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ABSTRACT 

The purpose of this study was to determine the effects of 

relative humidity upon survival" of'Mycoplasma pneumoniae in aerosols 

generated from either PPLO broth, an unnatural suspending medium, or 

human saliva, a more natural suspending medium. The probability of 

natural aerosol transmission of disease caused by Mycoplasma pneumoniae 

(primaiy atypical pneumonia) was then considered in light of the results. 

Broth cultures of Mycoplasma pneumoniae were diluted in the 

suspending medium to be considered. Aerosols were created in a 

Devilbiss #4.0 nebulizer, and were stored in an environmentally 

controlled, rotating drum chamber of 1100 liters capacity. Organisms 

were quantitated by plate count from the spray suspension, or with an 

Andersen Plate Sampler from the aerosol. 

A ten-fold increase in spray suspension concentration of 

colony-forming units was noted from beginning to end of atomization. 

This was primarily due to disaggregation of clumps of organisms which 

develop during broth culture of Mycoplasma pneumoniae. Six to seven 

day old cultures were employed for most of the trials, because 12 to 

14 day old cultures did not survive the atomization procedure very 

efficiently. Even though a slightly better recovery was found in 

broth medium at 60$ and 80$ relative humidities, neither relative 

humidity nor spray suspension medium appeared to affect significantly 

the concentration of colony-forming units during atomization. 
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During the first stage of aerosol decay, recovery from saliva 

aerosols was 1.75 to 10 times less than that from broth aerosols. 

Relative humidity of 80$ allowed better recovery in both media than 

did lower humidities. Forty-seven per cent relative humidity was the 

most lethal during the first stage of decay. 

Second stage decay rates were 2 to 4 times greater in saliva 

medium than in broth medium. Times required for 99$ of a. Mycoplasma 

pneumoniae aerosol to decay ranged from 12 to 33 hours in broth 

medium, and from 2-§ to 11 hours in saliva medium. Slowest decay rates 

were seen at 22$ relative humidity in both media. Fastest decay was 

seen at 47$ relative humidity and then decreased with increasing 

relative humidity. 

All count median diameters were less than 3u and greater 

than 0.9u , with broth particles being larger than those generated 

from saliva. Count median diameters were slightly depressed at the 

intermediate relative humidities. In saliva medium, there was an 

indication of increasing decay rates as particle sizes decreased. 

The results of this study indicate that even though viable 

aerosols of Mycoplasma pneumoniae may be produced, the existence of 

hygienically significant air-borne transmission of primary atypical 

pneumonia is questionable. The use of a highly artificial suspending 

medium produces far lower losses and decay slopes than the use of a 

more natural suspending medium for aerosol generation. Future studies 

of the aerosol transmission of this organism and others must employ 

the most natural experimental conditions possible. 
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INTRODUCTION 

Three recent observations have contributed to a renewed 

interest in the Order Mycoplasmatales. Hayflick and Chanock (1) 

state these as follows: 

"...(i) the recognition by molecular biologists and 
biophysicists that the mycoplasmas are the smallest free-
living microorganisms; (ii) the discovery that the 
etiological agent of cold agglutinin positive atypical 
pneumonia of man is a mycoplasma (this represents the 
first unequivocal demonstration of pathogenicity of a 
mycoplasma for man); and (iii) the detection of myco
plasmas as common contaminants of tissue cultures where 
they may produce changes in cellular growth and cell 
susceptibility to virus infection." 

The last two observations stated are of interest from the 

aerobiology standpoint. Since Mycoplasma pneumoniae has been 

isolated from respiratory tract infections, the possibility of its 

aerosol transmission would seem reasonable. Aerosol dissemination 

of mycoplasma tissue culture contaminants has been studied and not 

ruled out by several investigators (2, 3)« 1° view of these 

points, a study of the factors influencing the aerosol stability 

of mycoplasma seems worthwhile. 

The first mycoplasma-caused disease to be recognized was 

bovine pleuropneumonia. Its existence was noted by Pasteur (1). • 

Nocard and Roux (̂ ) cultivated the organism in 1898, and its 

morphology was described in 1910 by Bordet (5) and Borrel (6). 

Elford (7) reported the bovine pleuropneumonia agent to be 

filterable in 1929, and estimated the size of its minimal 

1 
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reproductive units to range from 125-150 m̂  in diameter. The 

bovine pleuropneumonia agent was called Asterococcus mycoides (6), 

Coccobacillus mycoides (8), and Micromyces mycoides (9) before its 

presently accepted name, Mycoplasma mycoides, was proposed in 1929 

(10). This is the prototype spiecies for the genus. 

Little interest in the mycoplasmas was generated in medical 

microbiology until 1962 when Chanock, Hayflick, and Barile (11) 

identified the causative agent of cold agglutinin positive primary 

atypical pneumonia as a mycoplasma. Primary atypical pneumonia was 

first considered to be a disease entity by Dingle and Finland in 

19̂ 2 (12). One year later, Peterson, Ham, and Finland (13) noted 

the development of cold agglutinins in the serum of many patients 

having the disease. Jordan (14) did much to distinguish this 

pneumonia from diseases having the same symptomatic picture but a 

different etiology. He published a thorough description of it, 

and noted that the incubation period of the disease was about 

two weeks. 

Epidemiologically, primary atypical pneumonia was character

ized through the efforts of many investigators between the years 

19̂ 1 and 1965. Mycoplasma pneumoniae was isolated or positive 

serology was demonstrated in 8 to 62$ of pneumonias and lower 

respiratory tract infections studied (15-28). In these studies the 

incidence of the disease seemed to be greater in crowded environments, 

i.e., prison, military, and college student groups, than in the general 

population. The disease spreads very slowly through a community 

(17, 27), and although slight fall and winter peaks exist, the general 



incidence of the illness is year round (16, 18, 19, 20, 25, 30)• The 

disease is manifested in people of all ages, but the 10 to 30 age 

group is more frequently attacked (18, 25, 27, 28). 

When Eaton (31) successfully isolated an agent from primary 

atypical pneumonia in embryonated eggs in 19̂ , he felt the agent 

was of viral nature, because it was filterable and he could propagate 

it in living cells. Filterability of this agent was confirmed in 

19̂ *6 (32). The Eaton agent, as it came to be called, was able to 

infect hamsters and cotton rats upon intranasal inoculation, but the 

appearance of pneumonitis in these animals (the criterion of infection) 

was not reliable, since the triggering of latent virus infections in 

these animals was suspected (33)• Eaton also established that serial 

passage of the agent in animals was impossible, and that the organism 

was 180-250 iqj, in diameter. Sensitivity of the Eaton agent to 

aureomycin and Chloromycetin (3*0 and to streptomycin-(35) was 

demonstrated in 1950 and 1957, respectively. 

Liu (36) revealed with immunofluorescence in 1957, the first 

method by which the Eaton agent could be visualized quantitatively, 

and by which anti-Eaton agent antibody could be measured. His studies 

were performed on frozen sections of infected embryonic chick lungs. 

