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ALTERED AIRWAY RESPONSIVENESS IN ADULT SHEEP BORN
PREMATURELY: EFFECTS OF ALLERGEN EXPOSURE
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Science, The University of Melbourne, Parkville, Victoria, Australia
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L1 The aim of this study was to determine the effects of preterm birth per se on airway function in
adult sheep. Preterm birth was induced at ~0.89 of term. At ~1 year of age the authors measured
pulmonary resistance (Ry) and airway responsiveness before and after house dust mite (HDM)
challenge. Mature preterm sheep tended to have greater baseline Ry, than controls (P = .12): the
smaller preterm sheep showed significantly greater Ry, than controls following bronchoconstrictor
challenge. Preterm animals tended to have greater baseline total blood leukocyte count
(P=.06). It was concluded that preterm sheep, especially with low postnatal growth, have greater
airway responsiveness to bronchoconstrictor and higher baseline Ry.

Keywords adult lung function, asthma, hyperresponsiveness, premature birth

Although environmental exposures such as smoking, as well as genetic
factors, undoubtedly play important roles in the etiology of impaired lung
function and obstructive lung diseases, a significant risk factor that has
been identified in a growing number of studies worldwide is low birth
weight [1, 2], a major cause of which is preterm birth. With everimproving
obstetric and neonatal management, and the increasing use of repro-
ductive technologies, the number of low-birth-weight, premature infants
who are born and survive to become adults is increasing.

Severely preterm birth, especially if it is followed by bronchopulmonary
dysplasia (BPD) or chronic lung disease (CLD), is associated with impaired
lung function in infants, children [3], and adolescents [4, 5]; in particular

Received 10 February 2006; accepted 18 May 2006.

Address correspondence to Dr. Ken Snibson, Centre for Animal Biotechnology, Department of
Veterinary Science, The University of Melbourne, Parkville, Victoria 3010, Australia. E-mail: ksnibson@
unimelb.edu.au



216 K. J. Snibson et al.

small airway function, alveolar formation, and elastic tissue are likely to
have been compromised [6]. Preterm birth is also associated with wheeze
in infants [7] and children [8], which in turn has been associated with later
onset respiratory illnesses such as asthma and COPD [5]. Most of these stu-
dies are confounded by the use of mechanical ventilation and/or oxygen
supplementation during infancy, each of which has the potential to injure
the lungs. It is now recognized that even moderately preterm birth (>34
weeks), with no requirement for ventilatory support, can impair respiratory
function in infancy [9] and childhood [8, 10]. Together, these studies sug-
gest that preterm birth per se can adversely affect the development of the
small airways, terminal respiratory units, and elastic tissue of the lungs.
However, there are virtually no data on the underlying mechanisms; little
is known about how the lung is affected or what the long-term effects are.

We have recently developed a model of mild-moderate preterm birth
in sheep; in this model, premature lambs are born at the limit of viability
without the need for ventilatory support. Preterm lambs have altered lung
development, at least up to 8 weeks after birth [11, 12]. In particular, airway
development is altered, as shown by thicker airway epithelium and
increased pulmonary resistance up to 8 weeks after birth. In the present
study we have used this model to address the long-term effects of the same
degree of preterm birth on airway function in sheep at maturity.

There is now evidence that preterm birth leads to an increased risk of
atopy and childhood asthma, and that it is a risk factor in airway hyperre-
sponsiveness [5, 13-15]. Sheep administered airway challenges with a com-
mon allergen, house dust mite (HDM), have inflammatory cell responses
consistent with the asthmatic condition in humans. In particular, HDM
challenge in sheep results in elevated levels of HDM-specific immunoglob-
ulin E (IgE) in the serum and significant recruitment of eosinophils to the
bronchoalveolar lavage (BAL) fluid and airway tissues [16]. Repeated chal-
lenges with HDM result in remodeling of the airway wall in responsive
sheep, similar to that reported for chronic asthmatics [17, 18]. To assess
the propensity and the extent that preterm sheep develop asthma-like
symptoms, our objectives were to determine the effects of mild-moderate
preterm birth, in the absence of postnatal ventilatory support, on (a) pul-
monary resistance, (b) airway responsiveness, and (c) allergic airway inflam-
mation before and after HDM challenge in mature animals.

