
after even very short digestion times 
when isolated chromatin is used. Also, 
the time course of digestion is much 
more rapid in isolated chromatin. Both 
of these observations could be ex- 
plained by the increase in accessibility 
of the nuclear chromatin in solution. 
However, it is significant that much of 
the same repeating structure still exists 
for the in vitro chromatin. 

The width of the DNA monomer 
band in higher eukaryotes does not 
preclude microheterogeneity of these 
particles. The sharper yeast monomer 
bands, especially for the in vitro chro- 
matin digests, suggest a much less poly- 
disperse subunit. 

As in higher eukaryotes, these size 
classes probably arise as a result of 
protection of sections of DNA by 
bound chromosomal proteins, render- 
ing these sections inaccessible to nu- 
cleases. Evidence indicates that in mam- 
malian systems these protected sections 
occur as repeating, globular particles in 
chromatin (12), and models for the 
structure of such particles have been 
proposed (13, 14). The presence of 
specific DNA size classes, and presum- 
ably a similar repeating subunit struc- 
ture, in one of the most primitive 
eukaryotes indicates that this mode of 
organization must be a widespread 
characteristic of the structure of chro- 
matin. Of course, the fine structure of 
such a subunit in yeast may very well 
differ from the subunit of higher eu- 
karyotes, especially since histones Fl 
and probably F3 are lacking (6). If 
this is true, F3 cannot fulfill, in the 
yeast chromosomal subunit, the cen- 
tral role postulated for it by one model 
[see (13)] of the chromosomal sub- 
unit in higher eukaryotes. The pres- 
ence of a periodic mode of chromatin 
organization in yeast, in which a rela- 
tively large proportion of the DNA 
corresponds to genetically expressed in- 
formation, suggests that this mode of 
organization may involve structural 
genes as well as (or perhaps instead 
of) other types of nuclear DNA. 
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Fever and Survival 

Abstract. The significance of fever in response to a bacterial infection has been 
investigated using the lizard Dipsosaurus dorsalis as an animal model. These 
lizards develop a fever of about 2?C after injection with the bacterium Aeromonas 
hydrophila. To determine whether this elevation in body temperature increases 
the resistance of the host to this infection, as measured by survival, lizards were 
infected with the live bacteria and placed in a neutral (38?C), low (34? or 36?C), 
or high (40? or 42?C) ambient temperature. An elevation in temperature follow- 
ing experimental bacterial infection results in a significant increase in host survival. 
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The significance of fever in disease is 
an enigma (1-3). Most mammals de- 
velop fever after becoming infected 
with bacteria; but it is unclear whether 
the fever is harmful or beneficial to the 
host. Bennett and Nicastri (1) reviewed 
arguments for and against the common 
notion that fever is advantageous to the 
host in combating infection. Studies 
with specific diseases (syphilis and gon- 
orrhea) involved extraordinarily high 
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Fig. 1. Percentage survival of D. dorsalis 
injected with A. hydrophila and maintained 
at temperatures of 34? to 42?C. The num- 
ber of lizards in each group is given in 
parentheses. 
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and therefore unnatural elevations in 
body temperature, which do kill the 
parasites before the host and therefore 
are beneficial to the host ("fever ther- 
apy") (1). Other studies (4) involved 
rendering an animal hyperthermic or 
hypothermic and then measuring its re- 
sistance to infection. These approaches 
are not directly relevant to the question 
whether fever benefits the host because 
in fever therapy the temperature altera- 
tions, which are artificially induced, ex- 
ceed the normal range of the febrile 
response, and in the experiments in- 
volving resistance to infection the tem- 
perature alterations precede the infec- 
tion. A more direct test would involve 
determinations of LD50's (LD50 is the 
lethal dose to 50 percent of a popula- 
tion) in two groups of animals injected 
with suitable bacteria. In one group, 
the febrile response would be allowed 
to develop, and in the other group the 
fever would be suppressed. Fever could 
be suppressed by administering an anti- 
pyretic drug such as aspirin, by artifi- 
cially elevating the hypothalamic tem- 
perature, by placing the animals in an 
ice bath, or by maintaining them in a 
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low ambient temperature. However, all 
of these methods of suppressing fever 
tend to produce complicating side ef- 
fects. 

