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In monkeys infected with simian immunodeficiency virus (SIV),
changes in body temperature and locomotor activity occur after the
acute retroviral syndrome stage of the disease. However, alterations
to the circadian rhythm of these factors in SIV-infected monkeys have
not been reported. To determine whether the circadian rhythm of
body temperature and locomotor activity are disrupted during SIV
infection, we analyzed the temperature and activity patterns of
SIV-infected monkeys through different stages of the disease, pro-
gressing to SIV encephalitis by using the cosinor model for circadian
oscillation. We found that SIV infection resulted in significant impair-
ments of the amplitude and mean of the circadian rhythm of body
temperature and activity and in the acrophase of the circadian rhythm
for temperature. These alterations were not related to changes
observed in the acute febrile response induced after viral inoculation.
In animals killed once marked circadian anomalies were evident,
microglia infiltration and macrophage accumulation in the hypothal-
amus were observed. Together, these results clearly demonstrate that
SIV infection compromises aspects of circadian regulation in monkeys,
with important implications for physiological functions, including
cognition, in HIV-infected individuals.

AIDS � CNS � dementia � HIV

Cognitive and motor abnormalities due to CNS dysfunction
are common in HIV-infected patients and can result in

marked impairment of their quality of life. Although reduced in
incidence, the prevalence of such disorders has increased in the
current era of antiretroviral therapy (1). Similarly, in the non-
human primate model for AIDS, simian immunodeficiency virus
(SIV) infection of macaques also leads to CNS disorders.
Because HIV/SIV does not infect neurons, the untoward effects
of HIV on neurons are indirect and may occur through release
of proinflammatory molecules that disrupt normal neuronal
function or neurotoxic viral proteins (2–4). Nonetheless, the
exact mechanisms that lead to cognitive and motor dysfunction
during HIV/SIV infection are unknown.

Interestingly, in HIV-infected individuals, disruptions have
been observed in both homeostatic regulation and circadian
rhythmicity of body temperature, activity, sleep patterns, and
hormone secretion (5–10). The master circadian clock, located
in the suprachiasmatic nucleus (SCN) of the hypothalamus, is the
neural structure controlling the circadian rhythms of the behav-
ioral and physiological states (11–13). It has been hypothesized
that impairments in circadian control mechanisms could cause
disorders in numerous functions regulated by the CNS, as well
as alterations in cognitive processes. For instance, deterioration
of the control of circadian rhythm in patients with Alzheimer’s
disease (AD) (14, 15) leads to disruptions in the secretion of
melatonin and body temperature rhythm alterations (16, 17).
These, in turn, affect the distribution of the sleep/wake patterns
and are associated with cognitive impairments (18). Therefore,
it is possible that disturbances in circadian rhythms are partially
responsible for the CNS disorders reported in HIV patients.

Although the effect of SIV infection on the circadian rhythms
have not been studied in detail, we have previously shown that

monkeys infected with SIV develop an acute febrile response,
accompanied by hypolocomotion and up-regulation of proin-
flammatory cytokines 2 wk after inoculation of the virus (19, 20).
Milder disruptions in temperature and activity occur after the
resolution of this acute phase and are not reversed by treatment
with antiretroviral drugs that reduce plasma viral load. This
result suggests that the virus/host interaction may induce long-
lasting alterations in the mechanisms associated with the regu-
lation of body temperature and activity (21).

To determine whether the circadian rhythms of body tempera-
ture and gross locomotor activity are compromised during SIV
infection and the subsequent progression to CNS disease, we
analyzed the temperature and activity patterns of monkeys through
different stages of the disease. Three parameters characterize a
circadian rhythm: amplitude (half the difference between the
minimum and maximum); midline estimating statistic of rhythm
(MESOR) (the mean of the circadian oscillation); and acrophase
(time of maximum value). Alterations in these measures indicate
impairments in the regulation of the circadian system (22). Here we
report significant changes in these three variables of the circadian
rhythms of body temperature and activity in SIV-infected monkeys
that progress to SIV-induced CNS disease, which is manifested as
encephalitis. These results clearly show that infection with SIV can
lead to disruption of the circadian regulation of both body tem-
perature and locomotor activity in monkeys.