MATERIALS AND METHODS
Animal Groups

All protocols used in this study were approved by the Monash
University Animal Welfare Committee. Single-bearing, date-mated Border
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Leicester x Merino ewes were randomly allocated to preterm birth or term
birth (control) groups. All lambs were born vaginally. Preterm birth was
induced by maternal intravenous (i.v.) administration of 50 mg Epostane
(Sanofi-Synthlaw, USA), an inhibitor of the enzyme 3B-hydroxysteroid
dehydrogenase, at 131 days after mating; term is approximately 146 days.
A low dose of betamethasone (3mg, intramuscular [i.m]; Celestone
Chronodose Schering-Plough, Australia) was administered to both control
and preterm pregnant ewes at 131 days of gestation to ensure the survival
of lambs in the preterm group [11]; the dose was chosen to ensure neo-
natal survival without inducing parturition. Control lambs were born at
term (145.8 1.3 days; n = 8) and preterm lambs were born approxi-
mately 2 weeks prematurely (132.2 £ 0.3 days; n = 7).

Postnatal Management

After birth, lambs were raised with their mothers; special care including
heating, hand-feeding, and physical protection from the mother was neces-
sary during the first few days after birth. Ventilatory support or oxygen
supplementation were not required. After weaning, female lambs under-
went fallopian tubal ligation before reaching reproductive age to avoid
pregnancy. All sheep grew to maturity in large pens with daily exposure
to pasture.

Experimental Design

The key elements of the experimental design are outlined in Figure 1.
Control (n = 8) and preterm sheep (n = 7), at 9 to 13 months of age, were
sensitized to HDM by subcutaneous injection of HDM in alum [16]. Base-
line lung function and airway sensitivity to carbachol were assessed during
the sensitization period. To induce pulmonary sensitization to HDM, all
sheep were given a primary lung challenge of aerosolised HDM 3 weeks
after systemic HDM sensitization. A secondary aerosolized HDM lung chal-
lenge was given 1 week after the primary lung challenge. Lung function was
recorded for 1 hour directly after the secondary aerosol HDM challenge,
and again 24 hours post challenge. BAL cells were sampled from all sheep
directly before, and 48 hours after, the secondary HDM challenge.

Measurement of Lung Function

Data on lung function were obtained from all sheep using established
techniques [19, 20]. Before each procedure, sheep were mildly sedated
with xylazine (Xylazil-20; Troy Laboratories, Australia; ~0.05 mg/kg i.m.)
and rested in a restraining harness. After topical anaesthesia of the nasal
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FIGURE 1 Experimental outline. Allergen sensitization started in week 1 and preceded lung function
assessments in 9 to 13-month-old preterm and control sheep. Lung function refers to an assessment of
pulmonary resistance as outlined in Materials and Methods. HDM, house dust mite; BAL, bronchoalveo-
lar lavage.

passages (2% Lignocaine Gel; Orion, Australia), a balloon catheter was
passed through a nostril into the lower oesophagus. Through the other
nostril, a cuffed endotracheal tube was inserted under bronchoscopic guid-
ance. A catheter was positioned such that its tip lay 5 cm past the distal end
of the endotracheal tube. The esophageal and tracheal catheters were used
to measure transpulmonary pressure. Airflow measurements were obtained
via a pneumotachograph attached to the proximal end of the endotracheal
tube. Calibration and synchronization of the gas transducers and pneumo-
tachograph were performed as described previously [19, 20]. Acquisition
and detailed analysis of pulmonary physiological data were performed on
customized Labview software developed in house by EK. This software ana-
lyzed flow and pressure data from an average of at least 5 breaths; it
excluded data from breaths that differ by more than 20% in volume from
the previous breath. Baseline Ry, was calculated after an equilibration per-
iod of 20 minutes following intubation as the mean of 5 to 15 readings,
immediately prior to the carbachol challenge test.

All aerosols were generated with a medical nebulizer (Vitalair Rapid-
Neb; Allersearch, Vermont, Australia). The nebulizer was connected to a
dosimeter system consisting of a solenoid valve and a source of compressed
air (20 psi). The output of the nebulizer was directed into a T-piece with



Adult Lung Function after Preterm Birth 219

one arm connected to the inspiratory port of a respirator (Intermed Bear 2
Adult Volume Ventilator; Bear Medical Systems, Riverside, CA). Aerosols
were delivered at a tidal volume of 500 mL and a rate of 20 breaths per
minute for 20 breaths.

