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Abstract

Background.—Respiratory viral infections are a major cause of morbidity and hospitalization
in young children. Nevertheless, the population burden of respiratory viral infections, especially
asymptomatic cases, is not known due to the lack of prospective community-based cohort studies
with intensive monitoring.

Methods.—To address this gap, we enacted the PREVAIL cohort, a Centers for Disease Control
and Prevention—sponsored birth cohort in Cincinnati, Ohio, where children were followed from
0 to 2 years of age. Weekly text surveys were administered to record acute respiratory illnesses
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(ARIs), which were defined as the presence of cough or fever (=38°C). Weekly midturbinate

nasal swabs were collected and tested using the Luminex Respiratory Pathogen Panel, which
detected 16 viral pathogens. Viral infection was defined as >1 positive tests from the same virus or
viral subtype <30 days of a previous positive test. Maternal report and medical chart abstractions
identified healthcare utilization.

Results.—From 4/2017 to 7/2020, 245 mother—infant pairs were recruited and followed. From
the 13 781 nasal swabs tested, a total of 2211 viral infections were detected, of which 821 (37%)
were symptomatic. Children experienced 9.4 respiratory viral infections/child-year; half were
rhinovirus/enterovirus. Viral ARI incidence was 3.3 episodes/child-year. Emergency department
visits or hospitalization occurred with only 15% of respiratory syncytial virus infections, 10% of
influenza infections, and only 4% of all viral infections. Regardless of pathogen, most infections
were asymptomatic or mild.

Conclusions.—Respiratory viral infections are common in children 0-2 years. Most viral
infections are asymptomatic or non—medically attended, underscoring the importance of
community-based cohort studies.
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Respiratory viral infections contribute a significant burden of disease in infants and young
children [1, 2]. Respiratory viruses are a leading cause of acute respiratory illnesses (ARIS)
globally and cause a wide spectrum of respiratory syndromes from asymptomatic infection
to bronchiolitis and death [3-6]. Acquisition of viral infections in early life can also be
associated with long-term morbidity, including wheezing, asthma, and recurrent respiratory
infections [7, 8].

In hospitalized children, the burden of respiratory viruses such as respiratory syncytial
virus (RSV), influenza virus, parainfluenza virus, and rhinovirus, is well documented [9-
12]. However, the natural history of these pathogens and their community-level burden

in US children is inadequately characterized. Most studies have relied on hospital-based
surveillance to identify infections, leading to an overrepresentation of children with
symptomatic disease requiring medical care or hospital admission [13, 14]. Furthermore,
most existing studies focus on recruiting children with specific respiratory symptoms,
limiting our understanding of the full spectrum of asymptomatic and symptomatic illnesses.
Community-based cohort studies, including birth cohorts, attempt to overcome these
limitations through prospective, longitudinal data collection [15]. Cohort studies provide
a comprehensive picture of the burden, spectrum, and natural history of respiratory viral
infections, which can inform our prevention and control strategies [14, 16-18].

The Pediatric Respiratory and Enteric Virus Acquisition and Immunogenesis Longitudinal
(PREVAIL) cohort is a Centers for Disease Control and Prevention (CDC)—funded
investigation that conducted prospective, longitudinal, community-based surveillance for
endemic respiratory and enteric pathogens through weekly nasal swab and stool testing

of a birth cohort. The objective of this analysis is to describe the overall burden,
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symptomatology, and patterns of medical attendance among children less than 2 years of
age with respiratory viral infections.

Healthy mother—infant pairs in the greater Cincinnati region were enrolled into the
PREVAIL cohort from April 2017 to July 2018. As enrollment occurred on a rolling basis,
participants were followed from birth until 2 years of age across multiple respiratory seasons
between April 2017 and July 2020. Pregnant mothers aged 18 years and older, who were
at least at 34 weeks of gestation with a singleton pregnancy, were eligible and invited to
participate in the study. Mothers who elected to participate provided written consent and
were provisionally enrolled, but they were excluded if they did not complete their first
postnatal study visit at week 2. Details on the study design, enrollment strategy, inclusion
criteria, data collection, sample collection, and cohort methodology have been extensively
described elsewhere [19]. Methods relevant to this work are described here. This study
was reviewed and approved by the institutional review boards at the CDC, Cincinnati
Children’s Hospital Medical Center, and the enrolling birth hospitals: The Christ Hospital
and University of Cincinnati Medical Center.

