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related with amount of endotoxin adminis-
tered, and there was no significant rise of
plasma serotonin with a non-lethal dose.
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Many of the naturally occurring influenzal
infections of man are symptomless, and most
of the overt infections are characterized by the
occurrence of fever without pneumonia. In
the mouse, which has been used extensively
in studies of the pathogenesis of influenza, the
main criteria of infection have been death
and pulmonary consolidation. To determine
whether the mouse could serve as an experi-
mental model for the less severe infections
that usually occur in man, we studied the tem-
perature response of mice to infection with
influenza virus.

Hypothermia, rather than fever, proved to
be a striking feature of these infections. It
was associated with extensive lung lesions.
We were unable to produce in mice a satis-
factory model for studying the difference be-
tween symptomless infection and illness with-
out pulmonary consolidation.

Materials and methods. Mice. Female mice
of an inbred strain, BALB/c, 4 weeks old,
were used. Three weeks after birth, they were
weaned and separated from the males. Twenty

* This study was supported in part by a grant from
Nat. Inst, Health, U.S.P.H.S.

1 On leave from Dept. of Microbiology, Chonnam
Univ. School of Med., Kwangju, Chonnam, Korea.

serial passages of lungs failed to show evi-
dence of latent pulmonary viruses. Through-
out this study, the room temperature in which
mice were kept was maintained at 75° to 80°F.

Viruses. Two sublines of the PR8 strain of
type A influenza virus were used. They were
derived from stock virus which had undergone
8 passages in ferrets, 593 in mice, and 168 in
eggs.

An “egg-line” virus was obtained by inocu-
lating 0.1 ml of a 10-® dilution of the stock
virus into the allantoic cavity of 10-day em-
bryonated hen’s eggs. After 45 hours incuba-
tion at 37°C, infected allantoic fluids were
pooled and frozen at —48°C. One ml of the
pool contained 107-® infectious doses (IDs,)
by the allantois-on-shell technique(1) and 512
HA units of virus.

A “mouse-passaged line” was obtained by
7 successive mouse-to-mouse passages of the
stock virus at 3-day intervals. Infected lungs
from mice of the 7th passage were removed
aseptically and kept frozen intact at —48°C
until used. Immediately before use, a 10%
homogenate was made with Standard Me-
dium(1) by grinding the infected lungs in
a mortar with alundum. The homogenate was
centrifuged at 2500 rpm for 10 min and the
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supernatant was used as an inoculum.

Virus titration. The allantois-on-shell tech-
nique described by Fazekas de St Groth and
White(1) was applied. Titers were expressed
in terms of 50% infectious dose (ID5,) per ml.

Several points should be mentioned in ap-
plying this technique: 1) For preparation of
the allantois-on-shell pieces, 13-day embryo-
nated eggs were used exclusively. 2) Myco-
statin (E. R. Squibb and Sons, N. Y.) added
to the Standard Medium in a concentration
of 20 units per ml effectively controlled con-
tamination by fungi. 3) Titers obtained by
this technique were approximately 10 times
lower than those of egg infectivity titration
(EIDso). 4) In determining the amount of
virus in lungs of mice, it was found that the
virus titers dropped rapidly when a 10%
homogenate of the infected lungs was made
immediately after removal from mice and kept
frozen at —48°C until titration; however,
when the infecled lungs were kept frozen intact
at —48°C and the homogenate was made just
before titration, consistently higher titers were
obtained.

Inoculation of mice and scoring of lung
lestons. A mouse was anesthetized lightly with
ether and 0.05 ml of the inoculum was given
intranasally. Standard Medium was used as
a diluent for the virus inoculum.

Gross lung lesions were scored by the ex-
tent of the pulmonary consolidation seen on
the lung surface in relation to total lung sur-
face area, i.e., 4+ lung lesion = complete
consolidation, 3+ = consolidation of 34,
2+ = Y%, and 1+ = %4 of total lung field.
A numerical score was recorded for each
mouse, and the total lung-lesion score of each
group of mice was obtained by calculating a
percentage of the total possible score(2).

