
Isolation and identification of enteroviruses
from Tucson's Sewage Treatment Plant

Item Type text; Thesis-Reproduction (electronic)

Authors Shriver, Patricia, 1938-

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 26/05/2023 10:48:22

Link to Item http://hdl.handle.net/10150/551922

http://hdl.handle.net/10150/551922


ISOLATION AND IDENTIFICATION OF ENTEROVIRUSES FROM

TUCSON'S SEWAGE TREATMENT PLANT

by

Patricia Shriver

A Thesis Submitted to the Faculty of the

DEPARTMENT OF MICROBIOLOGY AND MEDICAL TECHNOLOGY

In Partial Fulfillment of the Requirements 
For the Degree of

MASTER OF SCIENCE

In the Graduate College

THE UNIVERSITY OF ARIZONA

1 9  6 7



STATEMENT BY AUTHOR

This thesis has been submitted in partial fulfillment of 
requirements for an advanced degree at The University of Arizona 
and is deposited in the University Library to be made available 
to borrowers under rules of the library.

Brief quotations from this thesis are allowable without 
special permission, provided that accurate acknowledgment of source 
is made. Requests for permission for extended quotation from or 
reproduction of this manuscript in whole or in part may be granted by 
the head of the major department or the Dean of the Graduate College 
when in his judgment the proposed use of the material is in the 
interest of scholarship. In all other instances, however, permis
sion must be obtained from the author.

SIGNED: (PoIucml Jjhjuh,

APPROVAL BY THESIS DIRECTOR

This thesis has been approved on the date shown below:

A /
DR. PETER P. LUDOVICI 

Associate Professor of Microbiology
Date



ACKNOWLEDGMENTS

The author wishes to express her sincere appreciation and 

thanks to her major advisor and director of research, Dr. Peter P. 

Ludovici for his helpful direction and continued interest and dis

cernment .

Appreciation is also expressed to Alexandra S. Hodge and 

Marian Moore for their technical assistance and academic opinions.

The author wishes to express deep appreciation for the 

encouragement and the opportunity to pursue this endeavor so 

graciously provided by Dr. Kenneth Wertman.



TABLE OF CONTENTS

LIST OF TABLES . . . .  . . . . . . . . . . . . . .  . . . . . . .  v

LIST OF ILLUSTRATIONS . . . . . . . . .  ........  . . . . . . .  vi

ABSTRACT . . . . • • . . . . . . .  . . . . . . . . .  . . . . .  vii

INTRODUCTION, . . . . . . . . .  . . . . . . .  . . . .  . . ’. . . . . .  1

History and Characterization of Enteroviruses . . . .  . . . 1
History of Sample Processing Methods for the

Detection of Enteroviruses in Sewage . . .  .... . . . 10
Effectiveness of Sewage Treatment on Enterovirus..........

R e m o v a l ................   14
Susceptibility of Various Tissue Cultures to............

Enteroviruses ....................................... 19
Tucson's Sewage Treatment Facilities ....................  22

STATEMENT OF PROBLEM ...........................................  27

MATERIALS AND M E T H O D S ....................................   28

Glassware and Reagents ................................... 28
Sample Processing Procedure ......................  . . . .  29
Tissue Culture Types ..................................... 33
Virus Identification..............    35

R E S U L T S .................................................  38

DISCUSSION.....................................................  47

SELECTED BIBLIOGRAPHY..............   56

Page

iv



LIST OF TABLES -

1.. Effectiveness of the Tertiary Pilot Filter in Remov
ing Enteroviruses . ....... . . . . •• . ..... . . •. 39

2. Effect of Pad Immersion Time on the Detection of - • . •
Virus  ...............................................  40

3. Effectiveness of Cell Type in Detection of PFI Viruses . . 42

4. Effectiveness of Cell Type in Detection of PFE Viruses . . 43

5. Relative Proportion of Total Virus Types Isolated in
the Fall of 1966    45

6. Seasonal Distribution of Viruses Detected ...............  46

Table Page

v,



LIST OF ILLUSTRATIONS

1. Schematic Representation of Tucson Sewage Treatment
Plant Facilities.............. ...................... 25

2. Sample Processing Procedure.......... .............. .. . 31

3. Enterovirus Identification P r o c e s s .......... .. . . . . 36

Figure Page

vi



ABSTRACT

< Studies were undertaken to determine the effectiveness of a 

tertiary treatment, pilot filter, constructed at the Tucson Sewage 

Treatment Plant, in the removal of enteroviruses from reclaimed water. 

Samples were collected from both the influent and the effluent by a 

modified gauze pad method. The samples were processed by a centrifu

gation procedure with the final ultracentrifugation process effecting 

a ten fold concentration of viral agents present in the sample.

Human amnion and monkey kidney cell cultures were used to 

detect the presence of viruses. The viruses detected were identified 

by neutralization procedures, using HEp-2 cells as a selective medium, 

and intersecting antiserum pools, to shorten the lengthy procedure.

The filter was effective in decreasing the frequency of virus 

isolation from 84% to 40%. The viruses isolated consisted of the 

three types of polio, and seven types of echo. The filter appeared to 

remove all the polio and most types of the echo. However, echo 20 was 

found with a frequency of 40% in the effluent. The human amnion cells 

appeared to be selectively sensitive to the echoviruses, although 

they were capable of detecting poliovirus. The monkey kidney cells 

appeared to be selectively sensitive to the polioviruses, and were 

capable of detecting some of the echoviruses, but not echo 20, which 

by nature of its presence in the effluent, was the most important.



INTRODUCTION

History and Characterization 
of Enteroviruses

The enteroviruses (Hsiung and Henderson 1965) include the 

three types of polioviruses, 24 types of coxsackie A and six types 

of coxsackie B viruses, and some 32 types of echoviruses. They are 

commonly referred to as "enteroviruses" because the human alimentary 

tract is their natural habitat. They can readily be recovered from 

stools and throats of apparently healthy persons as well as from 

patients with a variety of disease symptoms.

Experimentally they appear to grow best in primate cells. 

Polioviruses induce paralysis in monkeys and certain strains of type 

2 do so in mice. Also the polioviruses are capable characteristic

ally of producing cytopathogenic effects in monkey kidney and certain 

human tissue culture cells. The coxsackieviruses are highly pathogenic 

for suckling mice, most of group A being pathogenic only for suckling 

mice, while group B additionally causes cytopathogenic effect in monkey 

kidney and certain human tissue cell cultures. The echo group rarely 

induces disease in experimental animals, but with certain exceptions 

readily produces pathogenicity in monkey kidney cells.

Polioviruses. By 1931 it was recognized that the disease 

poliomyelitis was caused by a virus and Sabin had perfected a method 

for preparing a quantity of sufficiently purified and concentrated
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poliovirus to begin a study of its chemical and immunological nature 

(Sabin 1931). Harmon (1937) isolated the virus from rectal washings, 

thus pointing to the gastro-intestinal tract as the portal of entry of 

the virus. Poliomyelitis had to that point been considered strictly a 

disease of the nasopharyngeal region. Trask et al. (1938) published 

supporting evidence for the gastro-intestinal tract as the site of 

infection by isolating the virus three times from the stools of a 

patient. This suggested that during epidemics such common, mild, and 

often unrecognized forms of the disease might be responsible for a 

high degree of pollution of sewage with poliovirus. By 1939 it was 

increasingly apparent that poliovirus could be readily isolated from 

the stools of human patients during acute and convalescent stages of 

this disease, indicating the opportunity for this virus to enter the 

local sewage system. However, the virus had never been demonstrated in 

sewage and there was no information as to the possible amounts which 

might be there or the length of time which it might survive in such a 

medium. In a city where the disease was of epidemic proportions, Paul, 

Trask, and Culatta (1939) demonstrated that eight liter samples of 

sewage, properly sedimented, etherized, and inoculated into monkeys, 

produced the disease experimentally.

By 1941 (Sabin and Ward) it was well accepted that the 

alimentary tract was not only the probable area of invasion, but also 

the chief site from which the virus was eliminated. The fact that 

it was present in sewage during epidemics and throughout the year in 

lesser amounts had been confirmed a number of times by Paul and Trask
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(1941, 1942). At this time, thoughts began to turn to a method of 

control. It had been suggested that the principles of control might 

eventually turn out to be somewhat similar to those which had been 
employed with success in typhoid fever or dysentery. Studies which 

were carried out by Paul and Trask (1942) to determine the resistance 

of the virus showed that it was quite stable. It survived in 15% 

ether and in low dilutions of phenol. It could be kept in a stool 

specimen refrigerated for months. In sterile water maintained in 

the light at room temperature, the virus retained activity for 31 

days and in the dark for 114 days; in milk 28 days at room temperature, 

and 180 days when refrigerated. It was killed by temperatures of 

45-50C for 30 minutes and also by ultra-violet light for as short a 

time as five seconds. Its resistance to chlorine was not determined.

Coxsackieviruses. The discovery of coxsackie viruses was 

made when Dalldorf and Sickles (1948), in a study of a polio epidemic 

in upstate Coxsackie, New York, isolated an agent from fecal specimens 

of two children during the acute disease phase which would not infect 

Rhesus monkeys but induced paralysis in suckling mice and hamsters.