Sample Collection and Testing

Data Collect

Mothers collected midturbinate nasal swabs from infants on a weekly basis. Nasal samples
were delivered to the study laboratory via courier within 48 hours of sample collection.
Multiplex polymerase chain reaction (PCR) testing was performed on all samples using
NXTAG Respiratory Pathogen Panel (Luminex Molecular Diagnostics, Toronto, Canada),
which contains 18 viral targets, including adenovirus, human bocavirus, endemic human
coronaviruses (types 229E, HKU1, NL63, and OC43), influenza viruses (type A and

B), human metapneumovirus, parainfluenza viruses (types 1, 2, 3, and 4), rhinovirus/
enterovirus, and RSV (subtype A and B). Viral controls along with an internal control,
bacteriophage MS2 (Emesvirus zingeri), were run to ensure adequate sample collection and
assay validity.

ion

Automated weekly text-messaging surveys were sent to enrolled mothers via mobile phone
to ascertain the presence of fever and/or cough. Reports of fever or cough triggered
additional questions, including start date of symptoms, if symptoms were ongoing or
resolved, and the presence of additional respiratory and gastrointestinal symptoms such

as earache, runny nose, wheezing, vomiting, and diarrhea. Once resolved, end-of-illness
surveys were sent to capture summary information on the episode, including duration of
symptoms, all medically attended visits, and antimicrobial medication use. Abstraction of
medical and immunization records further identified unreported medical office attendance,
emergency department visits, and hospital admissions.

Outcome Definitions

An acute respiratory infection/ARI was defined as the presence of maternally reported fever
(temperature = 38°C rectally or =37°C axillary) or cough at any time in the past week. A
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viral infection was defined as a positive viral detection from a nasal swab. The detection
was considered part of the same viral infection if the same virus or viral subtype (when
applicable) was detected in 2 respiratory samples 30 days or less apart, regardless of any
interval negative swabs. A viral ARI was defined as a viral infection associated with ARI
symptoms reported within 7 days of the first day of the viral infection.

Statistical Analysis

For analyses involving symptomatology and healthcare-seeking behavior, viral infections
with detection of multiple respiratory viruses were excluded because symptoms and severity
could not be attributed to a single virus [15]. The full cohort was used for most analyses
except for calculating the proportion of the cohort who experienced at least 1 viral infection
by swab collection. In this calculation, a subcohort of 101 highly adherent participants who
submitted at least 70% of eligible weekly samples and were followed to at least 18 months
of age were used, as consistency of follow-up would significantly impact these calculations.

Descriptive analysis of age at first viral infection and median duration of viral ARI

was performed using medians and interquartile ranges (IQRs). Nonparametric, pairwise
comparisons were made using the Kruskal-Wallis rank-sum test with Holm-Sidak
corrections. The denominators (weeks at risk) used for pathogen-specific viral infection
incidence rates were calculated using the number of unique epidemiological weeks in which
a swab was submitted per participant, minus all weeks in which that specific pathogen

was detected. Weeks at risk for pathogen-specific viral ARIs were similarly calculated,

but by subtracting the weeks during which the specific viral ARI occurred. Weeks at risk
for incidence of any viral infection was calculated using the total weeks at risk without
subtractions as it is assumed that a child may be at risk for any respiratory virus for each
swab. Weeks at risk for total viral ARI incidence was calculated by subtracting the number
of weeks with any viral ARI from the total number of unique weeks of submitted swabs.

The odds ratio (OR) with the 95% confidence interval (Cl) of a viral infection being
symptomatic and being medically attended were calculated for each respiratory virus

using logistic regression with generalized estimating equation (GEE) modeling and an
exchangeable correlation matrix to account for clustering among participants, comparing
each respiratory virus with all other respiratory viral pathogens combined as a composite
reference group. The respiratory virus—specific attributable fraction (AF) was then calculated
from the OR of viral infections being asymptomatic versus symptomatic using the following
formula: AF = (OR - 1)/OR. An AF of 0 indicates that the odds of detecting a specific

virus during an asymptomatic viral infection was equal to the odds of detecting that virus
during a symptomatic viral infection (OR = 1). All statistical analysis was performed using
STATA (StataCorp, College Station, TX) and the R Environment for Statistical Computing
(R Foundation for Statistical Computing, Vienna, Austria) [20].

