatment of bovine

rotavirus with the chelating agent EDTA (ethylenediamine

tetraacetic acid) removes the outer capsid and activates the

RNA—dependent—RNA polymerase, however, treatment of other

rotaviruses with EDTA results in loss of infectivity (Estes

et al., 1979).

Whole virions (double shelled) seem to be composed

of 8 to 10 polypeptides (Smith, 1980; Obijeski et al., 1977;

Matsuno and Mukoyama, 1979). Single shelled particles have

been found to be composed of 5 to 6 polypeptides (Newman et

al., 1975; Bridger and Woode, 1976; Thouless, 1979). At

least one of the major outer capsid polypeptides is

glycosylated (Rodger et al., 1977; Matsuno and Mikoyama,

1979). This is suggested by the fact that concanava lin A

(Con A) a lectin which agglutinates glycosylated proteins,

will agglutinate only complete virus particles (Cohen et

al., 1978). This in turn suggests that none of the inner

capsid polypeptides are glycosylated (Smith, 1980).

The proteins which act as RNA—dependent—RNA

polymerases have been isolated from diarrheic stools (Cohen,

1977) and the polymerase activity seems to be associated

with the inner capsid of the virus.
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Rotavirus grouping

There has been a lot of effort placed into the

development of a scheme by which one can classify the

different rotavirus strains. There exists a group antigen

common to all rotaviruses which seems to be associated with

the inner capsid. In studies done by Bridger (1978) and

McNulty (1978) it was observed that polypeptides present in

single—shelled particles of all known rotaviruses were very

similar, thus lending credence to the observation that

group antigen is associated with single—shelled particles

(Smith, 1980). Studies of structural polypeptides of human

strains of rotavirus have been limited due to the limited

success of growing the human strains in vitro. Rodger et al

(1975, 1977) indicated in a study that there exist

similarities in the polypeptide patterns of different

rotavirus species.

Differences in the electrophoretic migration

patterns of the viral genome segments were observed. In

fact it was proposed by Lourenco et al (1981) to use

electrophoresis as a classification scheme for different

r ot a v i ru s types. The scheme for the electrophoretic

patterns was based on the migration patterns of the tenth

and eleventh segments and are designated "long" or "short"

(Espejo et al., 1978). It was at first believed that each

electropherotype corresponded to each serotype, but it was
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soon observed that this was not possible. Beards et al

(1980) reported five different serotypes of human rota-

viruses. Nicolas et al (1984) and many other researchers

indicated that variation of electrophoretic patterns did not

necessarily reflect changes in antigenicity. In other

reports it was concluded that rotavirus serotypes cannot be

deduced from RNA migration patterns. Degrees of poly-

morphism were observed within human rotavirus serotypes

(Beards, 1982). In studies conducted by Forster and Pastor

(1983), it was concluded that there is reassortment of

rotavirus genomic segments in vivo. Further studies also

showed that several electropherotypes can cause a single

outbreak (Rodriguez et al., 1983).

Pathogenesis

Infections of the gastrointestinal tract are the

most commonly found. Complications involving the central

nervous system (Salmi et al., 1978) and intussusception

(Konno et al., 1978) have been reported. In recent reports

rotaviruses have been isolated from a variety of other

diseases, such as necrotizing enterocolitis (NEC), (Rotbart

et al, 1983; Mogilner et al., 1983) upper respiratory tract

infections (Santosham et al., 1983), and Kawasaki syndrome

(Matsuno and Utagawa, 1983).

In studies of the pathogenesis of rotaviruses in

mice it was shown that only the epithelial cells lining the
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intestines of infant mice and not the immature

undifferentiated epithelial cells residing in crypts between

the villi were susceptible to infection by rotaviruses

(Little and Shadduck, 1982). By the use of

immunofluorescent techniques on biopsied material it was

demonstrated that rotaviruses were present in the cells, on

the sides, and tips of villi from the duodenum and upper

jejunum (Davidson et al., 1975b; Middleton et al., 1974).

Villi were observed to show considerable shortening in focal

lesions (Smith, 1980).

Ce v en ini et al (1983) reported that human

rotaviruses inhibit macromolecular syntheses in LLC—MK2

cells when infected in vitro.

Rotavirus seems to cause diarrhea due to

malabsorption which also seems to be the way coronavirus

causes gastroenteritis (Smith, 1980). Infection of the

intestinal mucosa results in the replacement of epithelial

cel 1 1 s with secretory crypt cells. The intake and

absorption of nutrients in children afflicted with cholera

and rotavirus gastroenteritis was studied by Molla and

coworkers (1982). Intakes of nitrogen, fat and calories

were found to be reduced in rotavirus patients. It was also

observed that during the acute stage, the rotavirus patients

absorbed much less fat and calories than the patients

afflicted with cholera. The period of malabsorption was
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found to be much longer in rotavirus patients than in

cholera patients. These findings may explain why there is a

greater percent of hospitalization in cases of rotavirus

gastroenteritis and may also explain the greater mortality

rate of infants afflicted with rotaviral gastroenteritis.

In other studies it was observed that dietary

deficiencies influenced rotaviral disease in infant mice.

Newborn mice which were fed diets low in folic acid and

exposed to rotavirus were found to demonstrate more severe

manifestations than the animals receiving a normal diet

containing folic acid. It was also demonstrated that the

animals with defficient diets had serum rotavirus antibody

titers which were below detectable levels (Morrey et al,

1984)

Other intestinal changes associated with rotaviral

gastroenteritis were found to be severe mucosal damage and a

decrease in lactase activity (Azipori et al., 1983). It had

previously been believed that rotavirus adsorption and

penetration were dependent of the lactase concentration in

the intestinal tract, and it had been postulated that

infants afflicted with lactase defficiency were protected

and thus less likely to acquire rotaviral gastroenteritis

(Holmes et al., 1976) Later studies carried out in Finland

however showed that lactase defficiency does not have a role
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in the initiation of rotaviral infections (Kraft et al.,

1983).

Treatment of patients afflicted with rotaviral

diarrhea usually consists in rehydration. In severely

dehydrated individuals it consists of intravenous sugar and

electrolyte replacement (Smith, 1980). Recently oral

rehydration techniques (ORT's) have been used in developing

countries with great success and many programs have been

started in these countries to educate people on the proper

use of these techniques (Ministerio de Salud and INS,

Colombia, Unpublished Results).

Replication of Human Rotavirus in vivo

Many efforts have been made to propagate the human

rotavirus in animals. The most succesful attempts have been

those when gnotobiotic animals were used (Smith, 1980).

Middleton et al (1975) demonstrated serological conversion

in gnotobiotic piglets infected with human strains of rota—

virus. It was also shown that there were detectable rota—

virus particles in the stools of the infected animals.

Recently a murine model for the oral infection with

a primate rotavirus was developed (Offit et al., 1984). It

remains to be seen if this model will apply to human strains

of rotavirus. Propagation of human strains of rotaviruses

in animals is extremely useful in the preparation of large
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amounts of antisera as well as in the production of antigen

(Smith, 1980).

Replication of Human Rotavirus in vitro

Wyatt and coworkers (1980) were the first to

successfully passage a human strain of rotavirus. This

strain is now capable of replicating in cell culture and has

been designated "Wa." Serial propagation of human rota—

viruses in cell culture has been demonstrated by immuno-

fluorescence (Purdham et al., 1975; Albrey and Murphy,

1976). However replication of human strains in vitro has

had only limited success. In 1981 Sato et al reported the

isolation of human rotavirus in cultures of MA 104 cells.

Rotaviruses isolated from the feces of patients afflicted

with rotaviral gastroenteritis were pretreated with 10 ug/ml

trypsin for 30 minutes and inoculated onto monolayers of

cells and kept in media containing 1 ug/ml trypsin. Cyto-

pathic effect was observed only after the second passage and

rotavirus antigen was observed by immunofluorescence.

The use of facilitators for the isolation and

passage of rotaviruses in cell culture has been reported

numerous times in the literature. Diethylaminoethyl—dextran

(DEAE—dextran) and trypsin are added to the growth medium of

the infected cells.	 In the presence of these facilitators

rotavirus is able to grow and be passaged.	 Smith et al

(1979) reported the ability of SA11 to form plaques in the
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presence of these facilitators. It was reported that when

bovine strains of rotavirus were pretreated with a

concentration of 19 ug/ml trypsin, pretreatment enhanced

viral infectivity (Babiuk et al, 1977). Other investigators

found that formation of plaques by rotaviruses in cell

culture required the presence of trypsin in the medium

(Smith, 1980).

Urasawa et al (1981) reported the sequential passage

of human rotaviruses in MA 104 cells. They were able to

propagate the human strains using the roller culture

technique with the cells and an adaptation of the rotavirus

to a stationary culture as well as a plaque assay were

developed for the culture—adapted viruses. In this

technique, as in the others, the presence of trypsinin the

growth media was necessary for viral multiplication. Birch

et al (1983) reported the adaptation of nine strain of human

rotaviruses to grow in CV-1 and/or MA 104 cells. They used

a combination of techniques developed by Sato et al (1981)

and Urasawa et al (1981) that had proved unsuccessful

individually in the past. Such procedures include the

incorporation of trypsin into culture medium and the use of

roller culture during passage of the virus.

One of the main reasons why it is so difficult to

propagate rotavirus in vitro may be because it is a

double—stranded RNA virus. It has been shown that double
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stranded RNA viruses are excellent interferon stimulators.

Reovirus and orbivirus (Ho, 1975) and the synthetic double—

stranded RNA poly I;C are good inducers of interferon

(Randall Pritchett, Personnal Communication), thus it is

expected that rotaviruses are also good interferon inducers.

Cytopathic effects caused by rotavirus have been

described as "flagging" (Holmes, 1979). Other investigators

have noted that cytopathic effects if present at all are

variable and very inconsistent (Smith, 1980)

Rotavirus Morphogenesis

Regardless of the strain of rotavirus, whether

animal or human, morphogenesis seems to be the same

(Lecatsas, 1972; Smith, 1980; Holmes et., 1975) All

replication events take place in the cytoplasm of infected

cells as would be expected of an RNA virus. Cevenini et al

(1983) conducted an electron microscope study of human

rotaviruses in LLC—MK2 cell cultures infected with an

inoculum of partially purified rotaviruses obtained from the

stools of children afflicted with rotavirus gastroenteritis.

They demonstrated that at four hours post—infection, only

viruses from the original inoculum were present in vacuoles

and lysosome—like structures in the cytoplasm of infected

cells. At eight hours post—infection rotavirus antigen was

demonstrable in the cells by indirect immunofluorescence.
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At sixteen hours the infected cells showed a dilated

endoplasmic reticulum where many virions in different stages

of maturation were present. At this stage, both single and

double shelled particles were observed. Tubules were

observed in the cytoplasm and deep folds of the cellular

membrane were demonstrated. This was possibly due to

internal vacuolization.

Rotavirus Epidemiology

Children in the 6 to 24 month age group seem to be

the most suceptible to infections with rotavirus (Soenarto

et al., 1982; Tufvesson and Johnsson, 1976; Brandt et al.,

1979). However infection is not limited strictly to that

age group. Symptomatic as well as asymptomatic infections

in adults have been reported (Holmes, 1979). Echeverria et

al (1983) reported rotavirus to be a cause of severe gastro-

enteritis in adults. This study was carried out in a

hospital in Thailand during a one year period. Rotavirus

was detected by ELISA (Enzyme—Linked Immunosorbent Assay) in

the stools of diarrheic patients. Adults afflicted with

rotaviral gastroenteritis were found to be as severely ill

as patients with most bacterial enteric infections and it

was observed that only patients afflicted with cholera

passed more watery stools and were more dehydrated than

those with rotavirus infections. It was also observed that
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most cases of adult gastroenteritis due to rotavirus

occurred in the colder, drier months of the year.

The incidence of rotaviral gastroenteritis seems to

be associated with changes in climactic conditions.

Incidence of rotavirus infections seems to increase during

the cooler months of the year in temperate climates (Smith,

1980). In a report by Hejkal et al (in Press), it was shown

that there is a seasonal distribution of rotaviruses present

in sewage. Levels of rotavirus in sewage were found to be

lower from May to September and much higher during Winter

and Spring.

Many surveys conducted in different climactic zones

around the world indicate that rotaviruses are the major

cause of acute gastroenteritis in infants and young

children. During epidemic seasons rotaviruses are

responsible for up to 75% of diagnosed cases of

gastroenteritis (Holmes, 1979). The incidence of infection

seems to increase during the winter months (Chrystie et al.,

1978) and is the reason why rotaviral gastroenteritis has

been called "Winter vomiting diarrhea". Infections of

adults seem to be most prevalent in that group which has the

greatest risk of being exposed, i.e. parents of infected

children and medical staff (Holmes, 1979).

Successive infection in children by human rotavirus

would suggest that infections tend to recur throughout life
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(Davidson et al., 1975a; Chrystie et al., 1978; Fonteyne et

al., 1978). However Bishop et al (1983) reported that

recurrent infections tend to be less severe than those due

to first exposure.

Studies conducted by Lecce and King (1982) indicated

the presence of antirotaviral antibodies in unheated cow's

milk. The study was carried out for a period of four years

and the results showed that all pools of colostrum had

immunofluorescent antibody titers to rotavirus. Seventy

percent of the milk samples were also positive. Antibodies

were found in the milk prior to but not after

pasteurization. These results lend credibility to the

belief that unheated milk is "healthier" than heated milk.

In other studies Schwers et al (1982) showed that there was

a dose effect on the experimental reproduction of rotavirus

diarrhea in colostrum-deprived newborn calves.

Rotavirus antibodies were also found in human milk.

Immune electron microscopy indicated that there was

rotavirus aggregation in the stools of newborn breast-fed

infants. In vitro aggregation of rotavirus particles

occurred when the IgA-containing fraction of breast milk was

used. Bovine milk fractions also demonstrated the same

aggregating ability (Totterdell et al., 1982).

A lot of effort has been placed into the development

of a vaccine against rotaviral gastroenteritis. Vesikari et
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al (1983) reported on the immunogenicity of a live oral

attenuated rotavirus vaccine and its safety when used in

adults and young children.	 The rotavirus used was the

bovine strain RIT 4237. The vaccine induced the

seroconversion in 88% of the children receiving it. No side

effects such as gastrointestinal discomfort were observed

and there was no rotavirus excretion in the stools. A 70%

reduction in winter diarrhea was achieved in those same

individuals (Vesikari et al., 1984a).

Rotaviruses seem to meet all the criteria to be the

etiological agents of waterborne gastroenteritis. The virus

was found to survive for extended periods of time in

conventionally treated drinking water (Sattar et al., 1984)

and was found to be be resistant to removal by conventional

water treatment (Gerba et al, 1985). In studies conducted

at a large treatment plant in a developing country rota-

viruses were detected in finished drinking water (Keswick et

al., 1984) indicating that rotaviruses are not removed as

efficiently as enteroviruses and bacteria by conventional

water treatment methods.

