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1 | INTRODUCTION

Abstract

Background: In captive colonies, owl monkeys’ mothers sometimes reject their new-
borns. To prevent, mortality infants are manually raised by veterinarians. Both paren-
tal separation and rejection are stressful experiences, associated with elevated stress,
physical, and behavioural disorders. The effect of parental deprivation in IVITA's owl
monkeys stress profiles and health is unknown.

Methods: We compared stress biomarkers such as hair cortisol (using cortisol ELISA),
stereotypic behaviours (with infrared cameras), and infection histories in juveniles
separated from parents soon after birth (n = 14, ~17 months) and controls (n = 11,
~17 months).

Results: Parentally deprived owl monkeys show higher infection rates than controls
(p = .001). However, they display no higher incidence of biomarkers of stress: Neither
stereotypic behaviour nor cortisol in hair was different between cohorts. Irrespective
of deprivation status, rates of infection, and concentration of cortisol in hair were
positively associated (R? = .29, p = .005).

Conclusion: Early parental deprivation and natural high levels of cortisol secretion are
associated with elevated infection levels in the IVITA owl monkey juveniles detectable

up to 17 months post separation.

KEYWORDS
cortisol, early life stress, infections, New World monkeys, rejection, stereotypic behaviour

The number of maternal rejections at the Nancy ma's owl

Owl monkeys (Aotus spp.) are a genus of New World primates that are
bred in captivity as biomedical models for human infectious diseases.*?
Although in general efforts have been successful in setting productive
colonies, breeding this species in captivity is not without challenge.
Owl monkey colonies have suffered from high prevalence abortions
and poor reproduction.?® Amongst infants, mortality is also high, with

opportunistic infections and maternal rejections as leading causes.*¢

© 2021 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

monkeys (Aotus nancymaae) colony in Iquitos Peru has decreased
considerably since its establishment (1979),° being a successful
breeding programme, while maintaining international standards
of animal welfare.! However, rare rejection events still occur.
When this happens, rejected newborns are separated from par-
ents, hand-raised by veterinarians until they recover, and then
re-housed with other rejected or orphaned individuals. Whereas

separation from parents following rejection (hereby parental
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deprivation) has eliminated rejection-related mortality (Sanchez,
personal communication) it could represent strong emotional chal-
lenge for young primates, leading to an increase risk to suffer men-
tal and physical disease.”®

Experiments where infant primates are temporarily separated
from mothers or (hereby ‘maternal separation’) can cause long-term
alteration of the activity of the Hypothalamic Pituitary Adrenal
(HPA) axis, the system that regulates the physiological response
to stressors,8 induce abnormal behaviours,9 and disease estates in
primates.1®:11

The long-term effects of spontaneous rejection and separa-
tion on health have not been studied in New World monkeys.
However, experimental studies commonly find lower cortisol in

maternally separated,'?13

although some others show the op-
posite effect.'* Further reports show that the maternally sep-
arated suffer from: altered reactivity to stressors,'* modified
neuronal expression of genes involved in learning and emotion

3

which persist until adolescence,'® and the display of anxious

like behaviours such as distress vocalizations and socialization
deficiencies.?

We propose that maternal rejection followed by parental sep-
aration could be stressful for young owl monkeys as, in nature,
groups are territorial, infants (0-8 months) are mainly cared for by
their fathers, with mothers remaining as a source of milk through
infancy. Juveniles (8 months -3/4 years) of both sexes remain in
the natal group until they reach adulthood, at which point they
emigrate. Only as juveniles, individuals of different groups come
into contact.’®

Additionally, for primates studied, interruption of mother-
infant relationship is also associated with increased risk of gas-