Clin Infect Dis. Author manuscript; available in PMC 2024 March 18.
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RESULTS

Demographics and Cohort Characteristics

A total of 265 mothers were enrolled in the third trimester of pregnancy, of whom 245

met the final postpartum eligibility criteria. Most mothers were 25-34 years of age (63%),
married or partnered (67%), and publicly insured (57%) (Table 1). A plurality of households
reported an annual income of $50 000 or higher (43%), while nearly one-third reported
incomes below $25 000 (32%). Most children were born at greater than 38 gestational
weeks (78%), initiated breastfeeding (87%), and received at least 1 dose of influenza vaccine
(70%).

Of 13 781 nasal swabs tested, 4238 (31%) were positive for at least 1 respiratory virus.
Based on our outcome definitions, these positive detections were further categorized into
2211 viral infections and 821 viral ARIs, of which 1470 (66%) viral infections and 508
(62%) viral ARIs did not involve co-detections of multiple respiratory viruses.

Viral Infection Incidence and Odds of Symptomatic Infection

Enrolled children contributed a total of 12 242 unique child-weeks (or 235.4 child-years)

of follow-up based on weeks of nasal swab submission. The overall incidence of any
respiratory viral infection was 9.4 infections per child-year and the overall incidence of
viral ARI was 3.3 infections per child-year (Table 2). The incidence of any respiratory viral
infection and viral ARIs was similar between the highly adherent cohort (n = 101) and the
non-highly adherent cohort (n = 144), with 8.5 versus 10.4 infections per child-year for any
viral infection and 3.4 versus 3.8 symptomatic infections per child-year, respectively.

Rhinovirus/enterovirus accounted for nearly half of all viral infections detected in the cohort
(49%; n = 1076/2211 viral infections) and had the highest incidence of both viral infection
and viral ARIs among all respiratory viruses (6.42 viral infections per child-year and 1.89
viral ARIs per child-year). The lowest incidence was seen with influenza B virus, with only
8 viral infections detected, accounting for an incidence of 0.03 viral infections per child-year
and 0.02 viral ARIs per child-year. The seasonality of respiratory viruses across study years
is shown in Supplementary Figure 1.

Among the 2211 viral infections identified in our cohort, 63% (n = 1390) were reported
as asymptomatic. The odds of a detected viral infection being symptomatic varied widely
across different respiratory viruses and viral subtypes (Table 3). RSV B (OR = 8.9; 95%
Cl: 3.94, 20.05; P<.001), parainfluenza 2 (OR = 6.36; 95% CI: 1.96, 20.65; P=

.002), and RSV A (OR =4.97; 95% ClI: 2.66, 9.28; £ < .001) viral infections had the
highest odds of being symptomatic compared with all other respiratory viruses detected
by PCR combined as a reference group. Endemic coronaviruses (any type), bocavirus, and
rhinovirus/enterovirus viral infections, when detected, were less likely to be symptomatic,
although this was only statistically significant for bocavirus and rhinovirus/enterovirus.

Clin Infect Dis. Author manuscript; available in PMC 2024 March 18.
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Viral Infection Acquisition by Age

The median age and range of ages at which a participant acquired their first viral infection
detected by PCR were variable based on the type of respiratory virus detected (Table 4).
Children acquired their first rhinovirus/enterovirus infection significantly earlier (median
age: 2 months; IQR: 1-3 months; £ < .0001) when compared with all other respiratory
viruses. For all other respiratory viruses, the median age at first viral infection occurred after
6 months of age.

By 12 months of age, 97% of the highly adherent cohort had at least 1 rhinovirus/
enterovirus infection detected, but a minority of participants at 12 months of age had
experienced an infection from adenovirus (48%), RSV (40%), human metapneumovirus
(24%), and influenza virus (11%). By 2 years of age, all participants had experienced

at least 1 rhinovirus/enterovirus infection and most participants had experienced at least

1 parainfluenza virus (82%), endemic coronavirus (79%), bocavirus (77%), RSV (66%),
and adenovirus (59%). A minority of participants had human metapneumovirus (47%) and
influenza virus (27%) detected by 2 years of age.

