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Eksperimental'neya model' pylevol fazy
baskterial'nogo aerozolys '

(Fxperimental model of » bacterisl aerosol
in the dust phase]

Zhurna]l Mikroblologii, Epidemfologil §
a:snnogtflocll 31(10)156=62, Oct. 1960,

(Ia Russian)

Since the close of the lest century s considersble number
i of experimsntal works have been carried oQt in which srtificial
bacterial serosols in the draop phase were stud;cd. yet there are
svailable only isolated reports on cxpcrtmcnti conducted with the
. dust phase of bacterisl serosols, Moreover, methodology needed
for setting up stindard serial experiments with belterial dust
have not yet been developed Qe ell, ) ‘
Shtiben suggested inoculating ground qh-lk.vlth the liculd
culture of the tulbercle bacillus, Absorbent cotton was saturated
with this suspension, then dried, put in a bag and beaten out in
* a smsll chamber in which susceptibdle animiéls were present, For %
the purpose of obtaining artificially infected dust, Berov, Kouzov

and Semich inoculated cement dust with s bacterisl su.pension iIn

Tesentrelfinyl Institut Usovcrshcnstvovanlia Vrache! [Centrsl
- -jnetitute for Advanced Training of Physicians

Recelved at Editor's Office, Oct. 4, 1958,

el ]
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" distilled weter ((Bacillus sudtilis (sennsys pelochikes = hay bacii-

-, Milliems snd Liduiwell infected talcum vith the sporess of 2aciltun

{ - gubtilis. Expertiments with bacterisl dust infected by Staphylo-
" eoccus were condsucted by Spivak (citing Rechaenskil)}, but in this
: work methodolegyy spplicable to the preparstion of bascterial dust
is net cited, Valorks of the last century include thee femous ex-

“'; .:. periments umud‘by [George) Cornet by means of bbeating rugs

" sstursted with thhe sputws of tuberculosis pstients iim & rooa ia

. which guinea pigws were kept.

In a recentily pudlished work Dy Vershigor it iss poiated out
~_Ahat the dust phémse of serosol wes prepared by meanss of infect-
- ing & lycopodiumn of talcum or dust of soil with a sttaphylococeal

'y"j';;__'_.umun. It seeens t0 us that the use of a lycopoodium the

A particles of whidch have sinilar dimensions is the mosre intereste

ing (method],
L The presentt work Is dewvoted to the creation of .a stadle
X " model of the dusst phase of & bacterisl aerosol In uiuuuc seru~
- 80} chember tor. tihe purpose of conducting various imwvestigstions ‘
ia the reslm of sair-~dorne infections,
' Pelted blaMto from a doarding-house that had deen in use
for a long time saerved as 8 source of dust. Dust wass extracted

frem the blanketss with the aid of & vacuum cleaner, It contained

‘ ' - & Jarge quantity>.of lumps, large .porucus of halirs sand fiders,
.- Aiming te odtaisfiner and more uniform dust, it wass sifted tvice

o — . it e = 4 . .
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through the standard sieve no. 100, (Begin p. S7) According to
date obtained by burning gnQ cust in & muffle furnsce, L6.1 =
47.4% of the weight compiﬁ.cd inorganic and 52,6 -« 53,9% orgenic
substances, The d;st eﬁtalncd from the blankets contained also

a consideradle quantity of microorgenisms = the vﬁ!tc end citruse

yellow staphylococcs (Staphylococcus slbus, St. citreus, St.

sureus ), yellow sarchina [Sarcina lutea), gram-positive spore-

-forming bacilli, actinomycestes (and] mold fungi. In -addition,

thers was & preponderance of coccal flora in ell sanmples,
Moist sterilization of dust in an sutoclave had to be re-

Jected because it led to the formation of moist snd solid lumps

that were hard to pulverice, Apert from this, after a moist stere

1lisstion the dlspersibility of the dust was considersbly de~

_ cressed, To effect sterilization the dust was spread in a thin

layer on the bottom of s Petri dish and exposed to the action of
8 150 = 160° (C] tempersture for 2 hours. The dust acquired a 3
brown shade that was dsriker as & result of the pcrtl.l,curbbnl;.A
sation of the organic substances the quantity of which decreased
in the different portions of dust by 0,76 - 1.82%, 1In sterilis-
ing with dry heat there formed tiny, loose lumps of dust that

scetlered when ground lightly in s mortar, Sterilizstion et 160 -
170° (C) resulted in considerable carbonization und; therefore,
it cannot be recommended,