Results
Effects of SIV Infection on the Circadian Rhythm of Body Temperature.
To assess whether SIV infection and the subsequent progression
of disease affects circadian rhythms, we analyzed radiotelemetry
data from five uninfected control rhesus monkeys and five
infected rhesus monkeys that developed SIV encephalitis
(SIVE) as the manifestation of simian AIDS. Six stages were
examined in the infected animals: (i) before SIV inoculation
(preinfection) when the monkeys were clinically normal; (ii) the
period corresponding to the acute retroviral syndrome (acute),
an acute febrile period associated with increasing viremia; (iii)
after the resolution of the acute stage (steady state), a relatively
asymptomatic period associated with a stable plasma viral load;
and (iv) three time points as the disease progressed (progressing
stages 1, 2, and 3).

The steady stage varied in length, but signs and symptoms of
disease progression occurred �1 month before animals required
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euthanasia. Therefore, we used the time before termination to
better synchronize the stages for the individual animals, and we
defined this period as progressing stages 1, 2, and 3, occurring
4.5, 2.5, and 0.5 wk before necropsy. Thus, except for the febrile
period in the acute stage, all stages were defined without regard
to the telemetry data. The data from uninfected control animals
were matched on the basis of elapsed time between the stages
defined for the infected animals. During these latter stages, the
SIV-infected monkeys exhibited increased plasma viral load, loss
of body weight (Table 1), and noticeable behavioral changes
(e.g., withdrawn behavior, decreased food and water intake).

The data were analyzed by using cosinor analysis (fitting the
circadian changes to a cosine curve) for evaluating alterations of
the circadian rhythm of body temperature by measuring the
amplitude, MESOR, and acrophase (Fig. 1A) of the rhythm (22).
Analysis of uninfected monkeys, kept under the same environ-
mental conditions in the same housing room, revealed no
significant differences in the circadian rhythm of body temper-
ature during the study period (Fig. 1 B, D, and F). However, in
the SIV-infected group, the group mean cosinor analysis indi-
cated a progressive decrease in the temperature amplitude in
SIVE monkeys compared with baseline, reaching a significant
reduction of 28%, 33%, and 62% [F(5,35) � 36.73, P � 0.0001]
during the progressing stages 1, 2, and 3, respectively (Fig. 1C),
whereas a significant difference in the MESOR occurred in the
progressing stage 3 [F(5,35) � 9.73, P � 0.01] (Fig. 1E). A
significant delay of 5 h (from �91.5 to �162.24°) [F(5,35) � 8.27,
P � 0.01] occurred in the acrophase during the progressing stage
3, compared with preinfection (�91.5°) (Fig. 1G).

Because light provides a strong environmental time cue
(zeitgeber) to the circadian rhythm, the patterns of body tem-
perature during the day and night were also analyzed in the
monkeys. Body temperature recordings revealed that before SIV
infection, the animals had a well defined body temperature
distribution across the light and dark phases (Fig. 2A), revealing
average values of 37.28 � 0.089°C and 36.19 � 0.089°C, respec-
tively. A detailed analysis of the changes in body temperature
across states of the disease revealed that in the light phase,
SIV-infected monkeys had a slight, but significant, increase of
0.42, 0.21, and 0.34°C during the acute stage and progressing
stages 2 and 3, respectively [F(5,719) � 211.6, P � 0.0001],
compared with the preinfection stage. A greater change in
temperature was found in the dark phase, in which the infected
animals showed an increase of 0.58, 0.34, 0.71, and 1.31°C during
the acute stage and progressing stages 1, 2, and 3, respectively
[F(5,719) � 737.3, P � 0.0001], compared with the preinfection
stage (Fig. 2B).