Symptomatology of Viral Infections

The proportion of maternally reported fever, earache, cough, vomiting, and diarrhea as well
as the overlap between these symptoms varied widely by respiratory virus type (Figure 1
and Supplementary Figure 2). A combination of fever and cough were reported in 70% (n
= 14/20) of influenza ARIs and 54% (n = 33/64) of RSV ARIs, while isolated fever or
cough was uncommon (5% and 15% for influenza and 3% and 41% for RSV for fever and
cough, respectively) for both viruses (Supplementary Table 1). Isolated cough was seen in
61% (n = 17/28) of human metapneumovirus, 54% (n = 118/220) of rhinovirus/enterovirus,
and 50% (n = 9/18) of bocavirus ARIs, while isolated fever was seen in 35% (n = 12/34) of
adenovirus ARIs.

The median duration of symptoms during an ARI episode for all respiratory viruses was

5 days (IQR: 3-9 days) (Supplementary Table 1). There was no significant difference in
median duration of ARI between most respiratory viruses, except that ARIs associated with
RSV (7 days) were significantly longer than ARIs associated with adenovirus or endemic
coronavirus (5 days each; £<.05).

Healthcare Utilization

Among all 1470 viral infections without co-detections, 17% (n = 255) were medically
attended. Among the patients with medically attended infections, 13% (n = 192) were
evaluated by a primary care physician or at an urgent care clinic, 4% (n = 55) were evaluated
at an emergency department, and 0.5% (n = 8) were hospitalized (Figure 2). The proportions
of viral infections that were medically attended varied, with RSV infections having the
highest proportion of medical attendance (56%; n = 47/84) while endemic coronavirus
(12%; n = 19/155), rhinovirus/enterovirus (12%; n = 102/822), and bocavirus (6%; n =
7/115) infections had the smallest proportion of infections that were medical attended. The
odds of a viral infection being medically attended was highest for RSV infections (OR: 7.03;
95% Cl: 4.48, 11.02; P<.001) compared with all other respiratory viruses; bocavirus (OR:

Clin Infect Dis. Author manuscript; available in PMC 2024 March 18.
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.32; 95% CI: .15, 0.67; £=.002) and rhinovirus/enterovirus (OR: .45; 95% ClI: .34, .59; P<
.001) infections had the lowest odds of medical attendance. Adenovirus (OR: 2.49; 95% CI:
1.48, 4.19; P=.001) and influenza virus (OR: 2.43; 95% CI: 1.15, 5.15; P=.02) infections
had similar odds of medical attendance.

Hospitalizations were rare across all respiratory viruses. Two RSV infections, 2 rhinovirus/
enterovirus infections, as well as 1 human metapneumovirus, 1 coronavirus NL63, 1
bocavirus, and 1 adenovirus infection each resulted in hospitalization. There were no
hospitalizations for viral infections due to influenza viruses or parainfluenza viruses in our
cohort.

DISCUSSION

In our community-based, prospective US birth cohort, respiratory viral infections were
common in children during the first 2 years of life. We observed an average of 9 respiratory
viral infections per child annually, with detection of rhinovirus/enterovirus accounting for
almost half (49%) of all infections. While the timing and frequency of viral acquisition
were diverse across the cohort, most respiratory viral infections were asymptomatic and
not medically attended. However, the odds of symptoms and medical attendance varied
widely by respiratory virus. Viruses that are typically associated with severe disease, such
as influenza and RSV, were also more likely to be symptomatic and medically attended

in our cohort. However, the vast majority of influenza (90%) and RSV (85%) infections
never required evaluation at an emergency department or hospital admission. Among non—
influenza and RSV infections, parainfluenza viral infections, especially type 2 infections,
had higher odds of being symptomatic than other viruses, while adenovirus infections had
higher odds of medical attendance than other viruses. Bocavirus, endemic coronavirus, and
rhinovirus/enterovirus infections had lower odds of both developing symptoms and medical
attendance compared with all other viruses.

Our overall incidence rate estimate of 9.42 viral infections/child-year is comparable to

those reported in the Observational Research in Childhood Infectious Disease (ORChID)
birth cohort in Australia [15]. Similar to our study, ORChID also utilized routine weekly
nasal sampling regardless of symptoms, which better captures both symptomatic and
asymptomatic childhood viral infections. Our findings supplement those of the ORChID
cohort, which was geographically distinct and performed during different respiratory
seasons. In contrast, most birth cohorts rely on the ascertainment of specific respiratory
symptoms in order to determine the timing of sample collection and report a lower incidence
of viral infections [21-29]. The disparity in incidence rates likely reflects the underdetection
of asymptomatic and subclinical infections, leading to an underestimation of the true
incidence of respiratory viral infections.