Reptiles, which regulate their tem- 
perature by behavioral means, might 
serve as a suitable animal model to in- 
vestigate the adaptive value of fever. 
For example, the lizard Dipsosaurus 
dorsalis, when placed in a chamber 
which has a temperature range, will 
select a "preferred" ambient tempera- 
ture so that it has a mean body tem- 
perature of 38.5? to 39.0?C (5, 6). 
If Dipsosaurus is placed in a constant 
temperature chamber, where there is 
no opportunity to select its preferred 
temperature, its body temperature equil- 
ibrates with the temperature of that 
chamber. This permits full control of 
the animal's temperature under a wide 
variety of experimental situations. Fur- 
thermore, the febrile response, which 
has been found to involve physiological 
and behavioral modifications in mam- 
mals (7), has recently been shown to 
occur in lizards by behavioral modifica- 
tions alone (8, 9). Dipsosaurus develops 
a 2?C fever through behavioral means 
following injection of a killed bacterial 
pathogen, Aeromonas hydrophila (8, 9). 
Lizards have two distinct advantages 
over mammals in a study involving the 
adaptive significance of fever. First, a 
change in body temperature of a few 
degrees does not have adverse effects in 
reptiles, as it does in mammals. Lizards 
normally regulate their temperature 
over a range of more than 8?C, 
whereas in most mammals this range is 
about 1 ?C. Second, a lizard's body tem- 
perature can be kept constant after 
pyrogen administration by simply con- 
trolling the ambient temperature, while 
in mammals fairly drastic procedures 
must be employed to prevent fever. 
Thus, lizards and other behavioral ther- 
moregulators have advantages as ani- 
mal models for evaluating the role of 
fever in disease. 

In this report we describe a study of 
the role of fever in which we used 
Dipsosaurus dorsalis as our experi- 
mental animal. We found that in lizards 
inoculated with live bacteria, an eleva- 
tion in body temperature resulted in 
increased survival. 

A total of 141 lizards was used. The 
inoculum of live Aeromonas hydrophila, 
a gram-negative bacterium pathogenic 
for reptiles (10), was grown at 37?C 
for 14 to 18 hours on sheep blood agar 
plates. The bacteria then were suspend- 
ed in ,sterile pyrogen-free physiological 
saline and washed twice by centrifuga- 
11 APRIL 1975 

tion, decantation, and resuspension. 
They were then diluted with sterile 
pyrogen-free saline to yield a concen- 
tration of approximately 1 X 1010 or- 
ganisms per milliliter, as determined by 
comparing both visual and photometric 
turbidity with McFarland barium sul- 
fate standards. Pour plates revealed 
that the concentration of live organisms 
was approximately 1 log unit less than 
indicated by turbidity. Preliminary stud- 
ies revealed that 0.5 ml of this bacterial 
suspension injected in the middorsal 
lymph sac produced significant mortal- 
ity in lizards maintained at 38?C for 1 
week. At necropsy, microbiological cul- 
tures of heart blood and viscera of 
these animals contained pure colonies 
of A. hydrophila. 

Each lizard was inoculated with 0.5 
ml of the bacterial suspension (1 X 109 
live bacteria per milliliter) and placed 
in a glass culture dish (250 mm in 
diameter and 80 mm high). Groups of 
12 lizards were housed in incubators at 
34?, 36?, and 40?C; 24 were placed at 
42?C; and 36 were placed at 38?C. 
Control animals were inoculated with 
0.5 ml of sterile pyrogen-free saline 
and maintained at 34?C (N 12), 
38?C (N= 12), and 42?C (N = 21). 