Effects of SIV Infection on the Circadian Rhythm of Gross Locomotor
Activity. We similarly evaluated the circadian rhythm of gross
locomotor activity of SIV-infected animals through analysis of

the telemetry data for locomotor activity. As observed in the
temperature data, no significant differences in the circadian
rhythm of activity were identified in the control uninfected
group (Fig. 3 A, C, and E). However in the SIV-infected group,
the amplitude of the rhythm was significantly decreased 44, 63,
and 88% [F(5,35) � 34.18, P � 0.001] during progressing stages
1, 2, and 3, respectively, compared with baseline (Fig. 3B). The
MESOR was significantly decreased 50%, 65%, and 90% [F(5,35)

� 9.83, P � 0.001] during progressing stages 1, 2, and 3,
respectively, compared with baseline (Fig. 3D). However, the
acrophase of the rhythm did not show significant changes
compared with baseline (Fig. 3F).

Gross locomotor activity patterns were analyzed through the
different stages of the SIV infection. The results indicated that

Table 1. Body weights and plasma viral load in five
SIV-infection stages

Stage
Body

weight, kg Plasma viral load, log10/ml

Preinfection 6.82 � 1.34 NA
Acute 6.77 � 1.11 7.84 � 0.49
Steady state 6.89 � 1.34 6.88 � 0.54
Progressing 1 ND 7.70 � 0.49
Progressing 2 ND 8.19 � 0.42
Progressing 3 6.35 � 0.78 8.32 � 0.22

The data are means � SD. The values are those closest to the time points
used for circadian analysis, except for the acute stage, for which the peak viral
load is given as that occurring between days 10 and 17 after inoculation. NA,
not applicable; ND, not determined due to missing data points.

Fig. 1. Effects of SIV infection on the circadian rhythm of body temperature. (A)
Diagrammatic representation of cosinor analysis and the circadian parameters
measured in this study. (B–G) Effects of SIV infection on the circadian rhythm of
body temperature. In uninfected animals, the amplitude (B), MESOR (D), and
acrophase (F) in the uninfected control group did not show significant changes
during the study. In the SIV-infected group, the amplitude (C), MESOR (E), and
acrophase (G) showed significant alterations through the different stages of the
disease. For the uninfected controls, time periods equivalent to those measured
in the SIV-infected group are labeled p-i (corresponding to preinfection), A
(acute), SS (steady state), and P-1, P-2, and P-3 (progressing stages 1, 2, and 3,
respectively). Each point in the graphs represents the mean values (� SEM) of a
24-h period. Asterisks indicate significant differences compared with the prein-
fection stage (P � 0.01); n � 5 in each group.
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locomotor activity during the preinfection stage showed a well
defined distribution through the light and dark phase (Fig. 4A),
resulting in average values of 20.62 � 1.78 and 1.63 � 0.67,
respectively. However, a detailed analysis revealed that, in the
light phase, SIV-infected monkeys had a significant gradual
decrease of 20, 53, 67, and 90% during the steady-state stage and
progressing stages 1, 2, and 3, respectively [F(5,719) � 167.4, P �
0.0001], compared with the preinfection stage. During the dark
phase, gross locomotor activity remained low during the differ-
ent stages of the disease but did show significant reductions of
38%, 48%, and 88% during the acute stage and progressing
stages 2 and 3, respectively [F(5,719) � 9.31, P � 0.0001],
compared with the preinfection stage (Fig. 4B).

CNS Histopathology in Animals with Circadian Abnormalities. The
animals analyzed all manifested SIVE, with the brain containing
multifocal perivascular macrophage accumulation, activated micro-
glia and astrocytes, infiltrating immune cells (predominantly mac-
rophages as well as lesser numbers of lymphocytes), and the
pathognomic multinucleated giant cells. Abundant SIV was present
in the brain, demonstrated by immunohistochemistry for the Gag
protein, in situ hybridization for the Nef gene, and the quantitative
branched DNA assay, the latter averaging 6.26 � 0.40 log10 genome
equivalents per microgram of brain RNA. However, the hypothal-
amus was not directly examined microscopically in these animals.