We inoculated the dust with s culture of the white staphye
lococcus which was Isolated from the vir of o dwelling (strein

\
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‘mm, 284). To infect 0,8-1 gm of dust we used the washingof a

2U~hour staphylococcal culture [taken] from S=6 test tubes of

.mlanted nger, f.c. only 10-1” ml 1" the bacterirl suspension,

The density of the bactcrial suspension that wss determined
sxcording to hecterial standsrds equalled 4O to 50 billfon bac-

tmrisl ccllsf per milliliter (the density of the bacterial suspen~

. '-lon was determined by the dilution method),

" The obtained staphylococcal suspension wes poured in a Petri
diish at the bou.oi of which was dlsbcued 8 thin layer of & batch
Emaveska) of dust (0.,8=1 gm) that hed been sterlll'ud an& pulvere-
£imed in a norur.' The dust and the bacterial suspension were

miixed thoroughly with s gless rod, sfterwhich the open [Petri)

. &tdsh was plsced in an incubator at 37® (C] for 18-20 hours, Dur-

lag this time-period the liquid evaporated, hut the bactcrisl
@&ust remained at the bottom of the dish in the form of a thick

Imyer, The dry dust was removed from the surface of the dish

wiith the eld of a sc._qx_gcl.' The dust oltained usually contained

mmall end everrge-size lumps of a fairly loose structure. !lence
tihe whole portion of the dust was subjected to slight crushing
fm a morter, '

1t must be noted thet iIn remoﬂng the dust from the retri

<iish with a scalpel as well as In crushing It in = mnftnr. its

- paTticles cntc‘re—ﬁﬁi sir in considersltle guarntities and, for this

swason, these opcrations should he carried out In covered boxes

.em tables (or .b.l"lChtl.].A

——
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Since dust is very hygroscopic it was stored In an exsicce~
tor on 8 layer of dried calcium chloride, In different experie
ments the molsture of dust that was dried in sn incubstor come
prised S.l4 = 7.2%, yet after 4=5 dnys.ot storage in an exsiccator
it wes reduced to 2.3 - 2,7%. '

For the purpose of creating s dust phase of bacterisl aero-
sol, dust inoculated with steaphylococcus was dispersed in s stee
tic serosol chamber of & 250 liter capacity. A pulverflator the
outlet tube of which was introduced into the chamber through an
opening in e rubdber plug wus used for dust d!spcrolon. The blc-_
terial dust was weighed on analyticel scales in the gless besker
of the pﬁlvcrtlltor. Dispersion was carried out with the aild of
an alr current forced out by an air conpfc:sor, or with the ald
of & rubber buld, [resinovaya grushal.

As 8 result of the dispersion of the batch cf bacteriel dust
in the chamber, there was created a polydlabcrslon bacterial aero-

sol in the dust phase; the size of thc aerosol particles fluce

tuated within & wide renge = from ! up to 100 sand even 250 mu,

(Begin p. 56] with the fundamentel mess being comprised of partie
cles the size of 3 to LD mu,
In conducting experiments with the dust phase of bacterial

aerosol in an experimental chamber, two ssmples of air (tsken dy

“the sedimentation method) in dishes with meat-peptone agsr were

‘used in esch experiment, Samples were extracted 10 end 20 minutes

after the dispersion and each dish was kept {in the chember] 10
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minutes at a time, No air ssmples were taken during the first
10 minutes ﬂ;uovlng the dispersion, becau.'l the l-rﬁcut frac~-
tions of Decterial dust settle during that time, and the inter-
Aaixing of air in the ch.nbcf also trkes plgcc.

