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INTRODUCTION

It has been stated by some observers that the mo-

derately high temperatures and relative humidities which

are present in the textile and allied industries produce

physiological effects that are harmful. These conditions

are said to "lower the resistance of the workers", making

them more susceptible to any infection with which they

come into contact. So far as I have been able to discov-

er, this opinion has neither been proved nor disproved by

any scientific investigations. In the hope of making a

contribution on this point, the animal experiments report-

ed in this paper were carried out.

Review of the Literature

In investigating the relation between resistance

to infection, and external heat and moisture, two general

methods have been used: Statistics and animal experimen-

tation. Owing to the difficulty of separating the effects

of temperature and humidity from those of many other vari-

ables, the results from statistics have not been conclu-

sive.

Perry (1) has collected statistics showing that in

the cotton weaving industry the death rate from all causes





and especially from tuberculosis is much higher among

operatives than among non-operatives. He has shown fur-

ther that among operatives the death rate i3 greatest in

the spinning room and he suggests that this may be due

to its "hot, damp, debilitating atmosphere."

Baker (2), in studying the relationship between

the health of school children and methods of ventilation

in class rooms, could discover no correlation between the

per cent of absence and the relative humidity or satura-

tion deficit. Her results indicate that a temperature of

59° F. is less favorable than one of 69° F.

Several investigators (Anders3 , Baker , Greenburg5 ,

Huntington ) have shown by the methods of statistics that

the death rate from the respiratory diseases, especially

pneumonia and influenza, is higher in winter than in the

summer months. Anders found no relation between relative

humidity and death rate. Huntington and Greenburg, on the

other hand, found the death rate from pneumonia higher

when the relative humidity was high than when it was low.

Huntington believes that both a very high and very low re-

lative humidity are unfavorable, especially when combined

with high temperatures. These authors are divided in their

opinion as to whether the high death rate from pneumonia in

winter is due directly to climatic conditions or to the

warm, dry conditions which prevail in houses and hospitals
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during the winter months, Huntington says that "most of

the harmful effects of cold weather are probably due to

the injuriously low humidity in hospitals and houses."

Anders concludes that "the major influence excited by the

seasons is probably not direct but indirect, namely, by

bringing about that effective element in the causation,

concentration and increased virulence of the specific poi-

son in consequence of closed doors and windows and lack

of free ventilation."

I have been able to find very little experimental

work on the effect of external temperatures on resistance

and less on the effect of different relative humidities on

resistance.

Pilehne (7) infected the ears of several rabbits

with an organism which brought about a condition very like

erysipelas in man. After infection he exposed some of the

animals to moderate warming by placing them in an incuba-

o
tor at 37 C, These animals developed a less severe case

of erysipelas than the controls which were kept in a room

temperature.

Roily and Meltzer (8) kept rabbits in a. thermostat

room at a temperature (93 F.) high enough to raise their

body temperature to 104°F. Then they injected each rabbit

at intervals with small doses of pneumococcus, staphylococcus,





or streptococcus cultures and found that the heated ani-

mals showed decided advantage over the non-heated ones,

surviving doses which inevitably killed the control ani-

mals. Out of the two animals kept at the high tempera-

ture and given the various infections mentioned above, five

lived and five died. The six control animals, kept at or-

dinary temperatures, all died.

Walther (15) found that rabbits kept in a room warm

enough to raise their body temperatures to 105-106° P.

showed an increased resistance toward a pneumococcus in-

fection but that after removal from a warm room they show-

ed no greater resistance than the control animals. Wal-

ther made five experiments and used only three animals in

each experiment.

Similar experiments were carried out by Rovighi

(21). Rabbits whose body temperature was raised by con-

finement in an incubator showed a greater resistance to-

ward infections with anthrax bacilli, rabbit's septicae-

mia bacilli, and toward infections with human sputum than

did control animals kept at ordinary temperatures. Rovighi,

Walther, and Roily and Meltzer, therefore, all conclude

that a rise in body temperature is a protective mechanism

against infection.

Loewy and Richter (9) and Engelhardt (16) reached





the same conclusion using a somewhat different experimen-

tal procedure. They raised the body temperature of rab-

bits by the use of the Sachs-Aronson operation, or "heat

puncture." Loewy and Richter found that animals after

such an operation were more resistant to infections with

pneumococci, chicken cholera bacilli and hog erysipelas

bacilli than were control animals with normal body tem-

peratures, Engelhardt used intravenous and intraperito-

neal injections of staphylococcus cultures and found that

animals with an increased body temperature were more re-

sistant to staphylococcus infections than were the control

animals, and that the resistance v/as more pronounced when

the organisms were injected intravenously than when they

were injected intraperitoneally.