Several waterborne rotavirus gastroenteritis

outbreaks have been reported in the literature (Sutmoller et

al., 1982; Tulchinsky et al., 1982; Zamotin et el., 1981).

In a large outbreak of gastroenteritis in Barranquilla,

Colombia, where up to 80 individuals died of
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gastroenteritis, waterborne rotavirus was suspected to be

the etiological agent (Unpublished Results, Ministerio de

Salud, Bogota, Colombia).

Outbreaks are not restricted to humans (Smith,

1980). Rotaviral infections spread in epidemic fashion

in animal herds (Snodgrass et al., 1977; Petrie et al.,

1978). The role of animal strains of rotaviruses in human

infection is not known, but it can not be ruled out. Out-

breaks of gastroenteritis in farm animals in developing

countries may lower their productivity and indirectly cause

malnourishment in children. Thus, this may increase the

possibility of rotavirus infection in children due to

malnutrition (Smith, 1980).

Methods Used for the
Detection of Rotaviruses

The difficulty to propagate human rotaviruses in the

laboratory makes it very difficult to use standard

procedures for its detection and isolation from natural

sources.

Detection of Rotaviruses by Electron Microscopy

Rotaviruses were originally detected by electron

microscopy. Bishop et al (1973) detected the viruses in

duodenal biopsies and Flewett et al (1973) and Middleton et

al (1974) in the stools of patients. It is relatively easy

to detect the virions in the stools of infected patients,
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since up to 10 11 particles can be excreted per gram of stool

(Flewett and Woode, 1978).	 The electron microscopy

technique is relatively insensitive.	 The practical limit

for virus detection by electron microscopy is about 10 6 per

ml. A trained and skillful electron microscopist may be

able to detect 10 5 particles per ml (Smith, 1980). In cases

where viruses are present in concentrations of 10 8 , this

technique provides a simple and rapid diagnosis (Flewett,

1978).

In order to improve the sensitivity of the technique
•

several variations have been described in the literature.

Immunoelectron microscopy (IEM) has been reported to detect

viruses in concentrations as low as 10 5 particles per ml

(Kapikian et al., 1975). The added advantage is that as a

result of the homologous antibody the virus is aggregated

and can be specifically identified, even in the presence of

other enteric viruses (Smith, 1980).

A variation of immune electron microscopy has been

described by Svensson et al (1983). Using protein A—coated

grids for anchoring of specific viral antibodies they were

able to improve the sensitivity and it allowed for faster

and more accurate detection of rotaviral particles in

stools. The sensitivity is reported as being 30 times

better than direct electron microscopy.
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Electron microscopy is a very reliable technique and

in viruses having a distinct morphology can be identified

immediately as is the case of rotaviruses. The

disadvantages associated with it are that trained, skilled

personnel are needed, the technique is time-consuming (thus

limiting the number of samples that can be observed), and

the sensitivity of the technique is dependent on the

presence of large numbers of particles. Another drawback is

that virus infectivity is not measured.

Counterimmuno-electrophoresis

One of the earliest methods used for the detection

of rotaviruses in stools was counterimmuno-electrophoresis

(CIEP) (Obert et al., 1 981EP paper). This technique

concentrates antibody and antigen together utilizing their

relative mobilities when exposed to an electrical field.

Where the antigen meets the homologous antibody a visible

precipitin line forms. This technique is simple, rapid and

adequately reliable. In many papers it has been found to be

comparable to direct electron microscopy in its sensitivity

to detect viruses in stool samples (Obert et al., 1981). It

may be able to replace electron microscopy as a diagnostic

technique since it is inexpensive and requires minimal

training of the personnel (Middleton et al., 1976., Smith,

1980). In reports comparing electron microscopy to CIEP they
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were found to be similar in sensitivity (Obert et al.,

1981).

Infectivity assays

Animal strains of rotaviruses have been grown in

vitro with relative ease. The strains grown in cell culture

are the simian (SA11), bovine, and porcine. All show

reproducible and typical rotavirus CPE which has been

described as "flagging" (Holmes, 1979; McNulty et al., 1977;

Sato et al., 1978; Malherbe and Strickland—Cholmley, 1967

The cell lines used for these studies included primary calf

kidney, primary monkey kidney and continuous monkey kidney

(Smith, 1980).

As mentioned above human strains of rotaviruses

cannot be grown in cell culture. Some strains can be grown

but only with relative success. CPE, if present at all is

inconsistent (Wyatt et al., 1978).

Radioimmunoassay

The exquisite specificity of immunoassays and the

sensitivity of assay of radiolabeled compounds have been

combined to form the technique known as radioimmunoassy

(RIA). This technique is more sensitive than electron

microscopy and large numbers of samples can be processed

simultaneously (Smith, 2980). The use of RIA has proved

very useful for the detection of other viral antigens such
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as the Norwalk agent (Grohmann et al., 1980; Greenberg and

Kapikian, 1978; Greenberg et al., 1978). Kalica et al

(1977) and Middleton et al (1977) applied the technique for

the detection of rotaviruses. Due to the cost and care

that must be taken when dealing with radiactively labeled

compounds a solid-phase microtiter was developed which uses

less sera and a single plate could theoretically used for 96

samples (Greenberg et al., 1978). However the microtier RIA

was reported to be less sensitive than the tube method

(possibly due to the amount of labeled antibody used) but it

is comparable to electron microscopy in sensitivity (Smith,

1980; Kalica et al., 1977).

Enzyme-Linked Immunosorbent Assay

Even though RIA is one of the most sensitive

techniques for the detection on antigen it has several

disadvantages. Some of these are; the high cost of

radioactive labels, the danger of working with them and the

short half life of the radioactivity. All these problems

could theoretically be circumvented by using an enzyme-

substrate complex instead of relying on radiolabels. Thus

Enzyme-Linked Immunosorbent Assay (ELISA) has all the

advantages of sensitivity and specificity (due to the use of

homologous antibodies to the antigen being tested for) of

RIA without the problems mentioned above.
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It has been reported that the ELISA test using the

alkaline phosphatase system is up to 100 times more

sensitive than direct electron microscopy for the detection

of human rotavirus in the stools (Yolken et al., 1977). The

preparation of the stools is minimal requiring only low

speed centrifugation in order to clarify the stools

followed by filtration. There have been reports of false-

negative results when using this system due to the presence

of high concentration of protease activity in the stools

(Hovi et al., 1982).

The ELISA test can also be used to differentiate

between human and animal strains of rotaviruses as well as

the different serotypes by the use of a blocking test

(Smith, 1980). By using convalescent or hyperimmune anti-

sera Yolken et al (1978a) were able to demonstrate that the

specificity is such that only the heterologous rotavirus

strain will be blocked.

When compared to other standard techniques used

for the detection of antibodies the ELISA was shown to be

four times as sensitive as immunofluorescence and ten times

as sensitive as the complement fixation tests (Yolken et

al., 1978).

Immunofluorescence

Immunofluorescent techniques have been used for a

long time in the research and clinical laboratories in order
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to detect antigens or antibodies (Goldman, 1968; Jones et

al., 1979; Kawamura, 1977). The technique involves the

labeling of the homologous antibody with a fluorescent

molecule. When light in the ultraviolet range comes in

contact with the fluorescent molecule the fluorescence can

be detected visually with the aid of a microscope.

Any rotavirus strain which can replicate in cell

culture can be detected with immunofluorescent techniques.

The simian, calf, porcine, and lamb rotaviruses have all

been detected by immunofluorescence (Barnett et al., 1975;

Flewett and Woode, 1978; McNulty, 1978; Smith, 1980).

Even though the human strains of rotavirus have only

been grown in cell culture with relative success, many of

these strains set up an abortive infection. Thus by using

immunofluorescent techniques infected cells can be detected

due to the presence of rotavirus antigens in spite of the

incomplete virus cycle (Cevenini et al., 1982; Bryden et

al., 1977).

Low speed centrifugation of the inoculum onto cell

monolayers prior to incubation and staining has been shown

to enhance the production of viral antigens (Banatvala et

al., 1975). However there are conflicting reports as to

whether centrifugation really enhances the detection of

rotaviral antigens. A reason for the inconsistencies may be

due to the different strains of rotaviruses, i.e. some will
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replicate better in cell culture than others (Charles P.

Gerba, Personal Communication).

As a result of a group antigen present in animal and

human strains of rotaviruses, all strains react with

heterologous sera (Woode et al., 1976). The evidence that

common antigens are present in all strains of rotaviruses

relies on the fact that the sera react with the viral anti-

gens by complement fixation and gel diffusion (Smith, 1980).

A blocking test for immunofluorescent foci can be

performed which is similar to standard neutralization. This

is done by incubating the inoculum with antisera prior to

inoculation onto cells (Bryden et al., 1977; Smith, 1980).

It has been reported that blocking tests are specific

between the rotavirus and the homologous antisera (Thouless

et al., 1977).

The use of facilitators such as trypsin and

diethylaminoethyl dextran (DEAE—dextran) also seems to

facilitate the replication of the virus in cell culture.

These facilitators are added to serum—free media and placed

on the cells after inoculation.

Electrophoretic Profile

The polyacrylamide gel electrophoresis (PAGE) method

developed by Laemli (1970) for the analysis of proteins and

nucleic acids has recently been adapted for the detection
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and identification of rotaviruses in stools. This method is

adequate when large numbers of viruses are present in the

sample such as is the case of stools of patients with

rotaviral gastroenteritis. The rotaviruses contain a genome

made up of eleven segments of double-stranded RNA which can

be separated into distinct bands when exposed to an electric

field (Estes et al., 198 11). Thus different

"electropherotypes" have been described in the literature

which correspond to different strains. Many molecular

epidemiologic studies on rotavirus have been carried out to

characterize rotaviruses by their electropherotype. It has

been demonstrated that different strains have different

mobilities and the characteristic mobility of each strain is

constant. Passage of the viruses in animals or tissues has

been shown not to affect the electropherotype (Estes et al.,

1984; Sabara et al., 1982; Verly and Cohen, 1977). It has

also been shown that there is no correlation between

serotype and electropherotype (Espejo et al., 1980; Beards,

1982). However PAGE has been succesfully used in the

identification of electrophoretically different strains that

caused outbreaks (Rodriguez et al., 1983). It is

recommended that great care be exercised when interpreting

the data gotten from electrophoretic analysis due to the

genetic reassortment that has been shown to occur both in
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vivo and in vitro (Forster and Pastor, 1983; Clarke and

McCrae, 1982).

Methods used for the detection of rotaviruses in water

Even though viruses are excreted in large numbers in

the feces of infected individuals, these viruses are rapidly

diluted in sewage. If the sewage finds its way to other

types of water, these viruses are diluted even further. As

a consequence, large volumes of water must be processed in

order to concentrate the viruses that are present in the

water. The detection of viruses in the concentrated samples

consists of measuring the viral infectivity (Sobsey, 1976;

Gerba et al., 1978; Smith, 1980). Early methods for

measuring infectivity consisted of injecting animals with

the sample and observing for typical symptomatology such as

the case of central nervous system disorders when dealing

with polio (Melnick, 1947). The method of inoculating

animals was time consuming and many times due to the

different symptomatology presented by the inoculated

animals, not very effective. The development of cell

culture techniques coupled with the plaque assay techniques

has simplified the isolation and identification of enteric

viruses isolated from environmental and clinical samples.

Still many of the viruses responsible for outbreaks of

gastroenteritis cannot be assayed in this manner due to the

inability of these viruses to replicate in vitro. The
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plaque technique allows for quantitation of the viruses as

well as for their isolation. The isolates can then be grown

in large numbers for further studies and their

identification.

Viruses which do not cause cytopathic effect have to

be subjected to blind passages through cell lines. The

human strains of rotavirus have been passaged in cell

culture with only limited success (Wyatt et al., 1976a,

1978, 1980). One strain of human rotavirus was adapted for

growth in cell culture after several passages of the virus

through gnotobiotic piglets (Wyatt et al., 1980), this

strain is now denominated "Wa" and is used in many

laboratories as a model for the indigenous strains of

rotavirus.

Electron microscopy is used often in the clinical

laboratory for the diagnosis of rotaviral infections. The

unique morphology of the virus makes it easy to detect, this

coupled to the large numbers excreted in the stools makes

electron microscopy the method to which all other ones must

be compared. Unfortunately electron microscopy has only

relative sensitivity of detection. A minimum number of

virus particles which can be detected by electron microscopy

is approximately 1 x 10 5 /m1 if the sample is being observed

by a trained microscopist (Smith, 1980; Flewett, 1978).

Usually the limit of detection is 10 6 particles/ml. The
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insentivity of the electron microscope gives it only limited

use when observing environmental water samples. The levels

of viruses found in domestic sewage under the most optimal

conditions for their detection and survival, only approach

the lower detectable limits of the electron microscope

(Smith, 1980; Grinstein et al., 1970). This, coupled to the

high concentration of bacteriophages and debris present in

sewage would make virus detection very difficult. Rota—

viruses would be very difficult to detect as well, since

there would not be expected to be found in numbers much

larger than other enteric viruses in sewage.

All comparative studies done up to the present have

been comparing newly developed techniques to direct electron

microscopy to detect rotaviruses in stools. No studies have

been done up to the present to compare the sensitivities of

the methods to detect rotaviral particles from environmental

samples. Cevenini et al (1982) compared electron microscopy

(EM) to immunofluorescence (IF) and a commercially available

ELISA—kit. They found 100% agreement between positive

samples by EM and IF, while four more cases were found

positive with ELISA that were negative with the two previous

techniques. This study indicates that ELISA may be slightly

more sensitive than EM and IF.

In another comparative study, three electron

microscopy techniques were evaluated (Trepanier et al.,
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1981). It was reported that direct and indirect immune

electron microscopy were 25 to 103 times more sensitive than

direct electron microscopy. This was to be expected, since

by the use of immune electron microscopy any or most viral

particles will be aggregated by the homologous antisera,

making the detection of aggregates much easier than the

detection of individual viral particles.

When dealing with environmental samples and due to

the low numbers of rotaviral particles present in the

sample, the accepted method in most environmental virology

laboratories has been IF. This technique allows for one

round of replication of the virus in the infected cells.