Measurement of rectal temperature. Rectal
temperature was measured with a Thermis-
temp Telethermometer Model TK (Yellow
Springs Instrument Co., Yellow Springs,
Ohio). For the measurement, a “small animal
probe” was inserted into the rectum to a con-
stant depth of 1 cm. About 20 seconds were
necessary to obtain a maximum reading. To
avoid possible mechanical damage to the rec-
tum, a glycerine and water mixture (1:1)
was used as a lubricant for the tip of the
probe. Daily measurement was made between
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2 and 3 PM.

Results. Temperature patterns in control
groups. Four groups of 3 randomly chosen
mice were put into 4 cages, and rectal tem-
peratures were taken daily. The mice in Group
I had no treatment. On the 4th day after
grouping, mice in Group II received light
ether anesthesia only, those in Group III were
inoculated intranasally with Standard Medium
under light ether anesthesia, and those in
Group IV were similarly inoculated with nor-
mal allantoic fluid from 12-day eggs. Fig. 1
shows the results.

There appeared to be a slight fall in rectal
temperature of some mice during the first 3
days after initiation of temperature measure-
ment, but thereafter the temperature was fairly
stable. None of the 3 treatments (in Groups
I1, 111, and IV) caused a noticeable effect on
rectal temperature of mice during the observa-
tion period of 8 days after each treatment.

In view of the results of this experiment,
rectal temperatures were taken on 4 successive
days before mice were used for experiments.
The temperature on the 4th day was referred
to as the baseline temperature, and was ex-
pressed as 0 in the following experiments.
A rise or fall in rectal temperature after virus
inoculation was indicated as + or — accord-
ing to the deviation from baseline temperature.

Temperature changes of mice inoculated
with egg-line virus. Six groups of 4 mice were
used. After measuring baseline temperatures,
mice of each group were inoculated with vari-
ous amounts of egg-line virus. Rectal tempera-
tures were taken daily. On the 7th day after
infection surviving mice were killed, and lung
lesions were scored. The results are presented
in Fig. 2.

It is clear that more rapid and profound
hypothermia was observed in the groups in-
oculated with larger amounts of virus. A fall
in rectal temperature was not found in mice
of the 10 group which received a small
amount of virus, approximately 2 IDs,; and
none of the 4 mice in this group had more
than 2+ lung lesions. The total lung-lesion
score of this group was 35% at end of experi-
ment. One of the mice inoculated with a large
amount of virus (see the 3rd mouse in 102
group) showed no demonstrable hypothermia
in contrast to the findings observed in the
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FIG. 1. Temperature pattern in the control groups
of mice. Arrow indicates the time (day) of each
treatment. S. M. = Standard Medium. Allant. Fl. =
Allantoic fluid.

FIG. 2. Temperature changes of mice inoculated
with egg-line of PR8 strain of influenza virus. 10-!
group (1.6X10° IDw) indicates that mice in this
group were inoculated with a 10t dilution of egg-line
virus, and calculated amount of virus inoculum per
mouse was 1.6X10° ID;. O0=Baseline temperatures
of mice measured before virus inoculation. X = Death.
(S,3-f:)=Survival with 34+ lung lesion at end of
experiment.

FIG. 3. Temperature changes of mice inoculated
u{zth mouse-passaged line of PR8 strain of influenza
virus, See footnotes, Fig. 2.

rest of the mice in this group. The mouse
had 2+ lung lesion when killed at end of
experiment.

Temperature changes of mice inoculated
with mouse-passaged line of virus. In this
experiment, mice, grouped as in the preced-
ing experiment, were inoculated with various
amounts of mouse-passaged virus. The results
are shown in Fig. 3.
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As in the preceding experiment with egg-line
virus, mice responded to increased amounts
of virus inoculum with more rapid develop-
ment of hypothermia. There was a significant
increase in mortality as compared with the
preceding experiment. Early death obscured
the occurrence of hypothermia in 3 of the
mice that received the 107! and 10 inocula.
The steepness of the temperature curve show-
ing a sharp fall in rectal temperature by 3
days after infection was characteristic of these
groups.