The sedimentation method used in serosol chambers of the
static type produces convincing comparat!vé results, yet at the
sams time does not violate the dynamics of dacteriasl aerosol nor

the serisl regime of ths chamber, which does occur when aspire-

o tloﬁ methods are used to investigate bacterial serosols,

Within the first 20-30 minutes after the dispersion there
oottitd a considerable number of bacterial dust perticles primaril)
on account of the macro-dispercion fr;ctlon of acrole {grudodis -
persnoi fraktsili serogolya]. After this the concentration of
bacteriel asrosol decressed considerably and an sver decrsasing
quantity of bacterias]l dust particles settled in the Petr! dishes,

Every time an experiment conducted with dacterial dust was
finished, the air in the chamber was disinfected with the ald of
the bactericidal ultrn-violot'lunp BUV=1S, In table 1 is shown
the influence cxcrtéd by tpc duration of the sction of uitre-

" violet rays upon the white staphylococcus during the dust phase
.of a bacterial asrosol, Although a staphylococcus in the dust

phese {s more resistant to the action of ultra-violet rays than

._.la the drop phass of ascroso]l (Rechmenskiil), a 3=4 minute exposure
insured relisble disinfection of the air in the chnnbcr.

Suring manipuletions within the chamber (uncovering end
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covcring of the dishes), particles of scttled bacterial dust rose

from the bottom of the chamber leading to ¢ second infiltration

of the air, In order to prevent resusjecnsion and to fix settled

phctcrlal pasrticles, a thin layer of vascline or vaseline oil

.was #ppllied to the bottom of the chamber. Aftcr conducting seve

eral experiments, the bottom of the chamber wis contaminated by
settled dust, The chanber was cleaned with the aid of a cotton
tampon soaked in sicohol, |

_'Thc dose of bacterial dust required for strndard experiments
was diterm!ncg by wclghi. For this purpose several bstches (of
S, 10, 20, 30 ani 50 ng).werc weighed ovt on amalytic scales and
then dlspersed'ln the chumber, Subsequently only two batches of
dust were t:iken = 20 and 30 mg [Begin p, 59) wiich were more sui-
tadble for experimental purpbses. Nﬁen.s or 10 mg were used a
consldefublc portion of the dust wts reteined in virious parts of
the pulverflator, and dispersion of 50 hg Clouded up the experi-~

mental chamber too much,’

-
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Table 1

lntllcncc of verious exposures of thc dust phase of bacterial oorosol

to ultre-violet reys

10 minute exposure 10 minute exposure

. begun 10 minutes begun 20 minutes
Exposure to ultra- e Humidity | Tempera~.
.vlggzc lomp BUV-IE—’.rt r dispersion after dlspcrflon (in ’) turs
Number o % of Number of] % of .
colonies | survival] colonies {survival
Control - : )
dispersion..cee 3 S20 100 - 912 100 64 1 20,5° |
# ‘s sscondsSseecce 32!5 21,3 "Su . 6,8 63 21° :
b ) " esccee 126 8.2 114 12,5 63 21° "
5 'YX XYY g 307 hq 503 65 21° {
1 ninut@ccccone . ‘07 25 2.7 66 21.5' !
& -luutou..... 16 1 10 ' 65 21,5°
1 m coses 11 0.7 7 0.7 65 21,.5°
"1 odooo - u 0.2 ’ s 0.5 66 . 2‘.
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In conducting serial experiments It is necessary to teke s

- : dose of bacterial dust that would insure the growth of 1500 to

3000 colonies of the white staphylococcus in a Pctf! dish contain~

ing meat=peptone agar, When the number of colonies was larger,
calculstion became mors difficult, even though In alr infection
2 more uﬂlrora distribution of bacteris has Deen noted on the
surtlcc o} the nutrlcnt ncdlu-. This permitted Shtern to recome
-lhd th lndlc-ted mnthod for the purposs of uniform £noculotlon
Qt (Potrl] dishes,