1016 \with chronic

trointestinal and upper respiratory infections,
release of cortisol citing as a likely cause of impaired immune and
inflammatory responses.17 This is relevant for IVITA's parentally
deprived infant owl monkeys as they appear to suffer from infec-
tions which can become lethal (Sanchez, personal communication).
Therefore, we hypothesized that parentally deprived owl monkeys
might suffer from lasting dysregulation of the HPA axis and suf-
fer from increased rate of infections. To test this, we compared
cortisol deposited in hair; presence of distress behaviours; and
rate of medications administered for infections in juveniles which
had been rejected and separated in early life and age-matched
controls. Our analysis demonstrates that parentally deprived
owl monkeys required more treatments for bacterial, fungal and
parasitic infections detectable ~17 months after separation. And
although there was no statistical difference in stress biomarkers
between parentally deprived and controls, the rate of infection
treatments was in part explained by high cortisol concentration
deposited in hair.

This report supports that preventing maternal rejection and/or
understanding its effects would be key to improving and refining
long-term health management and prevention of common infections

in owl monkey colonies.

2 | MATERIALS AND METHODS

2.1 | Humane care guidelines

The work presented was approved by the Ethical committee on
animal research of the National Mayor University of San Marcos
(UNMSM). Authorization for sampling was granted to Angela
Maldonado and Ursula M. Paredes by the Peruvian authority on
Fauna and Flora SERFOR (RDG0050-2018-SERFORDGGSPFFS).

2.2 | Sample collection

This study included 25 juvenile owl monkeys housed at the Center
for the Reproduction and Conservation of Non-Human Primates
(CRCP) of the Veterinary Institute of Tropical and Altitude Research
(IVITA) of the Universidad Nacional Mayor de San Marcos (UNMSM),
located in the city of Iquitos, Peru. Of these 25, 14 were rejected/
separated (5 males and 9 females, mean age 17.7 + 1.7 months) and
11 were controls (3 males, 8 females, mean age 17.5 + 2 months).
The rejected cohort was composed of juveniles rejected within the
5 months of life (mean age 2.6 + 1.6 months) and subsequently sepa-
rated from parents. The criteria for the controls were: age-matched
juveniles, reared by parents until weaning age. The weight of these
individuals was similar in both groups (rejected/separated and con-
trols 820 + 16 g; 810 + 35 g respectively).

2.3 | Family and rearing environment

Primates are housed in large concrete buildings with mesh doors
that allow access to natural bio periods throughout the year. In na-
ture this species is territorial, monogamous and lives in small fam-
ily units. Home ranges are large with juveniles of both sexes mainly
coming into contact after dispersal.!® Therefore at IVITA, breeding
pairs or breeding pairs plus immature offspring are housed in a single
enclosure (2 m®, width = 1 m, depth = 1 m height = 2 m). Owl mon-
keys are fed once a day a diet composed of seasonal fruits, vegeta-
bles, IVITA’'s own dried food, and water ad libitum. At 8-9 months,
offspring are weaned and juveniles are transferred to a new enclo-
sure and paired with a member of the opposite sex to establish a new
breeding pair.

2.4 | Maternal rejection and parental separation

Owl monkey mothers reject attempts of their young to be carried
shortly after giving birth (within the first four weeks of life), how-
ever, allow offspring to continue suckling. Fathers are the primary
caregivers, carrying infants start soon after birth.!8? After a pe-
riod between days and a couple of weeks, mothers occasionally re-

ject suckling, blocking access to the nipples, ignoring calls for help,
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offering their back or shielding their nipples. Sometimes mothers
gently bite offspring tails and toes to persuade them to stop search-
ing for the nipple (Sanchez, personal communication). Whereas this
account of rejection is considered part of the normal weaning pro-
cess for Aotus spp.,Y’ complete rejection could lead to starvation,
and escalate to aggression to infants, which can be lethal.*> When
complete rejection has been observed, maternally rejected infants
were removed from parents’ enclosure and transferred to incuba-
tors under the care of veterinarians. Offspring remained in incuba-
tors until recovered from rejection injuries, at which point they were
re-housed with other rejected or orphaned infants. For the paren-
tally separated cohort, food consists solely of human infant formula
(Nan-Nestlé) until 4 months of age after which formula milk is com-
bined with IVITA's own dry food and fruit.

