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Rhesus Monkeys with Late-Onset Hydrocephalus
Differ From Non-impaired Animals During Neonatal
Neurobehavioral Assessments:

Six-Year Retrospective Analysis

Maribeth Champoux, Janet Norcross, and Stephen J. Suomi

Background and Purpose: A recent case study indicated that a hydrocephalic rhesus monkey had abnormal re-
sponse patterns in a standardized neonatal primate assessment. We conducted a retrospective study to determine
whether this assessment could also differentiate neonatal rhesus monkeys that appeared normal but developed
signs of hydrocephalus later in life from neonates with normal development and no evidence of hydrocephalus.

Methods: One-hundred eighty-two rhesus monkeys were assessed on postnatal days 7, 14, 21, and 30. As neonates,
clinical signs of hydrocephalus or other illnesses were not evident in any animal. Six monkeys developed signs of
hydrocephalus between 5 months and 5 years of age, and each received confirmed diagnoses of hydrocephalus at
necropsy.

Results: Compared with colony norms, the monkeys that developed hydrocephalus had diminished orientation
abilities, more muscle tension, less behavioral evidence of distress, and more pronounced responses to some reflex-
evoking stimuli, and difficulty in self-righting (day 7 only). Discriminant function analysis comparing the hydro-
cephalic animals with a matched control group provided a high probability of correct group assignment at days 7,
14, and 21.

Conclusions: Some as yet undetermined factor may predispose some monkeys to develop hydrocephalus, which

may also be reflected in different scores on neurodevelopmental test items during early infancy.

Hydrocephalus, although most commonly observed in nonhu-
man primates in the pre- and immediately postnatal period (1—
3), occasionally develops in older animals. Hydrocephalus can
be either congenital (i.e., present at birth) or acquired (4). In
many reported cases of older individuals, the hydrocephalus
appears to be acquired (Papio papio: tumor origin, 5; Aotus
nancymae: parasitic origin, 6; Ateles sp.: traumatic origin, 7), al-
though this is not always the case (Gorilla gorilla: congenital
origin, 7). In any case, the disorder is characterized by buildup
of cerebrospinal fluid in the cerebral ventricles or subarachnoid
spaces. This buildup could be due to structural defects that limit
the amount of space in the ventricles, therefore impeding the
free flow of cerebrospinal fluid (CSF); this type of hydrocephalus
is most likely congenital, or hereditary, in origin. An alternative
pathway to hydrocephalus is via the presence of excess amounts
of cerebrospinal fluid. This could result from excess production
of CSF or from decreased drainage or resorption of CSF (8, 9).
Acquired causes of hydrocephalus can include bacterial or viral
infection, tumor, trauma, parasitic infestation, and nutrition
disorders (4, 8, 9).

The behavioral and neuropsychological concomitants of hy-
drocephalus in animals and humans are well documented. Re-
ported behavioral manifestations of hydrocephalus in animals
include sleepiness or lethargy, low activity levels, weakness, de-
pression, ataxia, and blindness (4, 6, 10-12). In humans, the
causes and consequences of hydrocephalus have been well char-

Laboratory of Comparative Ethology, NICHD, Poolesville, MD.
Dr. Champoux’s present address is NIH Animal Center, P.O. Box 529,
Poolesville, MD.

218

acterized. In particular, specific dysfunctions, such as delayed
motor development, difficulty orienting to and following a visual
stimulus, and abnormally brisk reflexes, are common in hydro-
cephalic humans. Disorders of state regulation, such as excess
lethargy and irritability, also appear to characterize hydro-
cephalic individuals (13).

In a previous report, we documented that hydrocephalus in a
rhesus macaque neonate was associated with compromised
functioning on a standardized neurodevelopmental battery (14).
The hydrocephalic infant of that case study had low scores for
orientation and motor maturity items and high levels of as-
sessed irritability. In the study reported here, we retrospectively
compared animals that developed hydrocephalus later in life
(late infancy through early adulthood) with non-impaired ani-
mals, using the same infant assessment procedure. Because all
infants appeared clinically normal at the time of assessment,
we did not anticipate profound deficits in the animals that later
developed hydrocephalus.

