QUANTITATIVE METHOD OF VIRAL POLLUTION
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FILTER®

AKIRA HOMMA* and HERMANN G. SCHATZMAYR**

SUMMARY: Quantitative method of viral pollution determination for large voiume of water
using ferric hydroxide gel impregnated on the surface of glassfibre cartridge filter.

The use of ferric hydroxide gel, impregnated on the surface of glassfibre cartridge
filter enable us to recover 62.5% of virus (Poliomyelitis type I, Lsc strain) exsoge-
neously added to 400 liters of tap-water.

The virus concentrator system consists of four cartridge filters, in which the three
first one are clarifiers, where the contaminants are removed physically, without signi-
ficant virus loss at this stage. The last cartridge filter is impregnated with ferric hydro—
xlde gel, where the virus is adsorbed.

After the required volume of water has been processed, the last filter is removed
from the system, and the viruses are recovered from the gel, using 1 liter of glycine/
NaOH buffer, at pH 11. Immediately the eluate is clarified through series of cellulose
acetate membranes mounted in a 142 mm Millipore filter.

For the second step of virus concentration, HCIl IN is added slowly to the eluate to
achieve pH 3.5-4. MgCl, is added to give a final concentration of 0.05M and the viruses
are readsorbed on a 045 ym porosity (HA) cellulose acetate membrane, mounted in a
90 mm Millipore filter. The viruses are recovered using the same eluent plus 10% of fetal
calf serum, to a final volume of 3 ml.

In this way, it was possible to concentrate virus from 400 liters of tap-water, into
1 liter in the first stage of virus concentration and just to 3ml of final volume in a
second step. The efficiency, simplicity and low operational cost, provided by the me-
thod, make it feasible to study viral pollution of recreational and tap-water sources.

HE study of viral flora in recrea- last years. This fact is showed by the
tional and potable water, has efforts in the development of simple,
peen a matter of great concern among efficient and economic method for de-
epldemiologists and virologists in the tection of very low concentrations of
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virus in large volumes of water (I > *

4, 5, 6)

A portable apparatus for virus con-
centration has been described by Wal-
lis, Homma & Melnick (6). By theilr
method, inorganic and organic con-
taminants present in the water, are re-
moved by cartridge filters of decreas-
ing porosities and by an annionic re-
sin without significant loss of virus at
this stage. The water sample, after
this partial purification, is added of
magnesium chloride and filtered
through the cartridge.

This paper presents modification in
the virus adsorption system. The salt
injection and the treatment with re-
sin were ommited and the virus is ad-
sorbed on ferric hydroxide gel impreg-
nated on the surface of a glassfibre
cartridge filter.

MATERIAL AND METHODS

1. Virus concentration system — Four
cartridge filters (Commercial Filters Divi-
sion, The Carborundum Company, Tell
City, Indiana) of 10 inch of height and 2,5
inch of diameter with a central core of 1
inch along the height, are serially mounted
and were connected with plastic tubes of
3/4 inch of diameter. They were housed in
transparent plastic holders to make the
following scheme (Figure I) :

a) Water clarifier system — Three car-
tridge filters of orlon or polyester fiber, of
decreasing porosities (15 ,m, 3 ,m and
1 um) were used. These filters are pre-
viously washed with water to eliminate ail
the detergent which might prevent virus
adsorption in the subsequent stage(s).

b) Virus adsorbent — Glass fibre car-
tridge filter impregnated with ferric hy-
droxide gel (FGFH. The filter is im-
pregnated throught passage under 5 PSI
(pounds/square inch) of 4 liters of ferric
gel made by a mixture of an equal part of
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scdium carbonate at 001 M and ferric
chloride at 0.05 M. All the virus experi-
ments were done using the gel made up in
the same day of experiment and also FGFH
was used at the same day of its impregna-
tion. After the impregnation of glassfibre
cartridge filter with ferric hidroxide gel, it
was washed with 20 liters of clarified and
dechlorinated tap water to remove the
excess of sodium carbonate. The FGFH is
mounted immediately after the clarifiers
filters.

