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ABsTRA CT and untrammeled approach to the problem is needed.
KRUSE, RIcHARD H. (U.S. Army Biological Laboratories, Rogers, Maher, and Kaplan (1961) reviewed the various

Fort Detrick, Frederick, Md.), THERON D. GREEN, RICH- swabbing techniques, agar-contact methods, rinsing proc-
ARD C. CHAMBERS, AND MA IAN W. JONES. Disinfection of esses, tracer techniques, and in-use testing, ,,id concluded,aerosolized pathogenic fungi on laboratory surfaces. 1. as did Walter (1955), that the method that best serves the
Tissue phase. Appl. Microbiol. 11:436-445. 1963.-The Purpose of the individual should be selected.
effect of several fungicides on laboratory surfaes contain- Testing a disinfectant on surfaces is not new; in fact, itmated with the tissue phase of aerosolized Blastomyces was tile first method used by Koch (1881). Different meth-dermatitidis, Coccidioides immilis, Ceyptococcus neoformans, ods of using surfaces to evaluate disinfectants have beenand Histoplasma capsulatum was ascertainpd. A statistical reported (Annear, 1951; Hoffman and Warshowsky,analysis of the data shows the correlation between fungi, 1958; Kligman and Rosenweig, 1958; Stedman et al.,
surfaces, time, and concentration of -disinfectant. All fungi- 1954a, b).
cides were effective at established times and concentra- In this investigation, the tissue phase of four fungi,tions, and the type of contaminated surface affected the Blastomyces dermatitidis, Coccidioides immitis, Cryptococcusfungicidal efficacy. By interpolating plotted graphs, lab- neoformans, and Histoplasma capsulatum, was aerosolizedoratory personnel may determine, with a given fungicide, on surfaces of five materials commonly used in labora-
the concentration and time required to disinfect instru- tories on the work bench, floor, or equipment. Aerosol-ments, pipettes, gloves, bench tops, and floors contami- ization was selected because an earlier study (Kruse, 1962)nated with a tissue phase of pathogenic fungi. demonstrated that many laboratory mycological proce-.. _______dures create aerosols that may cause laboratory-acquired

infection (Furcolow, 1961; Smith et al., 1961). CandidateReview of the literature has revealed no report on the fungicides were evaluated by concentration and time forefficacy of disinfectants for laboratory surfaces contami- their ability to kill the fungi on different surfaces. Thisnated with aerosolized pathogenic fungi such as Blastomyces, study, as will a future study on cultural phases of the testCoccidioides, Cryptococcus, and Histoplasma. There seems fungi, attempts to approximate conditions that may occurto be no universally accepted test for fungal disinfectants. when infectious aerosols are created by mycological labo-The first well-known method of testing germicides em- ratory techniques. The aerosolized cells or spores settle andployed silk threads impregnated with spores of Bacillus dry on the surface. Further investigation to evaluate theanthracis (Koch, 1881). An improvement was made by action of these fungicides on the cultural phase will be re-
Rideal and Walker (1903). It and other modifications are ported at another time.
still in use today. The phenol coefficient test is recom-
mended, but is not an official test of the Food and Drug MATERIALS AND METHODS----- Administration. Phillips (1960) stated that the phenol co- Test fungi. Spherules of C. immitis M-1 I were grown byefficient method is the pne most widely used and misused, the method of Converse (1955) and filtered by gravityReddish (1957) listed the limitations of the phenol coeffi- through six layers of sterile surgical gauze to remove tracecient test as: (i) limitation to phenol-like compounds, (ii) amounts of hyphae. The yeast cells of H. capsulatum 3021variability in resistance to the test culture, (iii) necessity were grown in .50 ml of Pine (1954) medium. B. dermatitidisof repeated testsgto obtain a final phenol coefficient, and (iv) 3110 was propagated in Brain Heart Infusion brothdifficulty in obtaining fbnsistent results. Stedman, Kravitz, (Difco), and C. neoformans in nutrient broth (Difco) withand Bell (1954a) regarded much of the controversy as 0.1% thiamine.IC! added. Purity and viability of thearising from the innate complexity of the disinfecting pro- fungi were ascertained by microscopy and serial-dilutioncedure, resulting from the composition of the surface, the culture before and after aerosolization and drying.technique used in applying the disinfectant, and the par- Test surfaces. The following materials (1 in.2) were usedticular organism. Sykes (1962) saw no future for the phenol in this investigation: (i) wood painted with two coats ofcoefficient type of test and believed that an entirely fresh Plicoat (Fisher Scientific Co.), (ii) glass, (iii) stainless steel,
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(iv) neoprene, and (v) asphalt floor tile. The surface was protection against attack by the disinfectant (Sykes, 1962),
cleaned with detergent and water, thoroughly riused with was used.
distilled water, and dried. The stainless-steel and glass The test p:ocedure is outlined in Fig. 2. The seeded sur-
surfaces were sterilized by autoclaving at 121 C for 15 mini. face was immersed in the disinfectant. A disinfectant
Painted wood, neoprene, and asphalt tile surfaces were should ach~eve its objective in as short a time as possible,
sterilized with ethylene oxide. ani a contact time of not less than 2 nor more than 10 min

