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ABSTRACT 

Experiments were conducted to determine if prior inhalation of 

inactivated influenza virus would reduce, by viral interference, the 

morbidity rate in mice exposed to aerosols of infective influenza virus. 

A rotating drum and an animal exposure chamber were employed with 

controlled temperature, humidity, and aerosol concentrations. Quanti

tative measurements of the aerosols were made with respect to content 

of infectious and non-infectious virus. Viruses were inactivated by 

UV-irradiation or by spontaneous decay during storage in the air-borne 

state. 

Exposure of mice to aerosols of inactivated virus did not signifi

cantly alter the morbidity rate, severity of pulmonary consolidation, or 

antibody response when the mice were re-exposed to infective aerosols 

at subsequent intervals of 1 to 96 hours. 

Attempts were made to demonstrate interferon in the lungs of 

the exposed mice. Combinations of influenza viruses and cultures of 

F-120 or LM cells were found unsatisfactory for assay of mouse inter

feron by the quantitative hemadsorption technique. 

xii 



INTRODUCTION 

Viral interference, a phenomenon in which infection of a living 

cell by one kind of virus inhibits super-infection of that cell by another 

virus, has been observed for many years (24). Interference can also 

occur if cells are first treated with certain viruses which are rendered 

non-infectious by heat treatment or exposure to ultra-violet irradiation. 

Cells treated with either inactivated or infective virus were observed 

to produce a transmissible inhibitor to which the name interferon was 

given (29). This inhibitor could confer to other cells a temporary re

sistance to infection by many viruses. The discovery of interferon has 

stimulated an intensive reinvestigation of the viral interference phenom

enon because of the possible role of interferon in the virulence of vi

ruses as well as in resistance to and recovery from virus infections. 

Results of numerous studies support the concept that interferon 

plays an important role in recovery of a host animal from viral infec

tions. In mice infected with influenza virus by intranasal inoculation, 

the interferon content of lung tissue was observed to follow closely the 

peak of virus titer. The virus titer dropped considerably before anti

body could be detected in the lungs and sera of the animals (28). Sur

vival of chick embryos infected with viruses has been lengthened by the 

presence of interferon and in the absence of antibody or delayed 

1 
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hypersensitivity. Evidence indicating that antibody is not essential for 

the recovery from many viral infections has been reviewed (1). Block

ing the development of delayed hypersensitivity and antibody in guinea 

pigs did not delay their recovery from experimental vaccinia infections. 

An interferon-like substance was found in the skin of animals of both 

the immuno-incompetent and control groups (15). 

After intranasal inoculation with ultra-violet inactivated viruses, 

mice were challenged at intervals with infectious influenza virus. Sur

vival of the challenged pretreated mice approximated 100% whereas 

only 30-40% of the untreated, infected control mice survived (7). The 

protection, which could not be attributed to antibodies, appeared in 

24-48 hours and disappeared on the 5th or 6th day after pretreatment 

with the inactivated virus. 

Mice exposed to large doses of concentrated UV-inactivated in

fluenza virus by the aerosol route, and later challanged with infective 

influenza virus, exhibited lower titers of virus in the lung tissue than 

control animals (44). In the lungs of immunized mice, the limitation 

of growth of influenza virus was believed to be mediated primarily by 

specific serum neutralizing antibody (39). Interferon was not detected 

in lungs of immune mice challenged with sub-lethal doses of virus, but 

was found in the lungs of non-immune mice from 3 to 5 days after infec

tion. Interferon was not detected by the 7th day, when neutralizing 

antibody appeared in the serum. Viral growth in the lungs was maximum 
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from the 2nd to the 5th day at which time interferon content of the lungs 

reached a peak. Thereafter, the virus titer in the lungs remained high, 

though declining, while interferon could no longer be demonstrated. 

Interferon-like substances have not been found in lungs from 

fatal cases of influenza in human beings (2), but have been found in the 

pharyngeal washings obtained from influenza patients in the acute phase 

of the disease (17). Interferon has been detected in the skin of human 

beings at the site of inoculation with vaccinia virus (55). 

Passive protection of short duration against viral infection by 

interferon has been demonstrated. Administration of interferon to 

mice by the intranasal or aerosol route conferred incomplete protec

tion against a subsequent challenge with type B influenza virus (51). 

Morality was reduced as much as 50%. No animals were completely 

free of virus in the lungs, but titers were lower in mice treated with 

interferon. Repeated application of interferon, produced in cultures of 

rabbit kidney cells, to the eyes of rabbits following corneal inoculation 

of vaccinia virus, delayed and suppressed the signs of infection (5). In 

clinical trials with human volunteers, administration of interferon ob

tained from cultures of monkey cells conferred a high degree of protec

tion against skin infection with vaccinia virus (45). 

The objective of our experiments was to determine if prior inha

lation of inactivated influenza virus would reduce the morbidity rate of 

influenza in mice exposed to aerosols of infective virus. Administration 
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of the virus by the aerosol route simulates the natural transmission of 

influenza and has been studied more extensively with influenza than 

with other air-borne virus infections. The influence of relative humid

ity upon the rate of inactivation of influenza virus in the air-borne state 

has been described in several reports (20, 21, 26, 33, 35, and 48). 

Schulman and Kilbourne (44) reported that exposure of mice to 

aerosols of UV-inactivated influenza virus resulted in lower lung titers 

of virus following a later challenge with infective virus. In their 

studies, however, abnormally large doses of inactivated virus were 

administered, and the animals were challenged with approximately 100 

median infective doses (ID^), which assured that virtually all the mice 

would contract the disease. The question therefore arose whether a 

significant reduction in morbidity might ensue upon challenge of mice 

with doses of infective virus after previous exposure to doses of inac

tivated virus. Also, because of the adverse effect of the air-borne 

state, much of the virus transmitted in air could be inactivated before 

it is inhaled, but it is unknown if this inactive fraction could modify the 

course of viral infections acquired shortly thereafter. 



MATERIAL AND METHODS 

Aerosol equipment 

A Henderson Apparatus (23) was modified (41) to permit total 

body exposure of small laboratory animals to experimental aerosols. 

The animal compartment, measuring 20 in. in length, 5i in. in width, 

and 6i in. in height was equipped with a removable plexiglass cover. 

A sponge rubber gasket and adjustable trunk latches secured and sealed 

the cover to the compartment. Mice were placed inside the compart

ment within two rectangular wire mesh cages. The apparatus was 

operated at ambient conditions within a biological safety cabinet. No 

provisions were included for the control of the temperature and humidity 

of the aerosols. 

A rotating drum chamber (18) was employed for most of the 

aerosol trials conducted. A 1060 liter stainless steel drum and an 

aluminum animal exposure chamber were fabricated from design sket

ches furnished by the Canadian Department of National Defense, 

Defense Research Board, Suffield Experimental Station, Ralston, 

Alberta, Canada. The drum, measuring 24 in. in depth and 58 in. in 

diameter, was rotated at 3. 5 rpm by a pulley belt which was powered 

by a vapor-proof electric motor and a geared reduction unit. 

5 
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The animal exposure chamber consisted of a rectangular duct 

8 in. square and 42 in. long with an 18 in. long entrance pyramid and a 

6 in. exhaust pyramid. Plexiglass was installed on the upper surface 

of the chamber to permit viewing the animals during exposure to aero

sols. An open-mesh steel cage containing 20 compartments could be 

inserted into the chamber by detaching the latched exhaust pyramid. 

The exposure chamber was attached to the drum by a 1 in. copper pipe. 

Aerosols either from the drum or directly from an atomizer were drawn 

through the exposure chamber at a fixed rate by a source of vacuum 

connected to the exhaust end. Six 1/2 in. openings on the sides of the 

exposure chamber were provided for attachment of sampling devices. 

The drum was installed in an environmentally-controlled safety 

cabinet constructed from design sketch No. SI 360, prepared by the 

planning department of the Physical Plant, University of Arizona. The 

cabinet was assembled from panels of 3/4 in. marine plywood with 

2 x 2 in. fir reinforcement at all joints. All wood and metal surfaces 

were given three coats of two-component epoxy paint before assembly. 

Air inside the cabinet was recirculated by a squirrel-cage 

blower through a sheet metal air duct mounted on top of the cabinet. 

The duct contained a humidifying unit, a cooling coil, and a 4 kilowatt 

electric heater. The position of remotely-controlled dampers near the 

duct intake proportioned the air flow between the humidifier unit and a 

by-pass duct. In the humidifier, the air passed through a coarse filter 
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medium which was moistened by recirculated distilled water. Down

stream from the humidifier section, excess moisture condensed by the 

cooling coil was drained by gravity to the water reservoir of the humid

ifier unit. The cooling coil was supplied with circulating water chilled 

by a 2-Ton refrigeration unit. A remotely-controlled valve regulated 

the rate of cold water circulation in the coil and thus established the 

dew point of the air passing through the coil. The cooled air was then 

warmed by passing through the heater, the temperature of which was 

regulated by a variable transformer. 

Constant temperature and humidity of the cabinet air were main

tained by empirically-determined settings of the controls which regulated 

the efficiency of the heating and cooling units. Adjustment of the damp

ers upstream from the humidifying unit served to vary the relative 

humidity approximately 1 or 2%. 

Filtered air for the cabinet was supplied from the building comp

ressor at a pressure of 28 psi. All air exhausted from the cabinet, 

aerosol chambers, and sampling devices was passed through a filter 

unit containing 2 wire-mesh prefilters and 4 Cambridge absolute filters 

before it reached a rotary-vane vacuum pump. The pump exhaust was 

discharged to the building exterior. 

Equipment, such as the atomizer, spray suspensions, and 

samplers, was passed into or out of the safety cabinet through a sub

mersion tank of disinfectant, the liquid level of which served to 
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maintain a liquid barrier between cabinet and room air up to a pressure 

difference of 4 to 5 in. of water gravity. During operation, the pressure 

of the air in the cabinet and animal exposure chamber was maintained at 

a negative pressure of at least 1 in. of water gravity with respect to 

room air by the adjustment of the rate of air supplied by the compres

sed air line relative to that exhausted by the vacuum pump. Two pairs 

of arm-length gloves and windows of safety glass in the front panel of 

the cabinet were provided for accomplishing the manipulations required 

inside the cabinet by the operator. 

The cabinet, air-conditioning duct, animal exposure chamber, 

vacuum filter unit, and all associated lines and plumbing, which are 

illustrated schematically in Fig. 1, were rendered vapor tight. The 

entire system was subjected to a halogen leak test by adding Freon 12 

to the interior in sufficient quantity to achieve a positive pressure of 

4 in. of water gravity. The equipment was judged sufficiently sealed 

when no leak could be detected with a halide detection torch. 

The flow rates of air exhausted by the chamber vacuum lines 

were controlled by critical orifices of the venturi type (8). They were 

constructed by casting cylindrical blanks of thermosetting acrylic 

plastic on a polished stainless steel cone-shaped mold having a cone 

angle of 4. 5 degrees. When hardened and cured, the blanks were struck 

from the mold and trimmed to approximate length. The capillary or 

the orifice was drilled and polished through the tip of the cone 
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configuration until the desired flow rate was attained as measured by a 

wet test meter of 2. 5 cfm capacity. For calibration of orifices which 

exceeded the flow rate of the meter, it was necessary to match, by 

pressure differences, combinations of smaller orifices, the sum of 

whose known flow rates equalled that desired. 

General aerosol procedures 

Aerosols were generated with a 3-jet Collison atomizer (6) 

operated at an air pressure of 28 psi. Two drops of Dow Corning Anti-

foam A emulsion (52) were added to the spray suspension shortly before 

atomization. Except for the periods of time when the suspensions were 

contained in the atomizer, they were maintained at 4C. Portions of the 

spray suspensions were stored at -60 C until assayed, with the exception 

of the bacterial suspensions which were assayed on the same day they 

were used. 

Aerosol samples were obtained with sterile AGI-30 impingers 

(3) operated with a vacuum pressure of at least 13. 5 in. of Hg. The 

impingers contained volumes of collecting fluids ranging from 20 to 25 

ml. Two drops of antifoam were added to impingers which contained 

broth collecting fluid. Virus aerosols were collected in sterile heart 

infusion broth containing streptomycin and penicillin. Aerosols of 

Sarcina lutea were collected in heart infusion broth without antibiotics. 

Aerosols of Bacillus subtilis spores were collected in sterile distilled 
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water. Aerosol samples which were assayed for phenol red were col

lected in separate impingers containing 0.1 M borate buffer (pH 9. 2). 

Respiratory doses were calculated from estimates of the aero

sol concentration, duration of exposure, and minute respiratory 

volumes for mice. The respiratory volumes for mice were determined 

by Guyton's formula (19) where the minute respiratory volum (cc/min) 

is equal to a constant (2. 54) times the gram weight of the animal raised 

to the 3/4 power. 

During animal exposures, the aerosol concentration varies with 

time as a function of chamber volume and total air flow rate (42). For 

this reason, continuous sampling was conducted during the animal 

exposure and subsequent air wash. The product of the total virus col

lected by the sampler and the ratio of minute volumes of mice and the 

impinger also represented an estimate of the respiratory dose. 

Microorganisms 

Suspensions of S. lute a and spores of 13. subtilis var. niger 

were employed as physical tracers for determining physical decay 

rates and recovery ratios of aerosols. S. lutea was suspended in 0.85% 

NaCl from 48 hour cultures grown at 37 C on Difco heart infusion agar 

slants. Spore suspensions in distilled water were prepared from 72 

hour cultures of B. subtilis grown at 30 C on Difco nutrient agar in 8oz. 

prescription bottles plugged with cotton. 



Viruses employed included influenza, types A (PE8), lot no. 

E-9411, and B (Lee), lot no. B-2853, and Newcastle Disease Virus 

(NDV), Napa (Beach-espana) lot no. E-9950. All three were originally 

obtained from the Viral and Rickettsial Disease Laboratory, Berkeley, 

California. Subsequent to receipt, each virus was passed once by the 

allantoic route in embryonated eggs. Stocks of both strains of influenza 

virus were prepared by inoculation into the allantoic cavity of 10-day 

-5 old chick embryos. One-tenth ml of a 10 dilution of stock virus in 

Difco heart infusion broth containing lOOjitg of streptomycin and 100 

units of penicillin per ml was employed. After 48 hours incubation at 

37 C, viable embryos were refrigerated overnight and the allantoic 

fluids were removed aseptically, pooled, and stored at -60 C in small 

volumes. Bacterial sterility tests were performed on each virus pool. 

Influenza PB8 was also prepared as 10% suspension of mouse 

lung in Bacto heart infusion broth. Lungs were removed 48 hours after 

animals were exposed to aerosols of the virus. The suspension was 

partially clarified by centrifugation at 1200 X G for 15 min at 4 C. 

Irradiated viruses 

Preparations of PR8, Lee, and NDV were irradiated in gently 

agitated open petri dishes beneath an ultra-violet lamp to destroy all or 

part of their infectivity. A 20 ml volume of undiluted stock Lee was 

exposed 70 min at a distance of 30 cm from a Westinghouse WL-782-20 
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2 germicidal lamp which had an output of 29. 4 microwatts/cm at a dis

tance of one meter. Undiluted stock PR8 was exposed in 11 ml volumes 

to the same lamp for 10 min at a distance of 15 cm. Stock PR8 was 

also irradiated 10 min in 10 ml quantities at a distance of 50 cm from a 

Sylvania GT-30-8T germicidal lamp which had an output of 97.5 micro

watts/cm^ at a distance of one meter. The Sylvania lamp was used at 

the same distance to prepare irradiated samples of Lee and NDV stock 

viruses for the purpose of inducing interferon formation in tissue cul

tures and mice. In these instances, 10 ml of Lee and 5 ml of NDV were 

exposed for 10 min and 7 min respectively. 