With few exceptions, neither human nor animal literature
contains many instances in which deficits are realized or as-
sessed prior to development of the clinical syndrome of hydro-
cephalus. One series of studies documented deficits in motor
activity, including abnormal postures and motor patterns, in
human neonates prior to development of neurologic impairment
(15-17). On the basis of these studies, the aforementioned case
report, and documented characteristics of behavior in hydro-
cephalic individuals, we predicted deficiencies in visual orienta-
tion and tracking abilities, irritable temperament, excess
drowsiness, poor muscle tone, less motor coordination, and less
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mature motor responses in normal-appearing rhesus infants
that later developed hydrocephalus.

Materials and Methods

Subjects and housing: Subjects were 104 nursery-reared
(NR) and 78 mother-reared (MR) rhesus macaques born at the
National Institutes of Health Laboratory of Comparative Ethol-
ogy captive colony between 1991 and 1996. Animals from the six
yearly cohorts were combined for the analyses because all pro-
cedures were identical across the six cohorts. At the time of as-
sessment, all animals appeared to be clinically normal, so that
none manifested any of the signs associated with hydroceph-
alus, including enlarged skull, weakness, ataxia, or inability to
locomote or self-feed. Further, animals were not under treat-
ment for any other condition (e.g., diarrhea, respiratory illness,
or parasites).

The NR infants were separated from their mothers on post-
partum days 1 to 3 and reared according to previously pub-
lished procedures (18). From days 1 to 15 of life, animals were
individually housed in 51 x 38 x 43-cm plastic cages. Each cage
contained a 25-cm-high inanimate “surrogate mother” com-
posed of a 16.5-cm circumference polypropylene cylinder at-
tached to an 11.5-cm-wide circular metal base by a flexible
metal component. The surrogate was covered with an electric
heating pad, which was itself covered with fleece fabric. Loose
pieces of fleece fabric covered the floor of the cage. The internal
temperature was maintained at approximately 27°C. Infants
could see and hear, but not physically contact other infants. At
15 days of age, infants were moved to another, larger room into
individual wire mesh cages measuring 64 x 61 x 76 cm. The ani-
mals retained their surrogates covered with fleece, albeit minus
the heating pad. As under the earlier housing condition, ani-
mals were in visual, auditory, and olfactory, but not tactile con-
tact with other infants. Lights were on from 7 am to 8 pMm. Room
temperature was kept between 22 and 26°C, and humidity was
maintained at 50 to 55%. The NR infants were placed in social
groups of 4 to 5 animals when the youngest group member
reached 37 days of age and were housed in 71 x 81 x 152-cm cages.

Nursery-reared animals were provided with a 50:50 mixture
of Similac (Ross Laboratories, Columbus, OH) and Primilac
(Bio-Serv, Inc., Frenchtown, NJ) formulas. They were hand-fed
until they were old enough to independently feed themselves.
Formula was administered ad libitum until the age of 4 months,
when the animals were fed a ration of 200 ml of formula/d, at 5
months, they received 100 ml/d, and at 6 months, they were en-
tirely weaned from formula. Purina High Protein monkey chow
(No. 5038) and water were provided ad libitum when NR ani-
mals reached the age of one month.

Mother-reared infants lived with either biological or adoptive
mothers in social groups containing 2 adult males, 6 to 8 adult
females, and other infant offspring of the adult females. Each
social group also contained 2 to 5 infants. These animals lived in
indoor-outdoor pens, composed of welded galvanized steel mesh,
connected by guillotine doors. The floor of the pens was covered
with wood chips. The indoor pen measured 2.44 x 3.05 x 2.21 m;
the dimensions of the outdoor pen were 2.44 x 3.0 x 2.44 m. Ani-
mals were allowed access between indoor and outdoor portions
except when confined to one half for cleaning, or during inclem-
ent weather (e.g., temperature below freezing). Inside the pens,
the lights were maintained on a 12:12-hour light:dark cycle (7
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AM to 7 pM). Animals in these social groups were fed the afore-
mentioned high-protein monkey chow and received water ad li-
bitum. Supplemental fruit was provided 3 times each week;
sunflower seeds were presented daily.