2. Virus elution from FGFH — The reco-
very of adsorbed virus to the FGFH was
done using glycine-NaOH buffer, pH11.0(6)
The same eluent is filtered throught the
FGFH for three times. The eluate, without
changing the pH, is clarified right away by
filtration throughg series of cellulose ace-
tate membranes (Millipore <Corporation,
Bedford, Mass.), of decreasing porosities
(15 ym, 064 ym, 045 pm and 022 ,m
average pore diameter-APD) mounted in
a filter of 142 mm of diameter.

3. Re-concentration of virus from the
eluate of FGFH — The clarified eluate is
adjusted to pH 3.5-4.0, adding slowly HCI
IN. Then Mg,Cl is added to a final con-
centration of 0.05 M. The viruses, by fil-
tration, are re-concentrated on cellulose
acetate membrane of 045 ,m APD, in a
90 mm filter.

The virus elution from the cellulose ace-
tate membrane is done using 3 ml of gly-
cine buffer complemented with 10% fenal
bovine serum, homogenating the membra-
ne in a micro-homogenator, for 1 minute
at 50,000 rpm. (Omni-mixer, Sorvall Inc.)
The homogenate is centrifuged at 30,000 g
for 40 minutes and the supernate was
assayed for virus.

4, Poliovirus, type I (Lsc strain) was
grown in monkey kidney cells maintained
with Melnick’s medium B and representa-
tive harvests containing high plaque-for-
ming unit (PFU) titers were used in this
study. The virus harvests were frozen and
thawed, centrifuged at 3,500 rpm for 15 mi-
nutes, and frozen again in 2 ml samples
at-T70°C.
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5. Monkey Kidney cells-Kidneys obtained
from immature vervet monkeys were {ryp-
sinized, grown, and maintained as descri-
bed in details elsewhere(7),

6. Water — Tap water from the Labora-
tory was used for all experiments descri-
bed and presented dissolved solids 460 ppm
and solids in suspension 33,7mg/1. When
previous water clarification was required,
it was done filtering through glassfibre car-
tridge filter(6),

Sodium thiosulphate (Na,S,0,) at the fi-
nal concentration of 0.1 M has been added
to the water, in order to dechlorinate the

sample.

7. Virus quantification — The Dulbecco
technique(® has been used, with MgCl,
added to the agar overlay(®9). The plaque
forming-Unit (PFU) has been used for the
virus quantification.

Additional details on the methodology
are described in Results in the sake of
better understanding.
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RESULTS

I — Virus adsorption efficiency onto the
ferric hydroxide gel
The preliminary experiments of virus
adsorption to ferric hydroxide gel was
tested in tubes, using solely virus and gel.

The gel was prepared as described in
Material and Methods, divided into 5 por-
tions of 10 ml each and centrifuged at
3,000 rpm for 10 minutes. To the pellet
of each tube, 10 ml of distilled water was
added, to remove the eXcess of sodium
carbonaite.

To the washed pellets, 10 ml of virus
suspension at different concentrations,
made out in clarified and dechlorinated
tap-water, was added. The complex of
different gel/virus were rotate for 15 mi-

‘nutes. Then, all samples were centrifuged

and assayed for unadsorbed virus in the
supernate.

As it can be seen at Table I, the ferric
hydroxide gel showed to be an excellent
virus adsorbent, giving nearly 100% of virus
adsorption even in those tested with a very
high virus concentration.

TABLE I
Virus adsorption efficiency on ferric hydrozide gel*

PFU/10 ml Supernate Percentage of
PFU unadsorbed virus adsorption
1.000.000 6.000 99 .4
100.000 500 99.5
10.000 40 99.6
1.000 0 100
100 0 100

* Mean values of three experiments.

II — Virus elution from ferric
hydroxide gel

This experiment was done to stablish
the ideal condition for recovery of adsor-
bed virus to the ferric hydroxide gel. A
complex of gel/virus, containing 10,000
PFU/ml was prepared as described pre-
viously. To the pellet of these mixture,

were added 10 ml of different eluents. The

tubes were homogenated on a rotary agita-
tor for few minutes and then, centrifuged
and assayed for viruses in the supernate.

