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EXTERNAL ENVIRONMENTAL FACTORS AND
o HOST-PARASITE RELATIONSHIPS

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

OBJECT

To determine the role of external ervironmental facters 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 of the nasal flora characterized
by an increased recover; of pathogenic and potential pathogenic rlrains
of staphylococci. The number of carriers of these types of staphylococci
increased significantly in the group of soldiers undergoing artificial ac-
climatization to heat. A simi'ar group of soldiers serving as controls
experienced no comparable changes in the carrier rtate,

CONCLUSIONS

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 humans.

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 HEAT ON THE
- NASAL CARRIAGE OF STAPHYLOCOCCI

L INTRODUC TION

The role of nasal carriers in the dissemination of staphylococcal
disease among patients and staff personnel has been studied extensively
within the semi-closed environment cf hospitals (1-3). Although much
valuable epidemiological information has been derived from such in-
vestigations of the carrier problem, little precise information is avail-
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 corzidered
as a special and often extended phase of the classical relationships 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 aa well as to other patients (4-6). In the case of
staphylococcal nasal carriage, however, the ¢lassical concept of the
host-parasite relationship 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 disccunt
completely the role of external environmental factors in the establish-
ment and maintenance of the staphylococcal nasal carrier stare (8-10)
although correlations have been establisked betwween external environ-
mental factors and the incidence of some viral diseases of humans {11).
Changes in temperature and relative humidity have also been shown to
produce local alterations in the normal nasal microflora of mice {(12).

The role of external environmental factors in host-parasite rela-
tionships is difficult to assess and the correlation of 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 oppesing forces of host
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and microbe immediately prior to the appesrance of overt dissase, it is
difficult to understand how the outcome of these imteractions could be
completely independent of the influence of exterral environmental factors.
Thie is especially true when such fictors 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: ex-
ternal environmental factors, ambient temperature and rulative 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, B2d 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 SOLIDARITY in
the Canal Zone during February and March of 1961. The subjects
ranged in age from 18 tc 34 years, with the average age being 22 years.
Soldiers with records of hospitalization within the six month period
prior to the study w:re not accepted as exper/mental subjects. Upon
their arrival at Fort Knox the soldiers were divided into two groups.
Nineteen enlisted men were piaced under the supervision of a non-
commissioned officer and designated as a control group. The remain-
ing 20 men and the officer in charge were ylaced in groups to be artifical-
ly acclimatized to heat. o -

The initial laboratory phase of thie study began on 23 Jahuary and
continued until the departure of the soldiers for the Cansl Zone on
17 February 1961. Participation in OPERATION SOLIDARITY by the
soldiers covered the period from 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 concerring the distri-
bution and types of staphylococci being carried by the experimental
subjccts were collected during a three day preliminary control period
(table 1). Both groups of soldiers were exposcd to a strenuoue exercise
regime in the climatic chambers at an ambient temperature of 65°F with
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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 daily 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 moved
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 cdllection of
preiiminary control data. Exposure to 105°F was followed by succes-
sive three day exposures to ambient temperatures of 110°F, 115°F,
and 120°F with relative humidity valuen 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 85°F and
46 per cent relative humidity,

Standard stress tests. The progress of the-experimental group
was assessed pericdically by a standard stress test conducted in a
climatic chamber with an ambient temperature of 110°F and 46 per cent

~ relative humidity (tahle 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, 5 miles per hour. During the tests physiological
measurements were recorded every 15 minutes. Approximately 2.8
miles were walked by each uoldier during the 48 minutes spent on the
treadmill,

The brief exposures {tatle 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 durtion to produce a significant
degree of acclimatization based on physiological measurements and per-

formance tests.

Collection of nasal cultures. During the preliminary control
period nasal cultures were collected from each subject in the control
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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 1). Deter-
minations of qualitative changes in the types of staphylococci composing
the nasal flora were based on the examination of the pooled cultures
from each group after each exposure period. Changes in the carrier
state of individyals within each group were determined by examination
‘of all cultures collected from eack subject 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 I, 100 nasal cultures were collected
from the members of the contreol and experimental group during the study.
Sterile cotton swabs moistened in sterile water were used to collect the
primary cultures. The swabs were inserted 1 to 2'cm into the vestibule
and rotated against the septum .and 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 1 per cent non-fat milk solids. The milk solids
were added to enhance pigment production du.cing initial isclation. 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.

: Colonies producing orange or yellow pigment and fermenting m annitol
were picked from the plates and transferred to culture tubes containing
trypticase soy broth. These broth cultures were incubated at 37°C for
24 hours and morphology was checked by gram staining.