In general, it appeared that the mouse-
passaged virus caused more rapid development
of hypothermia than occurred with egg-line
virus. For example, in mice given a 10~* dilu-
tion of mouse-passaged virus, hypothermia de-
veloped about 24 hours earlier than in those
given the same dilution of egg-line virus.

In a subsequent experiment, 3 mice were
inoculated with a 107 dilution of mouse-
passaged virus. For a period of 6 weeks their
temperatures remained at the level of the base-
line temperature even though autopsies made
at the end of a 6-week period revealed that
they had pulmonary lesions involving %4 or
less of the total lung field.

The course of hypothermia was observed
for 6 weeks in a mouse infected with a 10-°
dilution of mouse-passaged virus. Its tempera-
ture remained at or below the —5 (°F) level
for 2 weeks, then gradually returned to base-
line temperature. At the end of the 6-week
period, the rectal temperature of this mouse
was close to the baseline temperature and the
mouse appeared healthy. However, it was
found at autopsy to have well-defined and
markedly constricted lesions involving nearly
half of the total lung area.

Relation of hypothermia to amount of virus
in the lungs and to extent of pulmonary le-
stons. To study the relationship of hypo-
thermia as shown in Fig. 2 to virus multi-
plication in the lungs and to the extent of
lung lesions, the following experiments were
carried out.

About 40 mice were inoculated with a 10~
dilution of egg-line virus. At various intervals
after infection, 3 mice were killed and the
lung lesions were scored. The infected lungs
were removed aseptically and kept frozen in-
tact at —48°C until all specimens were titrated
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simultaneously at the end of this experiment.
Fig. 4 shows the results.

Following intranasal inoculation, there was
no detectable virus in the lungs at 2 and 4
hours. These results constituted a typical lag
phase in virus multiplication in the mouse
lung as described by Davenport and Francis
(3). The virus titer in the lungs reached a
maximum level 48 hours after infection. A
marked drop in virus titer was observed after
the 6th day, presumably due to the action of
antibodies produced in the mouse(4).

Lung lesions were seen first on the 2nd day
and increased gradually thereafter. The total
lung-lesion score was 60% at end of experi-
ment.

From a comparison of the findings pre-
sented in Fig. 4 with those in Fig. 2 (see

8- e Virus titer
sm—-a Lesion score
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239 24 2 3 a 5 & 7 &
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FIG. 4. Virus multiplication and development of lung
lesions in mice inoculated with a 10°¢ dilution of
egg-line of PR strain of influenza virus. Virus titers
were averages of the titers obtained from lungs of
3 mice killed at various intervals after inoculation.

10-* group), it appears that as a rule hypo-
thermia developed 3 to 4 days after a maxi-
mum concentration of virus was present in
the lung. Furthermore, hypothermia appar-
ently did not occur in the first several days
during which lung lesions were present and
relatively limited in extent. Onset of definite
hypothermia on the 5th to 6th day corre-
sponded to the time when the total lung-lesion
score reached a level of about 50% and was
continuing to increase.

In a similar experiment, mice were inocu-
lated with a lesser amount of the same virus,
i.e.,, a 10 dilution, which was approximately
2 1D;,. At 48 hours after infection the virus
titer in the lungs reached the highest level,
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but in this case the titer was about one-
hundredth of that obtained in mice inoculated
with a 10 dilution of the virus. The virus
titer remained at this level until the 7th day
and then dropped sharply. Lung lesions were
seen first on the 3rd day and increased more
slowly than in the mice inoculated with a 10~
dilution of the virus. Eventually the total lung-
lesion score was about 40% at end of this
experiment. As noted in discussing Fig. 2,
mice in the 10 group did not show hypo-
thermia during the experimental period.