To assess the hypothalamus in the setting of this circadian
anomaly, the telemetric body temperature recordings were
followed in an additional group of SIV-infected animals, and two

were killed when the characteristic circadian abnormalities
developed (Fig. 5A). The histopathological and viral findings in
the brain were similar to those described above. Importantly, the
hypothalamus was also affected. Most prominently, immunohis-
tochemical staining for CD163, a macrophage marker that also
uniquely identifies activated microglia in the setting of SIV and
HIV (23), revealed increased numbers of macrophages and
activation of microglia in several regions of the hypothalamus,
including the subparaventricular zone (SPZ) (Fig. 5).

Discussion
The principal finding of this study is that SIV-infected monkeys that
developed CNS disease, manifested as encephalitis, displayed pro-
gressive pathological alterations in the circadian rhythms of body
temperature and gross locomotor activity. These alterations were
manifested as impairments in three variables: amplitude, MESOR,
and acrophase, the disruption of which are indicators of defects in
the regulation of the circadian rhythm system (22). These impair-
ments developed before clinical symptoms were observed and
became more severe as the disease progressed. Although an acute
febrile response develops early after inoculation, the subsequent
changes in temperature regulation are not representative of a
febrile response but, instead, are due to an impairment in circadian
control systems resulting from the viral infection. Other studies of
humans and experimental animals report that the febrile response
induced by parasitic and bacterial diseases do not alter the circadian

Fig. 2. Effects of SIV on body temperature through different stages of the
disease. (A) Data from the 48-h monitoring periods revealing the acute febrile
response, followed by recovery of body temperature control but then pro-
gressive disruption in disease progression. The data are expressed as the
means of five monkeys. (B) The effects on temperature during the light (white
bars) and dark (black bars) phases (12 h each) of the cycle. The data are
expressed as the means � SEM of five monkeys. Asterisks indicate significant
differences compared with the preinfection stage (P � 0.01). Prog, progress-
ing stage.

Fig. 3. Effects of SIV infection on the circadian rhythm of activity. (A, C, and E)
In uninfected monkeys, the amplitude (A), MESOR (C), and acrophase (E) did not
show significant changes along the study. (B, D, and F) For the SIV-infected
monkeys, the amplitude (B) and MESOR (D) of locomotor activity circadian
rhythm showed significant alterations during the progression of the disease to
SIVE; the acrophase (F) did not. Stages were matched between the uninfected
and SIV-infected groups, as described in the legend to Fig. 1. Each point repre-
sents the mean values (� SEM) of a 24-h period. Asterisks indicate significant
differences compared with the preinfection stage (P � 0.01); n � 5 in each group.
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rhythmicity of body temperature, supporting our hypothesis that the
control of the circadian rhythm is affected by SIV infection (24–26).

During the acute phase of disease, the body temperature
increased during both the day and night, which we interpret as
the febrile response to infection. However, we observed that
after recovery from this phase and the subsequent normalization
of temperature, both the temperature and the circadian rhythm
were altered over the progression of infection. Interestingly, the
temperature changes were first manifest during the progressing
stage 1 at nighttime (the dark phase), when body temperature is
normally at its lowest, and to a much greater degree as disease
progressed. These alterations were evidenced by significant
changes in the measured circadian parameters, first, in the
amplitude and, later, in the MESOR and acrophase.

