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, ABSTRACT

EXTERNAL ENVIRONMENTAL FACTORS AND
HOST-PARASITE RELATIONSHIPS

EFFECT OF ARTIFICIAL ACCLIMATIZATION TO HEAT ON THE
NASAL CARRIAGE OF STAPHYLOCOCCI

OBJECT

To determine the role of external er.vironmentil factors in the
establishment and Maintenance of the staphylococcal nasal carrier
state in personnel not associated with hospitals.

RESULTS

Artificial acclimatization to heat of a group of soldiers produced
significant changes in the composition ol the nasal flora characterized
by an increased recover;, of pathogenic and potential pathogenic r:..ains
of staphylococci. The number of carriers of these types of staphylococci
increased significantly in the group of soldiers undergoing artificial ac-
climratization to heat. A simijar group of soldiers serving as controls
experienced no comparable changes in the carrior rtate.

C ONC LUS IONS

The results of this study suggested that external environmental
factors, specifically ambient temperature and relative humidity, in-
fluenced the establishment and maintenance of the staphylococcal nasal
carrier state in human*.

RECOMMENDATIONS

A similar study should be made on a group of soldiers undergoing
artificial acclimatization to cold. Attempts should be made to relate
the changes observed in the nasal carrier state with changes in the
types of staphylococci carried on the skin.
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EXTERNAL ENVIRONMENTAL FACTORS AND
HOST-PARASITE RELATIONSHIPS

EFFECT OF ARTIFICIAL ACCLIMATIZATION TO HE.AT ON THE
NASAL CARRIAGE OF STAPHYLOCOCCI

I. INTRODUCTION

The role of nasal carriers in the disseinination of staphylococcal
disease among patients and staff personnel has been studied extensively
within the semi-closed environment of hospitals (1-3). Although much
valuable epidemiological information has been derived from such in-
vestigations of the carrier problem, little precise information is av.,il-
able concerning the factors which influence the establishment and main-
tenance of the staphylococcal nasal carrier state in non-hospital popu-

lations.

Basically, the nasal carriage of staphylococci may be considered
as a special and often extended phase of the classical ielationships ex-
isting between host and microbe preceding overt disease. It has been
repeatedly shown that nasal colonization precedes staphylococcal in-
fection among hospital patients and that such carriers represent a
threat to themselves as well as to other patients (4-6). In the case of

staphylococcal nasal carriage, however, the classical concept. of the
host-parasite relationsh ip suffers from our lack of adequate methods
for the estimation of the virulence of different strains of staphylococci
and the degree of resistance of the host to infection by these organisms.
Anima- experiments designed to measure these variables in the host-
parasite equation have often proven unreliable and, in some cases, mis-
leading (7).

Reports in the literature have tended to minimize or discount
completely the role of external environmental factors in the establish-
ment and maintenance of the staphylococcal nasal carrier state (8-10)
although correlations have been established bet-."een external environ-
mental factors and the incidence of some viral diseases of huimans (11).
Changes in temperature and relative humidity have also been shown to
produce local alterations in the normal nasal microflora of mice (I1).

The role of external environmental factors in host-parasite rela-
tionships is difficult to assess and the correlation cf changes of such
factors with alterations in the characteristics of the carrier state does
not necessarily establish a cause and effect relationship. However, be-
cause of the delicate nature of balance between opposing forces of host



and mir.robe immediately prior to the appearance of overt disease, it is
difficult to understand how the outcome of these interactions could be
completely independent of the influence of external environmental factors.
This is especially true when such factors are known to produce physiolog-
ical changes in the host associated with the stress phenomenon.

This study was undertaken to determine the influence of two, ox-
ternal environmental factors, ambient temperature and relative humidity,
on the type of staphylococci carried by soldiers and on the duration of
the carrier state. The changes occurring in the carrier state of non-
hospital personnel undergoing chronic exposure to heat are presented
and discussed.

II. MATERIALS AND METHODS

Experimental subjects. The experimental subjects were regular
US Army paratroopers from the 2d Platoon, Company E, 503d Airborne
Battle Group, 82d Airborne Division, stationed at Fort Bragg, North
Carolina. Forty-one volunteers from this unit were sele:ted and flown
to Fort Knox to take part in a study of artificial acclimatisation to heat
prior to their scheduled participation in OPERATION SOLMDARITY in
the Canal Zone during February and March of 1961. The subjects
ranged in age from IS to 34 years, with the average age being 22 years.
Soldiers with records of hospitalization within the six month period
prior to the study w ire not accepted as experfmentaL subjects. Upon
their arrival at Fort Knox the soldiers were 4ivided into two groups.
Nineteen enlisted men were placed under the supervision at a non-
commissioned officer and designated as a control group. The remain-
inS 20 men and the officer in chprge were placed in groups to be artifical-
ly acclimatized to heat.

The initial laboratory phase of the study began an 23 January and
continued until the departure of the 'ooldiers for the Canal Zone on
17 February 1961. Participation in OPERATION SOLIDARITY by the
soldiers covered the period frnm 20 February through 10 March 1961.
The second phase of the laboratory study was conducted during the
period from 13 March through 13 March 1961.

Collection of control data. Control data concerning the distri-
bution and types of staphylococci being carried by the experimental
subjects were collected during a three day preliminary control period
(table 1). Both groups of soldiers were exposed to a strenuous exercise
regime in the climatic chambers at an ambient temperature of 650Fwith
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46 per cent relative humidity. Only cotton shorts and combat boots
* ,were worn during the preliminary control period. Essentially. the-ex-

ercise regime consisted of walking 14 miles 'taily at a rate of 2. 2 miles
per hour. Appropriate physiological measurements designed to deter-
mine the status of the groups with regard to previous thermal experience
were taken at 30 minute intervals. Pulse rate and rectal temperature
Were recorded for each member of the control and experimental groups.

Acclimatization procedure. Following the completion of the col-
"lection of preliminary control data, the experimental group was mwved
into a climatic chamber with an ambient temperature of 105'F with 56
per cent relative humidity (table 1) for three days. The exercise pro-
gram in the heat was identical to that followed during the collection of
preliminary control data. Exposure to 105F was followed by succes-
sive three day exposures to ambient temperatures of 110*F. 115F.
and 1ZOF with relative humidity values of 46, 37. and 31 per cent.
respectively (table 1).

While the experimental group was undergoing acclimatization,
members of the control group followed the standard exercise regime
in a climatic chamber with a constant ambient temperature of 65OF and
46 per cent relative humidity.

Standard stress tests. The progress of the-experimental group
was assessed periodically by a stand-rd stress test conducted in a
climatic chamber with an ambient temperature of 110"F and 46 per cent
relative humidity (table 1). Members of the control group were also
subjected to the stress tests to evaluate their performance under elevated
environmental temperature. The stress test involved walking on a tread-
mill traveling at 3. 3 miles per hour. During the tests physiological
measurements were recorded every 15 minutes. Approximately Z. 8
miles were walked by each soldier during the 48 minutes spent on the
treadmill.

The brief exposures (table 1) of members of the control group to
heat during the stress tests represented the only important thermal ex-
periences encountered during the initial laboratory phase of the study.
These experiences were not of sufficient durvtion to produce a significant
degree of acclimatization based on physiological measurements and per-
formance tests.

Collection of nasal cultures. During the preliminary controlperiod nasal cultures were collected from each subject in the control

3



and experimental groups immediately prior to entering and -on leaving
the climatic chamber. Cultures were taken from members of each
group at the end of each succeeding exposure period (table I). Deter-
minations of qualitative changes in the types of staphylococci composing
the nasal flora were based on the exambiation of the pooled cultures
from each group after each exposure period. Chan•ges in the carrier
state of individgals within each grotap were determined by examination
of all cultures collected from each sdubect during the exposure period.
Results for each exposure were plotted at th.- midpoint of the period.
Cultures collected during the standardized stress test were not Included
in the results.