The use of immunofluorescence contributed directly to the 

ultimate identification of the Eaton agent as a mycoplasma. Goodburn 

and Marmion (37, 38) noted that mucous on the bronchial epithelium 

of infected chick lungs contained small, coccobacillary bodies which 

were localized in the same areas as anti-Eaton agent immunofluorescence 

in areas of tissue culture sections corresponding to extracellular 
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"colony-like" structures (39. 40). The antibiotic sensitivity of 

Eaton agent (34, 35) plus the above-mentioned appearance of colony

like structures in tissue cultures and embryonic chick tissues all 

suggested that the agent was not a virus. However, final verifica

tion of the mycoplasma nature of the Eaton agent awaited the 

cultivation of the agent on cell-free agar medium by Chanock, Hayflick, 

and Barile (11). After isolating the Eaton agent on artificial mediâ  

these investigators attempted to stain the colonies with fluorescein-

labelled serum prepared from acute and convalescent sera of patients 

suffering from Eaton agent pneumonia. In 15 paired sera tested, the 

convalescent material stained the colonies in a dilution of 1:20 

or greater, whereas the acute sera did not stain at a dilution of 

IjIO. In addition, the colonies were stained with rabbit fluorescent 

antiserum which had been prepared against the Eaton agent. The 

organism was named Mycoplasma pneumoniae in 1963 (41). 

Six species of human mycoplasmas have been isolated and shown 

to be antigenically distinct (1). These six are M. hominis. type 1; 

M. hominis. type 2; Mj_ salivarium; M. orale; M. fermentans; and 

M. pneumoniae. The latter is the only one of the six which has been 

unequivocally associated with disease in man (1). 

Mycoplasma pneumoniae is a Gram negative, pleomorphic 

organism which lacks a cell wall (l), and grows best under aerobic 

conditions (4-2). It is surrounded by a triple-layered membrane which 

is 75-100 A thick (43, 44, 45) • The cytoplasm of the cell contains 

ribosomes peripherally and nucleoprotein strands throughout (43, 44, 

46). 
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Growth of the organism on solid media produces colonies of 10 

to 150 p, in diameter in 3 "to 20 days. Serial passage on agar medium 

promotes appearance of visible colonies within 3 to 4 days (1). 

The colonies have a coarse "mulberry" appearance, and the peripheral 

halo of most species of mycoplasma is not present under normal condi

tions of cultivation (1). Care must be employed to differentiate 

mycoplasma colonies from "pseudo-colonies" which develop on serum-

rich agar medium after several days of incubation (47, 48). These 

are believed to be calcium and magnesium soaps (1). 

A medium containing 20$ horse serum, 10$ fresh yeast extract, 

and a special PPLO agar will allow growth of all six species of myco

plasmas which have been isolated from human beings (11). An especially 

pure supply of agar is absolutely essential (49, 50). Horse serum is 

believed to contain factors essential for the incorporation of 

cholesterol into the triple-layered membrane of the cell (51)• Absence 

of any one of the factors mentioned above will seriously hinder the 

growth of Mycoplasma pneumoniae, and is cited for the failure to 

recover this organism on artificial medium for many years (11). 

The mycoplasmas as a group are very sensitive to distilled 

water and physiological saline (50, 52, 53)• They are also killed by 

low concentrations of tetracyclines and kanamycin (5̂ ). Resistance 

to penicillin (55)» sulfanilamide and sulfadiazine (56, 57). 

potassium tellurite, brilliant green, crystal violet, sodium azide 

(53, 58), and thallium acetate (58, 59) has been reported. Penicillin 

and thallium acetate were incorporated into the medium of Hayflick (11) 



to inhibit the growth of organisms other than the mycoplasmas. 

Biochemically, M_j_ pneumoniae differs from the other human strains of 

mycoplasmas by reducing 2,3.5-triphenyltetrazolium chloride aerobically 

and by growing in the presence of 0.2$ methylene blue (60, 61). 

A characteristic which M_. pneumoniae shares with M. fermentans 

is the ability to ferment glucose and a number of other sugars with the 

production of acid (62, 63). Phenol red indicator is therefore useful 

as a rough estimate of successful cultivation in broth (42). Acid 

production presents a problem, because the pH drops rapidly as good 

growth commences (1), and the optimum pH for growth of M;_ pneumoniae 

is near 8.0 (64, 65, 66). In addition, the osmotic fragility of these 

membrane-surrounded organisms is at its greatest at 37 C (the optimum 

growth temperature for pneumoniae) and is further exaggerated as 

the pH drops below 7.0 (67). The existence of autolysis in the acid-

producing mycoplasmas is therefore probable (67). 

M. pneumoniae produces a low molecular weight hemolysin which 

is freely diffusible through agar and dialysis membranes (62). This 

hemolysin lyses guinea pig erythrocytes completely in 24 to 48 hours 

(62, 68). The hemolysin is not produced in medium lacking in yeast 

extract, or under anaerobic conditions (69). Somerson, Chanock and 

others have suggested that the hemolysin of -pneumoniae is a peroxide 

(1, 70). In addition to producing a hemolysin, M. pneumoniae is also 

able to cause hemadsorption of several species of erythrocytes to its 

colony surface (71). This is a unique characteristic of KU pneumoniae 

among the mycoplasmas of human origin (1). 



A definition of aerobiological terms and a discussion of 

factors influencing the air-borne transmission of microorganisms must 

be presented before Mycoplasma pneumoniae survival in aerosols can be 

considered. Clarification of the old term "droplet infection" is 

necessary, and is very well put by Williams (72): 

"Pathogenic microbes can, ..., be dispersed from their 
host (a) by direct contact; (b) into the air directly from 
sites of infection in the respiratory tract either as large 
projectile droplets (giving rise to 'direct droplet infection') 
or as small air-borne nuclei (responsible for 'direct air
borne infection1); or (c) into the air indirectly from infected 
sites anywhere in the body through the mediation of clothes 
and the like (giving 'indirect air-borne infection')." 

Aerosols of microorganisms produced in vitro appear to lose 

viability in two steps (73. 7̂ » 75» 76, 77). The first step is charac

terized by a steep slope, k-j_, and is measured in terms of seconds and 

fractions thereof immediately following atomization. The second step 

is characterized by a flatter slope, k£» and is measured in terms of 

minutes and hours following aerosol generation. The k-̂ /kg ratio for 

Micrococcus candidus was reported by Ferry, et al., to be about ten (73)• 

The k-j_ is greatly influenced by relative humidity and is believed to be 

caused by rapid concentration changes in the intra-particle environment 

due to evaporation (73, 75. 77. 78, 79). The k2 is less affected by 

relative humidity (73» 75» 77)» and is believed to be the result of 

oxidation of the cell contents and the surrounding medium (73. 7̂ » 75» 

80). 

The effects of relative humidity have been determined primarily 

on the second stage of decay, because most equipment permits time 

measurements only in terms of minutes and hours. Some authors report 



that decay rates decrease as relative humidity increases (77» 81, 82, 

83). Other investigators have noted the inverse effect (84, 85, 86). 

Still another researcher reports that the death rates increase sharply 

at 50$ relative humidity and are much lower on either side of this 

figure (76). A study of the effect of relative humidity on natural 

infection was undertaken by Kingdon (87) on the influenza outbreak in 

the United States in 1957* He reported that a relative humidity of 

86 to 95$ immediately preceded many outbreaks of the disease. 