Changes in locomotor activity were also present. Although
only a slight disruption was found during the acute phase (a
lowering of the already low level of nighttime movement), the
daytime locomotion began dropping during the steady-state
phase, and continued to decline as the disease progressed (and
was accompanied by a decline in nighttime movement). These
results confirm our previous observations about the effects of
the SIV infection on locomotor activity (27, 28). The circadian
analysis here revealed alterations in the amplitude and MESOR
of the activity rhythm during disease progression. In contrast, the
acrophase, which underwent notable alteration at the final time
point measured for temperature, did not differ for activity. These
results clearly demonstrate that the homeostatic regulation of
activity and temperature are differentially altered in the SIV-
infected monkeys of this study. Because the basal ganglia are a

frequent target for HIV/SIV-induced damage, alterations in the
basal ganglia of animals infected with SIV cannot be ruled out
as a factor for hypolocomotion.

Thus there are two effects of SIV infection: the initial fever,
which resolves, followed by alterations in both temperature and
activity level, with distinctive circadian changes. Because the SIV
does not infect neurons, alterations of the SCN-associated pathways
controlling the circadian rhythms of infected monkeys are indirect
and may be caused by the release of several factors during the
infection. Cytokines, which are induced in the CNS in SIV and HIV
encephalitis, may be particularly important because there is evi-
dence that proinflammatory cytokines can induce disruptions in the
synaptic transmission in the SCN, as well as reduce the mRNA
levels of the clock gene Period in the SCN (29, 30). On the other
hand, viral proteins can also have effects. Tat has been found to
reset the circadian rhythm of spontaneous action potentials re-
corded in the SCN and to affect the circadian rhythm of the
wheel-running activity in mice (31). The surface envelope protein
gp120 causes a significant reduction in glucose utilization in the
SCN (32).

Although viral proteins may have an effect, host molecules are
prime candidates in circadian disruptions, as well as the cognitive
and motor disorders in SIV/HIV infection. Indeed, the steady
state may actually be an active state in the brain. In a chronic
setting, we observed behavioral (cognitive and motor) abnor-
malities and increased levels of several IFN-induced genes in the
brains of SIV-infected monkeys (33). In addition, host lymphoid
cells (predominantly virus specific) infiltrate and accumulate in
the infected brain (34, 35). Interestingly, peripherally adminis-
tered IFN does result in IFN-induced gene expression in the
hypothalamus and alters circadian parameters (30). In the
chronic/steady-state phase, because of the active host/pathogen
interaction, both CNS and peripherally produced immune me-
diators may affect the hypothalamus. Such relatively low-level
but consistent production of these mediators may lead to the
decreased activity, as well as the behavioral abnormalities found
in our and other studies of otherwise asymptomatic infected
animals (33, 36, 37). However, in the setting of advanced disease,
there is a proinflammatory transcriptional profile in the brain
(38), and a direct effect of such molecules produced locally is
likely, resulting in the progressive anomalies in temperature
regulation. Intriguingly, physiological activation of the supraop-
tic nucleus of the hypothalamus leads to distinct changes in local
microglia (39). We hypothesize that the converse, the activation
of microglia and subsequent production of immune mediators,
alters the physiology of hypothalamic neurons and leads to the
circadian changes we report in advanced stages of disease.

Like the SIV-infected monkeys of this study, HIV-infected
individuals experience disruptions in the circadian rhythmicity of
several functions, including body temperature, activity, sleep pat-
terns, and hormone secretion (5, 7–9). In addition, it has been
reported that HIV patients who develop AIDS have a reduced
number of vasopressin- and oxytocin-expressing neurons in the
SCN and paraventricular nucleus, respectively (40, 41), indicating
that hypothalamic neurons are compromised during the progres-
sion of the HIV disease. Circadian impairment can lead to neu-
robehavioral symptoms such as those found in HIV individuals,
including motor and cognitive disorders and fatigue, and their
recognition and possible treatment may be helpful in this now-
chronic disease.