Coagulase production by pigmented mannitol-positive strains of
staphylococci was determined by the slide technique. When the results
of the 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 claseified as coagulase-positive reactors. Strains producing '
cozgulase were transferzed to trypticase soy azar slants for storage
at -10°C. . ‘ , ‘

) -Types of nasal carriers, Fos the purpose of this study an occa-
sional nzsal carrier was defined as any individual who guve only one
coagulase-positive culture per experimental exposure. Individuals who
had a scries 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 takea throughout the entire study.
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P . Airborne contamination. -Airborne contamination in the climatic

" - chambers was estimated by ths particle fall-out method. The method
is based on the fall-out rate of staphylococcal-carrying particles onto
the surfaces of petri plates containing mannitol-salt agar. The number’
of staphylococcal-carrying particles settling out of the air in one min-
ute represents approximately 1/12 of the number of such particles per
cubiz fcot of air above the plate (9). Counts obtained from fall-out
plates are not absolute values, They are, however, satisfactory for
cvmparing changes in the airborne contamination of rooms under similar
flow conditions (table 2).

Statistical analyses. The chi-square test was used for comparing
exparimenta! 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 (fig. 5) the means of re-
covery rates for coagulase-positive strains of staphylococci from pig-
mented, mannitol-positive isolates were compared for significance by
the Student *'t" test.

WL RESULTS

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 groups during the study. Within both the
control and experimental groups there were significant increases in the
recovery of piginented, mannitol-positive strains. Toliowing the re:wury
of the soldiers from the Canal Zone there was a slight, but insignificant,
decrease in the recovery of pigmented, mannitol-positive strains from
the nasal cultures of members of both the control and experimental
groups.

In the control group the distribution of pigmented, mannitol-

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 cbserved in the e~
perimental group {fig. 3). 'n both groups the increased distribution of
pigmented, mannitol-positive strains isolated from primary nasal
cultures was accompanied by a cimultaneous decreased distribution of
non-pigmented, mannitol-negative strains.

Recovery of coagulasc-positive strains, The recovery of coagulase-
positive strains of staphylococci from pigmented, mannitol-positive

5

N




- . -, PR — - — i ST P,
Ty .—,4-:.,...,-..‘..-7,,.—-— T b o e L ey St AT ) ¥ zv' «

X HaP r-vw\.n..<-,-m-p-n rwo—-‘u
SRR e R
3 ﬂ R A PO - e b e

rogr ® . - 1o -
. : cfve, o .--,_.A .y i Ltk Py

< LTI ik ."-

v Mu&.‘.‘u ‘.ﬁ.J:-.‘-A- 2

il Xy -

primary isolates is shown in Iiglx're 4. In the control group the distri-' '
bution of coagulase-positive strains among the pigmented, mannitol-
positive izolates did not become significantly different from the distri-
bution observed during the preliminary cortrol pericd. Throughout the
entire study. however, the dxstnbutxon of coagulase-positive strains
tended to incroase.

In the experimental group the distributior of ceagulase-pusitive
strains among the pigmented, mannitol-po.,xtwe primary isclates be-
came significantly different (x2 = 5.76, df = 1, P'> 0. 02) from the
distribution obaserved during the preliminary control period follawing
exposure of the group to an ambient temperature of 115°F with 37 per
cent relative humidity (fig. 4). Following cxposure of the experimental
group to an ambient temperature of 1Z0°F with 31 per cent relative
hurridity the mcreased distribution of coagulase positive strams became
highly significant (x2 =11,57, af= 1, P > 0 01).

After the return of the soldmrs fr.om the Canal Zoune and subse- .
quent exposure to an ambient $emperature of 110°F with 46 per cent
relative humidity cultures fromn the control showed a slightly incréased
number of coagulase- p051twe striains (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 umbient 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 incrzased significantly (t = 2,69, df = 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 firat and second exposure

periods. Following the third and fourth exposur s 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 atudy.

6
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In the experimental group the number of all typee of staphylo-
coccal carr.ers decreased from 29 to 25 per centfollowing the exposure
to an ambient temperature of 105°F with 56 per cent relative humidity.
Follawing exposure to ambient .emperatures of 110°F and 115°F, the
number of all types of staphylocogcal carriers increased to 67 per cent
and remained at that figure durmg the rest of the initial laboratory
phase of the study.

Following the return of the scldiers fro:n the Canal Zone and sub-
sequent exposure to an ambient temperature of L10°F with 46 per cent

. relative humidity thcre was a 17 per cent increase in the number of all

types of staphylococcal carriers to 42 per cent iu the contiol group. The
number of all types of staphylococcal carriers decreased fiom 67 to 35
per cent during the corresponding period.

Persis ent carriers. The number of persistent carriers of
coagulase-positive strains of staphylococci in the control group 'ncreas-
ed from 10 to 20 per cent during the initial laboratory phase of the study.
In the experimental group du. ing the same period, the number of per-
sistent carricrs incrcased fro 1 9.5 to 48 per cent.