The lizards were monitored for mor- 
tality every few hours throughout a 
7-day period, and among those that 
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Fig. 2. In vitro doubling time of A. hydro- 
phila (solid line) and theoretical increase 
in the lizards' defense mechanisms (dashed 
line) plotted against temperature. At 34?C, 
the growth of the bacteria far outweighs 
the lizards' ability to destroy these orga- 
nisms, and all animals die. At 36? to 38?C, 
this difference decreases and the survival 
increases to 25 percent. Between 38? and 
40?C, the lizards' defense mechanisms 
have improved so that a majority of the 
lizards survive the infection, even though 
the in vitro growth of A. hydrophila is un- 
changed from that in the range 34? to 
38?C. At 42?C, the enhanced defense 
mechanisms together with a diminished 
bacterial growth rate result in essentially 
no deaths attributable to the bacterial in- 
fection. 

died necropsies were performed on rep- 
resentative animals. Tissue samples of 
the heart, brain, liver, lung, kidney, 
gastrointestinal tract, urogenital tract, 
skeletal muscle, skin, and bone were 
fixed in 10 percent buffered formalin, 
embedded in paraffin, sectioned at 
5 cm, and stained with hematoxylin 
and eosin. The sections were then ex- 
amined by light microscopy. At the end 
of the 7-day period, representative sur- 
vivors were killed and necropsied and 
tissues were prepared and examined 
histologically. 

Growth rates of A. hydrophila at dif- 
ferent temperatures were determined 
by inoculating 14- to 16-hour cultures 
into shaking flasks of brain-heart infu- 
sion broth at the five experimental tem- 
peratures as well as at 44?C. Increase 
in absorbance (total bacterial mass) 
was measured periodically in samples 
of the growing cultures. The doubling 
time for these organisms was essentially 
the same (22 to 28 minutes) at 34?, 
360, 38?, and 40?C; increased to 42 
minutes at 42?C; and increased to more 
than 180 minutes at 44?C. 

The results of the 7-day experiments 
on the infected lizards are shown in Fig. 
I. The relation between the lizards' 
temperatures and percentage survival 
following bacterial infection was highly 
significant (X2 test, P < .005). Within 
24 hours, approximately 50 percent of 
the lizards maintained at 38?C were 
dead. However, lizards maintained at 
40? and 42?C had only 14 and 0 per- 
cent mortality, respectively. Conversely, 
lizards maintained at 36? and 34?C 
experienced increased mortalities of 66 
and 75 percent, respectively. By 3.5 
days all the lizards at 34?C were dead. 
After 7 days the percentage mortalities 
were: 42?C, 25; 40?C, 33; 38? and 
36?C, 75; and 34?C, 100. By contrast, 
lizards injected with saline and main- 
tained at 34?, 38?, and 42?C for 7 
days experienced 0, 0, and 34 percent 
mortality, respectively. 

Tissues of six lizards that died within 
3 days after injection of Aeromonas 
showed no significant microscopic le- 
sions, and death was attributed to acute 
septicemia. Of 24 infected lizards that 
survived 3 to 7 days, statistically signifi- 
cant differences between groups were 
seen in the incidence of coelomitis 
(higher in the groups at 34? to 38?C) 
and testicular degeneration (higher in 
the groups at 40? and 42?C). A greater 
percentage of lizards held at 34? to 
38?C had lesions consisting of purulent 
myositis in skeletal muscle at the site 
of injection of Aeromonas (7/15 or 
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46.7 percent compared to 1/9 or 11.1 

percent in lizards held at 40? and 42?C). 
There were no significant differences 
between groups in the incidence of skin 
lesions at the injection site (necrosis, 
ulcers, or gangrene). 