An additional unusual feature was that the paralysis was associated 

with destructive lesions of the skeletal muscles of the mice, leaving 

the central nervous system unaffected. Convalescent serum of patients 

was shown to have a neutralizing effect on the virus. The failure of 

the agent to propagate except in suckling mice or hamsters and neutra

lization tests differentiated it from the Theiler viruses, MM viruses, 

the virus of encephalomyocarditis and the Lansing-like mouse adapted
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poliovirus. The repeated recovery of the agent from fecal specimens 

and the immunological response of such patients suggested that the agent 
was capable of infecting man.

Robinson (1950) studied the effect of heat and pH on three 

strains of coxsackie A and two strains of coxsackie B viruses. He 

found that the thermal susceptibility of the five strains coxsackie 

was nearly the same and in the same range as polio and mouse 

encephylomyelitis, being rendered uninfective for suckling mice after 

30 minutes at temperatures between 53C and 55C. Coxsackieviruses 

also resembled polio in their ability to withstand exposure to a wide 

range of pH. All strains survived at room temperature for one day in 

suspensions at pH 2.3 to pH 9.4 and for seven days at pH 4.0 to pH 8.0.

Huebner et al. (1950) isolated coxsackie group A type 2 from 

the stools of eight persons during an outbreak of acute febrile ill

ness of short duration which occurred in five nearly adjacent house

holds in the late summer. Neutralizing antibodies against this virus 

were demonstrated in the serum of 78% of the 100 persons in the 

community. Three additional immunological types of coxsackievirus, 

two in the community and one in a nearby area were also isolated 

during the survey. It was pointed out that not a single case of 

poliomyelitis or meningitis was diagnosed in this small community 

throughout the summer and fall. The possible causal relationship 

between infection with these agents and the various illnesses previously 

associated with them was not well established.
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Dalldorf (1953), in characterizing coxsackie viruses, 

described them as "viruses which are selectively pathogenic for 

immature mice and hamsters, inducing in them necrosis of the skeletal 

muscles with or without lesions of the brain and fat tissue." These 

viruses had been found to be indefinitely stable at -60C and in 50% 

glycerol at 4C. They were ether resistant. They remained active for 

seven days at room temperature at pH 4.0 to pH 8.0 and for 30 minutes 

at 49C when suspended in physiological salt solutions containing:10% . 

beef infusion broth. ^ :

- Kelly (1953) examined sewage for the coxsackievirus content 

in relationship to source, seasonal fluctuation, survival during 

sewage treatment, and storage behavior. In the sampling of nine 

sewage plants, seven yielded viruses at one time or another, with 

seasonal incidence appearing to occur July through November, and 

being heaviest August to early September. Storage of the specimens 

at -56C did not reduce the infectivity of the sample for at least five 

months. The ease and frequency with which coxsackieviruses had been 

isolated from feces of patients and apparently healthy individuals 

and from urban sewage, suggested sewage contaminated water as a 

vehicle in transmission of the virus. Clarke and Kabler (1954) 

demonstrated that coxsackievirus inactivation by chlorine in water 

was dependent on temperature, hydrogen ion concentration, and chlorine 

concentration. More free chlorine was required to achieve comparative 

kills of coxsackievirus than Escherichia coli.



Melnick (1954) conducted studies comparing grab sample and 

gauze pad technics as well as precipitation and centrifugation methods 

for concentrating and detecting coxsackieviruses in sewage. A four 

year study on the seasonal distribution (Melnick et al. 1954) revealed 

that the virus existed in some of the specimens collected in the 

summer and fall. It disappeared for the most part during the winter 

and spring. Results indicated that the long persistence of virus for 

several months in a residential area or its reappearance after a short 

period may be due to the serial dissemination of new types rather than 

to recurring waves of infection by the original strain. The virus was 

found in both the influent and the effluent of sewage disposal plants 

and on some occasions had not survived in detectable amounts the trip 

to the plant, for it was recovered from several residential areas when 

the respective plant was negative.

Clarke, Stevenson, and Kabler (1956), in studying the survival 

of coxsackievirus in the natural, polluted, and sterile waters 

reported data which indicated that the rate of inactivation of coxsackie

viruses in these waters was characteristically affected by temperature. 

Most rapid inactivation in raw river water suggested that the length of 

time which coxsackievirus survived in river water was related to the 

degree of pollution. These data suggested that a protective effect of 

organic material plus additional factors were operable in virus inacti

vation or survival. A water that was relatively free from micro

organisms and nutritive material permitted a longer survival.

6
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Chang et al. (1958b), in studying removal of coxsackie and • 

bacterial viruses in water of known chemical nature by flocculation 

with alum sulfate or ferric chloride, .concluded that at 25C and a pH 

of 6.2, removal increased in a logrithmic linear relationship with 

increase in alum dosage. By 1959 (Sickles, Mutterer, and Plager) 

there existed 19 well established serotypes of coxsackie A.virus.

Five new serotypes were isolated and given numbers up to type 24;

Three of these, A20, A21, and A23 were found to be infective for 

tissue culture cells, HeLa, monkey kidney and human amnion types.

Echoviruses. By 1954 the use of monkey kidney tissue cultures 

in the study of the many viruses which were present in the alimentary 

tract and were known to be responsible for specific diseases revealed 

the existence of a whole new group of viruses. These had been found 

not only in routine tests on stools of patients with suspected 

poliomyelitis, but also in large numbers among healthy children.

Ramos-Alverez and Sabin (1954) reported that of the viral agents, 

recovered by means of monkey kidney tissue culture from rectal swabs 

of healthy children of lower socio-economic groups in this country 

and Mexico, one third was poliovirus, and most of the remaining two 

thirds proved to be echoviruses, later typed as seven and 11. y;

Due to the recovery of the large numbers of new cytopatho- 

genic viruses from the human intestinal tract, in 1955 the Committee on 

ECHO viruses (1955) was formed and a cooperative effort was undertaken 

to determine the significance of these agents. The viruses were 

obtained from patients with aseptic meningitis syndrome, often diagnosed
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as non-paralytic polio, as well as from healthy children in different 

parts of the world. Preliminary studies of these viruses indicated 

that multiple antigenic types existed. Individual prototype strains 

and sera were exchanged among members of the committee for performance 

of cross neutralization tests. A uniform technique was adopted for 

these tests, employing for the inoculum of each tissue culture a 

mixture containing 100 TCID^q of virus and an equal amount of antiserum 

containing 20 units of antibody against its homologous virus. The 

cooperative study resulted in the differentiation of 13 antigenically 

distinct viruses. These were classified as "enteric cytopathogenic 

human orphan" (echo) group.

Ormsbee and Melnick (1957), in studying the biological and 

serological characteristics of echoviruses, isolated from people in 

West Virginia some 30 echoviruses of which 20 were typable as echo 

3, 6, 7, 8, 11, 14, and 15. They emphasized the marked difference in 

the ability of some strains to grow in monkey kidney, HeLa, and Maben 

cell tissue cultures. It was noted that those echoviruses which 

produced cytopathogenicity slowly and yielded only low virus titers 

were only weakly neutralized by sera from their human donors.

By 1961 (Kamitsuka, Soergel, and Wenner 1961) 28 serotypes of 

echo had been recovered from the alimentary tracts and in some cases 

from the throats of human beings. Many had been associated with out

breaks of benign aseptic meningitis (echo 4, 6, 9, 14, 16, 19, 25), 

exanthemata (16, 18, and possibly 2, 4, 6, 7, 8, 11, 12, 14, and 19), 

and upper respiratory infections (echo 10, 11, 20, 25, and 28).
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Isolated instances of more serious involvement of the central nervous 

system have been reported for echo types 2, 9, 11, 18, and of less 

serious involvement for types 2, 3, 5, and 7. Only a few of these 

viruses had not been associated with human illnesses at that time.

Although echoviruses had been found only associated with and 

not causative of specific diseases, a number of them had been detected 

in sewage. Kelly (1959) reported that of 90% positive raw sewage 

samples, coxsackie B and echo 12 were the most common isolates during 

June and July, and in the fall other echoviruses were isolated. Bloom 

et al. (1959), in studying the enteroviruses in sewage, found out of 

150 isolates, 31 echoviruses, which consisted of types 1 or 13, 3, 6, 

7, 8, 9, and 14. Gravelle and Chin (1961), using monkey kidney cells 

for isolation of enteroviruses from sewage, found echo 7 along with 

polio 1 and 2 and coxsackie B2. Kelly and Sanderson (1962), using 

human amnion and monkey kidney cells, found echo types 3, 6, 9, 11, 

and 12 in sewage. Lamb (1964) detected echo 7 along with reovirus 1 

(echo 10) as the most prevalent virus in sewage during October. By 

1965 (Blanche) the number of serotypes of echovirus had increased to 

32.

A question of great importance still to be answered was the 

significance of finding echoviruses in the sewage. Lund (1966) in 

a comparison between virus isolations from sewage and from fecal 

specimens from patients, using the Albertsson two-phase system of 

,aqueous polymers, found that in spite of an accumulation of cases of 

echovirus 9 aseptic meningitis infections, only a single isolation of
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echo 9 was made from sewage. On the other hand, coxsackie B viruses 

were abundantly found in the sewage in the autumn, while the same type 

of viruses were also isolated from clinical cases of aseptic meningitis.

