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Effects of Maternal and Infant Characteristics on
Birth Weight and Gestation Length in a Colony of
Rhesus Macaques (Macaca mulatta)

Kelly ] Hopper,"” Denise K Capozzi,” and Joseph T Newsome?

A retrospective study using maternal and birth statistics from an open, captive rhesus macaque colony was done to determine the
effects of parity, exposure to simian retrovirus (SRV), housing, maternal parity, and maternal birth weight on infant birth weight,
viability and gestation length. Retrospective colony statistics for a 23-y period indicated that birth weight, but not gestation length,
differed between genders. Adjusted mean birth weights were higher in nonviable infants. Mothers positive for SRV had shorter
gestations, but SRV exposure did not affect neonatal birth weights or viability. Infants born in cages had longer gestations than did
those born in pens, but neither birth weight nor viability differed between these groups. Maternal birth weight did not correlate
with infant birth weight but positively correlated with gestation length. Parity was correlated with birth weight and decreased
viability. Increased parity of the mother was associated with higher birth weight of the infant. A transgenerational trend toward
increasing birth weight was noted. The birth statistics of this colony were consistent with those of other macaque colonies. Unlike
findings for humans, maternal birth weight had little predictive value for infant outcomes in rhesus macaques. Nonviable rhesus
infants had higher birth weights, unlike their human counterparts, perhaps due to gestational diabetes occurring in a sedentary
caged population. Similar to the situation for humans, multiparity had a protective effect on infant viability in rhesus macaques.

Abbreviations: ANCOVA, analysis of covariance; PRL, Primate Research Laboratory; SRV, simian retrovirus.

The rhesus macaque (Macaca mulatta) is a useful animal model
for human female reproduction studies because the comparative
physiology between the 2 species is nearly identical."** Some
factors that affect birth weight and neonatal viability in both hu-
mans and macaques include maternal birth weight, maternal age,
maternal parity, and the presence of underlying maternal disease.
Even experimentally induced simulated human lifestyle factors
can affect neonatal outcome.!*1617.544

In humans, maternal birth weight correlates with infant birth
weight such that low birth weight mothers themselves have low
birth weight infants.#**% A similar association has been shown
in the macaque.®* Because low birth weight is associated with in-
creased neonatal mortality in humans and in macaques, this corre-
lation, if present, may have important predictive value.!?0213244753
One objective of this study was to establish whether maternal
birth weight correlated with neonatal birth weight and viability
in this colony of rhesus macaques.

The relationship between parity, age, and birth outcomes in
humans is controversial because multiparous and grand multipa-
rous women tend to be of lower socioeconomic status, older, and
have many confounding lifestyle factors.?**?* In macaques, low
parity and young age are associated with reproductive failure.®
In pigtailed macaques (Macaca nemestrina), increased parity was
associated with decreased neonatal viability but increased birth
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weight. Despite their lower parity, younger mothers in the colony
of pigtailed macaques produced lower birth-weight infants, but
more viable infants, compared with those of older mothers.” The
positive correlation between birth weight and viability merits
further investigation in rhesus macaques. One objective of the
current study was to determine whether maternal parity and age
affected birth weight and neonatal viability in our rhesus ma-
caque colony.

The lifestyle factors of alcohol consumption, cigarettes, caffeine,
drug use, diabetes and exercise have all been shown to influence
birth weight and gestation length in humans and macaques.*”!
522263540424451%5 Captive animals can become obese and develop
insulin-resistant diabetes, which prolongs gestation and produces
oversized infants that are less healthy.?'#%>! Because exercise is a
preventative lifestyle factor for obesity and diabetes, it would be
useful to compare active animals with sedentary ones.* Previous
retrospective colony studies in pigtail macaques show that cage
type, location, and social housing have significant effects on birth
weight and birth outcome.'®" Another objective of the current
study was to determine whether housing in cages (sedentary ani-
mals) or group pens (active animals) influenced gestation length,
birth weight, and viability in our rhesus macaques.