2.5 | Hair collection and Cortisol measurements

We obtained hair samples for cortisol analysis along a regu-
lar IVITA veterinary wellness check- up (one sample/individual
~17 months of age). For these animals were anaesthetized with
ketamine hydrochloride (10-20 mg/kg) intramuscularly follow-
ing established methods.*® Approximately 1.5 cm of hair (~0.5 g)
were cut from the tip of the tail, where hair was long. The hair
was stored in the refrigerator at 4°C until processing time. Hair
was cut into small sections (~1-2 mm length) with micro scissors
and weighed in an electrical microbalance. To isolate and measure
cortisol, an Isopropanol precipitation protocol was used, followed
by a competitive ELISA salivary cortisol (Salimetrics) validated for
hair.?% Immunoassays were measured as colour change on a plate
reader (BMGlabtech) set at 450 nm following kit manufacturer's
instructions. The protocol included a standard curve. Absorbance
raw values were converted to absolute cortisol concentrations es-
timations using a reciprocal absorbance method, using the slope
constants obtained from fitting a curve to standards’ readings.
Cortisol concentrations were replicated for 30% of samples by

two independent operators.

2.6 | Camerarecordings and Behaviour analysis

We recorded behaviours 5 weeks post hair collection where arousal
cause for sampling procedure would have subsided. Videos were re-
corded between 5 pm and 6 am as owl monkeys are nocturnal.’®> We
set 10 motion-sensitive infrared cameras (Trail Wildlife Camera Trap
with Infrared Night Vision, APEMAN 12MP 1080P) placed outside
enclosures. Cameras recorded during 5 consecutive nights cover-
ing ~60 h/individual (total recorded time for parentally deprived
= 17.69 h, controls = 9.11 h). The motion-sensitive cameras were
placed 1m from the floor and 1.5 m from the front wall, offering a
complete view of the enclosures. In the recordings, we quantified
total duration stereotypic behaviours: ‘pacing’ (locomotion back and
forth in the base of the cage), and ‘somersaults’ (rapid small back

flips against the back wall of the enclosure) and number of episodes
displayed per individual. Other forms of stereotypic behaviours
were not observed in videos. Behaviours were recorded using digital
timers, by two independent observers. Interobserver reliability was
calculated based on 100% of the video recordings.

2.7 | Analysis of history of treatments
for infections

IVITA's individual health records include endoparasite and ec-
toparasite screenings, injuries and medication administered, age of
weaning and rejection events. For infants rejected, monitoring was
conducted by veterinarians. After relocation to general colony hous-
ing, monkeys suffering from infections or poor health were identi-
fied by animal keepers who conducted daily visual checks of all owl
monkeys in IVITA facilities. Results of checks were reported back
to veterinarian staff, who then assessed animals’ health. When ani-
mals needed medical care drugs and treatment administered were
recorded in individuals’ medical histories.

Wide spectrum drugs administered to treat bacterial, fungal and
parasitic infections (eg amoxicillin, sulfonamide, cephalosporin, tri-
methoprim, metronidazole, and ivermectin) were identified medical
records and scored. The number of treatments were normalized per
number of months lived to the date of collection of hair samples.
Multiple administration of the same drug over a few days was scored

as one treatment.

2.8 | Statistical analysis

We compared differences in mean cortisol concentrations, time
spent in stereotypic behaviours and rate of infection treatment in
parentally deprived and controls. Testing of sexual differences was
not possible as sample size was too small. We conducted F-tests to
compare variance of samples and unpaired Welch's T-tests (for un-
equal samples) in GraphPad (PRISM9) to test for statistical differ-
ences between means. The null hypotheses were rejected when p
<.05.