History of Sample Processing 
Methods for the Detection of 
Enteroviruses in Sewage

The amounts and kinds of viruses detected in sewage samples 

naturally depend in part on the procedure used to isolate the virus.

One of the earliest methods was that used by Card (1940) for detecting 

the presence of poliovirus in stools and sewage. He added egg white 

as a heavy protein and ammonium sulfate to etherized specimens which 

had been kept in the ice box overnight. The resultant precipitate was 

centrifuged, dialyzed, resuspended, and inoculated intraperitioneally 

into Rhesus monkeys. There appeared to be no loss of viral activity 

and the inoculum was relatively non-toxic for the monkeys. Melnick 

(1943), by means of differential ultracentrifugation obtained a 

purified concentrated macromolecular fraction from human, monkeys and 

chimpanzee stools which upon intracerebral inoculation into monkeys 

produced poliomyelitis.

Moore, Perry, and Charol (1952) initiated the use of a gauze 

swab made from strips of gauze four feet and six inches wide, folded 

into a compact pad and trailed in the flowing sewage at the end of a 

length of stout twine. The swab constituted an effective trap for 

enteric bacterial organisms. Kelly (1953), in studying the detection 

and occurrence of coxsackievirus in sewage, initiated the use of ion 

exchange resins. The coxsackieviruses were concentrated by adsorption
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to the resins and subsequently eluted. The final procedure was a 

combination of sample collection by Moore's gauze pad, concentration 

of virus with the ion exchange resins, and inoculation of the virus 

into suckling mice for the detection of coxsackie species.

Melnick (1954), in studying coxsackieviruses in sewage, pre

sented techniques for isolation of these viruses, and a comparative 

evaluation of the gauze pad versus the "grab sample." The method 

finally adopted as a routine procedure consisted of a concentration 

by ammonium sulfate followed by ultracentrifugation. In comparing the 

gauze pad method of collection to the "grab sample," he found that 

the gauze pad method was twice as effective. The fact that three and 

seven day gauze pad samples were seemingly equally representative made 

possible an ealstic schedule of collection.

By 1957, Kelly, Winsser, and Winkelstein were also detecting 

polio and coxsackieviruses in sewage by suspending cheese cloth swabs 

in flowing sewage for two days. The expressed liquid from such pads 

was passed through ion exchange resins for concentration of virus by 

adsorption. Viral material was then eluted, treated with antibiotics, 

and stored in a dry ice chest at -45C until tested. Etherization and 

centrifugation of the thawed material before inoculation into HeLa and 

monkey kidney cells and newborn mice were helpful in reducing toxicity 

as well as further concentrating the virus. She emphasized that the 

choice of the proper host is a critical factor in the isolation and 

identification of enteroviruses. This fact is further emphasized by the

lack of isolation of echoviruses.
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Due to Melnick's findings. Mack, Mallmann, and Bloom (1958), 

Bloom et al. (1959), Gravelle and Chin (1961), and Lamb (1964), all 

followed various modifications of this method of collection by the 

suspended gauze swab and the concentration of the enteroviruses from 

the sewage by centrifugation processes. The use of ammonium sulfate 

precipitation was replaced by the use of gelatin after the method of 

Baron (1957), and the use of ether for killing bacterial organisms 

was replaced by the use of antibiotics in high concentrations in the 

suspension medium with overnight storage at 4C. It was established 

that by adjustment of the gauze pad fluid to pH 8.0 by IN NaOH the 

viruses could be readily eluted from the gauze pad in the expressed 

fluid.

England (1965) also used a modified gauze pad-ultra centrifu

gation method. One per cent phenol red was added to the specimen and 

the pH was then adjusted to 8.0 with 0.1N NaOH. To 50 ml of the 

expressed fluid was added 1.25 ml of inactivated normal chicken serum 

to effect a concentration of 2.5%. This was followed by centrifuga

tion at 6,000 RPM for 30 minutes, and decanting the supernatant fluid 

into a bottle containing sterile gelatin to effect a concentration of 

0.06%. This was centrifuged in a Spinco model L at 50,000 RPM for two 

hours, to effect a theoretical ten-fold concentration of the virus by 

resuspending the pellet from a 10 ml volume in 1 ml of tissue culture 

media containing five times the normal concentration of antibiotics. 

This was then frozen at -65C until inoculated into human amnion and



African green monkey kidney tissue cells. A modification of this 

procedure was used in the present study.

Lund and Hedstrora (1966) introduced the Albertsson two phase 

system of aqueous polymers for concentration of virus from sewage.

Using sewage water seeded with known concentrations of virus, this 

concentration procedure proved as efficient in a simple one-step pro

cedure as a combined ammonium sulfate-ultracentrifugation procedure. 

This method because of its simplicity was employed and compared with 

that of Melnick (1954) for the use of treatment of sewage samples.

Dip samples and swab samples were taken during a 19 month period from 

raw sewage and other points. Comparison between ammonium sulfate 

precipitation and ultracentrifugation showed a one log increase was 

obtained by precipitation and an additional log by centrifugation.

With the corresponding concentration experiment employing the 

Albertsson two phase system using polyethylene glycol and dextran 

sulfate, a two log increase in virus concentration was obtained in 

one step. Thus from the point of view of concentration, the two 

phase system was not inferior to the much more complex precipitation- 

ultracentrifugation method. Additionally, the Albertsson method 

requires little in the way of equipment and it seems possible to 

carry out the concentration at the sewage plant and avoid bulky 

transport.

Wallis and Melnick (1966), in studying the techniques for the 

concentration and detection of subinfectious quantities of viruses in 

large volumes of diluent, using representatives of eight major groups.

13
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established conditions for adsorption and concentration of the viruses 

on aluminum phosphate or alum hydroxide precipitate. They found that 

precipitates could be trapped on large porosity Millipore membranes, 

and then the viruses recovered by suspending the precipitate in small 

amounts of diluent. By this method, 100 PFU of virus may be suspended 

in as large a volume as 80 liters.

Effectiveness of Sewage Treatment 
on Enterovirus Removal

It is well established that enteroviruses can be found in 

sewage. Many studies concerning the effectiveness of sewage plant 

treatment on the removal or destruction of enteroviruses from sewage 

have been conducted, and yet it is apparent that there are still wide 

areas of ignorance in this field. Carlson, Ridenour and McKann (1943) 

investigated the effect of the activated sludge process of sewage 

treatment on poliovirus. Using a laboratory model of the activated 

sludge process as used in municipal sewage disposal plants, they found 

that activated sludge in amounts as low as 1,000 ppm would remove or 

inactivate a mouse adapted strain of poliovirus seeded into the 

system to a degree which greatly reduced its infectivity for mice 

injected intracerebrally. The mechanisms of removal or destruction 

of poliovirus in the activated sludge process were not clear.

Kelly, Winsser, and Wiakelstein (1957) reported isolations of 

enteroviruses from effluents and outfall points of primary treatment 

plants as well as the filter effluent and outfall points of secondary 

streams several feet from the chlorinated effluent of a secondary 

treatment plant. Tests by Mack, Mallmann, and Bloom (1958) on
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non-chlorinated effluent from a residential area sewage plant showed 

that some virus was not removed by the activated sludge type treatment. 

Although only a limited number of tests was done on the non-chlorinated 

final effluent, it was evident that not all of the pathogens were 

removed by the treatment process. Because the raw sludge samples 

consistently were shown to contain virus more frequently, it was 

thought that large numbers of pathogenic organisms must be removed 

by settling. The pathogenic organisms remaining in the supernatant 

fluid, however, continued to circulate and were ultimately discharged 

into final effluent. In the event that the final effluent was not 

chlorinated the pathogens were discharged into surface waters of 

rivers and streams causing a health hazard to the surrounding popula

tion. In an attempt to demonstrate qualitatively the effects of 

sewage treatment on the removal of enteroviruses, Bloom et al. (1959) 

found enteroviruses in all stages of sewage treatment. However, there 

was a progressively significant decrease in the number of viruses 

isolated from various stages of treatment. For example, the influent 

yielded 14 viruses, from 43 specimens, whereas the final effluent 

contained detectable virus on only four of 41 occasions.

Kelly and Sanderson (1959) undertook studies to determine the 

types of sewage treatment that destroy viruses under operating condi

tions. They found that primary and secondary treatment by trickling 

filters reduced the concentration of infectious particles only slightly 

and did not decrease the frequency of virus isolation. Viruses were 

found in a receiving stream 400 feet below the outfall of a primary 

treatment plant. Effluent from one activated sludge treatment plant
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did not contain viruses, nor were they found in the Imhoff tank or 

digested sludge. Also a few samples of the sludge aeration tank 

effluent were found to be free of viruses. Samples of the returned 

sludge suggested that whereas viruses were removed by the process, 

they were not necessarily destroyed. Effluents from a secondary 

treatment with chlorine contained viruses about a third of the time.

Kelly and Sanderson (1960) reported the densities of entero

viruses in effluents similar to those in raw sewage at three primary 

treatment plants while they were several times less in two other 

plants. The densities in effluents of trickling filters was from 

two to eight times less than in raw sewage and was further decreased 

after chlorination. In samples from sewage aerated with activated 

sludge it was no more than one-fifth that from untreated sewage.