Discussion. Among homeothermal animals,
the mouse is known to have a relatively poor
heat control mechanism. The control mech-
anism of body temperature may vary from
one strain of mice to another as shown by
McLaren(5). It has long been known that
moderate changes in environmental tempera-
ture cause a significant change of body tem-
perature of the mouse(6,7).

Mice have been shown to respond with
hypothermia rather than with febrile responses
in several kinds of experimental infection(8,
9,10,11). Therefore, it has been suggested that
hypothermia is the outstanding characteristic
of the thermal response of mice to endotoxins,
as well as to a variety of other infectious and
toxic agents(9).

In our study it appeared that hypothermia
was not related directly to the level of virus
multiplication but was related to the extent
of pulmonary lesion. In mice inoculated with
a 10~ dilution of egg-line virus, hypothermia
did not occur until the 5th to 6th day although
the virus titer in the lungs was at its maximum
level at 48 hours after infection. The initia-
tion of hypothermia coincided with develop-
ment of pulmonary lesion equal to 50% or
more total lung-lesion score.

A transitory febrile response in mice was
observed by other investigators in an early
stage of some experimental infections which
resulted in definite hypothermia in a later
stage(9,10). Halberg and Spink(9) have
shown that the rise in rectal temperature of
mice after administration of Brucella endo-
toxin did not exceed the limit of the “physio-
logical range.” In our study, of 24 mice given
mouse-passaged virus, 18 mice exhibited an
elevation of rectal temperature of at least 1°F
at 24 hours after infection, but in all cases
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the temperature was well within the range
observed in uninoculated mice.

Summary and Conclusions. 1. Hypothermia
rather than fever was the characteristic ther-
mal response of mice to intranasal inoculation
of the PR8 strain of type A influenza virus.
2. Mice showed marked hypothermia with
fatal termination in response to inoculation
of large amounts, e.g., 1,000 or more infec-
tious doses (ID;,), of 2 sublines of the virus.
one adapted to embryonated eggs and the
other to mice. 3. Inoculation of mice with
a small amount of virus, e.g., one to two
ID;,, did not cause hypothermia. In mice in-
oculated with about 2 ID;, of egg-line virus.
the maximum level of virus in the lungs was
lower than in mice inoculated with larger
amounts of virus, and pulmonary lesions were
present but failed to reach the level of 50%
total lung-lesion score. 4. In mice inoculated
with a moderate amount of egg-line virus.
e.g., about 200 ID;,, the maximum virus level
in the lungs was reached 3 to 4 days before
the occurrence of hypothermia. Time of oc-
currence and degree of hypothermia appeared
to be closely related to the extent of pulmo-
nary lesions. 5. The mouse-passaged virus
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caused more rapid development of hypo-
thermia than the egg-line virus. 6. It is con-
cluded that hypothermia is related to the ex-
tent of pulmonary lesion rather than to the
extent of virus increase per se.
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Neutralization of “Long-Acting Thyroid Stimulator” of Graves’ Disease by
Antisera to Bovine Pituitary Thyrotropin¥ (27065)
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Adams and Purves(l) assayed the serum
of patients with Graves’ disease for thyro-
tropin, in guinea pigs given 1-131 to label
the thyroid and then thyroxine to suppress
endogenous release of thyrotropin. They ob-
served the test animal’s response to patients’
serum to be different from that to standard
thyrotropin or to serum from patients with
myxedema. Injection of standard thyrotropin

* Aided by grants from Division of Arthritis and
Metabolism, Nat. Inst. Health, U.S.P.H.S.

+ The authors are indebted to R. Siegal, C. H. R.
Lange, and N. Gross for technical assistance.

or of myxedema serum increased the circu-
lating level of I-131 and a maximum value
was reached after a few hours. The level then
decreased and was significantly lessened by 16
hours. The serum from Graves’ disease on the
other hand caused little increase in level early
after injection but produced a maximal re-
sponse at 16 hours or later.

These findings have been amply confirmed
in the mouse, similarly prepared for assay
purposes except that the responses can be
measured at 2 hours and 9 hours after in-
jection(2). The term “long-acting thyroid