Neonatal assessment: A 30-minute developmental assess-
ment battery was administered to all monkeys on days 7, 14, 21,
and 30 of life. This test was derived from the Brazelton Neona-
tal Assessment Scale used in human newborns (19), and has
been described in detail elsewhere (20). The test was adminis-
tered between 11 am and 1 pm. The NR infants were hand-
caught from the home cage; MR infants were separated from
the mother’s ventrum via hand- or net-catching of the mothers
and chemical immobilization of the mothers with ketamine hy-
drochloride (10 mg/kg of body weight). As long as the infant re-
mains on the mother’s ventrum, this procedure does not
activate the stress-reactive hypothalamic-pituitary-adrenal sys-
tem (21). All infants were hand-carried by the experimenter to a
testing room and given five minutes to adapt before testing be-
gan. The test items were administered in predetermined se-
quence. Initially, orientation abilities and attention to visual
and auditory stimuli were assessed. This was followed by mea-
surement of a variety of reflex and sensorimotor functions, in-
cluding tactile responsiveness, postural adjustment capabilities,
and muscle tone. In addition, the response to a brief challenge
was assessed during a 5-minute session in which the animal
was placed in a small, empty novel cage. Temperament charac-
teristics were rated after administration of the orienting and
neuromotor items, on the basis of the infant’s behavior through-
out the test period. These measures included the tester’s im-
pressions of the animal’s fearfulness, tendency to struggle,
consolability, irritability, ability to self-soothe, cuddliness, and
overall state of arousal. Table 1 lists the behavioral definitions
of specific test items in their order of administration.

Post-neonatal history: Noninvasive behavioral observa-
tions were conducted for all animals in their home cages twice
weekly, from birth through six months of age. In addition, blood
and CSF samples were obtained on postnatal days 14, 30, 60,
90, 120, and 150. These samples were collected after either neo-
natal assessment (days 14 and 30) or after a 20-minute period
in which monkeys were removed from the home cage and placed
alone in an unfamiliar environment (days 60 to 150). Cere-
brospinal fluid and blood samples were also collected weekly for
eight consecutive weeks when monkeys were approximately six
months old. This series of physiologic samples was collected in
conjunction with a four-week series of separation from social
partners. At completion of the separation series, all MR and NR
animals from each birth cohort were placed together in an in-
door-outdoor pen (identical to the pen in which MR animals had
been housed). Between 1991 and 1996, six animals (four MR,
two NR) developed hydrocephalus; observed clinical signs in-
cluded lethargy (n = 1), ataxia (n = 2), seizure activity (n = 2),
visual difficulties (n = 2), nystagmus (n = 1), pupil dilatation (n
= 2), and clonic neck extension (n = 1). Diagnosis of hydroceph-
alus was determined at necropsy. In all but one (undetermined)
case, hydrocephalus was considered to be of congenital origin
(i.e., there was no evidence of trauma, other illness, or parasitic
load). These animals will be referred to as late-onset hydrocephalic
(HY) infants, as differentiated from non-impaired (NI) infants.

Statistical analysis: Following the described procedure (20),
several individual neonatal test items were condensed into four
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Table 1. Neonatal assessment item definitions

Item

Definition

Orientation cluster

State control cluster

Motor maturity cluster

Activity cluster

Individual test items

Visual orientation
Visual following
Duration of looking
Attention

Irritability
Consolability
Predominant state
Struggle

Coordination

Head posture prone
Head posture supine
Labyrinthian righting
Response speed

Passive

Coordination

Motor activity
Spontaneous locomotion

Reach and grasp
Auditory startle
Auditory orient

Distractibility

Tactile response
Galant’s response
Palmar and plantar grasp
Inversion

Body righting

Aversion on back
Traction

Response intensity
Soothability
Cuddliness
Tremulousness
Vocalization count
Calming self

Fine motor manipulation
Fearfulness
Self-mouthing
Maintenance of balance
Passive resistance
Active power

Placing response
Parachute response
Rotation reflex

Restrain
Persistence
Rooting reflex

Eyes oriented toward toy (Mickey Mouse face) held in four positions in infant’s periphery
Eyes following moving toy (same as above) in horizontal and vertical directions
Examiner rating of duration of looks on orienting items

Examiner rating of attention on orienting items

Amount of distress noted during the entire examination
Ease of consoling infant after distress

State of infant during examination

Amount of squirming during examination

Quality of motor activity rated during the 5-minute observation period
Ability to hold head up when held in air prone

Ability to hold head up when held in air supine

Realignment of head when body is tilted 45° sideways

Examiner rating of speed of responding

Duration spent inactive during the 5-minute observation period

Quality of motor activity rated during the 5-minute observation period
Observation of amount of motor activity during the 5-minute observation period
Quality of locomotion rated during the 5-minute observation period