We found that few (4%) of all viral infections in our cohort were evaluated in the
emergency department or resulted in hospitalization, suggesting that reliance on hospital-
based surveillance also may miss a substantial number of asymptomatic and symptomatic
viral infections among infants and young children. Also, studies that rely on hospital or
emergency department surveillance may overrepresent viruses associated with symptomatic

Clin Infect Dis. Author manuscript; available in PMC 2024 March 18.
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and severe infections, such as influenza virus and RSV. Additional community-based cohort
studies that focus on routine longitudinal multiviral testing are needed to better characterize
the experiences of respiratory viral infections in different settings and patient populations.
The few published birth cohort studies that performed weekly or longitudinal viral sampling
typically focused on the epidemiology of a single viral pathogen [30-34].

There are several limitations in the interpretation of results related to our cohort
methodology. The definition of a viral infection and parameters used to attribute symptoms
to a viral infection were similar to comparable cohort studies [1, 15, 16], but no standardized
or universally agreed definition exists. Given the intermittency of viral detection, the cutoff
utilized for defining a viral infection may imprecisely capture true episodes. This may be
especially problematic for viruses such as human rhinovirus and bocavirus that are known
to intermittently shed over a prolonged period [32, 33, 35]. Another important limitation

is our inability to differentiate between rhinovirus and enterovirus, which is a common
challenge found with many commercial multiplex PCR platforms. Utilizing the full cohort
of 245 mother—infant pairs allows us to better describe the full diversity of respiratory

viral infections, but adherence to weekly nasal sample submissions varied; 41% (n = 101)
of mother—infant pairs submitted at least 70% of eligible swabs and are demographically
different from our full cohort (Supplementary Table 2) [19]. However, in our sensitivity
analysis, we found that the incidence of viral infections and viral ARIs as well as the
proportion of medically attended infections were similar between the highly adherent and
non-highly adherent cohort, a finding that is likely due to using weeks of viral sample
testing as the person-time denominator. The adjunctive use of serology and molecular

tests has been shown to better capture the full extent of viral infections experienced by
children [36]. While the use of weekly longitudinal nasal specimen collection allows us to
better capture the spectrum of asymptomatic and symptomatic viral infections, the addition
of respiratory viral serological assays would supplement future studies from our cohort.
Finally, our ARI symptom ascertainment focused on fever and/or cough, which may miss
symptomatic patients with ARIs who presented with other isolated respiratory symptoms.
However, given our study design and reliance on self-reported symptom surveys, fever
and/or cough were targeted as these are specific and verifiable, while indicating a degree of
clinical concern for children less than 2 years.

Overall, there was high adherence to our study protocol, including high rates of median
weekly survey responses and nasal sample submission [19]. The collection of respiratory
samples on a weekly basis across 4 respiratory seasons provided a more complete overview
of the respiratory viral experience among young children in the community. In addition,
Cincinnati Children’s Hospital Medical Center is the major in-patient and outpatient
pediatric provider for the region and serves more than 97% of children living in Hamilton
County. The combination of data from medical chart abstraction and self-reported medical
visits allowed us to confidentially capture most medically attended visits for participating
children. As nearly all samples (98%) were collected prior to the first reported case of
coronavirus disease 2019 (COVID-19) in the United States, our study also provides a unique
opportunity to characterize childhood respiratory viral infections in the pre-pandemic era
[37].