3 | RESULTS

Our study aim was to test if parental deprivation was associated
with elevated stress and increased frequency of infections. This
study did not identify an association of parental deprivation with
elevated rates of stress biomarkers (cortisol concentration Figure 1
and incidence of stereotypia Figure 2). However, our measurements
confirmed that owl monkeys that were parentally deprived in early
life received significantly more medication to treat infections than
controls (Figure 3). As to further explore if stress levels correlated
with health outcomes, we identified a correlation between cortisol
levels and infection treatment for owl monkeys (Figure 4).
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FIGURE 1 Concentration of cortisol in the hair of parentally
deprived and control juvenile owl monkeys is not different.
Parentally deprived owl monkeys (n = 14; grey circles) have similar
mean cortisol concentrations as controls (n = 11; black circles).
Probability p = .65 is derived from a Welch's T-test (two tailed, df =
22.22)
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FIGURE 2 Frequency of stereotypic behaviours in parentally
deprived and control owl monkeys is not different. Two forms of
stereotypia: somersaults and pacing were identified in deprived

owl monkeys (n = 14; grey circles) but not in controls (n = 11; black
circles). Behaviours were quantified over 5 consecutive nights

(60 h). Number of somersaults bouts and duration of Pacing seen

in deprived animals were analysed using a Welch's T-test, which
showed no significant differences in stereotypic behaviours between
groups (Somersaults, df = 12, p = .14; Pacing df = 13, p = .12)

Cortisol concentration deposited in hair rejected/separated and
controls was compared using an ELISA immunoassay (Figure 1). The
mean cortisol of each cohort was different (deprived = 20.22 + 6.1
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FIGURE 3 Frequency of infection treatments in parentally
deprived juveniles is higher than in controls. Parentally deprived
owl monkeys (n = 14; grey circles) have significantly different rates
of treatments for infections than controls (n = 11; black circles).
Probability p = .001 (indicated by **) is derived from a two-sample
t-test (Welch) using a T distribution (two tailed, df = 13.66)
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FIGURE 4 Correlation between treatment/month lived and
hair cortisol concentration in all owl monkeys. Linear regression
of cortisol and rate of infection treatments revealed a positive
correlation between cortisol and rate of infections in parentally
deprived monkeys (n = 25, p = .005; R?=0.295; F = 9.601)

pg/g, controls = 15.2 + 1.5 pg/g). However, an unpaired Welch's T-test
demonstrated that cortisol concentration in hair measured in hair up
to 17 months post parental deprivation was not significantly different
from the found in controls (two tailed, df = 22.22, p = .65).

Our camerarecordings demonstrated the presence of whole body
stereotypic behaviours amongst IVITA's owl monkeys, specifically,
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we identified pacing and somersaults (Figure 2). Interobserver reli-
ability was measured, with the scores being 93% and 85% for somer-
saults bouts and pacing duration respectively. The incidence of both
stereotypic behaviours was higher for the parentally deprived (in 3
of 14) than for controls (in O of 11), where these or other stereo-
typic behaviours were not recorded. However, statistical analysis of
pacing duration and somersaults bouts demonstrated no significant
differences between cohorts (Welch's T-test, Somersaults, df = 12,
p = .14; Pacing df = 13, p = .12). The total amount of time (duration)
and number of times (frequency) the three parentally deprived indi-
viduals engaged in these behaviours varied significantly. Two of the
three individuals lived in the same enclosure and displayed pacing
and somersaults in four out of five days of recording. Whereas the
pair engaged in multiple somersaults and pacing for 30-40 min (in
total), the third individual only engaged in pacing for one minute and
did one somersault. Consequently, the standard deviation of these
behaviours in the parentally deprived sample were large (Somersault
bouts in parentally deprived mean = 2 + 2.8, controls = 0; Pacing
mean parentally deprived = 9 + 15.6 min controls = 0 min).