All the experimental work reviewed so far has been

concerned with raising the body temperatures of the animals

used. The results have been quite uniform in indicating

that resistance to infection is increased by an artificial

fever which is produced either by a high external tempera-

ture or by a Sachs-Aronson operation. The effects of mo-

derately high external temperatures have also been studied,

though not so extensively. I am acquainted with three in-

vestigations on this subject, all of which seem to indicate

that a moderately high temperature lowers resistance to in-

fection. The experiments reported in this paper have, however,





given a very different result for a temperature of 84°P,

with a medium relative humidity.

Fermi and Salsano (17) found that keeping guinea

pigs for several weeks at a temperature "between 91 F, and

95° F. decreased their resistance to a strain of avian tu-

bercle bacilli which was too low in virulence to produce

a general infection in normal guinea pigs. Moreover, mice

kept at the same external temperature for the same time

showed many more tubercle bacilli of both the avian and

human types in their glands than did the control animals.

When a high humidity was combined with a high temperature

the resistance of the animals was lowered to an even great-

er extent.

Ritzmann(18) kept white mice for weeks at a tem-

perature of 95° F. and found that they showed an increas-

ed resistance to infections of streptococci and of tetanus

spores. After injections with streptococci the heated ani-

mals died in from one-half to three and one-half days while

the controls lived for from one and one-half to eight days.

Out of ten heated animals injected with toxin free tetanus

spores three died. All ten of the control animals lived.

Injections of tetanus spores plus streptococci gave similar

results. Ritzman also cites some experiments by Wyssoko-

witsch leading to the same conclusions.





The more recent experiments of Ruata (19) bearing

on this subject are summarized in the following way in

the Report of the New York State Commission on Ventila-

tion:

"Ruata kept guinea pigs at a temperature of 30°C.

(86° F. ) with a relative humidity of 85-95 per cent, and

injected them with doses of typhoid, paratyphoid, dysen-

tery and colon bacilli and cholera spirilla which were not

fatal for normal animals. All the guinea pigs thus treat-

ed died in from four to twenty-3ix hours, while, of control

animals exposed to the heat alone, without injections, 30

percent, succumbed."

The experiments reported below in this paper dif-

fer from the above experiments with a moderately high tem-

perature in two important respects: They make a comparison

between high, medium, and low humidities when combined with

a moderately high or a medium temperature, and secondly,

they make use of a high temperature (82-35° P.) which does

not interfere with the normal growth and activity of the

animals used. Ruata kept his guinea pigs at 86° F. with

a relative humidity of 85-?95 percent, and found that 30

percent, of the animals died from exposure to the heat.

The warm temperature room in the experiments reported in

this paper had no such harmful effect upon the health of

the animals. Not a single one of the one hundred and fifty
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rats exposed to a high temperature died from an extran-

eous infection or failed to gain weight during the exper-

imental period. The temperaturesused by Fermi and Sal-

sano and "by Ritzman were even higher - between 91° and

95° F. Such temperatures must have interfered with the

normal growth of the animals. In connection with the ex-

periments reported below, it was shown that rats would

not grow normally at a temperature of 92° F. with a medium

relative humidity. It is brought out, also, in the fol-

lowing experiments that the average body temperature of

rats kept at 84° F. is nearly two degrees higher than the

average body temperature of the same rats living in a tem-

perate room. Certainly the rats, and probably the guinea

pigs and rabbits, used in the experiments of Ritzman and

of Fermi and Salsano had a body temperature considerably

above the normal.

The New York State Commission on Ventilation (20)

has reported some experiments which indicate that in rab-

bits the formation of hemolysins and to a slight extent

the formation of agglutinins is delayed by an external tem-

perature of 86° F. In writing of these experiments the

Commission reports:

"We have found very definite evidence of the harm-

ful influence of moderately high temperatures, particular-

ly if followed by sudden exposure to low temperatures, in





promoting susceptibility to bacterial infection. We find

that rabbits maintained at a temperature of 86° F. show a

distinctly delayed formation of hemolysins and a slightly

reduced agglutinative power, us compared with animals kept

at 68° F."