Another factor in birth outcome is the disease status of the
mother. Viral infections, particularly of adenoviruses and immu-
nosuppressive retroviruses, are associated with low birth weight
and infant mortality in humans and nonhuman primates.'3?%
35253 A previous report describes maternal transmission of simian
retrovirus in a colony of pigtailed macaques with concurrent im-
munosuppression, low birth weight, and increased infant mortal-
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ity in viremic mothers.* However, some evidence suggests that
lentiviral antibodies in amniotic fluid may protect against in utero
infection.” Further confounding the effects of retroviruses on re-
productive outcome, animals infected horizontally can be viremic
but serologically negative, and animals with sufficient, detectable
immune responses may have provirus latent in their tissues.* Be-
cause simian retrovirus (SRV) was endemic in the subject rhesus
colony and most data were retrospective thus preventing confir-
mation of viremia, another objective was to determine whether
seropositivity of the dam was associated with neonatal viability,
gestation length, and infant birth weight.

Materials and Methods

Data collection. Retrospective birth data were obtained from
investigator breeding records and colony medical health records
at the Primate Research Laboratory (PRL; Division of Labora-
tory Animal Resources, University of Pittsburgh, PA). All animals
were on animal protocols that were reviewed and approved by
the Institutional Animal Care and Use Committee at the Uni-
versity of Pittsburgh. All breeders and their offspring were used
strictly for reproduction and familial behavior studies, which in-
volved no manipulations other than what was dictated by medi-
cal necessity. Animals in the data set included those that lived in,
were born or imported into, the facility from March 1979 through
March 2003 for the reproductive research facility. This colony was
an open colony in that some animals were imported, some lived
their entire lives in the colony, and some left the colony. Some in-
formation on animal origin was missing from records of deceased
animals prior to 1990. This colony was a mixed-source popula-
tion of Indian-origin rhesus macaques. Only animals seropositive
for SIV, with questionable tuberculosis status, or that cultured
positive for enteric pathogens were excluded from entering the
colony. Animals known to reside within the United States for less
than 1y were quarantined for 90 d; all others had a 30-d standard
quarantine before joining the colony.

Because SRV was endemic in this colony, there was interest in
the effect of viral exposure, if any, on reproduction. Seropositive
animals were not culled or restricted from entering the colony.
Exposure to SRV was determined serologically by a commercial
laboratory. Because the bulk of the data was from animals that
were deceased or no longer in the breeding colony, confirmation
for presence of virus was not included because so few of the ani-
mals had the confirmatory test or were available to be tested. If
female macaques seroconverted to positive status between births,
subsequent births were included in the SRV-positive category.

Infant information gathered included gender, birth date, birth
weight, gestation length, and infant viability. Only birth weights
known to be taken within 24 h of birth were included. A nonvi-
able infant was one that did not survive for 1 mo after birth due
to natural disease or euthanasia because of illness. Maternal in-
formation collected included birth date, birth weight, age at each
birth, parity at each birth, SRV serology status, and delivery in a
gang pen or a cage. Subject selection criteria included infant or
maternal birth at the PRL and maternal delivery at the PRL or
both. Imported females that had been bred and delivered infants
at the PRL were included in the maternal data. Birth weights of
mothers that were imported or purchased were included in the
maternal data. Gestations of these imported mothers before their
arrival at the PRL were included in parity calculations, but infant
data previous to joining the colony were not included. Informa-
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tion from 101 female macaques was included in the data set; male
information was scarce and therefore not included. Because this
study was retrospective, not all information was available for all
animals, so group sizes in the different analyses vary. This weak-
ness is typical of retrospective data; however, significance values
were applied consistently across the study.

Animal facilities and environment. Female monkeys in the
breeding colony delivered infants either in single-housed caging
or in indoor group pens. All single-housed mothers had breeding
dates, whereas only group-housed mothers that were cage-bred
had definite breeding dates. Female macaques were bred every
year. Although controlled timed breeding is successful through
exogenous progesterone administration, in this colony animals
were bred on natural cycles only, as is common practice in other
nonhuman primate breeding programs.®?*” Single-housed fe-
males and those that were single-housed before moving to a
pen had their menstrual cycles continuously monitored to target
the right time for breeding. Those female macaques that did not
produce infants at least every 3 y were removed from the breed-
ing protocol and program. However, the animals in pens were
maintained in their social groups regardless of fertility in order to
maintain established family groups.