The particle size of an aerosol is of importance in three 

ways: (a) large particles settle out of a cloud more quickly than do 

small ones (86, 88); (b) large particles seem to be more sensitive to 

relative humidity changes than do small ones with respect to viability 

(76); and (c) particle size determines the site of deposit in the 

respiratory tract, and how efficient initiation of infection will be 

(89, 90, 91, 92). Deep lung penetration and retention is most likely 

with a particle which is ly, in diameter (91, 92). Sonkin (90) has 

demonstrated that small doses of 2 y, size particles containing pneumo-

cocci will cause broncho-pneumonia, while 10̂  more organisms are 

necessary if 12 p, size particles are employed. He also reports that 

particle size has little to do with the dose needed to cause group C 

streptococcal upper respiratory tract infection (90). 

A variety of other factors is also reported to influence the 

survival of air-borne microorganisms. Temperature increases have been 

shown to increase decay rates (75> 76, 79)• Some investigators note 

that survival characteristics in aerosols are species specific (75, 

79)t and others support this by incriminating chemical and structural 
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differences between the species (93. 95)• Structural differences 

are surely the reason for Idina's report (81) that Gram negative 

bacteria survive better in moist than in dry conditions, whereas the 

inverse is true with most Gram positive organisms (72). Finally, the 

nature of the suspending medium is believed to be an important factor 

in aerosol survival of microorganisms (77, 82, 83, 85, 96, 97> 98, 99» 

100). 

In a series of experiments Kundsin (101, 102, 103) demonstrated 

the relative survival rates of some bacteria, L-forms, and mycoplasmas 

(including M_;_ pneumoniae) in aerosols. In her reports, the mycoplasmas 

decayed faster than either the bacteria or the L-forms, but mycoplasmas 

did survive long enough to be considered hygienically significant. 

PPLO broth was the suspending medium from which these aerosols were 

generated. Kundsin reported that an increase in relative humidity 

caused an increase in the death rates of all mycoplasmas which she 

studied. 

Two animal species of mycoplasmas were studied in aerosols by 

Bailey, Wright, and Hatch (104) in 1967. In their studies, the effects 

of relative humidity upon aerosols generated from PPLO broth were 

investigated. The results indicated that the stability of mycoplasmas 

in the air-borne state was dependent upon both relative humidity and 

the species of mycoplasma being considered. In general, they found 

survival to be best at low and high relative humidities with the most 

rapid decay appearing near 45$ relative humidity. 

All of the above-mentioned experiments on the aerosol stability 

of mycoplasmas employed PPLO broth as the suspending medium. Since any 



conclusions regarding the survival of organisms in the natural state 

should be based upon results obtained under conditions closely 

simulating those in nature, the use of PPLO broth as a medium would 

seem of doubtful value. 

The survival of Mycoplasma pneumoniae in the air-borne state 

in laboratory studies supports the concept of air-borne transmission 

of disease caused by this organism. Investigations in •which this 

conclusion was reached employed highly artificial media in the spray 

suspensions. The purpose of this study was to compare the survival 

of Mycoplasma pneumoniae in aerosols generated from PPLO broth with 

those generated from human saliva. The~effects of relative humidity 

and particle size upon survival were determined, and implications of 

the results for natural aerosol transmission of Mycoplasma pneumoniae 

infections were considered. 



MATERIALS AND METHODS 

Medium and Culture Conditions 

Difco PPLO Broth and Agar were employed as basal media. 

These were then supplemented with 20$ sterile, unheated horse serum, 

10$ fresh 1:4 yeast extract, 1$ sterile glucose, thallium acetate 

(1:4,000) and penicillin (2,500 units/ml). Phenol red indicator was 

included at a final concentration of 0.002 mg/ml. The pH was 

adjusted to 8.0 with 1 M NaOH. 

Broth cultures were grown in biphasic medium (102) consisting 

of 2 ml fortified PPLO agar, in a test tube over-laid with 8 ml 

fortified PPLO broth. These cultures were incubated at 35-37 C for 

5-14 days before use. Plates for spray suspension counts and aerosol 

collections were filled with fortified PPLO agar. After inoculation, 

they were incubated at 35-37 C in humidified pans for 7-10 days 

depending upon when colonies were readily visible at a magnification 

of 40X. 

Since freshly grown cells were desired for the aerosol 

experiments, growth curve studies were done to determine what volumes 

of inoculum must be transferred at regular intervals to obtain a 

suitable concentration of cells for the spray suspension. A stock 

6-7 day-old culture was used as inoculum. Two or three ml of this 

stock culture were transferred to 10 ml of fresh broth medium, 

depending upon whether transfer was made at 4-or 3-day intervals. 

11 
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Organism 

The microorganism employed was Eaton Â -8B1A1B1 (8/27/65). 

It was obtained from the U.S. Public Health Service, Communicable 

Disease Center in Atlanta, Ga. A frozen 1.5 ml broth culture was 

received, melted at 37 C, inoculated into 10 ml of broth medium, 

and incubated at 35-37 C for 7 days. One-tenth ml quantities of 

this culture were spread with glass rods onto agar for isolation. 

Four isolated colonies were picked with sterile 20 ga needles 

under a dissecting microscope, and each was transferred into a tube of 

broth medium. Upon proper incubation, all four subcultures fermented 

glucose with the production of acid. After each was replated on agar 

and incubated 5 days, identity was confirmed by noting characteristic 

M. pneumoniae morphology, and by beta-hemolysis of washed 3$ guinea 

pig erythrocyte agar overlays within 2k hours (l). 

Aerosol Generation and Storage 

A 350 cu ft safety cabinet was employed. It contained a 

cooling coil, heating element, humidifying pad and pump, storage 

drum, compressed air line, vacuum line, and fluorescent lamp. 

Various combinations of the first three devices listed above and the 

compressed air line allowed variation of relative humidity from 22$ 

to 80$ at a constant temperature of 70 F. The relative humidity was 

measured with a Bendix battery-operated psychrometer. The storage 

drum was flushed out at the rate of 250 1 per minute with filtered 

air for 20 min preceding atomization. 



Aerosols were sprayed from two suspension media, fortified 

PPLO broth and human saliva. The saliva was collected from the author 

by paraffin stimulation commencing 3 hr after a meal, and continuing 

for approximately 1 hr. The saliva was then centrifuged at 1400 x g 

for 30 min, and the clear supernatant fluid was filtered in a Hormann 

filter with D-8 pad for storage at 4 C. Absence of PPL0 in the pooled 

saliva was confirmed by incubation of this fluid on agar and in broth. 

Aerosols were generated with a Devilbiss #40 nebulizer with 

a compressed air supply of 25 psi. The nebulizer was charged with 

4.0 ml of spray suspension before atomization. After attachment to 

the compressed air line, an aerosol was produced for 4.0 min at a 

total air flow of 250 l/min. Secondary air was obtained from the 

environmentally controlled safety cabinet through a filtered valve. 

Air balance in the cabinet was maintained with a compressed air inlet. 

After atomization, the compressed air and vacuum lines were closed. 