Erythrocyte suspensions 

Blood taken aseptically by cardiac puncture from chicken or 

guinea pigs was suspended in sterile 10% sodium citrate solution or in 

Alsever's solution (27) and stored at 4C. Prior to use, a final suspen-

sion was prepared in 0. 85% NaCl (saline) or Ca - and Mg -free 

phosphate buffered saline (PBS) (31) after washing the cells 3 times in 

the same salt solution and centrifuging at 1200 X G for 5 min at 4C. 

Suspensions employed included 0. 4, 0. 5, 3. 0, and 10. 0% (v/v). 

Mice 

Adult, random-bred Swiss-Webster mice of both sexes were 

used. They were supplied by the Arizona Laboratory Animal Farm, 
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Tucson, Arizona. In one trial, adult, male, random-bred Balb/c mice 

were employed. These were from a departmental colony. 

Gross lung pathology 

Mice exposed to aerosols of influenza virus were examined fol

lowing spontaneous death or death by ether anaesthesia. The lungs 

were examined superficially for gross signs of pulmonary consolidiation, 

and results recorded as follows: 

0. 5+ trace of consolidation in one or more lobes, each 

lesion approximately 1 to 2 mm in diameter. 

1+ Significant portion of one lobe consolidated, or mul

tiple traces in 2 or more lobes. 

2+ major portion of one lobe consolidated, or 1+ in 2 or 

more lobes. 

3+ one lobe completely consolidated, or 2+ in 2 or more 

lobes. 

4+ entire organ consolidated. 

Lung suspensions 

Lungs were removed aseptically from freshly killed mice and 

ground with cold sterile saline in teflon homogenizers. Ten per cent 

(w/v) suspensions were prepared and these were partially clarified by 

centrifugation at 4C for 15 min at 1200 X G. The supernatant portions 

were stored at -60C until assayed for virus or interferon. 
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Serology 

Serum samples collected 21 days after exposure of mice to 

aerosols of influenza virus were tested for the presence of type-specific 

hemagglutination-inhibiting (HI) antibody by microtechnique (46). 

Virus titration 

The infective virus content of stock preparations, spray suspen

sions, aerosol sampler collections, and lung homogenates containing 

influenza virus was determined by one of two methods: (a) Inoculation 

of intact 10-day old embryonated eggs (32), or (b) Inoculation of pieces 

of surviving allantois-on-shell placed in cups of plastic trays containing 

a maintenance medium (11). Modifications of the latter technique in

cluded inoculation of the membrane pieces with 0. 05 ml volumes deliv

ered from a 1 ml Mohr pipette graduated in hundredths, and incubation 

of trays on a shaking platform which oscillated at approximately 100 

strokes per minute with a horizontal displacement of about 3/8 to 5/8 

in. 

Median end-points (EID^ or MID^/O. 1 ml) were estimated by 

the method of Reed and Muench (40) or by the graphic method using a 

Weibull scale (49) when an insufficient number of points of graded 

response precluded use of the Reed-Muench method. 
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Bacterial enumeration 

Two-tenths ml of 10-fold dilutions in distilled water of suspen

sions of B. subtilis were spread by a glass rod on the surface of Bacto 

tryptose agar plates. After 24 hours incubation at 30 C, the plates 

having fewer than 300 colonies were counted. Suspensions of S. lutea 

were counted similarly except that heart infusion broth was used as a 

diluent. 

Phenol red determination 

Phenol red was added to certain spray suspensions as a physical 

tracer for aerosols (42). The concentration of dye in spray suspensions 

and aerosol sampler collections was determined by comparing optical 

densities of diluted samples with known solutions, using a Beckman 

Model DU or a Bausch and Lomb Spectronic 600 spectrophotometer at 

wavelengths of 540 or 560 mu. The standard solutions, ranging from 

1 to 10 ng of dye/ml, as well as the dilutions of unknown samples, were 

prepared in 0. 1 m borate buffer (pH 9. 2). 

Interferon assay 

Mouse sera, tissue culture media, or suspensions of mouse 

lungs suspected of containing interferon were dialyzed 24 hours at 4 C 

against 0. 2 M HC1-KC1 solution at pH 2. 0, then dialyzed a further 24 

hours at the same temperature against 0.1 M phosphate buffer at pH 

7. 4. The dialysates were clarified by centrifugation at 4 C for 15 min 
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at 2000 X G. Supernatant portions were stored at —10 C until tested 

for interferon. 

Interferon was assayed by the quantitative hemadsorption assay 

(QH) of Finter (13) using cultures of F-120 (47) and LM cells (9) chal

lenged with PR 8 or Lee virus. 

Cultures of F-120 cells in 6 oz. prescription bottles were 

grown in Eagle's basal medium (10) containing 10% calf serum, 100 

units of penicillin and 100 ng of streptomycin per ml. Monolayers in 

5 
roller tubes were established after transfer of approximately 10 cells 

in 1 ml of fresh medium. After development of the monolayers, the 

cultures were maintained in the same medium containing 2% calf serum. 

Cultures of LM cells in 6 oz. bottles were grown in 10 ml of 

Medium 199 (Grand Island Biol. Corp., Grand Island, N. Y.) containing 

0. 5% peptone plus antibiotics at the same concentration described 

above. After monolayers were established in roller tubes, they were 

maintained in Medium 199 either with or without peptone. 



RESULTS 

Preliminary exposure of mice to aerosols of spores of B. subtilis and 
influenza virus in the Henderson Apparatus 

Four exposure trials were conducted with the Henderson Appa

ratus for the purpose of estimating the lung retention of aerosolized B. 

subtilis spores, and obtaining aerosol titration data of PR8 prepared 

as a 10% mouse lung suspension, and PR8 and Lee strains harvested 

from allantoic fluid. 

In two separate exposures, a total of 6 mice were exposed for 

5 min to aerosols of spores sprayed from distilled water suspensions. 

Aerosol samples were taken during the 4th minute of spraying with 

impingers containing 20 ml of distilled water. Two mice weighing 36 

g each were included in the first exposure, and four mice weighing 34 

g each were used in the second exposure. Immediately following the 

exposures, the mice were killed. The lungs were homogenized and 

prepared as 10% suspensions in sterile distilled water. The spore con

tents of each lung suspension, impinger sample, and spray suspension 

were determined by duplicate plate counts. 

As shown in Table 1, the number of spores recovered from each 

of the two mice in the first exposure was 1, 150, or 12. 6% of the number 

estimated for the respiratory dose which was based on the aerosol 

18 



TABLE 1. - -Recovery of B. subtilis spores from lungs of mice exposed to aerosols in the 
Henderson Apparatus. * 

Est. No. of 
Viable Count/ml Aerosol Resp. Spores Per Cent 

Expos. Spray Susp. Impinger Cone./L Dose Recov. /lung Retention 

1 2.63 X 10? 2. 95X104 4. 92X104 9, 150 1, 150 
1, 150 

12.6 

2 2.32 X 10? 3. 32X104 5. 53X104 9,850 1, 370 
1,020 
1,090 
1, 310 

Av. 1,190 12. 1 

^Conducted at 25-26C, and 50-53% R. H. 
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concentration. In the second exposure, the numbers of spores recov

ered from the lungs of 4 mice varied from 1, 020 to 1, 370 with an 

average 12.1% of the estimated inhaled respiratory dose of 9, 850 

spores. 

For the aerosol titration of PR8 influenza virus in mouse lung, 

a suspension was used which had been passed twice in mice by the 

aerosol route. In preparing a test suspension, 33 mice were exposed 

in the animal exposure chamber to an aerosol sprayed from a 1% lung 

suspension. This was prepared from mice infected 48 hours previously 

by exposure to an aerosol of PR8 harvested from embryonated eggs. 

The total airflow through the chamber during a 5 min spray and 5 min 

airwash was 82. 5 L/min. An impinger containing 18. 5 ml of broth 

was operated continuously during the spray and airwash. The spray 

5 4 2 4 
suspension and impinger sample contained 10 ' and 10 ' EID /0.1 

ou 

ml respectively. Based on a 1-6 ml final volume of impinger fluid, and 

an average animal weight of 27 g, the respiratory dose for these 33 

2 0 
mice was estimated to be 10 ' EID_rt/mouse. oU 

After 48 hours, the lungs were removed from the 33 mice and 

prepared as a 10% suspension in broth with antibiotics. This pooled 

suspension was then titrated by the aerosol route. 

Mice in groups of 20 to 24 of either sex were exposed to aerosols 

of the pooled mouse lung suspension. An impinger containing 18. 5 ml 

of broth was operated continuously during the 5 min spray and 5 min 
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airwash for each spray suspension. The total rate of airflow for each 

exposure was 28 L/min. Temperatures of wet and dry- bulb thermom

eters in the chamber exhaust line were noted for each aerosol exposure 

during the last minute of spraying. Samples of the impinger fluids and 

spray suspensions were assayed in intact eggs using 10-fold dilutions 

and 6 eggs / dilution. The mice were kept for 21 days after which the 

survivors were killed and their lungs examined. Mice which succumbed 

during the holding period were examined for gross lung pathology within 

12 hours after death. 

The results of this aerosol titration are summarized in Table 2. 

All mice which received an estimated respiratory dose of 160 EID_n ou 

succumbed. All mice which succumbed exhibited complete pulmonary 

consolidation. The per cent infected was determined by the occurrence 

of typical gross signs of pulmonary consolidation. The responses of the 

mice were plotted cumulatively against either the dilution of lung suspen

sion used in the spray suspension or the estimated respiratory dose. 

These are illustrated in Fig. 2 and Fig. 3. The response of the 

animals appeared to correlate better with the dilution of virus in the 

spray suspension than with the estimates of respiratory dose. Sources 

of variation or possible error were investigated by determining the 

ratios of titers of the spray suspension and impinger fluids for each 

exposure (l°g^Q S/I) and by comparing estimates of the virus content of 

the original lung suspension. This was done by summation of the 



TABLE 2. --Aerosol titration in the Henderson Apparatus of pooled suspension of mouse lungs 
containing PR8 influenza virus. 

Est. 
Mortality Infectiv. Resp. 

cum. cum. Dose 
% % % % <eid50) 

1.0 22 73 5. 15 2. 57 29 100 100 100 100 160 

1.5 2 2  73 3. 60 2.40 25 38 55 100 100 95 

2.0 22 73 3. 26 2.26 24 23 22 50 69 69 

2.5 20 69 2. 75 0.75 24 9 7 39 40 2 

3.0 20 67 2. 50 0.48 26 9 3 18 9 1 

3. 5 20 62 2. 23 -0.40 29 0 0 0 0 - 1 

°®10 
Dil. of 
Spray Temp. R. H.* 
Susp. C % 

Logio Logio 
Titer Titer Av. 
Spray Imp. Wt. 
Susp. Fids. g. 

*R. H. - -Relative Humidity 
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Fig. 2. - -Cumulative response of mice exposed in the Henderson Apparatus to 
rosols of pooled mouse lung suspensions containing PR8 influenza virus. Response 
plotted as a function of dilution of virus in the spray suspension, x--morbidity 
ross lung pathology), o--mortality. 
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Fig. 3. - -Cumulative response of mice exposed in the Henderson Apparatus to 
aerosols of pooled mouse lung suspensions containing PR8 influenza virus. Response 
is plotted as a function of the estimated respiratory dose. x—morbidity (gross lung 
pathology), o- -mortality 
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logarithm of the dilution employed and the titer estimated for each 

spray suspension. These values, which were found to vary consider

ably by the calculated variance, are presented in Table 3. The greatest 

variance occurred among the log S/I ratios which suggested that incon

sistencies existed in the performance of the trial, such as variations in 

atomizer efficiency, or errors in the impinger fluid assays. 

The virus titers in the pooled lung homogenate were considered 

undesirably low and subject to variation. This might have been caused 

by virus aggregates in the partially clarified suspension of mouse lung 

tissue. The lung suspension was therefore given three consecutive 

treatments in an attempt to elute the virus from particulate matter which 

was observed to sediment at 2, 000 X G in 30 min at room temperature. 

Ninety per cent of the virus in the original lung suspension was associ

ated with this sediment. 

The lung suspension was incubated for 2 hours at 37 C with fre

quent agitation, then clarified by centrifugation at 2, 000 X G for 30 min 

at room temperature. Sediment was separated and resuspended in 

broth to the original volume and the virus content was determined by 

assay in eggs. The results of assays of these fractions during repeti

tion of the above treatment are presented in Table 4. They indicate 

that most of the virus in the lung homogenate was associated with 

particulate debris which was sedimented at moderate centrifugal force, 

and that although considerable virus was released as a result of the 
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TABLE 3. --Estimates of virus content of mouse lung suspension and 
ratios of virus titers in corresponding spray and impinger 
samples obtained during aerosol titration of PR8 influenza. 

Log1() Dil. 

of Lung 
Homog. in 
Spray Susp. 

Est. of Virus 
Titer of 
Lung Homog. 
(log10EID5()/0. 1ml) Log1() S/I 

1.0 6. 15 2. 58 

1. 5 5. 10 1. 20 

2.0 5. 26 1. 00 

2. 5 5. 25 2. 00 

3.0 5. 50 2. 02 

3. 5 5. 73 0. 63 

Av. 5. 50 Av. 1. 57 

Variance 0. 151 Variance 0. 551 
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TABLE 4. - -Titers of PR8 influenza virus in supernatant fractions and 
resuspended sediments following repeated elution and 
centrifugation treatments with pooled mouse lung suspension. 

Virus Titer 
Fraction Assayed (log^EIDgQ/O.1ml) 

Original suspension 5. 5 

Supernatant fluid after 
first treatment 2. 0 

Resuspended sediment after 
first treatment 4. 5 

Supernatant fluid after 
second treatment 1.5 

Resuspended sediment after 
second treatment 3.6 

Supernatant fluid after 
third treatment 3. 0 

Resuspended sediment after 
third treatment 3. 5 
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third treatment, a greater amount sedimented with the particulate mat

ter. The infectivity of the total mixture was reduced to approximately 

1% of the original titer. For these reasons, the use of mouse lung 

suspensions as stock virus for aerosol trials was not considered 

further. 

In the next trials, aerosol titration was done on PR8 influenza 

virus harvested from allantoic fluid. Adult male mice in groups of 10 

to 12 were exposed in the Henderson Apparatus to aerosols sprayed 

from diluted suspensions of PR8 virus harvested from infected embryo-

nated eggs (PR8-CA). Temperatures ranged from 25-27 C and the 

relative humidities^measured during the last minute of spray varied 

from 60 to 65%. Impingers contained 22. 5 ml of broth and they were 

operated continuously during the 5 min spray and 5 min airwash for 

each exposure. Final volumes of impinger fluids were 20 ml. Im-

pinger fluids and spray suspensions were assayed in intact eggs using 

10-fold dilutions and 10 eggs per dilution. The mice were held 21 days 

and examined. 

The results of this aerosol titration are summarized in Table 5. 

The lethal response of the mice exposed to aerosols of PR8-CA corre

lated better with the dilution of virus in the spray suspension (Fig. 4) 

than with the estimated respiratory dose (Fig. 5). Mortality occurred 

between the 5th and the 13th day after exposure. The lungs of mice 



TABLE 5. - - Aerosol titration in the Henderson Apparatus of PR8 influenza virus harvested in 
allantoic fluid. 