Airway Responsiveness

Airway responsiveness to a bronchoconstrictor (carbachol) was assessed
in all sheep 2 days before HDM challenge. This was achieved by administer-
ing carbachol by aerosol in a range of doubling doses (0.25% to 4% carba-
chol w/v). Each dose of carbachol was aerosolized and delivered in 20
breaths to mechanically ventilated sheep. Airway responsiveness was deter-
mined from cumulative concentration-response curves to inhaled carbachol
by measuring lung resistance (R;) immediately after inhalation of aerosol
vehicle (phosphate-buffered saline) and after each consecutive administra-
tion of increasing concentrations of carbachol. The provocation test was
discontinued when the highest carbachol dose had been administered or
the pulmonary resistance had increased by over 200% above baseline values.
Cumulative concentrations of administered carbachol were expressed in
breath units. One breath unit was defined as the dose received from one
breath of carbachol aerosolised from 1.0% w/v carbachol solution. Airway
responsiveness was expressed as the number of breath units of carbachol
aerosol needed to increase airway resistance by 200% from baseline.

HDM Sensitization and Airway Challenges

Animals were subcutaneously immunized with 50 pg house dust mite
(HDM) preparation Dermatophagoides pteronyssinus; CSL, Parkville, VIC,
Australia) mixed 1:1 in aluminium hydroxide (Al(OH)s) adjuvant. Injections
of 1 mL HDM/AI(OH); were given on three occasions at 2-week intervals at
time points outlined in the experimental design (Figure 1) [16]. Levels of
HDM-specific IgE (IgExpm) were determined by enzyme-linked immunosor-
bent assay (ELISA) of serum samples obtained from animals immediately
prior to, and 7 days after, HDM sensitization [16, 21]. Both preterm and con-
trol animals showed similarly increased levels of IgEpy (P < .05, preterm;
P <.08, control) in the postsensitization period. Whole-lung HDM challenges
consisted of delivering aerosolized HDM (7mL of 1mg/mL HDM) to
mechanically ventilated sheep for 15 minutes at 20 breaths per minute.

Leukocyte Analysis in Blood and Bronchoalveolar Lavage Fluid

Peripheral blood samples were taken from the carotid artery prior to and
at 48 hours after the secondary HDM aerosol administration. Differential
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leukocyte counts were determined by classifying 200 cells as either mono-
nuclear cells, neutrophils, or eosinophils based on their morphology.

Bronchoalveolar lavage (BAL) was performed on each animal immedi-
ately prior to, and 48 hours after, the secondary HDM airway challenge.
BAL samples were obtained by infusing 10 mL of saline via the broncho-
scope biopsy port into the left caudal lobe of the lung and retrieving
approximately 4 to 6 mL BAL fluid/cells. BAL cells were isolated by centri-
fugation and differentially stained with Diff Quik [18]. For each animal dif-
ferential leukocyte counts in BAL samples were determined by classifying
200 cells as either macrophages, neutrophils, eosinophils, or lymphocytes,
based on morphological appearance.

Statistical Analysis

Animal growth was analyzed using a ¢ statistic to compare linear
regression slopes. Analysis of data on body weights, postnatal ages, Ry,
200%, and baseline R;, between control and preterm groups was underta-
ken using an independentsample ¢ test. Data for dose-response curves
for carbachol were analyzed using a repeated-measure analysis of variance
(ANOVA), with time (repeated) and treatment group as factors [22, 23].
Least significant difference (LSD) or Games-Howell post hoc tests were
employed, depending on the significance of Levene’s statistic. Correlations
between body weight, postnatal age, and responsiveness to carbachol were
undertaken using Pearson’s correlation coefficient.

IgEypMm levels and BAL and blood leukocyte counts and differential
counts were all analyzed using a repeated-measure ANOVA, with time
(repeated) and treatment group as factors. Where a significant effect of
age or group was observed, either paired- or independent ¢ tests were used
for post hoc analysis as appropriate. Pulmonary resistance (Rr) and blood
gas responses to HDM challenge were analysed using non parametric stat-
istics: the Mann-Whitney U test for between-group comparisons, and the
Wilcoxon signed ranks test for within treatment group comparisons. Corre-
lations between birthweight, body weight, postnatal age (PNA), IgEupwm,
blood gas parameters, leukocyte counts, and differential counts and Ry,
response to HDM airway challenge were undertaken using Spearman’s
rank correlation coefficient.