The experimental results up to the present time

indicate, in general, that preceding an infection an ex-

ternal temperature high enough to raise the body tempera-

ture of animals to 104 F. is favorable but that a lower

external temperature (between 92° F. and 95° F.) is un-

favorable. The experiments in this paper, on the other

hand, indicate that a temperature of 82-85° F. with a

medium relative humidity is a favorable environment for

rats receiving an intraperitoneal injection of pneumo-

cocci

.
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EXPERIMENTAL METHODS

Various conditions of temperature and humidity

were produced artificially. The resistance of rats, pre-

viously exposed to these conditions, was judged by their

susceptibility to an infection with a pneumococcus cul-

ture.

Breeding stock for the experiments was secured

from the Wistar Institute and was inbred in this labora-

tory for several generations before the experiments began.

The rats were healthy and followed the normal growth curve

for the Wistar Institute rats (10). They were fed daily

in a uniform McCollum diet of the following mixture:

3 Parts oat meal

3 Parts whole wheat flour

3 Parts corn meal

1 Part flax-seed meal

Milk

Cabbage or lettuce once a week.

For each experiment two sets of rats were selected.

Each group served as a control for the other. In the pre-

liminary experiments it was found that even in our inbred

stock some families were more resistant to the pneumococ-

cus infection than others. It was necessary, therefore, to
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divide each family, in order to make the groups compara-

ble, putting half in one group and half in the other. In

addition, care was taken to balance the groups in regard

to sex and in regard to body weight. As far as possible,

rats between 1-g- and 2-g- months old and weighing between

80 and 125 grams were selected. The following are typical

rat groups used in an experiment;

Group A
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made of beaver board. Its temperature was kept fairly

constant by a thermostat regulator connected up with an

electric stove. As the relative humidity in the vault

rooms was normally between 40 per cent, and 50 per cent,

with a temperature of 66° F. to 70° P., they could not

be used when a very low relative humidity was necessary.

But whenever possible, the vault rooms were used. Usually

the temperature did not vary more than two degrees during

an experiment. In none of the rooms was there a percepti-

ble air current. All three were kept dark except for about

one hour daily when the rats were being fed and the cages

were being cleaned.

The temperature in the rooms was raised by elec-

tric heaters and the moisture was increased by hanging

pieces of wet cheese cloth in front of the heaters. The

cloths were kept damp by water siphoned from a large tub

above and sucked up from large pans on the floor. By

this method the moisture in the air could be increased

until there was a difference of only 4° between the wet

and dry bulbs.

In the preliminary experiments a group of six grow-

ing rats were kept for a month in a vault room with a dry

bulb temperature of 9a° P. At the end of three weeks, four

of the rats, though young enough to be growing rapidly,
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had not gained in weight. Two of them succumbed to ex-

traneous infections. The controls, kept at ordinary tem-

peratures, gained weight normally and remained healthy.

A second experiment gave similar results.

The temperature in the room was lowered to 84°F.

At this temperature, even when the relative humidity was

as high as 85 per cent., the rats gained weight as rapid-

ly as the controls kept at a normal temperature. Sund-

stroem (11) found that growing rats brought into an arti-

ficially produced tropical climate (average B.B. 89° F.,

W.B. 82.2° F. ) did not gain weight as rapidly as the con-

trols at ordinary temperatures. No such retardation was

noticeable during my three weeks' experimental period at

a temperature of 84° F.

The temperatures to which the rats were exposed

fall into two groups, the "high temperatures" being be-

tween 82.5° F. and 85.0° F. and the "medium temperatures"

being between 66.5° F. and 73.5° F. The relative humidi-

ties fall into three groups as follows:

High relative humidity - 75% to 86%.

•e was never a difference of n

between the wet and dry bulbs.)

Medium relative humidity - 44% to 72 %,

Low relative humidity - 25% to 29%
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The experiments, therefore, make a comparison

as regards relative humidity between a high (75% to 86%),

a medium (44% to 72%), and a low (25% to 29%) relative

humidity and as regards temperature between what may be

called ordinary room temperatures, or medium temperatures,

and a moderately high temperature, 82.5° F. to 85° P.

Higher temperatures could not be used owing, as stated

above, to the fact that at such temperatures the rats do

not grow normally. The temperature becomes a directly

unfavorable condition as regards the metabolic processes.

