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is & report Wy Prof. D X, Zrondis, Director

[ pbetey F
Iygizne Inciibute ol L,.W'":*:T,J of usuiingan, C.cz'n:m.f.
Tranclasion perloried oy Constance L. Lusts)
r/’ - fow ot

Iy was to be asswed that merbrane f;luc“c and other similar filters

7 have a retzation property or i‘ilw"[u" Vi from air. Yhis property

is no;. absolussc. .:b was JG(.-S.( P tae esK.arch project to obuain

antitative dajta zhout kizh copacicy of filtering from Virus-aerosglse

J..,o quantitative dava were neaded apout the degree of \Dreswvﬁably
szall) mm;urab:p t7 of tne filicrs., “he most sensitive tesus were

T0 be used to show tials. ;\

Our coursc had to consicer thc -0.'..'3‘.:?.3 points:

1) D2tz radning the filder ca Jauv_/, 2) Possibilities for a sensitive
deoonstration of virus asrosols, 3) Retention properties of filters for
viruses in aerosols.

In order to find a suivable experimecnbal arranoer.en’o {nozzle, course

of aerosol, chanber, eic.) we undertook a literature study at first.

it the same time this was to inform us, waether other similar investigalions
were already in proJress.

1) Literztwre Study:

vie could not find any "epo; vs with quantitetive data about the re-
tention properiies of fiiters for filtering virus aerosols.

Spray nozzle: In the U.S.4., the “Collisdn--Sprgy! is used extensively,
wnich nakes 50-85% of the droslets bevieen 3.0 and O.S erons.e It is
also built into she "Henderson Aerosol Apparacush, was deserded by
Zeaderson in 1951. OClher apparatuses to make snoxe (i‘ob) found in the
american literaturc are dzscribed by Berzun eb al. (1961). In the
russian literavure “-“"’co.f:'s duster? is mentioned frequently, as for
example by Gaidamovitsch and Viodavec (1963). For us it was easiest
to obtain the nozzle (ileusiiber Nozzle) fron Drager Lubeck (i218), where
particles are 13.7: under 0.7 micron, 85.7-C9.95% betueen 0.7 and 5 microns.
Only a very small percentege of particles are greater than 5 microns.

This nozzle was sinilar to the "Collisdn~Spray" and was suitable for our
exper inentse

Apparaitus for releasing and consaining acrocols:

In the literziurc two principles are deserd 2d:
a) dymamic system = serosol is in coantrast circular motion and new
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~ aerosel replaces the used or released acrosol.

b) static system = aerosol is in lorge chaumbirs and by removing
sarples its stability, scdimentation etc, is studied.

The dynamtic system is incorporated in the Henderson-apparatus,
which is well suited for studying infections via acrosols (iiberg and
Goldberg 1947; Uolfe 1951). Because of the difficulity in obtaining
it in the time allotted to this projecct, as well as because of its
6,000 price tag it was not considered for these planned experiminis.
A disadvantage of this equipment asweared to be the impossibility of
sterilization; the procedares for disinfectinz the apparatus egppeared
to be problematical to nme.

Aerosol chambers were described by Ziberg and Henderson (1947),
Harper et al. \1967), Hood (1963) and Zhrlich et al. (196LJ. &
thorough overall view about the various types is described by Wolle
(1961); several good descrintions also by Goldberg ct ai. (1950) and
Zhahlko-Titarenko (1960). The chambers arc in part ootating drums and
are rather large (up to 1600 liter)e. &a acrosol chamber in which a voluntar
subject can be exposed to aerosols was described by Griffith (1963). These
chanbers apnearesd 1o be not wholly suited for our experimecnts because of
unintential loss and mixing of the aerosol.

Hethods for demonstrating virus in aerosols:

Bacteria have been shorm to be in aerosols for many years (Vills
1933, Moulten et al. 1943). Various techniques are used in these methods.
Of particular intercst is the "Anderson-Sampler® which also gives separation
of particle size (Anderson 195¢). Two principles are found in the
literature for demonstrating wviruses in aerosols. a) Collecting the aerosol
in liquids, or via adsorption-aerosols, b) collecting the aerosols on
filters.