The secondary air valve was then closed, thus sealing the storage 

drum. 

Storage Drum 

The generated aerosols passed into the drum through a 4 ft 

rubber hose and a 12 ft brass pipe, both of which were approximately 

1 inch in outside diameter. The storage drum had a 1100 liter 

capacity and rotated at 3i rpm. Relative humidity and temperature of 

the cabinet air were determined periodically throughout the storage 

period. Aerosol samples were taken from the drum at specified time 



intervals for survival determinations. After all samples were taken, 

the drum was again flushed with filtered air at the rate of 250 

l/min for 20 min. 

Sampling 

Samples of 1 cu ft of aerosol were removed from the drum at 

the rate of 1 cu ft/min with an Andersen Sampler (105). Kethley, 

et al. (106), calibrated the median particle size collected on each 

stage as follows: 

Stage Median Particle Diameter 

1 

2 9.8 microns 

3 6.2 microns 

k 3*8 microns 

5 2.2 microns 

6 0.9 microns 

The volume of air removed from the drum by sampling was replaced by 

secondary air from the cabinet through a filtered valve which was 

opened before sampling and closed immediately thereafter. Plates 

were then removed from the sampler and quantitation procedures were 

performed. 

Physical Decay 

Physical decay (settling-out) of the aerosol was determined 

by employing a lf> suspension of phenol red in the appropriate suspending 

fluid. After atomization and storage, samples were removed at 15 min 



and 90 min of aerosol age with an Andersen Sampler containing stainless 

steel collection plates coated with glycerol. After collection, each 

plate was washed with either k or 8 ml of pH 8.5 borate buffer. The 

dye content of each solution was estimated in a Bausch and Lomb 

Spectronic 600 Spectrophotometer at a wavelength of 5^ mp, by compari

son with standard solutions. Concentrations of pre- and post-

atomization spray suspensions were determined in the same manner. 

Decay slopes were calculated by regression analysis. 

Total Decay 

Total decay (cell death plus physical decay) in the aerosol 

was determined for broth suspensions of Mycoplasma pneumoniae which 

were 5 to 14 days old, and diluted 1:15 to 1:1,000 with the designated 

spray suspension medium. Pre- and post-atomization plate counts of 

the spray suspension were determined. Aerosol samples were taken at 

storage times ranging from 15 to 390 min with an Andersen Sampler 

containing culture plates. Each plate contained 27 ml of fortified 

PPLO agar. After incubation, the number of colony-forming units (CFU) 

per plate was determined microscopically. On plates 5 and 6 of the 

Andersen Sampler, where each hole pattern was small and the CFU 

were crowded, the positive-hole counting method was employed (105). 

Total decay slopes were then calculated by regression analysis. 

Biological Decay 

The biological decay (cell death only) was calculated by 

subtracting the physical decay values from the total decay values. 



RESULTS 

The two controlled variables considered in this study were 

relative humidity and composition of the spray suspension medium. 

The effects of these two variables on particle size and the survival 

of Mycoplasma pneumoniae during atomization and the two stages of 

aerosol decay were examined. 

Relative humidities of 22$, 4?$, 60$, and 80$ were employed 

in an attempt to investigate a broad spectrum of possible natural atmos

pheric conditions. These relative humidities were not allowed to vary 

more than 1$ either way during an experiment. Two spray suspension 

media were used, PPLO broth and human saliva. The former was employed 

because previous investigations with mycoplasma aerosols had been done 

with this medium, and the latter was utilized to simulate more closely 

natural conditions of aerosol dissemination in human beings. The raw 

data from all of the trials were collected and are presented in Tables 

I-V. Total decay data are presented in order of increasing relative 

humidities in Tables I-17 and physical decay data are presented in 

the same order in Table 7 with results from broth suspension medium 

preceding those from saliva suspension medium. 

Use of cultures of the same age for each trial would have 

been desirable. However, no method was available to estimate quantita

tively the concentration of a suspension of Mycoplasma pneumoniae at 

the time a trial was to be done. Results could not be obtained from 

a plate count procedure for at least 5 days. Consequently, plate 
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Table I. 

Tr. #: Trial number. 

Susp. Med.: Suspending medium. 
Sal. (Saliva) 
Ratio represents dilution in saliva. 

Cult. Age: Culture age in days. 

Pre-atom. Cone.: Pre-atomization concentration in 
colony-forming units/ml. 

Post-atom. Cone.: Post-atomization concentration 
in colony-forming units/ml. 

Aero. Age: Aerosol age in minutes. 



Table I. Factors and data employed for estimation of Mycoplasma 

pneumoniae survival in aerosols of 22^ relative humidity. 

Tr. 

# 
Susp. 
Med. 

Cult. 
Age 
(da) 

Pre-
atom. 
Cone. 
X 10 3 

Post-
atom. 
Cone. 
X lO4 

Aero. 
Age 
(min) 

Andersen Sampler Plate # 
(Figures represent colony-
forming units (CFU)/plate) 

Total 
CFU 
per 
Sample 

Tr. 

# 
Susp. 
Med. 

Cult. 
Age 
(da) 

Pre-
atom. 
Cone. 
X 10 3 

Post-
atom. 
Cone. 
X lO4 

Aero. 
Age 
(min) 

1 2 3 4 5 6 

Total 
CFU 
per 
Sample 

2? Broth 6 I860 1500 15 12 151 2326 2427 212? 1288 8331 
30 10 99 1680 2427 242? 1288 7931 
45 11 101 1276 2427 212? 1263 7205 
60 11 55 1586 2427 242? IO36 7542 
90 9 38 1499 2427 1961 963 6897 

29 E ± 5 290 560 15 2 10 519 2829 1961 1160 6481 
30 3 10 219 2140 242? 801 5600 
60 2 9 286 2141 212? 772 5337 
120 0 2 320 2208 1961 551 5042 

31 Broth 5 390 104 15 6 16 648 3552 2127 840 7189 
30 1 14 299 3142 242? 942 6825 
60 1 18 529 31̂ 5 212? 520 6340 
120 0 11 328 2945 1961 215 5553 

26 Sal. 7 1000 1330 15 1 10 93 212? 212? 1961 6319 
1:25 30 0 4 110 242? 242? 1961 6929 

45 0 2 85 175̂  1961 1681 5483 
60 1 1 100 1961 1961 1681 5705 
90 1 2 59 1263 1961 998 4284 

28 Sal. 5 790 750 15 0 1 13 95̂  212? 1064 4159 
1:50 30 0 1 12 740 1961 3̂ 9 3063 

60 0 0 8 426 1561 250 2249 
120 0 0 2 340 952 75 1369 

30 Sal. 5 1030 1290 15 0 1 102 4119 212? 1961 8310 
1:50 30 0 2 53 343? 242? 2127 8046 

60 0 0 49 2713 1844 1241 5847 
120 0 0 13 1027 212? 1619 4786 



Table II. 

Tr. #: Trial number. 

Susp. Med.: Suspending medium. 
Sal. (Saliva) 
Ratio represents dilution in saliva. 

Cult. Age: Culture age in days 

Pre-atom. Cone.: Pre-atomization concentration in 
colony-forming units/ml. 