Upon return of the soldiers from the Canal Zone and exposure to
an ambient temperature of 110°F with 46 per cent relative humidity the
number of persistent carriers in the control group incrcased 17 per cent
to 37 per cent oi the group. In the ucclimatized group during the second
phase of the laboratory study lhe number rf o ersutent cartiera decreu-
ed from 48 tc 25 pevr cent.

Air contamination. Estli..ations of airborne staphylococcal con-
tamination in the control agd heat chambers, based on calculations
from fall-ou® counts, indicated that the rooms were com.parable in this
regard. Both chambers received filtsred outside air at an exchange
rate of 1000 cubic foet per minute., Tais exchange rate produced a rapid
removal of particles and resulted in a stabilized fall-out rats nhortly
after the exposure periods were started (table 2).

IV. DISCI'SSION

The effect of stressful climatic environments on resistance 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 staphyloccceal carrier

7
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" ‘state lies in its potential reiation 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 Il was Staphylococcus 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 crosa-
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 sourcer of their own infections (6,10, 19-

22).

Despite the recognized importance of carriers in the disseminatioa
of staphylococcal disease, very little precise informatiua is available
concerning the factors involved in the establishment of the staphylococcal
nasal carrier state. It is difficult 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 ltzphylococci can live and multiply on the

. ; nasal membranel.

With regazd to the microbe, there appears to be differences in the
ability of various strains of staphylococci te colonize the nasal mem-
branes (23-26) as well as in the cohesiveneses exhibited by various types
of staphylococci present on these membranes (i)

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

In genesal, however, the influence of external environmental factors -
has been ignored. in studies of the host-parasite relationships as exem-
plificd 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 secretions of mucous membranes during changes in temper-
ature and humidity (14, 28), and effects of changes in temperature and
humidity on the virulence of staphylococct (29).

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 and maintenance uf the staphylocaccal nasal carrier state
in an non-hospital population. All of the recognized variables that have
complicated previous studies of the carrier state cenducted 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 temperature and
relative humidity, influence the staphylococcal nasal carrier state.,

From the standpoint of the parasite the influence of increased
ambient temperatures actompanied by reduced relative humidity was
expressed by changes in the distribution of staphylococcal biotypes
within the nasal flora. There were significant increases in the distri-
bution of strains with biochemical 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 pathogenlc staphylocoeced
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 tlie establishrnent of 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 -
varfable 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 staph lococcal nasal carrier
state, we feel that the confirmation of the existence of external environ-
mental influences on the carrier state under controlled experimental
conditions is hnporta.nt 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,

1/
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including ambient temperature and relative humidity, influence the es-
tablishment and maintenance of the 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 staphylococcal carriers also increas-
ed in the experimentally acclimatized group. Nc comparable changes
were observed among cultures or carrier rates obtained from the group
of soldiers that served as experimental controls. The implications of
the findings 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 potennally hostile climatic
environments, :
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US Arzy Wedical Retearch Unit, Corranding Officer, Ponang Field, Fert Glayten, Canal Zone
US Aray Medical Pesearch Univ, Corronding Of ficer, Fert Detrick, Marylane

US Arsy Yedical Research Unit, Corminding Officer, Institute for Vedica! Nesestch,
Kusle lurpur, Malaya

US Arry Crdnarce Arsenal, Frankfora, Philudelphia I7, yleania, Actta: OPLBA.17
ﬂ-l.y ¥r. A. Charles Xare ) acelphia Pemeylrania tn w

IS Arey Crdnance Tirk-Autorotive Cor=and, Detroit Arsenal, Center Lire. Michigon

US Arny Research Cifice, Chief of Research eng Dwveloprent, Defartrent of the Arsy,
!uh{nqton 25, D. C., Aten: Scientifice lnlurral:on;ﬂmnch Fe o arey

US Arry Siqnal Beseorch and Pevelorrert lotnratory, Gifice of the Corzanding Offlcer, -
_ Fort Mmzouth, Nee Jersey, Atta: SICIVAUTE

LS Aery Stoncardization Gtaue. Cancda, Senlor US Arr Smn&crdlaauoa Repiesentative,
€0 US Ar=y Attecte, 1% F-tessy, Cttasa, Ontario, Ennam. Atta: Colcnel Joseph R,
Blair, ¥C, Yetical Ligison Cfflcer . .

o-'-o—-—————u--u—.t-w-—ns

1 US Aery Trarsportation Pessarch Correndg, Fort Euatis. Vieginia, Atta: Ressarch
Reference Center ‘

1 US Arey Tropicel Research Vesical Letorstary, ARG #31, New York, Nes York

1 US Continental Arcy Coreand, Vedical Section, Fort Yorroe, Virginia

1 Balter Peed Ar~y Tratitute of Pesearch, Deinrtrent of Atoric Cuavaltiss Studies, Salter

' -~ PReed Atpy Vedical Pesearch Center, Washington 12, D. C,

3 Folter Reed Arzy [nstitute of Pesecrch, Director, Yalter Reed Arcy Vedical Coeater,
Sashingtoa 12, D. C

1

- Salter Reed Arry g«pnel. Acey Audiolagy and Speech Center, Forest Glen Secties,
- ‘th‘“(ﬂ. p. C.