Collection of acrosols in liquids is carried oub with impingers of
various kinds and was described comprehensively ty Tyler and Chipe 11955)
and in the Public Health Monograph No. 686 (1959). In the english litera-
ture the "All-Glass-Impinger® is used extensively, in the russian literature
the "Djakonow-ipparatus® (Vledavec, 1957, 1958; Gaidaovitsch et al. 1959)
is used primarily, Collecting acrosols by adsorption on a seconl acrosol
is the principle used in the collector of Recomensly described in the russian
literature (also Gaidamovitsch 1963), as weli as in the “atomizer-sample"
of Moulton (Albrecht 1955). uelatin'filiers are mentioned primarily as
£ilters for viruses.

Several leads as to the performance of rarious methods are found in
the Public ilealth lonograph Fublication Fo. 686 (1959), and Publication
No. 953 (1962), and in Viodavec (1957, 19% ). Ve found no quantitative
results about collecting Tiruses from air. .

2) Testing the materials:

In order to avoid experimsntal errors because of residual virus,
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or il thic was aLolded by dicinfectants, then the chemicals, we chose Lo
1tilize o demowntable gppareius the indivedual comsonents of which could

™,

bz sterilized by autoclavinze The vessels were of glass, conncciors
& 2

A y

IS tusinz, the nozzle of nickel silver (German silver), the filter
holdinzVclap? of metal. The filter was of gynthetic materials and could
bo used ¢nly oncce.

Ve bezon ths ciperionts with a dbacteriophaze. Coliphage T3 was
suitaole, 3% made larce nhagss &s an indlcator strain . coll 3. This
was especially wielWl, sincs we wanbted to demonstrate vacteriophages on
tae filver by rocans of bvaciterial siraine. Tae bacterial growth was to
¢zvelop on these filicrs.

From the large nuder of irningers we ciose the Djaionow-Apparatus
rentioned in the recsian literabure (tiis was made by glass blowers ac-
cording to deseriptions in tae literaturc), as well as the All-Glass-
Imoinger mendioncd in the eangiish literaiure (ALl Glass Inc, Vineland,

. J.je we added 1-2 drops of defosmer & 100 (Silicon emulsion Farben-
febriten Bzyer, Leverkuscn) ile used 5 T. Zacto lutrient broth for the
Djalconow anparatus, and 20 ml for the Ail-Class-Lrsingere Antifoamesr.
wos  acded afber we had satisfied ourselves thet iv had no inactivating
effect on phaazes. e could notv use the ziginate filters because of tueir
extreazly low 2bility to nass air. e used 3 kinds of filters: 1)
gelabin filters (IF gelatine) (50 rm) from the Membrane Filter Co. of
Gottingen, 2) membrene filter T 1C, 12, 15 (50 rm) same compayy as in
(1) and VP 10 \47 1) HA 7,45 (37 ma) fronm Millipore Filter Corp.,
Bedford ifass., 3) iicrosorvane filters (50 ma) from Delbag Air filter
Company, Berlin., 4s filter susporus we used those of the ilembrane Filter
Corp ani the Clindical lonitors of synthetic material which come with

the iillipore HA VU5 filters. As wc observed the ability of filters

to pass air, we concluded that perhaps the acrosol passes through the
2ilt:r in the support area. e therefore also used (\later) a high
pressure i'ilter holder (:illipore Corp.), wiich circumvented this dangers
in large part.
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3) Testing of the conditions:

Tron the literature it was seen thabt the ovest physicel conditions
for aerosols are present wien one works in the dynamic systea (£lowing).
Ja therefore wanted to duplicate these conditions in our trials. Thus
far this 7as not been wholly successiuly vechrical difficulties arose
in that the pressure and suction made an simulianeous aerosol channcl
which could only be dirccted to the indicator system after all conditions
and ecuilibrated (stablized).