Post-atom. Cone.: Post-atomization concentration 
in colony-forming units/ml. 

Aero. Age: Aerosol age in minutes. 
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Table II. Factors and data employed for estimation of Mycoplasma 

pneumoniae survival in aerosols of 47$ relative humidity. 

Tr. 
# 

Susp. 
Med. 

Cult. 
Age 
(da) 

Pre-
atom. 
Cone. 
X io3 

Post-
atom. 
Cone. 
X KT 

Aero-
Age 
(min) 

Andersen Sampler Plate # 
(Figures represent colony-
formine units (CFU)/plate) 

Total 
CFU 
per 
Sample 

Tr. 
# 

Susp. 
Med. 

Cult. 
Age 
(da) 

Pre-
atom. 
Cone. 
X io3 

Post-
atom. 
Cone. 
X KT 

Aero-
Age 
(min) 

1 2 3 4 5 6 

Total 
CFU 
per 
Sample 

7 Bro th 16 38.0 4.63 15 0 0 14 116 338 39 507 
60 0 0 4 103 153 10 270 
120 0 0 0 55 75 3 133 
240 0 0 0 33 51 0 84 

5 Broth 5 .310 .260 15 0 0 0 0 0 0 0 

8 Broth 6 340 539 15 0 2 130 1681 175̂  110 3677 
60 0 0 38 77 2 1219 71 2100 
120 0 0 37 331 816 70 1254 
240 0 0 7 285 592 52 936 

13 Sal. 6 150 342 15 0 0 0 0 1 0 1 
1:150 60 0 0 0 0 0 0 0 

19 Sal. 15 16.6 .350 15 0 0 0 0 0 0 0 
1:150 

20 Sal. 15 49.0 11.3 15 0 0 0 0 5 10 15 
Is 15 30 0 0 0 0 2 2 4 

5̂ 0 0 0 0 5 1 6 
60 0 0 0 0 3 1 4 

21 Sal. 5 920 2120 15 1 4 13 237 1565 175̂  357̂  
1:15 30 0 0 3 51 82b 1438 2316 

45 0 0 1 17 308 414 740 
60 0 0 0 6 601 502 1109 

22 Sal. 6 365 353 15 0 0 0 0 0 0 0 
1:25 

23 Sal. 6 610 730 15 0 0 0 0 2 99 101 
1:25 30 0 0 0 0 3 42 45 

45 0 0 0 0 1 17 18 
60 0 0 0 0 1 11 12 
120 0 0 0 0 0 1 1 



Table III. 

Tr. #: Trial number. 

Susp. Med.: Suspending medium. 
Sal. (Saliva) 
Ratio represents dilution in saliva. 

Cult, age: Culture age in days. 

Pre-atom. Cone.: Pre-atomization concentration in 
colony-forming units/ml. 

Post-atom. Cone.: Post-atomization concentration 
in colony-forming units/ml. 

Aero. Age: Aerosol age in minutes. 



Table III. Factors and data employed for estimation of Mycoplasma 

pneumoniae survival in aerosols of 60$ relative humidity. 

Tr. Susp. Cult. Pre- Po st- Aero. Andersen Sampler Plate # Total 
it 
ir Med. Age atom. atom. Age (Figures represent colony- CFU 

(da) Cone. Cone. (min) frtrv n i n p  liri t.s (mm) /nla +.e>) per (da) 
X 103 X 10^ 

(min) 
1 2 3 4 •? 6 Sample 

4 Broth 5 3.18 14.0 15 0 0 3 52 25 0 80 
60 0 0 3 38 12 0 53 

120 0 0 0 18 10 0 28 
240 0 0 0 11 4 0 15 

6 3roth 5 .180 4.40 15 0 0 0 1 0 0 1 
60 0 0 0 0 0 0 0 

9 Broth 5 117 376 15 0 0 36 766 1619 306 2727 
60 0 0 22 374 1125 267 1788 

120 0 0 23 315 801 136 1275 
240 0 0 14 179 555 88 836 

12 Sal. 5 280 496 15 0 0 2 26 148 6 182 
1:100 180 0 0 0 0 0 0 0 

16 Sal. 7 270 21.0 15 0 6 25 459 2427 1844 4761 
1:15 30 0 0 7 152 1754 1844 3757 

45 0 0 0 48 1681 974 2703 
60 0 0 0 53 952 629 1634 

17 Sal. 14 15 0 0 0 1 11 10 22 
1:15 30 0 0 0 1 2 3 6 

45 0 0 0 0 0 1 1 
60 0 0 0 0 1 0 1 

24 Sal. 7 540 560 15 0 1 13 294 2427 2127 4862 
1:25 30 0 2 6 246 1844 1961 4059 

45 0 1 3 160 175^ 1844 3762 
— 60 0 1 1 116 1681 1619 3418 

120 0 0 0 1 31; 271 5 85 



Table IV. 

Tr. #: Trial number. 

Susp. Med.: Suspending medium. 
Sal. (Saliva) 
Ratio represents dilution in saliva. 

Cult. Age: Culture age in days. 

Pre-atom. Cone.: Pre-atomization concentration in 
colony-forming units/ml. 

Post-atom. Cone.: Post-atomization concentration 
in colony-forming units/ml. 

Aero. Age: Aerosol age in minutes. 



Table IV. Factors and data employed for estimation of Mycoplasma 

pneumoniae survival in aerosols of 80$ relative humidity. 

Tr. 

# 

Susp. 
Med. 

Cult. 
Age 
(da) 

Pre-
atom. 
Cone. 
x io5 

Po st-
atom. 
Cone. 
X 10^ 

Aero. 
Age 
(min) 

Andersen Sampler Plate # 
(Figures represent colony-
forming units (CFU)/plate) 

Total 
CFU 
per 
Sample 

Tr. 

# 

Susp. 
Med. 

Cult. 
Age 
(da) 

Pre-
atom. 
Cone. 
x io5 

Po st-
atom. 
Cone. 
X 10^ 

Aero. 
Age 
(min) 

1 2 3 4 5 • 6 

Total 
CFU 
per 
Sample 

1 Broth 7 798 2480 240 TMTC TMTC TMTC TMTC TMTC TMTC TMTC 
TMTC = Too many to c sunt 

3 Broth 5 1.03 43.0 15 0 7 59 406 238 1 711 1.03 
60 0 1 34 296 172 1 504 

120 0 1 14 157 66 0 238 
240 0 • 0 6 119 28 0 153 

10 Broth 5 23.0 261 15 0 2 75 1288 1844 384 3593 
60 0 0 57 1403 1681 311 3452 

120 0 0 35 786 1844 262 2927 
225 0 4 47 857 1476 147 2531 
390 0 0 20 468 1288 91 1867 

11 Sal. 6 13.0 .200 15 0 0 1 16 38 3 58 
Is 100 ) 60 0 0 0 0 0 0 0 

15 Sal. 7 18.0 247 15 0 0 7 239 175^ 69 2069 
1:150 60 0 0 0 22 227 4 253 

120 0 0 0 1 1 1 3 
240 0 0 0 0 0 0 0 

25 Sal. 7 790 750 15 0 14 29 685 2427 1961 5116 
1:25 30 1 2 15 656 2427 1961 1062 

4-5 0 3 18 561 1961 1314 3857 
60 0 4 9 352 1754 1438 3557 



Table V. 