To determine the association between parental deprivation
history and infection rates, we analysed the frequency of admin-
istration of drugs to treat parasitic, bacterial and fungal infections
as recorded in medical histories. The results are shown in Figure 3.
Our analysis showed that the number of treatments for infections
per month lived was higher in parentally deprived (mean = 0.12 +
0.10) than in controls (mean = 0.0 + 0.01). Furthermore, a two-tailed
Welch's T-test showed that this difference was statistically signifi-
cant (df = 13.66, p = .001). Furthermore, it was noticed that juvenile
control owl monkeys were almost never treated for infections.

We had hypothesized elevated cortisol secretion induced by a
history of parental deprivation could be a contributing factor to in-
creased rates of infections in these owl monkeys. As there was no
difference in cortisol concentration between our stressed and con-
trol cohorts, we used a simple linear regression analysis to explore
if cortisol concentration alone, irrespective of rearing history, cor-
related with frequency of treatments for infection (Figure 4). This
analysis showed a significant correlation between cortisol and in-
fection treatment rates (p = .005), explaining a small portion of the

variance of infection treatment rates (R2 =0.29, F =9.601).

4 | DISCUSSION

Experiencing parental separation in early life can permanently
modify stress reactivity, health outcomes and behaviour.?*?? In our
study we tested whether parental deprivation, a more severe form
of separation, would be associated with stress and poor health in
parentally deprived owl monkeys. Our study confirmed that pa-
rental deprivation is associated with greater frequency of infection
treatment detectable (up to) ~17 months post-parental separation.
Furthermore, we confirmed that infection prevalence is linked to el-
evated cortisol accumulation in hair, although the source of this ele-
vated physiological stress marker is not explained by rearing history.

Altogether, the study suggests that early adverse experiences and
naturally elevated physiological stress levels could predispose juve-
nile owl monkeys to poor health.

We hypothesized that our parentally deprived cohort would suf-
fer from chronic stress, and that cortisol secretion would be dysreg-
ulated as a result. Our calculations do not support our hypothesis,
the mean hair cortisol concentration detected was no different be-
tween parentally deprived owl monkeys and controls (Figure 1). This
would suggest that exposure to this stressor does not lead to alter-
ation in cortisol concentrations in captive owl monkeys which can
be detected ~17 months after separation. At a first glance, it would
appear that our study disagrees with larger literature which shows
long-term alterations in cortisol release to milder forms of parental
separation.®2"%> However, there are several reasons which might
explain this discrepancy. Comparisons of our study with previous
reports suffers from important differences in study design, which
affect release and measurement of cortisol.®> Whereas we studied
spontaneous rejection and parental separation in hair ~17 months
after stressor, studies in other New World monkeys describe exper-
imental maternal or familial separation, in plasma measured after
days,14 or in cerebrospinal fluid twelve months post separation.13
Closer study designs are found in studies describing maternal sepa-
ration experiments in rhesus macaques, were cortisol was measured
in hair within a similar time frame as ours (~15-17 months post sep-
aration). However, even when only considering studies within these
parameters, the effect of separation in cortisol deposited in hair
is not always the same. Sometimes effects of separation are last-
ing, with lower cortisol detected in separated and peer reared ma-
caques,?® whereas sometimes cortisol dysregulation is not observed
beyond 6 months.?

Another way on how we addressed whether parental depriva-
tion affected stress phenotypes was measuring the prevalence and
frequency of stereotypic behaviours (Figure 2). We proposed that,
given the severity of the emotional trauma, behavioural abnormali-
ties could occur in owl monkeys. As there are no accounts for such
behaviours in juveniles of this species, we searched for commonly
recorded stereotypies. Analysis of our camera recordings confirm
the prevalence of pacing and somersaults in the parentally deprived
cohort, whereas these were absent in controls. However, amongst
parentally deprived only three of fourteen display these behaviours.
Statistical analysis comparing frequency of these behaviours does
not reveal significant differences between groups. This result would
suggest that the frequency at which owl monkeys display these
behaviours (parentally deprived or not) are not different. It is note-
worthy that a number of studies show that in any given human pop-
ulation, not all individuals exposed to a stressor display behavioural
abnormalities, those sensitive or reactive to environmental condi-
tions at risk.2> Whether this might also be the case for IVITA's Owl
monkeys is unknown, however, future studies to assess the pro-
portion of stress reactive individuals in IVITA's owl monkeys to test
these interactions.