^lO Logio Log10 L°Sio 
Dil. of Titer* Titer* Titer* 
Virus in in in Av. Per Per Resp. 10 Orig. 
Spray Spray Imp. Wt. Cent Cent Dose S/I Stock 
Susp. Susp. Fluid (g) Mort. Infect. EID50 

Ratio Virus** 

0.60 7. 51 5. 58 32 100 100 ND 1.93 8.11 

1.20 6. 59 5. 00 27 100 100 ND 1. 59 7. 79 

1.81 6.48 4.37 32 100 100 ND 2. 11 8. 29 

2.41 5.74 3.49 34 100 100 1,840 2. 25 8. 15 

3.00 4. 90 2.76 38 90 100 300 2. 27 7.90 

3.01 5.25 2.63 30 83 100 238 2. 62 8. 26 

3.48 4. 40 2. 59 41 40 100 213 2. 17 7. 80 

3. 61 4. 54 2. 55 29 8 100 188 1.99 8. 15 

3.96 4.30 2. 18 41 0 78 65 2. 12 8.26 

4.21 4.00 1.76 34 8 8 34 2. 24 8.21 

*EID__/0. 1 ml. 
bU 

**Sum of log titer of spray suspension and log dilution of virus in spray preparation. 

ND--not determined. 

to 
CO 
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Fig. 4. --Response of mice exposed in the Henderson Apparatus to aerosols of 
'R8-C A influenza virus. Response is plotted as a function of dilution of virus in the 
pray suspension, x--morbidity (gross lung pathology), o—mortality 
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Fig. 5. --Response of mice exposed in the Henderson Apparatus to aerosols of 
R8-C A influenza virus. Response is plotted as a function of the estimated respiratory 
Dse. x--morbidity (gross lung pathology), o--mortality 
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which succumbed before the end of the observation period exhibited 

complete consolidation. 

The average log S/I ratio was 2. 13, with a variance of 0. 0711. 

The average log titer of original stock virus, determined by a summa

tion of the log dilution of virus employed in each spray preparation and 

the log of observed titers of the respective spray suspension, was 8. 09 

EID_n/0. 1 ml, with a variance of 0. 0367. 
50 

A similar aerosol titration was performed with Lee influenza 

virus harvested from allantoic fluid. In this experiment, adult mice in 

groups of 10 to 12 of either sex were exposed in the Henderson Appara

tus to aerosols sprayed from diluted suspensions of Lee virus harvested 

from infected eggs (Lee-CA). Temperatures and relative humidities 

ranged from 25-27 C and 60-64% respectively. The operating proce

dures were identical to those in the PR8 trial. 

The results of this aerosol titration are summarized in Table 6. 

The responses of mice to the aerosol exposures, plotted against the 

dilution of stock virus in the spray suspension and against the estimated 

respiratory dose, are illustrated in Fig. 6 and Fig. 7, respectively. 

All mice which died during the observation period exhibited complete 

pulmonary consolidation. The average log titer of the original stock 

Lee-CA was 7. 14 EID_rt/0. 1 ml, with a variance of 0. 1634. The aver-oU 

age log S/I ratio of 2. 26 with a variance of 0. 0620 was similar to that 

observed with PR8 virus. The difference in dose of approximately 3/4 



TABLE 6. - -Aerosol titration in the Henderson Apparatus of Lee influenza virus harvested in 
allantoic fluid. 

LO«10 
Dil. of 
Virus in 
Spray 
Susp. 

L°8l0 
Titer* 
in 
Spray 
Susp. 

Log10 
Titer* 
in 
Imp. 
Fluid 

Av. 
Wt. 
(g) 

Per 
Cent 
Mort. 

Per 
Cent 
Infect. 

Resp. 
Dose 
EID50 

L°Sio 
S/I 
Ratio 

Lo*io 
Titer* 
Orig. 
Stock** 

1.00 ND 4.40 40 100 100 16, 800 ND ND 

1.30 6.51 3.91 37 80 100 5,030 2. 60 7. 81 

1.60 5.67 3. 24 35 67 100 1,060 2.43 7. 27 

1.90 4.70 2.80 32 50 90 358 1.90 6. 60 

2.20 4.63 2.49 33 16 84 180 2. 14 6.93 

2. 70 4.33 2. 20 30 0 100 87 2. 13 7. 03 

3. 20 4. 00 1. 67 30 0 13 26 2. 33 7.20 

*EIDcn/0. 1 ml 
ou 

**Sum of log titer of spray suspension and log dilution of virus in spray preparation. 

ND--not determined. 
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L°gio Dil. of Virus in Spray Suspension 

Fig. 6. --Response of mice exposed in the Henderson Apparatus to aerosols of 
Lee-C A influenza virus. Response is plotted as a function of dilution of virus in the 
spray suspension, x--morbidity (gross lung pathology), o—mortality 
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Fig. 7. - -Response of mice exposed in the Henderson Apparatus to aerosols of 
Lee-C A influenza virus. Response is plotted as a function of the estimated respiratory 
dose, x--morbidity (gross lung pathology), o--mortality CO 
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log between the morbidity and mortality observed in this trial as well 

as the study with PR8-CA virus indicated that aerosol exposures of 

mice could probably be adjusted to infect up to 50% without risking 

significant mortality. In these preliminary aerosol titrations, there 

was considerable doubt as to whether influenzal pneumonitis was always 

the principle cause of death. Mice were observed to maintain a rea

sonably normal appearance and behavior even though the lungs were, 

at examination, found to be 75% consolidated. However, mice which 

were in a state of prostration, or weakened as a result of severe pneu

monitis, were often subject to physical attack by more aggressive cage 

mates. 

No correlation was observed between estimates of log titers of 

original stock virus and respective log S/l ratios except in the PR8 

trial, in which a linear correlation existed. As the estimate of the log 

titer of virus in the original PR8-CA stock decreased, the log S/1 ratio 

also decreased. 

Physical and biological characteristics of aerosols in the drum and 
exposure chambers 

In the next group of experiments, four trials were conducted to 

obtain initial data concerning the physical and biological characteristics 

of aerosols sprayed into the drum and animal exposure chambers. In 

the first study, aerosols of S. lutea were sprayed into the drum and 

stored for 8 hours to determine the physical decay rate of stored 
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aerosols. They were also stored for 15 min after repeated aerosol 

generations to estimate 15 min recovery ratios, or sprayed as a dyna

mic aerosol through the animal exposure chamber to estimate the 

recovery ratio in that equipment. In another experiment, mice were 

exposed to aerosols of spores of B. subtilis to determine if bias existed 

in the aerosol concentration among the compartments containing the 

animals. Recovery ratios for aerosols of Lee and PR8 influenza viruses 

were determined for simulated animal exposure operations. An aerosol 

titration in the animal exposure chamber was also done with PR8-CA 

stock virus. 

S. lute a was sprayed for 2 min into the drum chamber at a total 

air flow rate of 250 L/min. The drum was closed off from the cabinet 

air immediately after termination of the spray. One-minute samples 

were taken 15, 30, 60, 240, and 480 min after spraying. During each 

sampling period, filtered cabinet air was admitted to the drum to re

place the 12. 5 L removed by the impinger. Portions of duplicate 10-

fold filutions of impinger fluids and spray suspensions were plated on 

each of 4 replicate plates per dilution. The resulting plate counts, from 

which the aerosol concentrations were estimated, are listed in Table 7. 

The observed decay rate of the log of the aerosol concentration approxi

mated a straight line, whose slope (k) was calculated as follows: 

9. 35 x 103 

6. 00 x 103 
0.000926 
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TABLE 7. - -Decay of aerosol concentration of S. lutea in the drum 
chamber. 

Sample 

L°*10 
Dil. 

Av. 
Plate 
Count* 

Count 
per 
ml 

Cloud 
Cone, 
per L. 

Spray susp. 6.0 160 8.0 x 108 

15 min. impinger 1.0 108 5. 4 x 103 1.0 x 104 

30 min. impinger 1.0 102 5. 1 x 103 9. 6 x 103 

60 min. impinger 1.0 88 4. 4 x 103 8.3 x 103 

120 min. impinger 1.0 93 4. 7 x 103 8. 8 x 103 

240 min. impinger 1.0 76 3. 8 x 103 7. 1 x 103 

480 min. impinger 1.0 63 3. 2 x 103 6.0 x 103 

*Av. of 8 plates. 
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This has been corrected for the quantity removed in sampling. The 

half-life (ti), equal to 0. 693/k, was 748 min, or 12.5 hours, which is 
2 

comparable to results obtained in other studies (18). 

Subsequently, three additional 2 min sprays of S. lute a were 

sampled from the drum at 15 min age. The aerosol concentrations at 

15 min age, and the log S/l ratios, including those values already ob

tained, are listed in Table 8. The average log S/I ratio for 4 runs was 

5.14, with a standard deviation of 0. 11. 

Next, a 5 min spray of S. lutea, followed by a 5 min airwash 

was directed at a total flow rate of 95. 5 L/min through the animal expo

sure chamber with continuous sampling at the exhaust end of the cham

ber during the spray and airwash. The spray suspension contained 

g 
8.0 x 10 colony-forming units/ml, and the impinger fluid contained 

5 3.55 x 10 units/ml, representing an average aerosol concentration of 

4 5. 68 x 10 /L. The log S/l ratio was calculated to be 3. 35. 

For recovery of spores of JB. subtilis from lungs of mice ex

posed to an aerosol in the animal exposure chamber, 20 mice weighing 

22-24 g each were exposed 15 min to a dynamic aerosol of spores 

7 
sprayed from a distilled water suspension containing 2x10 viable 

spores/ml. The total airflow rate was 70.8 L/min. The chamber was 

airwashed for 5 min after the atomizer was turned off, and the animals 

were killed immediately by ether before they were removed from the 

chamber. The lungs of each mouse were removed aseptically and 
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TABLE 8. --Recovery of S. lutea from aerosols aged in the drum chamber 
for 15 min following a 2-min spray. 

Cone, /ml Cone, /ml Cloud k°£>10 
Spray Impinger Cone. S/I 
Susp. Fluid per L. Ratio 

8. 00 x 108 5. 40 x 103 l.OxlO4 5.17 

1. 60 x 109 10. 15 x 103 1. 9 x 104 5.20 

1.60xl09 9.80 x 103 1. 8 xl04 5.21 

2 .  O O x l O 9  2 .  l O x l O 4  3 . 9 x l 0 4  4 . 9 8  
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homogenized in 4.5 ml of sterile distilled water. The suspensions were 

plated in 0.2 ml portions on duplicate plates. 

The plate counts obtained were recorded in accordance with the 

position that each mouse occupied in the animal exposure chamber dur

ing the trial. The results are presented in Table 9. The plate counts 

were examined by analysis of variance, the results of which are sum

marized in Table 10. Relative to experimental error, no significant 

difference existed among rows or columns, indicating no significant dif

ference in doses of aerosol received by the animals. The experimental 

error, relative to the sampling error, was significant at the 99% confi

dence level. It reflects the variance between duplicates in the plate 

counts. The presence of tissue debris in the plated volumes may have 

contributed to this variance. 

Exposures of animals were simulated by 5 min sprays of suspen

sions of Lee and PR8 influenza viruses. The aerosols were directed 

through the exposure chamber at a total flow rate of 95. 5 L/min. Im-

pingers were operated continuously during the spray and airwash as 

before. Impinger contents and spray suspensions were assayed in eggs. 

Relative humidity was 50% at temperatures of 22-25 C. 

The recoveries of virus from spray suspensions and impinger 

samples from two runs with each virus are presented in Table 11. From 

the variance which occurred in the assay of spray suspensions in this 

and previous trials, expected log S/l ratios, calculated on the basis of 
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TABLE 9. - -Plate counts of spores of B. subtilis from lungs of mice 
exposed to an aerosol in the animal exposure chamber. 

Compartments 
Upper Lower Lower Upper 

Section* Left Left Right Right 

1 46 46 21 59 
39 55 42 43 

2 36 25 47 37 
46 18 50 41 

3 48 44 66 32 
54 38 52 39 

4 42 29 33 61 
39 36 35 51 

5 30 22 48 41 
46 33 30 43 

^Sections numbered in the direction of air flow. 

TABLE 10. - -Summary of analysis of variance of plate counts in Table 9. 

Sums of Degrees of Mean 
Source of Variation Squares Freedom Square 

Total 4, 532. 775 39 

Rows 570. 650 4 142.662 

Columns 591. 476 3 197. 158 

Exptl. Error 2, 278, 150 12 189.846 

Sampling Error 1, 092. 501 20 54. 625 
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TABLE 11. --Recovery of Lee-C A and PR8-CA influenza virus from 
dynamic aerosols in the animal exposure chamber during 
simulated animal exposures at 50% relative humidity. 

Exposure Virus 

Spray Susp. 
lo®!0 logio 
dil. titer 

LO®10 
Imp. 
Titer 

Observed 
Log1()S/l 

Ratio 

Expected 
Log1QS/l 

Ratio 

A Lee 0.48 7. 23 3. 61 

CM CO 0
0
 

2. 76 

B PR8 3.00 5.24 2. 38 2. 86 2.42 

C PR8 4. 00 3. 22 0.96 2. 26 2.84 

D Lee 4.00 2.47 0.00 2. 47 2.85 

Virus titers expressed as EID_rt/0.1 ml. 
50 
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expected titers of spray suspensions (log average stock titer minus log 

dilution employed in preparing the spray suspension), were found to be 

more consistent than the ratios based on the observed spray titers. 

In the next study, adult mice in groups of 10 to 12 of either sex 

were exposed to aerosols sprayed 5 min from suspensions containing 

varied concentrations of PR8-CA virus. The animals were airwashed 

for 5 min after each aerosol exposure before being removed from the 

chamber. Impingers at the exhaust end of the exposure chamber were 

operated continuously during the spray and airwash periods. The mice 

were killed 7 days after exposure and were examined for gross lung 

pathology as a sign of infection. Impinger fluids and spray suspensions 

were assayed by the allantoic-on-shell technique. Temperature and 

relative humidity were 25 C and 50% respectively. 

Results are summarized in Table 12. The response of the mice 

is expressed as per cent of animals exhibiting gross lung pathology 7 

days after exposure. This is illustrated in Fig. 8 as a function of dilu

tion of virus in the spray suspension, and again in Fig. 9 as a function 

of estimated respiratory dose. Two spray suspension samples and one 

impinger sample were inadvertently lost before assays could be per

formed. The average log titer of the stock virus used in preparing the 

spray suspensions was 7. 80 MID qq/0- 1 ml» based on the observed 

titers of the spray samples. The variance was 0. 0584. The average 

log S/I ratio was 2. 77 with a variance of 0. 1616. In no instance was 



TABLE 12. --Aerosol titration of PR 8-CA influenza virus in the animal exposure at 50% relative 
humidity. 

LO®10 
Dil Spray 
Susp. 

Logio 
Spray 
Titer 

Logio 
Imp. 
Titer 

Av. 
Wt. 
(g) 

Av. 
Score 
Lung 
Pa th. 

Per 
Cent 
Infect. 

Est. 
Resp. 
Dose 

Log10 
S/I 
Ratio 

L°gio 
Titer 
Stock 
Virus 

3.48 4. 68 1. 53 25 2.3 83 13.0 3. 15 8.16 

3.60 3.84 1. 54 28 1.6 79 15. 7 2. 30 7.44 

3.78 4. 04 1.16 27 2.3 67 6. 1 2.88 7.82 

3.90 3.60 1.46 28 1.5 40 12.1 2. 14 7. 50 

3.95 3.95 0. 73 28 2.6 75 2.3 3.22 7.90 

4.08 3.81 0.99 27 2.3 75 4.1 2. 62 7.89 

4.18 3.81 0. 68 26 2.5 42 2.0 3. 13 7.99 

4.20 3. 53 0.81 31 1.9 33 2.8 2. 72 7.73 

4. 51 ND ND 30 1.9 33 ND ND ND 

4.81 ND 0.49 30 2.2 33 1.4 ND ND 

Titers expressed as MID^/0. 1 ml. 