Table II shows several eluents used for
virus recovery from the gel: distilled wa-

ter, dechlorinated tap-water, saline anad
TRIS-HCl, pH 7.5 did not remove the vi-

ruses. Good results were achieved using
eluents highly alcalines (pH 11).
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TABLE 1II

Virus elution from the ferric hydroxide gel *

Eluents
used

Adsorbed virus on
ferric hydroxide

Percentage of
virus recovery

cel PFU = 10.000

—i —

Distilled water, pH 7 0
Tap-water,

dechlorinated, pH 7.8 0
Physiologic saline, pH 7.5 0
Tris-HCl buffer, pH 7.5 0
Idem, with 10% bovine

fetal serum 7.800
Sodium Borate buffer,

pH 9 8.000
Idem, with 10% bovine .

fetal serum 8.800
Glycine-NaOH, pH 11 8.800
Idem, with 10% bovine

fetal serum 9.800

* Mean values of three experiments.

IITI — Virus adsorption to cariridge filler
impregnated with ferric hydroxide
(FGFH)

The contaminants present in the tap-
water might go through the clarifier fil-
ters and be retained by the virus adsorbent
cartridge filter (FGFH), and then interfe-
ring or competing on virus adsorption, du-
ring the processing of large volumes of
water. To eliminate such possibility, the
follow experiment was performed: several
FGFH were pre-treated with different lar-
ge volume of water before virus adsorption.
The tap-water used to threat PGFH was
clarified by filtration through glassfibre
cartridge filter and injected of sodium thio-
sulphate (Na,S,O,, final concentration of
0.01 M), to inative chlorine present in the

78
80

88
88

98

water. The water flow rate was approxima-
tely of 20 liters per minute.

After the treatment of FGFH with pre-
determined volumes of water, a suspension
of 4 liters of virus (containing 4,000,000
PFU) was used to challenge the FGFH’s
virus adsorption capacity, using 5 PSI.
The filtrate was collected and assayed for
unadsorbed virus.

Table III, shows that even after the treat-
ment with several different volumes of
dechlorinated tap-water, the virus adsorp-
tion capacity of FGFH was maintained..
The treatment of FGFH with 1,200 liters
of clarified water and a subsequent chal-
lenge with 4 liters of known number of
virus particles showed 80% of virus

adsorption.
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TABLE TIII

FGFH virus adsorptlion capacity ajfter ireaiment with
several volumes Of tap-water *

Liters of tap-water
used to treat FGFH

Unadsorbed virus to
FGFH. Total virus

Percentage of
virus adsorption

before the challenge used in the chal- to FGFH
with virus lenge: 4.000.000
PFU/4 liters
Control — no treatment 40.000 99
20 40.000 99
40 80.000 08
100 120.000 977
200 400.000 90
400 600.000 85
800 800.000 80
1.200 800.000 80

* Mean values of three experiments.

IV — Virus recovery from FGFH

When a large volume of water is filtered
throught FGFH, fine water contaminants
deposits on the filter surface. This conta-
minants may form complex with viruses
and its recovery may become difficult. This
possibility was tested eluting the adsorbed
virus, after the treatment with several lar-
ge volumes of water.

This experiment was done adsorbing 4

liters of a virus suspension containing
4,000,000 PFU, using a constant pressure of

5 PSI. After virus adsorption, the complex
FGFH/virus was treated by filtration of
different several volumes of water. The
tap-water used in this experiments was
clarified and chlorine inactivated. After
the elution procedure as described in Ma-
terial and Methods, the virus content of
the eluate was assayed.