RESULTS
Postnatal Growth

Analysis of growth curves revealed that sheep, in both control and pre-
term groups, could be segregated into distinct subgroups according to their
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TABLE 1 Body Weight and Growth Rate Data

Growth rate

Sheep no. (#) Sex Birth weight PNA’ Adult weight (kg/day)*
Control
43 £ 4.58 405 59 0.21
44 m 4.55 405 55.8 0.17
492 f 5.05 405 55.8 0.22
47 f 3.95 363 47.8 0.27
50 m 47 363 45 0.16
70 £ 2.85 293 31.9% 0.16
71 f 2.45 293 32.8% 0.13
78 £ 4.05 262 34.7% 0.16
Mean 3.94 348.63 45.35 0.19
SD 0.96 58.11 11.10 0.05
Preterm
45 £ 2.55 354 40 0.29
48 f 2.7 383 51.6 0.33
49 f 3.4 354 59 0.25
69 f 1.6 327 30.9% 0.14
74 m 2.75 3923 33.75% 0.13
75 £ 3.08 323 41.25 0.14
76 £ 3.12 284 30.9% 0.19
Mean 2.74 335.43 41.06 0.21
SD 0.58 31.56 10.75 0.08

PNA: postnatal age.

“Recorded at the time of first HDM (house dust mite) airway challenge.
# Postnatal growth rate during postnatal days 0 to 120.

&< 35 kg subgroup (P <.025).

weight at the time of study (control <35kg n = 3; >35kg n = 5; preterm
<35kg n =4; >35kg n = 3), on the basis of their significantly different
rates of growth (preterm P < .025; control P <.025) (Table 1). The lighter
animals had been separated from other sheep at an early age and had
ample access to food, yet still gained weight at a reduced rate compared
to their heavier peers. The slower growth rates of the lighter animals were
not dependent on birth weight as these animals did not have significantly
lower birth weights than the heavier animals (Table 1).

Baseline Pulmonary Resistance

There was a trend towards increased baseline Ry, in the preterm animals
(mean group values: control 1.8 + 0.8, preterm 2.6 +0.8cm HoO-s-L7;
P = .12). There also appeared to be an effect of animal weight on baseline
Ry, such that lighter animals «35kg) had higher baseline Ry, compared
to heavier (>35kg) animals within their treatment group, although these
differences were not significant (Figure 2). Postnatal age did not correlate
with baseline R;.
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FIGURE 2 Mean baseline pulmonary resistance in 2 weight subsets of preterm and control sheep.
Results are mean values for each group with standard deviation error bars. The calculation of lung resist-
ance (RI) is defined in Materials and Methods. The adult weight groups are based on data presented in
Table 1. Control term sheep n = 8, preterm sheep n = 7.

Airway Responsiveness to Carbachol

Airway responsiveness, as determined by the dose of carbachol required
to increase Ry, to 200% of the postvehicle value (Rp, 200%), was signifi-
cantly higher in the lower weight preterm animals compared to higher
weight preterm animals (Figure 3). The mean number of breath units of
carbachol to reach Ry, 200% was 18 (£7) (highly responsive to carbachol)
in lower weight preterm sheep compared to 133 (£10) (less responsive to
carbachol) for the heavier preterm animals (P <.004). In contrast, there
was no significant difference in airway responsiveness between the 2
body-weight subsets in the controls 91 & 14 and 79 & 41 breath units carba-
chol to reach Ry, 200% for small control, and larger control sheep, respect-
ively; P= .2 (Figure 3).