This in turn permits the amplification of the number of

particles present which can then be detected as fluorescent

foci. One can thus see that this technique allows for the

quantitation of the rotaviruses present in the sample simply

by counting the number so fluorescent foci (McClain et al.,

1967; Smith, 1980; Katzenelson, 1976). The most important

problem encountered is nonspecific and background

fluorescence. Cevenini et al (1982) solved this problem by

counterstaining with Evans Blue (0.01%). Also it should be

kept in mind that cells infected with rotaviruses have a

typical cytoplasmic fluorescence. Thus if one counts only

those cells having a granular, cytoplasmic fluorescence, the

risk of having false positives may be diminished. The
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samples can be incubated with neutralizing antisera before

inoculation of the sample onto cells. Homologous antisera

will block the fluorescence, thus by reducing the number of

fluorescent foci one could identify different strains of

rotaviruses (Bryden et al., 1977; Thouless et al., 1977).

This method could also be used to differentiate those

samples showing false positive results.

METHODS OF VIRUS DETECTION IN WATER

The methods being used to detect and concentrate

viruses from water take advantage of the physicochemical

properties of the viruses, i.e. size, charge, buoyant

density (Smith, 1980), physical adsorption, precipitation,

phase partitioning, etc (Gerba and Goyal, 1982; Sobsey,

1976). In past years, the only methods available for the

detection of viruses in water was the direct inoculation of

grab samples onto cells (which limited the amount of

inoculum one could use), and the concentration of viruses in

water was achieved by the use of the gauze pad method. This

method consisted of placing a gauze pad into a volume of

water and leaving it in contact with the water for 24 to 48

hours. The pad was then removed and the viruses eluted at

pH 8 to 9 (Bitton, 1980). This method presented some

obvious problems, some of which were the inability to

quantify the viruses and the extremely low sensitivity of
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the technique ,	 advantage of the physicochemical properties

of the viruses i.e. size, charge, buoyant density, etc

(Smith, 1980).

Virus concentration would not be needed if waters

contained 10 4 or more plaque forming units per liter

(Bitton, 1980). Sewage treatment reduces the numbers of

viruses present and concentration is needed in order to

detect these viruses. In drinking waters the necessity to

concentrate large volumes is even greater due to the

extremely low numbers of viruses that may be present.

Enormous effort has been placed into the development

of the optimal method for the concentration of viruses from

water. The method should meet all or most of the following

criteria; the system should be easy to use, relatively

inexpensive, efficient in the recovery of many if not all

viruses present in water (Bitton, 1980) and should be able

to detect viral aggregates and those viruses adsorbed to

suspended matter (Gerba and Goyal, 1982).

Wallis and Melnick (1967), were able to concentrate

enteroviruses and adenoviruses by adsorbing them to aluminum

hydroxide and calcium phosphate flocs. The flocs will form

at neutral pH and the resulting floc can then be collected

by centrifugation. The viruses will adsorb to the floc and

can then be eluted and assayed. The disadvantage of this

technique is that not all enteric viruses will adsorb to the
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flocs. Farrah et al (1978) reported that rotaviruses bind

poorly to flocs (possibly as a result of their low iso-

el ectric point). Another disadvantage is that this

technique can only be used with small volumes of water.

Other flocculants such as ferric hydroxide (Schaefer, 1971),

protamine sulfate (England, 1972), ferric chloride (Payment

et al., 1975) have been used to concentrate viruses. The

efficiencies of concentration for these flocculants vary

from 0 to 100% (Smith, 1980).

Hydroextraction has been used to concentrate

viruses from small volumes of water. The technique consists

of placing the test sample in a dialysis bag and then the

bag is covered with the highly hygroscopic agent

polyethyleneglycol (PEG). Water is drawn from the bag by

diffusion whereas the viruses remain inside. The

disadvantages are that it requires 18 to 24 hours to bring

the volume down to a few ml, and the technique only allows

for the concentration of very small volumes. The efficiency

of concentration has been reported at 3 to 100% (Bitton,

1980).

Wallis et al (1969) reported the recovery of

poliovirus from water by using insoluble polyelectrolytes

such as PE60. The viruses will adsorb to the PE6O. This

procedure as described by Wallis et al (1970) is capable of

processing 1,136 liters of water with an average recovery
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of 35 to 47%. The disadvantage is that the virus adsorbing

properties of PE60 vary with different production batches,

and the polyelectrolyte is unstable (Smith, 1980).

A two—phase separation procedure can also be used to

concentrate viruses from waste waters. When two polymeric

substances are dissolved in water, they form two separate

phases. Any colloidal particles present in the water will

end up in one of the phases. In the case of waste waters

two polymers were used, polyethylene glycol (PEG) and

dextran sulfate in a salt solution. The mixtures are

incubated at 4 C for 18 to 24 hours. The viruses are

concentrated in the dextran sulfate bottom phase (Bitton,

1980). The efficiency of recovery of viruses has been

reported at 5 to 100%. Only small volumes (two to three

liters) can be sampled in this manner the concentration

factors vary between 173 to 520—fold. Shuval et al (1969)

reported the efficiency of recovery at 87 and 134% for water

and sewage, respectively.

Ultracentrifugation is an efficient method of

recovering viruses from dilute solutions. Anderson et al

(1965) developed a continuous flow rotor which could

concentrate up to 95% of the suspended polioviruses in a

solution at a flow rate of 2 to 3 liters per hour. In spite

of the high efficiency of recovery, the high cost of the

equipment is prohibitive for most laboratories. The
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technique is limited to sampling only a few liters at the

time and obviously is not applicable to field studies.

Ultrafiltration and reverse osmosis are similar to

hydroextraction in that they all take advantage of the size

of the virus which cannot pass through a membrane. The

problems encountered with these techniques are that their

use is limited to sampling small volumes, this due to

clogging of the membranes with particulate matter present in

the water sample. This problem can be reduced by using a

soluble aluminum alginate filter or a tangential flow

system. The aluminum alginate can be dissolved in a

nontoxic solution of sodium citrate and assayed directly in

the appropriate cell line (Bitton, 1980; Smith, 1980).

Nupon and Stander (1972) reported that tangential flow

ultrafiltration would concentrate 20 liter volumes of tap—

water and up to 10 liters of clarified effluent down to a 20

ml volume with average recoveries of 70 to 80%.

Most of the methods discussed above have the same

limited applicability when sampling in the field. However

all of these methods can be used as second—step

concentration procedures when the primary concentrate is too

large for direct assay on cells (Gerba et al., 1978).

Viradel method for concentration of viruses

The most versatile method developed to date for the
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concentration of viruses from different types of waters is

the virus adsorption—elution technique (Viradel) (Goyal and

Gerba, 1983).

The first report of the recovery of viruses from

dilute aqueous solutions using membrane filters was

published in the literature in 1961 (Metcalf, 1961).

Influenza viruses were observed to be retained on Millipore

cellulose nitrate filter membranes. This in spite of the

porosity of the filter being several times the diameter of

the viruses. It was reported that that viruses could be

recovered from the membrane by pulverization of the membrane

in liquid medium. In later reports coxsackieviruses were

found to adsorb to cellulose acetate and cellulose nitrate

membranes (Cliver, 1965). It was later found that viruses

seeded in throat washings or urine could be adsorbed to

cellulose nitrate membranes and then eluted from it by using

phosphate—buffered saline containing 30% chicken serum

(Cliver, 1967).

The first application of filter elution adsorption

methodology for the concentration of viruses from

contaminated waters was done by Wallis and Melnick (1967).

Organic material which could interfere with virus adsorption

to the filters was removed by anionic resin treatment. The

cation MgC1 2 was added to the water to enhance adsorption of

the virus to the cellulose nitrate filter. After processing
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the water, elution of the viruses was accomplished by

pulverization of the membrane in Melnick's mediumB

containing 10% fetal calf serum. By using this method

sewage was sampled during a seven month period and 2,795

virus isolates were detected as compared to only four

isolates from unconcentrated sewage.

Rao and Labzoffsky (1969) used calcium salts to

enhance viral adsorption to the filters. Moore et al (1970)

found that the concentration efficiency could be increased

if the water being sampled was first passed through

clarifying filters pretreated with serum. It was reported

that proteinaceous substances such as beef extract could be

used to elute the virus from the filters (Rao and

Labzoffsky, 1969; Berg et al., 1971; Smith, 1980).

The Wallis—Melnick Concentrator

Wallis and Melnick (1972) developed an apparatus

which could be used in the field. It was self contained in

that it consisted of pumps and filters through which large

volumes of water could be processed. It was a continuous

flow—through apparatus and the water being processed was

passed through five clarifying non—virus—adsorbing filters.

Next the water was passed through an anion exchange resin to

remove any organic material which could interfere with virus

adsorption. The viruses were finally passed through a

cellulose nitrate disc filter.	 The divalent cation, MgCl2
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was added at a final concentration of 0.05 M to enhance

viral adsorption to the filters. This concentrator could be

used for field studies to process large volumes of water.

The viruses could be eluted on site using one—liter volumes

of glycine buffer (pH 11.5). The one liter eluate was

further reconcentrated to a volume of 20 ml by passing the

eluate through smaller diameter filters (at neutral pH) and

the virus eluted with the final 20 ml volume. A recovery

efficiency of up to 80% was reported in laboratory studies.

Many improvements were made on the original Wallis-

Melnick concentrator. Homma et al (1973) found that the

anion exchange resin was not necessary to remove the

organics in the water if depth cartridge filters were used

for the entire process of clarification and virus

adsorption. A concentrator was made available commercially

based on the original Wallis—Melnick concentrator called the

"Aquella Virus Concentrator" (Carborundum Company, Niagara

Falls, New York) (Goyal and Gerba, 1982). Jakubowski et al

(1974) reported the development of an apparatus for the

concentration of viruses from large volumes of tap water (up

to 100 gallons). This concentrator consisted of three

Balston holders with filter tubes connected in series. The

efficiency of recovery of poliovirus using this system

ranged from 42 to 57%.
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A major modification of the Wallis—Melnick

concentrator was acomplished by the use of Filterite fiber

glass—epoxy, epoxy, melamine—treated filters (Farrah et al

(1976). These filters were found to be less susceptible to

clogging and therefore capable of processsing much larger

volumes of water. The processing of the waters also took

less time since the filters were capable of handling higher

flow rates. When these filters are made in a pleated—

cartridge form, up to 40,000 liters of tapwater can be

processed without clogging problems (Farrah et al., 1976a).

Gerba et al (1978a) reported the recovery of up to 50% of

the input virus in laboratory studies when volumes ranging

from 472-1,900 liters of tapwater, 19-190 liters of treated

sewage and 378 liters of seawater were processed with the

system.

All the filters discussed above have a net negative

charge at neutral pH's, thus making it necessary to lower

the ph of the water to 3.5 prior to processing. A new type

of filter has been developed which eliminates the necessity

of lowering the pH of the water and the addition of

polyvalent cations. These new positively charged filters

have been evaluated by Sobsey et al (1981) who found them to

be less sensitive than the electronegative filters to

colloidal materials which are present in the water and may

interfere with virus adsorption. These filters are now
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commercially available. The Zeta Plus filters are composed

of diatomaceous earth-cellulose-"charge-modified" resin

mixtures and they were found to be able to efficiently

concentrate polioviruses from tap water. Recoveries

averaged 64% and these filters have the added advantage that

less equipment is needed for sampling in the field (Sobsey

and Jones, 1979; Sobsey and Glass, 1980; Sobsey et al.,

1981). A second type of electropositive filter was

introduced to the market, the Virozorb 1MDS. In subsequent

evaluations this new filter was found to be as efficient as

the electronegative filters in the recovery of viruses from

waters. The viradel method is the most efficient method

developed for the concentration and detection of viruses in

waters and is thus capable of serving as a universal method

for virus monitoring (Gerba et al., 1978). The method has

been included in the 15th Edition of Standard Methods for

the Examination of Water and Wastewater (Tentative), and is

being evaluated as a standard method.

This study was undertaken to develop a method using

positively charged membrane filters to optimize rotavirus

concentration from tap water and to use this method under

field conditions to concentrate naturally occurring entero-

and rotaviruses. This method was then used in extensive

field sampling in two South American countries, namely

Bolivia and Colombia.



MATERIALS AND METHODS

Continuous Cell Lines 

Two continuous cell lines were used in this study:

MA-104 (Microbiological Associates, Bethesda, Md.) a line

derived from fetal rhesus monkey kidney and Buffalo Green

Monkey Kidney (BGM). All cells were grown in Eagle's

Minimal Essential Media (MEM), supplemented with; either 5%

fetal bovine serum (FBS) or 8% FBS (in the case of MA-104

and BGM cells respectively), 0.3% sodium bicarbonate, 100

U/m1 penicillin, 100 ug/ml streptomycin, 25 ug/ml gentamycin

and 100 ug/ml neomycin. The cells were routinely

subcultured upon formation of a monolayer in 32 OZ glass

bottles with saline—trypsin—versene (STV), containing

saline, 0.25% tryPsin (1:250 Tissue Culture Grade; ICN

Pharmaceuticals, Inc. Life Sciences Group. Cleveland, Ohio),

and 0.125% versene.

Viruses 

Poliovirus stocks were prepared by infecting three

day—old monolayers of BGM cells (grown in 32 OZ bottles)

with poliovirus type 1 (strain LSc2ab) at a multiplicity of

46
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infection (MOI) of approximately one plaque forming unit

(PFU) per cell. Bottles were then incubated at 37 C for an

hour with rotational agitation every fifteen minutes to

distribute the inoculum. At the end of this period, fifty

ml of MEM containing 5% FBS were placed in the bottles. The

bottles were incubated at 37 C and observed daily for the

appearance of cytopathogenic effects (CPE). When

approximately 90% of the cells showed CPE the cells were

freeze-thawed three times at -20 C to disrupt the cells and

liberate the viruses. The cell lysate was then treated with

an equal volume of cold (4 C) Freon 113 (DuPont De Nemours

Co., Wilmington, Del.), stirred for ten minutes on a

magnetic stirrer and centrifuged at 10,00 RPM for ten

minutes. The aqueous phase was collected and filtered

through sterile, 47 mm diameter membrane filters (3 um +

0.45 um pore size) to eliminate the chance of bacterial

contamination aliquoted out into five ml volumes and stored

at -70 C.

Rotavirus SA11 stocks were prepared in a similar

fashion, except that the MA-104 cell line was used (instead

of the BGM). Monolayers were washed with serum-free MEM

prior to inoculation with 0.1 MOI per cell. The cells were

incubated in serum-free media and observed until 90% of the

cells showed CPE.
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Virus Assays

Plaque Assays

For SA11, MA-104 cells were grown to confluency in

six-well plastic disposable plates in a 5% CO 2 incubator.