General procedure. Oster and Golden (1949) stated that should be used (Davis, 19M0). Sykes (1962) regarded 5 or
there are three basic conditions for a fungicidal test: (i) 10 min of contact time as too short and preferred a 30-rin
contact of the fungus and fungicide for a limited time, (ii) time with no advantage in prolonging the time beyond 30
complete removal of the fungicide from the fung s by a min. We chose times of 1, 5, 10, 20, 3:0, and 60 min so that
suitable wash, and (iii) the basic structure of the colony at a given time and concentration the disinfecting effi-

--unaltered by the compound or test. ciency could be determined by graphic interpolation. At
In the present investigation, Il-in.2 sections of test mate- each of the six selected timem, a sample surface was re-

rials were placed in an aerosol chamber (Fig. 1). The test moved and immersed for 30 sec in 50 ml of an aqueous
fungus was introduced into the chambe- with a Vaponefrin solution of a neutraliz er that was specific for the test disin-
nebulizer (Vaponefrin Co., Metuchen, N.J.) that had been fectant. The entire surface sample was swr.bbed with a
modified to produce fungal-bearing particles with diam- Calgiswab (Consolidated Laboratories, Inc., Chicago
eters ranging from 1 to .30 p. After aerosolization. the re- Heights, 1ll.. Calcium alginate soluble wool was preferred
sidual aerosol was evacuated through a fiberglass filter. to cotton, as Higgins (1950) showed that cotton did not
Then dry sterile air was admitted to the chamber to dry recover as many organisms as did soluble wool. After dis-
the seeded surfaces. No drying menstruum, which by its solving the Calgiswab in 4 ml of I " NaX',HAO7 .21:O,
nature can be expected to exert a greater or lesser degree of 0.5-ml samples of the resulting suspension were plated in

triplicate on appropriate media.
To assure complete recovery of any fungus particle that

may have remained oii the seeded surface after swabbing,
or may have washed off into the neutralizing solution, the
surface was immersed in appropriate broth and the ieu-

" tralizing solution wits passedt through a membrane filter
. and cultured (Orlando and Bolduan, 1953]). Petri plates,

Stubes, and membrane filters were incubated at :37 C for 10
, days. Ani exception was made for H. capiulalum bec'awse

Rowley and Huber (1955) reported that on a blood medium
at 27 to 30 C this organism would convert from yeast cells
to mycelial colonies and better recovery would result.

A control was tested concurrently by immersing the
seeded surface in sterile 0.85r; saline and proceeding as
with a test surface. All controls showed growth except H.
capsulatum. Cysteine (0.1 ) was incorporated in the saline
solution because Rowley and Huber (1955) reported that

.l. 1. Chamber used for aerosolizing fungal particles, this combination maintained the viability of H. capsulalum
yeast cells. With this modification, H. capsulalum grew
in the controls.

:Special procedure. For use in statistical analysis, as later
described, an additional set of tests was made employing

A '^ oow ,.i () C. neoformans (because it was the most resistant of the four
a,,~ __ organisms to fungicides), asphalt tile (because it was

/Q) N the most difficult to disinfect), and four disinfectants
CALGISWAG \j (phenol, Cresylic, Phenolic A, and lodenic), at fungicidal

,,,. i, , -, [, j **OAR FIRMI, concentrations of 0.4,0.6, 1, 1.5, 25, 4,6, and 10", and at
__ -, ttItimes of 0.5, 1, 1.5, 2.5, 4, 6, 10 15, 2A, 40, and 60 min.