Initially we started preliminary oxperiments with a mixed dynanie statiec
system with which we did not have these difficulties (Figure 1). The asrosol
vas made under constant pressure, which came from a corpressed air tank via
2 raduction vilve., The aecrosol was carried via connecting tubing to a
caasber \2+5 Liter glass jars) and there it introduced through a flow meter
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to 2 o 3 impingers (Fischer and Porter Corp., Gottinzen). The chamber
thusly filled with aerosol. After asoray time® of 4 or 8 minuics this
part of the trial was stopped. The take up and release valves (Solidex

S mn) of th. acrosol chaaber were closed and the aerosol was sucked

over 2 imping.»s or 2 filters via a third valve with a rap in the sccond
part of the exp.rinent. ihe physical disadvantages of ihis mathod lie

in the fact that :igh density of aerosol in the first part and in the
lowering air pressuce in the second. The latter effect mey alter the
vapor pressure of the aerosol and consequently perhaps change the particle
size. Ve thought we could begin the experinents because the air temperaburc
was 220-21°C and rolative humidity of the room wos 25%-LSs. 4n zdvantagze
of the method was that the transient static conditions of the aercvsol in
the chamber aid in establishing equilibrium with the course dispession
(the chambers wcre 2 or 6 liters). WWo or six liters of acrosel could

be siphoned off and the results cculd be compared on a basis of per

liter of asrosol.

It became apparent that a constant diamcter of aerocol were desirable
in the systew, and no sharp deviations were allowable. In 21l placces
where acrosol cawe in contact with objects a setiling occurred. We liept
the width of S ma in the glass tubing and 7 mm in the PVC tubing. This
aspect of the trial virus was checked with the aid of "colored-acrosols."

Methods
1) Impinger experiments (see also Fig. 1)

Toe compressed air is introduced ai a constant 1.5 atm via a PVC
tubing into the nozzle. The nozzle is placed into the glass vessel so
that the level of liquid is below the nozzle. The liquid to be acrosolized
is sucked up thru a short piece of tubing. In this way the larger aerosol
droplets fly against the wall of the container and flow back iato the
phage suspensions, Only the finer droplets of loaded aerosol reach the
aerosol chamber.

At the beginning of the experiment valves I and II of the chamber are
opened., The source comes via tap I, thru II the take off over impinger I
and II. A flow meter is attached after the impingers. The Yspray time!
is kept constant at 4 or 8 minutes in order to standardize the method.
The mozzle delivers 6 liters of aerosol per minute under those conditions.

Aftor stopping this part of the experiment the air pressure is cur-
tailed by closing valve I and II. Tap III is opened and the 2 liters
(or 6) inside the chamber are sucked up over impingers III and IV. The
mmber of phages so collected on the Lmpingers is a measure of the con-

centration of the phage in the aerosol chamber.
In this experiment the quantity of phage-suspension in the L or &

minute spray wore also determimbd gravimetrically. 4n average valve
was 0.6-1.2 ml. If this volume is converted to the concentration in

L.
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iV tep III is comnected bo a filver

SnSUIha O L
Weesr, Lad ins
holder Y

dere  Yne seinin done in Uvwo parits. The chanber is
Iiiled; the coavent ¢ Tthen suckol over a filter. One must differentiate
belween &) use of solubie filters whilch cin give quentitabive data simdilar
o tac Zipingers, b) use o ~incolunle filter which only yield
Guantitative resull 1 ze coneznirations. AL high concenvrations
one can only wiilize taeir reienis propervicse.

Croup a) Gelatin £illers. Thcy ailow air to pass (2.7 liters per
ilne cu® &t 2 prossure differonticl of SO0 rm US; according to the supplier)
and are wator soiusle, espocicily wivca tae solubion is warmed somewhate

Tiey are weak and tear, and only few exmw rinconts succeeded vhore the
filvers did not breaik. Cslatin Iilters are available “fine® and"coarse’,
Zais supposedly (supplier) cnrrasponds to a porosity of; coarse 2.0 ricrons
Lagen-seiseuille zid 3.0 ric sas by wercury intrusion phenomenon; fine

0.6 micoras and 0.45 microas .cspectivelye

Yo used coarse filters mainly, since the fine filters were tecanically
aifliculi to meake. The use of the gelatin filters was similar to that
cf impingers, 2ie™t after use the gelatin filters were dissolved in
5.0 ml Bacto iubtr. Zroth at 370C., Solution is camplete after 20 minutes,
The soluticn was subscquently titrated and worked up.