Nasal cultures. Approximately 1. 100 nasal cultures were coilected
from the members of the control and experimental group during the study.
Sterile cotton swabs moistened in sterile water were used to collect the
primary cultures. The swabs were inserted I to 2 cm into the vestibule
and rotated against the septum ,nd the alae nasi. The swabs were with-
drawn and streaked immediately onto the surfaces of petri dishes con-
taining mannitol-salt agar (Difco) .and Staphylococcus Medium No. 110
(Difco) fortified with I per cent non-fat milk solids. The milk solids
were added to enhance pigment production du.ring initial isolation. The
plates were incubated at 37"C for 18 hours and then permitted -to stand
at rcom temperature for 24 hours to further enhance pigment production.
Co.onies producing orange or yellow pigment and fermenting rr.azmitol
were picked from the plates and transferred to culture tubes containing
trypticase soy broth. These broth cultures were incubated at 370C for
24 hours and morphology was checked by gram staining.

Coagulase produiction by pigmented miannitol-positive strains of
staphylococci was determined by the slide technique. When the results
of t'he slide test were equivocal a microcapillary tube test was perform-
ed (13). All strains that coagulated plasma within 15 seconds by the
slide technique or within 18 hours by the microcapillary tube method
were clasutified as coagulase-positive reactors. Strains producing
coz.gulase were transferred to trypticase soy agar slants for storage
at -10"C.

Types of nasal carriers. Fo•" the purpose of this study an occa-
sional nasal carrier was defined as any individual who gave only one
coagulase-positive culture per experimental exposure. Individuals who
had a series of coagulase-positive cultures followed by a coagulase-
negative culture or vice versa were classified as intermittent carriers.
A persistent carrier was defined as any individual who had coagulase-
positive strains in every culture takenthroughout the entire study.

4



Airborne contamination. Airborne contamination in the climatic

chambers was estirnated by tbh particle fall-out method, The method
Is based on the fall-out re.te of stap:iyloqoccal-carrying particles onto
the surfaces of petri places containing mannitol-salt agar. The number'
of staphylococcal-carrying particles settling out of the air in one min-

4 . ute represents approximately 1/12 of the number of such particles per
cubic foot of air above the plate (9). Counts obtained from fall-out
plates are not absolute values. They are, however, satisfactory for
co.-mparing changes in the airborne contamination of rooms under similar
flow conditions (table 2).

St atistical analyses. The chi-square test was used for comparing
experi,.ent.O results with those obtained during the preliminary control
period. Differences were considered significant only when the chi-
square test yielded P < 0. 02. In one instance ({kg. 5) the means of re-
covery rates for coagulase-positive strains of staphylococci from pig-
mented, mannitol-positive isolates were compared for significance by
thJ Student "t" test.

II1. REEULTS

Recovery of pigmented, mannitol-positive strains. The recovery
of pigmented, mannitol-positive strains of staphylococci, expressed as
a recovery factor (RF), from the primary nasal cultures is presented
in figure 1. There was no significant difference between the RF's of
the control and experimental group? during~thr study. Within both the
control and experimental groups there were signiicaMt increases in the
recovery of pigmnented. mannitol-positive strains. Lo',3howiag the re:v.ri.
of the soldiers from the Canal Zone there was a slight, but insignificant,
decrease in the recovery of pigmented, manhnitol-positive strains from
the nasal cultures of members of both the control ani experimental
groups.

In the control group the distribution of pigmented, mrannitol-
positive strains in the primary nasal cultures increased significantly
during the initial laboratory phase of the study (fig. 2). A similar in-
crease in the distribution of these strains was also observed in the ei.-
perimental group (fig. 3). rn both groups the increased distribution of
pigmented, mannitol -positive strains isolated from primary nasal

cultures was accompanied by a simultaneous decreasesi distribution of
non-pigmented, mannitol -negative strains.

Recovery of coagulase-positive strains. The recovery of coagulase-
positive strains of staphylococci from pigmented, mannitol-positive
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primary isolates is shown in figare 4. In the control group the distri-
bution of coagulase-positive strains among the pigmented. mannitol-
positive isolates did not become significantly different from the distri-
bution observed during the preliminary control period. Throughout the
entire study, however, the distribution Of coagulase-pos-itive strains
tended to incroase.

In the experimental group the distribution of coagulase-pusitive
"strains among the pigmented, mannitol-po~itive primary *isOlates be-
came significantly different (x- = 5.76. df = I, P> 0. 02) from the
distribution observed during the preliminary control period following
exposure of the group to an ambient temperature of 115*P with 37 per
cent relative humidity (fig. 4). Following exposure of the experimental
group to an ambient temperature of IZO0F with 31 per cent relative
humidity the increased distribution of coagulase positive strains became
highly significant (x- = 11. 57, df 1, P> , 0. 01).

Alter the return of the soldiers from the Canal Zone and subse-
quent exposure *to an ambient temperature of 110"F with 46 per cent
relative humidity cultures from the contrpol showed a slightly increased
number of coagulase-positive strains (fig. 4). Cultures from the ac-
climatized group yielded significantly fewer strains of this type.

Effects of temperature and humidity. The recovery of coagulase-
positive strains of staphylococci from pigmented, mannitol-positive
isolates in relation to changes in ;mbicnt temperature and relative
humidity is shown in figure 5. In the control group the recovery of
ccagulase-positive strains did not change significantly during the study.
In the experimental group, however, the recovery of coagulase-positive
strains increased significantly (t = Z. 69. dl = 12. P> 0. 02) during the
initial laboratory phase of acclimatization. There was a substantial
degree of positive correlation (r = 0. 70) between the increased re-
covery of coagulase-positive strains and the increased ambient temper-
atures to which the experimental group was exposed. A substantial
degree of negative correlation (r = 0. 61) was also observed between
the recovery of coagulase-positive stra.ns and relative humidity.

Nasal carriage of staphylococci. Changes in the number of nasal
carriers within the control and experimental groups are shown in figure
6. In the control group the number of all types of staphylococcal car-
riers increased to 35 per cent following the first and second exposure
periods. Following the third and fourth exposur ms of the control group
there was a decrease in the number of all types of carriers to 25 per
cent at the end of the initial laboratory phase of the study.

6
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In the experimental group the number of all types of staphylo-
coccal carriers decreased from 29 to 25 per cent following the exposure
to an ambient temperature of 105*F with 56 per cent relative humidity.
Following exposure to ambient ,emperatures of 110 F and 1.1SOF. the
number of all types of staphylococcal carriers increased to 67 per cent
and remained at that figure during the rest of the initial laboratory
phase of the study.

Following the retern of the sc9ldiers fromn the Canal Zone and sub-
sequent exposure to at. ambient temperature ,f 110"F with 46 per cent
relative humidity there was a 17 per cent Incretee in the nt.mber of all
types of staphylococcal carritrs to 4Z per cent iab the control group. The
number of all types of staphylococcal carriers decreasid from b? to 3S
per cent during the corresponding period.

Persisent carriers. The number of persistent carriers of
coagulase-positive straias of staphylococci in the control group 4 zlcreas-
ed from 10 to 20 per cent during the initial laboratory phase of the study.
In the experimental group du. iig the same period, the number of per-
sistent carriers increased fro-ut 9. S to 48 per cent.

Upon return of the soldiers from the Canal Zone and exposure to
an ambient temperature of II0"F with 46 per cent relative humidity the
number of persistent carriers in the control group increased 17 per cent
to 37 per cent os the group. In the icclamatized group during the second
phase of the laboratory study the number rf -:ersistent carriers decreas-
ed from 48 to 25 per cent.

Air contamination. Estit..ations of airborne staphylococcal con-
tamination in the control aqd heat chambers, based on calculations
from fall-ou' count., indicated that the rooms were con.parable in this
regard. Both chambers received filt,,ed outside air at an exchange
rate of 1000 cubic feet per minute. Tais exchange rate produced a rapid
removal of particles and re-sulted in a stabilized fall-out rat, shortly
after the exposure periods were started (table Z).