"m,,J, Io,. Candidate fungicides. Fungici es tested were (i) a liquid

n-alkyl (50% C12, 30 Ci,, 17% Ci,, 3% Cis) dimethyl
. _ benzyl ammonium chloride (designated Quat.); (ii) ethyl

F16011M.D -,alcohol; (iii) phenol; (iv) formaldehyde; (v) peracetic acid;
&OAR Pl~ (vi) sodium hypochlorite; (vii) a cresylic product (o-phen-

ro.2. Test procedure. ylphenol) containing soap and alcohol (designated Cre-
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sylic); (viii) a phenolic formulation containing o-benzyl ables to determine the reliability of the test procedure.
p-chlorophenol, p-tertiary amyl phenol, and o-phenyl- Because the seeded surfaces are necessarily observed at
phenol (designated Phenolic A); (ix) a phenolic formula- specific times, the exact time required for disinfection
tion containing o-benzyl p-chlorophenate and potassium could not be estimated. Previous experience in statistical
ricenoleate (designated Phenolic B); and (x) an iodophor analysis of the effect of disinfectants on bacterial aerosols
containing polyethoxy polypropoxy ethanol-iodine corn- has shown that, when'log transformation is applied to con-
plex, and nonyl phenyl ether of polyethylene glycol-iodine centration of disinfectant, responses of the bacteria to the
complex (designated Iodenic). disinfecting process are often linearized. To test the

The disinfectants were evaluated at concentrations of hypothesis that the regression of "time required for disin-
0.1, 0.5, 1, 2, 5, and 10%, with the exception of ethyl alco- fection" on "concentration of disinfectant" is linear in the
hol (.30, 50, 70, and 90%). The disinfectant concentrations log scale, samples of disinfectants were observed at a
were prepared on a volumetric basis in distilled water, greater number of times and concentrations, as described
without regard for the specific gravity. However, Quat. under Special procedure. Concentrations of 0.4, 0.6, 1, 1.5,
(50%), formaldehyde (37%), and peracetic acid (40%) 2.5, 4, 6, and 10,, were tested at 0.5, 1, 1.5, 2.5, A, 6, 10,
were prepared on an active-ingredient basis. The disin- 15, 25, 40, and (M min to give approximately equal inter-
fectants were prepared immediately before use. vals on the log scale for both variables. Times and concen-

Culture media. The following media were used: (i) sub- trations were converted to logarithms, and for a given log
strate for the membrane filter and agar for plating the re- concentration the corresponding log time was estimated by
suiting suspensions of the dissolved Calgiswab, and (ii) linear interpolation between two or more log times for
liquid broth for incubation of the swabbed surface. which both positives and negatives resulted. For example,

For B. dermatitidis, the substrate and plating medium with 1.5 % Cresylic disinfectant all replications resulted in
contained Brain Heart Infusion broth (Difco), 37 g; dex- negatives at 60 min; three positives and one negative
trose, 10 g; agar, 20 g; and distilled water, 1 liter; auto- occurred at 40 min. It was therefore assumed that the true
claved at 121 C for 15 min. The broth medium was the time for disinfection i, between 40 and 60 min. The follov-
same as the plating medium without the addition of agar. ing equation was used to determine the time required for

For C. immitis and C. neoformans, the substrate and disinfection:
plating medium contained peptone (Difco), 10 g; dextrose, / number of psitives )
20 g; and distilled water, 1 liter; autoclaved at 121 C for 15 log I - log lowert + numerofstives I +4 g ht

min. The broth medium was the same as the plating me- .

dium without the addition of agar. where A log t = shortest log time in which all negatives
For H. capsulalum, the substrate and plating medium occurred minus the next shortest log time in which at least

(Rowley and Huber, 19"35) contained Casamino Acids one positive was observed. A probability level of 0.01 per-
(Difco), 10 g; dextrose, 20 g; calcium pantothenate, I mg; mitted a reasonable conclusion concerning the homogene-
biotin, 0.5 mg; and distilled water, I liter; the pH was ad- ity of slopes. It was concluded that: (i) regression for "time
justed to 6.5; 20 g of agar were added; it was autoclaved at required for disinfection" on "concentration of disinfect-
121 C for 15 min and cooled to 45 C; and 60 ml of defibrinated ant" is accurately represented as log Y = a + b(log X),
sheep blood were added aseptically. The broth medium where Y = time required for disinfection, X = concentra-
(Salvin, 1950) contained Casamino Acids (Difco), 10 g; tion of disinfectant, a = intercept, and, b = slope; (ii) the
dextrose, 3 g; yeast extract dialysate, 3 g; NaCI, 2.5 g, cys- parameter b could be treated as constant over all disinfect-
teine-HCI, 0.5 g; KCI, 2.5 g; Na2HPO4, 4 g; and distilled ant-fungus-surface combinations; and (iii) the disinfect-
water to make 1 liter; autoclaved at 121 C for 20 min. ants could be ranked according to effectiveness in terms of