Such changes are in no way unique to HIV/SIV-induced
disease. Alterations in the circadian rhythm of body tempera-
ture, activity, and sleep have been reported in AD patients (17,
18), suggesting impairments in the SCN in this neurodegenera-
tive disorder (14, 15). The possible influence of circadian rhythm
on cognitive functions has been also observed in AD patients
whose behavioral symptoms of dementia are exacerbated in the
afternoon and evening, a phenomenon known as ‘‘sundowning’’

Fig. 4. Effects of SIV on locomotor activity through different stages of the
disease. (A) Data from the 48-h monitoring periods, expressed as the means of
five monkeys. A progressive decrease in activity, mainly during the light phase,
was observed in SIVE monkeys. (B) The effect on activity levels during the light
(white bars) and dark (black bars) phase (12 h each) of the cycle. The data are
expressed as the means � SEM of five monkeys. Asterisks indicate significant
differences compared with the preinfection stage (P � 0.01).
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(42). Intriguingly, such AD patients have increased MESOR
values, decreased amplitude, and delayed acrophase for the
circadian rhythm of body temperature compared with healthy
individuals (17). Correspondingly, mouse models of AD show
impairments in the MESOR and amplitude of body temperature
and sleep, together with cognitive deficits (43). Although addi-
tional studies are needed to uncover the basis of the circadian
changes observed in the monkeys of this study, these reports,
together with our findings, suggest that the functionality of
hypothalamic circadian control is compromised in SIV-infected
animals during the progression to CNS disease.

Another interesting observation is that the acrophase of body
temperature and gross activity in the terminal phase was not
affected in the same way, suggesting that in rhesus macaques, the
pacemaker of the circadian timing system for body temperature and
locomotor activity differ in susceptibility to the effects of SIV
infection. Studies carried out in squirrel monkeys suggest the
existence of two separate self-sustained oscillators (44, 45). In these
studies, SCN lesions disrupted the rhythm of behavioral activity
without affecting the body temperature rhythm, whereas manipu-
lation of the light/dark cycle resulted in desynchronization between
the acrophases of the body temperature and locomotor activity.
Likewise, studies in rats have shown that the ventrolateral and
dorsomedial regions of the SCN independently control the circa-
dian rhythm of activity and body temperature, respectively (46).

The existence of distinct anatomical substrates for the circa-
dian timing system for body temperature and activity is also
supported by studies in rats indicating that specific regions in the
SPZ, the major target of SCN neurons within the hypothalamus,
regulate different circadian rhythms. Thus, the dorsal SPZ
regulates the circadian rhythm of body temperature, whereas the
ventral SPZ regulates the circadian rhythm of locomotor activity,
sleep, and feeding (11). The microglia activation and macro-
phage accumulation that we found in the SPZ was likely asso-
ciated with alterations in SPZ function. Both the SCN and the

SPZ send projections to the brain structure related with the
homeostatic regulation of body temperature, the preoptic area
(POA) (11, 47–49). However, because lesions of the POA alter
the amplitude of the circadian rhythm of body temperature (50),
there could be a bidirectional interaction between the homeo-
static and circadian system. In addition, the SIVE neuropathol-
ogy was not limited to the SPZ. Thus, impairments in SCN, POA,
or other hypothalamic control regions cannot be ruled out as an
additional factor for circadian dysregulation. Future studies,
including microinjection of proinflammatory cytokines and viral
products, are needed to determine the role of distinct hypotha-
lamic regions on the circadian alterations caused by the infection
with SIV. Although the ventral SPZ regulates sleep, as well as
locomotor activity, unfortunately, our studies did not allow a
formal examination of alterations in sleep patterns, which have
been reported to be disrupted in HIV-infected patients (51).

In conclusion, our results indicate that the circadian rhythm of
body temperature and gross locomotor activity are progressively
disrupted in SIV-infected monkeys that progress to CNS disease
and that the alterations in the amplitude, MESOR, and ac-
rophase are not related to the acute fever response induced by
the SIV infection. Although the precise mechanisms associated
with these alterations are unknown, we propose that SIV
infection of monkeys impairs the control of circadian rhythms,
leading to disturbances in neurobehavioral functions, which has
important implications not only for pathogenesis but also for
treatment strategies of HIV-infected individuals.