Croup b) ilirane filters 10, 12, 15, VF 10, Ei o.L5. According
to tre supplier thcse filters hold back materiels on their upper surface.

Tie microsorbvenefilters are also water-soluble, but are not made
according to the principle of the membrane filter. They £ilber by a deep-

sy

Silbtration action.

The supplicr liste the pore sizes as: 7 10 by Hagen-Poiseville
Oel ricreonsy by g dintrusioa 0.0L micron; iFf 12 G,15 + 0.05, HFL5 0.27
+ C.15; Vi 10 10 £ 2 xicron, i) G.LS 0.45 microns (£ ,2) No pore size
wag listed for microsorbaane filters.

Theoe Jilters wiere uszd as follows (except microsorbane); right after
tae trial the filters wers placed, bottom side dowvn, on a dried agar plate
2ad overlayed with enough Coli-Bouillon (ovarnight culiturc, 2 hr. culture).
“he filter is then dried, with the 1id open, for 20 minutes in an incubator.
Jute moraing the counbing of phages and other calculations are mades

Se
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first filter can only be used at low phage concentration, since
at 10%/ml confluent lysis is observed. The rotention properties of the
. firet filter are checked with tho aid of a second filtcr in the row.

-3

Microsorbane filters could not be used with the agar plate method
because of their special ‘construction. With those filters the reteation
propertiss (capacity) were mercly investigated.

Results

- 1) Dose of sprmd bacteriophages:

Two sets of experiments were cmployed so that we would not have to
©. measure the dose of phage to be sprayed. <The nozzle was used at constant
. air pressure for 4 and & mimutes. The sprayed volume of bacteriophage

.. suspension was therefore determined gravimetrically. The nozzle and
. tubing wore simply weighed befare \empty) and vhen £wll with phage sus-

© - pension. Ve found that a spray time of L minutes used an average volume

- of 06 ml to make spray; for 8 minutes the average "sprayed-volume*
. .was 1,2 ul (see table 1).

Therefore by keeping the conditions constant we could assume that

: , ~in owr further exp riments the dose of sprayed bacteriophage was constant.

AH

e '. :
~" .. 2) Recovery of bacteriophages:

S Of the sprayed phages an average of 255 were recovered in the im-

- ” pingers. The greatest quantity was found in impinger I; impinger II only
veceived 177 of that of I; impinger IIa about Ll of II (see table 2, 3a
and 3b), ‘there was no apparent difference between the Djakonow-Apparatus
and the All-Olass-Impinger. The phages recovered from tiwechafiber were

only & mnall percentage of the total recovered; at the 4 minute spray

. ~ time in a 2 liter chamber was about 0.85% of the sprayed phages (sce

o, table 2)¢ In impinger IV about 42 of impinger III was still found (see

2, 3a, 3b)s Ths relationship between the dose of sprayed phages . .
and the total recovered was rolatively constant.

3) Number of phages in the chamber asrosols

It was important to determine the number of phages in the aerosol in
the clmnber in reference to the axperiments with water-soluble filters
‘since this was lmportant tocaloulate the filter capacity. As already
montioned (2) the number of phages recovered on impinger III and IV and
in the chamber were in a relatively constant relationship with the amount
of sprayed phages, vhen the spray-time and the volume of the chamber were
constants 0,857 of the sprayed phages wore then recovered in the chamber,
“hen the" spray-tims was doubled and a 6 liter chamber this relationship
mst-change acoording to the ratio 3:2, This was the case. The phages
recovered from a'6 liter chambor with an 8 minmute spray time wore 1.34 of
the sprayed phages (Table 3a and 3b). In this case the Djakonow and All-

.  Glass~-Impinger gave the same valuos. The rosults obtained with impingors

compared with those of golatin filters, If the sams rosults wore
by using two different starting principles the conclusions can