When they were known to be in estrus, based on condition
of sex skin and cycle history, cage-bred female macaques were
placed with a male macaque in his home cage. Male and female
macaques were left together for 3 to 5 d. The breeding date was
considered to be the first day of cohabitation, because during
monitoring for compatibility, pairs generally were seen to breed
on the first or second day. The female macaque then was placed
back in her home cage or introduced to a new group in a pen. Pen
animals were housed within a family group, at least 1 of which
was an adult, sexually active male, therefore breeding date could
not be estimated. Therefore, only cage-bred pen animals were
included in gestation length data. Palpation, ultrasonography,
or both were used to diagnose pregnancy according to known
breeding dates of cage-bred animals. Pen-bred female macaques
had no definite breeding date and were palpated or had trans-
abdominal ultrasonography (or both) to confirm pregnancy and
estimate parturition date when they appeared to have abdominal
distention; these births were included for outcomes other than
gestation length.

Infants were left with their mothers for a minimum of 6 mo
unless they were rejected or the mother died. Rejected infants
were fostered when possible, otherwise they were hand-reared.
Caesarian sections were performed on any female macaque with
a known breeding date for whom parturition had not occurred by
175 d or when the fetus was too large, as determined by biparietal
diameter, or too mature by abdominal ultrasonography for a live
natural birth.

All animals were housed indoors on a 12:12-h light:dark sched-
ule; the temperature fluctuated between 20.0 and 22.2 °C. Cages
were standard stainless-steel primate cages. Enrichment included
cage toys, food puzzles, mirrors, and novel complex food treats.
Radios and televisions were provided in the rooms for added
enrichment. Cage pans were scraped daily, and cages were sani-
tized every 2 wk, whereas pens were changed and sanitized every
2 wk. Group pens were of sealed concrete block and chainlink
walls (9 ft high, 12 ft long, 6 ft wide), with woodchip floor bed-
ding over poured concrete. Animals were not overcrowded and
were housed according to The Guide for the Care and Use of Labora-
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tory Animals.* Roof sky lights provided natural light. Pen enrich-
ment included various swings and climbing fixtures as well as
toys. All monkeys were fed a standard pelleted diet (Monkey
Chow /Purina #5, Nestlé Purina PetCare, St Louis, MO) that was
supplemented with seasonally available fresh fruits, nuts, and
vegetables and food enrichment of varying consistency, flavor
and complexity. Fresh water was provided through an automatic
watering system that was flushed when cages and pens were
sanitized.

Statistical analyses. All statistical analyses were done using
SAS statistical software (version 8e; SAS Institute, Cary, NC ).
Frequencies were generated for SRV status, birth housing, parity
and viability. Colony means and SEMs for birth weight and ges-
tation length were generated. The Shapiro-Wilkes constant was
calculated to determine whether continuous data were normally
distributed (that is, a Shapiro-Wilkes constant of 1.0).® Simple
t tests were applied to assess the difference between 2 means;
ANOVA was applied when more than 2 means were compared.
The Scheffe posthoc test was used to adjust for the P value in the
comparison of several means. Analysis of covariance (ANCOVA)
was applied to 2 or means to adjust for possible correlation be-
tween variables for the difference between 2 or more means. In
this way, ANCOVA removed or adjusted for any existing correla-
tions and gave a more representative comparison of those means,
also known as adjusted means. A Pearson correlation matrix was
constructed to examine the magnitude and direction of correla-
tions among continuous variables. Odds ratios were calculated as
estimates of relative risk and were determined by the case control
contingency table method with 95% confidence limits. Logistic
regression including all maternal factors was done to determine if
parity predisposed mothers to having lower birth weight infants
by providing an estimated risk (odds ratio). Because ours was
a retrospective case control study, the odds ratio estimates the
relative risk for a certain factors or variables to result in a particu-
lar outcome, such as death or low birth weight, in this data set.
Significance was set at a P value of 0.05 or less for differences in
means and correlation coefficients or any odds ratio confidence
limit that did not contain 1. Trends were defined as associations
where 0.1 2 P >0.05.