Type 1 pneumococcus was selected as a suitable

organism for testing the resistance of the rats after they

had been exposed for two weeks to known conditions of tem-

perature and humidity. Oppenheimer and Spaeth (12) found

this organism very satisfactory for testing the relation

between fatigue and infection in rats. Eighteen-hour

broth cultures of a virulent strain, diluted to the de-

sired strength with sterile broth, were injected intra-

peritoneally. The culture used for injection was a trans-

plant from a highly virulent stock culture. The stock cul-

ture was taken from the heart's blood of a rat which had

died from a pneumococcus infection. Such a culture in

blood broth could be kept on ice for a month with little

or no perceptible change in virulence. Each month a new

stock culture was made from an animal that died from pneu-
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mococcus infection. The culture used for injection was,

therefore, always the first transplant from a heart's

"blood culture.

Since the virulence of the cultures is liable to

change from unknown causes, the matter of selecting the

proper dose for injection offers serious practical diffi-

culties. It is obvious that if the dose selected is too

strong and all the animals die, or if too weak so that all

live, no conclusion can be drawn. The work of several ser-

ies of experiments was lost in this way. At each injec-

tion an effort was made to choose a dose which was too

weak to kill all the animals and yet strong enough to kill

the more susceptible ones. Two-tenths of a cc. of broth

containing .OOOOki cc. of the original culture usually

served this purpose. In a single experiment all the rats

injected received .2 cc. of the same broth dilution. It

seems reasonable to suppose, therefore, that the rats re-

ceived infections of almost equal value.

As the infected rats died they were autopsied and

a smear made from the heart's blood and from the pleural

and peritoneal cavities. Not a single case failed to show

large numbers of diplococci in all three smears. Occasion-

ally, when a rat died a shorter or longer time than was

usual after injection, the organism was recovered from the

blood and identified in pure culture.
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It is unfortunate that the experiments given be-

low cannot be compared directly with each other. The

rats used in the different experiments are not comparable

as to size, age and inheritance. The culture is an even

greater variable. Although great care was taken to use

the same methods in handling the culture throughout the

experiments, it was impossible to keep the virulence of

the organism constant. In each single experiment, how-

ever, in which rats of the same family group were exposed

to different temperatures and humidities, the conditions

may be considered as strictly comparable as regards the

virulence of the organisms injected and the age, average

weights, and hereditary resistance of the animals used.
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EXPERIMENTAL RESULTS

High and medium temperatures were combined with

high, medium and low humidities in various ways and two

different combinations were used in each experiment. In

most cases a second experiment was made, repeating the con-

ditions of the first. The experiments may be groxiped in

the following order:

(Medium T.& High H.
(a) High T. and Medium H. compared with (Medium T.& Medium H.

(Medium T.& Low H.

(b) High T. and High H. compared with (Medium T.& High H.
(Medium T.& Medium H.

(c) High T. »nd Medium H. compared with High T. and High H.

(d) High T. and High H. compared with High T. and Low H.

(e) High T. and Medium H. compared with High T. and Low H.

The individual experiments are first recorded and

discussed according to the above grouping. On pages 29 and 30 c

posite tables are given showing the results of all the ex-

periments. In addition, summarized results of the experi-

ments are pictured graphically in Figures 2 to 6. In these

diagrams each black rectangle above the line represents a

rat that died from .00002 cc. of a virulent strain of type 1

pneumococcus. The susceptibility of the rats expressed as

( 1
)

the reciprocal of the number of days survived (days survived)

is indicated by the height of the black columns. Each rect-

angle below the line represents a rat that survived indefi-





18

nitely an injection of ,00002 cc . of a pneumococcus cul-

ture. In every case in which the dose proved fatal the

rats died within seven days after injection. The average

time before death was two days,

(a) The effect of high temperature and medium hu-

midity compared with a medium temperature and a high, me-

dium or low humidity.

Two experiments were made comparing the effects of

a high temperature and medium humidity with a medium tem-

perature and high humidity.

EXPERIMENT 20

D.B.
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injection died, while in the cool, humid room five out of

the ten animals died. The death rate was, therefore, 30%

higher in the temperate than in the warm room. In Experi-

ment 21, all the animals in the temperate room died and

three out of eight lived in the warm room, making a differ-

ence of 38$ between the death rates in the two places.

Experiments 20 and 21 indicate, therefore, that a high tem-

perature and medium humidity is a more favorable condition

than a medium temperature and high humidity.

The combined results of the two experiments are shown

diagramatically on page 60, Figure 2, and complete data for

each experiment are given in Tables 1 and 2, pages 49 and 50,

Two experiments were made comparing the effects of

high temperature and mediiun humidity with medium temperature

and medium humidity.