IV. DISCI SSION

The effect of stressful climatic environments on resistanice to in-
fection is of particular importance to the Army as modern soldiers are
rapidly deployed from temperate climates into potentially hostile en-
vironments ranging from tropical jungles to Arctic wastelands (15).
Thus, the primary interest of the Army in the staphyloccccal carrier
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state lies in its potential relation to wound infection, especially by

microorganisms carried on the soldier himself.

The most common pathogen recovered from war wounds in all

theaters of operations during World War II was Staphyloco:cus aureus
(16-18) and It is now apparent that self-infection of wounds by strains
of staphylococci present on the skin of victims. as well as cross-
infection, played a major role in wound sepsis. Several reports in

the recent literature support the concept that nasal and skin carriers of
staphylococci are usually the sources of their own Lifections (6. 10. 19-

22).

Despite the recognized importance of carriers in the dissemination
of staphylococcal disease, very little precise informati..n is available
concerning the factors involved in the establishment of the staphylococcal
nasal carrier state. It is difficiit to understand how some persons can

resist colonization indefinitely, even in the presence of heavy contamina-
tion, while others rapidly become colonized. Factors inherent in the
biology of the host and microbe, as influenced by the environment, un-
doubtedly determine whether staphylococci can live and multiply on the

nasal membranes.

With regard to the microbe, there appears to be differences in the

ability of various strains of staphylococci to colonize the nasal mem-
branes (23-26) as well as in the cohesiveness exhibited by various types
of staphylococci present on these membranes (1).

In the case of the host, various factors have been suggested as
determinants of staphylococcal nasal colonization. Ainong the factors
suggested have been anatomic abnormalities of the nasal passages, the
presence of inhibitory substan.ccs in the nasal secretions, and the pres-
ence of inhibitory agents produced by bacterial commensals of the nose.

In gener3l, however, the Influence of external environmental factors

has been ignored. in studies of the host-parasite relationships as exem-
plifiAd in the staphylococcal nasal carrier. This negligence is difficult
to comprehend in view of the sensitivity of the nasal circulatory system
to changes in temperature and relative humidity (27). the variations oc-
curring In secr etions o! mucous membranes during changes In temper-
ature and humidity (14, 28), and effects of changes in temperature and
humidity on the virulence of staphylococci (Z9).

This study, although limited in range, offers a promising approach
to the study of the influence of external environmental factors on the
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establishment aknd maintenance of the staphylococcal nasal carrier state
in an noa-hospital population. All of the recognized variables that have
complicated previous studies of the carrier state conducted within the
semi-closed hospital environment were controlled within acceptable
limits. Under these experimental conditions, it has been shown that
two external environmental factors, namely ambient temperatttre and
relative humidity, influence the staphylococcal nasal carrier state.

From the standpoint of the parasite the influence of increased
ambient temperatures ;ctompanied by reduced relative humidity wt&
expressed by changes in the distribution of staphylococcal biotypes
within the nasal flora. There were significant increases in the distri-
bution of strains with biocbemical properties associated with virulence
in the nasal cultures of soldiers chronically exposed to heat.

In the case of the host the influence of increased ambient temper-
aturcs with decreased relative humidity was reflected by increases in

* the number of all types of nasal carriers of pathogenic staphylococci
biotypes.

The changes in the carrier state of members of the acclimatized
group could be correlated with changes in temperature and relative
humidity. The interpretation of the correlated changes, however,
requires caution and the establishment oa such a relationship under the
conditions of this experiment does not necessarily Justify its extension
to all combinations of ambient temperature and'relative humidity. Like-
wise, the epidemiological behavior of the staphylococci is known to be
variable and the results of studies made on one group of individuals in
one environment do not have universal application.

Although the results of this investigation do not permit the precise
determination of the mode of action of external environmental factors in

the establishment and maintenance of the etaphylococcal nasal carrier
state, we feel that the confirmation of the existence o! external environ-
mental influences on the carrier state under controlled experimental
conditions is important in the ultimate solution of the staphylococcal
problem.

Further studies designed to elucidate more precisely the roles of tem-
perature and humidity on the staphylococcal carrier state are presently
under way in this laboratory.

V. SUMMARY

Studies of the nasal cultures of soldiers undergoing artificial ac-
acclimatization to heat indicated that external environmental factors,



including ambient temperature and relative humidity, influence the es-
tablishment and maintenance of t1he staphylococcal nasal carrier state.
Significant changes in the composition of the nasal flora, characterized
by an increased recovery of pathogenic and potential pathogenic staphylo-
cocci, were observed in cultures from the experimentally acclimatized
group. The number of all types of staphylococc-l carriers also increas-
od in the experimentally acclimatized group. No comparable changes
were observed among cultures or carrier tates obtained from the group
of soldiers that served as experimental controls. The implications of
the fineings are discussed in relation to the epidemiology of staphylococ-
cal wound infections among members of modern, highly mobile military
organizations subject to rapid deployment into potentially hostile climatic
environments.

VL REFERENCES

I. Nahmias, A. J. and T. C. Eickhoff. Staphylococcal Il.
fections in Hospitals. Recent Developments in Epider, lo-
logical and Laboratory Investigation. New Eng. J. Med.
265: 74. 120. 177. 1961.

z. Farrer, S. M., E. Zacha, T. 0. Carver, W. W. Benson,
and L. Barney. An Epidemic of Staphylococcal Infections
in a Mental Hospital. Am. 3. Pub. Health, 51: 556, 1961.

3. Shaffer, T. E.. The Problem of Staphylococcal Infections
in Infants and Children. Ann. rht. Med. 5C: 614, 1959.

4. Shaffer, T. E. . R. F. Sylvester, 3. N. Baldwin, and M. S.
Rheims. Staphylococcal Infections in Newborn Infants. 12.
Report of 19 Epidemics Caused by an Identical Strain of
Staphylococcus aureus. Am. J. Pub. Health, 47: 990. 1957.

5. Howe. C., G. G. Jackson, V. Knight. N. Learner, P. M.
Roundtree, and T. E. Shaffer. Causation, Prevention. and
Control of Staphylococcal Disease in Hospitals. In: Antibiot.
"Annual, edited by H. Welch and F. Marti-lbanez, New York,
Medical Encyclopedia, 1958-59, pp. 1'13.

6. Williams, R. E. 0., M. P. Jevons, R. A. Shooter. C. J. W.
Hunter, J. A. Gerling, 3. D. Griffiths, and G. W. Taylor.
Nasal Staphylococci and .•.,osis in Hospital Patients. Brit.
Med.J. 5153: 658, 1959.

10



7r

7. Elek. E. S. Staphylococcus pyogenes and its Relation to
Disease. E. and S. Livingstone Ltd. ZEdinburgh and London.
1959.

8. Christie, R. W. Bacterial Variations in the Nasopharynx
and Skin of Isolated Arctic Scientists. New Eng. J. Med.
258: 531, 1958.

9. Williams, R. E. 0., R. Blowers, L. P. Garrod, and R. A.
Shooter. HoRpital Infections: Causes and Prevention. Lloyd-
Luke. London, 1960.

10. Miles, A. A.. R. E. O. Williams. and B. Clayton-Cooper.
The Carriage of Staphylococcal (pyogenes) aureus in Man
and its Relation to Wound Infection. J. Path. and Bact. 56:
513, 1944.

11. Armstrong. P. Seasonal Distribution of Poliomyelitis. Am.
J. Pub. Health, 40: 1296, 1950.

1Z. Mayyasi, S. A.. J. M. Birkeland, and M. C. Dodd. Effect
of Temperature and Humidity on Nasal Flora of Mice. Proc.
Soc. Exp. Biol. and Med. 90: 446. 1955.

13. Griffith, L. J. and W. E. Ostrander. A Capillary Tube
Method for the Determination of the Coagulase Reaction.
J. Lab. and Clin. Med. 53: 804, 1959.

14. Dalham, T. Mucous Flow an: Ciliary Activity in the Trachea
of Healthy Rats Exposed to Respiratory Irritant Gases. 'Acta
Physiol. Scand. 36: 1, 1956.