Attempts to grab visual orient/follow toy

Response to sudden noise (metal object against metal bowl 2 cm from back of head

Eyes oriented toward lipsmacking sound (examiner simulation of monkey sound) made in infant’s
periphery

Examiner rating of infant distractibility during orienting items

Response to tactile stimulus (wooden end of Q-tip distal to proximal) to four extremities

Response to cephalocaudal tactile stimulus lateral to vertebral column

Response to examiner’s index finger placed in palm or sole of foot

Response to briefly being held upside down

Time noted for infant to turn from supine to prone

Vocal response to lying supine

Infant pulled from supine to sitting and head lag noted

Examiner rating of quality of vocal reactions

Examiner rating of frequency of interventions necessary to calm infant

Infant’s response to cuddling or flexing the infant toward examiner

Examiner rating of tremulousness

Number of vocalizations in a 60-second period in novel cage

Infant’s behavior when placed in an enclosed area for 5 minutes

Duration of time engaged in manipulation of environment during 5-minute test

Fear grimaces and/or trembling

Inserting hands or feet in mouth

Infant is held in the sitting position and support is withdrawn

Degree of resistance to passive flexion and extension of limbs

Strength of muscles while actively contracting

Infant places hand or foot on table after tactile stimulus (table edge) on dorsum of hand or foot

Upper extremity limb extension following headfirst descent toward surface

Degree to which head and/or eyes turn into the direction of rotation, with head free and with head
restrained

Duration of struggle or vocalization to 10-second restraint in supine position

Frequency of resistance attempts while restrained in supine position

Infant’s response (head turning toward stimulus) to light tactile stimulus at the corner of the mouth

clusters: orienting, state control, motor maturity, and activity
for analysis (Table 1). An initial analysis of variance (ANOVA)
procedure was performed, comparing the scores of the HY ani-
mals with the colony norms, for clusters and all test items that
were not part of a cluster. This procedure allowed us to deter-
mine for which items the HY infants deviated from colony aver-
ages, and provided information for use in further analyses. In
accordance with standard procedure in our laboratory, items
that were not components of clusters also were analyzed statis-
tically. Analyses were conducted, using three-way univariate
analyses of variance with independent factors of rearing (MR; NR)
and outcome (HY; NI) with day of testing (day 7; day 14; day 21,
day 30) as a repeated measure (SuperANOVA: Abacus Concepts,
Berkeley, CA). Significance was set at P < 0.05 for all analyses.

In addition, discriminant function analyses were performed
to determine the probability of correct assignment of animals to
the HY and NI groups. To determine whether we could identify
certain variables as early predictors of late-onset hydroceph-
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alus, we used multivariate discriminant function analyses (SAS
6.12, SAS Institute, Inc., Cary, NC) to obtain classifications of
the six late-onset HY infants, compared with a control group of
six NI infants at each age. The control group was selected by
matching each HY infant with the closest-age NI infant from
the same rearing condition. We chose non-parametric discrimi-
nant function analysis because our small dataset violated the
multivariate normality assumption, and we adjusted each
analysis for prior probabilities to compensate for missing data
from two HY infants at days 7 and 21. Because of constraints
imposed by the small sample size (22), we limited our input
variables to the eight variables (total number of cases minus
two) that best discriminated the HY and NI infants by use of
the Mann-Whitney U tests at minimal significance of P < 0.10
(Table 2). At day 30, only two variables reached this criterion.

Finally, we used the cross-validation classification procedure,
which excludes each case from the calculation, and examined
the percentage of correctly classified cases.
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Table 2. Variables used in all discriminant function analyses.

Rhesus Monkey Hydrocephalus

Table 3. Placing, startle to auditory, and orientation cluster values in late-
onset hydrocephalic and non-impaired infants across four test days