Do assesssd with greater ocertainty.
- : . .. Be
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Tebic 5 Shous thed itk an §ominute coror o with gelatin filter 1.54
¢l ths srocyed LilIse were recovercd in tihe ¢ Lliter cliabors

Shortin: :Ei:::rc:.;; concen “wovidod addivionel prool thad
ooCenseint Tl x4 botus T WMgnroyed phegest with re-
L3TCT U0 2 & S p..\. S-conecenor. i ¢ acrocol chim.bor. In fimure
2 it ecan W 3oohal 2 ldnsar rolat Ziss for Lopinzers as w1l
25 for zolatin T110°15 W e Rte] oncentravion end *)pugc con~
conuravion in the aor chizibar, ol tihe relationciins il-

lustratsd was ab

o

Sinee i 1 golodin filters yicld cquivel csulls aboub
Tz co.xc\,.z'\,:w*on., ia was acrosol c......w-, “hese resulis appsar to repre-
sont Wiz actull niage concentrations in tie chwitsr. 10 ropresenis e
veeild stateniat (.._h cilicaiion) aboud the exbent of the canacity of the
Lilter through whica The contents of thie acrosol caambor arce conducied.
\
g The [coret

it'vi‘oy of cdifferent mzthods for demonstroting bacteriophages
5t

in fizure 2 oac can also sce the rolsaiionship of thwe phcges remaining
in the caaizer Yo the deose of the szreysa phagzes in the (LLi'lCI‘Cn'G rmcthodse
. ydecan

sr concenirabions of starting concentraiions the gelavin filters
5107 comeuind more phages in the caamber than the third i;n.nger; at low
conceniravicns tie reverse was true. Tue ceviabions are too small to be
adie to draw furiner conclusions. Thae relabionsaips would be differcab

iT the furdher-romoved® Lupingors were included and taeir phoge count
i in. aber insolublc membrane filters -~described carliocr- are less

GUGed

scasitive 1n comoasiraving phages in asrosols than are impingers and
gelatin filters, Bocause of the cimylicity of evalubion (placing tae
Rk ey zrar sLate a s placues dir ) e s Yo rell
Lilters on &gar s-ates and reading placues ectly) iacy arc very we
suited at low aerosol concentraitions. They are also suited to use as a

control for a few phages.

In sumeary: The prescab resulbs showsd thab the instrumentation and
motaods are capablc of yielding useful and resrcducible results. Ve were
aole to start aimerinments about reitention propervies of different filters.
The results are not compleve as yct. This will be referred to in a sub-
sequent reporte.
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Results with Djakonow
mummdbwmmouwHa 3]

, phony oo ARBTRgERE

. et i

. Tabelle 2

atus and chamber of 2 liters
conow-Apparaten und einer

herosolizmmer von 2 Liter Inhalt.

titer/nl. Spray-dose . _ m spray-time
Phagensusp.-! Versprayte Djaeakonow=-Apparate V = VYersprayceit
mwawn / aw ” Phagendosis I ] II . I 111 Iv i A = Absau;zeit
6 “ P 3 m... #. #M 4 nicht - W V =4 min,
6,0 x 1o m.u.w x 1o 5,3 x 10°{ 1lox 10"  3,5x 10 3,5 x o' Dbestimmt . A=11/2 nin.
; i ! -
6,0 x 10° . 3,6 x 10° m 8,0 x_10° m.:o x 3».." 3,2 x 104 12,6 x 10* 1,3z u.% Nu n.ﬂu
168 4,6 x 105 ;onox 105 6,0 x 104" 1,9 x 104 12,5 x 10* 0,4 x 10 V-4 mia
aom w wMMwNaE«ww w 10 x dom 9,0 x dObw 3,0 x do» nicht dmmannan ¥ = 4 min.
. 1 ! '
- : Y 6 6 6
108 | 5.3 x 108 . T3x ._om.mo.a x doqm 2,3 x 10°|5,8 x 16° 1,7 x 10 Mn»u“n
108 | 5,0 x 1% 1,4 x 10° :2,4 X 1079 0x 108 15,0 x 16° 2,1 x 108 M - ” MWM“
i o i
8 . nicht 8 - T: 6 . . -
10 ' bestimmt awu x 10 ,a.m x 1o M 6,5 x 10 - nicnt bestimmt Y = 4 nin,
N ] N G - ) ;
108 m wwmﬁaﬁ 1,2 x 102 T.m x doqu 9,0 x 10° | nicht bestimt V « 4 min, .
m _ xE 6 = .
10° 5,2 x 108 1,3 x 10° 046 x 107 W nieht o l43x1° 3,2 10 | Jz4pin
. \ : » . .
# not done : .