Tr. #: Trial number. 

Susp. Med.: Suspending medium. 
Sal. (Saliva) 

$ R.H.: Percent relative humidity. 

Pre-atom. Cone.: Pre-atomization concentration 
in milligrams phenol red/ml. 

Post-atom. Cone.: Post-atomization concentration 
in milligrams phenol red/ml. 

Aero. Age: Aerosol age in minutes. 
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Table V. Factors and data employed for estimation of physical decay 

of phenol red aerosols at various relative humidities. 

Tr. 
# 

Susp. 
Med. 

4, 
R.H. 

Pre-
atom. 
Cone. 
X 10 3 

Post-
atom. 
Cone. 
X 104 

Aero. 
Age 
(min) 

Andersen Sampler Plate # 
(Figures represent p, g 
phenol red dye/plate) 

Total 
Hg dye 
per ml 
Sample 

Tr. 
# 

Susp. 
Med. 

4, 
R.H. 

Pre-
atom. 
Cone. 
X 10 3 

Post-
atom. 
Cone. 
X 104 

Aero. 
Age 
(min) 

1 2 3 4 5 6 

Total 
Hg dye 
per ml 
Sample 

C Broth 22 8.40 1.07 15 0.0 0.0 0.2 3.2 14.0 11.4 28.8 
90 0.0 0.0 0.2 3.0 16.8 10.8 30.8 

E Broth 47 8.50 1.00 15 0.0 0.0 0.4 2.8 13.6 9.6 26.4 
90 0.0 0.0 0.2 2.3 13.2 8.8 24.5 

G Broth 6o 8.50 1.03 15 0.0 0.0 0.4 2.5 11.2 7.3 21.4 
90 0.1 0.2 0.4 2.7 9.4 7.2 20.0 

I Broth 80 8.50 0.87 15 0.0 0.0 0.0 2.0 10.8 8.4 21.2 
90 0.0 0.0 0.0 1.9 10.6 8.2 20.6 

D Sal. 22 8.20 0.98 15 0.0 0.0 0.0 1.4 12.0 20.4 33.8 
90 0.0 0.0 0,0 1.1 11.8 20.5 33.4 

F Sal. 47 9.00 1.00 15 0.0 0.0 0.0 0.8 14.0 21.6 36.4 
90 0.0 0.0 0.0 0.9 13.4 20.8 35.1 

H Sal. 60 9.00 0.92 15 0.0 0.0 0.0 1.2 18.2 19.2 38.6 
90 0.0 0.0 0.0 1.0 14.9 21.2 37.2 

J Sal. 80 9.00 0.98 15 0.0 0.0 0.0 0.6 16.0 18.9 35.6 
90 0.0 0.0 0.0 0.5 16.4 18.7 35.6 
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counts prepared at the time of culture inoculation had to be employed 

as an estimation of the culture concentration by extrapolation from 

previously performed growth curve studies. There was no apparent 

difference in the results obtained from 5» 6» or 7 day old cultures. 

Several trials were done with 14 to 16 day old cultures, because this 

was the age of cultures used by Kundsin (101, 102, 103) in her work with 

mycoplasma aerosols. In our trials with 14 to 16 day old cultures, the 

organisms did not survive the atomization procedure well (Tables I-IV). 

Therefore use of these older cultures in the spray suspension was not 

practical. 

Since considerable clumping occurs in broth cultures of M. 

pneumoniae (1), the effect of atomization upon concentration of 

organisms in the spray suspension medium was of interest. Plate 

counts performed upon the pre-atomization and post-atomization 

suspensions revealed a very significant concentration effect (Fig. l). 

A ten-fold increase in the number of organisms was found after atomiza

tion. These results, obtained from plate count procedures, are 

actually colony forming units, and complete disaggregation of the 

clumps from broth culture due to atomization cannot, therefore, be 

assumed. Figure 1 also reveals a slight concentration increase due 

to decreasing relative humidity. This effect is reflected in the 

physical measurements as well as the total measurements. A surprising 

increase in post-atomization suspension concentrations was seen in 

broth suspension medium at 60$ and 80$ relative humidities. The log 

differences appear to be 0.6 and 0.8 greater in broth than in saliva 

suspension medium at these two relative humidities. 
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Figure i. Effects of relative humidity, suspension medium, and 
atomization upon concentration of Mycoplasma pneumoniae in the spray 
suspension. 

Mean of viable measurements from broth medium ( ®). 
Mean of viable measurements from saliva medium (A). 

^ Physical measurements from broth medium. 

^ __ 4 Physical measurements from saliva medium. 
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An attempt was made to estimate the effects of relative 

humidity and spray suspension medium upon the survival of Mycoplasma 

pneumoniae during the first stage of aerosol decay (Fig. 2). Since 

this stage endures only a matter of seconds, and our laboratory was 

not equipped for measurements in these terms, only an estimate of 

losses during this time period could be made. This estimate was 

prepared by subtracting the log of the number of organisms per cu ft 

of aerosol recovered at 15 min of aerosol age from the log of the post-

atomization spray suspension concentration. This gave a ratio which 

reflected relative losses from the time of atomization until the first 

aerosol sampling (15 min). 

This ratio obtained from physical measurements revealed a 

slightly greater loss in aerosols generated from broth medium than in 

those sprayed from saliva. The inverse was true when total measure

ments were considered. The loss ratios were 0.25 to 1.0 log greater 

in saliva-borne aerosols than in comparable broth-borne aerosols. 

(Fig. 2). Relative humidity did not appear to affect physical loss 

ratios (Fig. 2). However, the loss ratios based upon total measurements 

were greatly influenced by humidity. Broth-borne aerosol losses were 

approximately equal at 22$, 47$, and 60$ relative humidities, but 80$ 

relative humidity reduced the losses significantly. In aerosols 

generated from saliva suspension medium, loss ratios were smallest at 

80$ relative humidity. These ratios increased with decreasing humidity 

to a peak at 47$ relative humidity. However, further reduction of the 

relative humidity to 22$ caused a great decrease in the loss ratios. 
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Figure 2. Effects of relative humidity and suspension medium 
upon recovery losses follovdng the first stage of decay in 
Mycoplasma pneumoniae aerosols. 
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Mean of viable measurements from broth medium (•). 

Mean of viable measurements from saliva medium (A). 

Physical measurements from broth medium 

Physical measurements from saliva medium 



Subtraction of the physical loss ratios from the total loss ratios in 

Fig. 2 gave an estimate of the biological loss ratios for Mycoplasma 

pneumoniae during the first stage of aerosol decay (Fig. 3)« These 

figures revealed that the biological losses in saliva-borne aerosols 

were at least 2.5 times greater than those in broth-borne aerosols, and 

in the case of ^7$ relative humidity (the point of greatest ratio 

difference) losses in aerosols generated from saliva were 14 times 

greater than in those generated from broth. Fig. 3 showed saliva-

borne aerosols of M_. pneumoniae to be much more sensitive to changes 

in relative humidity during the first stage of decay than comparable 

broth-borne aerosols. 