Resp. Dose--MID 
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Fig. 8. --Response of mice exposed in the animal exposure chamber to aerosols 
F PR8-C A influenza virus. Response is plotted as function of dilution of virus in the 
pray suspension. 
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complete pulmonary consolidation observed. On the basis of these 

results it was believed feasible to challenge mice in later experiments 

with infective aerosols in order to obtain an approximately median mor

bid response without a significant risk of mortality. 

Decay of infectivity of aerosols of PR8-CA and Lee-C A influenza virus 
in the drum chamber 

In five trials, the decay rates were estimated for aerosols of 

PR8 and Lee influenza viruses using the drum chamber at relative humi

dity of 50, 85, and 90%. The drum was filled with aerosol at a rate of 

250 L/min with a 2-min spray in the first 3 trials, and a 4-min spray in 

trials 4 and 5. The viruses were sprayed from broth suspensions with 

exception of the one run in trial 5. In this run the virus was suspended 

in allantoic fluid from normal embryonated eggs. 

The results of these five trials are presented in Table 13. Suf

ficient data were obtained in trials 1, 2, and 4 to plot graphically in Fig. 

10. With exception of the data of trial 1, the decay slopes could be ap

proximated by straight lines over the sampling intervals studied. The 

lines in Fig. 10 were fitted by the method of least squares, with the as

sumption that the decay during this time interval was linear. This 

assumption seemed reasonable because of the large variance which is 

inherent in the virus assays, the standard errors of which are indicated 

by short vertical lines in the figure. The decay of virus infectivity 

observed in trials 3 and 5 are illustrated in Fig. 11. Insignificant 



TABLE 13. --Concentration of influenza virus in spray suspensions and stored aerosols. 

Spray Susp. Aerosol Log10 

B10 °g10 Temp, R. H.« Age Imping. LogJ0 Aerosol 
Trial Virus dil titer (C) (%) (min.) Titer Cone./Liter 

PR8 1.00 6. 50* 22.5 50 17 
30 
60 

120 

1.340* 
0.477* 
0.635* 
0.150* 

2. 594* 
1.731* 
1.889* 
1.404* 

Lee 1.00 5. 37* 24.0 90 15 
30 
60 

120 

0.680* 
0. 555* 
0.350* 
0. 150* 

1.934* 
1.809* 
1. 604* 
1.404* 

PR8 1.00 6.73* 26.1 50 15 
75 

1.529* 
•0.600* 

2. 783* 
0.654 

Lee 0.48 6.47* 24.0 50 15 
45 
75 

105 
135 

2.000* 
1.518* 
1.352* 
0.581* 
0.186* 

3. 254* 
2. 772* 
2. 606* 
1. 835* 
1.440* 

5A PR8 1.00 6. 35# 21.0 85 
(Allant. 
Fluid) 

17 
58 

120 

2. 118# 
1.868# 
1.544# 

3.372# 
3. 112# 
2.798# 



TABLE 13. --Continued 

Trial Virus 

Spray Susp. 

log10 Iog10 
dil. titer 

Temp. 
(C) 

R. H. ** 
(%) 

Aerosol 
Age 
(min.) 

Lo®l0 

Imping. 
Titer 

Log^ Aerosol 

Cone. / Liter 

5B PR8 1.00 6. 59# 21.0 85 18 2.115# 3.329# 
(Broth) 60 1.677# 2.931# 

120 1.619# 2.873# 

*Titer expressed as log EID /0. 1 ml suspension or log EID / liter of aerosol. 
1U DU 1U DU 

#Titer expressed as l°g^Q MID^q/O. 1 ml or per liter. 

** Relative Humidity. 



j 40 80 120 160 200 min 

Age of Aerosol 

Fig. 10. - -Decay of infectivity of aerosols of influenza virus in the drum 
chamber. A--PR8, 50% R. H. o--Lee, 90% R. H. x—Lee, 50% R. H. 
vertical lines = t S. E. 
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differences were observed in the rates of decay at 85% R. H. between 

aerosols of PR8-C A sprayed from either heart infusion broth or nor

mal allantoic fluid. 

The decay rate of influenza viruses sprayed from heart infusion 

broth were significantly greater at 50% R. H. than at either 85 or 90% 

humidity. As illustrated in Fig. 10, the infectivity of the aerosols at 

high relative humidity would be maintained for at least 8 hours, and 

that considerable risk of infection of mice exposed to these stored 

aerosols would result. The decay of infectivity at the lower humidity, 

however, was more pronounced, and suggested that mice would not 

likely become infected after exposure to aerosols after storage for 

approximately 4 hours at these conditions. 

Log per cent recovery values were calculated to estimate virus 

infectivity of the initial spray suspensions which had survived the 

stresses of aerosolization and storage in the air-borne state. The 

log S/l ratios for phenol red were determined in separate trials; no 

physical tracer was included in the spray suspensions in these five 

trials. 

At high humidities, the average observed recovery in the initial 

15-17 min samples approximated 30%, and fell gradually to about 10% 

at the end of the first hour. At the lower humidity, initial observed 

recovery was nearer 10%, and decreased in 1 hour to approximately 1 

or 2%. The observed and expected log S/l ratios for the aerosol 
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samples obtained in these trials are presented in Table 14, together 

with both observed and expected log per cent recovery values estimated 

on the basis of log S/l ratios obtained with aerosols of phenol red. 

From the results of these tests, it was decided that aerosols 

which were stored in the drum for approximately four hours at 50 per 

cent humidity should be used to determine whether inhalation of inacti

vated aerosols by mice would influence their response to later challenge 

with infective aerosols of influenza virus. It was further decided that 

samples would be taken during the storage process to obtain additional 

estimates of the rates of decay of infectivity and also taken during the 

exposure of the animals to stored aerosols to verify the inactivation of 

the virus. 

Challenge of mice with infective aerosols of influenza virus after pre
vious inhalation of aged, inactivated aerosols of influenza 

Four trials were done in which mice received respiratory doses 

of aerosols of influenza virus which were rendered non-infective by 

storage in the drum chamber for approximately four hours at 50% R. H. 

At later selected intervals, the mice were exposed, along with normal 

control animals, to aerosols of infective influenza virus. 

In the first trial, a total of 78 mice weighing an average 32 g, 

were exposed 5 minutes to an aerosol of Lee-C A which had been aged 

in the drum chamber 4 hours at 22. 8 C and 50% R. H. After exposure, 



TABLE 14. - -Observed and expected recoveries of infective virus from aerosols of influenza 
stored in the drum chamber. 

Temp. R. H. 
Virus Trial (C) (%) 

Aerosol 
Age 
(min.) 

LoglO S/I Ratio 
Logio Per Cent 

Infectivity 
Observed Expected Observed Expected 

PR8 1 22. 2 50 17 
30 
60 

120 

5. 16 
6 . 0 2  
5.86 
6. 35 

5. 44# 
6.30# 
6.14# 
6.63# 

1. 22* 
0. 18* 
0. 34* 
-0. 20* 

0. 76 
-0. 10 

0.06  
-0.43 

Lee 24.0 90 15 
30 
60 

120 

4. 69 
4.81 
5.02 
5. 22 

5 1 . 1 I****** 
5.29** 
5. 50** 
5. 70** 

1. 51* 
1. 39* 
1. 18* 
0.98* 

1.03 
0.91 
0. 70 
0. 50 

PR 8 26. 1 50 15 
75 

5. 20 
7. 33 

5.25# 
7.38# 

1.00=! 
•1.13=! 

0.95 
•1.18 

Lee 24.0 50 15 
45 
75 

105 
135 

4. 47 
4.95 
5. 12 
5. 89 
6. 28 

4. 37** 
4.85** 
5.02** 
5. 79** 
6. 18** 

1. 38& 
0.90& 
0. 73& 
-0.06& 
-0. 43& 

1.48 
1.00 
0.83 
0.06  

-0. 33 

PR8 in 
Allant. 
Fluid 

5A 21.0  85 17 
58 

120 

4. 23 
4.48 
4.81 

4.38## 
4.63## 
4. 96## 

1 .62& 
1. 37& 
1.04& 

1.47 
1 . 2 2  
0.89 

oi 
CJl 



TABLE 14. --Continued 

Virus Trial 
Temp. 

(C) 
R. H. *** 
(%) 

Aerosol 
Age 
(min.) 

Log10 
Observed 

S/I Ratio 

Expected 

Log^Q Per Cent 

Infectivity 
Observed Expected 

PR 8 in 5B 21.0 85 18 4. 47 4.38## 1. 38& 1.47 
Broth 60 4.91 4.82## 0. 94& 1.03 

120 4.97 4.88## 0. 88& 0.97 

7 78 
#Based on average titer of stock virus 10 ' EID^/0. 1 ml. 

7 50 
##Based on average titer of stock virus 10 " MID^/O. 1 ml. 

&Based on average physical log S/I ratio for 2 min. drum fill (4. 20). 

6 85 
**Based on average titer of stock virus of 10 * EID^^/0. 1 ml. 

&Based on average physical log S/I ratio (3. 85) for 4 min. drum fill. 

*** Relative Humidity. 

CJl 
Oi 



the chamber was airwashed for 5 minutes. The total flow rate of air in 

the chamber during the exposure and air wash was 95. 5 L/min. The 

drum was filled with a 2 minute spray at a flow rate of 250 L/min, us

ing a spray suspension of stock Lee-CA diluted in an equal volume of 

broth. One-minute impinger samples were taken at 15, 60, 105, 150, 

and 195 minutes of aerosol age. Continuous samples were taken at the 

animal chamber during the exposure of the mice. 

Twenty-four mice were killed and examined for lung pathology 

after a holding period of 8 days. After a period of 21 days, 8 mice 

were bled for serum, killed, and examined for lung lesions. The lungs 

of 20 mice, killed at daily intervals for seven days (3 mice each day), 

were homogenized and stored at - 60 C for assay of virus and interferon. 

Twenty-six of the mice exposed to the aerosol were challenged 

3 days later with an infective aerosol of PR8-CA. Forty-two normal 

mice,weighing 32 g, were included in the challenge exposure. Fifteen 

of the control mice were held 21 days at which time samples of serum 

were obtained before the mice were sacrificed for lung examination. 

The sera were tested for HI titers against type A and B influenza virus. 

The remaining 27 control mice and the 26 test mice were killed 7 days 

after the challenge exposure and examined for gross lung pathology. 

The challenge aerosol was sprayed 5 minutes from a suspension 

of PR8-CA stock virus diluted 1:10, 000 in broth. The challenge was 

performed at 25. 3 C and 50% R. H. 
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The observed log titer of Lee in the spray suspension was 5. 03 

MIDj.q/0. 1 ml. The log titer of impinger fluid for the 15 min. sample 

was observed to be 0. 58 MID_./0. 1 ml or 68. 4 MID__/L of aerosol. ou o(J 

The remaining impinger samples taken at a cloud age of 60 minutes or 

greater were essentially negative. The respiratory dose of inactivated 

virus, based on the concentration of aerosol at a cloud age of 15 minutes, 

was calculated to be 12 inactive MID^ per mouse. Corrected for phy

sical and biological decay, the respiratory dose of inactivated Lee virus 

was estimated to be approximately 99 inactive MID_n per mouse. Of 
50 

the control mice which received this dose of inactive virus, all were 

negative for lung pathology and antibody at either 7 or 21 days post ex

posure. No virus was detected in the lungs of those mice sacrificed at 

daily intervals over a 7 day period following exposure. Attempts to 

demonstrate interferon in these lung specimens were unsuccessful. 

Of the 26 mice receiving the inactive virus and infective aerosol 

of PR8, 3 days later, nine, or 35%, exhibited gross lung pathology with 

an average score of 2. 0 by the seventh day. Of the 42 control mice in

cluded in the challenge, 11 of 27 (44%) exhibited lung pathology on the 

7th day with an average score of 2. 0. Of the remaining 15 control mice 

which were held 21 days after challenge, 7 (or 47%) exhibited lung patho

logy with an average score of 1.4. Seven serum samples demonstrated 

anti-PR8HI titers greater than 8. Two of the seven mice having posi

tive HI titers (32, and 64) were scored negative for lung pathology and 



two of the seven mice with lung pathology (each 1+ in 1 lobe) were 

negative for HI at a serum dilution of 1: 4. 

The log titers of virus in the spray suspension and impinger 

samples in the challenge trial were 3. 54 and 0. 48 MID^q/O. 1 ml res

pectively. The respiratory dose of PR8 in this challenge exposure was 

estimated to be 1.7 MID^^ per mouse. 

In another time, the drum chamber was charged with an aerosol 

of PR8-CA at a flow rate of 250 L/min for 2 minutes, using a spray 

suspension of stock virus diluted 10-fold in broth. The aerosol was 

stored for 4 hrs at 25. 6 C and 50% R. H. Impinger samples were taken 

from the drum at 15, 60, 120, 180, and 240 minutes of cloud age. After 

4 hours, the aerosol was transferred from the drum through the animal 

exposure chamber at a rate of 95. 5 L/min, thereby exposing 40 mice 

for 5 minutes. The exposure chamber was then air washed for 5 

minutes. Impingers at the animal exposure chamber were operated 

continuously during the exposure and air wash. The spray suspension 

and impinger fluids were assayed for virus content in intact eggs. 

Twenty of the animals were killed as controls 7 days later and 

examined for lung pathology. The remaining twenty mice were held 48 

hours and re-exposed to an infective aerosol of PR8. / 

The twenty mice exposed 48 hours previously and twenty control 

mice of the same average weight (29 gms) were challenged with a 5 

minute exposure to a dynamic aerosol of PR8-C A at 26.1 C and 50%R. H. 
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The spray suspension consisted of stock PR8 diluted 1:10, 000 in broth. 

The spray suspension and impinger fluids were assayed by the allan-

tois-on-shell technique. The mice were held for seven days, then kill

ed for lung examination. 

The log titers of the spray suspension and impinger samples 

taken at aerosol ages of 15 and 60 minutes in this trial were 6. 86, 

1.437 and 0. 693 EIDg^/O. 1 ml respectively. Impinger samples taken 

at later aerosol storage times and during the animal exposure at a 

cloud age of 4 hours were negative for virus. On the basis of the aero-

2 69 sol concentration in the drum at 15 minute age (10 * EIDg^/L.), the 

respiratory dose of inactivated PR8 virus was estimated to be 78 in

active EIDgQ per mouse. Corrected for biological and physical losses, 

the respiratory dose was estimated in this trial to be approximately 

644 inactive EID A per mouse. Of the twenty control mice receiving 
50 

this amount of inactive virus, none exhibited lung pathology. 

The log titers of the spray suspension and impinger fluid of the 

challenge aerosol were 3. 71 and 1.18 MIDg^/0.1 ml respectively. The 

respiratory dose was estimated to be 8. 3 MID^ per mouse. Of the 

twenty normal control mice, 6, or 30%, exhibited lung pathology 7 days 

after challenge. The average lung score of those infected was 1.5. Of 

the twenty mice which had received an inactivated aerosol 48 hours pre

viously, 13, or 65% exhibited lung pathology with an average score of 

1. 5. The differences in the per cent of mice responding in these two 

groups were insignificant. 



In repeat experiments 35 mice of 30 g average weight were ex

posed to an aerosol of PR8 which had been stored in the drum chamber 

for 4 hours at 26. 1 C and 49% R. H. Twenty mice were held 48 hours 

and challenged with an infective aerosol of PR8. Fifteen of the mice 

were killed as controls 7 days later and examined for gross lung patho

logy. 