Behavior Group Age (days)
7 14 21 Test item Test day
Vocal 60 seconds HY 14.3 (2.00)** 7 14 21 30
NI ND 25.7 (4.00) ND Placing HY 1.75(0.25) 0.33(0.21) 0.25(0.25) 0.17 (0.17)
: B s NI 0.36 (0.05) 0.35(0.04) 0.34(0.05) 0.37 (0.04)
Aud.orientright - BY ) ND T o Auditory startle  HY 150 (0.29) 0.75(0.31) 0.38 (0.24) 0.33 (0.21)
- . NI 0.79(0.07) 0.71(0.06) 0.74 (0.06) 0.64 (0.06)
Aversion on back HY 0.88(0.25)** ND ND Orientation cluster HY 1.06 (0.16) 0.80(0.19) 1.16 (0.26) 0.73(0.23)
NI 1.75(0.17) NI 1.11(0.05) 1.22(0.05) 1.37 (0.05) 1.35(0.04)
Calm self HY  0.38 (0.24)*** ND 0.62 (0.38)* See Table 2 for key.
NI 1.92 (0.08) 1.50 (0.26)
Consolability HY  2.00 (0.00)%* 1.42 (0.20)**  1.50 (0.29)** Table 4. Self-mouth in mother- and nursery-reared late-onset
NI 075 (0:36) 0.67 (0:31) 0.33 (0:33) hydrocephalic and non-impaired infants
Cuddliness HY 1.67 (0.25)%F  1.62 (0.24)** Hydrocephalic Non-impaired
NI ND 0.58 (0.33)  0.42(0.33) MR NR MR NR
IR — 0.17 (0.11) 2.0 (0) 0.33 (0.04) 0.87 (0.04)
Irritability HY 1.38 (0.24)** 0.88 (0.24)**
NI 0.50 (0.18) ND 0.17 (0.17) MR = Mother-reared, NR = nursery-reared. Values represent mean, with SEM
Placi HY 175 (0.257 in parentheses.
acing upper . 25)%*
NI 0.42(0.20) ND ND ) ) , ,
Plantar grasp left  HY 117 (0.407* 1ntgn51ty (E [3,.440] = 3.22,P < 0.95). All anlma'ls manifested
NI ND 0.08 (0.08) ND rapid body righting, with the exception of NR HY infants on day
Predominant state HY 0.67 (0.21)**  0.62 (0.38)%* 7, which failed to right the body. Overall, HY infants manifested
NI ND 1.42 (0.33) 1.58 (0.33) less aversion while on their back than did NI infants; however,
Response intensity HY ND ND 1.00 (0.35)* MR HY monkeys displayed the least aversion on days 7 and 14,
NI 1.67 (0.33) whereas on days 21 and 30, NR HY monkeys had the least aver-
Root right E}{ ND 2'22 Eg;?;* ND sion (Figure 1). Although MR monkeys had higher scores over-
Soothaniic Y 0120127 0‘75 (0'21)* all than did NR infants for response intensity, the lowest scores
oothabili . . g . . . . .
v NI 1.33(0.33) 1.50 (0.34) ND for the test.ltem were obtained by MR HY infants on day 7, and
Auditory startle HY 1.50(0.29)** by N.R HY lflfants on da){ 30 (Figure ?)- o )
NI 0.50(0.22) ND ND Discriminant function analysis: Discriminant function
Struggle HY ND 0.50 (0.22)**  0.62 (0.38)** analysis indicated that HY infants were clearly discriminable
NI 1.42 (0.33) 1.67 (0.33) from NI infants matched to age and rearing condition at days 7,

Vis follow horizontal HY  1.12 (0.12)**
NI 0.33(0.21) ND ND

HY = late-onset hydrocephalic; NI = non-impaired. Values represent means,
with SEM in parentheses. Asterisks indicate significant differences
between HY and NI groups (*P < 0.10, ** P < 0.05, *** P < 0.001). Mann-
Whitney P values adjusted for ties.

Results

Analysis of variance: Only one item had a significant main
effect of outcome. The HY infants had higher than average
muscle tension while their limbs were being manipulated
through their range of motion by the experimenter than did NI
infants (passive resistance, F [1, 178] = 4.53, P < 0.05; HY
mean = 1.43 = 0.01; NI mean = 1.07 = 0.02: for this test item a
score of 1.0 indicates average resistance). Three significant out-
come-by-test-day interaction effects are depicted in Table 3. In
two instances, differences between outcome conditions were
mainly observed on day 7. For the test items, mean placing
response (F' [3, 438] = 3.43, P < 0.05) and startle to auditory
(F[3, 440] = 2.61, P = 0.05), HY monkeys demonstrated higher
scores than did NI animals, indicating more pronounced re-
sponse to stimulation, on day 7. For the orientation cluster (F
[3,439]=2.80, P < 0.05), on day 7, scores from both groups were
similar, but on days 14, 21, and 30, NI animals obtained higher
scores (i.e., showed superior orienting ability) than did HY ani-
mals. A rearing-by-outcome interaction was obtained for self-
mouth (F[1, 178] = 5.12, P < 0.05]; MR infants had minimal
amounts of self-mouthing, but NR HY infants self-mouthed for
longer periods than did NR NI infants (Table 4).