Allergen-Specific Airway Responses

Pulmonary resistance data at 1 hour after the HDM airway challenge,
and at 24 hours post challenge, were obtained in 6 control and 4 preterm
sheep. Airway challenge with HDM caused a significant increase in Ry, in
both groups (P <.05) compared to the pre-HDM level (Figure 4). There
was no significant difference in the Ry, reached by each treatment group
post HDM challenge within the 1st hour. Both control (P=.17) and pre-
term (P = .11) animals displayed a trend towards increased R;, compared
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FIGURE 3 Bronchial responsiveness in two weight subsets of preterm and control (term) sheep. Each
data point represents the number of breath units (BU) of carbachol necessary to increase pulmonary
resistance by 200%. One BU represents one breath of 1% (w/v) carbachol. The body weight subsets
are indicated on the x axis. **P <.004, <35kg versus >35kg.

to pre-HDM at 24 hours post challenge. There was also a trend towards
higher R; in preterm animals than in controls at 24 hours (control
2.43 +0.27, preterm 3.74 + 0.81; P=.19).
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FIGURE 4 Pulmonary resistance responses to HDM airway challenge in term and preterm animals: The
early phase response represents the maximum resistance reached during the 1st hour post HDM chal-
lenge. The late phase resistance was assessed 24 hours after HDM challenge. *P <.05. For pre-HDM
‘control’ n =7, ‘preterm’ n = 6. For early phase response ‘control’ n = 6, ‘preterm’ n = 6. For late
phase responses ‘control’ n = 7, ‘preterm’ n = 4. Filled bars represent control term sheep. Open bars
represent preterm sheep. HDM, house dust mite; Ry, pulmonary resistance.
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BAL Leukocytes

Before HDM challenge via the airways, there was no significant differ-
ence between the percentage of neutrophils and eosinophils in control
and preterm animals. HDM airway challenge resulted in a significant
increase in the percentage of eosinophils (P <.01) and neutrophils
(P <.001) in BAL fluid at 48 hours postchallenge in both preterm and con-
trol groups. This was accompanied by a significant fall in the percentage of
macrophages (P <.001) and no change in lymphocytes at 48 hours post
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FIGURE 5 Mean values for differential leukocyte counts in (A) bronchoalveolar lavage (BAL) and (B)
blood samples pre- and 48 hours post HDM airway challenge. The data are expressed as percentages
(£SD) of total leukocytes. ***P <.001; **P < .01. Control term sheep n = 8; preterm sheep n = 7.
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challenge (Figure 5A). There was no significant effect of prematurity on
the magnitude of the increases in eosinophil and neutrophil percentages
after HDM challenge.

Blood Leukocytes

There was a trend (P = 0.06) towards greater resting (pre-HDM) leuko-
cyte counts in preterm animals compared to controls (Figure 58). HDM
airway challenge significantly increased (P <.05) the total blood leukocyte
count in both the control and preterm groups at 48 hours post challenge
(data not shown). Prematurity had no significant effect on the magnitude
of this response. HDM airway challenge significantly increased the pro-
portion of eosinophils in blood leukocytes in control animals (P <.01),
yet only caused a trend towards an increase in the preterm animals
(P=.11) at 48 hours post challenge (Figure 5B).

DISCUSSION

The present study was undertaken to determine the effects of preterm
birth per se on pulmonary function in young adult sheep under resting
conditions and after allergic lung challenges with the important asthma
allergen HDM. In a recent study, we found that the same degree of
prematurity resulted in an increased airway resistance and thickened airway
epithelium in lambs [11, 12]. Our present study suggests that altered airway
function persists into adulthood, as young adult prematurely born sheep
tended to have greater baseline Ry, than controls, especially in those that
grew at slower rates after birth. The reasons for this are not clear, but could
involve an alteration in lung architecture or airway structure. Morpho-
metric data from our earlier study is consistent with this notion in that
we found an increased thickness of the airway epithelium, from the trachea
to the alveoli, in prematurely born lambs at 2 and 8 weeks after birth [11].
Similar changes, if persisting into adulthood, could have contributed to the
increased Ry, we find here. A reduced number of alveolar tethering points is
not likely to account for increased resistance in preterm adult sheep
because our previous structural data obtained from 2- and 8-week-old
preterm lambs shows similar numbers of alveolar attachments in small
airways (unpublished data).