Neutralizing solution for disinfectants. The neutralizing time with a given concentration of disinfectant. Notice
solution for Cresylic, Phenolic A, Phenolic B, formalde- (Fig. 3 through 6) that this equation does not apply to the
hyde, and phenol consisted of the broth medium for the use of ethyl alcohol. These curves were fitted by observed
specific fungi (described above) plus I % Tween 80 (poly- results rather than by any computed equation. The data
oxyethylene sorbitan monooleate). For Iodenic, sodium presented in Fig. 3 through 6 are plotted in semilog scale
hypochlorite, and peracetic acid, the specific broth media and raik the fungicidal efficiency with regard to time and
plus 0.5% (dry weight) Na2S..O3.5H 20 were used. For concentration on different laboratory surfaces.
Quat. and ethyl alcohol, the specific broth media plus 0.07 %
azolectin dissolved in 0.5% aqueous Tween 80 were used. Dis ct-.sMiox

In the three solutions listed above, the specific neutral- Comparison qf the four fungi. The tissue phases of B.
izer was added to the distilled water used to prepare broth dermatitidis, ('. immilis, and II. capsulatum reacted coin-
media. parably when subjected to a given fungicide. However,

RLStLTS when C. neoformans was subjected to the same fungicide,
a greater time was required for disinfection. In all probabil-

When tests are performed in which many factors are ity, the capsule of C. neoformans impeded the penetration
involved, it is essential to standardize or eliminate vari- of the cell wall by the fungicide.
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AiWedt of the stirface material. The data inl Fig. 3 through Duitii (1937) fomid that ili the test tube I io 2'; active-
6 indicate that, when time and ecnitrution of a fungi- ingredienit E(tatem~ary killed C.* nenformapts, ('ndida al/ti-
cide are standardized, the nature of the test surface deter- cann, and Sarehareumyrn rel ri Iun 10 mill blit not ill .

mines the fungicidal efficiency. A disinfectant will behave miii. leco C'hemical IDivisioti (19)57) repo~rtedt that O.(25';
differently onl a hard, imperviouis surfac- such wi glass or peraetic acid killed completely a votiteiitraitioni of 42 X
metal than it will onl rubber, and even more differently IC? E. co/i per nil il I miiii. Ini the presew t ttindy, permuetic

ola porous surface such as wood (Sykes, 19(12). Since their acid was found to act onl the fungi s:) ratpidly that time-
is no method of comparing thle degree of poroysity of tes-t vonicentrationi relatioiships couild ntot be clearly plotted ex-
surfaces, the surfaces were examined microscopically. It cept with eapsular C'. nrqiormnaI on three snrfaces.
was determined that the order of decreasig porosity wvas: Dunni (1937) showed that I "; phenol did niot kill('
asphalt tik-, painted wood, stainless steel, neoprene, and alljirars or (". ,aeor-nns inl 5 mill, bitt thatt I ';wzt- effelc-
glass. The sigifi,-uiit effect of surfaces is well known. Sted- tive in 10 miii. Klaninan et al. (19*03 and Wixmiward,
mail et al. (1954b) stated that higher concentrations of Kingery, and Williatm" 09M)) reportedl that I ', killed (".
disinifectants w ere required to disinfect porous suirfaces albiroas and (I. toppieuilix iii 30 miin. Vztshkov, Stihtareva,
than nonporous surfaces inl a given time. They showed that and( ('hadova (1l9-17) 4tated that conip~oils of plseitol ill

phenolic, cresylic, and qutaternary disintfectants were more whichi the ha!ogen is inl the para Jswitionl to the bydfrwxyl
effective against Staph ylucuceus artreus spread onl stainle.4s group air more effective than compo~wunds inl which halogenl
steel than onl asphalt tile. AVarley and Reddish (19361) is in the orthi position. Stedlmaii et al. (19-14a, h) stated
showed that a cresylic disinfectant was more effective onl that cresyAlie and l'henolir BI disiiifectatits are more effec-
Esdaerichia en/i spread onl glass, less so onl ruhber, and least live thit pheniol when vegetative microorganisms were
effective onl asphalt tile. 'Microorganisms were more diffi- dried onl steel anod tile surfaces. Klariatini m~id Sitenmov
cuilt to recover from anl unpainted oak surfo'.' than from (1936) reported1 that the finigieidal efficiencyv for a cresici
stainless steel (Flannery et al., 19)53). Vashkov and Nekra- disitifectant is approximately two times greater thall
soya (19!) reported that painted wood surfaces were di:,in- phentol, and for lPheiiolir BI is approximately four times
fected more rapidly than lunpainted wood surfaces whetn greater. Our (data inl Fig. :3 through 6 indlicate that hbenolie
using S. aureus and E. coli. A is more effective thian ('resylic or Phienolic 11 disinfetctanlt.