The stock PR8 virus was diluted 1:5, 500 in broth for the spray 

suspension, and the aerosol was generated at 26. 1C and 49% R. H. The 

spray suspension and impinger fluid were assayed in intact eggs. The 

twenty test mice and 19 normal control mice of the same weights were 

killed 7 days after challenge with this aerosol and examined for gross 

lung pathology. 

The log titers of the spray suspension and impinger samples 

taken at 15, 60, and 120 minute cloud ages were 7.00, 1. 514, 0.096, 

and -0. 522 EID_./0.1 ml respectively. The titer of the 120 minute 
5U 

sample was too low to be estimated by interpolation. It was estimated 

by plotting graphically the egg response using the Weibull scale. The 

respiratory dose, based on the aerosol concentration at a cloud age of 

2 768 
15 minutes (10 ' EID-./L.) was 96 inactive EID_rt per mouse. oU ou 

Corrected for physical and biological losses, the dose was estimated to 

be approximately 781 inactive per mouse. Of the 15 control 

mice receiving this dose, none exhibited lung pathology after 7 days. 
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The log titers of the spray suspension and impinger fluid were 

4. 47 and 1. 73 EIDg^/0.1 ml respectively. The respiratory dose of the 

mice challenged in this trial was estimated to be 30 EID,.q per mouse. 

Of the 19 normal control mice, 11, or 58%, exhibited lung pathology 

with an average score of 1. 8. Of the 20 test mice exposed 48 hours 

previously to inactivated virus in Trial 3A, 14, or 70%, exhibited lung 

pathology with an average severity of 1.4. The differences in the re

sponse of test and control mice were not significant. 

In the next trial, mice averaging 30 g were exposed to an aero

sol aged 4 hours at 23. 3 C and 50% R. H. Twenty of the mice were held 

72 hours and challenged with infective aerosol of PR8. Eighteen of the 

mice were killed on a daily schedule of 3 each day for a period of 6 days. 

The lungs were homogenized and assayed for virus content and inter

feron at a later time. Impinger fluids and the spray suspension were 

assayed in intact eggs. 

The 20 mice exposed 72 hours previously to an inactivated aero

sol, and 20 normal control mice weighing 27 g were challenged with a 

5 min exposure to an infective aerosol of PR8 at 24. 6 C and 50% R. H. 

The spray suspension consisted of a 1:5, 000 dilution of stock PR8-C A 

in broth. The challenged mice were held 7 days, then killed and examin

ed for gross lung pathology. The impinger fluids and spray suspension 

were assayed in embryonated eggs. 



The log titer of the spray suspension and impinger samples taken 

at 15, 60, 120, and 180 minute cloud age were 6. 90, 1. 687, 0. 692, 

0. 445, and -0. 700 EID-./O. 1 ml. The latter titer was estimated graph-
50 

ically. The respiratory dose of inactivated aerosol, based on the aero

sol concentration in the drum at a 15 minute cloud age was 135 inactive 

EID n per mouse. Corrected for physical and biological losses, the 
•u 

respiratory dose was estimated to be approximately 1, 114 inactive 

EID per mouse. No virus was detected in any of the lung suspensions 
50 

of 18 control mice which were killed daily over a 6 day period, using 

0.1 ml of undiluted lung suspension in each of 8 eggs per suspension. 

Lung pathology was not observed at the time the lungs were removed 

from the control mice. 

Two of 8 eggs inoculated with 0. 1 ml of undiluted fluid from the 

impingers operated at the animal exposure chamber were positive for 

PB8 influenza virus. From a linear response graph, using the Weibull 

scale, an estimated 80 EID,.q were collected by the impinger. This 

indicated that approximately 0. 2 EID^q of infective virus may have 

been included with the inactive virus inhaled by the animals. 

In the next trial, the log titers of the spray suspension and im

pinger fluid were 4. 59 and 1. 32 EIDj.q/0.1 ml respectively. The 

respiratory dose of infective virus received by the mice in this aerosol 

challenge was estimated to be 11 EIDg^ per mouse. Of the 20 control 

mice receiving this challenge, 16, or 84%, exhibited lung pathology with 
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an average lung score of 2.9. Of the 20 test mice which had received 

inactivated virus 72 hours previously, 15, or 75%, exhibited lungpatho-

logy with an average score of 2. 7. Again, as in the previous three 

trials, the differences in response between the test and control groups 

were not significant. 

The results of the virus titrations conducted with the spray sus

pensions and impinger samples of aged aerosols in this experiment are 

summarized in Table 15. The decay of infectivity of the aerosols is 

presented in Fig. 12. The log S/I ratio observed as a consequence of 

these virus titrations are listed in Table 16 with corresponding expected 

log S/I ratios, estimated on the basis of expected titers of the spray 

suspensions which were determined by subtracting the log dilution; of the 

stock virus in the spray suspension from the average log titer of the 

stock virus. Log per cent infectivity values corresponding to observed 

and expected log S/I ratios are included. 

An average of 8% recovery of infectivity of virus at a cloud age 

of 15 minutes was observed for aerosols sprayed at 50% R. H. when 

expected log % recoveries of the 7 trials were considered. Thus, the 

concentration of aerosol in the drum at 15 minutes cloud age would be 

approximately 8% of that physically sprayed. A respiratory dose for 

mice based on the concentration of infective virus in the aerosol at a 

cloud age of 15 minutes was corrected to include the inactived virus as 

well by dividing the 15 minute infective respiratory dose by 0. 08. 



TABLE 15. —Concentration of influenza virus in spray suspensions and stored aerosols preceeding 
exposure of mice after a 4-hour storage interval. 

Spray Susp. 
Aerosol 
Age 
(min.) 

^10 
Imping. 
Titer* Trial Virus 

lo®io 
dil. 

Io^io 
titer* 

Temp. 
(C) 

R. H. 
(%) 

Aerosol 
Age 
(min.) 

^10 
Imping. 
Titer* 

Log10 Aerosol 

Cone. /Liter** 

1 Lee 0.30 5.03 22.8 50 15 0. 58 1.834 

2 PR8 1.00 6.86 25.6 50 15 
60 

1.437 
0. 693 

2.691 
1.947 

3 PR8 1.00 7.00 26.1 50 15 
60 

120 

1. 154 
0. 096 

-0. 522 

2. 768 
1.350 
0.732 

4 PR8 1.00 6.90 23.3 50 15 
60 

120 
180 

1.687 
0. 692 
0.445 

-0. 700 

2.941 
1.946 
1.699 
0. 544 

*EID__/0.1 ml. 
DU 

**EID__ /Liter oU 

a> 
CP 
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TABLE 16. --Observed and expected recoveries of infective virus from aerosols of influenza 
virus stored in the drum chamber at 50% relative humidity prior to animal 
exposure at cloud age of 4-hours. 

Trial Virus 
Temp. 

(C) 

Aerosol 
Age 
(min.) 

^Sio S/I Ratio 
Logic Per Cent 

Infectivity 
Trial Virus 

Temp. 
(C) 

Aerosol 
Age 
(min.) Observed Expected Observed* Expected 

1 Lee 22. 8 15 4.45 5. 97** 1. 75 

©
 • 

o
 

2 PR8 25. 6 15 5. 42 5. 34# 0. 78 0.86 
60 

o
 • 

CO 

6.09# 0.03 0. 11 

3 PR8 26. 1 15 5. 49 5. 27# 0.71 0. 93 
60 6.90 6. 68# -0. 70 -0.48 

120 8.25 7. 30# -2. 32 -1. 10 

4 PR8 23. 3 15 5.21 5.09# 0.99 1. 11 
60 6.21 6.09# -0.01 0. 11 

120 6.45 6. 33# -0. 25 -0. 13 
180 7. 60 7. 48# -2. 40 1 • CO

 
0
0
 

*Based on average physical log S/l ratio (4. 20) for 2 min. drum fill. 
6 85 **Based on average titer of stock virus of 10 " EID_./0. 1 ml. 
7 78 

#Based on average titer of stock virus of 10 " EID^/0. 1 ml. 
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The concentration of virus in the drum at a cloud age of 240 

minutes, when the mice were exposed, would be reduced by the amount 

of physical decay occurring over a 4 hour interval. From the physical 

decay rate measured, the concentration of the aerosol in the drum at 

four hours would be 80% that originally sprayed. The respiratory dose 

of infective and inactivated virus at a cloud age of 15 minutes would be 

corrected for physical decay accordingly. 

During a 5 minute exposure of mice to an aerosol held in the 

drum, clean filtered air was admitted to the drum at a flow rate of 

95.5 L/min, thus reducing the aerosol concentration at an exponential 

rate. Integrated over a 5 minute exposure, the corrected respiratory 

dose of virus would be 0. 825 of that dose calculated for a cloud age of 

240 minutes. The step-wise corrections involved in obtaining the 

estimate of total virus (including inactive virus) inhaled by mice from 

aerosols aged 4 hours in the drum chamber are summarized in Table 

17. 

The responses of mice challenged with infective aerosols of 

influenza virus after previous inhalation of aged, inactivated aerosols 

of influenza are summarized in Table 18. 



TABLE 17. --Estimates of respiratory doses of inactivated virus for mice exposed to aerosols of 
influenza virus aged in drum chamber four hours at 50% relative humidity. 

Trial 

Resp. Dose of 
Infective Virus 
Based on aerosol 
Cone, at 15 min. 
Cloud Age 

(Di-15) 

Resp. Dose of 
Infect, and 
Inactive Virus 
at 15 min. 
Cloud Age 

(Dt-15) 

Resp. Dose of 
Inactive Virus 
at 240 min. 
Cloud Age 

(Da-240) 

Integrated Dose 
for 5 min. 
Exposure at 
240 min. 
Cloud Age 

(Dc-240) 

1 12 MID_n 
DU 

150 MID 
50 120 MID 

50 
99 MID__ 

50 

2 78 EID
50 

975 EID 
aU 

780 EIDca 
oil 

644 EID 
50 

3 98 EID50 1.184 EID50 960 EIDC. 
50 

781 EIDCA 50 

4 135 EID.„ 
OU 

1, 688 EID.. 
OU 

1. 350 EID50 1. 114 EID5# 

*Doses of inactivated virus expressed in quantities equivalent to the original infectivity, where: 

Dt-15 equals Di-15/0.08, 

Da-240 equals (Dt-15) (0.80), 

and Dc-240 equals (Da-240) (0. 825). 



TABLE 18. --Summary of response of mice challenged with infective aerosols of influenza after 
previous exposure to aerosols aged in the drum chamber for four hours at 50% 
relative humidity. 

Trial 
Inact. 
Virus 

Resp. dose 
Inact. Virus 

Challenge 
Virus 

Resp. Dose 
Challange 
Virus 

Interval 
before 
challenge 

Infect, 
(per 
cent) 

Av. 
Lung 
Score 

1 Lee 16** PR8 

i 

1. 7** 72 hr. 
control# 

35 
43 

2.0 
1.4 

2 PR8 780* PR8 8. 3** 48 hr. 
control# 

65 
30 

1.5 
1. 5 

3 PR8 955* PR8 30. 0* 48 hr. 
control# 

70 
58 

1.4 
1.8 

4 PR8 1350* PR8 11.0* 72 hr. 
control# 

75 
84 

2.7 
2.9 

*EID50 

DU 
#control mice received challenge aerosol only. 
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Challenge of mice with infective aerosols of influenza virus after pre
vious inhalation of aerosols sprayed from suspensions of 
UV-inactivated Influenza virus 

Four attempts were made to determine whether inhalation of 

aerosols of UV-inactivated influenza virus by mice would alter the inci

dence of lung pathology upon subsequent challenge with aerosols of in

fective influenza virus. 

In the first test, 101 mice were exposed 5 minutes to aerosols of 

UV-inactivated Lee in groups of 19, 20, 17, and 55 mice 1, 24, 48, and 

72 hours respectively before challenge with an infective aerosol of PR8. 

The inactivated aerosols were sprayed from a 1: 3 dilution of Lee-UV 

in heart infusion broth containing 100 jug of phenol red per ml. The 

aerosols were conducted directly to the animal exposure chamber at a 

total air flow rate of 95. 5 L/min at 24 C and 48-50% E. H. Two impin-

gers, one containing broth and one containing borate buffer, were 

operated continuously at the animal chamber during the exposure and 5 

min air wash procedures. 

Twenty-nine of the 55 mice exposed 72 hours before challenge 

served as controls, and four each day were killed at random for seven 

days for serum samples and preparation of lung suspensions. The 

serums were tested for the presence of HI antibody against Lee and 

PR8. ' The lung suspensions were preserved at -60C for later assay for. 

virus and interferon. The impinger fluids and spray suspensions were 
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assayed for virus by the allantois-on-shell technique and for phenol red 

by spectrophotometry. 

Mice which had been exposed to dynamic aerosols of UV-inacti-

vated Lee were challenged with 25 normal control mice to a dynamic 

aerosol of infective PR8 at 24 C and 48% R. H. The aerosol was sprayed 

from a dilution of 1:5, 500 of stock PR8 at a total air flow rate of 95. 5 

L/min. Fluids of impingers operated at the animal chamber during ex

posure and air wash procedures were assayed by the allantois-on-shell 

technique. The mice were killed 9 days later and examined for gross 

lung pathology. 

The results of this trial are summarized in Table 19. The spray 

suspensions and impinger samples of the four exposures of mice to aer

osols of UV-inactivated Lee were negative for infective virus. The 

impingers containing borate buffer contained 0. 4 /ug of dye per ml, or a 

_ 2  total of 8. 0 ng per impinger, which was equivalent to 8. 0 x 10 ml of 

original spray suspension. Before irradiation with UV light, the virus 

7 contentof the spray suspension was 2. 36 x 10 EIDCft/ml. Therefore, the 
50 

0 
impinger collected 1.89 x 10 UV-inactivated EID^ doses. A 32 gram 

mouse employed in this trial would be expected to receive a respiratory 

_ 3 
dose of 2. 84 x 10 of the total impinger collection, or 5, 368 UV-inac-

tivated EID^ per mouse. 

None of the control mice receiving the inactivated virus exhibited 

infective virus in the lungs or antibody to either Lee orPR8 in the serum. 
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TABLE 19. --Summary of responses in mice challenged with an infective 
aerosol of PR8 influenza at intervals following previous 
exposure to aerosols of UV-inactivated Lee influenza 
virus. 

Resp. Dose of 
Inactivated 
Virus 

Resp. Dose of 
Challenge 
Virus 

Interval 
Before 
Challenge 

Per Cent 
Infected 

Av. 
Lung 
Score 

5368 inact. 
EID50 

2. 8 MID__ 
ou 

1 hr. 

24 hr. 

42 

45 

2.0 

2.8 

48 hr. 47 1. 9 

72 hr. 54 2. 7 

control* 52 2. 7 

^Control mice received only challenge dose. 

/ 



The log titers of PR8 in the spray suspension and impinger fluids 

were 4. 11 and 0. 70 MIDg^/0.1 ml respectively. The respiratory dose 

of the test and control mice of the same weight was estimated to be 2. 8 

MIDj.0 per mouse. Of the 25 normal control mice receiving this dose, 

13, or 52%, exhibited lung pathology with an average lung score of 2.7. 

Of the 19 mice exposed to inactive aerosol one hour previously, 8, or 

42%, had lung pathology with an average score of 2. 0. Of the 20 mice 

receiving inactive aerosol 24 hours before challenge, 9, or 45%, were 

infected with an average lung score of 2. 8. Of the 17 mice exposed to 

the aerosol of inactive virus 48 hours before challenge, 8, or 47%, ex

hibited lung pathology with an average score of 1.9. Of the 26 mice 

exposed to the aerosol of inactive virus 72 hours before challenge, 14, 

or 54%, were infected with an average lung score of 2.7. 