IS. Heaton, L. D. Theme of' the Month. Army Rles. and Dev.
2: 1, 1961 (Aug).

16. Pulvertaft, R. J. V. Bacteriology of War Wounds. Lancet,
2: 1, 1943.

17. Neel, H. B. and J. P. Cole. Bacteriology of War Wounds in
the Pacific Area. U.S. Navy Med. Bull. 45: 1127, 1945.

18. Army Med. Dept. Bull. British War Office, 1945.

11



.-- -- - .. . . .--..-- --. -. . .�-. , -- --

19. Valentine. F. C. 0. and-S. P. Hall-Smith. Superficial
Staphy.lococcal Infection. Lancet. 2: 351. 1952.

20. Roodyn. L. -taphylococcal Infections in General Practice.
Brit. Med. J. 2: 1322. 1954.

ZI. Gould, J. C. and 3. D. Cruikchank. Staphylococcal Infection
in Gencral Practice. Lancet, Z. 1157., 1957.

22. Weinstein, HL. J. Relation Between Nasal Staphylococcal-
Carrier State and Incidence of Post-Operative Complications.
New Eng. J. Med. 260: 1303. 1959.

23. E!chenwald, H. F. and H. R. Shinefield. Problem of
Staphylococcal Infection in Newborn Infants. J. Pediat. 56:
665. 1960.

24. Baldwin, J. N., M. S. Rheims, R. F. Sylvester. Jr.. and
T. E. Shaffer. Staphylococcal Infections in Newborn Infants.
Ill. Colonization of Newborn Infants by Staphylococcus py.ogenes.
J.. Dis. Child. 94: 107, 1957.

25. Knight. V. and A. C. White. Effect of Antimicrobial Drugs on
the Staphylococcal Flora of Hospital Patients. Ann. Int. Med.
49: 536. 1958.

26. Williams, R. E. 0. Epidemic Staphylococci. Lancet. 1: 190,
1959.

"27. Mudd. S., A. Goldman, and'S. B. Grant. Reactions of the
Nasal Cavity and Poet Nasal Space to Chilling of the Body
Surface. J. Exp. Med. 34: 11, 1921.

28. Bang, B. G., and F. B. Bang. A Comparative Study of the
Vertebrate Nasal Chamber in Relation to Upper Respiratory
Infections. Bull. Johns Hopkins Hosp. 104: 107. 1959.

29. Hinton, N. A., J. R. Maltman, and 1. H. Qrr. The Effect
of Desiccation on the Ability of Staphylococ pyogenes to
Produce Disease in Mice. Am. J. Hyg. 72: 343, 1960.

12



bm 32 So. a * -- CWRq'aI--

"- " s o W A . U- l u .a z -
atO~0a ~ W~

*p r) 4r 0 m
0.W13 l.wt~V

48 -CL-

*c * * -

M IL

"04 0 .O iaC

aa

09.

laa

:,-VO "::::v v a-:t0 0

.1.13



z 40

0 0i

ILI
10- (a '

00

w IL

0~

-A 1A

044.

00

ILI

.0. 0g 0 l.

w U.

02 0

14'



404

.00

o 1 6 .

40 wz .4I

I~l 0

£4

OOs

~qD40
0i~

J 0 .
sumirr00 to



Z Id

IL 0-

z
4 W

Co 0. 00 404

-12'

1004

0(0.

A * 4

00

M)~~ *oin a



0

I.A

z i
*0-

~U) 04-0
00 a9~8i~ _ _ _ __ _ _ _ _ _ _ _ _

u W
U. AA .0.

w 0

w _i

0 42 0

P0 IS2

174



RELATIVE HUMIDITY-% 0 d

0O 
0w0 C0S

9o . a

.J 96

It

CD H 0

04,

(3I)EIJ.V..IAH AO )t • ,

i8

0*

:1 I I I-

* 00

00 0 0
-m 0 c t 0 0-

UU 8.1LO A U3AO'33M 00 0
0~ .0.

Is



,.",. -

CARRIERS OF COAGULASE-POS. STAINS Ot SIAPHYLOCOCaI

so CONTROL OP

FORT. KNOX PONAMA eoFORT #(NOX

to -

0

000 ACCUMATIZEO GF.

0)---o ALL TY'PES

so 0--O- PERSISTENT

20

46%R" '56%ffi468W 37%RH 31V~ %PIiUZI

0 .0 20 30 40 s

TIM-DAYS

Fig. 6. Changes in the carrier state of subjects during artificial
acclimatization to h~eat. Values are plotted at the midpoints of the
exposure periods. Bottom scale shows elapsed time.

Ic

A(., 2221-0-Army-Knox-Nov 61-475 19

j .

Uc

CARESO OGLS-O. TISO FPYOOC



rS

DISTRIBUTION LIqT or 'JSAMRL HEPORTS
Project No. GXG4-12-001 Environs4ntal Ph.yViology

AGENCY • DE"ENSE

10 Arro-i Services Technical Intorration Agency, Arlington Hall Sic, Arlington Hall. Virginia

AGENCY - US ARMY

I Aerdeen Psovim7 Greund. Director. US Army Ordnance Huran Fnino•ring Laboratories.
Abeaeein Paovmng Ground. M~ryland

I Adjutmnt General. Department of the Atay. Washington 2S. D. C.. .Attn: ACM,

I Ar:ed Forces institute of Pathology.. 6825 16tih Street, M.N., Washington 25. D. C.

6 Army Attache. Box 79. %oaoy 100. i'leet Post Office. New York. New yqrk. Attn: Col Joha
C. Cressler. Asst. Army Attache

1 Brooke- Arry Meeical Center. Physical Yedicine Branch. Ns., AMSS. Fort Sum Houston. Texas.
Attn: Capt. Rachel Adaes

I Brooke Arry ¶'edical Center. Coranadnt. Army Yedical Service School. Fort Sam Houuton.
Texas. Attn: Pub iicutionsPranch

1 Brooke General Hospital. .. dical Library. Box 151. Fort Sa't Houston, Texas

I Brooke rwneral Hospital. 'Alldioisntope Clilic. Brooke Army l'!.adical .Center. Fort Sam Houston.
Texas

I Chief Che.ical officer. IleFartrent. of the Army. Washington 25. D. C. Attn: CDICI"O/SA

I Chief of Frnineers. Npurtrent of t.e Army. .Voshington 25. D. C.. Attn: .. FtD-SE
I Chief of Ordnance. CK'M. Washington 25. 6. C.. Attn: Res & Spec. Proj. Section

I Chief of Life Sciences Division, Office at Chief Research ind Developmenk. Boom 3D-442.
The Pentag•e. Sashington 25. D1. C.

I Chief P.yciotzy and Nevroloqy Consultant. Directorate of Profvssional Service. Office
of The Surleon General. re.artront of the Art.y. Washington 25, D. C. Attn: M•DM.•ND

3 Cor'anding General. u.S Army Vedical Research and Delopraent COrtaand. lYalti Navy Nildirq.
Washington 25. D. C.

I Cor-anding General. I Corps Group. AMt) 35d. pon Franciaco. California. Attn: Surgeo"

I Carrancing Genoral. 7th Lcristical Corrana. APO 612. Fan Fracisso. California. Attn:
-% rgeon

1 Corrardir2 Genral. Eighth L'nited States Arty. AfO 301. San Francisco. California.
Attn: Surgeon

I Cornanding Gen-ral. VS Arry. Pa-nii . APO .AS7. San Francisco. California, Attn: Surgeo-

I Corranding enerial. LS Arxy. Ja•=n. AFM 343. San Francisco. California. Attn: Surgeon

I C-r.aondina General. US Army. Pyukyu IslandsIX Corps. APO 331. Son Francisco. Californi..
Attn: turqeon

I Coamander in Chief. US A.-my. Pacific. APOSS8. San rrancisco. California, Attn: Surgeon
I Fltzsircni General Hospital. Vedical Technical Library. Denver 30. Colorado

1 Fltzsinons General Hospital. U•S Army "edicol Research and Nutrition IAlordtory. Denver
30. Colorado

1 Letterman General Hospital. Vedical Library. Presidio. San Francisco. 'alifornia

1 Madigan General Hospital. .edical Technical Library. Tacoma. Washington
I Picatlnny Arsenal. Comranding Officer. Dover. New Jersey. Attn: (weDB.VS3
I Quarteraaster Food and Container Institute. Library Branch. 181f West Pershing Rood.