1 Salter Reed Ar-y Yedicul Canter, US Arry Vedical Service, Hlstoricel Unit, Sashingten
12, D. C., Atin: Generol Pelerence ond Pesearch Branch

1 Solter Seed xr.-{ Vedizal Center, LS Arry Prosthetics Research Laberatory, Corrending
Clficer, ®shington 12, D, C.

AGENCY « US NAVY

Bureru of Wedicine and Surgery, Ditector, Research Divisian, Departrent of the Navy,
Sashiagton 2%, D.C.
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US NAVY - CRTINUED
Ne. of
Coples
Bureau of Naval Weapons {DLI -31) Dejarteeat of the vy, Sushingten 25, D. C.
Na-::oof Yards end Docks, Departesnt of the Navy, Washiagtom 25, D. C.. Atta: Code

Bursau of Yarde and Docks, Dupirtaent of the Kevy. Voshingtos 23, D. C.. Atts: Code

op
2
2
2
1 Chief of Naval Air Technical Training, US Maval Air Station, Vesphls 73, Tenmessee,
Atta: Staff Vedical Ufficer ’
1 Ch%:: ;Lw::'ﬁon;:;;o;;.ogig. Operations Evaluation Crewp, {(OpOXX) Depsctzent of
1 Chief of Naval Air Reserve Training, Staff Medical Officer, US Naval Air Statien,
Glenview, filinojs
1 Naval Aiz Material Center, Director, Air Crew Equiprent Laboratory. Fhilodelphie 12,
Pennsylvania
1 Kaval W dicol Research Tnstitute, Natienal Naval ¥edical Ceater. Techmical Refersnce
Library, Bethesda 14, Maryland .
L Naval Vedical Pesearch latoratory, Technicel Litrary, Code SILI, Box 100, Newal Submarise
- Base, New London, Connvcticut
L Naval Research, Coae 454, Departeent of the Kavy, Vashington 28, 0. C.
1 Maval Research, Code 408, Special Assistamt for Vedical end Allied Scliences, Departmsat
of the Navy, ¥ushingtea 25, D. C. '
0 Naval Research Praoch Office, Corranding Officer, Navy 100, Bex 39, Fleet Post Office,
New York, New York
1 US Naval Ale Develogcent Center, Sinulation Nranch, AIL, Johmaville, Pennaylvenis,
Atta: Dr. ¥. A, Bradley :
1 US Nawal Alr Developrent Center, Aviation ¥edical Acceleiutlon Loberatery, Johsoville,
fennsylvanie, Atta: LUibrarias
1 US Nowl Civil Engineering Laboratory, Corraading Officer and Director (Code LR}
Pere Husneae, California
3} Us Navaol Yedical Neuropaychiatrie Pesearch Unit, Sam Diege 52, Califeruie
2 US Nave) Missile Center, Corrander, Point Mugqu, California, Attn: Techmical Library
LI US Naval Medirol Field Resmarch lakoratory, Cacvanding Officer, Conp lajeune, North
Carolins, Attos: Litrarios ‘
1 s .‘lavﬁ':edlcnl School, Cormanding Officer, Natioma] Naval ¥edical Conter, Bethesdn,
1
]
1

1

Wary , ,
. U8 Naval Ordannce Test Statlon, Yedical Officer {Code 88) Station Hospital, (hina loke,
Californie . .
US Naval Midiological Nefense laboratory, Comranding Officer and Directer (222). Som
Francisce 24, Californie
1 US Nava) Resecrch Latoratory (Code $120) Rashington 28, D. C.
US Naval Research laboratory (Code 2027} Director, Foshisgten 25. D. C.
2. US Nuval School of Aviation Vedicine , Director. US Naval Aviatioa Yedical Center - $4,
Pensacola, Fleride ’
L US Naval Supply Research ond Developeent Facillty, Clothing and Textile Divieiem, 3rd
Avenue M”Z;th Street, ltooklynogg. New York, Atta: Librarp
L U3 Noval Secpons Plant, Experirental Diving Unit, Sashingtow 28, D. C,

AGENCY « AIN FONCE

1 AIE ﬁt'co {llth Test Center, Husan Factors Branch (FIFIN), Edwarde Air Force Bese,

aliforaie
AR RESEARCH AND DEVELOPYENT COMMAND

1 Air Pesearch ond Development Corrand, (ROCBL) Andrews Air Force Base, Washingtes 28,

2 Wright Air Developrent Division, Bio-Acoust ey and; Sright-Pattersca Alr Force Base,
(gh, Actn: nﬁm

1 Weight Air Development Divislon, US Alr Force, ¥right.-Patterson Air Force Bose, Ohde,
Attn: WWRDAS (mruﬂ
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No, of : AIR FONCE - CONTINUED