Methods
SIV Infection. Studies were performed with the approval and guide-
lines of the Institutional Animal Care and Use Committee of The
Scripps Research Institute. Rhesus monkeys were kept under a
light/dark cycle of 12:12 h (6:00 a.m. to 6:00 p.m.) and a room
temperature between 24 and 26°C. For SIV infection, animals were
intravenously inoculated with a cell-free stock of SIV, derived from

Fig. 5. Hypothalamic histopathology in the setting of altered circadian body temperature rhythm. (A) Body temperature data in rhesus monkey 521 (upper
trace) and 523 (lower trace) were monitored until a disruption in circadian parameters was observed, at which time, animals were killed. (B–D) Histopathology
of the hypothalamus, illustrated in the SPZ. The third ventricle is shown at right, with the ependymal lining visible in B and C. Photomicrographs [original
magnification: �10; �60 (C Inset and D Inset)] of CD163 immunohistochemistry in control uninfected animal 556 (B) and SIV-infected animals 521 (C) and 523
(D). CD163-reactive ramified microglia (notable in C, region with * shown in C Inset) and macrophages (notable in D, region with * shown in D Inset) are not
found in control animals (e.g., B).
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SIVmac251 (52, 53). All infected animals developed rapidly pro-
gressive simian AIDS necessitating euthanasia within 6 months
after viral inoculation, and neuropathological examination revealed
SIVE. For additional animal details, euthanasia criteria, and post-
mortem analysis methods, see supporting information (SI) Methods.

Telemetry Recordings and Cosinor Analysis. Body temperature and
gross locomotor activity were measured by means of radiotelemetry
implants. Signals from individually implanted telemetry transmit-
ters (Physiotel TA10TA-D70; Data Sciences International, St. Paul,
MN) were received by individual receivers (model RMC-1, Data
Sciences International), which were connected to the data acqui-
sition matrix, and the data were processed by using Dataquest ART
4.0 software (Data Sciences International). Temperature and ac-
tivity were continuously monitored before and after infection.
However, to minimize confounders potentially affecting measured
parameters, the values used for this study correspond to the
recording periods of 48 h obtained during weekends, when monkeys
remained undisturbed except for feeding and drinking water re-
placement. Examination of the data revealed that these periods
were indeed representative of the data preceding and after the
weekends. Thus, two consecutive 24-h periods for each monkey,
through different stages of the disease, were averaged. For addi-
tional radiotelemetry details, see SI Methods.

The analysis of the effects of SIV on the homeostatic regu-
lation of body temperature and activity was performed after

averaging their values during the stages, as described above,
whereas to determine circadian variations, the temperature and
activity data were analyzed by using the Time Series Analysis
Serial Cosinor 6.3 software (Expert Soft Technologie, Richelieu,
France), and the fitted cosinor curves were calculated with a 24-h
rhythm. The cosinor curve is represented by the following
function: C(t) � MESOR � amplitude cos[2�(t-acrophase)/24
h], where MESOR (mean of the oscillation), amplitude (half the
difference between the highest and the lowest values), and
acrophase (timing of the cosine maximum given in degrees,
where 360° corresponded to a 24-h cycle). After the single
cosinor analyses, the group mean cosinor values were obtained.

Statistical Analysis. Statistical comparisons by using an ANOVA for
repeated measures, with the Dunnett’s multiple comparison test
done to compare cosinor results from the preinfection stage against
the different stages of the disease, as established in this study.
StatGraphics Centurion 15.2 (StatPoint, Inc., Herndon, VA), Prism
4.1 (GraphPad, San Diego, CA), and StatView (SAS Institute,
Cary, NC) software were used for the analysis.
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