The results of this test are shown at Ta-
ble IV. Satisfactory percentage of virus
recovery was achieved even after the
treatment of FGFH/virus with 1,200 liters
of water,

TABLE IV

Elution of virus adsorbed on FGFH after its treatment
with several volumes of tap-water. * Toial of virus
adsorbed on FGFH: 4.000.000 PFU

Liters of tap-water
used to treat FGFH

Total of virus
recovery from

Percentage of
virus recovery

after the virus FGFH from FGFH
adsorption
Control — no treatment 3.600.000 90
20 3.200.000 80
40 3.200.000 80
100 3.000.000 75
200 3.200.000 80
400 3.000.000 75
800 2.800.000 70
1.200 2.400.000 60

* Mean values of three experiments.
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V — Virus concentration from 400 liters of
tap-water

After the results of basic parameters
studied in the proceding experiments, the
usefulness of this method was tested, si-
mulating a test in the field, which was
done in two steps: In the first step of
concentration the inicial volume of 400
liters was reduced to 1 liter. In the second
step of concentration this 1 liter of eluate
was reduced further to a final volume of
3 ml.

a) First step of concentration. In this
step, tap-water was filtered through all the
system (clarifier cartridege-filters and vi-
rus adsorbent — FPGFH, as in Material and
Methods, in continuous flow, injecting vi-
rus simultaneously into the system.

A suspension of 4 liters containing 600
PFU/ml, plus 1 M of sodium thiosulphate
(Na,5,0,) and 2% of phenol red was pre-
pared. This mixture, contained in a vessel
under pressure, was injected uniformly into
the system so that when 400 liters of tap-
water were filtered thought the concentra-
tor, all the mixture had been injected.
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The injection of mixture was controlled by
a millimetric valve of high precision, con-
nected just before the first clarifier filter.

After adsorption, the virus recovery was
done using 1 liter of eluent, as in Material
and Methods, and the results achieved
are given in the Table V. As 1t can be seen,
10% of originally injected virus was reco-
vered from FGFH. It was not possible to
evidenciate the presence of virus in the
samples after each clarifier filter due to
the high virus dilution at this stage. These
samples were obtained from the monito-
ring valve after 50, 100, 200 and finally 400
liters of water were processed. A constant
water flow rate of 5 PSI was used through
the filtration. Comparable experiments
using water ajusted to different pH values
5 to 7.8) showed the same results.

b) Second step of virus concentration —
In this step, further reduction of volume of
eluate from the first step of concentration
was performed.

Using following procedures, the virus in
1 liter of eluate was concentrate in final
volume of 3 ml: the eluate was clarified

TABLE V
First sltep of virus concentration *

%—

PROCEDURES PFU/TOTAL VOLUME PERCENTAGE

Total virus in the stock

solution ............. 2.400.000 100
Water clarification in

continuous flow,

through:
Cartridge filter of 15 ;m

porosity ............... —_ —
Cartridge filter of 3 yum

porosity ............... — —
Cartridge filter of 1 ,m

porosity ............... —_ —
After FGFH ............ — —
Elution 1 liter of glyci-

ne-NaOH buffer, pH 11 1.800.000 75

E

* Mean values of three experiments.
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by filtration through series of Millipore
membranes, then adjusted to low pH va-
lues and magnesium salts added. Finally,
the virus adsorption was performed (as

in Material and Methods).

The percentages of virus involved in
each operation 1s showed at Table VI.

Viral Pollution
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There was no virus loss when the liter of
eluate was clarified throught the mem-
branes or by adjusting to low pH levels.
The virus adsorption to and the recovery
from cellulose acetate membrane, reached
83.3% of the virus present in the eluate of

the first concentration step.

TABLE VI
Second step virus concentration *

PROCEDURES

—

Total virus in the eluate
from first step virus
concentration —= 1.000 ml

Clarification through,
series of cellulose

acetate '
membranes, as Material

and Methods .........
Adjustment to pH 3.5-4.0
with HCI-1N, and
MgCl, addition to final
concentration of 0.00 M
Virus adsorption on the
cellulose acetate
~membrane of 0.45 ,m
porosity and 90 mm
diameter
Virus elution, as iIn
Material and Methods,
using 3 ml of eluent
glycine-NaOH -+ 10%
bovine fetal serum .