Ceples
! 1 Aerospoce ¥edical Lu:mty. lrlqht Air Dvvelcpueat Divisien (SWRDAS) ¥raght-Rrttersom
Air Force Base, Chio
9  Air Force Cobrand and Contsal Dndo{:;uc Division, Op"uuoaal Applications Office,
{CCRIY) lourence G. Hanscom Fiela, ford, Massachusetts
) |

Adr Force Director of Research and Technolegy. U5 Air Ferce, Kullluq!on 23, 0.C.
tta:  AFDAT-WF

Alr Training Cosmand {ATCSG-P! Mondolph Alr Ferce Buse, Texas

Arctic Aeroredicul latoratory, Corrander, APO 731, Seattle, Washington, Atta: Librury
Assistant for Ground Safety, DCS/P, Headjuarters, US Alr Ferce, Yashingten 25, D. C.
Btooh Air Force School of Aviation Vedicine. (SAVRSCH- P}, Brooks Air Forcy Base, Tewms

ley Resmarch Center, National Mroumuu and Space Administrotion, langley Field,
qumia. Attn: Litrarion
US Air Force Aerosrace Yedical G-nler. {ATO S Air Force Hasphol. Lacklond Alr Foroe
Buse, Texas
l,'scl;ryasit Dvfente Conrand, Corrand Surqm ht Air Force Base, Celerado Springe,
‘olorode
1 US Air Force Strategic Air Corrand, Oftutt Ale Force Base, Nebrashe

COVERRVINTAL - AGENCIES

1 Argonne Natienal lLaberatory, 9700 Soutb Cese Aveave, Argenne, 1llinois, Atta:
oylanse D. Young

('-M:!,:rulliqmco Mqency, 2430 E. Street, N.¥., Washington D. €., Arte: 1331 N emd
ng

“ NN -

Chief Defense Atomic Support Agency, Washingtem 2% D. €. Atta: Dacument Likrary Be

Civil Aeroredical Ressarch Institute, Federal Aviation Ayency, Pest Office Pox 1042
Ok Jshora City, Oh}uiroms

I.Lttuiy ;: Lonqreu. Science asd Technology Division, Sushington 25, D. C., Atta: Dv.

National lnnl!uto of Health, Library, Building 10, Reom N114, Dethesda 14, htylnl.
Attn: Acquisitions Secties

Kational Library of Medicine, Sushington 23, D, C., Atin: Acquisition Section

Mational Institutes of Health, Division of Mesearch Gruats, hlornuol eﬂleo. Bo!l\udn
14, ¥Yaryland

1 Natioms) Research Couneil, mvmon of ¥edicu} Schncn. Vedical nocoril. 210!

Crastitution Aveme, N.B. Washington 25, D.

OTHER ACENCIES

L2 ] [ J 4 LR ]

Arctic Health Research Center, Library, Bon %60, Anchorage, llﬁh

Rero. Space Division, Chief, Space Vedicine Soctlon. boi Alrplane Cor » Seattle 24
¥ashingten, Atta: Dr. Pornoy H. Losry {(PRox 19:2 ™ F pony ’

Boeing Alrplane Corpany, Likrary, ¥ichita Division, ﬂcho 1. Ransas

Boming Airplane Curpany, Central Medical Litrary, Box i1-40 Post Cffice Box 3707, Seattle
24, ¥ashingtoa

Chrysler Corporation, Box 1116, Engineering Research rivent 921, Detroit 3, Michi
;{:.’ ,o{,r\’orlurt. I‘.'nqlnnrln:;' Pnychc'l”ogln Oepe o

Division of Radiological Health - PSS Departrent of Health Education and Welfare, Resn
$29, South HF¥ Duilding, Washington 25, D. C.

Ford Voter Company, Technical Inforration Se-tion, Scieatific latoratory, Post Office Bex
2053, Deartorn, Vichigas

General Flectric Corpany, Advanced Flectronic Center, Cornell Univernity, Ithace, New
York, Atta: Library

Gereral Flectric Cocpany, Technical Military Plonning Operatios, 735 State St, Saate
Rathnra, Califernia )

John Crerar Likrary, 86 East Rondolph Street, Chicogo 1, llllnolu

Kl:q- C:unty Hospita), Department of Anesthesiology. Brooklyn, New York, Atts: Dr. &
. Weltaner .
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" Wercy Haspital, Aoesthesia Pesearch Luboratory, Pittaturgh 19, 'ennsylecnie

"Wana Corparction, 1703 ¥ain Street, Sante Yorice, Coliformia,

OTHER AGENCIES - CONTINUED
leckencu Fespital, Division of Pesearch. lancaster and City Line Avepne. Fhiladelphia 31,

Pennsylvania )
Mayo Clisie, Moclester, Ritnesote, Attm: Dr. Venseth K. Ogle. fection of Risjhysics

Notiens) lercneutics ved Spoce Adrinistration, 1520 4. Street, K. ¥., Scshismgton 28,
D. C.e Arta: Bestrer A. Sulcahy, Assistont Director for Technienl Inforraticn

Atta: Likrary
Suace Techzalogy Latorateries, Sibcornittee on Noise. 327 South Alvarado Street, los
Azgeles 57, iforpie
Systers Pesezrch Center. lockieed Tlectronics Corpany. Post Cffice Box 37, Bed=inster,
New Jersey. Attn: Ny, Potert E. Seter ’
A.