Chicago 9. Illinois
I Quartermaster PRsearch and Engineer Field Evaluation Agency. Commanding Offi•ier. Fort

Le.Virginia. Attn: Technical Library

I Quartermaster Pesea-ch and Engineering Cen'er. Coroanding General, Natick. massachusetts.
Attn: lech~hical Library

1 Redstone Arsenal. Cocrander. Redstone Arsenal. Alabaam. Attn: O]DNLM.HI

I Valley Forge Ar-y Hospital. Coamanding Officer, Fho.nixville. Pennsylvania. Atmt:
Librarian

1 US Arry. Alaska. APO 949. Seattle Washing- in. Attn: Chief Sutgeon

2 US Army Cherical Center. Director of Yedical Research. Arry Chemical Center. Maryland

---------- -------------- ----------------------------------



No. of US ARMY CONTINUEDUcopies
I': US Army Ch"Ic| Corps Biologicl Latoratorles. Fort Detrick. Maryland. Attai Librories
I US Army Chemical P,!serch and D*veloF**nt laborarorios. Cormandinq Officer. Tecbs icaI

librvery. Building 330. Arry Cw:hicIComtoro 1Maryland. Altm: Libraries
I US Army Caonnd end Ceneral Staff College. Library Services Branch (Archives) Fort

Leavenwor th. Kanlas

I US Army 1wispersary. Springfield Armory. Spritnfield. ftssachisetto
I hS Army Engineer Research and Developrent laboratoriee. Fort Belvoir. Virqtoie. AtIm:

Technical Docurents Center
I US Arty Eaviroarntal Hyli-ne Agency. Conranding Officer. Army Chemical Conter. Mirylamd
4 US Army Europe. Medical Division Plant and Operations Branch. AP 403. Nov York. N. Y.
I US Arey Curope. V' " I Laboritory. Departsent of M~icrobIology. A•O I4O.US Forces.Sok. , ; York

IS .,rmy Hospital. Cormanding Officer. Fort Lt. Virginia. Atta: Medical Library
I ID Army Infantry h.an Pesoarch Unit. Director of Research. Post Office. Son •0t.

Fort Beening. Georqia. Alto: Library
I LIS Army Ladership. Huran Rosoar-h Unit. ILibrary. Post Cflice %.x W01. Presidio of

Yonterey. California
I t ArTvy Yedical Cot.•nd. %apan. Medical Ceeral Laboratory. f40l9 APO 343. Sea Traheinso.

Callilarni•. Attn: Cojonel Carl r. Toasetr. Cormanding
2 I'S Arty .dical Liaison Branch. Office of te. Chief Surgeon. Corges Nosital. Ibibes

wegto. Canal Zone
I t3S Army 10edical lesearch Unit. urope. Cormanding Officer. APO 10. Noo York, lie. York
I I•S Arty .Vdical Resaarch Unit. Cw--"ndinq Officer. Ponona Field. Fort Clayton. Canal Zone
1 1:S Army Medical oseoutch Unit. Corranding Offlc*r. rart Detrick. brylans
I Lt'S Army Yedical A-search Unit. Comr.ndinq Officer. Institute for Medical osea•tch.

irnain Lurpur. Vt laya
LIS Arny Crdar.co Arsenal. rrankfora. Philadelphia 37. Pennsylvalna. Attn: CPAL,8.1?34/
0-1. Yr. A. Cfarfle Karr

I 1S Army Ordnance Tick.Aultorotive Coo'and. Detroit Arsenal. Center Lit*e. Michigan

a L'S Army Research Cffice. Chief of Research @1-2 NVVlo-nt. N#Fvrttent of the Army.
lashington 25. D. C.. Attn: Scientific Inaor-ation Branch

U tS Ar-y Signal Pesvrch and twvlo;ert Tlatratory. Cffice of the Co.',rnding Offlcer.
Fort zIanrou t! Nose jorsey. Attn: SltrfV!AtT.E

LS Arry SltanardittLon Ccoup. Canla. Senior L'S Arty St'ndrdisatlon Reptesentatie,.g'o U'S Ar-y Attc&.oe. IS rh cs.Cttvsa. bCotoaros. •onaow. Attn! Colcnel Joseph A.
Blair. VC. Yedical L•Uson Cff rer

I L'S Ar-y Tranegortaticn Pesearch Corrnaa. Fort Eustis. Virginia. Attn- Reserch
Aefer nce C" ter

US Arty Tropical Roeearch 'dYelcal lakor'tory. AMO 611. .'o York. .*o York

1 US Comtinoetal Ar:y Corrand. edimcl Section. Fort Vonroe. Virginia
I Saloter Pied Ar-y •rstiSuitt of N'#-searr. ,Ninr*-ent of Ato-ic Ca.sAnlti s Studies. Waiter

Reed Arty .ledlcal Pesearch renter. IAlahn.toa 12. D. C.
3 elter PRed Art-y Institute of Pe.trc+,. Director. Walter Read Arey Medical Coster.

ashimnqtoft 12. 0. C

I Walter P:eed rry A spital, Arty Audiolmgy and Speech Coster. Florest Glen Socties.
I ,ltoer Peea Ar'y Yrdicul Center. US Ar-y Vedicol Service. Historical Unit. Washin•tee

12. 0. C.. Attn: General Peforence and Peeoarch Branch
I Walter otred Ar~y Modicaal Center. L'S Arty Prosthetics Research L*erotory. Ceermodiq

C~ffaer. ).Ishlnqtont ii. 0. C.
AGFECY • US KAVY

2 Purw:u of 11ýdiesnm and Surgery. Direr-tot. fee. irdi Vivisian. Department of the •avy.
W-shington 2S. D.C.



US NAVY -CZ'rIWE

2 Bureau of Naval Weapons f DU -3)1 Dolrtmat of the )hvy. Wtushinqtm 2I. D. C.
2 Bureau of Yards and Docks. Dopartewnt of the fvy. ewahitgtom IS, D. C.. Atta: C"de

0.440
2 Bureau of Yards and Docks. Dkpnrt-neat af the "avy. lashingtom 2L D. C.. Atto: Cede

D)6440

1 Chief of Koval Air "echpwicol Training. US %oval Air Stintion. eot Ie It. Teamosee.
Att-: Staff .vdical Wficer

1 Chief of Naval Oeorations Office. Operations veaiuation Croup. (060=1 Dpeprttnft of
the Navy. 'osshington 2S. D. C.

I Chief of Naval Air Reserve Training. Staff Medical Officer. US Yaol Air Station.
Glenvieo. Ilioias

N oaval Air .aterial Ceanter. Director, Air Crow £4ul•pant Ldboratory. FhiladeJpki* 12.
Ponnsylvania

I Naval ,dilcoal Pomareh Institute. ?atienal Naval N.dicat Center. Temhiceal Reference
Library. Bethesda 14, Moryland

I Na*al Nedicel e eseorrh l,*oratory. Teohnical Library. Cdo 511. Box 100. Naval Submarine
SBass. .ee London. Connecticut

I N6aval Research. Coat 44, Deipartrent of the Nivy. Washingtom IS. 0. C.

I Naval Re•earch. (Cod 408. Special Assistkant for yodical eand Allied Sciences. Deportmaet
of the Navy. •ashinqgto 25. D. C.