PFU/TOTAL VOLUME

— . — — - ———

PERCENTAGE
1.800.000 100
1.800.000 100
1.700.000 94
1.500.000 83.3

*  Mean values of three experiments.

DISCUSSION

The viruses, particularly enterovi-
rus, may adsorb efficiently to the pre-
cipitate of organic and inorganic
salts. After adsorption, the complex
virus/gel may be separate from the
original medium and the virus reco-
vered by salt complex dissolution or
eluting the virus from it using a alca-
iline buffer plus serum protein.

This approach 1s used very often
for purification and concentration of
aifferent viruses using salts like cal-
clum phosphate (1), cobalt chloride

(11)), aluminium phosphate and hy-
droxide (1}2), ammonium sulphate (13)
and protamine sulphate (14).

The current study is concerned with
a combination of such simple and ei-
ficient technology of virus adsorption
but with volume limitations, with the
cartridge filtration system, which
may process several hundreds of liters
in a short time (°). The use of the
cartridge filter system allowed a clear-
cut advance In water virology, due to
its filtration principle. The f{filtration
in the cartridge not only traps parti-
cles on the surface, but also throu-
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ghout the total depth of the filter ele-
ment. This process gives progressively
finer filtration through the filter tube
and provide much greater solid-reten-
tion capacity than is obtained with
surface filters of the same dimension.
The yarn-wound filters made of po-
lyester or orlon fibers showed excellent
qualities for water clarification.

In this previous paper, when glass-
fibre or cellullose acetate cartridge
filter has been used as virus adsor-
bent, salts had to be injected to the
running tap water to enhance the ad-
sorption of viruses.

As the step of salt injection requires
series of delicate monitoring it was
desirable to supress this step if a good
virus adsorbent which would not re-
quire salts injection could be founded.

The impregnation of cartridge fil-
ters with precipitates of inorganic
salts was tried in order to achieve

this goal.

In the preliminary tests, it was sho-
wed that none of several kinds of pre-
cipitates show good impregnation fo
the cartridge filters, rather lowering
the flow rate or being washed out by
the running water. One exception, ho-
wever, was a gel of ferric hydroxide
obtained from the mixture of sodium
carbonate and ferric chloride solu-

tions, which when tested in tubes
show also excellent virus adsorption
qualities (Table I).

This virus adsorption property of
terric hydroxide gel showed to be sta-
ble. No liberation of virus was eviden-
ciated in presence of water, physiolo-
gic saline solution, or TRIS/CHI, pH
7.9 buffer. However, good virus reco-
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very percentages could be achieved
using very alcalines buffers, specially
when serum was added to such eluents

(Table II).

The results presented in the Ta-
ble III evidenciate two Importants
events. The first one is related to the
guality of the gel impregnation to the
surface of the glassfibre cartridge fil-
ter. Using such filters, impregnated
as already described, there were nei-
ther lowering of flow rates not wash-
ing out by water running. Second, it
was observed excellent virus adsorp-
tion properties of such filters, even
those previously treated with several
riundred liters of tap-water, before
the challenge with virus. These re-
sults show again that the precision
winding pattern which covers the en-
tire depth of the filter tube with hun-
dred of funnel-shaped tunnels gives
better collision between virus and the
gel impregnating the fiber surfaces.
By the other hand organic and inor-
ganic contaminants, at least for the
kind and volumes of water tested, we-
re not sufficient to block virus adsorp-
tion on the sites furnished by this
Kind of filters.

The recovery of adsorbed virus to
the adsorbent like ferric hydroxide,
has been achieved using alcalines
buffers in presence of organic com-
ponents (Table II). However, using a

buffer adjusted to very high pH (pH
11.0), was possible to recover the ad-

sorbed virus at very satisfactory ra-

tes, even when organic components
were absent. This fact allowed the se-

cond step of concentration of virus
(reconcentration) on the cellulose
acetate membranes.
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It was already known that the pre-
sence of proteinaceous components ad-
versely affect the virus adsorption
gualities of Millipore membranes (2
3). The non-viral components present
usually in tap-water, seem to have in-
terfered in just very small rate in the
virus recovery in our tests when fil-
ters having already virus adsorbed on
them were treated with several hun-

dred liters of tap-water, as shown in
the Table IV.