Yetkes lctcritories of Prizate Piclogy, Incorporated, Cxange Purk, Fleride,
J. Ricselle
YEDICAL CCLLEGE/SCHOOL LIRRARIES AND DEFARTYINTS
AftLay Wcical College Likrary, New Scotlond Avenue, Alkory 8, Neo York
Eoaran Gray, Sciool of Yedicine Likrary, Viaston.Sales. Nerth Carelina
Prosn University, Frovizence 12, Rhxte Island, Atta: Professor levin A. Pigys
2roan University, Provicence 12, Mhode Island, Atta: Frof, Hareld Sehlzsterg, Copsulremt
Celleje of Yediez] Franselists, Fhite Vemoricl Yedleui L.trzry, 1720 Brocklyn Avemue,
los Angeles 33, Californis
College of Yetical Evenjelists, Vernier Rudcliffe Ve-criz) Litrary, lome Linsa, California
Colleze of Frvsiciona ef Fhiladelphia, Litrory, 19 Soutt 22ue Street, Philzcelphia ¥,
Ferraylveria
toéur’:: University, Jejartrent of Psychology, Nee Yurk 27, Nes York, Dr. C. H.
ras
Colurt is University Yedicsl Litrary, €30 West 168th Street. Nes Yori 37, Nea York
Correll Uziversity Yediez] College Liirary, 1300 York Averus, %es York 7', Nes York
Creighter. University, Yezicul-Frarmacy Likrary, 148 Davenpert, Geake 2, ‘WErusee
tmrtecuth Calieje Yecice) Liteary, Paker Builaing, Hencver, Nee Ma-pahire

Atta:

Atte:

t:-;“- University, Departzent of Fayciolagy, Rtlente 22, Zesrjia. Atta: Dr. Torl A,
$1luisi
Tlorias State ‘niveraity, Ivpertrent Paycholegy, Tillatcssee, Floriga, Attn: Dr. ¥a,

&, Daesen

Setrie szsiirzten Vniversity, Humin Avscurces Pesezrck Cifice, P.C. fox 3535, Fashimten
7. 0. C.. Attn: Likrory

Marvars Yeclicez) Litrary, 25 Shattuck Street. Poston 135, Yasgarkusetts, Attn: Litrariaa

Harvare Scheol of Rublie Yealth, Depertrent of Fiiceriology. 1 Shattuck Street, Postos
18, Yusszctasetts _

Tresane Usiversity, Tepsrtzent of Peychology. Ploorim;ton, Indicna, Attn: Iy, A, C. Davias

Iratars Univorsity Yedical Certer, School of Yecicine Litrary, 1100 éest Vicligen Street,
Ircian gelis 7, Indteona, Attn: Llatrarion

1rdicns Uriversity Vecicsl Ceater, L100 dest “ichigan Street, Indiencszolis, Inaiama,
Atta: le. Harels P, Siu~ecker, Jr., Prof. of Surgery

trciane University, Anztecy-Fhysiolegy Depnrt~ent, Bloerinjton, Irclans, Atta: Dr, Sid
Rokirsen

Yeffersor “edical Collepe Litrary, 1028 Walnut Street, Philozelphia 7, Fennsylvznia
Joirs ¥rzains Ueiversity, Selch VYedicel Likrary, 1900 F. “oaurent Street. Baltirere 6,

Yarylarc, 3ttn: Likrarioe

Karsas €23ts “hiversity, lejurtcent of Fayctology, %antattar, KXorscs, Atta: Dr. Silliem
Bevaa, Chrirran

Briuette Criversity, Yecicel Denta) Litrory, $60 North 15th Street, Vilaxkee 3, RMisconsis
Aten: Litreriom .