They reported (1961) that the mechanism of enterovirus removal from 

sewage by activated sludge consisted of at least two steps: (1)

aeration in the presence of sludge floe and nutrient, and (2) the 

settling of the floe. Removal by the second step depended on the 

metabolic state of the floe. However, aeration with sludge floe 

was essential and was affected by respiratory metabolites and the 

absence of air. Aeration itself had no effect in removing viruses. 

Neither did the redox potential nor the mechanical stability of the 

floe. Viruses were inactivated during the removal process, and the 

isolations of at least four strains of bacteria with antiviral activity 

suggested that biological antagonism might be a third step.

Clarke (1961) in studying the mechanism for removal of enteric 

viruses from sewage by activated sludge, reported that it appeared to
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be an adsorption phenomenon. His work with a bench model unit con

taining no activated sludge demonstrated about a 60% reduction of type 

1 poliovirus. His findings indicated that the suspended solids and 

colloidal material as well as toxic substances in raw sewage also may 

play a role in the reduction of virus during the treatment with 

activated sludge. He suggested that although activated sludge does 

remove 90% or more of enteric viruses added to sewage, it must be 

coupled with additional treatment such as disinfection with chlorine 

if a virus free effluent is sought.

In an evaluation of enterovirus removal by activated sludge 

treatment, Mack (1962) isolated viruses six times from 55 sludge 

samples collected from the chlorinated effluent. The per cent 

decrease of virus isolations indicated that there was a progressive 

diminution in virus content of the sewage as it was processed 

through the plant. Plaque counts were done to determine the con

centration of virus particles in each positive sample. Surprisingly, 

his data showed that there was an actual progressive increase of 

virus particles per unit volume as the sewage was processed. 

Chlorination produced a 92-95% reduction of virus particles in the 

final effluent. Questions which still remained to be answered in 

his study were what proportion of the total virus concentration was 

removed by the various steps in the process and if all viruses were 

not inactivated, what virus types would be found in the chlorinated 

effluent.

Aschew et al. (1965) found that although activated sludge 

effluent yielded 100% frequency of virus isolation with thirteen
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distinct types of virus, the per cent of samples positive after 

approximately 30 days detention in an oxidation pond dropped to 25% 

frequency, and that samples from the recreational lakes supplied by 

this water were consistently negative for enteroviruses. Before 

entering these recreational lakes, the effluent from the oxidation 

pond was treated with about 15 ppm of chlorine and pumped to a 

percolation area over which it was discharged. There were 30 minutes 

of chlorine contact time in the transmission main. The chlorinated 

effluent percolated into a 10 to 12 foot natural sand and gravel 

formation underlain by a thick, impervious layer of clay. The 

percolate, confined in the sand and gravel by the clay layer flowed by 

gravity toward the recreational lakes. After about one-half mile 

of travel through the formation, the percolate flowed from the first 

recreational lake into the second, with the final overflow used as 

irrigation for a golf course. From the raw sewage of the community, 

he was able to isolate and identify thirteen distinct types of 

enteroviruses, these being the three types of polio, echo 3, 7, 8, 9, 

11, 12, and 19, coxsackie B3 and some reoviruses and some adenoviruses. 

From the oxidation pond viruses could be isolated approximately 20% 

of the time, with echo 8 being the prevalent type found. After 

chlorination of the oxidation pond effluent, attempted virus isolation 

yielded one echo 9 strain and two other viruses, whose types were not 

reported. However, as mentioned, samples from the recreational lakes 

proved consistently negative.



Susceptibility of Various Tissue 
Cultures to Enteroviruses

Of equal importance with satisfactorily obtaining and prepar

ing a sewage specimen for inoculation is the choice of host used for 

the detection of viral agents.

Kelly, Winsser, and Winkelstein (1957), in isolating polio 

and other enteric viruses from sewage reported that the number and 

types of agents isolated differed according to isolation method used. 

Coxsackie A viruses were isolated only in mice, polio only in tissue 

culture, whereas coxsackie B viruses were isolated equally well in 

both tissue culture and mice. These comparisons indicated that the 

choice of host was a critical factor in the isolation and identifica

tion of agents. Tissue culture was excellent for polio, but the use 

of tissue culture exclusively limited the variety of agents which could 

be found. It was emphasized that to exhaust the possibilities of the 

search for agents, isolation attempts in several hosts was required.

Hsiung (1959) also investigated the susceptibility of human 

kidney cultures and found that baby kidney cells were superior to 

adult cells both for culture growth and isolation and propagation of 

enteroviruses. Polio types 1, 2, and 3, grew well in both adult and 

baby human kidney cultures. In contrast, coxsackie A9, B1 through B5, 

and all echo tested except 7 and 10, induced distinct cellular degenera

tion only in baby human kidney cultures. The greater sensitivity of 

baby human kidney cultures over monkey kidney cells for the isolation 

of echo might facilitate detection of several elusive viruses present
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in human infections.
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Kelly and Sanderson (1959) studied the effects of sewage 

treatment on viruses using the parameter of isolation frequency. They 

inoculated new born mice, tube cultures of monkey kidney epithelium, 

human amnion and a continuous line of HeLa, as well as bottle cultures 

of monkey kidney epithelium tissue overlaid with agar. In a later 

study (Kelly and Sanderson 1960) of enterovirus density in sewage they 

compared plaque formation of a few eluates in bottle cultures of FL 

amnion cells, a continuous line of human amnion and monkey epithlium.

The estimates of density in the FL amnion tissue cultures were too 

few to compare with those made in monkey kidney tissue, but it was 

noted that if densities in a series were high when measured by one 

technique, they were usually high by the other technique. This measure 

of variation was complicated by the selective action of the two kinds 

of tissue cultures for viruses.

Hsiung (1961) studied host cell specificity of enteroviruses, 

in search for a uniformly susceptible host system which could be used 

for the study of the entire family of enteroviruses. She tested 

primary kidney cells derived from a variety of primates and non-primates. 

It was found that human kidney and Rhesus monkey (Macaca mulatta) cell 

cultures were sensitive to infection by all enteric viruses tested.

Of the non-primate cells, some showed CPE but upon repeated passage 

were lost. Human kidney cell cultures supported the multiplication of 

polio, with no significant difference between attenuated and virulent 

strains. Kidney cells from premature babies proved highly sensitive 

to infection by coxsackie and echo and displayed distinct cytopathic
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changes similar to polio. Human kidney of infants proved satisfactory 
and highly sensitive in the isolation of echo from stools. It was con

cluded therefore, that in a search for a universally sensitive tissue 
culture system for the isolation of unrecognized etiological agents of 

human viral infections, human cell cultures appeared to be the most 

desirable. Hsiung and Melnick (1962) point out that, in general, 

difficulties have been encountered when passage cell lines have been 

used because susceptibility to a given virus is inconsistent in 

different sublines. Several investigators have shown that HeLa cells 

may exhibit changes in their sensitivity to enteroviruses during 

laboratory maintenance and that clones which vary in their suscepti

bility to viruses may be obtained by different manipulations. It had 

been found in a study that echovirus susceptibility to two lines of 

HEp-2 cultures carried in two laboratories for some time were distinctly 

different. Marchetti and Gelfand (1963) tested 984 isolated entero

viruses including almost all enterovirus types that can be isolated in 

Rhesus monkey cell tissue, in HEp-2 cell tissue culture. They found 

that 364 of 365 poliovirus strains and 185 of 205 coxsackie strains 

produced cytopathic effect in two passages. In contrast, none of 414 

echo and coxsackie A9 and A16 strains demonstrated cytopathic effect in 

HEp-2 cells. Routine use of HEp-2 cells for grouping enteroviruses was 

suggested to significantly reduce the number of neutralization tests 
required to identify the viruses.

Kelly and Sanderson (1962), in a comparison of various tissue 

cultures, for the isolation of enteroviruses, recommended monkey kidney
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and human amnion. The sensitivity of human amnion to echo types 3,

4, 7, 11, 12, and 13 was as much as 40 times higher than monkey kidney. 

The human amnion was also more sensitive to coxsackie B4 and B5. The 

monkey kidney was more sensitive to polio, producing large distinct 

plaques on monolayer bottles overlaid with agar. Lee et al. (1965), 

in a comparative study of cell lines for isolation of enteric viruses 

from 390 rectal swab specimens, isolated 100 viral agents which 

included all three polio, 12 types of echo, seven A and two B 

coxsackie, plus 24 adeno and eight untyped. Eighty-six of these 

isolates were obtained in human kidney culture. This was almost twice 

the number obtained with monkey kidney and more than one and one-half 

times that obtained with human lung cells, Wl-38 line. A diploid 

human epithelial cell line, Attleson, was tested and found to be 

inferior to both monkey kidney and Wl-38 for enteroviruses. Human 

kidney cells were particularly useful for group A coxsackie and adeno 

viruses. In this small series, monkey kidney cell cultures actually 

were less sensitive for primary isolation, although for passage of 

established lines of virus, they were satisfactory. For maximum 

recovery, it was necessary to have several types. The human kidney 

was the closest to a single ideal type, being superior in number and 

range of isolations. Also the human kidney was easy to prepare and 

maintain.