EXPERIMENT 25
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In both rooms in Experiment 25 and in Experiment

26 the humidity was "medium" but the temperature was high

in one case and medium in the other. In Experiment 25 all

of the eight animals in the temperate room died after in-

jection, while two out of nine lived in the warm room. It

is probable that the difference between the death rates in

the two rooms would have been greater if the pneumococcus

dose had not been so heavy. Complete data for the experi-

ment are given in Table 3.

In Experiment 26, six out of the nine animals in-

jected in the warm room lived and only five out of the nine

injected in the cool room lived. Complete data for this

experiment is given in Table 4. The combined results of

Experiments 25 and 26 are shown in Figure 6.

Two experiments were made comparing the effect of a

high temperature and medium humidity with a medium tempera-

ture and low humidity.

EXPERIMENT 12

D.B.



.
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EXPERIMENT 11

D.B.
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Two experiments were

a high temperature and high

ture and a high humidity.

EXPERIMENT 19

made comparing

humidity with i

the effects of

medium tempera-

D.B.
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In Experiment 14a only one rat survived out of the

fourteen injected. The dose of pneumococcus was evident-

ly too heavy. The experiment is valueless and is includ-

ed only for the sake of completeness.

Two experiments were made comparing the effects of

a high temperature and high humidity with a medium temper-

ature and medium humidity.

EXPERIMENT 16

D.B.
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Complete data for Experiments 16 and 14b are given

in Table 7, page 55.

(c) The effect of a high temperature and medium hu-

midity compared with a high temperature and high humidity .

The experiments in Section (a) show that a high tem-

perature with a medium humidity is a favorable environment

when compared with a medium temperature. Those in Section

(b) show that a high temperature with a high humidity is

neither favorable nor unfavorable when compared with a me-

dium temperature. These two sets of experiments, there-

fore, give indirect evidence that at a high temperature

humidity is a determining factor, a high humidity being less

favorable than a medium humidity. Direct evidence for this

statement is given by Experiment 17.

EXPERIMENT 17

D.B.
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ure 4, page 62.

(d) The effect of high temperature and high humidity

compared with high temperature and low humidity.

The following two experiments were carried out to

find out whether a high temperature is favorable or un-

favorable when combined with a very low humidity.

EXPERIMENT 23

D.B.





been supported by Experiment 22, which is discussed in

Section (e).

Complete data for Experiments 23 and 24 are given

in Tables 10 and 11 and the combined results of the two

experiments are shown in Figure 3, page 61.

(e) The effect of high temperature and medium humi-

dity compared with high temperature and low humidity.

It might be predicted from the results in the pre-

ceding experiments that a high temperature and low humidity

is a less favorable condition than a high temperature and

medium humidity. Experiment 22 was made in order to ob-

tain direct evidence for or against this statement.

EXPERIMENT 22

D.B.
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Complete data for this experiment are given in

Table 9, page 57.

It is difficult to explain the apparent disagreement

between the results obtained in Experiment 22 and those

obtained in Experiments 23 and 24. Whenever a very low

humidity was needed it was impossible to use the vault

rooms. It was necessary, therefore, to use the small

beaver board room in which the temperature and humidity

were not so carefully controlled as in the vault rooms.

Whereas, the temperature never fell below 83.0°F., it often

rose for a short time as high as 90.0 P. This variation

in t emperature may be partly responsible for the inconsis-

tent results obtained in Experiments 22, 23, and 24. One

has the impression, after studying the three experiments,

that a high temperature and low humidity is probably un-

favorable when compared with the optimum condition - a

high temperature and medium humidity, but that it is more

favorable than either a medium temperature or a high tem-

perature and high humidity.
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SUMMARY OF RESULTS

The results of the experiments are summarized in

the tables on pages 29 and 30. Those experiments in which

a high temperature with a medium humidity is compared with

some other combination of temperature and humidity are

grouped in Table 1, All the other experiments are includ-

ed in Table II. The last column in the tables gives the

differences between the death rates in the two rooms com-

pared in a single experiment.

Experiments 20, 21, 12, 11, 25 and 26, all includ-

ed in Table I, show that a high temperature with a medium

humidity is a more favorable environment than a medium

temperature with any relative humidity from 29% to 80%.

In each experiment the death rate is higher in the temper-

ate room than in the warm room, euid in all but three cases

it is 50% greater in the former than in the latter room.

One of these exceptions (Experiment 25) would probably

have shown a greater difference in death rates if the dose

of pneumococcus had not been so heavy. Unfortunately, all

the animals in the temperate room died after injection and

only two survived in the warm room, making a difference of

22% between the death rates in the two places.