Sixty mice were exposed in two groups, 40 and 20 each, to aero

sols of UV-inactivated PR8 at intervals of 72 and 24 hours respectively 

before challenge with infective PR8 aerosol. 

The inactivated aerosols were sprayed 5 minutes from suspen

sions of PR8-UV diluted 1:10 in broth containing phenol red in a final 

concentration of 100 jug per ml. The aerosols were conducted to the 

animal exposure chamber at a total air flow rate of 25 L/min by the 

operation of two inpingers at the exhaust end of the chamber. After 

each exposure, the chamber was airwashed for 10 minutes at the same 

air flow rate by continued impinger operation. In each exposure, one 
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of the impingers contained borate buffer for assay of phenol red, and 

the other contained broth for virus assay. The virus content of the 

spray suspension and impinger fluids were assayed both in intact eggs 

and by the allantois-on-shell technique. 

Twenty of the 40 mice receiving the inactivated aerosol 72 hours 

before challenge were held 3 weeks as non-challenged controls, at which 

time they were bled for serum, killed, and examined for gross lung 

pathology. The remaining 20 mice of this same exposure group, and the 

20 mice exposed in the second group 2 days later, were challenged with 

an infective aerosol of PR8. 

With the mice which were exposed to the inactive virus, 40 nor

mal control animals were challenged with an infective aerosol at 22 C 

and 51% R. H. The infective aerosol was sprayed from a suspension of 

stock PR8 diluted 1:6, 000 in broth. The exposure and sampling proce

dures were identical to those used previously. 

The results of this trial are summarized in Table 20. The titer 

g 
of the stock PR8 virus before UV irradiation was 4. 8 x 10 MID^^ per 

ml. The infective titer of the PR8-UV spray suspension was estimated 

to be 33 EIDj.q/0. 1 ml. Impinger samples were negative for virus but 

contained 2. 3 and 2. 6 jug per ml of phenol red in the two exposures res

pectively. Based upon the recovery of phenol red, sprayed from a sus

pension containing 100 jug per ml, the respiratory dose received by the 

_ 3 
mice was estimated to be equivalent to 1. 3-1. 5 x 10 ml of the spray 
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TABLE 20. - -Summary of responses in mice challenged with an infective 
aerosol of PR8 influenza virus at intervals following pre
vious exposure to aerosols of UV-inactivated PR8 
influenza virus. 

Resp. Dose of 
Inactivated 
Virus 

Resp. Dose of 
Challenge 
Virus 

Interval 
Before 
Challenge 

Per Cent 
Infected 

Av. 
Lung 
Score 

6. 2 x 104 

inactive 
EID50 

8. 8 MID__ ou 
24 hr. 

72 hr. 

40 

55 

1.3 

2. 5 

control* 55 2. 7 

^control mice received only challenge dose. 
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suspension, representing approximately 0. 4 EID^q of infective virus 

4 
and 6.2-7.2 x 10 inactivated MID^/mouse. Of the 20 unchallenged 

control mice receiving this respiratory dose, none exhibited lung patho

logy or anti-PR8-HI titers 3 weeks after exposure. 

The titers of PR8 in the spray suspension and impinger samples 

3 60 119 of the challenge aerosol were 10 ' and 10 ' MID,.n/0.1 ml respec-
D U 

tively. The respiratory dose was estimated to be 8.8 MID^^ per mouse. 

Of the 20 mice which were exposed 72 hours previously with the aerosol 

of UV-inactivated virus, 11, or 55%, exhibited lung pathology with an 

average lung score of 2. 5. Of the 20 mice challenged 24 hours after 

exposure to the inactivated aerosol, 8, or 40%, exhibited lung pathology 

with an average score of 1. 3. Of the 20 normal control mice receiving 

only the infective aerosol, 10, or 50%, exhibited lung pathology on the 

7th day with an average lung score of 3. 1. Of the remaining 20 control 

mice, which were held 3 weeks, 12, or 60%, exhibited lung pathology 

with an average lung score of 2. 4. All these animals had antibody titers 

of 16 or greater. A titer of 8 was observed in the serum of one mouse 

which had been scored negative for gross lung pathology. 

In a third attempt, mice were exposed to an aerosol of UV-inac-

tivated PR8 and challenged 24 hrs later with an infective aerosol of Lee. 

Twenty-four mice weighing 35 g were exposed 30 min to an aerosol 

sprayed from a suspension of PR8-UV diluted 2-fold in normal allantoic 

fluid containing phenol red in a final concentration of 100 fj,g per ml. 
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For this exposure, a 40 ml centrifuge tube was substituted for the cus

tomary 1 pt jar which normally contains the spray suspension for the 

Collison atomizer. The total air flow rate through the exposure cham

ber was 95. 5 L/min. Impingers at the animal exposure chamber were 

operated continuously during the 30 minute spray and subsequent 5 min

ute air wash. The exposure was conducted at 24. 4C and 89% R. H. The 

mice were held 24 hours and re-exposed to an infective aerosol of Lee. 

The spray suspension and impinger fluids were assayed for content of 

virus and dye as previously described. 

Fifteen normal mice of the same weight were included in the 

challenge exposure as controls. The challenge aerosol was sprayed at 

23. 7 C and 50% R.H. from a suspension of stock Lee-CA diluted 1:80 

in broth. The exposure procedures were conducted as in previous 

challenge trials described above. Serum samples were obtained from 

the test and control mice 3 weeks after challenge, at which time they 

were killed and examined for gross lung pathology. The sera were 

tested for anti-PR8 and Lee HI antibody. 

The infective titer of the stock PR8 virus was reduced by UV 

3 
irradiation from 4. 8 x 10 EID^/ml to approximately 40 EID5Q/ml. 

The impinger samples were negative for virus, but contained 4. 4 jug 

per ml of phenol red in a final fluid volume of 18.2 ml. Based upon a 

total impinger collection of 80 ng of dye, the respiratory dose, received 
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by the mice was estimated to be equivalent to 0. 05/EIDgg infective and 

5 
5.7 x 10 UV-inactivated EID^ per mouse. 

Titers of Lee virus in the spray suspension and impinger fluid 

2 48 "0 22 were 10 ' and 10 ' MID,.n/0.1 ml, respectively. From assays 
o u 

in intact eggs, the respective titers of the spray and impinger fluids 

4 81 2 08 
were 10 " and 10 ' EID_n/0. 1 ml. Using the latter value for the 

0 u 

best estimate of the concentration of Lee in the impinger fluid, the 

respiratory dose for mice in the challenge exposure was calculated to 

be 72 EID__/mouse. When examined 3 weeks after exposure, all mice 
ou 

exhibited lung pathology with an average lung score of 1. 8 for mice which 

had received the UV-inactivated virus before challenge, and an average 

lung score of 1. 7 for the mice which served as challenge controls. The 

sera for all the mice were negative for anti-PR8 HI antibody, and all 

were positive for anti-Lee HI antibody. No significant differences 

were observed between the anti-Lee titers in the test and control groups. 

In the next trial, male Balb/c mice weighing an average 23 g 

were given either low respiratory doses of infective PR8 aerosol or 

high respiratory doses of aerosol of UV-inactivated PR8 96 hours be

fore challenge with a moderate dose of infective PR8 aerosol. Ninety-

nine mice were included in each of the two initial exposures. One 

third of each group was held 3 weeks, at which time serum samples 

were obtained for tests for anti-PR8 HI antibody, and the animals then 

killed for examination for gross lung pathology. One-third of each 
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group was killed daily at a rate of 4 or 5 mice per day. Their lungs 

were homogenized and stored at -60C for later assay of virus and inter

feron. The remaining third of each group was held 96 hours, then 

challenged along with 45 normal control mice, with a moderate respira

tory dose of infective aerosol of PR8. Thirty-three of the control mice 

were held 3 weeks after the challenge exposure and killed for serum 

testing and lung examination as above. The remaining twelve control 

mice were killed on the sixth day following the challenge exposure. 

Their lungs were homogenized and stored at -60 C for assay of virus 

and interferon. 

With the exception of the groups of mice which were destined for 

daily sacrifice, 2 to 3 normal mice were included as contact controls in 

each cage of 6-7 mice which had received their respective aerosol ex

posures. These contact controls were held and examined in a manner 

like that of their cage mates. The experimental protocol for this is 

summarized schematically in Fig. 13, 

The spray suspension was prepared as a 1:10, 000 dilution of 

stock PR8-C A in broth. The usual aerosol exposure procedure was 

conducted at 23. 3 C and 50% R. H. The spray suspension and impinger 

fluids were assayed by the allantois-on-shell technique. 

In one trial, the mice were exposed 2 hours to an aerosol spray

ed from a suspension of UV-inactivated PR8-C A diluted 1:2 in broth 

containing phenol red in a final concentration of 100 /ng per ml. The 
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Group 1 

99 mice 1 
Group 3 

45 mice 

Group 2 

99 

Low Dose of 
Infective 
PR8 virus 

• 

33 
mice 

Daily 
Sacrif. 

33 
mice 

3-week 
Controls 

33 
mice 

ijiice 

High Dose of 
U V - inactivated 
PR8 virus 

33 
mice 

33 
mice 

f 
Held 3 
weeks 

Challenge with 
Infective PR8 
Aerosol 96 hrs. 
After Groups 1, 3 

33 
mice 

3-week Daily 
Controls Sacrifice 

Held 3 
weeks 

mice 

Sacrif. 
on 6th 
Day 

33 
mice 

Held 3 
weeks 

Fig. 13. - -Experimental protocol for infective aerosol challenge 
of mice after treatment with either low infective dose or high dose of 
UV-inactivated influenza virus. 
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aerosol was directed through the animal chamber at a total flow rate of 

47.2 L/min at 23. 3 C and 50% R. H. Impingers containing 25 ml of col

lecting fluid were operated continuously during the 2 hour spray and sub

sequent 10 min air wash. 

In another instance the spray suspension was prepared as a 

1:6, 000 dilution of stock PR8-CA in broth. The usual aerosol challenge 

procedure was conducted at 23. 3C and 50% R. H. The impinger fluid 

and spray suspension were assayed for virus content by the allantois-

on-shell technique. 

The results of these trials are summarized in Table 21. The 

1 89 titers of virus in the spray suspension and impinger fluids were 10 

and 10^'®^ MIDgg/0.1 ml, respectively. The respiratory dose for the 

mice of group 1 exposed to this aerosol was estimated to be 0. 4 MIDcn/ 
5U 

mouse. Of the 33 control mice which were sacrificed at daily intervals, 

only one was positive for lung virus and gross pathology. The lungs of 

2 7 
this mouse; killed on the 8th day after exposure, contained 10 " MID^q 

doses, and exhibited complete consolidation of the left lobe (score of 

3+plus). Of the 33 control mice which were held 3 weeks, 3, or 9% ex

hibited lung pathology with an average score of 2. 0. Each of these mice 

possessed anti-PR8 HI titers of 128 or higher. 

7 46 In the second group, the stock PR8 virus contained 10 ' and 

2. 50 
10 ' MIDqq/0. 1 ml before and after UV irradiation, respectively. 

7 16 The spray suspension, therefore, contained 10 * MIDc_/ml of ou 
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TABLE 21. --Summary of responses in mice challenged with an infec
tive aerosol of PR8 influenza virus 96 hours after 
exposure to either a large dose of aerosol of UV-inacti-
vated PR8 or a low dose of aerosol of infective PR8 
influenza virus. 

Response of Response of 
Unchallenged Mice Challenged Mice 

Av. lung Av. lung 
Group Resp. Dose % Infect. Score % Infect. Score 

1 0.4 MIDcn 9 2.0 30 3.1 ou 

2 106,15MIDKA inact. 9 1.5 24 1.8 ou 

*1-3 infect. MIDg^ 

3 3.6 MID_n -- --- 30 2.0 
OU 

* challenge controls 
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2 30 UV-inactivated virus and 10 ' MID__/0.1 ml of infective virus. The 
ou 

dye content of the spray suspension before spraying was 115 jug/ml. The 

impinger filled with borate buffer contained a final volume of 4. 0 ml with 

100 /ug of dye/ml, or a total dye collection of 400 /ug, which represented 

3. 48 ml of original spray suspension. On this basis, the respiratory 

dose of the mice exposed to this aerosol was equivalent to approximate-

6 15 
ly 10 ' inactivated MID_rt and 1-2 infective MID_./ mouse. 

5U 5U 

The infective virus content of the impinger filled with broth was 

determined to be approximately 30 MIDg^/0.1 ml, with a final volume 

of 4. 5 ml. The respiratory dose of infective virus on the basis of this 

measurement was calculated to be 3 infective MIDCf./mouse, an estimate 
oU 

which agreed closely with that based on the dye recovery. 

Of the 33 control mice held 3 weeks after exposure to the aero

sol of inactivated virus, two exhibited lung pathology with an average 

score of 1. 5 and possessed anti-PR8 HI serum titers of 256. One ad

ditional mouse, scored negatively for lung pathology, possessed a 

serum titer of 8. No gross pathology or virus was detected in the lungs 

of the 33 control mice which were killed daily during the first 8 days 

following exposure. 

The virus titers of the spray suspension and impinger fluids of 

3 04 the challenge exposure in the third group were 10 " and8.2 MIDgg/0.1 

ml respectively. The respiratory dose received by the test and control 

mice in the challenge exposure was estimated to be 3. 6 MIDgg/mouse. 
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Of the 33 mice which had been exposed 96 hours previously to a low 

infective dose, 8 or 24%, possessed anti-PR8 HI antibody but only six 

of these exhibited gross lung pathology with an average score of 1.8. 

Of the 33 mice which were challenged 96 hours after exposure to an 

aerosol of low infectivity, 10, or 30%, developed anti-PR8 HI titers. 

Eight of these exhibited gross lung pathology with an average score of 

3.1. Of the 33 control mice receiving only the challenge dose, 10, or 

30%, developed anti-PR8 HI titers, nine of which exhibited gross lung 

pathology with an average score of 2.0. None of the contact control 

mice included in each cage of exposed mice exhibited gross pathology 

or antibody titers. 

Of the twelve challenged control mice which were examined on 

the 6th day to predict the outcome of the challenge exposure, three ex

hibited lung pathology with an average lung score of 1.0. The contents 

3 81 4 01 of virus in the lungs of two were 10 ' and 10 * MID_n doses, res-
DU 

pectively. No virus was detected in the lungs of the third mouse. 

Interferon assays 

In the preceeding aerosol experiments, suspensions of the lungs 

from some mice were preserved for later assay of interferon. The 

method of Finter (13) was employed, since the quantitative hemadsorp

tion (QH) technique, has been reported to be more efficient than plaque-

reduction techniques for the assay of numerous samples of limited 
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volumes. The QH method was flexible in the choice of cell cultures and 

challenging virus. 

Attempts to demonstrate interferon activity using the QH techni

que with cultures of F-120 and LM cells involved a series of 12 trials. 

The detailed procedures are presented with the results of each trial to 

preserve clarity. Except where otherwise noted, the procedures out

lined by Finter were followed explicitly. 