Tucson's Sewage Treatment Facilities

It was reported in the first annual report (Davis and Stafford 

1966) of the Tucson Wastewater Reclamation project that the Tucson's
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wastewater Treatment Plant was constructed in 1928 and functioned as 

a primary treatment plant. Raw sewage has been utilized for irrigating 

crops since 1900 and after 1928 increasing amounts of treated effluent 

were used for irrigation of various crops. By 1965 a total of 

approximately 1,600 acres were under irrigation. The present Tucson 

Sewage Treatment facilities will accommodate 24 million gallons per day 

(MOD) of sewage flow and consist of a 12 MGD standard activated sludge 

plant constructed in 1950 operating in parallel with a 12 MGD high rate 

trickling filter plant completed in 1960, both fed from a common outfall 

source. At the present time, an additional 12 MGD activated sludge 

plant is under construction.

Concerning the quantity of water, the two plants produced six 

billion nine hundred million gallons or 21,300 acre feet of effluent 

through primary and secondary treatment during 1965. Shortly after 1970, 

plant production is expected to be about 30,000 acre feet or 10 billion 

gallons. Effluent production was very uniform during 1965 ranging from 

17 MGD during winter to 22 MGD during summer. Since the wastewater of 

Tucson's system is derived largely from domestic sources, a large hourly 

variation results each day at the plant with a low flow at about 6 a.m. 

and a peak flow at about 1 p.ra. Infiltration of storm waters is not 

a significant factor of variation in flow of wastes to the plant. These 

secondary treatment plants have produced an average of 5,600 acre feet 

which has been released into the Santa Cruz River in this period.

Concerning the quality of the wastewater, Tucson's wastewater 

can be classified as fresh, moderately weak, typical domestic sewage.

The 1965 annual report lists raw sewage averages of 255 ppm suspended
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solids and 222 ppm 5 day biochemical oxygen demand (BOD). The treat

ments employed are effective, as the final effluent averages are 34 ppm 

suspended solids and 48 ppm BOD, or average removals of 87% and 78% 

respectively. The activated sludge plant is somewhat more effective 

than the high rate trickling filter system.

As part of a feasible plan for recreational use of reclaimed 

water in Tucson, a horizontal flow filtration tertiary treatment was 

proposed as the desirable method in a preliminary approach to the 

reclamation of Tucson wastewater. For this purpose a pilot filter 

system was approved and constructed consisting of one enlarged, 

artificially constructed, plastic lined filter facility with provi

sions for horizontal travel distances up to 250 feet and a drop in 

elevation of 70 feet. Four spreading double basins feed into the 

horizontal sand and gravel filter which presently supplies effluent 

to four test fish ponds. A schematic diagram of the treatment plant 

with the tertiary pilot filter system is presented in Figure 1.

The spreading basins and horizontal filter unit are the key 

to the tertiary treatment systems. The pilot filter was designed to 

accommodate approximately 100 thousand gallons of secondary effluent 

per day intermittently applied on four spreading basins with a total 

area of one-half acre. A discharge of 70 GPM at the collection trough 

was anticipated when spreading occurred at the mid-point of the filter. 

In the construction the entire filter was lined with one foot of 

compacted silt overlaid by lomil polyethylene plastic sheeting joined 

and sealed with polyethylene tape to provide a near water tight bottom.
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Fig. 1. Schematic Representation of Tucson Sewage Treat
ment Plant Facilities.
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Filter media consisting of silt, sandy clay, sand, and gravel were 

placed in approximately three foot lifts. The filter face was 

stabilized with three-inch gravel over boulders set on a 12 foot 

concrete slab to earth keylock. Nine inches of 1-1/2 inch graded 

gravel was used to deck the spreading basins. Collection trough 

slopes were veneered with 1-1/2 inch graded gravel. The metered 

influent line is eight inch cement asbestos from twin pumps manually 

controlled to individually valved spreading basins. Effluent is 

automatically pumped from the collection trough through metered four 

inch cement asbestos piping to the individually valved test ponds. 

Approximately 100 thousand gallons of influent channeled from the 

activated sludge effluent plant is applied daily at a rate of 300 to 

500 GPM for a 4 to 6 hour period and the filter effluent is discharged 

continuously into the four experimental ponds by means of an auto

matically metered, 150 GPM capacity pump. During the course of the 

present study, the activated sludge effluent used to charge the pilot 

filter was not chlorinated because the new activated sludge plant was 

under construction. Also only the first spreading basin was filled 

with the activated sludge effluent thus allowing maximum filtration

time and distance.



STATEMENT OF PROBLEM

Published reports have well established the fact that secondary 

sewage treatment by trickling filter and by activated sludge does not 

remove or destroy all human enteric viruses. Because of the ever 

increasing need for the re-use of water it is desirable to determine 

whether a tertiary treatment such as the one constructed at the Tucson 

Sewage Treatment Plant would, without the additional treatment of 

chlorination, remove all infectious viral agents. If the treatment 

were not sufficient, which virus types would be able to survive the 

treatment, and to what extent? Of equal importance is determination 

of the infective virus density necessary to be a health hazard. It 

is conceivable that although certain viral agents could not be 

completely eliminated, they might be of such a low titer that they 

would not actually cause infections of those exposed to the water.

The problem undertaken here deals only with the first two 

questions. Namely, if the tertiary filter treatment is effective in 

removing viral agents which survive the secondary treatment, and if 

not, which virus types are found in the effluent and to what extent.

A second aspect of study was the effectiveness of the sample processing 

method for detecting the presence of virus. The question of a cell 

type which would be most ideal for the continual monitoring of the 

filter efficiency was also sought.
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MATERIALS AND METHODS

Glassware and Reagents

All glassware used in the study was prepared in essentially 

the same manner. It was washed with Alconox, rinsed eight times, 

followed by three rinses with glass double distilled water. It was 

sterilized by steam autoclave for 15 minutes at 121C and allowed to 

cool and dry sufficiently before removal from the autoclave to pre

vent condensation.

The various reagents utilized throughout the study consisted 

of Hanks Balanced Salt Solution, Earle Balanced Salt Solution, 0.25% 

Trypsin Eagle in Puck saline G, 7.5% sodium bicarbonate, newborn 

Agamma calf serum, calf serum, penicillin, streptomycin, neomycin, 

and Fungizone. The balanced salt solutions, trypsin, antibiotics, 

and Eagle Basal Medium were prepared according to the Handbook of 

Cell and Organ Culture (Merchant, Kahn, and Murphy 1964). The various 

media utilized to grow and maintain the cell types used within the 

study consisted of Eagle Basal Medium, Melnick A growth medium and 

Melnick B maintenance medium. The Melnick A and B were prepared 

according to Diagnostic Procedures for Viral and Rickettsial Diseases, 

(Melnick 1964). The sterile solutions were filtered through a Herman 

filter, D-7, under four to six pounds pressure, and the trypsin and 

media were frozen in 100 ml aliquots at -20C until thawed for use.

The pH was adjusted to 7.2 with sodium bicarbonate. Ten per cent calf
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serum was added to the Melnick A and the Eagle Basal Medium. Two per 

cent Agamma calf serum was added to the Melnick B maintenance medium, 

and to the Eagle Basal Medium used for HEp-2 tube cultures prior to 
inoculation. Late in November the laboratory began to use commercial 

dried medium purchased from Grand Island Biological Co., Grand Island, 

New York. This was mixed with five liters of glass double distilled 

water, and appropriate antibiotics, and filtered through a fiberglass 

prefilter and then a 0.22//, 142 mm Millipore membrane filter at eight 

to twelve pounds pressure, dispersed in 100 ml lots into sterile 

perscription bottles, stored at -20C until thawed for use, at which 

time the desired amount of calf serum and additional antibiotics, if 

needed for a specific purpose, were added. The pH was adjusted to 7.2 

with 7.5% sodium bicarbonate.

Sample Processing Procedure

To obtain the samples from the pilot filter influent and the 

pilot filter effluent, a modification of Moore's (1952) gauze pad was 

used. A pad consisting of cotton cheese cloth made from eight strips 

of approximately four inches in width by 36 inches in length cut and 

folded to give a pad four by ten inches in shape and one inch thick, 

was tied with twine and sterilized inside a paper bag, the twine 

protruding out of the bag. One of these pads was tied at the end of a 

piece of stout fishing line permanently attached to the sampling tower 

of the first spreading basin. The pad was weighted down with a small 

rock from the gravel deck and completely immersed in the pilot filter 

influent on each Wednesday from the beginning of October through
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December. On the following Monday a similar pad was also placed at 

the same influent sampling point, thus giving a specimen for seven days 

and for 48 hours. The water used to load basin 1 came from the 

activated sludge treatment plant by open channel as depicted in Figure 

1. During the course of this study, this activated sludge effluent 

was not chlorinated because the sewage plant was undergoing expansion.

A similar pad was suspended in a glass cylinder tank set up for this 

purpose and the emerging water from the filter effluent was pumped 

through the pad for the first four weeks. At this time the pump which 

filled the glass cylinder broke down, so thereafter the pad was 

suspended in an aluminum cylinder containing small holes in the bottom, 

into which the water flowed directly from the effluent pipe, thus 

continually running over the pad. This continually immersed pad was 

put into position every Wednesday and collected the following week. 