10 Naval Research Probeh Office. Corr•nding Officer. vy 100. Ba. 34. rlott Post Office.
New York. NeC York

IS Naval Air Doveloleent Center. Simulation Pranch. AlM.. johnevillo. ptnamylvaia.
Atta: Dr. I. A. trudley

I US Nav"l Air Doveoloe.nt Canter. Aviation sedical Aceleomtlou Laboratory. josmhol|e4
rennoylvatmia. Ate: Libraries

I US Na-al Civil qiuneerlnq Laboratory. Cwraadinq Officer and Director (Wede L3)
Pert flunnese. California

I tS Vaval Vedica! Neiropsychiatric Research Wisit. Som Diego 5$2. Califorlsi
2 tS Novael issile Center. Cmermder. Point Maqu. California. Attn: Technical Library

W Moval Wiediet Fieed m-t.-,rch |aEoratory. Cortnndinq Officer. Canp lAlJfune. North
Corolinto. Attn: t.atrorian

I VS Naval radical School. Cormanding Officer. Natioan Navlva %diaal Ceater. Bethesda.
I try land

I Slivil Ordnance Test Station. Yoedical Officer *Cad* $6| Station Hotpital. C•as Lak.
Ca lifornia

I US Naval Iftdiol oq ical ofense laboratory. Ccwrnnding Officer end Director (IM.S am
rrancisco 24. California

I US NavaJ Research aloratory (Code 5120) Wash•-qtom 2S. 0. C.
I tS Koval Research L.orotory (Code 20271 Director. ioshington 25. 0. C.
2 US Nuval School of Aviation M(edicine . Director. US Naval Aviatioan M1cal Caster - $4.

Pensacola. florida
US raval %upply Research and Deveol aent facility. Clothise and Textilo Divisioe. 3rd

Avenue aed 49th Street. Brooklyn 22. New York. Atta: Librur?

I S Noaval 11apons Plat. Dporirental Diving Unit. Iashington 2. 0. C.

ACLNCY * AIR lOWZ
I Air Force Flight Toot Center. Itusn rectors Branch (F1I7M). ,sarde Air Foerar be".

California

AIR RESIEARC A1)D VDYLOPY'E'T COMM,(AND
I Air Fesearch and Develorpent Carrind. (RCCIIIM Andrews Air force Base. Washington 25.

D.C.
2 fright Air Devaloprent Division. Bio.Acoumtri Branch. Wriqht.Nttersae Air fore Boee.A*i. Atnt: VI•UM

I Wriqht Air Dveoloment Dilviioo. US Air race*. Wriqht*Pattorson Air Frae Ban*. Ohle.
Attat: IV*T (Llrary)



0 C

No. of AIR MACE~ CLriAUE
Cqples

1 Aerospace Medical Lltrjry. Wright Air vvvlcpi•et Divisien ISWlUSI Wright-%ttorsoo
Air Force bose. Chio

3 Air Force (Caoeand and Control Development Divisiae. Operatiomal AFplictions Office.
(PiJ!) Louvncoe G. Ilinsco. Field. Bedford. Massachusetts

1 Air Force DiPrector of Posearch and Tochnolcgy. L10 Air force. lisbinlto. 2S. D. C.
Attn. NIWTW

I Air Training Commond tATCSCPt Rmn.dolph Air ralO ne. 3 . Tenmo

2 Arctic AUroedical Laboratory. Cbrrander. APO 731. Seattle. Washinqton. Altt: Liblivry

I Assistant for Cround Safety. DMP. Headjlart.ri. W3 Air Force. Washingtoi 2S. D. C.
2 Frooks Air Force School of Aviation Yedicioe. ISAW"-Pl. Brooks Air rsrcý. ban. Team

3 Laoley' Research Center. .ational Aeronautics end Space Ad*.inLairation. Langley Field.
V rgania. Attn: Uirarion

I LIS Air rorce Aeroa•ace YVdical Center. IAMC) 1U Alr rote* Hospital. LckJoand Air Force
Dose. Texas

I LS Arry Air Wefente Corrand. Comenond Surgeon. Got Air force *s*o. Colortdo sprimp.
Colorado

1 US Air force Strategic Air Corrand. Offutt Air Force Bse.. Nebrasea

M17ANN~I7TAL - AGF2CIES
I Arwoine National Laboratory. 9100 South Come Avenue. Argoene. Illinois. Atte:ian lane D. Young

1 Central lItelliqgnce Agency. 2430,E. Street. P.W.. Washinqton D. C.. Ant.: 1231 N aow
S Puilding

I Chief Nfense Atomic .%pport Agency. 1,tshingceo 2's. 0. C. &Its: Dftuont Library Or

I Civil Aeroardical Research Instituteo. Federal Aviation Aqoncy. Post Office Fo. 101N
Okihoma City. Cula:IOwe

1I Llkrary of Corqress. Science and Technology Division. Washington IS. 0. C.. Aton: Vr.
A. 3. Jacobius

I Mtlonal Institute of Health. lUbrary. uildilng 10. PA" •NI10. Bethesda 14. lierylaed.
Attn: Ac"uisitions Sectiao

I National Library of War<didine. It~shinqgon 2S. 0. C.. Attn- Acquisition Seettee

I National Institutes of Health. Division of Research Grants. Information Ufice. Dotheodo
14. yaryland

1 tionl R-s,.Vrch Council. Division of 9oedical Sciences. Medical R•cords. 2101
Cr,asltiution Avenue. X.O. Wtshington 2S. D. C.

OTHIR ACOCI5E

I Arctic Health Research Center. Library. 3.n 90. Anchorage. Aloeol

2 Aero.Sr-e Division. Chief, Space Yedicine Section. Boeing Airplane Corpony. Seattle 14.
Washinqgon. Attn: Dr. Pornoy H. Loary . 1119.229

1 oeeinj Airplane Coeipany, Library. Wichita Division. Wichita I. Itansas
I &wPinq Airpl.rn .rCtanny. Cetiro)l '¶di~co1 lbrary. Box I1. 40 Post CfMice Fox 3701. Seattle

24. Washington
I Chrysler Corprotlie., Bn 1lt@. Engineering Research Department 931. Detroit 31. Michigan

Attn: John Versace. LEqlneerlng Psychologisc
I Division of Radiololical Health - IM Depatrteot of Health Mducation and Waelfre. Re

$1529, South H71 Building. Washinqton 25. D. C.
1 Ford rotor Coempany. Technical tnforeation Se.tion. Scientific laboratory. Poet Office am

2053, Dearborn, yirhigao
J Ceneral rictric Coepiny. Advanced rloctronlc Center. Cornetl University. Ithaoa. Now

York. Aten: Ubrary
I Ceneral r.lectric Cocpany. Technical Military Planning Operation. 735 State St. Sa&nt

Anrlnra. California
I John fr.rar Library. 06 rast hlndolph Street. Chicaqo 1. Illinois
2 Kings County Hospital. Drpartennt of Anesthesiology. Brooklyn. He. York. Ants: Dr. It

W. leitIner



No. of OYrN AGMIEI - GfTIMMU
Copies

I lackown vcspital. tivislos of 1'I-soarcl. tano sior and City Lime Awvgine. Piladfodphim 31.
vannsyiv~uid

*70~ Clinic. P~tow1.~. leis.zsome Atta: Dr. Yrnafitk X. Oji.. rocticas of HI.1 Aysics
I Vp#rCy P60Fitul. Anesthesia PtSOOrCil IAbzoftroty. Pktt&!:argb 19. !Onsdy1wdal
I Notistal Aereonuticsantd Space Mdrialstration. 1520 0q. Str**t. 9. W.. b1cahintom 25.

D. C.. Attn: B.uzra A.Vlcy. AssatDrcorfrTa~ciIfonorsiion

Ae;.i.. S7.& wiformis
I Systo-s P~se.~rch Center. Locki~.ed Electronics Cw-teay. Post Mf ice Box 37. DO&NInz tor.

%*a Jersey. Attn: Mr. Pckwrt E. toter
I , ork., WccrdtorieO of Prlrzto Pioloqy. Incorporated. OC,7Ng Park. rlorids. Attn., A.