Correlation with pertinent reports by other inrexshyators. Emmow (1933), Spauldilig (1939), and Tilley (1945)
Peracetic acid, quaternaries, iodenic solutions, and sodium reported that formaldehyde ill aqlueous soluitioni is effec-tive
hypochilorite are less effective when prepared onl a volu- in 2Iotmi gist(.al*as

metric basis (Ciershenfeld and P1ahisi, 1949); Lawrence, Ethyl alcohol has beeni the subject of coniflictinig report.
Carpenter, -and Naylor-Foote, 1957) than when prepared With vegetative hacte-ia (dried on threads, eoiicei~tr-ztion.4
on a basis of active ingredients pre-sent (Glassman, 1948; of 40 to 70 r: were germiicidfal bitt 9N)'; was not Mharring-
Klarmann, 19561). Throughout this study, petacetic acid ton and Walker, ]IM); P'ost and Nicoll, 1910). With wet
slnd Quilt. were prepared according to th,: amount of active surfaces, 9)5"; ethyl alcohol was- effective, but %ithi dry
ingredients present. The hypochlorite and( iodenic solutions surfaces 70'; was better (Morton, 1954); Smith, 1951 ). (hir
were prepared onl a volumetric basis becallse the amount of data inl Fig. 3-6i verify the fiidlings of previously rient inniNi
active ingredient varies with the mntufactuier, and be- experiments inl regard to the actioii of ethyl alcohol filtt t
cause in common laboratory disinfectant use the solutions tisstie phase of thle test futigi air-dried onl surface..
are prepared by simple volumetric dilutioti. To permit Statistical anialyss ef thle data inl Fig. 3 tlhrough 4; torn'-
easier comparison of the prest-nt res.ults with those of other hating the four fungi, five surfacesI and time anud colleen-
investigators, the 6imoutit of active ingredieint for those tra.tion indicate that heterogene'ity exists amonig thle funlgi-
four funigicides is presented in Table 1. cides, and raik.4 them in order of decreasing effectiveness.

Cantor and Shelanski (1951) reported iotlenie comn- as follows: (i) pecracetie acid, 00i Quat., (iii and iv) lodenlic
pound~s to he more effective against yeast thant hvpochlorite and~ Phenolic A, (v) formaldehyde, (vi) Ph1enlolic 1B,
and qjuatentaries onl a basis of active inigredients present. (vii) (resylic, (viii) phenol, (ix) stxiium hypochluorite, ai'd

(x) ethyl alcohol. However, with the exeeptioti of thle

TABL.E 1. .Irtrt ingreetteni in fungiriett nt 'ithjms rapid activity of peracetie acid1 and Quat.. and the greatly
reduced activity of sodinin hypochlorite and ethyl alcohol,

Tested ' l odenic Quat tytawihtorite Pera,-ctic Oddm the funigicidal eticietucy of the remaining futigicidev. is

______ -P P -P I- approximately equal and they cali be sibstituted for each

0.1 16 5(X) 52.5 41X) other. All the fungicides ait a proper time anid eoniicmntra.
0.5 80) 2.5M 262.5 MX tiontiare effective. L.aboratory personnel using data inl Fig.
1.0 160 5000 52.5.0 4NXX :3 through (; cait, byk interpolation, determihie, with a
2.0 3M) 10,0(Xi 1050.0 8IX") givent funigicide, what time and couceiitratioii are require~d
5.0 FAX) 25,M() 2625. 0 to disinfect intiments, pipette-S, Kl(;vs, and, inl ease of a

10.0 14M0 5(,() 5250.0 4,M laboratory acecidlent, benich tops antd floo~rs, when myco-



444 KRUSE ET AL. APPL. MICROBIOL.

logical procedures involve the tissue phase of Blaslomyces, KOCH, R. 1881. Ueber Disinfektion. Mitt. A. D. Kaiserl. Gesundh.

Coccidioides, Crypfocoecus, and Histoplasma. 1.234-282.
KRUSE, R. H. 1962. Potential aerogenic laboratory hazards of

Cocridioides immilis. Am. J. Clin. Pathol. 37:150-158.
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