A number of clinical studies have related preterm birth to an increased
risk of atopy and childhood/teenage asthma [5, 13-15]. However, it is not
always apparent from these clinical studies whether this relates to the
preterm condition per se or is a consequence of neonatal oxygen and/or
ventilatory support, with subsequent lung injury. It is clear from our results
that mild preterm birth, in the absence of postnatal ventilatory support, has
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some long-lasting effects on pulmonary function in adult sheep challenged
with aerosols of allergen. An important finding in this study is that preterm
sheep take longer to recover (i.e., return to baseline resistance) after aller-
gen challenge. Compared to control animals, preterm sheep exhibited sig-
nificantly higher airway resistance 24 hours after aerosol exposure to HDM.
This finding suggests that airways of adult sheep born prematurely may be
less able to resolve airflow limitation after allergen exposure. It is interest-
ing to note that, although there are differences in late phase responses
between groups, the recruitment of inflammatory cells to the BAL and
blood in response to HDM challenge was similar in magnitude in both term
(control) and preterm sheep. This suggests that it may not be the mere
recruitment of inflammatory cells to the lung that is responsible for the late
phase response in preterm sheep. We think it more likely that other factors
such as altered airway structure or function or perturbed interactions
between inflammatory cells, and their mediators, with airway function
may be responsible for the slow resolution of allergic responses in preterm
sheep. The impaired ability to resolve airflow limitation may be a factor
linking prematurity with respiratory symptoms in childhood [8].

The magnitude of the early-phase bronchoconstrictor response, after
allergen challenge, was similar in both preterm and term sheep. This
indicates that in this experimental setting, mild prematurity does not
determine the severity of early-phase bronchoconstrictor responses to aller-
gen. This finding is consistent with cell data from our BAL collections, in
that the increased recruitment of immune cells to the airways after HDM
challenge was similar in magnitude in preterm and term sheep. The extent
of inflammatory cell recruitment to the lungs of HDM-challenged preterm
and term sheep is in agreement with our published studies which report
marked airway and BAL eosinophilia in adult sheep that have been infused
with HDM via the trachea [16, 18]. Early-phase physiological responses and
associated immunological responses to allergen challenge appear unaffec-
ted by mild preterm birth.

Bronchial hyperresponsiveness has been noted for teenagers born with
very low birth weight or young gestational age [5, 14]. The present study
clearly shows that the slower growing preterm sheep, as determined by
adult weight (<3bkg), exhibit significant bronchial hyperresponsiveness
to carbachol challenge. In contrast, term-born and larger preterm sheep
do not exhibit increased sensitivity to the bronchoconstrictor carbachol.
In this respect it is interesting that airway responsiveness increases with
age in adult sheep (our unpublished data). The smaller preterm animals
were significantly younger (311 & 23 days) than their heavier counterparts
(353 £ 24 days) at the time of measuring lung mechanics. Because airway
responsiveness increases with age in sheep, the younger, low-growth-rate pre-
term sheep have surprisingly high airway hyperresponsiveness for their age.
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The reasons for some of our preterm and control sheep being small as
adults is not clear. We note that smaller preterm and control adult sheep
were younger when lung function was assessed. The differences in age when
sheep were tested was coincidental and an unavoidable consequence of the
nature of experiments in which preterm lambs are reared into adulthood.
Despite their lower mean age, all smaller sheep show slower growth rates
in the first 120 days after birth. It is possible that the lighter preterm and con-
trol sheep (<35kg) were small owing to impaired nutrition, or subclinical
infections, in the early postnatal period. Postnatal nutritional restriction and
infections have been shown to affect lung structure and function [24-26].
However, the lung function of the low-weight control animals was not differ-
ent to that of the heavier controls; it is possible that preterm birth combined
with restricted nutrition and/or infection after birth could adversely affect
lung development. It is of interest in this regard that, owing to poor nutrient
intake and utilization, many premature infants grow at slower rates after
birth than term infants [27] and that this could contribute to alterations
in lung function in these preterm individuals as children and adults.

The mechanisms underlying the increased airway resistance and reac-
tivity of the adult preterm sheep are unclear at present. However, in our
previous studies on prematurely born lambs, we found evidence of altered
airway development, in that they had a thicker epithelium in large and small
airways, and in the alveoli [11, 12]; this thickening was attributed to early
exposure to air. Airway reactivity is regulated by communication between
the airway epithelium and airway smooth muscle [28], and it is thus possible
that this communication was altered in our prematurely born sheep. In this
regard it is of interest that respiratory symptoms and illness are greatest in
preterm infants and children who had been exposed to long periods of
mechanical ventilation and/or oxygen supplementation, both of which have
been reported to cause increased thickness of the airway walls [29].

We conclude that mild preterm birth in sheep, especially if followed by
slow postnatal growth rates, leads to higher levels of airway responsiveness
and a trend for greater baseline R;. Further studies are needed to deter-
mine the basis for these differences.
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