Clin Infect Dis. Author manuscript; available in PMC 2024 March 18.
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In conclusion, our community-based, prospective birth cohort provides a comprehensive
overview on the incidence, symptomatology, and severity of viral infections in children 0-2
years of age and how these varied by respiratory virus. Viral infections were commonly
detected during the first 2 years of life, but the majority of infections, irrespective

of virus or viral subtype, were asymptomatic and not medically attended. The high
proportions of asymptomatic and non—-medically attended infections have implications on
our understanding of the dynamics of respiratory viral transmission in the community, and
future research studies and public health policies must account for these infections.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Medical utilization patterns of viral infections without co-detection of other viruses (n

= 1470) and odds ratio of a viral infection being medically attended in the PREVAIL
cohort (n = 245), by respiratory virus (subtype combined). *Hospitalized: adenovirus (1%),
bocavirus (1%), endemic coronavirus (1%), influenza virus (0%), human metapneumovirus
(2%), parainfluenza virus (0%), rhinovirus/enterovirus (0.2%), RSV (2%). Abbreviations:
Cl, confidence interval; PCP, primary care provider; PREVAIL, Pediatric Respiratory and
Enteric Virus Acquisition and Immunogenesis Longitudinal; RSV, respiratory syncytial
virus.
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Table 1.

Demographic Characteristics of Mother—Infant Pairs Enrolled in the PREVAIL Cohort (N = 245): Cincinnati,
Ohio, April 2017-July 2020

Characteristics n (%)

Maternal age

18-24y 50 (20.4%)

25-34y 155 (63.3%)

235y 40 (16.3%)
Maternal race

White 127 (51.8%)

Black 106 (43.3%)

Other 12 (4.9%)
Insurance

Public 139 (56.7%)

Private 106 (43.3%)
Marital status

Married/partnered 163 (66.5%)

Single 82 (33.5%)
Maternal education

Less than high school 22 (9.0%)

High school graduate 93 (38.0%)

Associate/trade 35 (14.3%)

College graduate 95 (38.8%)
Annual household income

<US $25 000 78 (31.8%)

US $25 000-$49 999 49 (20.0%)

>US $50 000 106 (43.3%)

Unknown 12 (4.9%)
Infant sex

Female 127 (51.8%)

Male 118 (48.2%)
Infant gestational age

35-36 wk 11 (4.5%)

37 wk 44 (18.0%)

38-42 wk 190 (77.6%)
Breastfeeding

Initiated 212 (86.5%)

Never breastfed 33 (13.5%)

Infant influenza vaccine status
Never received influenza vaccine 74 (30.2%)

Received at least 1 dose of influenza vaccine 171 (69.8%)

Abbreviation: PREVAIL, Pediatric Respiratory and Enteric Virus Acquisition and Immunogenesis Longitudinal.
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Age at First Viral Infection and Proportion of Cohort Who Experienced at Least 1 Respiratory Viral Infection
Detected by PCR of a Nasal Swab in the Highly Adherent PREVAIL Cohort (n = 101), by Respiratory Virus

Proportion of Cohort With at Least 1 Viral Infection Detected by

Nasal Swab
Pathogen Ageat First Viral Infection,2 mo By 12 Months By 24 Months
Adenovirus 8 (6—11)/7 48% 59%
Bocavirus 10 (6-15)¢ 50% 7%
Endemic coronavirus 11 (6-17) 55% 79%
229E 18 (11-19) 3% 9%
HKU1 13 (7-18) 20% 45%
NL63 11 (5-15.5) 23% 44%
0C43 11 (6-13) 31% 50%
Influenza virus 17 (10-20) 11% 27%
Influenza A 17 (10-20) 9% 25%
Influenza B 11.5 (6-20) 2% 4%
Human metapneumovirus 11 (8-18) 24% 47%
Parainfluenza virus 12 (7-17) 50% 82%
PIV1 18.5 (15-21.5) 3% 20%
PIV2 9 (7-13) 9% 17%
PIV3 10 (6-14) 38% 57%
PIV4 15 (9-19) 10% 31%
Rhino/enterovirus 2 (1_3)11 97% 100%
Respiratory syncytial virus 12 (7-18) 40% 66%
RSV A 15.5 (9-19) 16% 42%
RSV B 9 (6-17) 25% 41%

Abbreviations: PCR, polymerase chain reaction; PREVAIL, Pediatric Respiratory and Enteric Virus Acquisition and Immunogenesis Longitudinal;
RSV, respiratory syncytial virus.

a L
Presented as median (interqu

artile range).

bSignificantIy differs from median age at first viral infection of influenza virus (P = .005), parainfluenza virus (P=.013), and RSV (P=.018).

CSignificantIy differs from median age at first viral infection of influenza virus (P=.005).

dSignificantIy differs from median age at first viral infection of all other respiratory virus using Kruskal-Wallis, Z< .0001.
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