Statistically significant three-way interactions were detected
for test items body righting (F [3, 440] = 15.44, P < 0.01),
aversion on back (F [3, 440] = 5.69, P < 0.01), and response

14 and 21 (Table 2). Cross-validated classifications achieved
100% accuracy at days 7 and 21 and 83.3% accuracy at day 14,
where one animal in each group was misclassified. In contrast,
the groups were poorly discriminable at day 30; only three of six
NI (50% correct) and four of six HY (67% correct) animals were
correctly classified.

Discussion

In an earlier report (14), deficits in the neurodevelopmental
outcome of a hydrocephalic rhesus monkey neonate during the
first three weeks of life were described. That infant was more
impaired in the neonatal period than were the animals of the
study reported here, which appeared clinically normal on ex-
amination but were diagnosed with hydrocephalus between 5
months and 5 years of age. However, there were several simi-
larities in the outcome of the neurodevelopmental comparison
between HY and NI monkeys. Particularly noticeable in both
cases were reductions in visual orienting ability, and the dimin-
ished capacity to right from a supine-to-prone position. How-
ever, it should also be noted that several characteristics of the
late- onset HY animals, such as stronger placing and auditory
startle reflexes, were not observed in the HY neonate.

The initial ANOVA, in which the six HY infants were com-
pared with the general population, revealed group differences
in some test items, although in many instances, the overall
main effect was mitigated by test day or rearing condition inter-
actions. The HY animals had above-average scores for passive
resistance, indicating hypertonicity, when the examiner ma-
nipulated the infants’ limbs. This finding may contradict previ-
ous studies in which abnormalities of muscle tone accompanied
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Figure 1. Aversion on back scores for rhesus infants across the first
month of life (mean = SEM). Closed squares, solid line = mother-
reared late-onset hydrocephalic infants; open squares, dotted line =
nursery-reared late-onset hydrocephalic infants; closed circles, short-
dashed line = mother-reared non-impaired infants; and open circles,
long-dashed line = nursery-reared non-impaired infants.

hydrocephalus in rhesus infants (experimentally induced, 23) and
children (24), although it is unclear whether active or passive
muscle tone was assessed in these studies. It also appears inconsis-
tent with our finding that, in some instances, HY animals mani-
fested inability to right themselves from the supine to prone
position, as well as lack of distress when placed in the supine posi-
tion. The inability to self-right indicates motor deficit and is in ac-
cord with the unusual postures, ataxia, and lethargy that have
been reported in cases of hydrocephalus in humans and other spe-
cies (4, 6, 10-12). The increased muscle tone in response to experi-
menter manipulation may be indicative of overall high reactivity
to tactile stimulation (i.e., tactile defensiveness).

On most test days, HY monkeys had lower scores for the ori-
entation cluster. These results are in accord with findings of
deficits in visual-motor functioning in hydrocephalic humans
(25, 26). There are several possible reasons for low orientation
scores in HY monkeys. Low scores on this cluster can be a con-
sequence of a total lack of visual function, as was probably the
case with the hydrocephalic infant in the case study (14). Addi-
tionally, low scores can reflect a transient immaturity of the vi-
sual system, as scores on this cluster typically are low after
birth but increase as the infant matures (20). Finally, tempera-
ment characteristics can influence orienting abilities; it appears
that more distressed infants are less able to attend to orienta-
tion stimuli (27), and highly distractible or inattentive infants
also receive lower scores on these items. Because the HY ani-
mals did not manifest high levels of emotional distress nor did
they appear to be totally lacking in visual functioning, the most
likely cause of their lower orientation scores was either a less
mature visual system or behavioral inattention.