Results

Colony descriptive statistics. Birth weight and gestation length
were both normally distributed according to the Shapiro-Wilkes
test statistic (Table 1). Birth weight differed between genders, but
gestation length did not (Table 2) (p=0.039). Viability frequency is
summarized in Table 2. The total percentage of nonviable births
in this data set was 11.23%. Correlations (Table 3) represent vari-
ables that change together; therefore, ANCOVA was used to ad-
just for covariations in comparing means. This analysis revealed
a trend toward a difference in mean birth weights was seen be-
tween viable and nonviable infants (F = 2.12, P = 0.06, df = 7).
Adjusted mean birth weights were higher in nonviable infants.
The mean age of the dam at her first birth in this colony was 5.52
y (range, 3.5 to 11.87). Analysis of variance was done on mean
birth weights across 4 generations (1 primate generation = 5.5y,
time from birth to reproductive ability in this colony). Means for
transgenerational birth weight differed across those time periods
(F=3.57, P = 0.0152, df = 7, 1* = 0.0547). Post hoc testing showed
significant differences in birth weight between animals born be-
fore 1990 and those born from 1996 to 2000 and those born after

Effects on birth weight and gestation in rhesus macaques

Table 1. Birth weight and gestation length distributions

Shapiro-
Wilkes
n Mean SD constant®
Overall birth weight (kg) 295 0495 0.071 0.98
Male birth weight (kg) 157  0.506  0.074 0.97
Female birth weight (kg) 133 0488 0.071 0.97
Overall length of gestation (d)® 202 1672 54 0.97

°A Shapiro-Wilkes constant of 1 indicates a completely normal
distribution.

"Gestation length was statistically the same for male and female
macaques.

Table 2. Frequencies of discrete factors

n
Total no. of births of known SRV status 335
SRV+ Births 287
SRV- Births 48
Total no. of births in pens or cages 365
Pen births 44
Cage births 321
Total no. of births of known viability 365
Viable 324
Nonviable 41
Parity (no. of births)
Primiparous (1) 58
Multiparous (2 to 5) 141
Grand multiparous (6 or more) 61
Total no. of female macaques represented in data set 101

Discrete factors are ‘either/or’ and must be represented as a whole
number.

2000. In this colony, birth weight and gestation length were con-
sistent with known values in rhesus macaques. The percentage of
5onviable infants in this colony is consistent with that of at least 1
other macaque colony.’

Maternal SRV serologic status. Analysis of covariance showed
no difference in mean birth weights between infants from SRV-
positive and SRV-negative mothers. SRV serologic status had a
significant effect on gestation length when ANCOVA corrected
for other factors (F = 2.94, df =5 P = 0.020; Table 4). After this
adjustment, SRV-positive animals had a shorter gestation. The
estimated relative risk (odds ratio) for an SRV-positive dam deliv-
ering a nonviable infant as compared with that of an SRV- nega-
tive mother was 3.41 (95% confidence interval, 0.794 to 14.793),
but this was not significant. The average birth age of mothers
that had not been tested for SRV was 6.84 y whereas the mean
age of those that tested positive was 9.27 y, compared with 9.84
y for those that were SRV-negative. Of all deaths in this dataset,
90.2% were neonates from SRV-positive female macaques. Of all
animals serologically tested, 85.7% were viral-antibody—positive.
Three animals changed from negative or unknown to positive
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Table 3. Correlation between maternal and infant factors

Maternal Gestation Birth Maternal
Parity birth age length weight birth weight
Parity r=0.80 r=0.092 r=0.13 r=-0.09
P <0.0001 P=027 P=0.061 P=035
n=211 n =146 n=195 n=99
Birth age r = 0.79687 r=-0.12 r=0.084 r=-0.15
P <0.0001 P=0.90 P=029 P=0.15
n=211 n =120 n=163 n=99
Gestation length r=0.09179 r=0.018 r=0.38
P=0.2705 P=0.85 P =0.004
n =146 n=112 n=>55
Birth weight r=0.13427 r=042
P=0.0613 P=071
n=195 n=79
Maternal birth weight r=-0.0944
P =0.3526
n=99

The Pearson Correlation Coefficient (r; range, 0 to 1) represents the probability that the interdependence between the two factors is actually greater than

or equal to 7.