PEERET R T ) »mu-—u-ﬂmuﬂr‘o—«. o s
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Tnbelle

'?&%Tﬁ.é’%ﬁh ﬂ%’“’ﬁ 1 OPRETAY Xf()paraﬁ.en u.einer ?érosolkamor von 6§ Liter Inhalt
p‘m”e : spray=doso Versprayzeit 8 min.) Spray-time 8 minutes

U*WL[I&& ] ‘

Phﬂgonou sp«~ Versprayte | Djakonow=ADPparate

fiter / ml + Phagendosis ' I II III ! Iv
- - 2 | 2 2 1 '
3,6 x 10° 11,2 ml = 6,7 x 10° 1,4 x 10 2 ox 1o 1 6
. !' S L eewiee . e . : P v .; mad wison s s s seascmsife o Ges. 0w me. powt
" ; " . 1,0x 102 9,0 x 10" 10 6
i ! ’ el e
" 3 " 1,1 x 10° 7,0 x 10 14 5
9,9 x 10% i1,2 ml = 1,2 x 1o5 3,1 x 10 i 2,0 x 10° | 2,1 x 10° | 9,5 x 102
e e e e e e e e e . l., I S .
! ; ]

" | " é 2,3 x 104 f 4,3 x 109 : 2,0 x 103 . 5,0 x 10

© em e e mpeemme @ o th wmari@ o b o R TS v M tieamseutan o ...u',. - e s sw -

" " "3 x 10t 3,0x10% 2,1 103 (11,0 % 102

B O e e . A e e . .o w'e .
L .o , ) Y . :
" ' " . 2,6 x 104 - 7,8 x 107 1,9 x 107 ‘10,0 x 102

.'. .,-..- ; ; E ; B

" . ‘ " . 3,0 x 104 © 4,3 x 107 :'3,0 x 107 8,0 x 102

“n " : 3,1 x 104 4,3 x 103 23 x 103 | 7.0 x 10

cr em e e e Tt e e s ? 4 " - - eans “ere mes eoman - - meme o 1ermer 1. = ahuRe DR ataaran] ’

4,8'x1o7 12m].-=‘58x‘lo7 48x106; ‘l,t'.bxw6 5.6x1¢55 3.ox‘lo4

" " 5,5 x 16% ' 2,1 x 16® 8,0 x 10> 4,0 x 10% |

i ¥
6 4,6x10° 5,3x1° 3,0x 10, z’

woo " ' 6,1 x 1o
' . : C eme e meme e e—— o s o o e e adiemmee o vwmee w
N : - 4
6/-'x 108 1,2m =7,2x18 1,1 x1®% . 1,721 7,1x1°. 53x1°
" " .- 1,5 x 108 1‘,7 x 107 ' 5,5 x 106 4,3 x 106 3'
" " P 1,1x 1% 3,2x 107 5,2x1°% 1,8x 105
} ; . s vy
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Tabelle 4

wesuivs with Gelatin Filsow
Brgebnisse mit Gelatinefiltern
(Aerosolkanmer von 6 Liter Inhalt) Caauder
?vur sprayzeit 8 min.)  Sory dime 8 rinuics

026 liters

phage
toar/R . y :
PN Rsp . - Gelatinefilter ulabia fidice
Titer / ml ansieclle vor abtached to injinzer ITL
. : Imoconcer ITT

5,6 x 102 5 x 1o°

; z,5 X 10

e e e e -,}‘ o 7
" i 1,3 X 1o

u % 0,8 x 107
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Concentration of Collected phages

KONZENTRATION DER AUFGEFANGENEN PHAGEN
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