On the day prior to assay, the monolayers were placed in

serum-free MEM, or, on the day of the assay, the monolayers

were washed three times with tris(hydroxymethyl)aminomethane

saline buffer (TRIS buffer, pH 7.2) to remove residual

serum. The monolayers were then inoculated with 0.1 ml of

the virus sample. The inoculum was allowed to adsorb for

one hour at 37 C with rotational agitation every fifteen

minutes to distribute the inoculum. The inoculum was then

removed (to prevent toxicity and probable destruction of the

monolayer) and the cells overlayed with 1.5 ml of 1% Bacto-

agar (Difco Laboratories, Detroit, Mich.), supplemented

with; 3.5% sodium bicarbonate, 2.92% glutamine, 100 U/ml

penicillin, 100 ug/ml streptomycin, 100 ug/ml neomycin

(sometimes neomycin was substituted by kanamycin at a

concentration of 100 ug/ml) and 100 ug/ml mycostatin.

Formation of plaques was aided by the addition of

facilitators i.e. 10 ug/ml trypsin (1:250 Tissue Culture

Grade; ICN Pharmaceuticals, Inc. Life Sciences Group.

Cleveland, Ohio), and 100 ug/ml diethylaminoethyl-dextran

(DEAE-dextran). Once the agar had solidified, the plates

were covered with aluminum foil and incubated at 37 C in 5%
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CO 2' At the end of the third or fourth day, a second layer

(1.5 ml) of the above agar was added to the monolayers. The

second overlay agar this time was supplemented with 3 ug/ml

neutral red (Gibco Laboratories, Grand Island, NY.) which

helped visualize the plaques by staining the viable cells.

Once the second overlay had solidified the plates were

incubated at 37 C in 5% CO 2 and observed for the formation

of plaques. The plaques were counted daily for up to eight

days or until the monolayer was completely destroyed. All

assays were done in duplicate wells.

Poliovirus assays were performed in a similar

manner, except the overlay media contained 2% FBS, but

contained neither trypsin of DEAE—dextran. Plaques appeared

within 48 hours post inoculation, thus the second overlay

was added 24 hours after inoculation.

Facilitators 

Rotaviruses, such as SA11 need the presence of

facilitators in the overlay media for plaque formation.

Trypsin and DEAE—dextran are used. These were prepared as

follows; hog pancreas trypsin, standardized for tissue

culture work was dissolved in distilled water at neutral pH.

Final stock concentration was 1.0 mg/ml. The solution was

then filtered through sterile membrane filters with a

nominal porosity of 0.2 um to avoid bacterial contamination.



50

The stock solution was aliquoted and kept at —20 C until

use. The stock solution was diluted in the agar overlay

medium to yield the concentrations necessary of optimal

formation of plaques. DEAE—dextran (ml. wt. 500,000;

Pharmacia, Uppsala, Sweden) was dissolved in distilled water

to a final stock solution of 10 mg/ml. All solutions were

filtered using sterile disposable filter units (Nalgene,

Rochester, NY.).

Rotavirus Concentration 
from Small Volumes of Tap Water

In previous studies two positively charged filters

were evaluated using small volumes of tap water to determine

which was the most effective in the reconcentration of

rotavirus SA11 from water. The filters evaluated were the

Zeta Plus 50 5 and the Zetapor 1MDS (Toranzos, 1983). The

1MDS filter yielded the best results and was used in

subsequent studies to evaluate the best eluent for the

recovery of viruses retained on the filter. The eluents

were evaluated using small volumes of seeded tap water. A

twenty ml suspension of seeded water was passed through 47

mm diameter filters which had been placed in either Swinnex

47 (Millipore, Bedford, Mass.) or polystyrene (AMF—CUNO

Div., Meriden, Conn.) filter holders. Elution was

accomplished by passing either 10 or 20 ml of the eluent

through the filters where the viruses had been adsorbed.
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The eluent was collected and neutralized by dilution in TRIS

buffered saline containing antibiotics.

Concentration of SA11 Rotavirus from
Large Volumes of Tap Water 

Twenty Liter Volumes

Virus was seeded into 100 ml of dechlorinated tap

water at concentrations ranging from 10 4 to 10 5 total PFU.

Dechlorination of the tap water was accomplished by the

addition of sodium thiosulfate to the water ata

concentration of 0.05 g/liter. Residual chlorine was

measured by adding a pellet of DPD chlorine reagent (Hach,

Ames, Iowa) to 25 ml of the water being tested. Upon

addition of the pellet, a pink color indicated the presence

of chlorine. The color was compared to a standard and

quantitated as parts per million (mg/liter). A sample of

the seeded 100 ml was then taken and assayed to determine

the initial concentration of virus. The seeded water was

then mixed with 20 liters of dechlorinated water and passed

through either 47 mm or 90 mm diameter filters with positive

pressure using nitrogen gas. By following this procedure it

was possible to accurately quantitate the input virus

concentration and prevent its dilution beyond the limits of

detection by the plaque technique. The adsorbed viruses

were then eluted with an eluent composed of 5% tryptose

phosphate broth (TPB) (Difco Laboratories, Detroit, Mich.)
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and 1.5% beef extract (BE) (Gibco Diagnostics, Madison,

Wis.) all concentrations are indicated on a weight per

volume basis. The pH of the eluent was 10.0. All pH

measurements were made with a Beckman 070 pH meter

standardized to 4.0 and 7.0 or 7.0 and 10.0. The volume of

the eluent was 20 and 30 ml depending on whether a 47 mm or

90 mm diameter filter was used respectively. The eluent was

neutralized by dropwise addition of 1 N HC1 and assayed for

the presence of viruses, otherwise all dilutions were kept

at —20 C until time of assay.

One—Hundred Gallon Experiments

These elution experiments were conducted as

follows; 100 ml of dechorinated tap water was seeded with

approximately 10 5 PFU and a sample taken to assay for input

viruses. The seeded water was then mixed with 100 gallons

of dechlorinated tap water. Mixing was accomplished by

circulation of the water with the help of an electric pump

(75hp, Price Pump Co., Sonoma, Cal.). The seeded water was

then passed through two, 293 mm diameter 1MDS filters

(placed in series) using the same pump. Viruses adsorbed to

the filters were eluted with 650 ml of 5% TPB + 1.5% BE, pH

10.0. The eluent was immediately neutralized by the

dropwise addition of 1 N HC1 and assayed.
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Plating Efficiency Experiments 

Experiments were done to compare the plating

efficiency of SA11 when suspended in different media. Since

plaque formation by rotavirus is dependent of the presence

of trypsin in the media and if the virus is suspended in

proteinaceous substances the protein may interfere with

plaque formation, SA11 was suspended in dechlorinated tap

water, 10% TPB, 3% BE and a combination of 10% TPB + 3% BE.

After addition of the viruses aliquots were taken for assay

and used to compare the effect of the suspending medium on

plating efficiency.

Reconcentration 

When large volumes of water are sampled, it is

often necessary to use pleated cartridge filters. 	 In order

to elute the viruses from these filters up to one liter of

eluent is necessary. This large volume cannot be assayed as

such on cell cultures due to the cost involved in using a

large number of flasks.	 In order to circumvent this

problem, it is necessary to reduce the volume of eluent

before assay. Reconcentration of the filter eluate involves

the use of organic or inorganic flocculation. 	 During floc

formation any viruses present in the eluent will

theoretically adsorb to it and the viruses can then be

collected by centrifugation.	 The viruses can then be

recovered by resuspending the floc in the appropriate media.
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Experiments were performed in order to find the optimal

manner of reconcentration of SA11 from the initial filter

eluent.

Organic Flocculation

The ability of proteins to precipitate out of

solution at a pH below their isoelectric point has been used

to reconcentrate viruses from proteinaceous substances

(Katzenelson et al., 1976). Rotavirus SA11 was suspended in

100 ml of 10% TPB, 3% BE or a mixture of the two substances

and an aliquot was taken to determine the initial virus

concentration. The pH of the media was then reduced to 3.5

by dropwise addition of 1 N HC1. The virus suspension was

mixed on a magnetic stirrer for 30 minutes. At the end of

this period the floc was collected by centrifugation at

10,000 RPM for ten minutes in a Beckman, Model J2-21

centrifuge using a Beckman JA-20 rotor. The supernatant was

neutralized with 1 N HC1 and assayed. The floc was

resuspended in five ml of Na 2 HPO 4 (0.15 M, pH 7.2) by

vigorous pipetting. Five ml of a 3% BE solution was added

to the resuspended floc and assayed.

Inorganic Flocculation

Insitu floc formation was accomplished by the

addition of AlC1 3 to 10% TPB to final concentrations of 5 x

10  and 5 x 10 - 3 M and FeC1 3 to a final concentration of
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1 x 10 -3 M to SA11 suspensions. The solutions were then

stirred for 30 minutes and the floc was collected by

centrifugation as previously described. Floc formation was

tested at different pH levels to determine optimal viral

adsorption to the floc. Experiments were also done using a

combination of 1.5% BE + 5% TPB containing 1 x 10  A1C1 3

at low pH.

Polyethylene glycol (PEG) was evaluated as a means

of reconcentrating viruses from a combination of 1.5% BE +

5% TPB. One hundred ml of the above combination was seeded

with approximately 10 5 SA11 PFU. Three grams (3% final

concentration) of PEG were added to the mixture and NaCl

added to a final 2.5% concentration. This solution was

stirred until all the PEG and salt were dissolved and then

stored at 4 C overnight. The following day the floc was

collected by centrifugation at 10,000 RPM for 10 minutes.

The floc was resuspended in 5 ml of Na 2 HPO4 (0.15 M, pH 7.2)

with vigorous pipetting. Five ml of a 3% solution of BE was

added. Both the supernatant and the floc were assayed.

The cationic polymer Cat—Floc T (Calgon Corp.

Pittsburgh, PA.) was also evaluated as a flocculant. Cat—

Floc is used in many conventional water treatment plants as

a flocculant (Bratsby, 1981). Since the molecular weight of

Cat—Floc is not available it was impossible to determine the

concentration on a molar basis, thus a series of experiments
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using unseeded 1.5% BE + 5% TPB were performed. Different

volumes of Cat—FLoc were added to the solution and the

turbidity determined with a Hach Model 2100A Turbidimeter

(Hach Chem. Co., Ames, Iowa). The volume of Cat—Floc T

giving the greatest turbidity was then used in subsequent

experiments using virus seeded solutions. The optimal

concentration of Cat—Floc (i.e. that concentration giving

the best floc) was added to one hundred ml of virus seeded

solution. The solution was stirred vigorously for five

seconds and then stirred very slowly for 15 more minutes.

Thisprocedure is recommended by Bratsby (1981) in order to

get maximum flocculation without disturbing the already

formed floc.	 After stirring, the floc was collected at

3,000 RPM for five minutes.	 This procedure was done at

both, neutral pH and at pH 3.5.

Hydroextraction

Reconcentration by hydroextraction consisted of

placing the eluent into either a 7/8 inch or a 1-7/8 inch

diameter dialysis tubing (depending on the volume of the

eluent) (Thomas Lab. Specialties, Philadelphia, PA.) and

covering the tubing with crystalline polyethylene glycol

(Carbowax PEG 20,000) (Fisher Scientific Co., Fair Lawn,

NJ.). Hydroextraction was allowed to take place for 18

hours at 1 C. After this period the outside of the tubing
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was thoroughly washed with deionized distilled water. The

tubing was dialysed against 400 ml of cold (4 C) phosphate

buffered saline for one hour the hydrolysate was then

collected and assayed. When filter eluates from 20 liter

elution experiments were processed, the inside of the bag

was washed with 10 ml of sodium phosphate buffer, mixed

with the hydrolysate, the total volume measured and assayed

for the presence of viruses.

Electron Microscopy 

Transmission electron microscopy was performed with

the kind help of David Bentley. SA11 virus stocks were

grown and purified using Freon 113 as previously described.

A 50 ul volume of virus preparation was placed on top of a

carbon—coated copper grid and allowed to adsorb for one

minute. The drop was then removed carefully witha

micropipette. A solution of 2% phosphotungstic acid (PTA)

(neutralized to pH 7.0 with KOH) was then placed on top of

the grid and allowed to stand for 30 seconds. The PTA was

removed and the procedure repeated two more times to ensure

enough PTA would remain on the grid.

Immunoelectron microscopy

Equal volumes of SA11 virus and antihuman rotavirus

IgG were mixed in a test tube and incubated for one hour in

a water bath at 37 C. A 50 ul volume of this mixture was
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then placed on a carbon—coated grid and the same procedure

of negative staining with PTA was followed as described

above.

Enterovirus Natural Isolates 

Environmental samples were tested for the presence

of enteroviruses by plaque formation. Two ml samples were

inoculated onto BGM cells grown in 75 cm 2 disposable plastic

bottles when sewage samples were assayed. Drinking water

samples were assayed in 25 cm 2 (0.2 ml per bottle). Virus

was absorbed for two hours at 37 C with rotational agitation

every fifteen minutes. Inoculum was decanted and the cells

washed with 10 ml of MEM containing antibiotics and 10 ml of

an agar overlay as described for poliovirus was added. Ten

ml of a second overlay containing neutral red was applied

after 24 hours and the cells observed for the appearance of

plaques with incubation at 37 C. Plaques were counted in

order to quantitate the number of viruses present in the

samples.

Sample Collection 

Samples were collected in two countries in South

America during two consecutive trips. Samples were

collected using the method described by Toranzos et al

(1984) the volume sampled depended on the turbidity of the

water. In all cases chlorine was measured as described
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above, if any was detected it was neutralized by direct

addition of crystalline sodium thiosulfate. Samples of

drinking water, environmental surface waters, recreational

waters, groundwater and sewage were collected. Three

different types of filters were used; the positively charged

1MDS was used mainly to process drinking water samples, the

Zeta Plus 50S was also used for drinking waters, but mainly

to process sewage samples, the Filterite filters were used

to collect some recreational water samples. Filter

diameters used included; 47 mm, 90 mm, and 142 mm diameter

filters, depending on the volume to be processed and the

turbidity of the water. Samples were taken at different

stages at drinking water treatment plants including

finished, prefiltration, post—filtration and raw intake

water.

Bolivia

A conventional water treatment plant in the city of

Cochabamba was sampled during a two week period. For all

samples, either a 47 mm or 90 mm diameter 1MDS filters were

used (two filters placed in series). The town where the

samples were taken has a population of approximately 300,000

inhabitants. The water treatment plant provides drinking

water to about two thirds of the population. The other

third of the population receives untreated groundwater

distributed by tanker trucks. Samples of this groundwater
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was also sampled. All domestic and industrial wastewater is

discarded without any form of treatment into a normally dry

stream bed outside the city, the sewage samples were taken

directly from the sewage outfall.

Colombia

Samples were taken in several Colombian cities, such

as Medellin, Cartagena, Santa Marta, Bogota, Barranquilla.

All these cities have populations of at least a million

people. Several small towns were also sampled. Drinking

water samples were taken from private houses as well as

water from different stages of treatment at water treatment

plants. Whenever possible all water treatment plants were

sampled in every city or town visited. Drinking water in

the city of Barranquilla, where an outbreak of

gastroenteritis had recently occurred, was collected. Three

types of filters were used for virus collection; the Zeta

Plus 50S, Filterite, and the 1MDS. Either a 90 mm or a 142

mm diameter filter was used.