The increased survival of infected 
animals with elevated body temperature 
supports the hypothesis that fever fol- 

lowing a bacterial infection (8, 9) is 
beneficial to the host. Inasmuch as the 
in vitro bacterial growth rate was stable 
between 34? and 40?C, the increased 
survival of the lizards at 40?C could be 
attributed to an enhancement of the 
host's defense mechanisms at the ele- 
vated temperature. The specific aspects 
of the defense mechanisms that might 
improve with increasing temperature re- 
main unknown. It is possible that several 

components of the defense mechanisms, 
including phagocytic index, phagocyte 
bactericidal activity, leukocyte mobili- 
zation, and humoral mediators of in- 
flammation, are temperature-dependent. 
It is also possible that the toxigenicity 
of the bacteria decreased as the temper- 
ature increased. At 42?C, the decreased 
bacterial growth rate probably also con- 
tributed to the increased survival. Con- 

versely, the reduction in temperature 
below normal levels (such as to 34?C) 
following bacterial infection led to in- 
creased mortality, possibly due to im- 

paired host defense. Our interpretation 
of these data is shown in Fig. 2. 

At the highest temperature tested, 
the pattern of deaths was similar for 
the controls and the infected lizards. 
Whereas most deaths occurred within 
3.5 days in infected lizards maintained 
at 34? to 40?C, essentially all deaths at 
42?C occurred after 3.5 days. Appar- 
ently, maintenance at 42?C for a pe- 
riod exceeding 3.5 days is harmful in 
itself. This suggests that the deaths at 
42?C were not due to the bacterial in- 
fection but to some undetermined ad- 
verse effect of long-term elevation in 

temperature. 
We believe these data may have rele- 

vance for mammals. Assuming a com- 
mon phylogenetic origin of fever in 

present-day mammals and reptiles, there 
is reason to expect that the function of 
fever is similar in these two vertebrate 
classes. That is, if fever evolved in rep- 
tiles as a mechanism to decrease mor- 
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verse effect of long-term elevation in 

temperature. 
We believe these data may have rele- 

vance for mammals. Assuming a com- 
mon phylogenetic origin of fever in 

present-day mammals and reptiles, there 
is reason to expect that the function of 
fever is similar in these two vertebrate 
classes. That is, if fever evolved in rep- 
tiles as a mechanism to decrease mor- 

tality and morbidity following infection, 
its function should be similar in mam- 
mals. If fever in response to infection 
is beneficial in mammals, then the wide- 

spread use of antipyretics to lower the 
temperature of people with moderate 
fevers should be reevaluated (11). 
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HeLa Cells and RT4 Cells HeLa Cells and RT4 Cells 

In a note added in proof to their 

report on cellular contamination in 
tissue culture, Nelson-Rees et al. (1) 
reported that cells of culture line RT4 
derived from a human bladder tumor 

(2) had features which suggested that 
the cells were HeLa cells. We have re- 
examined the RT4 cell stock main- 
tained in our laboratories. These cells 
have a modal chromosome number of 
47 and glucose-6-phosphate dehydro- 
genase, type B; they also differ from 
HeLa cells at three other loci tested, 
namely, phosphoglucomutase 1, phos- 
phoglucomutase 3, and esterase D. The 

parent stock of RT4 cells therefore is 
not HeLa cells (3). It should be 

pointed out that the cells examined by 
Nelson-Rees et al. had been maintained 
in other laboratories for some years 
and were not provided directly from 
our parent stock. 
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The comment by Franks and Rigby 
emphasizes two points: (i) It is rela- 
tively easy to check specificity of cells 
and (ii) distributing cells without char- 

acterizing them whether or not the dis- 
tributor is the originator is as wrong as 

finding out that cells are contaminated 
and not announcing where they came 
from. 

In our report in Science, courtesy 
led us to keep the sources of the cell 
cultures anonymous, although we had 

originally cited them when communicat- 

ing with all parties concerned prior to 

submitting the manuscript. 
WALTER A. NELSON-REES 
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