Survival of Mycoplasma pneumoniae during the second stage of 

aerosol decay was examined, because this is the period of most importance 

if "direct airborne infection" is to take place. Organisms must survive 

for long periods of time and in relatively large numbers in the air if 

air-borne transmission is to be a significant factor. If a trial 

produced two or more samples which could be considered reliable, the 

calculation of a decay slope was possible. These slopes vrere calculated 

by regression analysis. Fig. 4 shows the effects of relative humidity 

and spray suspension medium upon the decay slopes of M^ pneumoniae 

during the second stage of aerosol decay. Slopes of the physical trials 

were exceedingly small and were so comparable between the two media 

employed that the values obtained for various relative humidities 

were noted on physical decay. Total decay slopes, on the other hand, 

were significantly affected by both spray suspension medium and 
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Figure 3« Effects of relative humidity and suspension medium 
upon biological decay during the first stage of decay in Myco
plasma pneumoniae aerosols. 

Biological measurements from broth medium 

Biological measurements from saliva medium 
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Figure k. Effects of relative humidity and suspension medium 
upon decay of Mycoplasma pneumoniae during the second stage of 
decay in aerosols. 

——— Mean of viable measurements from broth medium (• ). 

Mean of viable measurements from saliva medium (A). 

B— *— —B Average of physical measurements for broth and 
saliva media. 

Numbers beside symbols represent trial numbers. 



relative humidity. In both media, lowest decay rates were encountered 

at 22$ relative humidity, and highest rates were found at 47$ relative 

humidity. The decay rates in aerosols generated from broth medium did 

not appear to be as markedly affected by relative humidity as did 

those in saliva-borne aerosols. At all relative humidities, the 

mean decay rates in saliva-borne aerosols were greater than those in 

broth aerosols by factors ranging from 2.5 to 5. Differences in 

survival during the second stage of decay are most easily compared 

by consideration of the time required for 99$ of an Mj. pneumoniae 

aerosol to be rendered non-viable (Fig. 5)« These times were calcula

ted by the formula shown in Fig. 5« If the times required for 99$ 

decay are listed in order of increasing relative humidity, the 

values are approximately 33> llli 12, and 17? hours for broth-borne 

aerosols and 11, 2, 3r> and 8y hours for saliva-borne aerosols. The 

much shorter times for saliva-bome aerosols should be noted. From 

these results, the profound influence of spray suspension medium and 

relative humidity upon the second stage of aerosol decay is evident. 

Note should be taken at this point of the values labelled 15 

and 17 in Fig. 4. In trial #15» the broth culture was diluted 1:150 

in saliva prior to atomization. All other trials employed dilutions 

of 1:15 to 1:50. Trial #15 was, therefore, not included in the mean 

decay slope in Fig. 4. Trial #17 was also not included in the mean 

slope, because it was performed with a 14 day old culture, and all 

other trials in Fig. 4 were done with 5-7 day cultures. 
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Figure 5« Effects of relative humidity and 
spray suspension medium upon 99$ decay time of a 
Mycoplasma pneumoniae aerosol. 
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Median particle diameters were calculated for each trial in 

which sufficient numbers of organisms were collected during the second 

stage of decay. The importance of particle sizes regarding lung 

penetration, retention and infection have been noted previously (89, 

90, 91. 92), as well as the influence of particle size upon survival 

of organisms in an aerosol (76, 86, 88). The Andersen Sampler was 

useful for these determinations, because it collects sampled particles 

on different plates according to particle size. To determine median 

diameters of particles in £ sample probability paper was employed. 

Each plate in the sampler had a predetermined median diameter particle 

which was collected upon it. This median diameter was plotted against 

the percentage of the total sample which appeared upon a given plate 

and all plates collecting a smaller diameter particle. A line was 

drawn through the established points, and the median diameter of the 

entire sample was estimated by determining the particle size which 

corresponded with the 50$ point on the curve. 

The effects of relative humidity and spray suspension medium 

upon particle size are illustrated in Fig. 6. Physical measurements 

were done with a phenol red dye aerosol, and the particle sizes were 

expressed as mass median diameters (the particle size corresponding 

with 50$ of the dye mass). The mass median diameters did not appear 

to be influenced significantly by relative humidity. However, the 

broth-borne aerosols possessed mass median diameters approximately 

0.2 micron larger than the saliva-borne aerosols, with the former 

being slightly larger than 1 micron in diameter. 
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Figure 6. Effects of relative humidity and spray suspension 
medium upon particle sizes after atomization. 
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Total measurements (Fig. 6) were expressed as count median 

diameters (the particle size corresponding with 50$ of the colony 

forming units). Relative humidity did influence the count median 

diameters in both suspension media. The effect was slight in broth-

borne aerosols, appearing primarily as a depression of the particle 

size at ^+7$ relative humidity. In saliva-borne aerosols, the particle 

sizes were depressed approximately 0.5 micron at ^7$ relative humidity 

and 0.25 micron at 60$ relative humidity with the median diameters at 

22$ and 80$ relative humidities being almost equal. Suspension 

medium affected the particle size considerably. The count median 

diameters from saliva medium were from 0.6 to 0.9 micron smaller 

than those from broth. 

From our results, particle size appeared to have some effect 

upon the decay slopes obtained during the second stage of aerosol 

decay (Fig. 7)* This effect was most pronounced in aerosols 

produced from saliva medium. The results from broth medium in this 

regard are rather equivocal. 
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DISCUSSION 

The results of this study confirm the findings of Kundsin 

(101, 102, 103) and Bailey, et al. (10k), that Mycoplasma pneumoniae 

can survive atomization and consequent suspension in an aerosol. The 

presence of a cell wall apparently is not a prerequisite to survival 

in the air-borne state. 

In our experiments, however, broth cultures of the organism 

which were 12 to 14 days old were not able to survive the atomization 

process very efficiently. This is the age of cultures employed in the 

Kundsin studies (101, 102, 103). Since Kj_ pneumoniae produces acid 

from dextrose, the osmotic fragility of the cells increases in older, 

more acidic cultures (67). This is most probably the cause for poorer 

survival of 12 to 14 day old cultures in our studies. 

Atomization of broth cultures of M. pneumoniae causes an 

increase of at least ten-fold in the concentration of colony-forming 

units in the spray suspension medium (Fig. 1). This is the result of 

three processes which are evident during atomization. Trauma during 

the process kills some of the physically weak cells. Evidence for 

this is seen in the poor survival of 12 to 14 day old cultures 

mentioned above. However, this killing effect is more than overcome 

by the combined effects of evaporation and disaggregation of clumps 

of organisms. The concentration increase due to evaporation is 

demonstrated by the physical measurement ratios in Figure 1 which 

increase as the relative humidity decreases. Clumps of organisms 

35 



are evident in broth cultures of M. pneumoniae. These clumps can 

be seen with the unaided eye, and the turbulence during atomization 

would be expected to cause considerable disaggregation of them. The 

ten-fold or better increase in post-atomization spray suspension 

concentrations must be due to this disaggregation. 