Experiment 17 indicates that a high temperature

combined with a medium humidity is a more favorable condi-
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TABLE I

TABLE INCLUDING ALL EXPERIMENTS COMPARING HIGH
TEMPERATURE AND MEDIUM HUMIDITY WITH SOME OTHER SET

Number
of

Experi-
ment
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TABLE II

TABLE INCLUDING ALL EXPERIMENTS EXCEPT THOSE
IN WHICH A HIGH TEMPERATURE WITH A

MEDIUM HUMIDITY WAS USED

Number
of

Experi-
ment
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tion than a high temperature with a high humidity, the

difference between the death rates in the two places be-

ing 50%,

The small difference in death rates in Experiment

22 suggests that a high temperature and low humidity is

almost if not quite as favorable a condition as a high

temperature with a medium humidity. But other experiments

have not supported this conclusion. Experiments 23 and

24 indicate that with a. high temperature a low humidity

is as unfavorable a condition as a high humidity. Never-

theless, one has the impression after studying all the ex-

periments that a high temperature with a low humidity,

though unfavorable when compared with the optimum condi-

tions for resistance, is not so unfavorable as a medium

temperature or as a high temperature with a high humidity.

More experiments are needed to prove or disprove this

point.

None of the experiments in Table II shows any

significant differences in death rates. The highest dif-

ference shown is 14$, and this occurred in No. 14a. As

was explained above, this experiment was unsatisfactory

since the dose of pneumococcus was too heavy and thirteen

out of the fourteen animals injected died. The experi-

ments in Table II indicate that a medium temperature with

a high, medium or low humidity, and a high temperature with
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a high humidity are equally unfavorable conditions when

compared with the optimum conditions - a high temperature

and medium humidity.
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THE EFFECT OF EXTERNAL TEMPERATURE ON THE
BODY TEMPERATURE OF RATS

Roily and Meltzer (8) and Loewy (9) showed that

animals kept at febrile temperatures were able to devel-

op a more effective mechanism for defence against vari-

ous infections than were control animals kept at ordinary

temperatures. They found further that agglutinins and

bacteriolytic substances were produced far more quickly

and in much greater amounts in the heated than in the un-

heated animals. In view of these results it seemed de-

sirable to know what effect the moderately high tempera-

tures and relative humidities used in the above experi-

ments had upon the body temperature of the animals. A

rise in body temperature might offer a partial explana-

tion for the protective influence of an external tempera-

Experimental Procedure

The rectal temperatures of four rats were taken

daily over a period of five months. After the first tv/o

or three weeks the rats made no objection to the proced-

ure. If handled properly, they would sit quietly in the

palm of the hand for several minutes while the temperature

was being taken. The average temperatures during the first

two weeks were much higher than at any time later. On
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some days in this period, when the rats were especially

nervous, their temperatures rose as high as 102° F.

Subsequently, as a result of the training, the animals

were less excited and their average temperatures fell

to a lower level and showed less variation. In the

averages given below the temperatures observed during

the training period of two weeks are not included.

After their initial training the animals were

exposed to known temperatures and humidities for periods

of two weeks for each combination used, and their rectal

temperatures were taken once daily. The same certified

thermometer was used for all the observations made.

Experimental Results

Observations were made during eight periods of

two weeks each and seven different combinations of tem-

perature and humidity were used. Five sets of observa-

tions were made at a high temperature and three at a low

temperature. Between each high temperature period the

rats were kept for two weeks or, in one case, for three

days In the medium temperature room.

The results of the experiments are given in the

following table (page 35) in which the averages are cal-

culated from the fourteen daily observations on each ani-

mal recorded for each period. The maximum and minimum

temperatures shown by the individual rats during each
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period are also recorded.

The second, third and fourth columns in the table

give the average external temperature and the average re-

lative humidity during each period. Changes in the dry

or wet bulb readings during any single experiment were small,

never exceeding a variation of two degrees above or belov;

the average.

All the rats, under all the conditions tried,

showed a surprisingly wide range of body temperatures. A

rat which on one day had a rectal temperature of less than

96°F. might on the next day show a temperature of over

100° P. There was no apparent reason for these wide fluc-

tuations in body temperature. After the first two weeks

the rats rarely objected to being handled. They were sel-

dom even restless. On the few occasions when they did seem

excited the thermometer readings were always high, sometimes

The second point brought out by the experiments

was that the body temperatures of the rats varied with

the room temperature. In every case the average readings

from the rats living in the warn room were from one and a

half to two and a half degrees higher than the average body

temperatures of the same rats while living under temperate

conditions.