Table 4. Adjusted means of birth weight and gestation length

Adjusted mean birth Adjusted mean
weight gestation length

Pen 0.487 kg 161.94d
Cage 0.512 kg 166.10d
Housing F and P F=142,df=5 F=291,df=5
values P =0.225 P=0.021"
SRV-positive 0.480 164.95d
SRV-negative 0.505 kg 167.11d
SRV status F and F=142,df=5 F=294,df=5
P values P=0.225 P =0.020*
Viable 0.486 kg 165.85d
Nonviable 0.596 kg 168.01 d
Viability F and P F=230,df=5 F=249,df=5
values P =0.042% P =0.036"

ANCOVA incorporated the additional variables of maternal age,
maternal parity, and maternal birth weight.
* P <0.05.

SRV status in this dataset, but none showed a difference in birth
weight between positive and negative status. Positive SRV sero-
logic status of the mother was associated with shorter gestation
length but not lower infant birth weight.

Housing status. Housing in a pen instead of a cage was associ-
ated with a shorter gestation length; however, this difference was
not apparent when ANCOVA was used to adjust for other ma-
ternal factors. Pen and cage mean birth ages were 6.01 y and 9.58
y, respectively, and these means were significantly different (F =
20.34, df = 7, P < 0.0001), so younger females gave birth in pens.
The mean maternal birth weight of the mothers in the pens was
significantly (T=-2.98, P = 0.0036) higher than that of the mothers
in the cages. However, there was a preponderance of younger
females delivering in the pen environment, and after adjusting for
maternal age and maternal birth weight, infant viability did not
differ between pen and cage environments.
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When adjusting for all factors by ANCOVA, no differences
were seen in mean infant birth weights between cage- and group-
housed mothers. However, ANCOVA revealed a difference in
gestation length between pen- and cage-born animals (F = 2.91,
df =5, P = 0.021 Table 4), such that cage-born infants had a longer
gestation length. Pen birth lent a protective effect on the viability
of neonates according to the odds ratio of 0.768 (95% confidence
interval, 0.342 to 13.570).

Maternal birth weight and parity. Frequency within parity
groups is described in Table 2. Most births were the second to the
fifth birth of a dam. ANOVA revealed differences in mean birth
weights across parities (F = 2.83, df =7, P = 0.0072, Table 5), and
mean birth weights of infants of multiparous mothers differed
from that of dams of first births (F = 2.26, df =7, P = 0.0093). A
trend toward correlation between parity and birth weight (r =
0.135, P = 0.0613) was detected also (Table 3). Multiparous births
produced larger infants. Parity of 6 or greater was associated with
the highest birth weights. Low parity of mothers was associated
with a significantly increased risk of low birth weight in neonates
[B =-0.639; odds ratio = 0.528 (0.320, 0.871)]. First-parity deaths
accounted for 19.5% of all neonatal deaths in this data set, where-
as parity 6 and over (grand multiparous) contributed 43.9% of all
neonatal deaths. The estimated relative risk for neonatal death
at parity 6 and greater was elevated: 3.11 (1.96, 6.11). Maternal
birth weight and gestation length were correlated (r = 0.382, P =
0.0040) but maternal birth weight and infant birth weight were
not. (Table 3).

Discussion

Both birth weight and gestation length distributions were nor-
mal and means were consistent with known, published values for
rhesus monkeys.?**41> Female infants predictably had weights
that were lower than male infants (Table 1). However, it did not
follow in this study that birth weight and gestation length were
correlated, because one would expect the smaller female ma-
caques to have a shorter gestation. The neonatal death rate in the
current study was similar to another report of 12% in a breeding
colony of cynomologus macaques.' Average age at first birth was
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Table 5. ANOVA: birth weight by parity

Parity Mean birth weight (kg) Rank
*1 0.472 8
*2 0.492 6
3 0.504 3
4 0.495 5
*5 0.487 7
6 0.500 4
*7 0.549 1
8 or more 0.506 2

Parity 7 was significantly different [F = 2.83, df =7, P = 0.0072 (Scheffe’s
posthoc test)] from parities 1, 2, and 5

5.52y, slightly older than the average reported in literature.***
All of these animals are kept indoors in artificial environments,
where breeding is controlled to a large extent. This practice may
explain why the generation time in this colony is longer than
what is reported.