Most cities in Colombia discard the domestic waste

water into canals which then carry it into rivers. Sewage

samples were taken from these canals as well as from several

rivers receiving raw sewage.

In all cases of environmental sampling, the maximum

volume of water or sewage was sampled as allowed by the
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turbidity of the water. In some cases the sewage was

allowed to settle before being processed through the

filters. In other cases it was necessary to clarify the

sewage first, using 3 um + .45 um pore size Filterite

filters at ambient pH (to avoid loss of virus due to

adsorption). Viruses were eluted from the filters with

either with 10% TPB, pH 10.0 or 3% BE + 10% TPB pH 10.0.

The eluates were then frozen and transported back to the

United States for further assay. Whenever freezing of the

eluates was not possible, they were kept in ice water until

freezing.

Vegetables

In the city of Medellin, several vegetable crops

were tested for the presence of viruses. Leaf as well as

root crops were evaluated. The vegetables were purchased at

either the local market or a supermarket. The crops were

weighed and then placed into a bucket containing one to

three liters of distilled water. The pH of the water was

then raised to 10.0 using 1 N NaOH. The vegetables were

thoroughly washed with this high pH water. Then removed,

the pH of the water was then lowered to 7.0 with 1 N HC1 and

passed through two 1MDS, 47 mm diameter filters. The filters

were then eluted with 30 ml of a 10% TPB eluent at a pH of

10.0. The eluent was then neutralized and treated in the

same manner as those above prior to assay.
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Bacteriological Assays

Grab samples were taken (whevener facilities such

as incubators were available), at the same time as the virus

samples. The membrane filtration technique was used as

outlined in the 15th Edition of Standard Methods for the

Examination of Water and Wastewater. For the enumeration of

total coliforms, the medium M—endo was utilized (Difco

Laboratories, Detroit, Michigan). In the case of fecal

streptococci, the medium KF Streptococcus Agar (Difco) was

used. All samples were incubated at 37 C and enumerated

after 24 to 48 hrs.

Several colonies showing the typical green sheen on

in—Endo agar were picked and transported to the United States

for further confirmation. These were inoculated into

brilliant green lactose broth (BGLB) and lauryl sulphate

broth. Growth at 37 C with the formation of gas confirmed

these bacteria as coliforms.

Environmental Assays 

Cytophathic Effect

All samples were screened for formation of CPE.

Drinking water sample eluates were defrosted and

ultracentrifuged in a Beckman Model L ultracentrifuge in a

Type 30 rotor at 27,000 RPM for two hours at 7 C. Whenever

necessary the eluate was first centrifuged at 10,000 RPM for

10 minutes at 7 C prior to ultracentrifugation in order to
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remove any contaminating bacteria. Most bacteria were found

to pellet at this speed. Utilizing this procedure it was

possible to reduce contamination to a level where it was not

necessary to maintain high levels of antibiotics in the cell

culture media. After ultracentrifugation, the pellet was

resuspended in 2 ml of Na 2 HPO 4 (pH 7.2, 0.15 M). One ml was

frozen and the other assayed on BGM cells. Buffalo Green

Monkey kidney cell monolayers were inoculated with 0.2 ml of

the sample (five, 25 cm 2 plastic flasks per sample),

incubated at 37 C for 2 hours with rotational agitation

every fifteen minutes. At the end of this period the

inoculum was removed and the monolayers washed with five ml

of MEM containing antibiotics. The inoculum was saved and

frozen, eight ml of MEM with antibiotics containing 2% FBS

were added to each one of the flasks. The flasks were

incubated at 37 C and observed daily for the appearance of

CPE. Flasks were observed for up to 20 days. Whenever

necessary the maintenance medium was changed.

Sewage samples were centrifuged as described above

to eliminate any contaminating bacteria. It was assumed

that sewage and sewage—contaminated waters contained

relatively high numbers of viruses, thus no

ultracentrifugation was necessary. The centrifuged samples

were then inoculated onto BGM cell monolayers (2 ml per
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flask, five flasks per sample) and the same procedure

followed as described above.

Plaque Enumeration

Samples were inoculated as described above onto BGM

cell monolayers. After a two hour adsorption period the

inocula were removed, the monolayer washed with MEM

containing antibiotics and cells were overlayed with a 1.5%

agar overlay containing antibiotics and 2% FBS as described

above for poliovirus assays. Cells were incubated at 37 C

for 48 hours, at which time a second agar overlay containing

neutral red was added in order to visualize the plaques.

Plaques were counted as they appeared to to determine the

number of PFU per liter present. A few of these plaques

were plucked for identification of the virus isolates. The

plucked viruses were passaged in BGM cell cultures once to

obtain a titer large enough to allow for identification.

Rotavirus Detection by Immunofluorescence 

An indirect immunofluorescence test (IIF) was

performed on the environmental samples to test for the

presence of rotaviruses. Eight—chamber tissue culture

slides (Lab—Tek Prod., Div. Miles Labs. Inc., Naperville,

Ill.) were seeded with approximately 60,000 MA-104 cells

per chamber. The cells were a gift from Dr. Mary K. Estes.

In order to insure maximum sensitivity only cells with a low
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passage number were used throughout the study. The cells

were incubated for 36 hours at 37 C in a 5% CO 2 incubator.

At the end of this period the medium was decantedand the

cells were washed three times with serum-free MEM containing

antibiotics. The cells were then inoculated with 0.1 ml of

sample per chamber and incubated at 37 C in a humid chamber

in a 5% CO 2 incubator for one hour with rotational agitation

every fifteen minutes. At the end of this period, the

inoculum was removed and maintenance media (IF media) added

to the chambers. The IF media contained; 100 ug/ml DEAE-

dextran, 0.5 ug/ml Sigma Type IX acetylated trypsin (Sigma

Chemical Co., St. Louis, MO.), 100 u/ml penicillin, 100

ug/ml streptomycin, 100 ug/ml neomycin and 0.3% sodium

bicarbonate. If the inoculum was found to be toxic, the

mono layers were washed once with serum free media prior to

addition of the IF media. The infected cells were then

incubated at 37 C in a 5% CO 2 incubator for 24 hours.

At the end of the 24 hour incubation period, the

medium was decanted, the chambers were removed and the cells

were washed once in cold phosphate buffered saline (PBS) (pH

7.2, 4 C), and air dried. The cells were then fixed in cold

methanol (-20 C) for five minutes and air-dried again. The

fixed slides were stored in a desiccator at 4 C until

stained Prior to staining the cells were rehydrated in cold

PBS for five minutes. Twenty-five ul of rabbit anti-human
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rotavirus (type 2) IgG (DAKO, Accurate Chemical and

Scientific, Westbury, NY.) (diluted 1:60 in PBS) were added

to each well. The slides were incubated at 37 C for 30

minutes in a humid chamber and then washed three times (five

minutes per wash) with cold PBS (pH 7.2). Next, 25 ul of

antirabbit goat FITC— (fluorescein isothiocyonate) (Miles

Laboratories, Elkhart, IN.) labeled antisera were added to

each chamber and incubated at 37 C in a humid chamber for

30 minutes. This incubation period was followed by three

washes in cold PBS (five minutes per wash). The slides were

allowed to dry, the bonding material removed and coverslips

mounted with a solution of glycerol:PBS (9:1 solution).

The slides were examined with a Nikon Optiphot

microscope fitted with an episcopic fluorescence attachment

EF—D (Nippon Kogaku K.K., Tokyo, Japan).

Immunofluorescence Neutralization Test

A neutralization test was performed as indicated by

Thouless et al (1977). Equal volumes of sample and anti-

human rotavirus IgG were mixed together and incubated at 37

C for one hour. A 0.1 ml volume of this mixture was then

inoculated onto MA-104 cells grown in chamber slides,

incubated and stained as described above. A reduction of

50% or more of fluorescent foci was considered to be

positive when comparing the original count of fluorescent

foci of the sample with the neutralized aliquot. As a
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control equal volumes of SAll and PBS were mixed, incubated

for one hour under the same conditions as the environmental

samples and stained accordingly.

Photography

Photomicrographs of fluorescent foci were taken with

a 35 mm camera (M 35S, Nikon, Tokyo, Japan) using Ektachrome

color film (ASA 400) (Eastman Kodak, Rochester, NY.).



RESULTS

Efficiency of SA11 Virus Elution
from Positively Charged Filters 

Due to its high protein content beef extract has

been widely used to elute viruses adsorbed to microporous

filters. Table 1 shows the results of several experiments

conducted under different conditions of pH, beef extract

concentration, and salt concentration. Small volumes of

virus—seeded tap water were passed through filters and then

eluted with the indicated eluent. The maximum recovery

using BE as an eluent of viruses from the positively charged

505 filters was 21%. Maximum recovery was achieved when

using 3% BE in 0.05 M glycine buffer at a pH of 10.0.

Reports in the literature indicate much higher recoveries

(Gutman—Bass et al., 1983) of SA11, however in repeated

experiments the maximum recovery was 21%. Table 2 shows the

results obtained when using the same eluents as in the first

experiment, but with the 1MDS filter. Virus recoveries were

much higher than those from the 50S filters. The lowest

recovery was obtained with 4% BE in 0.5 M NaCl. This eluent

has been used successfully by other investigators for

elution of polioviruses from 50S filters (Shri Singh,

68
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Personnal Communication). The maximum recovery was obtained

when using 3% BE in 0.05 M glycine buffer at pH 10.0. An

average recovery of 37% was obtained.

Tables 3 and 4 show the results obtained when using

different eluents to desorb viruses from the electropositive

filters. When 4 M urea in 0.05 M lysine at a pH of 9.0 was

used, the percent recovery was 0.47% and 0.45% for the 50S

and the 1MDS filters respectively. When the eluent used was

3% tryptose phosphate broth in 0.05 M glycine buffer at a pH

of 10.0, the average recoveries were 46% and 74% for the 50S

and the 1MDS filters respectively. If 10% tryptose

phosphate broth was used, the recoveries were 46% for 50S

and 79% for the 1MDS.

Figure 1 shows the arcsin transforms of decimal

fractions of average percent recoveries of eluents. When 3%

beef extract in 0.05 M glycine, pH 9.5 and pH 10.0, and 3%

beef extract alone at pH 9.0 were used, the efficiencies

were not much different from each other at a 95% confidence

interval. The latter eluents, are however, less efficient

than those previously discussed. Tryptose phosphate broth

(both, 3% and 10%) gave the greatest recoveries, but as

shown in this figure, they do not differ from each other

within a 95% confidence interval.

It has been postulated that the interaction between

virus and filter media is not only dependent on the



Figure	 Elution of Rotavirus from Microporous Filters by selected
Eluents. All values (as arcsin transforms of decimal
fractions) are average recovery values 4. 95% Confidence
Limit. 1. 3Z beef extract in 0.05 M glycine buffer pH 9.5.
2. 4% beef extract in 0.5 M NaC1 pH 9.0. 2. 3% beef extract
PH 9.0. 4. 3% beef extract pH 9.0 (eluent was incubated
on filter forten minutes prior to elution). .2. 	 beef
extract in 0.05 M glycine buffer pH 10.0. 6. Urea (4 M)
in 0.05 M lysine buffer pH 9.0. 2. RegulaT strength
tryptose phosphate broth in 0.05 M glycine buffer pH 10.0.
8. 10% tryptose phosphate broth in 0.05 M glycine buffer
pH 10.0.
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Figure 2. Effect of Different Volumes of
Cat-Floc on Floc Formation in
10% Tryptose Phosphate
Broth + 3% Beef Extract.
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Figure 3. Effect of Different Volumes
of Cat-Floc on Floc Formation
in 3% Beef Extract.
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Figure 4. Effect of Recirculation of Eluent
through a Filter on the Efficiency
of Rotavirus Recovery.
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electrostatic charge of both, the virus particle and the

filter matrix. Hydrophobic interactions seem to play a very

important role in virus adsorption to filter media. Some

chemicals promote hydrophobic interactions (antichaotropic

compounds), while others diminish these interactions

(chaotropic compounds). In order to investigate whether

these interactions were important in the adsorption of SA11

rotavirus to the positively charged filters, a chaotropic

agent (NaNO 3 ) was added to the eluent, in this case 10%

tryptose phosphate broth at a pH of 10.0. The results in

table 7 indicate there was no significant increase in the

elution efficiency of SA11 from the filters tested. At a

concentration of 0.2 M NaNO 3 in 10% tryptose phosphate broth

a maximum average recovery of 39% was achieved from the 1MDS

filters. At a concentration of 0.5 M NaNO 3' 32% of the

adsorbed viruses were eluted from the 1MDS filter., An

average recovery of 20% and 15% were achieved from the 50S

filters with NaNO 3 concentrations of 0.2 and 0.5 M

respectively (Table 7).

Table 7 also shows the results of experiments

conducted using 3% jojoba bean globulins as an eluent. A

kind gift from Dr. Ralph Price, these proteins were

evaluated in order to determine if a plant protein could

elute viruses from a positively charged filter (1MDS). The



Table 5. Concentration of SA11 Rotavirus from Twenty liter Volumes
of Tap Water. a

	Experiment Total WU Filter	 Total PFU	 % Virus Recoveryb

Number	 in Influent Type	 Recovered

1	 1.9 x 106	 50S	 2.8 x 105 	14

2	 8.5 x 105	 50S	 1.58 x 105	 13

3	 4.2 x 106	 50S	 6.2 x 105 	14

Average (+SD) 13.7+0.57

4	 2.95 x 106 	1MDS	 5.6 x 105	 19

5	 8.0 x 105 	1MDS	 1.58 x 105 	20

Average (+SD) 19.5 +0.7

a Filtration was with twenty liters of seeded tap water at ambient OH.

Elution was accomplished with twenty na of 10% tryptcae phosphate broth
in 0.05 M glycine buffer (pH 10.0).
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Table 6. Elution of Rotaviruses Using a Mixture of Eluents. a

Experiment
Number

Total PFU
in Influent

(x 105 )

Type of
Filter

Total PFU
Recovered
(x 105 )

Recovery

1 7 503 3.4 49

2 6.6 503 2.6 39

Average (SD) 44 +5.7

3 7 11D6 8 114

4 6.6 1MDS 6.4 97

Average (+SD) 106 +8.5

a A twenty ma sample containing the concentration of virus indicated
was passed through the filters and eluted with twenty ma of 10% Tryptose
phosphate broth + 3% beef extract, pH 10.0.
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Table 7. Elution of Rotaviruses from Mdcroporous filters using
Various Eluents. a

Filter
Type

Eluent pH of
Eluent

Total PFU
in Inflpent

(x 10P)

Total PFU
Recovered
(x 105 )

Recovery

1MD6 10% TPBb
in

10.0 9.4 3.7 39

0.2 M NaNO
3

1MDS 10% TPB
in

10.0 11 3.5 32

0.5 M NaNO3

50S 10% TPB
in

10.0 9 • 4 1.92 20

0.2 M NaNO
3

50S 10% TPB
in

10.0 11 1.6 15

0.5 M NaN03

1MDS 3% Jojoba
globulins

10.0 6 2.2 36

a A twenty ml sample of seeded water was passed through the filters and
the viruses eluted with twenty mil of the indicated eluent. All values
are the average of two to three experiments.