YM"~CAL MLLCLIIOULf L1!PARIFS ANMD 1ITAPM?2LMY3
I Ailkay v-cieo1 Cci leg Library. %to fcotland Avenue. AlkorPy S. Now York
I tea-2n Cray. SWool of 3'edeimqna Lbrary. WinsaatoSelt. Ccgth. Carolina
I Proan Utlv~rsily. Prcvlo~zft 12. Rhaa# Island. At:,, Professor !Arias A. lial~

I !roar. rebtorsity. Prowleonce 12. M~odo Island. Attn: Vrof. iboreld S Zibr.Consultant
I i; of !:clcdi" FvN.Ilsts. That@ Yo-trial Voolicsi Lhke.ry. £120-p!ooklyn Avenu..

los AftgeIee 3). California
I Co~ll.;. of V..iicel Evin~olists. Vernier Mancliffo Vv-trij) Library. !tO~ Liu=. California
I Co~l~t; of Frvsicjow e Mi faidpl~hiph. UIYryr. 14 Zcttt :-:a Stress. PtAlucsJFio '1.

I Ceprtiba tnivorsity. :a,;%r~tvos of Ps~cehoogy. %*a Tý,rk 27. sove York. Atts: Dr. C. H.

I CehZuklz Vaiworsilly VdIleul Littery. G60 'oat 109th Street. %*a York 37. Nos. York
I Crotzll Vaiversity Ycvdiezi Coil.;. L0i rzry. I3OM Yark Aweruo. ':.. Ytrk 1., Ne. York
I cr~i;),:cr. 'nUvtrsitv. SýO~ical.Fnar,znci Lib~rary. 14.1 Mae.o~ ke. 2. '.2rusie
I 'a"u? Cozj1.;* !4-ical Library. rakepr 3lualairq. ItzrCTOr. N... H2ipaklrg

I ivrvesity. Npartto~t of l'syci-olog. .Atlotnte .~r~s Atts: Dr. tar) A.

I ri~ra2 stito -tiv~rsity. r-icrtrvot Psycrholy. T-jiutocs..#. Vlori*z. Attn: Dr. v..
9. ',ao

2 !brshl.. .. e. t- w.!rrity. Hfuzn '4#a?¶Jrcv& N..,-OTch Ciflev. PCKO. Pon 396 foaiin~tom
7.'D~. C.. %.ttn: Litrary

I l~ririor Y*--Llc Libkrary. 2S Ssdttuek Street. Naive IS. Vcassarbusetts. Attn: Libraries
I Vorvar-: gecacl of Nblic weoalth. Dvurtroat of rpid.rlology. I Shaittuck Street. Postes

1 Is.!a ct Vt.ivosity. !?.prtreat of Psych~ology. Plooreivten. TnoIicn. Attn: N'. R. C. Dsub

Att: Ie. lari. 3iUa-acker. Jr.. Po.of Sur-pry
1Iz100222 ru-Ilorsity. Aaotey.FhYsboloWy Npor:".nt. Blce-vogtan. Tralono. Att-: Dr. Sid

Itabiicaos
I .!ffror go, dsIe College Lirary. 102S Walnu~t Street. RPhilaol.p'ie 1. Fenuusylv:n.ie
I J:u rs Fqkirs teivorsity. Welch. Ve.dActs Lib rary. isco r. roproint Street. Boltivr.r G.

lirwylur. I~tt0 Lilr tria.
I Kar-s22 !-:*+ 'Itivomshty. :*Art.-rOn: of rsyc+.oioqy. Otst12 atos. Atta: Nr. William

i "lv-i. Cl-n irr-zm
I '%r;iuete vev-ricay Yoi ont3 We~E 4rnry. W~O Northi 10 Street. V~l.o1ka. 3. tisconasi

A:L:~rra

1 61ealc-ui c'Ilvp; of Virginia. ToF-;kinsm.'cn Library. PICII.Ord 19. Virginia
Attn: L~brorias



~io of XM.IJGAL LFCVXZ!S0_'0L LIhAPXM M~D T-AYMI'NTS W67'TNUM

I roe. York Acarovy of V..~icine. ULtrar. 2 rC-tt 1103ra Stre.t Nts York 29. No~w York
I %to. York University. ro~eg .r. f lreginiserit. Fies-irct N~vixion. 2S2 Seventh Avenue.

if.. York 1. Nes tork. Attn: As~ori:tv h~oc tirector

A Soe* York snav~rity %,mical Centpn. Voi.te-! ULirary. SS) Firit Av~a,,j. %we York Is.
Sea York
I Ythestorn IVAivvrsit!y. Y!Rctom, fP'hly Evanstci. Illirois. Attn: M~ucs
A. must

I Xor ths~stern University *ýcie,21 Scdool. Xte1ikild i.urcii UMr-iy. 303 E. Chicago Avenue.

I CMie Stat, rl~nvorti -r. -4@ QIAeici Allatrzets Service. f'olia~us 10. Giio
1 O.io State 1?,avvf~iiitV. )e4-r&,.ter. Tsrv zii-isvIcs La~ornoxry. 1314 Kinnear !"Ood.

col"Lkus V'. ca,10
I Chi*o State Vnivt.rxity. TCq42 lj.ZrtOr. Sdcloel of Crt:,etry. 338 lost 10-h Avenue.

eolu-kus Ia. agei
I push YePdijjz College Lgtrzry. .1 W 11-st Hcris-.z Zs.re~. 0.1 1p2. Illinois

I Stanfoad Vaivoroity. lot* 1'am ljtrM. JJD Pat.ar !id tzob Alto. Callfornia
I Stanord era iversity. 4'Pprit-t sf PtyeidJov. f!t~fzrd. Czbiforria. Afts: 3. Y.

I St. Louis Vniveroitv. '%.lical Sc'otJ ri~trv. W42 Southi Cm~a !IT-. St. Louis 4. Va.
I Etate Vaivorsity of ?Tom. C*aleq- of V-cebdn lafrcry. W.iicel L~atotories Nailaing.

I St.:tp Univ.rt f ns..t I t -mirl ",eiter. Te.'arte~nt of Anesthesiology.

I State tVnivrrsitv of !.e. Y~rk. 7ersote -:o rntr A14-lcal titrnry. 430 Clarksou

I Tells eicaim C-nter Likany. 'ýs R'. 3ce.*m 4*ar:rw oiy Pmsbtoa 25. T-mis
I ~Tufts I'r-i.roity 72nstitute ftt A.4jiea4.r1.*a rpuy~lot. ý YUsslchusvtts

I Tulane Laivorsitv Sr4.ze1 Of v+i~re IV: %I.= Arwnuf. Nee. Weicrs 12. Louisiana.
Attn, :r. G. t. Puteý. yn:-!+sstr of t~sieazw

1 Vanm-rtilt Vnivorsity Sc'-ool 51 V.io. a~v:1I* S. 'Tezrotsse. Attni: Lt. Gsorq9 R.

1 lost Virgir.i: Urvrz.esjit. Vtitml 3e"n..r1 . r;2ntcsn. test Virginia
I1 tniv'-rsi t of A11:1 =a. 11I ztr#.Mh ~v'. ~~t.3. Ai~tira
I University of Arir-sas. %*-:so-- coztor L--nr~rw. 4?,1 Volt V~arkH~. Little Pock. Arkansas
I Vaiv~rsity of Piffabo. t~akfciettv Lj~rarv. &H.10fsb 14. '*a. Y~rk. Atti: itzrnririn
I University of Mh,1fal. e*;Crr~e~t of Psý-zq. '46.ff.lo 14. *;*% York
1 1.ziversity Of ColiftrnzI V.'aicl C-nter. Pawiaelrn Librtry. Los Arneles 24. culifor"Id
I VvIvermity of ýý*lifcrtiu 1311 3jotb 45tS Stzeet. Rirw 4. rilificrcia. Alttn. iv

[Wers. !tvsnaret Thojtct cil

I Uuiverslty of 0--P U.S. Air Form %:iT17a Lvrztt~ry. ?30 i6th ptreet. Chicago
3.Illinois