In the first trial, dialysates of 4 lung homogenates were assayed 

for interferon by the QH technique using monolayers of F-120 cells 

grown in screw-capped roller tubes. Each dialysate represented a 

pooled homogenate of lungs from 4 mice, taken 4, 5, 6, and 7 days after 

aerosol infection with 8.0 MID,.^ respiratory doses of PR8 influenza 

virus. The dialysates were tested in triplicate using 8 two-fold dilu

tions beginning with a 1:10 dilution. The cultures were challenged with 

7. 2 
10 ' MIDgg of PR8-CA 24 hours after the diluted dialysates were ad

ded to the cultures. The tubes were incubated 24 hours further in a 

roller drum and processed for QH by Finter's procedure. 

The results of this trial failed to demonstrate consistent QH in 

infected control cultures as well as the infected cultures previously 

treated with dialysates. Only one of 8 infected control tubes exhibited 

significant QH. Since the medium in many cultures turned slightly alka

line within 20 hours after infection, it was concluded that the screw-cap 

enclosures were not air-tight. Consequently, tubes with rubber 
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stoppers were tried. We also observed that completely formed mono

layers of F-120 cells were susceptible to contraction and subsequent 

detachment from the vessel walls, a condition which was minimized by 

incubation in a stationary position rather than in a roller drum. 

In the second trial, three dialysates, representing pooled homo-

genates of lungs taken from mice 1, 4, and 7 days after aerosol infec

tion with PR8 influenza virus, were diluted serially in four three-fold 

increments, and applied in triplicate to monolayers of F-120 cells. The 

cultures, the monolayers of which were somewhat incompletely develop-

7 2 ed, were challenged 24 hours later with 10 ' MIDen of PR8-CA virus. ou 

These cultures were incubated in a stationary position before and after 

challenge. 

The QH in infected control cultures after 24 hours averaged 

0. 320 O.D. units. The average levels of QH in the cultures treated 

with dialysates are presented in Table 22. 

The lower levels of hemoglobin in cultures treated with the low

est dilutions of the dialysates indicated a minimum degree of interfer

ence. The differences between treatments at any given dilution of dialy-

sate were not considered significant. The low optical density obtained 

in the infected, dialysate-free control cultures suggested that the mono

layers might have been insufficiently developed to obtain an optimum 

QH test. 



88 

TABLE 22. - -Quantitative hemadsorption by monolayers of F-120 cells 
challenged with PR8 influenza virus after treatment of 
cultures with dialyzed suspensions of lungs from mice 
infected with PR8 influenza virus. * 

Lung Dialysate 
Day lungs re
moved, post- Dilution of Dialysates 
infection 1:3 1:9 1:27 1:81 

Day 1 53 110 87 95 

Day 4 35 97 112 99 

Day 7 43 93 81 ND 

ND--not determined. 

*QH expressed as average per cent excess hemoglobin using optical 
density of infected controls as 100 per cent. 
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The development of QH in monolayers of F-120 cells was ob

served during incubation following infection with PR8 or Lee influenza 

virus. It seemed appropriate to determine which challenge virus and 

period of incubation would result in a suitable level of hemadsorption. 

6 72 
Monolayers of F-120 were infected with either 10 ' MID^q of PR8, 

7 2 6 81 or Lee in doses of 10 or 10 MID^, and incubated in a sloped, 

stationary position. After 16 hours incubation, and at intervals there

after, 3 tubes infected with each virus were selected at random and pro

cessed for QH. The observed levels of QH are presented in Table 23. 

With F-120 monolayers, satisfactory levels of QH were obtained with 

both strains of virus between 16 and 30 hours incubation. The differen

ces in average QH among the treatments of challenge virus employed 

were not significant for any given incubation period. 

In completely developed monolayers of F-120 cells, QH assays 

were performed in triplicate with 6 three-fold dilutions of dialysates 

from lungs of normal mice and animals infected with aerosols of PR8 

influenza. The control and treated monolayers were infected 36 hours 

6 81 
later with 10 " MID__ doses of Lee-C A. The cultures were incubated ou 

in a stationary position before and after infection. 

Dialysate-free, infected control cultures exhibited a level of QH 

resulting in an optical density of 0. 69. The average levels of QH in 

treated cultures are presented in Table 24. Within the range of 25 to 

75% excess hemoglobin, no significant differences were observed among 
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TABLE 23. --Quantitative hemadsorption by monolayers of F-120 cells 
following treatment with PR8 and Lee influenza virsuses. 

_ „ HOURS INCUBATION 
a enge — — — — — — — 
Virus 2 

106, 72MID,N 
PR 8 50 

0. 70 o
 

• CO
 0. 76 0. 78 0. 81 ND 0. 97 ND 106, 72MID,N 

PR 8 50 

IO7* 20MID 
T BU Lee 

0. 87 

CM 00 • 

o
 0. 89 0. 83 0. 87 0. 92 0. 95 0. 52 IO7* 20MID 

T BU Lee 

IO6'81MID 
T 50 Lee 

0. 82 0. 77 0. 81 0. 80 0. 86 0. 91 0. 92 0. 51 IO6'81MID 
T 50 Lee 

ND-not determined. 

*QH expressed as average optical density. 
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TABLE 24. - -Quantitative hemadsorption by monolayers of F-120 cells 
challenged with Lee influenza virus after treatment of 
cultures with dialyzed suspension of lungs from normal 
and influenza-infected mice.* 

Log Dilution of Dialysate 
Lung dialysate 0. 477 0. 954 1.431 1. 908 2. 385 2.862 

Uninfected •9.0 38. 4 92. 8 ND ND ND 

Day 1, post
infection 

ND 77. 5 71.8 81. 8 83. 3 85. 6 

Day 3, post
infection 

14. 5 58.0 71.8 81. 8 78. 2 76. 8 

Day 7, post- 18. 1 60. 8 58.0 65. 2 89. 8 94. 8 
infection 

ND--not determined. 

*QH expressed as average per cent excess hemoglobin using optical 
density of infected controls as 100 per cent following challenge with 
I06.8I MID» doses. 

ou 
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the dialysates of lungs from normal mice and mice which had been in

fected for 1, 3, and 7 days with influenza virus. At dilutions of less 

than 1:10, the dialysate of the lungs of normal mice interfered with QH 

to a greater extent than the lungs of infected mice, which, according to 

the available literature, should contain some interferon. 

As a consequence of these observations, consideration was given 

to the possibilities that F-120 cells were insensitive to interferon de

rived from a laboratory mouse, or that the interaction of the challenge 

virus with the F-120 cell is not suitable for the demonstration of viral 

interference by interferon. 

In order to verify this further, six monolayers of F-120 cells 

were each treated with one of four dilutions of either of two dialysate 

preparations. One dialysate was prepared from a suspension of lungs 

taken from mice six days after infection with an aerosol of PR8 influenza. 

The second dialysate was prepared from pooled maintenance medium 

harvested from F-120 cultures in 6 oz. bottles 24 hours after infection 

with either PR8 or Lee. One-half of the tubes were incubated in a 

stationary position and the remaining tubes were incubated in a roller 

drum. The treated cultures and dialysate-free controls were challeng-

6 81 
ed 24 hours later with 10 ' MID_n doses of Lee, and incubated 24 oU 

hours before processing for QH. 

The average levels of QH obtained in the infected cultures are 

presented in Table 25. No significant differences were observed 
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TABLE 25.--Quantitative hemadsorption by monolayers of F-120 cells 
challenged with Lee influenza virus after treatment of the 
cultures with dialysates of F-120 cultures and lungs of 
mice infected with PR8 influenza virus. * 

Dialysate 

Lungs taken 
on 6th Day 
Post-infection 

Medium harvested 
from F-120 24 hrs. 
Post-infection 

Incubation Roller Stationary Roller Stationary 

Log dil. of 
Dialysate 

1. 477 1.05 1.08 1. 16 1. 05 

1. 954 1. 13 1.06 1. 13 1. 20 

2. 431 1. 10 1. 13 1.06 1. 05 

2.908 1.21 

(1.09) 

1. 14 

(1.04) 

1. 17 1. 19 

*QH expressed as average optical density following challenge with 
IO6.8I MIDgQ doses. Average O. D. of dialysate-free controls are 
in parentheses. 
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between dialysates, dilution of dialysate, or condition of incubation. 

Since demonstration of interference in QH was not successful in 

F-120 monolayers over the conditions employed, further use of this 

cell culture was abandoned in favor of LM cells which were originally 

derived from Clone 929 L cells. 

6 76 
Monolayers of LM cells were infected with either 10 ' MID^ 

7 67 doses of Lee or 10 MID_. doses of PR8. In one-half of the tubes, 
50 

peptone was omitted from the maintenance medium. Half of the tubes 

with each virus treatment and each type of maintenance medium were 

incubated in a stationary position, and the remaining tubes were incu

bated in a roller drum. After 20, 24, and 30 hours incubation, three or 

four tubes of each treatment were selected at random and processed for 

QH. 

The levels of QH observed are presented in Table 26. LM cells 

infected with PR8 gave consistently low QH levels with all conditions of 

medium and time of incubation, whereas satisfactory levels of QH were 

observed in 20 and 24 hours incubation of cells infected with Lee. A 

tendency of the monolayer to become disrupted or partially detached was 

observed associated with low levels of hemadsorption in the cultures 

infected with PR8. The data obtained at the 24 hour interval were exa

mined by analysis of variance, the results of which are summarized in 

Table 27. The mean squares for the various treatments suggest that 

all three factors--medium, manner of incubation, and strain of virus, 



TABLE 26. --Effect of virus type, type of maintenance medium, and condition of incubation upon 
the quantitative hemadsorption by monolayers of LM cells challenged with influenza 
virus.* 

Maintenance 
Medium Medium 199 Medium 199 plus peptone 

Manner of 
Incubation Stationary Roller Stationary Roller 

Challenge 
Virus** Lee PR8 Lee PR8 Lee PR8 Lee PR8 

20 hours 0. 720 0. 170 0. 615 0. 235 0. 600 0. 316 0. 820 0. 296 
incub. 0. 760 0. 132 0. 605 0. 300 0. 760 0. 405 0. 760 0. 310 

0. 760 0. 105 0. 665 0. 235 0. 560 0. 320 0. 830 0. 270 

24 hours 0. 810 0. 090 0. 620 0. 270 0. 810 0. 255 0. 820 0. 320 
incub. 0. 760 0. 090 0. 620 0. 205 0. 760 0. 213 0. 680 0. 370 

0. 780 0. 055 0. 638 0. 221 0. 760 0. 225 0. 700 0. 287 

30 hours 0. 560 0. 075 0. 465 0. 220 0. 670 0. 182 0. 620 0. 318 
incub. 0. 490 0. 115 0. 435 0. 225 0. 710 0. 165 0. 460 0. 255 

0. 550 0. 074 0. 515 0. 370 0. 710 0. 145 0. 540 0. 295 
0. 515 0. 082 0. 480 0. 690 0. 200 0. 580 

*QH expressed as optical density. 

**106, 76MIDCrt doses of Lee; 107,6?MIDcn doses of PR8. 
50 5U 
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TABLE 27. - -Summary of analysis of variance on data in Table 26 con
cerning the effect of types of medium, incubation, and 
virus on the quantitative hemadsorption after 24 hours 
incubation of LM cells infected with influenza virus. 

Source of Variation 
Degrees of 

Freedom 
Sums of 
Squares 

Mean 
Square 

Total 23 1.73380 

Treatments 7 1.71193 0.24456** 

Medium (M) 1 0.04508 0.04508** 

Incubation (I) 1 0.00083 0.00083 

Virus (V) 1.57083 1.57083** 

M x I 1 0.00106 0.00106 

M x V 1 0.00806 0.00806* 

I x V 1 0.07481 0.07481** 

M x I x V 1 0.01126 0.01126** 

Error 16 0.02187 0.00137 

^Significant at 0.05 level. 

^"^Significant at 0.01 level. 
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significantly influenced hemadsorption. The manner of incubation ex

erted its effect in an interaction primarily with the PR8 virus, and to 

some extent in combination with medium and virus (M x I x V interac

tion). Stationary incubation of LM monolayers in medium without pep

tone was judged satisfactory for optimum QH when Lee was used as the 

challenge virus. 

Dialysates of suspensions of lungs from normal and PR8-infected 

mice were tested for interferon using cultures of LM-S cells, a strain 

of LM cells adapted to growth in Eagle's basal medium with 10% calf 

serum. Included were dialysates of medium removed 48 hours after 

treatment of monolayers of LM-S and F-120 cells in 6 oz bottles with 

1 ml of undiluted UV-inactivated Lee virus. 

The monolayers of LM-S cells were treated in triplicate in a 

stationary position for 24 hours with dilutions of the dialysates, then 

6 76 
challenged with 10 ' MID,-q doses of Lee and incubated 24 hpurs 

longer in a stationary position before processing for QH. 

The levels of QH observed in monolayers of LM-S cells are pre

sented in Table 28. These results indicated no reduction in QH among 

any of the dialysates at any dilution employed. Therefore, no further 

testing with LM-S cells was performed. 

In the next trial, dialysates were prepared from serum obtained 

one hour after intracardial inoculation of infective or UV-inactivated 

Lee and infective or UV-inactivated NDV into mice. The mice were 
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TABLE 28. -- Quantitative hemadsorption by monolayers of LM-S cells 
challenged with Lee influenza virus after treatment of 

' cultures with selected dialysates. * 

Dialysates 
Lungs of 

Dilution F-120 LM-S Lungs of Mice 7 days 
of treated with treated with Normal after PR8 

Dialysate Lee-UV Lee-UV Mice Infection 

1:10 

o
 

CO 

•
 

H
 1.350 1.220 1. 230 

1:30 1. 300 1. 300 1. 150 1. 200 

1:90 1. 310 1. 220 1. 190 1. 160 

1:270 ND 1.050 ND 1. 200 

ND--not determined. 

*QH expressed as average optical density. 
Optical density of dialysate-free controls averaged 1. 150 following 
challenge with 10®* ^MID^ doses. 
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injected with 0.1 ml of undiluted virus. Monolayers of LM cells in 

Medium 199 without peptone were treated in duplicate for 24 hours in a 

stationary position with dilutions of 1:10, 1:30, and 1:90 of these four 

6 76 
dialysates. The cultures were challenged with 10 ' MIDg^ doses of 

Lee and incubated 24 hours longer in a stationary position. 

The levels of QH observed are presented in Table 29. The low 

levels observed in cultures treated with dialyzed serum from mice inoc

ulated with infective Lee were associated with bacterial contamination 

which resulted in marked cytopathology and detachment of the cells from 

the tubes, and therefore could not be attributed to interferon. Partial 

inhibition of QH was observed for the other dialysates only at the lowest 

dilution employed. 

Microscopic observation of the LM cell monolayers after treat

ment with red cells revealed that hemadsorption was more concentrated 

in the few LM cells having a fibroblastic-like morphology than in cells 

having the typical epithelioid pattern. In the following trial, considera

tion was given to the degree of maturation exhibited by the LM mono

layers because a greater proportion of the fibroblastic-like were 

observed in monolayers which were incompletely developed, while in 

older monolayer cultures, the epithelial-like cell morphology predomin

ated. 

Complete and incompletely developed monolayers of LM cells 

were challenged with PR8 or Lee influenza virus and incubated in a 
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TABLE 29. --Quantitative Hemadsorption by monolayers of LM cells 
challenged with Lee influenza virus after treatment of 
cultures with serum dialysates from mice inoculated 
intravenously with infective and UV-inactivated Lee or 
NDV viruses. * 

Dilution of 
Mouse Serum Virus Administered to Mice 
Dialysate NDV-UV NDV Lee-UV Lee 

1:10 80 69 56 9** 

1:30 99 92 90 ND 

1:90 96 95 86 17** 

*QH expressed as average per cent excess hemoglobin using optical 
density of infected controls as 100 per cent following challenge with 
106. 76mid__ doses. 

du 

^Contaminated with bacteria. 
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stationary position in Medium 199 without peptone. Tubes were selected 

at random in duplicate or triplicate from each treatment group at vari

ous intervals between 9 and 32 hours and processed for QH. 