Influent water traveled vertically approximately 15 to 18 feet and 

then horizontally 200 feet through the earth filter taking approximately 

21 to 25 days to become effluent. On collection, each pad was quickly 

placed, still dripping, into a plastic bag and transported to the 

laboratory, where it was processed. The processing procedure is pre

sented schematically in Figure 2 and is as follows: The pH of a small

portion of the water expressed from the pad was determined by a Beckman 

pH meter. The pH was then adjusted to approximately 8.0 with IN NaOH. 

Sabin (1931) had shown that polio virus could be adsorbed at pH 5.5 to 

7.0 and eluted at pH 8.7. The pad within the plastic bag was then 

massaged for approximately four minutes allowing the water to soak back
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into the pad completely each time, in order to elute as many of the 

trapped viruses as possible, and finally the fluid was squeezed.out of 

the pad into a sterile prescription bottle. To this water, usually 

about 100 ml, was added 2.5 ml Agamma calf serum as a virus stabiliz

ing agent. After mixing, the water was divided into three, 40 ml 

plastic tubes, and centrifuged in a swinging bucket type centrifuge 

at 1000 rpm (2500 X G) for 10 minutes in order to remove the course 

particles.‘ The supernatant fluid was poured off into three additional 

plastic tubes and centrifuged at 15,000 rpm (27,000 X G) at 4C for 30 

minutes in*a Sorvall refrigerated automatic centrifuge in order to 

remove the bacteria. The supernatant fluid was transferred to a 

plastic bottle containing 1 ml of 6% sterile gelatin, thus making a 

0.06% gelatin suspension. This was done to facilitate sedimentation 

of virus in the ultracentrifuge. Fifty milliliters of this specimen, 

according to step 3 of Figure 2 were placed into five plastic sterile 

Spinco tubes and centrifuged in a Beckman Model L Spinco Ultra

centrifuge for 90 minutes at 45,000 rpm (122,249 X G). The other 50 

milliliters were stored at -65C in a Revco freezer, and later also ' 

ultracentrifuged. The supernatant fluid was decanted and sthe pellet 

at the bottom of each tube consisting of gelatin and possibly virus, 

was resuspended in one milliliter of Melnick B containing 2% Agamma 

calf serum plus double strength antibiotics. The specimens were 

frozen at--65C and stored until cells were available for inoculation. 

This processing procedure is a modification of England's method (1965).
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Tissue Culture Types

The cells used for isolation were primary human amnion and 

monkey kidney. The human amnion cells were prepared by stripping the 

amniotic membrane from a fresh human placenta (collected at Tucson 

Medical Center Hospital) in one liter of Hanks sterile BSS containing 

double strength antibiotics. The membrane was treated with 0.25% 

trypsin (later in the study 0.5% trypsin was adopted) at 37C until 

the cells began to slough off the membrane, at which time the flask 

containing the membrane was rotated rapidly by hand, the trypsin 

supernatant fluid removed, placed in a sterile tube, and centrifuged 

at 1000 rpm for ten minutes. The cells were resuspended in Melnick A 

growth medium containing 10% calf serum and seeded into Wallis-Melnick 

culture tubes at concentrations of 4 X 10"* cells per tube. When the 

cells had grown into a monolayer they were changed to Melnick B 

containing 2% Agamma calf serum and placed at 34C until inoculated.

The monkey kidney cells were purchased from Industrial Biological 

Laboratories, Inc., Rockville, Maryland, and had been prepared from 

African green monkeys (Cercopithecus aethiops Sabaeus), and grown in 

Melnick B medium containing 2% calf serum. The HEp-2 cells used were 

from an established cell line which had been maintained in our 

laboratory either in a continuous state of growth by transfer and sub

culture, of in a frozen state. These cells were grown in Eagle Basal 

Medium with 10% calf serum, trypsinized, seeded at concentrations of 

10^ cells per ml in each Wallis-Melnick culture tube, and then 

maintained on Eagle Basal Medium containing 2% Agamma calf serum until

inoculated.
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From each of the five Spinco tubes, 0.25 ml was inoculated 

into each of two human amnion and two monkey kidney tubes. Volume was 

brought up to 1 ml in each tube by the addition 0.75 ml of 2% Agamma 

calf serum Melnick B medium containing double strength antibiotics, 

and the cultures were incubated at 37C for two weeks. This is 

illustrated by step 4 of Figure 2. During this period, tubes which 

showed CPE of 3 to 4 plus were given an isolate number and frozen at 

-65C. Because a gelatinous colloidal material began to appear on the 

effluent gauze pad which was not completely removed by the centrifuga

tion process and which caused complete degeneration of the monolayer 

cell sheets, later effluent specimens were given a two hour adsorption 

period at 37°C. Thereafter the media and inoculum were poured off and 

fresh maintenance medium was added.

The tubes which had been frozen with isolate numbers were 

subjected to passage either individually or as a pool, depending on 

the number of tubes demonstrating CPE, the number of days for CPE to 

appear and the aims of the particular run. Those tubes in each run 

which exhibited no CPE after two weeks incubation were frozen, thawed, 

pooled, and passed to prove the absence of viruses in the specimen.

If these tubes exhibit no CPE upon second passage, they were declared 

negative and that particular pool discarded. Those tubes which passed 

were titrated to terminal dilution end points, a seed was made in 

human amnion from the terminal dilution, and the titer of the seed 

determined. Each original isolate and each seed of each isolate was 

tested for its ability to cause CPE in HEp-2 cell culture. This is 

illustrated in steps 5, 6, and 7 of Figure 2.
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Virus Identification

The identification of the virus isolates was carried out by 

the process presented schematically in Figure 3. Whether or not the 

isolate exhibited CPE in HEp-2 cells (Marchett and Gelfand 1963) placed 

it into one of two groups. Those isolates which caused CPE were con

sidered to belong to the polio-Coxsackie B group and were treated 

accordingly. Those which did not cause CPE were considered to belong 

to the echo-Coxsackie A group. An intersecting anti-serum scheme 

(Schmidt, Guenther and Lennette 1961) was used in neutralization 

tests of suspected echo-viruses. Each specific anti-serum was included 

in two pools and identification was made by demonstrating neutraliza

tion of the agent by the two pools sharing a common immune serum.

The virus seeds were titrated in human amnion cultures in which the 

end point was estimated by specific cytopathic changes and the infec

tive titers, TCID^q , calculated according to the method of Reed- 

Muench (Reed and Muench 1938). In the neutralization tests, 100 

TCID^q of virus and at least 20 units of each individual anti-serum 

in the pool were used. Two human amnion cultures were used for each 

immune serum pool-virus mixture as well as virus controls of 100, 10,

1 and 0.1 TCID^q to confirm the virus seed titer. Virus identifica

tions made by the intersecting scheme were confirmed by neutralization 

tests with the individual antiserum. Those isolates which caused CPE 

in HEp-2 and which were therefore thought to be Coxsackie B or poliovirus 

were subjected to neutralization tests by a series of three anti-serum 

pools containing anti-polio 1, 2, 3; anti-Coxsackie Bl, 2, 3; and anti- 

Coxsackie B 4, 5, 6, respectively. The same technique was used with
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the echovirus pool neutralization tests. The viruses were again 

confirmed by individual antiserum neutralization tests. Those 

isolates which were HEp-2 positive in the original tube were titered 
to terminal dilution in HEp-2 in addition to the human amnion, and 

a second seed made from the terminal dilution in HEp-2. By this means 

if one of each group existed in the original sample, they could be 

separated at this point and each carried to identification.



RESULTS

Since the primary purpose of the study was to determine the 

efficiency of the pilot filter, a comparison of the frequency, total 

isolates, and specific types of virus recovered from the pilot filter 

influent and effluent are of first importance. These results have 

been compiled in Table 1. The pilot filter influent samples were 

positive for the presence of detectable virus in ten of twelve samples, 

a frequency of 83%. The pilot filter effluent samples were positive 

for the presence of detectable virus in four of ten samples, a 

frequency of 40%. The total number of isolates identified from the 

influent was twenty-five, which consisted of six types of echo, 7,

8, 11, 15, 18, and 20, and the three types of poliovirus. In contrast, 

the total number of isolates identified from the effluent was five, 

which consisted of four echo 20 and one echo 16.

A second important aspect of the study was to compare the 

frequency of virus detection from cheesecloth pads immersed for 48 • 

hours in the pilot filter influent with those immersed for one week. 

The data from these experiments are compiled in Table 2. It can be 

seen that all the echo types as well as the polioviruses were detected 

in both the 48 hour and the week samples. In one case. Run 11, a 

poliovirus was detected in a week sample when the 48 hour sample 

collected on the same day did not show any virus. The total number 

of isolates detected and identified from the week samples was 16, and

38
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TABLE 1

EFFECTIVENESS OF THE TERTIARY PILOT FILTER 

IN REMOVING ENTEROVIRUSES*

Pilot Filter Influent Pilot Filter Effluent
Run Viruses Isolated Viruses Isolated

1 Negative Negative

2 ECHO 7, 20, Polio 1 Negative

3 ECHO 7, Polio 1 Negative

4 ECHO 8, 11, Polio 2 Negative

5 Polio 1 ECHO 20

6 ECHO 7, Polio 1, 3 Negative

7 ECHO 7, Polio 1, 2 Negative

8 ECHO 8, 15, 20, Polio 2 ECHO 20, 16

9 ECHO 20, Polio 3 ECHO 20

10 ECHO 18, 20, Polio 2 ECHO 20

11 Polio 1

12 Negative

Total isolates 25 Total isolates 5

**Frequency 10/12 83% Frequency 4/10 40%

*Filtration time through pilot filter approximately 21-25 days. 
Samples taken each week, therefore, influent becomes effluent three 
runs later.