The HY monkeys had stronger responses to the auditory
startle and placing upper extremities test items than did NI in-
fants, but on day 7 only. The auditory startle reflex can be
evoked for the first time in macaques between postnatal day 3
and 12, with an average age of emergence at 10 days (28). How-
ever, elicitation of the reflex was variable between and within
animals; some infants never manifested the startle response,
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Figure 2. Response intensity scores for rhesus infants across the first
month of life (mean = SEM). See Figure 1 for key.

and others did so inconsistently. Published accounts established
the earliest emergence of the placing of the upper extremities
response at postnatal day 4 (29) or day 6 (30) although placing
did not occur in some animals until postnatal day 14 (30). The
previous studies differ in method from those of this study in two
respects: they measured the presence or absence, rather than
strength, of these reflexive responses and additionally, the pre-
vious studies reported emergence of reflexes as a function of age
rather than group means at specific, predetermined ages. Be-
cause animals in our study were not tested daily, it is impossible
to compare the HY and NI infants on the developmental pro-
gression of their reflex responding. Therefore, the stronger re-
sponse of HY infants could have been due either to earlier peak
in the maturation of these reflexes, or to more exaggerated re-
sponse on day 7. A strong or exaggerated response to an audi-
tory startle stimulus is considered indicative of a fearful or
reactive temperament in animals and humans (31). In addition,
tactile sensitivity and strong startle response are constituents
of tactile defensiveness, a type of sensory integration dysfunction
(32). Thus, the stronger responses of the HY infants to these reflex-
evoking stimuli may reflect an underlying temperament dimen-
sion or may be associated with sensory integration dysfunction.
The study reported here must be interpreted with caution,
given two limitations, the first being the small sample of late-
onset hydrocephalics in the study. Hydrocephalus is a rare con-
dition in nonhuman primates [incidence ranges from 1:25 to
1:946 in literature (1-3, 33, 34)]. Therefore, we have been lim-
ited in our ability to amass a substantive database of late-onset
HY animals. The second limitation is that, with few exceptions,
most of the “deficits” manifested by late-onset HY infants are
within the normal range of responses for infants of that age, as
befits the original intent of the neonatal assessment examina-
tion. Therefore, the response to any one item of the neonatal ex-
amination cannot be considered as a “marker” or predictor of
hydrocephalus. However, by examining the responses to several
test items in conjunction, our ability to construct a profile of in-
fants at risk is enhanced. For instance, on day 7, none of the NR
late-onset HY infants was able to right itself after being placed
in supine position (although MR HY infants were able to per-
form this task). In contrast, in the control population, 139 of 143
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infants were able to right themselves on day 7. In addition, a
high score of 2.0 on the test item ‘placing upper extremities’ was
obtained for three of the four HY infants on day 7 (75%); how-
ever, only 7 of 143 control infants (5%) received a 2.0 rating on
that item. However, no control infants manifested the inability
to right itself and high scores on placing upper extremities.
These data suggest that an infant with high placing scores and
unable to right itself on day 7 of life could be at risk for develop-
ing hydrocephalus later in life. Our discriminant function
analysis was able to correctly assign animals to their respective
conditions on most test days, indicating that group differences
emerge when several variables are considered simultaneously.

It must be emphasized that the six animals that sustained a
diagnosis of hydrocephalus appeared clinically normal in the
neonatal period; in other words, the behavioral differences be-
tween these animals and the control population predated the
clinical signs and diagnosis of hydrocephalus. This raises the
issue of whether these six animals were actually hydrocephalic
during the first month of life. In the absence of confirmatory in-
formation (e.g., magnetic resonance imaging scans), we are un-
able to satisfactorily reach a conclusion on this issue. If the
animals were hydrocephalic as neonates, then in our neonatal
examination, we were observing early indications of a progres-
sively developing hydrocephalus in our study, prior to the onset
of more overt clinical signs. If, on the other hand, the six infants
were not hydrocephalic as neonates, the question becomes
whether we were witnessing markers predictive of susceptibil-
ity to hydrocephalus later in life, and whether subtle structural
abnormalities in the neonatal period would distinguish those
infants that would later become hydrocephalic. Whether or not
the six late-onset HY animals were actually hydrocephalic dur-
ing the period of testing, the fact remains that they differed
from NI animals for several significant dimensions. Thus, a
major question raised by this study is what relationship, if any,
exists between the structural changes caused by hydrocephalus
and the behavioral propensities manifested by normal-appear-
ing and normal-acting neonates. Of interest would be whether
subtle structural abnormalities in the neonatal period distin-
guish infants that will later become hydrocephalic.
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