Over several generations, rhesus infant birth weights increased
in a closed colony,® similar to what appears to be emerging in our
open colony. Because the majority of the animals included in the
data set were from later generations, 1995 to 2003 (78.49%), an
increased proportion of heavier animals was represented in the
data set if the generational effect on birth weight is truly present.
Birth weight increased across all generations, but this trend is dis-
tinct only in female neonates, and the sex disparity cannot be ex-
plained. This trend may be secondary to improved management
practices incorporated over the 23 y of the data set. Similarly, the
significance of the association between maternal birth weight and
gestation length is unclear. Perhaps larger female infants mature
as larger adults and larger adults tend to have longer gestation
length.

Although seen in humans,?*® no correlation was found be-
tween infant and maternal birth weight among rhesus macaques.
This lack may partially be explained by the trend in increasing
birth weight over time. The preponderance of data from later
generations represents a selection bias in data collection that may
have contributed to the failure to detect any infant and maternal
birth weight correlation. More animals in the data were from later
generations, and those animals had heavier birth weights. The
correlation function does not adjust for that temporal change. Par-
ity and birth weight were correlated, and there were differences
in mean birth weights across parities by ANOVA. This finding is
consistent with a previous study in pigtailed macaques, where
increased parity was associated with increased birth weight but
decreased viability.'®

Although simian retroviruses are known to cause decreased
birth weights in infants,”** we did not see an association between
exposure or positive serologic status and decreased viability in
our colony. A possible explanation is that so many of the infants
were born to SRV-positive mothers (Table 2) that the entire mean
birth weight for the colony represents a low average. Alternative-
ly, seropositive status does not confirm the presence of disease, so
birth weights may simply be normal because the mothers are not
diseased.® In addition, the presence of protective maternal anti-
body may explain the lack of effect of virus on the fetus or new-
born.”? Some investigators report a 40-y overall average colony
birth weight of 488 g,** but colony viral status is not discussed

Effects on birth weight and gestation in rhesus macaques

in either report in which they study genetic transmission of birth
weight. It is also important to recall that in our study popula-
tion, the average birth age of mothers that had not been tested for
SRV and those that were tested positive or negative were signifi-
cantly different. The SRV calculations involved many more older
animals than younger animals, and this bias may have raised
the birth weight means for the SRV-positive group. The presence
of a positive SRV titer had a negative association with gestation
length (Table 4), consistent with current literature that describes
this group of viruses as causing low birth weight, preterm deliv-
ery, and acquired immune deficiency.”

In contrast to literature reports, no correlation was found be-
tween infant birth weight and gestation length among our rhe-
sus macaques.”** In human populations, birth weight, gestation
length, and infant mortality are strongly correlated.?*722% An-
other inconsistency from current literature is that in our study,
infants with longer gestation lengths were more likely to be non-
viable. In addition, nonviable infants had a higher mean birth
weight than did viable infants (Table 4). These outcomes may
reflect the effects of gestational diabetes and infant macrosomia,
which are common in overweight women and caged female non-
human primates.'?** Many of the macaque mothers were obese
and had confirmed hyperglycemia at delivery. Diabetes, macroso-
mia, dystocia, and resulting neonatal death have been diagnosed
causes of reproductive mortality in this colony.

Consistent with human literature, infants from multiparous
macaque mothers were significantly larger, and increasing parity
was associated with decreased viability. Infants from grand mul-
tiparous mothers (6 or more) had higher odds of death. There-
fore, larger infants did not always thrive. In addition, a longer
gestation length was associated with larger, nonviable infants.
This result is completely opposite from findings in the current
literature, which reports that longer gestation length is associated
with higher birth weight and viable, healthy birth outcomes in
nonhuman primates and humans.***%

Our study yielded many unexpected outcomes. Some may be
due to missing historical data, a common problem in retrospective
studies that cover extended periods of time, particularly when
scientific methodology is rapidly evolving. The high prevalence
of SRV and the long time period over which data were included
also may have influenced the results. Most of the births occurred
in cages rather than a more natural environment, and cage breed-
ing was highly controlled. All of these factors may have contrib-
uted to unexpected results. Colony managers should consider
the parity, SRV serologic status, housing status, and age of the
mother when planning a breeding program for nonhuman pri-
mates, because all of these factors potentially can have an effect
on the survival of neonates. Analysis of detailed colony records as
they pertain to maternal factors can be used as a tool to maximize
fertility and infant survival.
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