**Per cent frequency of virus detection.
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TABLE 2

EFFECT OF PAD IMMERSION TIME ON THE

DETECTION OF VIRUS

48 Hour Sample Week Sample .
Run Viruses Detected Viruses Detected ......

1 Negative

2 ECHO 7, 20, Polio 1

3 ECHO 7 ECHO 7, Polio 1

4 ECHO 8, 11 Polio 2

5 Polio 1

6 ECHO 7, Polio 1, 3

7 ECHO 7, Polio 1, 2

8 ECHO 15, 20, Polio 2 ECHO 8, 20

9 ECHO 20, Polio 3

10 ECHO 18, 20 ECHO 20

11 Negative Polio 1

12 Negative Negative

Total isolates 11 Total isolates 16

^Frequency 5/8 63% Frequency 9/10 90%

^Percentage Frequency of Virus Detection
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the frequency of detection of positive samples was 90%. The total 

isolates detected and identified from the 48 hour samples was eleven, 

and the frequency of detection of positive samples was 63%.

A third important aspect of the study dealt with the selective 

susceptibility of tissue culture types in detecting viruses from both 

sampling points. The results for the pilot filter influent are pre

sented in Table 3. For cultures of human amnion, four types of echo- 

virus, 7, 11, 15, and 20 were detected while only one poliovirus, type 

1, was found. For cultures of African Green monkey kidney only three 

types of echovirus, 7, 8, and 18, were detected whereas all three types 

of polio were isolated. Eight out of 12 samples tested in human 

amnion yielded viruses giving a frequency of 66% while ten out of 12 

tested in monkey kidney yielded virus, giving a frequency of 84%. At 

no time was a run called positive by isolation of virus in the human 

amnion which was not also called positive by isolation of virus in 

monkey kidney. On the other hand, in two cases, a run was found 

positive with monkey kidney cells that appeared negative with human 

amnion. Out of the total runs which revealed the presence of echo- 

virus, the human amnion detected echovirus in eight of eight trials 

or 100%, whereas monkey kidney cells detected echoviruses four of ten 

for only 40%. In only one case was polio isolated in human amnion 

cultures, while poliovirus was detected in 9 out of 10 positive runs 

in monkey kidney cultures.

Equally interesting results for the pilot filter effluent are 

presented in Table 4. Here all four positive samples from the pilot
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1
2
3

4

5

6
7

8
9

10
11
12
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TABLE 3

EFFECTIVENESS OF CELL TYPE IN DETECTION OF PFI VIRUSES

Cell Type

Human Amnion Monkey Kidney
Viruses Isolated Viruses Isolated

Negative Negative

ECHO 7, 20 Polio 1

ECHO 7 Polio 1

ECHO 11 ECHO 8, Polio 2

Negative Polio 1

ECHO 7 ECHO 7, Polio 1, 3 •

ECHO 7, Polio 1 Polio 2

ECHO 15, 20 ECHO 8, Polio 2

ECHO 20 Polio 3

ECHO 20 ECHO 18, unidentified

Negative Polio 1

Negative Negative

Frequency 8/12 66% Frequency 10/12 84%

Frequency isolation echo- Frequency isolation echo-
viruses 8/8 100% viruses 4/10 40%

Frequency isolation polio
virus 1/8 9%

Frequency isolation polio
virus 9/10 90%
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TABLE 4

EFFECTIVENESS OF CELL TYPE IN DETECTION OF PFE VIRUSES

Run

Cell Type

Human Amnion Monkey Kidney
Viruses Isolated Viruses Isolated

1 Negative Negative

2 Negative Negative

3 Negative Negative

4 Negative Negative

5 ECHO 20 Negative

6 Negative Negative

7 Negative Negative

8 ECHO 16, 20 Negative

9 ECHO 20 Negative

10 ECHO 20 Negative

Frequency 4/10 40% Frequency 0/10 0%



filter effluent were detected only in human amnion and not in the 

monkey kidney cells. These apparently resistant viruses proved to be 

echo 16 once and echo 20 was present in all four specimens.

The relative proportions and frequencies of the specific 

virus types isolated during the study are of some interest. These 

results are compiled in Table 5. In the echo group, echo 20 was 

isolated the greatest number of times while in the polio group, polio 

1 was most prevalent.

Data on the seasonal distribution and frequency of the 

specific virus types isolated during the study are presented in Table 

6. More different types of virus were isolated from the influent 

toward the end of November and from the effluent throughout December. 

There was no notable distribution of specific types, except echo 7 

which appeared more frequently in October to the middle of November, 

and echo 20 which appeared more frequently at the end of November and 

beginning of December.
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TABLE 5

RELATIVE PROPORTION OF TOTAL VIRUS TYPES ISOLATED 

IN THE FALL OF 1966

Virus Type Times Isolated

ECHO 7 5

ECHO 8 2

ECHO 11 1

ECHO 15 1

ECHO 16 1

ECHO 18 1

ECHO 20 8

POLIO 1 6

POLIO 2 3

POLIO 3 2

Total isolates 30

Total echovirus isolates 19

Total poliovirus isolates 11



Run

1
2

3

4

5

6
7

8
9

10
11
12
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TABLE 6

SEASONAL DISTRIBUTION OF VIRUSES DETECTED

Date
Virus Type 

in PFI
Virus Type 

in PFE

10/4/66 Negative Negative

10/11/66 ECHO 7, 20, POLIO 1 Negative

10/19/66 ECHO 7, POLIO 1 Negative

10/26/66 ECHO 8, 11, POLIO 2

11/3/66 POLIO 1

11/9/66 ECHO 7, POLIO 1, 3 Negative

11/16/66 ECHO 7, POLIO 1, 2 ECHO 20

11/23/66 ECHO 8, 15, 20, POLIO 2 Negative

11/30/66 ECHO 20, POLIO 3 Negative

12/7/66 ECHO 18, 20, POLIO 2 ECHO 16,

12/14/66 POLIO 1 ECHO 20

12/21/66 Negative ECHO 20



DISCUSSION

In considering the frequency with which virus was isolated 

from the pilot filter influent, the negative results of the first 

sample tested could be attributed to a confusion over the pumping 

schedule which affected the water level in the bay 1, causing the 

cheesecloth pad to be intermittently exposed to the sun and allowed 

to dry twice. The negative result of the twelfth sample cannot be 

explained by any technical accident, but possibly by the extreme cold 

spell which occurred in Tucson at that time. Also it was observed 

that the initial pH of this particular sample, which for the influent 

ordinarily ranged from pH 6.4 to 7.4 with an average of 6.9, was 8.2 

and therefore was not adjusted before squeezing the pad. It is 

possible that at such an alkaline pH, viruses were never adsorbed to 

the cheesecloth pad in this case.

The bay 1 in which the pad was suspended generally contained 

the algae and diatoms which would normally be found in fresh water 

ponds of this size and biological conditions. The algae consisted of 

Oscillatoria sp., Euglena sp., Synura sp., of the blue-greens, and 

Siemedesmus sp., and Kuchneriella sp. of the green algae. At times 

the growth of the algae appeared to be greater than others, and usually 

the algae quite heavily coated the pad which had been immersed for a 

week's time. Also at one time, an attendant at the sewage plant noted 

that there appeared to be a red glow in the bay, suggesting a red
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algae in dominance at that particular time. However, Starr (1962), 

in studying the antibacterial and antiviral activities of algal 

extracts by acridine orange staining, did not report any of these 

particular genera as having antimicrobial effects. The growth rate 

and metabolism could however effect the pH of the water. The diatoms 

found in greatest abundance, in one of the samples analyzed, were 

Nitzschia sp. and Nantzschia sp. What possible effect these might 

have was not investigated.

The bacterial population of the pilot filter influent and 

effluent water was determined as another aspect of the project.

Neither Salmonella or Shigella sp. were detected in either the 

influent or effluent samples. The total bacterial population in the 

influent samples ranged from a one-half to two million organisms per 

ml, while in the effluent it was reduced to 200 to 3000 organisms per 

ml. The specific types of organisms were not enumerated but results 

of coliform density determination indicated that the influent sample 

had an average coliform density of 231 X 10^/100 ml, while the effluent 

density was 0.15 X 10^/100 ml or a 99.9% reduction. In a study of 

the relationship of coliform index to enteric virus population 

Gilcreas and Kelly (1955) reported that in samples containing less 

than 13,000 organisms per ml, there were no enteric viruses. This was 

referring to dilution factor, rather than filtration process and is not 

supported here, but is also not applicable. Clarke and Kabler (1953), 

in studying survival of coxsackieviruses in water reported that the 

high degree of correlation between virus survival times in natural
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waters and the degree of pollution of such waters raises questions of 

fundamental importance. All their data suggested a protective effect 

of organic material in prolonging virus survival plus additional 

factors other than the "protective colloidal" effect operable in virus 

inactivation or survival. Their studies showed that a water that is 

relatively free from microorganisms and nutritive material permits 

longest virus survival. Since the pilot filter removes 99.5% of the 

bacteria, this may explain why echo 16 and 20 were recovered from the 

pilot filter effluent in four samples. One problem which arose with 

the effluent samples was on the cheesecloth pad suspended in the flow 

from the filter, there appeared to accumulate a reddish brown to tan, 

very fine, clay-like material, which when centrifuged did not easily 

settle to the bottom even at 15,000 RPM, and at 45,000 RPM appeared as 

a gelatinous button on top and around the pellet of gelatin-virus.