In order to cszablloh the rccurrencc of the resuits, » seriss

of caporlacnto was ‘conducted Iin which, after brief intervels of
tine, batches of the same portion of bacterial dust snd of the

same size H'f.ldllpfflcd in the chanber within one working dey,
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Three serles of sxperiments were conducted, with each series con-
sisting of S individual experiments., Alr ssmples were extracted
by the method of sedimentation !nmadlatqu aefter the dispersion,
lttcr‘lo minutes and after 20 minutes, fhc dishes of each sample
were exposed for 10 minutes, We used the average number of colo-
nies as 100% and determined deviations from it. As s result of
the experiments conducted, ll‘HIl established that the greatest
fluctustions in the number of colonies in one experimental series
did not sxceed 15-20% and the average devistion comprised L.5%,
Thus, tlﬁctu.tlono in the number of caught b.ctcrtal_pnrtlcico
wers somewvhat higher than in the drop phase of bacterisl acrosol
in which they did not exceed 10-13%,

These fluctustions depended on the following factorss

1) the degree of stephylococcel inoculation of dust which
in turn depended on the density of the bacterisl suspension, the
spount of dust and its nmixing with the bscteriai suspensiong

2) on the homogeneity of the dust, on the presence of s
lerge or small number of lumps and on the macro~dispersion partie
cles In the batch} '

3) on the similarity of dispersion conditions}
- l4) on strict observance of the time when Petri dishes are
p;{";“ the chamber and when they are removed,

The adove listed factors ars of great importance in obtalining

fdentical resultis when becterial dust is dispersed from the sane

“pertion,

- - e -
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The bacterial dust preparcd by the method described can be
used in experimcnts only for a limited time, because of the rapid

dying off qt staphylococcus in artificielly inoculrted dust, In

the first 2-3 dsys the process of dying off usually was insigni-

ficant, but in the days that followed, as cen be seen in teble 2,
bicterla were dying off In considersble numbers..

In most cases bdacterisl dust was fit for experiments for Seb
days and only rnrely for 7=10 days,

‘ Isble 2

iInfluence of storege duration upon the survival
of staphylococcus in ractrrial dust
10 minute ex=, 10 minute ex~

Duration of posure begun posure begun
storage 20 minutes 20 minutes
(in days) after after
' dispersion dispcrsion
1 2 on8 1138
3 1 868 ' 1 012
4 1 526 91,0
5 1 200 796
6 9oL so8
8 620 ' 366
9 552 300

For the purpose of obtaining convenient samples of Sacterlal
dust that Is suitable for serial exjeriments [and] coulc be used
for an extended time, we perfor:ied lyophilization of it, In so
doing, we procceded from the Dositjon that dryiny of o tecterial

culture (Begln p. 60) at low cir pressure aftcr It hod tcen rae

pidly frozen causes practically no disorder in its biological

propertics ond colloidal structure (Rechnenskii, Suvorova end

- e —————
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others).
After the bacterisl dust that had been prepared by the

method described above was dried in sn incubator and ground in

& mortar, It was poured in sterilized ampules In 30 mg quantltlco‘

and exposed to lyophilic drying., Then a portion of the ampules
with the bacterial dust was stored st room temperature (15-20°
{C)), snother portion was kept st 37° and a third one st 2-4°.
Bacterial dust that wes not subjected to lyophilization and was
stored in an exsiccator at room temperature was used for the pur-~
pose of control, Observetions were conducted for s period of

35 days from the day the lyophilic dust was prepared, In table

3 are cited the results of experiments on the preservation of

the viability of the white staphylococcus in lyophilic dust under

conditions of different storage temperatures, Every figure In

-.table 3 is an aversge numerical indicetor of the results of three

individual experiments,

e > —— -

ey - - -
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Table 2

Influence of lyophilic drying and of meintenance under
different conditions upon the viability of staphyloco-
ccus in Lkacteris]l :ust

Duration 10 minute 10 minute
. of Conditions e;posurc exXposure
egun begun
u::r:g;' of storage 10 minutes 20 ninutes
24 hre)) after after
dispersion dispersion
In ampulesceenee 1 800 9L4Ly
c°ntf°1ooao-ono. ’ luo 1 156
1 Room temperature 1 600 606
36- ° [c’Olono. 1 29 6?0
2= eeecseccenee 1 7? 172
COI‘I'.I‘OI..-..--.' l ‘0? 5?6
10 Room temperature 1 430 611
36-37°¢oootoo..- 1 ?65 567
2—h°.....uu.. 1 hJO ()u.h
ContrOX......... 708 369
20 koom temperature 1 05 620
36- .ooo'ooooto 1. 0”& 53'&
2-&'.-......... l ?69 656
Controlececensne Soh 3!‘?
3s Room tempercture Egb 211
36-37.0009.00000 2 170
2 °ooooooocoo. 1 06? 66‘
Controlececsceces 391 131

Before the experliment was sct up the &mpule wss broken and

its contents - bacterial duzt = were bOured into the beaker of a

pulverflator.