TPB — tryptose phosphate broth.
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average recovery of two experiments when using this eluent

was 36%.

The small volume elution experiments were performed

in order to find the combination of filter and eluent which

would give the highest recovery of SA11 viruses. Table 5

shows the results of experiments conducted using 20 liter

volumes of seeded tap water. The eluent used was 10%

tryptose phosphate broth (TPB) at a pH of 10.0. The average

recovery of SA11 from 1 MDS filters was 19.5%. The maximum

average recovery from the 50 3 filters, on the other hand,

was 13.7%.

In additional small volume experiments, it was

observed that a combination of eluents such as 10% TPB and

3% BE would give a much higher recovery than either one

alone. Table 8 shows the results of experiments conducted

using 20 liters of virus—seeded tap water. In this instance

the eluent used was the mixture mentioned above, at a pH of

10.0. The average recovery was 49% when eluting SA11 from

the 1MDS filters. In contrast, an average recovery of only

11.3% was obtained from experiments using the 503 filters.

Experiments using 100 gallons of tap water were

conducted in order to evaluate the concentration method with

large volumes of water. Table 9 indicates the results

obtained from these large volume experiments. Only the 1MDS

filters were used for these elution experiments, since these



83

filters were found to give the best efficiency of recovery

in the 20 liter volume experiments. An average recovery of

17.5% was obtained. An overall recovery of 5.3% was

obtained when both concentration followed by organic

flocculation were performed.

Table 10 shows the results obtained from two

experiments using 20 and 378 liters of seeded water.

Hydroextraction was used as the method for the second—step

reconcentration. The overall percent recovery from the 20

liter experiment was 21, while a 35% overall recovery was

accomplished from the 378 liter experiment.

Plating Efficiency of SA11
Resuspended in various media

The results shown in Table 11 indicate that when

SA11 rotavirus was suspended in proteinaceous substances

such as beef extract, tryptose phosphate broth, and a

mixture of both. There was little difference in titer. The

titer obtained from the virus suspended in tap water was

assumed to be 100%. The titers of virus obtained from beef

extract, 10% tryptose phosphate broth and a mixture of 3%

beef extract and 10% tryptose phosphate broth were 108%, 91%

and 113% respectively when compared to tap water.

Reconcentration of SA11 using
Inorganic flocculating agents

Reconcentration is used in environmental virology as



Table 8. Concentration of SA11 from Twenty—liter Volumes of Tap Water
Using a Combination of TPB and BE as Eluent. a

Experiment
Number

Total PFU
in Inflpent

(x 10P)

Type of
Filter

Total PFU
Recovered	 Recovery
(x 105 )

1 5.6 5C6 0.43	 8

2 13 50S 1.1	 8

3 25 50S 2.2	 9

4 2.6 50S 0.5	 20

Average (+SD) 11.3 + 5

5 8.2 1MLS 4.6	 56

6 8.9 1MDS 2.34	 26

7 5.0 1MDS 4.2	 84

8 8.9 1MDS 2.7	 30

9 6.7 1MDS 2.4	 36

Average (+SD) 46 +23

a Tap water was passed through (2) 47 mm diameter 1MDS filters. The adsorbed
viruses were eluted with twenty ml of 10% TPB + 3% BE, pH 10.0.

8,4



Table 9. Concentration and reconcentration of SAll rotaviruses
from 378 liters of tap water. a

Experiment 	Total PFU Total PFU	 Total PFU	 Total PFU	 Overall
Number	 in Inflpent	Elutep	 Elution in Supernptant in Pipe	 % Recovery

(x 10.')	 (x 10)	 (x 1CP)	 (x 10P)

1 35 4.6 13 1.3 1.35 4

2 65 14.4 22 9.5 4.2 6.5

Average Elution ( -i-SD) 17.5 +4.5 Average Recovery ( -i-SD) 5.3 +1.3

a A 378 liter volume of tap water was processed through (2), 293 mm diameter *IMES
filters. Viruses were eluted with 600 ma of 10% TPB + 3% BE, pH 10.0.
Reecncentration was accomplished by organic flocculation at pH 3.5.
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Table 10. Concentration and Reconcentration of SA11 from Tap Water
Using Hydroextraction as a Second Step Concentration. a

Volume Filtered	 Total PFU	 Total PFU	 Total PFU	 Overall
in Inflyent	 Elutep	 Eluted in Concentrate % Recovery

(x 1 (')	 (x 1 (')	 (x 10P)

20 liters 6.7 2.4 36 1.4 21

378 liters 1 1 6.3 59 3.7 35

a The indicated volume of seeded tap water was passed through (2) 1MD6 filters,
eluted with 10% TFB + 3% BE, pH 10.0. The eluent was assayed and placed in
a dialysis tubing. Hydroextraction was accomplished using polyethylene glycol
as indicated in the text.

86



87

a second step in order to reduce the volume of the primary

filter eluent. Several flocculating agents were evaluated

to determine the best flocculant and its optimal

concentration in order to recover viruses from the primary

eluent. Results obtained from

experiments performed at neutral pH values using two

concentrations of A1C1 3 and one concentration of FeC1 3 used

as flocculating agents when added to 10% tryptose phosphate

broth seeded with SA11 rotavirus are shown on Table 12. At

a concentration of 5 x 10 -4 M AlC1 3 , an average recovery of

40% was obtained. When the concentration of A1C1 3 was

increased to 5 x 10 - 3 M, the average recovery dropped to

25%. When FeC1 3 was used at a concentration of 1 x 10 3 M

the maximum average recovery was 8%.

The same concentrations of flocculating agents were

used in a series of experiments at pH 5.0. Table 13 shows

the data obtained from these experiments. At concentrations

of 5 x 10 -4 M AlC1 3 , an average of four experiments a 19%

efficiency of recovery was obtained. At a concentration of

5 x i0  AlC1 3 the average recovery was 34%. Ferric

chloride, at concentrations of 1 x 10 -3 M gave an average

recovery of 12•4%•

A greater concentration of AlC1 3 was also evaluated

in order to see if the efficiency of reconcentration could

be increased from 10% TPB. A concentration of 1 x 10 -2 M



Table 11. Plating Efficiency of SA11 when Suspended in Various Media. a

Suspending Total PFU Total PFU % Plating
Medium Added Recovered Efficiency

(x 105 ) (x 105 )

Tap Waterb 8.3 8.3 100

3% Beef Extract 8.3 9 108

10% Tryptose Phosphate
Broth 8.3 7.6 91

Mixture of 3% Beef Extract

10% Tryptose Phosphate
Broth 8.3 9 • 4 113

a One ma of virus stock was added to 100 ma of the indicated medium, mixed
and assayed.

Tap water was used as a control. Plating efficiency frail water was assumed
to be 100%. All other plating efficiencies were thus campared to
tap water.
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Table 12. Reooncentration of SA11 Viruses from Tryptose Phosphate Broth
at Neutral pH Using Inorganic Flocculants. a

Experiment
Number

Flooculant Molarqy
(x 10--) )

pH of

Solution
Total PFU

Added

(x

Toted PFU	 PFU	 % Recovery
in Supern*ant(%)	 in Floc	 in Floc

(x 10P)	 (x 10' )

1 AlC13 50 7.2 2.96 3 • 4	 (118)	 1.5 50

2 7.3 1.5 1.2 (80)	 0.75 50

3 7.0 2.3 1.25 (54)	 0.5 20

Average Recovery (+SD) 40 +14

4 A1C1
3

5 7.3 3.3 1.1	 (33)	 0.62 19

5 7.3 3.3 1.1 (33)	 0.143 5

6 7.4 2.9 0.87 (30)	 1.5 52

Average Recovery (+SD) 25 +20

7 FeC13
1 7.0 15.9 10.3 (65)	 0.79 5

8 7.1 4 • 0 3.0 (75)	 0.48 12

9 7.0 3.5 2.1 (60)	 0.22 6

Average Recovery (.SD) 8 +3

8 Flocculent was added to the final desired concentration to the solution containing

the viruses and stirred on a magnetic stirrer for 30 minutes at roam temperature.

The floc was collected by centrifugation.
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Table 13. Reconcentration of SA11 from Tryptose Phosphate Broth (at OH 5.0)
Using Inorganic Flocculants. a

Experiment
Nurdoer

Flocrulant Molarity
(x 10-3 )

Total PRJ
A••	 •
(x 11	 )

	

Total PFU	 PFU in	 % Recovery
in apernatont (%)	 Floc	 in Floc

	

(x 10)	 (x10)

1 A1C13 0.5 1.2 1.1	 (92) 1.5 13

2 3.35 2.45 (73) 10.6 31

3 6.0 4.2	 (70) 8•4 14

4 1.95 1.2	 (61) 3.5 18

Average Recovery (+SD) 19 +7

5 A1C13 5.0 2.66 1.8 (68) 14 53

6 8.45 1.2 (14) 14 17

7 0.6 0.1	 (17) 1.9 32

Average Recovery (+SD) 34 +14

8 FeC1
3

1.0 2.5 0.8 (32) 1.8 7.2

9 10.0 1.9 (19) 5.5 6.0

10 1.4 90.0 (64) 3.35 24.0

Average Recovery (+SD) 12.4 +8

a pH of the solution containing the virus was lowered to 5.0 and the inorganic
fl(x-Pulard. 41ded tu Ur , final cxsierniratAul indicatArl mi Airy-v(1 on n ntvnir.tic
stirrer for 30 minutes at rom tannerature. The floc was collected by centrifugation.
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was evaluated at two different pH values, neutral pH and pH

3.5. At neutral pH, in an average of two experiments, a

recovery of 5% was obtained (Table 14). When the pH of the

same solution was lowered to 3.5, the average recovery

increased slightly to 8%.

Ammonium sulfate is often used to precipitate

proteins out of solution. In an experiment usinga

concentration of 1 x 10 -2 M (NH 4 ) 2 SO 4 at a pH of 7.0 an

average recovery of 13% was achieved.

Reconcentration of SA11
by Organic Flocculation

Many proteins will precipitate out of solution at

pH values below their isoelectric point (pi). Table 15

shows the results of organic flocculation experiments

conducted with 10% TPB, 3% BE and a combination of both.

The data indicates a 0% recovery of SA11 when the virus was

seeded in 10% TPB alone. There was no visual floc formed

even at pH 1.0 (data not shown) when experiments were

conducted using 10% TPB. When 3% BE was used, out of two

experiments, one gave a 0% recovery and the second only 9%.

When a mixture of 10% TPB and 3% BE were used, the

efficiency of recovery was increased. In a set of five

experiments, the recoveries ranged from 7% to 24% with an

average recovery of 15% (Table 15).
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Table 15. ReccncentraticnofSA11 Rotavirusesty Organic Flocculation.a

Experiment Sispending Total Virus Total Virus FR recovered %	 Recovery
Number Medium Inp4 in Supernatant in Flpc in Floe

(x 10') (x 10P) (x 1 (")

1 10% TPBb 4.2 4 • 4 0 0

5.0 4.8 0 0

3 6.5 6.0 0 0

4 3% BEC 5.5 5.0 0 0

5 7.2 8.0 0.65 9

6 10% TPB
+

31 BE 9.5 9.0 3.5 11

7 1.4 4.0 3.1 22

8 180 120 44 24

9 36 ) 220 38 11

10 520 460 36 7.0

Average Recoveryd (SD) 15 +6.7

a Flocculaticn was accomplished by lowering the pH of the sedded medium to 3.5 using
1 N HC1. The soluticn was then stirred for 30 minutes on a magnetic stirrer ard
the floc collected by centrifugation.

TPB - Tryptcse Phosphate Broth

EE - Beef Extract

d The value stlown represents the average of the reccncentraticn experiments using
a mixture of 10% 1PB + 3% BE.
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Figure 5.	 SA11 morphology. A double
shelledparticlein aneg-
atively stained preparation
(magnification x 180,000).
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Figure 6. SA11 rotavirus morphology.
Two particles ma negatively
stainedpreparation(x 160,000).
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Electron Microscopy

Electron microscopy was performed in order to

observe the typical morphology of the SA11 rotavirus. It

was also performed in order to detect any contaminating

viruses that may have been present in the stock solutions.

As a result of the distinctive morphology and the size of

rotaviruses, it is relatively easy to detect them by this

method. In negatively stained SA11 virus preparation it was

possible to distinguish the typical morphology of the

rotaviruses. Even though the virus preparation consisted

mostly of double shelled particles, some single shelled

particles were visualized. It was also possible to observe

that the virus stock used throughout this study consisted of

monodispersed viruses (Figures 5 and 6).

Environmental Samples 

Bolivia

A conventional water treatment plant was sampled in

the city of Cochabamba during a two week period in 1983 and

during a three week period in 1984. Several samples of

untreated drinking waters were also taken from different

sites around the city. The volumes of water sampled ranged

from 1.5 liters in the case of raw intake water to 11 liters

in the case of post—filtration and finished waters. During

the first sampling trip, the bacterial analyses consisted

only of total coliforms. In the subsequent sampling trip,
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the waters were tested for both, total coliforms and fecal

streptococci. Table 16 shows the results from the first two

week sampling period. There were no coliforms detected in

the finished waters even when the volume of water sampled

for coliforms was 200 ml rather than the usual 100 ml. One

of the finished water samples contained neither total nor

residual chlorine. No enteroviruses were detected in the

finished water samples, however, two of the samples were

found to contain rotaviruses. One of the samples met all

recommended standards of potability (i.e. for coliforms and

turbidity). The second sample positive for rotavirus

contained no residual chlorine, and no total coliform

bacteria were detected. Of four samples of raw intake

water, only one was found to contain enteroviruses. This

sample contained 19 coliforms/100 ml. Another sample of raw

intake surface water was positive for rotavirus, even though

no enteroviruses were found, however, 19 coliforms/100 ml

were detected. One of the samples taken from the

sedimentation pond (this water is prechlorinated) was

positive for enteroviruses, in this case the free chlorine

level was 0.4 mg/l. Two more samples (taken at the

prefiltration and post filtration stages) were found to

contain rotaviruses.	 Of these two samples, only one

contained total col iforms (62/100 ml). 	 Neither one

contained residual chlorine.