When suspended in media containing double strength antibiotics, this 

material did not contaminate cultures, but did seem to have a toxic 

effect on human amnion cells. It was for this reason that a two hour 

adsorption period was adopted for the inoculations of the effluents.

It was interesting to note that this toxic effect was not found in the 

monkey kidney cultures to as great an extent, and in some cases not at 

all. The figure of 40% frequency of isolation for the effluent is 

considered correct and indicates that the filter is capable of removing 

some but not all of the virus which enters the filter system. It was 

noted in the results that although six types of echo and three types of 

polio were detected in the influent water, only two types of echo were 

detected in the effluent samples and no polio. Therefore it appears
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that the filter system is capable of removing the polio viruses from 

the water. Considering the composition of the filter, being of natural 

gravel, sand and silt, this is consistent with a report by Robeck on 

the ability of saturated sand at ground water movement rates to 

completely remove poliovirus suspended in a sand-filtered septic tank 

effluent (Clarke and Kabler 1964). Also Askew et al. (1965) reported 

that in microbiology of reclaimed water from sewage for recreational 

use, virological tests showed that the frequency of isolation of entero

viruses from activated sludge dropped from 100% to almost 1.5% after 

tertiary treatment. This treatment consisted of allowing the water to 

remain for 30 days in an oxidation pond, and then percolate into a ten 

to 12 foot thick natural sand and gravel formation underlain by a thick, 

impervious layer of clay, after which it flowed by gravity about one- 

half mile to a recreational lake.

The fact that the filter was capable of removing the greater 

portion of echoviruses, and then allowing only two types through is 

possibly due either to the degree of saturation of the influent water 

with these viruses or to special physical characteristics, such as 

size or isoelectric point of these virus types. Evidence to support 

the high concentration theory is the finding that the previous three 

week sample of influent apparently contained considerable echo 20 for 

it was readily detected in the presence of two additional viruses in 

the same small inoculum, echo 7 and polio 1 as seen in Table 1, run 2. 

In late November when echo 20 was again detected in the influent it 

did not appear to infect as high a number of tubes per set, but at



51

this time, the procedure of inoculation had been changed and a two 

hour adsorption period was in effect. Nevertheless, it is conceivable 

that the echo 20 was present in such a high concentration that the 

filter was not able to remove all of it. The fact that echo 16 was 

detected in an effluent sample, and not previously in an influent 

sample, can be explained on the bases that not all original isolate 

tubes were tested for identity of viruses. Therefore echo 16 could 

easily have been present in the influent at a lower concentration 

than another virus and thus be missed by the procedure used in this 

study. The great number of isolates which were obtained each week 

from the influent and the long procedure required to isolate and 

identify, and the continual sampling which had to be done did not 

allow time to go back and test for each and every virus which possibly 

was present in the influent samples. The main purpose of the study 

was to determine whether or not viruses present in the influent were 

getting through the filter. In contrast, the effluent water was 

carefully checked for the presence and identification of all viruses.

In comparing the length of time the cheesecloth pad was immersed 

in the water, the results appeared to indicate that 48 hours was an 

adequate length of time and that a week was slightly better, compar

ing the 63% frequency of the 48 hour with the 90% frequency of the 

week sample, as seen in Table 2. However, one of the negative 48 hour 

samples did not have a comparable week sample with which to compare, so 

that in only one case did a week sample reveal the presence of a virus 

that the 48 hour sample did not. The virus was a polio 1. It is not
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known whether the time or the type of virus is the significant factor 

here. The fact that the pad was exposed for a week in no way decreased 

the frequency of detectable viable virus particles.

In comparing the ability of human amnion cells with monkey 

kidney cells to detect the presence of specific kinds of virus, the 

results observed appear to indicate that the human amnion is selective 

for the echoviruses and that the monkey kidney is selective for the 

polioviruses. Echo 7 was detected by both types of cells, whereas echo 

11, 15, 16, and 20 were not detected by the monkey kidney cells. This 

fact is extremely important in that echo 16 and 20 were the two types 

of virus which penetrated the pilot filter. If only monkey kidney 

cells had been used for isolation attempts, the presence of virus 

would have gone undetected and the filter system would have been 

thought to be adequate. Echo 8 and 18 were detected by the monkey 

kidney cells and not human amnion, which is consistent with the find

ings of work by Kelly and Sanderson (1962) who reported that echo 1 and 

8 can be isolated only in monkey kidney and not in human amnion. 

Although the human amnion detected the presence of poliovirus in only 

one out of the nine samples which appeared to harbor this virus, it 

was sensitive to polio. Various other considerations enter into the 

choice of cell type used for the monitoring the filter efficiency.

Human amnion was readily available from a local hospital which 

generously supplied as many placentae a week as desired, free of cost. 

A large number of clean, healthy looking monolayer tubes could be pre

pared, which remained in good condition for the required two week
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period of observation after inoculation, without a change of fresh 

media. On the other hand the trauma that went with the procuring of 

monkey kidney cells regularly for use was indeed a high price to pay 

for the isolation frequency of the polioviruses. As mentioned pre

viously in the materials and methods, these cells were purchassed from 

the East at a very expensive price. Due to airplane strikes, blizzards, 

and shipping strikes, we seldom received an order of cells when we had 

anticipated, and 75% of the time, when they did arrive, they had 

either been frozen or left in the sun, so that they were useless. 

Therefore, quite frequently, we had no monkey kidney cells to inoculate 

when the inoculum was ready, which in turn delayed the testing of the 

particular sample. Considerable time was also spent in repeating 

tests carried out in monkey kidney cells because the monolayers could 

not be maintained for two weeks even with media changes as advocated 

by Ormsbee and Melnick (1957). On two occasions the presence of a 

latent foamy virus in the monkey cells caused deterioration of the 

cells with the subsequent loss of a sample which could not be repeated. 

Overall one can say that human amnion is the single cell type of 

choice for future monitoring of filter efficiency, since it was capable 

of detecting viruses which penetrated the filter. However, additional 

cell types will have to be incorporated in the testing system to assure 

the continuous virological safety of the tertiary pilot filter effluent.

Concerning the types and frequencies of such types which were 

isolated, echo 20 which was isolated the most frequently in influent and 

in effluent water has been reported (Kamitsuka, Soerge, and Wenner 1961) 

as being associated with upper respiratory infections. Echo 7 which was
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isolated second most frequently was reported (Ramos-Alverez and Sabin 

1954) as being isolated quite frequently from the stools of healthy 

children from lower socio-economic groups. It is easily isolated in 
both human amnion and monkey kidney (Gravelle and Chin 1961). It was 

reported as producing plaques in monkey kidney epithelial cells 

indistinguishable from those of polio (Committee on echo, 1955). It 

has been reported as being possibly associated with exanthemata, and 

finally with less serious involvement of the central nervous system 

(Kamitsuka, Soerge, and Wenner 1961). Echo 11 has been reported 

(Kamitsuka 1961) as being possibly associated with exanthemata, with 

upper respiratory infections, and in an isolated instance in a serious 

involvement of the central nervous system. It was isolated (Ramos- 

Alverez 1957) from stools of children with a diarrheaic syndrone dur

ing the summer months. Echo 15 was reported as being isolated in 

West Virginia (Ormsbee and Melnick 1957) and produced peculiar lesions 

in tissue culture monolayers. Echo 16 which was detected in the 

filter effluent has been reported (Kamistuka, Soergel, and Wenner 

1961) associated with outbreaks of benign aseptic meningitis and with 

exanthemata. Echo 18 was reported associated in an isolated instance 

with a more serious involvement of the central nervous system. The 

significance of the polioviruses isolated in the influent cannot be 

evaluated at this time. Whether or not their presence indicates 

carriers or excretion of the attenuated strains after oral vaccines 

was not determined in this study.

The fact that coxsackieviruses group B were not recovered 

from the pilot filter influent, could possibly be due to the fact that
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they had already been inactivated or removed by the secondary, or 

activated sludge treatment of the water, or to the season of the year. 

Clarke (1961) reported that 98% of coxsackievirus seeded into a 

laboratory model of activated sludge treatment, had been removed. Also 

Kelly and Sanderson (1959) reported that coxsackieviruses were not 

found even in raw sewage often after October. Melnick et al. (1954) 

reported that they mostly disappeared in the winter and spring, and 

that on some occasions had not survived the trip to the sewage plant 

in detectable amounts. The viruses were, however, from several 

residential areas when the respective plant was negative.
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