37

The entire range of temperatures exhibited by

the four rats exposed to a medium temperature (black dia-

gram) and to a high temperature (red diagram) are shown

in Figure I, page 38. The mean in the black diagram is

96.3° F. and in the red diagram it is 98.1° F. There is

a difference of 1,8° F., therefore, between the mean body

temperature of the four rats living at 66-70° F. and the

mean body temperature of the same four rats living at a

higher temperature (83-85° F. )

.

While the external temperature remained constant,

changes in the relative humidity seemed to have no effect

on body temperature. In periods 1, 2, 3, 4, and 5 in the

table, the room temperature was practically the same but

the relative humidity varied in the different periods from

25% to 84%. In spite of this variation, the average body

temperatures during these periods showed no significant

differences.

Conclusions

(1) The body temperature of rats is extremely

variable, ranging from 94° F. to 101° F. under what seem

to be normal conditions.

(2) The body temperature of rats varies with the

external temperature, the average temperature at 68° F.

being about one and eight-tenths degrees below the average

body temperature at 83° F.
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(3) Variations in relative humidity between 25%

and 84% had no noticeable effect upon the body tempera-

ture.

In this last respect the rat seems to differ

from man since the observations of Houghton and Jaglo-

glou (22) and of McConnell and Houghton (23) show that

a high humidity combined with a high temperature is more

effective in raising the body temperature than a high

temperature plus low humidity. We should expect a simi-

lar result upon rats since the high humidity interferes

with the physical regulation of body temperature by di-

minishing the heat loss from evaporation. In the case

of the rat we have no knowledge of its means of heat re-

gulation. The regulation is obviously imperfect as is

indicated by the individual variations in body tempera-

ture when external conditions are kept constant. But from

the above result it would seem that heat loss from eva-

poration plays an insignificant role in heat regulation

in this animal.
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DISCUSSIOM

It seems evident from the experiments recorded

above that exposure for two weeks in a warm room with a

relative humidity between 44% and 72%, increased the re-

sistance of rats to an infection. Just how this increas-

ed resistance is brought about is not indicated in the

experiments, but we may assume that in some way these

special conditions strengthen the defensive mechanisms

of the body.

In considering these mechanisms one thinks first,

perhaps, of the phagocytic cells. It is possible that

the high temperatures may have caused an increase either

in the number or in the activity of the body phagocytes.

The work of Murphy and Sturm (13) has shown that when rats

are kept as a high dry temperature (55° P. -65° F.) for

five minutes, there is a rapid fall in the number of both

the polymorphic and mononuclear cells, followed subsequent-

ly, after transfer back to a normal environment, by an in-

crease far above the normal count. But no such effect has

been discovered in animals kept at moderately high temper-

atures. Sundstroem (11) found that mice kept for months

in an artificially produced tropical climate (D.B. 89.2°P.,

W.B. 83.2° F.) showed a gradual but not very marked de-

crease in their total leucocyte count. The average for the
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control animals was 7300, while that for the immigrants,

after several months' residence in the tropical room, was

6880.

In connection with the experiments reported in

this paper, blcod counts were made on six rats which had

been kept in the warm vault for two weeks, and on an equal

number of control rats kept at room temperature. The tips

of the rats' tails were cut off and several blood smears

were made. In addition, two white and two red blood counts

were made from each rat. The results were not entirely

satisfactory but they were sufficient to show that there

was no striking variation from the normal either in the

total or in the differential counts of the rats kept in

the warm room. Consideration of these results and of those

of Sundstroem make very improbable the suggestion that the

number of phagocytes increased during the two weeks' resi-

dence in the warm room.

There is some evidence that the activity of phago-

cytic cells increases with a rise of temperature. Roily

(14) showed this in vitro by using human washed corpuscles

to which equal quantities of an emulsion of bacteria and of

serum were added. The bacteria used were streptococcus,

typhoid bacillus, staphylococcus, and tubercle bacillus.

The mixtures were kept for fifteen minutes at various tem-

peratures, ranging from 6°C. to 51°C, and then the bacteria
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present in one hundred leucocytes were counted. It was

found that the number of bacteria increased steadily up

to 40° C. but that above 40° they began to fall off rapid-

ly. Forty degrees was therefore the optimum temperature

for phagocytosis by human corpuscles. If rats' corpus-

cles behave in a similar manner, the higher body temper-

ature which the rats have while living in the warm room

might be supposed to favor phagocytosis.