99

Two tap water samples taken from private houses

receiving water from the water treatment plant contained

both enteroviruses and rotaviruses.	 In both cases there

were detectable chlorine levels (Table 17).	 In samples

taken from groundwater sources both, enteroviruses and rota—

viruses were detected. None of these samples receive any

treatment and thus no chlorine was detected in any of these

samples. Only two of these samples contained coliform bac-

teria. One contained 4 coliforms/250 ml and another 10/250

ml (Table 17). It is noteworthy that no coliform bacteria

were detected in either sample when 100 ml volumes were

tested.

The city where these samples were taken has a

population of approximately 300,000 inhabitants. Only a

very small portion of the population has access to sewer

lines. Most people rely on septic tanks for the disposal of

sewage.	 All domestic and industrial wastematers are

disposed of in a normally dry stream bed.	 All sewage

samples taken were positive for enteroviruses and

rotaviruses. One of the samples was taken from a sewage

contaminated stream which is used for crop irrigation. This

sample was found to be positive for enteroviruses. In all

cases of sewage and sewage—contaminated samples the levels

of coliform bacteria were extremely high (ranging from 7 x
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10 5 to 4.2 x 10 6 /100 ml). The volumes of sewage sampled

ranged from 0.1 to eight liters (Table 18).

In a subsequent trip to the same city in Bolivia,

several more samples were taken at the same water treatment

plant. Other sources, such as private wells and surface

drinking waters around the city were also sampled. Table 19

shows the results from samples taken at the water treatment

plant. Larger volumes were sampled and the bacterial load

appeared to be much greater than during the first trip. One

sample of finished water contained 4 coliforms/100 ml and 3

fecal streptococci/100 ml. The chlorine levels were very

low (0.06 mg/1), however there were no enteroviruses

detected. When comparing a prefiltration and a post

filtration samples, it was observed that the bacterial load

is reduced from 28 coliforms/1 00 ml to 5/100 ml and from 5

fecal streptococci/100 ml to 1/100 ml respectively.

However, due to the fact that only one sample was taken at

each site, it would be almost impossible to assess the

efficiency of removal of bacteria at the plant.

Raw intake water contained coliforms and fecal

streptococci concentrations ranging from 0 to 103/100 ml and

0 to 18/100 ml respectively. Again, no enteroviruses were

detected in any of the intake water samples (Table 19).

Various other sources of drinking water were also

sampled, such as tap water and several private wells as well
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as other sources of ground water.	 Table 20 shows the

microbiological data obtained from these samples. 	 All but

two of the samples were positive for total coliforms and

most of them were also positive for fecal streptococci. The

levels ranged from 0 to 175 coliforms/100 ml and from 0 to

33 fecal streptococci/100 ml. Only one of the tap water

samples contained detectable levels of chlorine and

contained no coliforms or fecal streptococci. There were no

detectable enteroviruses in any of the samples but

rotaviruses were isolated from two of them.

Colombia

Samples of various types of waters were taken

during two consecutive trips to Colombia in 1983 and 1984.

Table 21 indicates the results obtained from samples taken

at several water treatment plants in Medellin. Each of the

various stages of treatment were sampled for viruses and

bacteria. The city of Medellin has a population of over

three million inhabitants and a majority of the people

receive water from one of the plants sampled. The plants

visited appeared to be working efficiently, as indicated by

the complete removal of coliform and fecal streptococci

during the treatment process. In the Hermosa plant 300

coliforms/100 ml of water were detected in the raw intake

water. There were no detectable coliforms in the finished

water, and the finished water contained a chlorine residual
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of 1.5 mg/l. At the Ayura plant the raw intake water

contained 600 coliforms/100 ml and again no detectable

coliforms in the finished water which contained 0.6 mg/ml

residual chlorine. The Pedregal plant seemed to function

equally well in terms of removal of indicator bacteria. The

Aquantioquia plant only practiced flocculation of the raw

intake water followed by chlorination, and even though the

residual chlorine measured was 1.8 mg/ml, the water at the

distribution line still contained 130 coliform bacteria/100

ml. Even in this plant there was a significant reduction by

simply practicing flocculation as demonstrated by 3,200

coliforms/100 ml found in the raw intake water. The plant

in Santa Fe (a small town located about 150 miles away from

Medellin) was also found to be efficient in the removal of

coliform bacteria. Fecal streptococci were not as

efficiently removed as coliform bacteria as demonstrated by

the 50 fecal streptococci/100 ml present in the finished

water in the Santa Fe plant. The finished water at

Aquantioquia also contained a high level of fecal

streptococci. None of the other plants were tested for the

presence of fecal streptococci. Out of 20 samples taken,

only one was found to contain enteroviruses, at the post—

flocculation step at the Ayura plant (Table 21). Only three

of the plants met recommended turbidity standards in the

finished water. The turbidity of the finished water ranged
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from <1.0 to 7.5 Nephelometric Turbidity Units (NTU). No

rotaviruses were detected in any of the samples assayed by

immunofluorescence.

Drinking water samples were also taken around the

area of the city of Medellin. Several private houses were

sampled in the city and in small towns around the city.

Drinking water samples were also collected during a trip to

the northern coast of Colombia. Almost every town and city

from Medellin to the Santa Marta area were sampled (Table

22). Total coliform bacteria were detected in all but four

of the samples analyzed for coliform content. Only six of

the samples contained detectable levels of chlorine. Only

two tap water samples met recommended turbidity standards.

Turbidities for the samples (where it was possible to make a

determination), ranged from 0.4 to 30 NTU. Coliform levels

ranged from 0/100 ml to 2,400/100 ml. Fecal streptococci

ranged from 37/100 ml to 460/100 ml. Only one out of the 20

samples collected contained enteroviruses. This sample

contained 2,400 coliforms/100 ml and had a turbidity of 30

NTU. All the other samples were negative for enteroviruses.

Out of eight samples tested for rotavirus, three were found

to be positive.

Shown in Table 23 are the results obtained for

sewage and sewage contaminated streams during the 1983

sampling trip to Colombia. All raw sewage samples contained



0 0

a

41

+

CO	 CO	 Cs.I	 2	 cc) so	 o	 2	 Mt	 CV	 In	 0	 CV	 ON C‘j
t.:	 t.:

CC;

Oc Q o 00000 8 V:
d d	o 8 d d d o	 d d d d d d

ooO O o o o o 2 O r
	d d d	 d d d d d d

4.1

oo oo	 §	 S	 S 9 9 8 9
^

VD VD

co co co co co

cl	 (Z- S L7, JP FoN

"o



a

g

rn S 3

CO CO CO CO

*3 S P- c--



Table 23. Microbiological Analyses of Sewage and Sewage-Contaminated
Waters in Colombia (1983).

Sample
Nunber

Date Type of
Lialivle

Volume
(liters)

Total
Culifonns
(/100 ml)

Fecal
Streptuuuoci

(/100 ml)

pH of
Sapple

Enterovirus	 PFUe
(CPE)d	 /volune Suivled

36 7/27 Sewage 5.0 8 x 105 NDP 8.1 + 936

37 7/27 Sewage 3.6 1.2 x 106 ND 8.1 + 1032

48 7/29 Sewage 9.0 3.9 x 106 ND ND + ND

49 7/29 Sewage 10.5 1.0 x 106 ND ND + 582

62 8/4 Sewage-Cont.
Stream 6.0 ND ND 7.8 _ AD

63 8/4 Sewage-Cant.
Stream 7.2 ND ND 7.9 ND

79 8/11 Sewage-Cant.
River 4.0 1.1 x 107 9.0 x 107 8.3 ND

81 8/11 Sewage 2.7 1.12x 107 6.1 x 107 7.5 ND ND

a CPE - Cytppathic Effect. (-) indicates the absence of CPE.

ND - Not Determined.

PFU - Plaque Forming Units. The samples indicating ND for PFU/volume sampled

were fare to be toxic to the cells under an agar overlay.
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high concentrations of coliforms and fecal streptococci

ranging from 8 x 10 5 /100 ml to 3.9 x 10 6 /100 ml and from 6.1

x10 7 to 6.1 x 10 7 respectively. Surprisingly, there were

no viruses isolated from three sewage contaminated streams.

Several types of vegetables bought at a local

market and at a supermarket in Medellin were tested for the

presence of viruses. Leafy as well as root crops were

tested. All were found to contain high numbers of coliform

bacteria ranging from 1 x 10 3 for carrots to 2 x 10 4 for

green onions. All of the vegetables also contained high

concentrations of fecal streptococci (Table 24). No

enteroviruses could be detected on any of the vegetables.

During the 1984 sampling trip, drinking water

samples were collected from the capital city of Bogota.

Table 25 shows the results from samples collected mainly at

private houses. Out of 23 samples collected, all but two

contained either coliforms or fecal streptococci. Coliforms

and fecal streptococci numbers ranged from 1/100 ml to

>1,000/100 ml and from 1/100 ml to >1,000/100 ml

respectively. Most samples had high level of residual

chlorine and many also met recommended standards for

turbidity. No viruses were isolated, however from any of

the samples analyzed. Two drinking water samples were taken

from the coastal city of Santa Marta. Both samples

(samples #157 and #158) contained high levels of both,



Table 24. Microbiological Analyses of Vegetables (Colombia, 1983) •a

Sample Date	 Type of	 Weight	 Total	 Fecal	 Enterovirus
Number	 Vegetable of Sample Conforms Streptococci	 (CPE)b

(Kg)	 (/100 ma) c 	(/100 m • ) b

74 8/9 Green Onions 2.0 2.0 x 104 3.0 x 104	 —

75 8/9 Coriander 0.57 4.9 x 103 5.0 x 104	 _

76 8/9 Radishes 1.5 9.0 x 3.0 x	 —104

77 8/9 Carrots 3.9 1.0 x 102 1.8 x 104 	_

78 8/9 Lettuce 1.8 3.5 x 10 3 6. 4 x 102 	_

80 8/10 Lettuce 1.2 1.0 x 104 3.0 x 104	 _

a Elution was accomplished by washing the vegetables in one liter of
distilled water at pH 10.0. The pH of this water was then neutralized
and passed through (2) 1MDS filters. The filters were then eluted
with 30 mil of 10% tryptose phosphate broth, pH 10.0.

CPE — Cytopathic Effect. (-) indicates the absence of CPE.

Values indicate the number of bacteria/100 ml of distilled water (pc 10.0)
in which vegetables were washed.
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coliforms and fecal streptococci and neither sample was

found to contain enteric viruses and neither contained

residual chlorine (Table 25).

Sewage and sewage contaminated waters were analyzed

in two cities (Medellin and Bogota) in 1984. The results

are shown on Table 26. All samples contained high levels of

coliforms and fecal streptococci, ranging from 1.3 x 10 6 /100

ml to 4 x 10 7 /100 ml and from 2.7 x 10 5 /100 ml to 4.8 x

10 6 /100 ml respectively. Enteroviruses were isolated from

all samples as shown on Table 26.

Drinking water samples were collected from several

small towns in the Departamento de Cundinamarca. These towns

receive their drinking water from surface sources which may

be contaminated with animal feces or sewage from other towns

upstream of the water take. In most cases the levels of

coliform bacteria and fecal streptococci were extremely high

and only one of the sites practiced chlorination and thus

contained residual chlorine. A water treatment plant in the

town of La Salada was sampled. This treatment plant

receives its raw water from the river Bogota. Raw

industrial and domestic sewage are dumped into this river at

the capital city as well as other cities before the intake

at La Salada. Three samples were collected at this plant

from different stages of treatment. All samples (Table 27)

contained very high numbers of coliforms and fecal
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streptococci.	 Chlorination was not being practiced at the

time of sampling. Even though the finished water met

recommended turbidity standards, it contained >1,000

coliforms/100 ml. Enteroviruses were detected in all three

samples taken at this treatment plant and rotaviruses were

detected in the raw intake water and prefiltration stage

Recreational waters, such as swimming pools and

marine bathing waters were sampled in 1983 and 1984. The

microbiological results of samples taken during both trips

are shown on Table 28. Both, the marine and pool waters

contained high levels of coliforms and fecal streptococci.

No enteroviruses were isolated from any of the samples

collected. Rotaviruses were isolated from one sample of

marine (coastal bathing) water.
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DISCUSSION

Concentration of Viruses from Water 

The development of methods for the concentration of

enteric viruses from water has always been a priority for

assessing the significance of viruses in water. The

development of better filters which allow for faster, less

cumbersome and less expensive detection of viruses in

different types of waters has been one of the most important

accomplishments in this area.

The simian strain of rotavirus (SA11) has been used

by many investigators as a model for the human strain

because of the limited success encountered when attempting

to propagate human strains of rotavirus in vitro. In this

study the SA11 rotavirus was used as a model to develop a

method for the concentration and reconcentration of human

rotavirus strains from environmental waters.

In studies conducted with different types of

filters, both negatively and positively charged, it was

found that enteric viruses readily adsorb to these filters

under the appropriate conditions. Even though the viruses

adsorb to the filters, they still must to be eluted. Rota—

viruses seem to fall in a group which does not easily desorb

1_24
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from such filters, along with other members of the reovirus

group (Sobsey, et al., 1980).

Positively charged filters have the advantage over

negatively charged filters in that the water to be tested

for the presence of viruses does not need to be conditioned

prior to processing (i.e. lowering the pH of the water and

addition of polyvalent cations). This makes the positively

charged filters optimal when sampling in remote locations

(Toranzos et al., 1984).

In this study, 100% adsorption of the SA11 viruses

was observed to all the filters tested. However, the

efficiency of recovery varied not only with the filter type

but also with the type of eluent used to desorb the viruses.

Proteinaceous substances such as beef extract (BE) and

tryptose phosphate broth (TPB) have been reported to be

efficient when used for the recovery of polioviruses from

microporous filters (Smith, 1980). Gutman—Bass et al (1983)

reported a 15% efficiency of recovery of SA11 from the

positively charged filters 60S when using 3% beef extract

as an eluent followed by organic flocculation as a second

step reconcentration.

In the present study, beef extract was found to be

inferior to tryptose phosphate broth for the elution of SA11

from either the 50S or the 1MDS filters. Even though there

was one hundred percent adsorption of the virus to both
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filters, the percent recoveries with beef extract were low.

Even under different conditions of pH and BE concentration,

this eluent was not as efficient as TPB. This discrepancy

with the published results may be explained by the fact that

different batches of BE may not have the same elution

capabilities (Hurst et al., 1984). Another possibility is

that many researchers do not Freon—purify the SA11 virus

stocks. Freon monodisperses the viruses and thus the

possibility of finding aggregated viruses is less likely.

Other methods of purification do not disperse the viruses,

thus the high percent of recovery achieved in many

laboratories may be an artifact. Electron microscope

photographs in the course of this study indicated that our

preparations were monodispersed.