The results of this trial are presented in Table 30. As observed 

before, the level of QH achieved by infection with PR8 was lower than 

with the Lee strain, and was accompanied by some cytopathology and 

loosening of the cells from the vessel wall after 24 hours. With incom

pletely developed cell sheets, in which the fibroblast-like type of cell 

occurred in a higher ratio than in complete monolayers, QH was far be

low the optimum required for infected control measurements. Less 

QH occurred at lower virus doses, and it appeared more slowly after 

infection with Lee than after infection with PR8. 

The number of centers or areas in which QH was more intense, 

microscopically, was not observed to increase during prolonged incuba

tion. As before, the fibroblast-like type of cell exhibited the most 

intense hemadsorption. Nevertheless, insufficient QH was obtained 

when incomplete monolayers were processed. 

Consequently, four dialysates were tested for their effects on 

6 76 
levels of QH in LM monolayers challenged with 10 ' MID^^ doses of 

Lee. The monolayers were treated in triplicate with selected two-fold 

dilutions of the respective dialysates for 24 hours in a stationary posi

tion. They were processed for QH 20 hours after infection. 
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TABLE 30. - -Quantitative hemadsorption by complete and incomplete 
monolayers of LM cells challenged with PR8 and Lee 
influenza viruses. * 

Hours 
Incub. 
After 
Challenge 

Complete Monolayers 
PR8 Lee 

Incomplete Monolayers 
PR8 Lee 

9 ND ND 0. 167 
0.180 

0.035 
0.042 

U2 ND ND 0. 260 
0. 230 

ND 

16 0. 448 
0. 485 
0.433 

0. 740 
0. 790 
0.830 

0. 222 
0. 210 

0. 165 
0. 150 

202 
0. 325 
0. 290 
0. 335 

0.780 
0.790 
0. 765 

0. 230 
0. 205 

0. 215 
0. 174 

24 0. 170 
0. 211 
0. 210 

0.850 
1.000 
0.890 

ND ND 

29 0. 228 
0. 225 
0. 255 

1.100 
0. 160 
1. 160 

ND ND 

32 ND ND ND 0. 110 
0. 055 

ND--not determined. 

7 67 *QH expressed as optical density following challenge with 10 ' and 
1q6. 7 6 mid doses of PR8 and Lee influenza, respectively. 
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One dialysate, included as a control, was prepared of spent 

medium of a normal LM culture. Two dialysates were prepared from 

serum of mice obtained 4 hours after intracardial inoculation with 

UV-inactivated NDV or infective Lee respectively. The fourth dialysate 

was prepared from medium harvested from a 6 oz bottle culture of LM 

cells 24 hours after inoculation of the culture with 1 ml of undiluted 

UV-inactivated NDV. 

The average levels of QH observed in the infected monolayers 

are presented in Table 31. The QH measured over all dilutions em

ployed for the three dialysates in which interference was anticipated was 

significantly lower than with the dialysate of spent medium of a normal 

LM cell culture. The interference with QH in the test samples, how

ever, did not decrease with increasing dilution of the dialysate, as 

would be expected. Consideration was given to using a greater range 

of dilutions of dialysates in the next trial. 

Six dialysates were tested for their effects on QH in LM mono-

6 76 
layers challenged with 10 ' MID^^ doses of Lee virus. The mono

layers were treated in duplicate with three-fold dilutions of the dialy

sates, beginning with an initial dilution of 1:9. The cultures were 

incubated in a roller drum 24 hours, challenged with the virus, and 

incubated a further 21 hours in a roller drum. 

Four dialysates tested before were again tested in this trial. 

Two additional dialysates were included: one was prepared from mouse 
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TABLE 31. - -Quantitative hemadsorption by monolayers of LM cells 
challenged with Lee influenza* virus after treatment of 
cultures with selected dialysates. 

Dialysate Medium of 
Log Dil. 
of 
Dialysate 

Medium of 
Normal 
LM Culture 

4 hr. serum 
of mice inoc. 
with NDV-UV 

4 hr. serum 
of mice inoc. 
with Lee 

LM culture 
inoc. with 
NDV-UV 

0. 602 92 ND ND ND 

0.903 101 45 39 42 

1. 204 95 62 51 63 

1. 505 87 46 31 74 

1.806 ND 35 32 66 

2. 107 ND 37 38 ND 

2.408 ND 42 43 66 

ND--not determined. 

*QH expressed as average per cent excess hemoglobin using optical 
density of infected controls as 100 per cent following challenge with 
10®* ^°MID_rt doses. 

50 
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serum taken 1 hour after intracardial inoculation with infective Lee, 

and the other dialysate was prepared from medium harvested from 

roller tube monolayers of LM cells 24 hours after inoculation with 

UV-inactivated NDV. 

The average levels of QH observed in the infected cultures are 

presented in Table 32. The inhibition of QH by LM cells challenged 

with Lee was inconsistent and without a trend or correlation with de

creasing concentration of the dialysate. No significant differences were 

observed in the QH levels between the test dialysates and dialysate of 

normal spent LM culture medium. 

A final trial was conducted to compare the effects of virus type 

and dose of challenge virus upon the level of QH in LM monolayers 

treated with dialysates of medium harvested from normal and Lee-in

fected LM cultures. 

Twelve monolayers of LM cells, selected at random, were 

treated with dilutions of 1:8, 1:40, or 1:200 of the dialysates, and incu

bated in a roller drum for 24 hours. Two of each group were inoculated 

with 1 of 3 concentrations of either Lee or PR8 virus and incubated a 

further 20 hours in the roller drum. Dialysate-free cultures were also 

infected with each virus treatment. All cultures were maintained in 

Medium 199 with peptone. 

The levels of QH observed in the cultures are presented in Table 

33. Among monolayers challenged with PR8, the QH obtained was 



TABLE 32. --Effects of Serum dialaysates from infected mice and of medium from uninfected 
and virus-treated LM cultures on quantitative hemadsorption by monolayers of LM 
cells challenged with Lee influenza virus. * 

Log Source of Dialysate 
DHL 
of 

Dial. 

Normal 
LM 
Cult. 

LM Cult, 
plus 
NDV-UV 

LM Cult. 
plus 
Lee 

LM Tube 
cults, plus 
NDV-UV 

4 Hr. serum 
of mice inoc. 
with Lee 

1 Hr. serum 
of mice inoc. 
with Lee 

0.903 83 60 50 55 87 68 

1. 380 71 67 77 69 95 70 

1.857 70 68 80 72 104 74 

2. 334 54 70 74 65 95 79 

2.811 71 69 70 74 95 71 

3. 288 70 75 71 70 76 77 

3. 765 63 74 81 66 84 ND 

4. 242 82 69 78 65 62 ND 

4. 719 69 83 86 66 61 ND 

ND--not determined. 

*QH expressed as average per cent excess hemoglobin using optical density of infected controls 
as 100 per cent following challenge with 10®- doses. 



TABLE 33. --Quantitative hemadsorption by monolayers of LM cells challenged with Lee or PR8 
influenza viruses after treatment of cultures with dialysates of medium from infected 
and uninfected LM cultures. * 

Medium of uninfected Medium of LM culture 
Dialysate LM cell culture inoc. with Lee virus 

Challenge 
Virus PR 8 Lee PR8 Lee 

Log dose 
of Virus 7.19 6. 71 6.23 6. 76 6.28 5.80 7. 19 6. 71 6. 23 6. 76 6. 28 5.80 

Dilution of 
Dialysate 

1:8 44 28 50 97 97 110 72 50 50 98 106 103 

1:40 44 44 33 99 106 117 83 56 67 106 114 93 

: 1:200 44 44 67 95 96 83 83 44 67 99 82 77 

*QH expressed as average per cent excess hemoglobin based on optical density of challenged 
dialysate-free controls. 

j 
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minimal, and no significant differences were observed between doses 

of challenge virus, dilution of dialysate, or between either the dialy-

sates or dialysate-free controls. 

Significant reduction in QH was observed with decreasing dose 

of challenge Lee virus, but no significant differences were observed 

between dilutions of dialysates or between either the dialysates or 

dialysate-free controls. 



DISCUSSION 

Results of the preliminary trials indicated that retention of 12 

to 13% of the respiratory dose of B. subtilis spores could be expected. 

Since the spore size approximates the size range of particles generated 

by the Collison atomizer, the dose of influenza virus retained by the 

mice probably represented only 10 to 15% of that estimated by their 

respiratory volumes. 

Variability in results of repeated aerosol trials is demonstrated 

by the variation among log S/l ratios for a given experimental condition. 

Such inconsistencies are common in aerosol studies (20, 21, 54). Var

iation in ratios was reduced by the use of influenza virus harvested 

from embryonated eggs rather than suspensions from infected mouse 

lungs. Greater variability among assays of Lee than of PR8 influenza 

agrees with reports of others (12, 50, 56) that Lee is more sensitiveto 

visible light and any sub-optimal assay conditions. 

Variability in log S/l ratios was further reduced by calculating 

"expected" ratios. This was done by substituting an expected virus 

titer for the spray suspensions which was based on the geometric mean 

titer of all assays of a particular virus stock. By comparing log S/l 

ratios of physical tracers with "expected" log S/l ratios for virus, more 

109 



110 

consistent estimates were made of the per cent of virus infectivity which 

withstood the rigors of aerosolization and aerosol storage. 

Recovery of infective influenza virus samples from dynamic 

aerosols in the exposure chamber at 50% R. H. averaged approximately 

60%. For dynamic aerosols, the log S/l ratios for S. lute a and phenol 

red averaged 3. 35 and 2. 59 respectively, representing a viable recov

ery of 17% for S. lutea. For aerosols stored in the drum for 15 min at 

50% R, H., the log S/l ratios for the same organism and dye averaged 

5.14 and 4. 20 respectively, representing a viable recovery of approxi

mately 12%. For aerosol ages greater than 15 min, the results indica

ted virtually no further loss of viability of S. lutea under the conditions 

employed. Thus, S. lutea aerosols served as physical tracers only 

when the initial loss of viability was of no concern. 

The decay rates of influenza aerosols stored at 85-90% R.H. 

were comparable to those reported for 81% R. H. by Harper (20), and 

by Hood (26) for 78-85% R. H. At 50% R. H., the influenza aerosols 

decayed at rates comparable to those reported by Hood (26), but at 

rates much greater than those reported for this R. H. by Harper (20, 

21). This difference is likely attributable to the use of different media 

in the spray suspensions, the composition of which has been shown to 

exert a great influence on the rate of inactivation of aerosols of various 

biological agents (22, 58). In this study, the decay rate was sufficiently 

great to inactivate the stored aerosols during 4 hours at 50% R. H. 



I l l  

The results obtained in the preliminary trials provided confi

dence that mice could be uniformly challenged with influenza aerosols, 

and that a significant morbidity would result without the complication of 

mortality. Furthermore, if corrected for per cent lung retention, the 

mouse respiratory ID^q of PR8 virus approximated one egg indi

cating that the virus was well adapted to the mouse. Variation among 

trials, however, required that all control and pre-treated animals be 

challenged simultaneously. 

Exposure of mice to aerosols of influenza virus which had been 

aged 4 hours did not induce an antibody response, a result previously 

observed by Hood (26). Furthermore, the response of these mice when 

challenged with infective influenza aerosols 24 and 72 hours later was 

insignificantly different from challenged normal control mice in so far 

as morbidity and gross lung pathology were concerned. Freshly gener

ated aerosols containing large doses of UV-inactivated virus, but insig

nificant amounts of infective virus, failed to elicit the development of 

gross lung pathology, specific antibody, or interference with subsequent 

virus challenge. 

The possibility that a small amount of infective virus in the 

UV-inactivated preparations might play a role in eliciting viral inter

ference led to the design of the last trial in the series concerned with 

pretreatment of mice with UV-inactivated virus. In this trial, mice 
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received either a low dose of infective virus without a significant inactive 

fraction, or a high dose or irradiated virus containing a low, but signi

ficant, infective fraction. These mice, along with normal controls, 

were exposed to a moderately infective aerosol of influenza virus 96 

hours later. The mice which had previously received the low infective 

dose responded with a significantly more severe lung pathology than 

either of the other two groups. After the challenge, there was no de

monstration of interference and we have no explanation for the apparent 

enhancement in the lung pathology of the one group. 

Schulman and Kilbourne (44) demonstrated that inhalation of 

aerosols of UV-inactivated influenza virus resulted in decreased virus 

titers in the lungs of mice after they were subsequently challenged with 

infective influenza. No estimate of the quantity of inactivated virus 

inhaled by their animals was reported, but this amount was probably 

much greater than the doses achieved in the study described herein. 

The significance of interference which results only in reduced 

quantity of virus in mouse lungs is difficult to assess in the absence of 

disease signs. Interference to this extent may ameliorate the severity 

of infection in the mouse, and thereby reduce the severity of pulmonary 

consolidation, or reduce the mortality rate as reported by others (7, 28, 

51). However, because of variables in adaptation of influenza viruses 

to mice, the diseased state or development of lung lesions in mice can

not be reliably predicted by the titers of virus in the lungs (53). 
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The results of these experiments and those of others (7, 28, 44) 

suggest that interference with influenza virus infections in mice by in

halation of sufficient amounts of inactivated virus could not be antici

pated under natural circumstances. The degree of adaptation of the 

virus to the host may play an important role in interference under natu

ral conditions. During the adaptation of a strain of influenza virus to 

the mouse in a series of 10 passages, it has been observed (34) that 

interferon was produced in the lungs in response to the first inoculation 

which had a correspondingly low virulence for the animals. Therefore, 

relatively small respiratory doses of unadapted, but infective, virus 

could conceivably multiply and co-exist with the host without pathology, 

yet be capable of inducing the production of interferon. However, the 

mere presence of interferon in detectable levels in some portion of the 

lungs may not be sufficient to interfere with a subsequent lung infection 

by another virus because of the large surface area involved. 

Attempts to demonstrate interferon in the lungs or serum of 

mice were unsuccessful, as well as in the specimens prepared by pro

cedures which others have employed to obtain interferon from mice 

(14, 28, 37, 38, 57). Unfortunately, the combination of cell cultures 

and viruses used in this study was apparently unsuitable for the assay 

of interferon by the quantitative hemadsorption technique. Many com

binations of cell cultures and test viruses have been reported unsatis

factory for either the production or the assay of interferon (4, 25, 36, 
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38, 43, 57). Recent studies also suggest that certain cell-virus combi

nations elicit the formation of substances which inhibit the action of 

interferon (16, 30). 

It is therefore unknown at present whether interferon was pre

sent in the lungs of mice which received the aerosols of inactivated 

viruses. Interferon was not detected in the lungs of mice studied by 

Schulman and Kilbourne (44), but was demonstrated in mouse lungs by-

others (7). Such information would have been desirable in this study, 

but must await further evaluation of other assay techniques. 



SUMMARY 

Exposure of mice to aerosols of inactivated influenza virus did 

not alter significantly the morbidity rate when the mice were re-exposed 

to infective aerosols at subsequent intervals of 1 to 96 hours. Absence 

of interference in the morbidity rate of infected mice following previous 

exposures to large doses of inactivated virus does not support the hypo

thesis that, under natural circumstances, inhalation of inactivated 

influenza virus could induce a temporary resistance in the host to sub

sequent infection with influenza. 

The combinations of influenza viruses and cultures of F-120 and 

LM cells employed in this study were unsatisfactory for the assay of 

mouse interferon by the quantitative hemadsorption technique. 
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