Roily and Meltzer (8) have shown that in rabbits

heated so that their body temperature is raised to about

40° C, agglutinins and bacteriolytic substances are pro-

duced in greater quantities than in control animals kept at

room temperatures. They have not attempted to demonstrate

differences in the quantities of these substances present

through a lower range of body temperatures. It may be pos-

sible that these substances increase gradually with a rise

in body temperature.

However, explanations of an increased resistance

which are based on a rise in body temperature do not suf-

ficiently explain the results obtained in the foregoing

experiments. A rise in body temperature was obtained when-

ever the rats were placed in a high temperature room, wheth-

er the humidity was high or low, whereas the increased re-

sistance was observed only when a medium humidity was com-
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bined with the high temperature. One is justified, there-

fore, in concluding that the rise in body temperature which

occurs in the warm room is not in itself sufficient to ex-

plain the increased resistance. The matter is more compli-

cated than that. It is not profitable to go beyond this

negative statement and speculate upon other possible re-

actions which may have occurred, and which directly or in-

directly may have influenced the efficiency of the defen-

sive mechanisms, since direct data are lacking. It may be

observed, however, that the result obtained is different

from what might have been expected. A hot and partly satu-

rated air would not be selected on a priori grounds as a

stimulating environment even for the rat. One can not, of

course, without farther proofs, carry these results over to

other animals, but they should make us cautious in accept-

ing generalizations in regard to the effect of the envi-

ronment upon susceptibility to infection unless based upon

experimental or good statistical evidence.

CONCLUSIONS

(1) Rats exposed for two weeks to a high tempera-

ture (83° P.) combined with a relative humidity between

44% and 72%, ~re more resistant to an intraperitoneal in-

jection of pneumococcus than are rats kept at medium tem-

peratures.

(2) With a high temperature humidity is a signifi-

cant factor, the conditions for optimum resistance being





44

a relative humidity between 44% and 72%.

(3) Compared with this optimum condition, high

and probably low humidity and medium temperature are un-

favorable conditions.

(4) The relative humidity has no evident effect

when the temperature is between 65° P. and 72° F # , all

conditions being equally unfavorable when compared with

the optimum conditions of high temperattire and medium hu-

midity.
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TABLE 1, EXPERIMENT 20

HIGH TEMPERATURE AND MEDIUM HUMIDITY
COMPARED WITH A MEDIUM TEMPERATURE AND HIGH HUMIDITY



»
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TABLE 2, EXPERIMENT 21

HIGH TEBtPERATURE AND MEDIUM HUMIDITY
COMPARED WITH A MEDIUM TEMPERATURE AND HIGH HUMIDITY
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TABLE 3, EXPERIMENT 25

HIGH TEMPERATURE AND MEDIUM HUMIDITY
COMPARED WITH MEDIUM TEMPERATURE AND MEDIUM HUMIDITY





52

TABLE 4, EXPERIMENT 26

HIGH TEMPERATURE AND MEDIUM HUMIDITY
COMPARED WITH A MEDIUM TEMPERATURE AND MEDIUM HUMIDITY

Rat





TABLE 5
HIGH TEMPERATURE AND MEDIUM HUMIDITY

COMPARED WITH MEDIUM TEMPERATURE AND LOW HUMIDITY

53

EXPERIMENT 12
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TABLE 6
HIGH TEMPERATURE AND HIGH HUMIDITY

COMPARED WITH MEDIUM TEMPERATURE AND HIGH HUMIDITY

EXPERT





TABLE 7 55

HIGH TEMPERATURE AND HIGH HUMIDITY
COMPARED WITH MEDIUM TEMPERATURE AND MEDIUM HUMIDITY

EXPERIMENT 16a
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TABLE 8
. HIGH TEMPERATURE AND HIGH HUMIDITY

COMPARED WITH HIGH TEMPERATURE AND MEDIUM HUMIDITY
EXPERIMENT 17





TABLE 9
HIGH TEMPERATURE AND MEDIUM HUMIDITY

COMPARED WITH HIGH TEMPERATURE AND LOW HUMIDITY

57

EXPERIMENT 22

Rat
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TABLE 10
HIGH TEMPERATURE AND HIGH HUMIDITY

COMPARED WITH HIGH TEMPERATURE AND LOW HUMIDITY

EXPERIMENT 23





TABLE 11
* HIGH TEMPERATURE AND HIGH HUMIDITY

COMPARED WITH HIGH TEMPERATURE AND LOW HUMIDITY

59

EXPERIMENT 24
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