Several other eluents were evaluated for their

elution efficiency. Most of these eluents were chosen based

on previous studies (Farrah et al., 1981). These eluents

were very efficacious in eluting polioviruses from filters.

None of these eluents gave a high efficiency of recovery

when working with SA11 rotaviruses. The difficulty in

eluting rotaviruses from filters may be related to their low

isoelectric point, i.e. as the pH of the surrounding medium

increases, the percent of the ionized groups in the

rotaviral capsid proteins increases as well. Thus at high

pH values, the amino groups will have a neutral charge
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giving the virus a net negative charge which would give the

virus more affinity for the positively charged filter (C. P.

Gerba, Personnal Communication).

Experiments using small volumes (20 ml) of seeded

tap water were performed in order to find the optimal eluent

of adsorbed SA11. Two filters were also evaluated, the Zeta

Plus 50S and the 1MDS. Both have a net positive charge and

can thus be used at the ambient pH of most natural waters

without need for conditioning of the water to enhance virus

adsorption. It was found that at a 95% confidence limit,

the 1MDS was superior to the 50S in the recovery of rota—

viruses when using TPB as an eluent. The better efficiency

of recovery of SA11 from the 1MDS filters was demonstrated

in experiments using both, large as well as small volumes of

seeded tap water.

When a mixture of both 3% BE and 10% TPB was used

at a pH of 10.0, a 114% average efficiency of recovery was

achieved with small volumes. The better efficiency of this

mixture was also demonstrated in large volume (20 liter)

experiments. The reason for this increase in elution

efficiency may be due to the quantity and quality of

peptides present in both eluents which may act on different

sites on the filter, thus allowing for better recoveries

than if either one of the eluents was used alone. Possibly

some peptides are present in one eluent but not the other
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and vice—versa. This is in part supported by the

observation that even if higher concentration of either one

of the eluents is used alone, the efficiency of recovery is

not increased.

When eluents containing chaotropic agents were used

(these agents disrupt any existing hydrophobic

interactions), there was no increase in virus recovery when

compared to eluents without such agents. Therefore

hydrophobic interactions do not appear to play a very

important role in the adsorption of SAll viruses to the

positively charged filters.

Due to the high cost of compounds (such as BE),

used for the elution of viruses alternative eluents were

evaluated. Use of plant proteins obtained from the jojoba

bean resulted in a 36% elution of rotaviruses from 1MDS

filters in small volume experiments. The percent recovery

of the adsorbed viruses is still far below the high percent

recovery obtained with the mixture described above (i.e. TPB

+ BE). Egg proteins were also evaluated. Egg albumen at

concentrations of 3% and 0.5% were used (data not shown).

The results varied from 0% to 250%. The inconsistency in

these results was possibly due to the insolubility of the

albumen even at low concentrations of this protein.

Additional work is necessary to find less expensive

alternative eluents.
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With field studies, it is often necessary to

process large volumes (up to 1,000 liters or more) of water

through the filters. This is necessity is due to the

usually low concentrations of viruses present in natural

waters. In order to simulate volumes of water which would

normally be sampled under field conditions, experiments were

conducted in which 100 gallons of water were filtered.

Results (Tables 4, 5, 7) indicated that efficiency of

recovery was highest with 1MDS filters. For this reason

these filters were used in all subsequent experiments. A

mixture of 3% BE and 10% TPB, adjusted to pH 10.0 was used

as the eluent. The average percent recovery of SA11 from

these volumes was 17.5% and 59% (Tables 9, 10) . A decrease

in efficiency of recovery is usually observed with an

increase in sample size. This may be due to many

uncontrolled variables, such as accumulation of particulate

matter such as humic acid (Sobsey et al., 1985) and greater

flow rates because mechanical pumps are not used in small

volume experiments. This and the surface area of the filter

may possibly influence the initial adsorption of the virus

to the filter media. In one instance in this study however,

the percent recovery of SA11 from 378 liters was higher than

the recovery from 20 liter volumes (Table 10)
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Plating Efficiency 

Replication of rotaviruses in vitro is dependent on

the presence of trypsin in the media. The mode of action of

trypsin is not completely understood. It has been suggested

in the case of reovirus that trypsin in the media

facilitates cell to cell transmission of virus progeny

(Wallis et al., 1960). It has been shown that trypsin

activates the viral RNA—dependent—RNA—polymerase (RdRP) in

reoviruses (Randall Pritchet, Personnal Communication).

However, since trypsin is a proteolytic enzyme, it is

entirely possible that the presence of a high concentration

of protein in the media may interfere with the action of

trypsin and consequently with the replication of

rotaviruses. Plating efficiency experiments were conducted

with rotaviruses seeded into the different proteinaceous

solutions used as eluents. The titers in the seeded

solutions were then compared to that obtained with seeded

tap water. There was no apparent difference between the

titers, which indicated that the protein present in the

solutions did not interfere with the action of trypsin.

This may be explained by the fact that trypsin is a member

of the serine protease group and the solutions used as

eluents may not contain a high concentration of serine

(Lehninger, 1975).
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Reconcentration of SA11

When sampling large volumes of natural waters

clogging of the filters is a commonly encountered problem.

To circumvent this, pleated cartridge filters are used.

Faster flow rates are attained and clogging problems are

diminished due to the larger surface area of the filter. To

elute the viruses adsorbed to these filters usually a one

liter volume of eluent is used. Direct assay of one liter

volumes in cell cultures is precluded due to high cost and

effort involved. Volumes can be reduced by a second step

concentration procedure.	 The addition of inorganic

flocculating agents such as AlC1 3 (Farrah et al., 1978) and

FeCl 3 (Payment et al., 1976) has been used with relative

success to concentrate polioviruses from such eluents.

Large flocs are formed by these flocculants at neutral pH

✓alues. Payment et al (1976) and Farrah et al (1978) were

able to recover 40% of seeded polio viruses by using these

flocculants at neutral pH values.	 In all cases at neutral

pH using either flocculant, the floc formed could not be

completely resuspended. The low recoveries may be explained

by the possible entrapment of the virus particles in the

floc.

In experiments with SAll rotaviruses most of the

rotavirus could be accounted for in the supernatant, however

✓esults were inconsistent.	 This may be due to the
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inefficient adsorption of SA11 to the floc.	 Overall, when

flocculation experiments were carried out at different pH

values, the recoveries were low. Farrah et al (1978)

postulated that rotaviruses do not readily adsorb to

biological flocs possibly as a result of their isoelectric

point. The results of this study indicate that

reconcentration of rotaviruses using inorganic flocculants

is not very efficient as a second step reconcentration

method (Tables 12, 13).

Organic flocculation with BE and TPB was

accomplished by lowering the pH of the rotavirus-seeded

eluents to 3.5. The average recovery of seeded SA11 virus

was 15% when a mixture of 3% BE and 10% TPB was used. In

contrast, Guttman-Bass et al (1984) reported reconcentration

efficiencies of recovery of SA11 ranging from 47% to 69%

with 3% BE. A possible explanation for these differences

may be the inconsistent floc formation by different beef

extract batches received from the manufacturer (Payment et

al., 1984; Hurst et al., 1984). In addition, Guttman-Bass

et al (1984) did not use monodispersed virus and the

efficiency of recovery may have been overestimated due to

the breakup of aggregates during reconcentration.

Environmental Samples 

Bolivia

The water treatment plant sampled in the city of
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Cochabamba suffered from very serious operating problems

such as inconsistent chlorination and only partial treatment of

one of the raw water sources.	 In spite of these problems,

the plant was able to produce finished waters free of coli-

form bacteria.	 No enteroviruses were detected in the

finished water samples, however, two of the samples

contained rotaviruses. Of 26 samples taken at the plant

from different stages of treatment, two contained

enteroviruses. Only one raw water sample of twelve was

found to contain rotaviruses.

The water treatment plant receives two sources of

raw water. One of the sources comes from wells located in

an area where there is extensive use of septic tanks. This

water is prechlorinated and sedimented but not flocculated

or filtered prior to final chlorination before distribution

The other source comes from a lake. This lake is located in

an isolated area where there is very little chance of human

fecal contamination of the waters. This raw water goes

through all the conventional stages of treatment. The two

sources of water are then mixed in a contact chamber before

distribution. This practice seems to increase the chances

of contamination of the treated surface water, since it is

then mixed with unproperly treated water prior to its

distribution to the public. It was not unexpected to

isolate viruses from the water due to these problems. In



fact it is surprising not to find more samples positive for

viruses, but this may be because the water sources may not

be contaminated extensively by human fecal sources.

Only about two—thirds of the population has access

to treated water. The other third of the population relies

on private wells or groundwater which is distributed by

tanker trucks. In all samples taken from these sources,

entero— and rotaviruses were detected. Only two of the

samples contained coliform bacteria. Two others had no

detectable levels of coliforms but were positive for enteric

viruses. The presence of viruses is possibly due to the

usage of septic tanks around the wells from which the water

is obtained. The absence of coliforms may be explained by

the type of terrain where the wells are located, which seems

to be high in clay, thus viruses may be able to travel

farther than bacteria in this type of soil.

During a second sampling trip to the same plant a

year later, none of the samples were positive for

enteroviruses. Even though the conditions at the plant had

somehow improved, with the ground water source now going

through a complete treatment, coliforms and fecal

streptococci were nevertheless detected in one finished

water sample.
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Colombia

All water treatment plants which practice complete

(classical) treatment efficiently removed coliform bacteria

and only one of the finished water samples contained

enteroviruses. Most plants were found to produce finished

water containing high levels of residual chlorine.

It is of interest however that most water samples

obtained from private houses which receive water from the

plants around the city were found to contain high levels of

coliforms even in the presence of high levels of residual

chlorine. This phenomenon may be due to the fact that most

studies on coliforms as indicators of possible fecal

contamination of waters have been conducted in temperate

climates. Few studies have been conducted on the occurrence

of coliforms in sources such as vegetation and their

possible role as a source of contamination of drinking

water, this problem may be serious in tropical regions

where the vegetation is dense and the water comes from

surface sources. The fact that high levels of coliforms

could still be detected in the presence of high levels of

chlorine and in the absence of viruses may be due to

naturally occurring chlorine resistant coliform populations

in water pipes. This hypothesis may be reinforced by the

fact that in samples taken from rural Colombia, where the

chance of human and even animal fecal contamination is
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almost nil. Yet large numbers of coliforms were found even

in samples taken from streams located one or two miles

upstream from the nearest home inside the jungle.

Vegetables

No viruses were isolated from any of the vegetables

tested. The high concentrations of coliform bacteria and

streptococci are to be expected, since they are part of the

normal flora. Even if there were no viruses isolated from

these vegetables, it does not mean they are absent, since it

is common practice to use sewage contaminated waters to

irrigate crops. Possibly the method used in this study was

inefficient for the recovery of any viruses present.

Another possibility for the absence of viruses could have

been the small quantity of each vegetable sampled, i.e. the

amounts were not necessarily representative samples.

Recreational waters

It is surprising that only one recreational water

sample was positive for rotaviruses considering the high

levels of coliforms and fecal streptococci enumerated. Pool

waters are known to contain viruses if proper chlorine

levels are not maintained due to the large number of people

usually present. It is especially surprising not to have

isolated any enteroviruses during the 1984 trip, since there

was a large vaccination campaign against poliovirus going on
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at the same time in the whole country. Absence of

polioviruses in these waters may be explained by the fact

that it takes some time before a vaccinated person starts

excreting the virus. Since water sampling was at the same

time as the vaccination campaign, it may have been too soon

to recover polioviruses. Another possibility is that sample

volumes were not large enough for the detection of viruses.

The sample positive for rotavirus was taken at a bathing

beach at which there were approximately one thousand people

(including a large number of children) swimming at the time

of sampling.

Sewage and Sewage-Contaminated Waters

As expected, all sewage samples were positive for

enteroviruses. During the 1984 trip, all sewage

contaminated streams and rivers were also found to contain

enteroviruses. It should be kept in mind that most of this

water is used by other populations downstream in many

instances as the sole source of water for all uses,

including drinking. Such is the case of the town of La

Salada, which receives water from the Bogota river. In this

case viruses were isolated after all stages of treatment.

Other towns use these waters for drinking as well as

irrigating crops without any type of treatment.

The concentrations of enteric viruses isolated

from sewage and sewage-contaminated waters ranged from 6
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plaque forming units/liter (enteric viruses) to 250

fluorescent foci (rotaviruses) /liter in Bolivia. The

concentrations found in Colombia ranged from 10 plaque

forming units/liter to 2214/1iter for enteroviruses and from

0 to 125 fluorescent foci/liter rotaviruses. These

concentrations are within the ranges for those reported in

the literature on the occurrence of viruses in sewage in

other parts of the world (Rao et al., 1972; Wallis et al.,

1969; Grinstein et al., 1970; Katzenelson and Kedmi, 1979).

Until this study, there were no reports on the

occurrence of enteric viruses in water and sewage in

Colombia or Bolivia. More information is needed in order to

evaluate whether existing sources of drinking water should

be more closely monitored for contamination from fecal

sources. Water may be one of the most important vectors in

the transmission of gastroenteritis in human populations.

This can only be tested by continued field studies such as

the one undertaken here. Indeed the results of this study

demonstrated that there exists a great need for continued

sampling in these areas.

The method developed in this study for the

concentration of viruses from tap water was demonstrated to

be useful under field conditions and to allow for the

sampling in remote areas not readily accesible if using more

bulky equipment. It is also simple to use and could be used
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by anyone with a little training. Enteroviruses as well as

rotaviruses were isolated from natural waters with the

system.

Finally, the method could be useful for virus

monitoring in developing countries. Even though most of

these countries do not have the laboratory facilities to

assay samples for the presence of viruses, the samples could

be taken by laboratory personnel and sent frozen to a

country with the appropriate facilities.



CONCLUSIONS

1. A simple microporous filter method for the concentration

of rotaviruses from water was developed. Using the

positively charged 1MDS filter, and a mixture of 10%

tryptose phosphate broth + 3% beef extract at a pH of

10.0 as the eluent, an average recovery of 31% was

achieved from 378 liters of tap water seeded with SA11

rotaviruses.

2. Enteroviruses and rotaviruses were isolated from

treated and untreated drinking water as well as ground

water in Bolivia.	 Rotaviruses were also isolated from

a sample meeting recommended standards for turbidity,

chlorine and coliform bacteria content.

3. Enteroviruses were detected in treated and untreated

drinking water in Colombia.

4. Rotaviruses were isolated from one sample of marine

bathing waters in Colombia.

5.	 Enteric viruses were isolated from all sewage

samples collected in both Bolivia and Colombia.

Most of thesewagecontaminated waters also contained

140
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viruses. The concentrations of viruses per liter of raw

sewage were found to be similar to those in other

partsof the world.

6. A portable system for the concentration of viruses from

waters was developed.
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