Furthermore, whether pacing and somersaulting are direct in-
dicators of stress in owl monkeys is not clear. Some authors even
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suggest stereotypia could also reflect boredom, or the need to
walk.%é Notwithstanding, pacing and somersaults have been widely
associated with externalization of stress, observed primarily in cap-
tive primates, commonly identified in those which have suffered dis-
ruption of their relationship with their mothers.®?” Therefore, when
considering cortisol and behavioural data together, our study would
suggest that ~17 months post-separation, parentally deprived owl
monkeys do not display deregulation of behavioural or hormonal
stress biomarkers.

Our analysis of medical histories suggests that parental depri-
vation is associated with increased frequency of medication for in-
fections in owl monkeys (Figure 3). Our findings agree with research
conducted on Old World monkeys and apes. Conti and colleagues®®
conducted a retrospective study of health outcomes in rhesus ma-
caques (Macaca mulatta) separated from their mothers, and these
primates were shown to have a lifetime higher incidence of treat-
ment for gastrointestinal infections. Similarly, Clay et al,* described
a lifetime elevated risk for developing upper respiratory infections in
nursery reared chimpanzees (Pan troglodytes).

Since cortisol was not elevated in our parentally deprived cohort,
long-term dysregulation of this hormone may not be a mechanism for
higher infection risk in owl monkeys. However, the relationship be-
tween cortisol and long-term consequences of stressful experiences
is far from clear. It has been proposed that stressful experience itself,
modifies inflammatory and immunological responses to infections
which is independent from alterations in cortisol secretion.'’

It is well accepted that intrinsic (eg genetic) factors could con-
tribute to heightened reactivity to stressors irrespective of rearing
history. For example, genetic variation in loci associated to stress
reactivity (eg in Serotonin transporter gene promoter) is associated
with deficiencies in immune response to certain viruses.?® To ad-
dress this possibility we conducted a regression analysis between
cortisol and rates of infections across the whole sample (Figure 4),
which confirmed a weak association but significant association.
Furthermore, we observed that this correlation is largely driven
by those who experienced parental deprivation (Figure 4, de-
prived black circles, controls grey circles), which may suggest that
a combination of genetic and historical factors contribute to poor
health outcomes in this species. This finding agrees with previous
literature showing that epigenetic changes -in the same genetic loci
linked with stress reactivity- is associated with outcomes parentally
stressed rhesus macaques.?’

A caveat of our study is that we did not consider the effect of
breast milk as a nutritional stressor in our parentally deprived sam-
ples, which were not breastfed for as long as controls. This is rele-
vant and rarely considered as it is widely recognized that breast milk
confers immune protection against pathogens in infants through
transmission of maternal immunoglobulins (secretory IgA)%® and
through the establishment of gut microbial communities, which
promotes healthy immune profiles in primates.®! However, previ-
ous maternal separation experiments in cross fostered rhesus ma-
caques, where breastfeeding regimes were not interrupted, showed
long-term dysregulation of immune profiles*! suggesting the lack of

breastmilk alone would not be responsible for effects on immunity
in owl monkeys. Altogether, our study suggests that infection rates
in parentally deprived owl monkeys might be the result of deficien-
cies experienced during critical developmental periods (emotional
and perhaps nutritional), and intrinsic factors (genetic risk variants
to stress reactivity) which result in long lasting effects on health

profiles.

5 | CONCLUSION

In conclusion, parental deprivation is associated with increased rates
of treatment for infections in juvenile owl monkeys. Furthermore,
considering the individual history of parental deprivation together
with cortisol concentrations in hair could help veterinarians to iden-
tify owl monkeys most likely to develop clinical symptoms of infec-
tion and improve the management of this species in captivity.
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