The eluent used, glycin/NaOH buf-
fer pH 11.0, has been already used be-
fore to elute virus adsorbed to the sur-
face of glassfibre cartridge filter ().

When the complete system, clari-
fiers and FGFH, was tested in a eXx-
periment simulating a field collection,
processing the water In continuous
flow, a percentage of 75% of virus re-
covery was obtained in the 1 liter
eluate, from the total amount of vi-
rus experimentally injected into the
system. With our system as far as
the volume reduction is considered 1
liter of eluate means 400 times of re-
duction and the virus concentration
reached about 300 times (Table V).

In the absence of proteinaceous
components in the eluate 1 liter, the
reconcentration was done using cellu-
lose acetate membrane as virus ad-
sorbent, to further reduction of the
volume to 3 ml, reaching at this stage
83.3% of virus recovery (Table VI).

As far as the total volume of the
sample processed in two steps is con-
sidered, the reduction from 400 liters
to a final volume of 3 ml, represents
a concentration of about 130,000 ti-
mes. The presence of 1,500,000 PFU
'In a final eluate of 3 ml represents

the recovery of 62.5% from the origi-
nal virus added into the system
(2,400,000 PFU). The real virus con-
centration rate, from the beginning
of the experiment, with a virus dilu-
tion at an input of 6 PFU/ml, to 500,00
PFU/ml into the 3 ml of the final
eluate, represents a concentration of
around 83,000 times.

The method here presented showed
to be efficient in the conditions des-
cribed and viable economically. Its
use seems to us to be practical, lack-
ing of complex monitoring systems
and applicable as a portable equip-
ment for field water sample collection.

Similar systems have been used to
process sewage (1> 1) and sea wa-
ter (17).

SUMARIO

Relata-se o emprego de um concen-
trador portatil, o qual se mostrou ca-
paz de recuperar 62,5% dos virus
(Polio I, amostra Lsc) experimental-
mente dispersos em 400 litros de agua,
os quais foram reduzidos a 3 ml.

O sistema concentrador de virus €
composto de quatro filtros-bobina, em
que os trés primeiros sdo clarificado-
res de porosidade decrescente e nao
retentores de particulas, e o ultimo,
impregnado com gel de hidroxido de
ferro, adsorvedor das particulas virais
presentes na agua processada.

Este quarto filtro, € removido do
sistema apds o processamento inicial
da agua. Em seguida, ainda na Dpri-
meira fase de concentracao, os virus
sao eluidos do filtro-bobina, com soO-
lucao de glicina / NaOH, pH 11,0. Sub-
seqiientemente, o eluato é reclarifica-
do, sem reducao de volume, por filtra-
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cao através membranas de acetato de
celulose (15 ym, 1,2 pym, 0,45 um e
0.22 ym) montadas em série, em um
suporte Millipore de 142 mm de dia-
metro.

Para a segunda etapa de concentra-
cao, ajusta-se o eluato clarificado a
pH 3,5 e adiciona-se cloreto de mag-
nésio até a concentracao final de
0,06M. Os virus sao a seguir adsorvi-
dos em membranas de acetato de ce-
lulose, de porosidade 0,45 .m, em fil-
tro Millipore de 90 mm de didmetro,
novamente recuperados por tritura-
cao da membrana em gral de vidro,
em presenca de 3 ml do tampao gli-
cina / NaOH, nesta fase porém, su-
plementado com 10% de soro bovino
fetal.

Desse modo foi possivel concentrar
virus, de 400 litros de agua para 1 li-
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tro na primeira etapa e apenas 3 ml
de volume final na segunda etapa. A
eficiéencia, a simplicidade e o baixo
custo operacional do método recomen-
da-os para o estudo da poluicao viral
de aguas recreacionais e fontes supri-
doras de agua potavel.
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