Mezical Tclleze of Virginia, Torpking-VeCas Litrary, Rictrord 19, Virginio
Attn: Librorias
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MEDICAL ‘:CiLl‘xI!SC‘iCCL LIFPARIES AND DEPARDUNTS - CONTINUED

Kes York Acouery of Yelicinme, Litrary, 2 fert 103ra Street. Nee York 29, New York

Xes York University, Coll of Fogineerivg, Resezreh Nivigion, 252 Seventh Avenue,
Sew York 1, Nes Yorz, tm: Lsecriste Praject Lirector

Xo: Ya;k University Yezical Center. Secical Litrary, 552 First Averue, Nes York 18,
es York

\anh’-':tetn UCniversity. Te;crtrent of Fyvctology, Evansten, Illinois, Attm: Willian
L 1S t

Xortheestern University %wcical Schsol, frctitald Qiurch Litrary, 303 E. Ghicogo Avenve,
Cricogo 11, lilinois, Atwm: Laitrarion

Chio State Univerzi v, The Qhemical Atatracts Service, Tolurtus 13, Chio

Chio State University. Pesezrch Center, Fayeloliznuistics Latoratory, 13H4 Kinnear Moad,
Colurtus 12, (hio

(hio State University. Tegoz Jitrory, Scce) of Coteretry. 333 West 10th Avenue,
Colustus 1. Qiso

Push Yedicu) College Liteary, 1752 B-st Horpisws Sereer, Ricro 13, Illinois )

Stanford University, lave Yezical b‘nr\-. S0 Paateur ¥ond, Falo Alte, Celifornia

St=nford University, Jepors=ent cof '.)sx—lo'\. S:.,——.fsr c:liforrin. Attn: J v,
Criszon, Y. I\,

8t. Louis University, “ezical Sctos) Litezrr, wz Louth Crars Tles, Sk, louis 4, Yo,

Stcte University of Jowa, College of YWecicine Lsbsery, Vezicel latatateries Puilaing,
losa City, lusa

Srate University of Nes Yere, {unn:za Yozjez) Terter, Detertrent of Anesthesiclogy,
4N Clatrsen Averve, Frozeiva 2, Yes Yore

State Universicy af See York, Tosratste %esicel Center, Yaezica) Litrary. 450 Clarksoa
Avenue, brocelyn 3, Nes Yore, 3dtin: h*n';u

Texzs ,Voeic«:] Conter Likrary, Jesse Y. Jecos liccary E.xlc:rg. Pmuon 25, Texas

Tufts Vriversity Irstitute ftr $:zlies &;or'*o:e:l Fryctelony, Yeelure, Yassachusetts

Tulsne University Schoel of h-inso. 1422 Tulize Zvesus, Nes Crlezrs 12, louisiona,
Atta: lr. G. K. Pures, lanser of Yericize

Vencertilt University School 5! Med.cioe, Naualvilie 3, Tennessee, Attn: Dr. Ceorge R.
Veneely, Diractze, Rizaciscesie Cozter

Best Virgiriz Uriversity, Yezim} Conter Lizezry, Yorzantcen, Vest Virginia

Uaiversisy of 212 =3, 1913 Sesézh Av-me Scwtd, Sirsinchaze 3, Alstora

University of Arvzrazs, Yezics! Tenter Lizrzry, l.’.. West Warkha, Little Pock. Arkansas
University of Bulfsle, Mezl b Scierces Latrary, Alff215 14, Xew Yurk, Atta: Litrarian
University of Puff=ls, Zejaortrest of Foacasiosy, Rfizls 14, Ses Yerk

University of Califerzis Veeicad Cezter, 2iicedicz) Litrzry, Los Angeles 24, California

Criversity of Zalifereiz 1301 South 4%k Street, Rictreme 4. Califcreie, Attn: Civid
Leferse Researca he;«:t

!.n.unny of Chieags, U.E. Rir Forew Rozizeion Ledersie rv. 230 ‘6:‘1 Street, Chicago
11linois

.nneun) of Cincizrztt, ‘e"-nﬁ- L.:ra'-ri. r'e.. a3 ﬁn“na: her.el. Clmimutl

U.lnnlt"o! Tlcrh:c. Celleze ol Yedirioe, lejartrect of Physiolegy, “wirsville, Florida,
Stta: Velvin ], :qu

University of 1llincis, Aeroresscn) lalerseorr, 340 8, €oca Street, Chicugo 12, Hlinois

Uriversity of lilincus, .niu'q Hogazrch gier:z:n. cwpartrent of Psychology 45
Lincoln Hall, Urkcsa, $1liroas, Attn: ieerence ¥. Stolurce

University of 1llinzis, Taczezts Pivisiza Likrary, Urtena, tllinois

University of farszs Yesicnl Center, CleaZening Wegidz] Lidrary, Fansas City 12, Xansos

University of louisvilie, Sonod) of Wedicine Litrzry, 101 5. Chestrut Street, louisville
2. Fentucky

University of Yervlan:, Verlth Sciences Litrsry, Terizls Dejarteent, 111 South Greene
Street, Mitimcre 1, -:\l.n.:

University of ®ichijan, ferizls ond Jocureats fection, General Litrery. Ann Arbor,
Yachigan
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1  Tziversity of ¥ isesota Litrorr, Serizls Division, Vionegpoiis 14, Vignesota
1 TUriversity of Wissari, Yed.ca) Litrary, Rocr 210 Yecical Sciencer Building, Colurkia,

¥issouri
1 l'm\:fruw ef Netrascs, Collece of %acicine Libmry. 47nd asz Deney Avenue, Owcta S,
trcsea .