1t must be taken into conslderation that in bresrhe

ing the ampule and lﬁ pouring out the dust invasion of the z2ir by

_microorgonisms is possible,

Tle canger of an air invesion by

pathogyenic bacterin and:vlruscs wnile work 1s conducted with jyo-

philic cultures has been pointed out elso by Reitman and his fel-

low workers,

One day (24 hrs] efter lyophilizstion the number of staphy=
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jococcal colonies grown in dishes was smaller when lyophilic dust
was dispersed than {n the dispersion of dust serving as control,
This, obviously, was due to retention of a portion of the dust

in the beaker when the batch was taken and when it was poured
into the ampulcs, as well as on the walls of the ampule ftself,

' After 5 days of storage a sherp dccrca;c fn the number 6!
staphylococcal colonies was noted during the dispersion of the -
control portion of the dust and some decrease In ths number of
colonies when lyophilic dust was dispersed, besides, this process
was more propounced in the experiment conducted with the portion
of dust stored st 37° (C]l. The process of dying off of staphy-
jococci increased slowly by the 10th day,

In the interval between the 10th and 20th days slmost no
dying off of staphylococc! was observed {n the portions of lyoe
philic dust, Only in the control portjon storsd in an exsiccator
st room temperature was observed s considerable decreass in the
number of colonies,

On the 20th day the process of stephylococcal dying was the

-~ least pronounced 1in thc ssmples of lyophilic dust siorcd at 2=4°
(C), mortality was somewhat higher in the portions of dust kept
at room temperature, and a8 more drastic process of dying was
observed st 37°, (Begin p, 61] A considersble dccrclcclln the
number of viaeble bacteria was noted also in control samples,

By the 35th day of storage further, considereble dying of
staphylococcli occurred in lyophilic dust stored st 37°, and, in
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._. lesser ﬁpgfct. this process munifested itself [also) st room

B

- tempsrature, Staphylococci were lairly well-ércscrvec at 2-4°

tcl.
In evaluating the results obtnined, one can nrrive at the

conclusion that bacteria]l dust dried by the lyophilization method

snd stored at 2-4® cen be utilized in setting up experiments for

e period of 30-35 days. Lyophillc dust kept at 15-20° and at 37°
can be used in experiments for over 20 days, &2acterial dust

dried in an incudbctor and not subjected to lyophilic drying ls

suitable for expcriments only 5-6 days and in rare cases 7<9 days,

The use of dust inoculated with staphylococcus and dried by

.the ljyophilizetion method in setting up experiments with bacterial

serosol In the dust phese simplifies the work considerebly and
offers the possibility of conducting experiments with the same
portion of bacteriel dust for a long time. |

N,

N Conclusions

1. Methodology for setting up experiments with bacterlal
nerésol in the dust phasc‘haovbccn developed, For this purpose
storiliged dust was infected with & dense suspenslon‘ot the white
staphylococcus In & physgologlcal solutfon and {then]} dried, In
dispersing 20 or 30 mg of bactericl dust in & chamber of a 250

liter capccity ¢ fairly strile scrosol was obtrined, its presence

- could still ke detccted 6-8 hours. later,

“ 2¢ A shortcominy of the nethod is the rapid ¢ying off of

the white staphylococcus in ertificiul ly Infected bacterisl dust,




(1%) Trans, V=1656

T result of which it {s no longer fit rér use in experiments
at the expiration of 5-7 deys or, more rarely, after 7=9 days,
3. VWhen bacteriel dust is dried by the lyophilization
method, it can be used for experimental purposes for an extended
time, In storing lyophilic dust at 2-&?-&#& it can remain it
for serial experiments over 35S days, and when mainteined at room

temperature or at 37° « over 20 days,
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