I University of Ci~iri.,iti. i~t~u;Lýctar .raon .teo .1vernex. cinejmati
19. (]hio

I UaivTorsi tiof rlorica. CnUler of Vedirzoc. :q;-_t1.nT of Rtysilogoy. 'rairsnillo. Florida.
Atn elvin J1. Fre'hiy

2 Univorsity of Illinois. 34:'a~o ~otv S S. 0aoo Street. Chicago 12. Illinois
I Utiversity of Mlinois. 7IO~irO- Ros-ard 4rr-:trw. 'evirtreat of Psychology 45

Liocol. H21l. Vskon. NlJirozs. Attn-:4sro" . Stoluto.
I Umiversity of IllinoaIs. l~et iuisits julrors.. Urkoaa. Illinois
I University of Fonsas Vir,23ml Center. C`len#,jz niodiftlf Library. fransas City 12. Kanaso
3 Unversity of Loujsvzle. ?rciD*J of Veddirine Lihrory. 131 W. a..stsnit Street. Louisvill&

2. Yoentuckr
1 Uvorsity of 't'flth. Sciences jh:irrv. eis rat#t.IISuhreo

street. 11,i1ti--i" 1. V:1Vln eilstr4or~.Il ouhGen
1 nivorsity of vichiian. F.rials and I'oc-.sens fection. *vnerml Uttarr. Ain Arbor.

vachiqaus



%V. of "WICA1. ML1DXSMN LA-BUNIE MV AD tPAlR-C'7L-M Cfl.TINJV
Copi..

I tzaiversity 4. V"=esta Lacrzr. Seri*]* '"ivsion. riwv.apoix 14. Yirnosoto

ITz4T. it of Vi~smrj. 7..d.caJ ULicev. IR-Aml 20 Ypejcal Sci.eicwv MUlai~q. Colurkic.

Ir!,.1W.?5itv tf %e~mz College of occm ilpry. Cand a= Deseo Avenue. Omha S.

IT~4Y4YE&2T of ! C:rQ~Ii=. 4"ivtxiom ef Micith A ois kzry. 2Kort% 02rojins.

I ',_itst o!~ INrt± C::Oilt. :e*-cr~f4m! -.f ' ;S .OO cod Low forwsatl

I flv~rtf 5--7" Z ~]~. ,-.. of Whojo?3v &oI of !4.CiCln.. Coa;*1 mI~IJ.~~n- ~ AZ..m: A. T.v: 9. Jr.
1 ofi~ ci ew.mt= - V:z:I C'.g r. 6-1 1C. r.. M!3t Str..t C.e',C-bra City 4.

!7LvrLCsitv of Crg;c Y4::cml Fcltt,3 1l:2tiy. Portlcrtý 1. p. Attn: LL-rcrica
7! !F#-Xill :, 74 -. r#. Fzlk -~rr. f lte 'mec!thl pr ýOxiai. Fi~tabuqh~. P2

"TI ?4vi~5iT Cf ?Jr.rr. zui .. : fp~lic iUeWI*.. rittaktzt# 1.3. Pennylvania

Vtliw~rsj-v fI Fr:.~ ic !*-.i 1aect. tUckrim ?epc. t Czttrol Vait. P.O.Bo

"1 tziv.si~wvi tf -T Sc-t:j c-i .,-vassvt. 740C ritt.o-oe- ýc~levlrs. Rolsr N~."

!.e.Y-r Aim- 'I. ?'2VL. F.B. r f.v S-.rTT'

-ý4-8~ e f ef w:.=i'-- y. :Cr:s Zo-.c Avne Los

-~I -alt:i~w :f Srýt 'ei!2 Lz~rry. 7~.tli.Scvlrh !6cote

I ~ si~ ~ ~ of I Mvi-.riirz:3 7llricvv. IrstitVuto of clinir'zI

I 'C *~ w :q::,*r.v of S=,,rI ogoy. F~:wvlp Te.ýes Attn: D.

"1 i+ :i~*%;i el 74vs-- 7 .zs. Attn- Libroriaa

1 ~vei~of &AT~ !.v :c!i.~I ot city 1?. ~Vta
= ~ S~?e;.:..:o ~ ~ :.:zrztcrt.v v '1.C~to~51. Vir;iniu

~ ~aw:sw f ý v3~ f !4-iý# tLiriry. rve. T~.rot

tz"iver.ilr of S&i--:*. I A .rv-rv. F*'.tvt!4 S. iz.!i~qtoH. Attn' Li~rcrizz

I 1S132Tf AIj~rtjiz V.P#iml sr-.c1 U nt Y? . Inzrttr St. !Amzison f. via

I t~..tstv o l±-~s~z. Tro Jo Ic -stracts. 0~C N. Po-rk Etrti~t N.3isoz S. Wis

I _2itstýzav. Ziwz~ff ' !!it*. Am.- Lf:v-tI..is:2a Cfficwr. semivir rTt1iin statits. post

I Lru~Z-~~:o i~isv, Cffic~r. ?rlitsý Arry 3*2ft. FritlAb £r~cmy. izsbingtomt *.

I: rb-%-j%:v wt Cffio.* of . rppm Geo~rrl. ".-c AMo. Powe 1709A. Vana 'Covy

* :.f.?e 3~: ý .~*. PlmzOj= 7alct F2ff. TM3~ !%o-cuzetts Avernue !N.V..

I I~ ~l!o ~~ 1?re:.'fJ VWotsttV of 4*fr~hs.. 12sinctes. D. C.

* :o!Jv:::.1-.:*. ,r:--: ~ roi~ir Sto ý *. S.e:en. Attn- Dr. Jou

1 ~ .~ ~ ~ri1.. r L9VTLO 10Constitutimu



I oov- ruivtrsy. Niepatret of 14aw Anatpry. Smth %rks Pood. Clkazd EvIud. Attm:
ZT. A. .1. li~

1 CM00 of '.ýe r.t'ritd States AMiv Attache. Areriam I h. Toz.ln Servicesot .: T
tmit*,d St:zt~ of Am.rica. ioznaan. ErIqnd. Attn: As~istant Atty Attache I.Mdiomd)

I Ama SIkioty of V,-w2iija Liercry. 1. lispoI. Street. londo W.I.. rxlnd1

1 -v~siT2 Di Pisa. Ins1tiztut of flysloiogy. Pias. ltoJy. Attu: Professor Cisar.p

2 Vziw~isil.r of t.'z?ef? ec-tmr1. :I-pcrtvimt of Pie.isuivs. *Wý--Icul Schoo3. Soutih Street.
L~~oo.4)~;o Q!. czio. Attn: Dr. AJJen C; tuxtam

I tlz-r+S~lt! zf ges!*rn f:ario. 0-f-ical Sch:oo. Dvýrtmezt of PAysiaboy. L~du C~jre
A v'. Fui-lysaer 3. A. F. .Steweasc



. . .. ..

* ~ ~~~~ v 3-4eI a . ~
U0 a. :-a- t c -a --aga 0.. c: r-un. . tte

Lea.:!.Z- ~ VIC a-5 U 2

05 U-S a. a -- . 0!-, U.

Z~50 b as a C, i -*ga

a U0

-~ ...

-. t-o~ 3.s 0

* *0 .4 T vxf a: ~ *- - L5-
* ~ ~~ ~~~~~ a NCO. @ -u a& F.u - - -*

4.1. 1.. i.
s2I- -0 C- . - Jr D-

*~~~~ c 0 e .a~*

*~ -~ C a-

* ~ ~ I.-.Z "D a a- .- I a a--

* 42, a-1 tat --- 3 *2 0
a * t-t% 0; .C

1.C.... O ...ta 3 aS
'2 -6 05 6 0

* - ~ ~ r CZ Ii6.. .

Z a

******e 0 5 * ** *.* S*.* * ftz:0 *.-- a~ e S .5 0 0

*C S a
.. ........ oo .. 5-.



4

(�>1

4/

at

/

/