1 - Triversity of Norsh Carolix, Fivision cf Beclth Affcira Likrary, North Carelim,
¥erzrinl Fespizzl, el Hill, Nzrvh Caroline -

I Tniversity of Nires C:z:ln.:. Tecrirent 2f Yazicine, Fiysiotosy end Tovironwental
*—::c‘:h-. Chopel Hill, Nortk Curcline, Ruwar Or. ..nc:rud L. Dckson

1 =iversite of Nerek ..-u-lnz. .'?,":t!:e_t of Fysiology, s:. nvl of Mecicive, Chapel Hill,
\an' Sarolima. Riwmr AL T. Valler, Jr.

1 ";u‘u'w of Jwizhiea Yaziczl Center Litracy, 811 X, E. 1382 Srreet, Celaboma City &,
Txizas .

1 Tiiversity of freguz, Yeziczl Sciesl Litssey, Portlens 3, Cwegza, Atwn: Licrerian

1 Tairersity of Tuttsiurss, Fole Lazrary, of The Menlth Prefessizms, Fittskurgh, Pa

1 Travessity ef Ficimrurse, Drzsuzte Jchoo! of Public Meelth, Fittatursh 13, Penngylvania

1 lmiversiny of Sotester, Yue weic f Tame v Traject, Tecknicml Pepe. t Control Unir, P.O. Bex

2€7, St2tuce 3, Feciester I, Nes York .

1 Tziversity of Fusneatsy, Sciecl of lwctistiy, “'-;0 Crittencen c.levars, Roctester, New
Yore. Atz Jxeg AL lebeess

: ...aw:u.r o Toclesser, Strong Yererizd ‘--:,n-). 208 Crittonses Reslevara, Pockester,

%ee Yore R2tx: e, Tersce B Fesrss, {rofl of ;..,-Arv
3 Tziverzitw ef Eo ttern "-u.’:r... 2 '.-:} ef Vezjcitm Lizrsry. D25 Zonzl Avenve, los
Anzeles 22, Tslaforwis, 3ttz: Jr. Vilea Rrieter

1 Tzaversity =f Souek lgrsta, “esiczi Lizgary, Verrillicn, Suuth Tueota

1 TUziversisy =f e‘:—. ﬁux::l Toygiciogy, Irstitute of Clinieml
lzveptizat 2, Terznessee

I Uziversi®y of zicmd Vaite, Ysizey ¥Warerizl Lideere, €2 ?aut‘v Durlep, Venphis
? Tezzcpses, s LirrITiam .

1 Tsjiversits :f Tectaspes, Tezzrivent of Rotteriology, l".-nnéno. Terzessae, Atta: Dr.
D, Frime Hiltra= .

2 Usavers:ty of Teztarees, leis o4 '-';tr:éio!w;\‘. 855 Vagiacn Averve, Knoxville.
Tezegtes, Rrmc gl B 308

1 Tzivessivy ef Tewzs, Mes:iosl Fesner line 2ry. Talvests=, Texzs. Atta: Litrarien

1 Tuiverszitv ef Tiok, Ves:ez) Lidrrey, Scit lowe City 12, Utan

H vezgity o1 Virg.niz, Fryeholozie:s) lazz .tarv. 2oy H211, Chariottesville, Virginia

A Vzaversuity e .erv Tellege of Yez:zime Lizpary, Purlingtonm, Verzont

1 Tziveraity ¢f Bastingres, Mecleh Sciszoee Litrary, Sesttle 5, @aslirgton, Attn: Litreriaa

2 Ueicersity of disrcoaiz, Yerics! Schiel Litrsry, S Blag, VU Clarter St. “eaisea €, Fis

1 Tziversity of Siscozsiz, Fryenslojical frstrocts, €38 %, Furk Sireer, Vacison 6, Vis

FOFEIsR 7o
five, Rsry Mezizz! Livissa "{ﬂtor. %s}:sin Frazklin Stoticn, Post

1 Trivist Vowr Je3f8 O
Cfiice Ben o5t Basringtes, &, C., Rtnr F. F. Ellis, Surpecs Coptain, Reyel Navy
1 Fritist Rrry Yecizzi Lisista Cficer, Beitisk Arry S:2ff, British Exkcesy, ¥ashington 8,
ool h'-' Jolinel Pein
1T Caprsizs Liszsrr Tificer, Clfice of Tve Sur ;q-: wr&r'l. TS Arry, Pooe 10, ¥aia Nevy
Builzan;, #3stungtee 09, L. C., Attar 2. L. B, Fressecw
2 Twfesce Tepessst “ester. Theazize Jsirt Sraff, 2420 ?.\':ﬂ:c:‘.mttl Avenve N.¥.,
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