The effects of relative humidity and spray suspension medium 

on M;_ pneumoniae survival of atomization appear to be insignificant in 

most cases (Fig. 1). The only exceptions to this are seen in broth 

medium at 60$ and 80% relative humidities. At these humidities, there 

is an indication that broth-borne organisms survive atomization better 

than do saliva-borne organisms. This could be due to the presence of 

protective substances in broth medium which allow better survival of 

M. pneumoniae at relative humidities of 60$ or greater. 

Figures 2 and 3 reveal the effects of relative humidity and 

spray suspension medium on aerosols of pneumoniae during the first 

stage of aerosol decay. Physical losses in the aerosol are not 

appreciably affected by relative humidity (Fig. 2), so the losses in 

total recovery (Fig. 2)' and biological recovery (Fig. 3) are certainly 

due to death of the organisms. Several authors (73» 76, 77. 78, 79) 

have found that death of organisms during the first stage of decay is 

significantly affected by relative humidity. These authors propose 

that concentrations of toxic substances in the particles are at a 

maximum between 40$ and 80$ relative humidity. Intermediate relative 

humidities produce the most toxic concentrations of lethal substances 

in the aerosol particles. At low relative humidities, enough of the 



toxic substances are insoluble to lessen the effect, and at high 

relative humidities, these substances are too dilute to be lethal. 

Our results support this explanation. In broth aerosols, losses 

were least at 80$ relative humidity. At 22$, 47$ and 60$ relative 

humidities, losses were considerably greater and were approximately 

equal under all three conditions. Since broth medium contains such 

a high protein concentration, the intermediate relative humidities 

are not much more lethal than the low humidity due to protection 

afforded by the proteins. In saliva medium, losses were also lowest 

at 80$ relative humidity, and increased sharply to a peak at 4-7$ 

relative humidity. However, a decrease in losses was seen at 22$ 

relative humidity. Since there are less protective proteins in the 

saliva medium than in the broth medium, the effects of relative 

humidity are more drastic, and the proposals of the authors cited 

above are strongly supported. 

In all cases, losses were greater in saliva-borne aerosols 

than in broth-borne aerosols during the first stage of aerosol decay. 

Therefore, the aerosol transmission of Mycoplasma pneumoniae under 

natural conditions is less likely than has been previously concluded 

(101, 102, 103, 10̂ ). 

Decay slopes of M. pneumoniae aerosols during the second 

stage of aerosol decay (Fig. 4) also appear to be significantly 

affected by relative humidity. This supports the conclusion of Bailey, 

et al. ..(104), but disagrees with the conclusions of Kundsin (101, 102, 

103). This is probably due to our experimental apparatus being similar 



to that of the former and vastly different from that of the latter. 

Kundsin's aerosol chamber was very small and provided very unnatural 

storage conditions for aerosols. 

Decay slopes during the second stage of aerosol decay did not 

appear to vary appreciably with relative humidity in broth-borne 

aerosols in our experiments. (Fig. 4). However, when times required 

for 99$ of these organisms to die were considered (Fig. 5)» significant 

differences at various relative humidities were detected. Longest 

survival was found at 22$ relative humidity, and shortest survival 

was seen at 4-7$ relative humidity. Survival times increased from 47$ 

through 80$ relative humidity. This pattern of survival times was 

also found in saliva-borne aerosols. However, the longest survival 

time in saliva medium was shorter than the shortest survival time in 

broth medium. Broth-borne aerosols survived from two to six times 

longer that did comparable saliva-borne aerosols. Since the second 

stage of aerosol decay determines how long a spray of organisms will 

endure in the atmosphere, it is of primary importance when aerosol 

transmission is to be considered. The above findings emphasize even 

more the improbability of the natural transmission of pneumoniae 

by the air-borne route. 

The median particle sizes generated from these experiments 

(Fig. 6) were considered significant from a hygienic standpoint. 

Our particle sizes ranged from approximately 1-2 p., and this is the 

size range which is most efficiently retained in the lung (91» 92) 

with xhe 1 M, size particles being somewhat more favored. Therefore, 



these results should be significant with respect to human infection 

caused by M. pneumoniae. Particle sizes generated from broth were 

slightly larger than those generated from saliva, and this is undoubt

edly due to the differences in chemical composition of the two media. 

Particle sizes were affected by relative humidity in both media 

employed. In the phenol red controls (Fig. 6), particle sizes 

decreased slightly with decreasing relative humidity. This was due 

to particle shrinkage from evaporation. However, in the trials with 

organisms, a minimum particle size was found at relative humidity 

with an increase in particle size at either lower or higher relative 

humidities. Since larger particles are known to be more sensitive 

to relative humidity changes than small ones (91). the increase in 

size from 47$ to 22% relative humidity is probably due to the same 

phenomenon cited in the first stage of aerosol decay. There are enough 

toxic components in the particles which are insoluble to diminish 

their lethal effects at the lower relative humidity. Since these 

size measurements are based on viable organisms present in the aerosol 

and the more sensitive large partihave not been rendered non

viable at 2.7$ relative humidity, the large particl.es are detected at 

this humidity. At and 60$ relative humidities, some of the large 

particles have been rendered non-viable and are not detected for 

count median diameter calculations. 

The results indicate that even though viable aerosols of 

Mycoplasma pneumoniae may be produced, the existence of hygienically 

significant air-borne transmission of primary atypical pneumonia is 



questionable. The use of a highly artificial suspending medium, i.e. 

PPLO broth, produces far lower losses and decay slopes than does the 

use of a more natural suspending medium, i.e. saliva, for generation 

of aerosols. Future studies of the aerosol transmission of this and 

other organisms must employ the most natural experimental conditions 

possible. 



SUMMARY 

The effects of relative humidity and spray suspension medium 

upon survival of Mycoplasma pneumoniae in aerosols were studied in an 

environmentally controlled, rotating drum chamber. Aerosols were 

generated from PPLO broth and human saliva at relative humidities 

ranging from 22$ to 80^. 

During atomization, Mycoplasma pneumoniae aggregates are 

apparently dispersed, producing much larger numbers of colony-

forming units in post- than in pre-atomization spray suspensions. 

Survival of atomization in our studies, did not appear to be greatly 

affected by relative humidity nor by the spray suspension medium 

employed. 

Survival of Mycoplasma pneumoniae during the first and 

second stages of decay appeared to be significantly influenced by 

relative humidity conditions and by the nature of the spray suspension 

medium. The more natural suspending medium, saliva, produced much 

greater decay rates than did PPLO broth. In both media, 80$ and 22$ 

relative humidities, allowed best survival, and 47$ humidity was the 

most lethal. 

Particles generated from broth medium were larger than those 

generated from saliva, and count median diameters were somewhat 

depressed at 47$ relative humidity in both media. Smaller particle 
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sizes in saliva medium aerosols appeared to cause faster decay 

of the suspended Mycoplasma pneumoniae. 

Significance of the findings in this study with respect 

to the natural air-borne transmission of Mycoplasma pneumoniae 

infection (primary atypical pneumonia) is discussed. Natural 

aerosol spread of this disease and of the organism in laboratories 

seems less probable than has been previously concluded by other 

investigators. 
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