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Abstract

Background: In 6.5 years of newborn screening for severe coatbimmunodeficiency (SCID)

in California, 3,252,156 infants had DNA from drikétbod spots (DBS) assayed for T-cell
receptor excision circles (TRECSs). Infants with T&Ebelow a designated cutoff on a single
DBS, or 2 DBS samples with insufficient PCR ampéfion, or known genetic risk of
immunodeficiency had peripheral blood complete Bloounts and lymphocyte subsets assayed
in a single flow cytometry laboratory. Cases in ethimmune defects were ruled out were

available for analysis.

Objectivee We wished to determine reference intervals for gijotyte subsets in
racially/ethnically-diverse preterm and term newisowho proved to be unaffected with any T-

lymphopenic immune disorder.

Methods: Effective gestational age was defined as gesttiage at birth plus postnatal age at
time of sample collection. After determining exaturs criteria we analyzed demographic and
clinical information, complete and differential wdiblood counts, and lymphocyte subsets for
301 infants, with serial measurements for 33 irdabhymphocyte subset measurements included
total T cells, helper and cytotoxic T-cell subsetaijve and memory phenotype of each T-cell

subset, B cells and NK cells.

Results. Reference intervals were generated for absolutmbeus and percentages of
lymphocyte subsets from infants with effective géshal ages 22-52 weeks. Sex and ethnicity
were not significant determinants of lymphocyte ssibcounts in this population. Lymphocyte

counts rose postnatally.
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Conclusion: This study provides a baseline for interpretinghpeehensive lymphocyte data in
preterm and term infants, aiding clinicians to d®iee which newborns require further

evaluations for immunodeficiency.

Clinical Implication: Reference intervals in preterm and term neonatesTfoell counts,
including proportions of cells with naive and megnanarkers, facilitate evaluations of

newborns suspected to have serious T-lymphopeniditons.
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Capsule Summary

A new compilation of reference intervals for nea@hdymphocyte subsets, including naive and
memory helper and cytotoxic T cells, has been @drifivom California newborn screening and

follow-up of infants who proved to be unaffected.

Key words

Flow cytometry

Memory T cell

Naive T cell

Neonatal immunity

Newborn screening

Preterm birth

Reference range/reference interval

Severe combined immunodeficiency (SCID)
T-cell receptor excision circle (TREC)

T-cell subsets
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86 Abbreviations:
87 ALC (absolute lymphocyte count)
88 ANOVA (analysis of variance)
89 APC (allophycocyanin)
90 BW (birthweight)
91 CBC/diff (complete and differential blood count)
92 CDPH (California Department of Public Health)
93 CD (cluster of differentiation, defining a numbestjuence of cell surface protein markers)
94  CHD (congenital heart defect)
95 DBS (dried blood spot)
96 EDTA (ethylenediaminetetraacetic acid)
97 EGA (effective gestational age)
98 FACS (fluorescence-activates cell sorting)
99 FITC (fluorescein isothiocyanate)
100 GA (gestational age)
101 GDL (Genetic Disease Laboratory)
102 GDSP (Genetic Disease Screening Program)
103 NBS (newborn screening)

104 NICU (neonatal intensive care unit)
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NK (natural killer)

PE (phycoerythrin)

PerCP (peridinin-chlorophyll-protein complex)

SCID (severe combined immunodeficiency)

TCL (T-cell lymphopenia)

TREC (T-cell receptor excision circle)

TTTS (twin-to-twin transfusion syndrome)

VATER (vertebral, anorectal, tracheal, esophageal,renal abnormalities)

WBC (white blood cell)

Amatuni 7



114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

Amatuni 8

Introduction

A number of studies have reported lymphocyte sutmsieies for healthy infants and childréh.
However, the available reference intervals haveitditions, including small numbers of
individuals tested, insufficient numbers to perseparation of age groups of infants under 3
months, and omission of preterm or low birthwei@BW) infants. Some, but not all, reports
have found that lymphocyte subset intervals vabetiveen infants of different ethnic makeup,
sex, environmental exposures and geographical atéeugh predominant factors driving the
differences could not be definddin important source of variation was inconsistebeyween

multiple contributing laboratorie’s.

Population-based newborn screening (NBS) for sesengbined immunodeficiency (SCID) and
T-cell lymphopenia (TCL) is now performed throughdhe USA and is being increasingly
adopted in many countri@sNBS for SCID is based on detection of T-cell r¢oegexcision
circles (TRECs), a biomarker for T-cell lymphopasesn DNA extracted from infant dried
blood spot<:® Insufficient or absent TRECs in the screening &estcorrelated with subsequent
measurements showing low circulating T-cell numtzerd few recent thymic emigrant T cells
bearing naive markers such as CD45RA.However, direct measurement of lymphocyte
subsets with quantitation of naive and memory hedpe cytotoxic T-cell subsets is critical for
definitive diagnosis. Thereforéhere is a need to establish standardized refeiatergals for all

newborns, including preterm infants and infantkoof BW.

NBS for SCID has been conducted in the state offd@aia since August, 2010™* Flow
cytometry is incorporated within the screening pamg as a follow-on test for all infants with
TRECs below a designated cutoff on a single DB® aidequate PCR control, 2 DBS samples

with insufficient PCR amplification, or a clinicalispicion or genetic risk factor for primary T-
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cell immunodeficiency. Cutoffs have been set toidvmissing cases with true SCID or
significant TCL. Thus, while highly sensitive, tHFd&REC screen flags some immunologically
normal newborns for follow-up, as well as infantighviransient TCL that can be associated with
preterm birth alone. As previously published, lymgyte subsets for infants born in California
have been measured at a single contract laboratdS§ubstantial numbers of infants receiving
this testing have proven to have no diagnosed inemaystem defects or medical conditions,
while others had only diagnoses related to preritgtand low BW. We have now analyzed the
lymphocyte subset data of these infants to proddeimproved set of newborn lymphocyte
reference intervals, taking into account the newboeffective gestational age (EGA), BW, sex

and race/ethnicity.
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Methods
Study population

A total of 3,252,156 dried blood spot (DBS) specaisievere collected as part of newborn
screening from essentially all infants born in €@ahia between August 15, 2010 and March 31,
2017, except those whose parents opted out fgioak reasons and completed a form accepting
responsibility for any harm coming to the childaasesult of refusal to test. DBS were analyzed
for TREC counts in the Genetic Disease Laborat@RL)) of the Genetic Disease Screening
Program (GDSP) within the California Departmenfablic Health (CDPH) in Richmond, CA,
prior to June 2015, after which the EnLite kit (eElmer) was adopted, allowing for TREC
testing to be performed at regional laboratoriat) wversight from the GDSP. TREC thresholds

were adjusted during this period to optimize theags sensitivity and specificity.

Information collected from all infants by the GD8/der IRB exemption (California Committee
for the Protection of Human Subjects) includedhvirtight, sex, gestational age at birth, whether
the infant was in a regular nursery or neonatansive care unit (NICU), parent-designated race
or ethnic background, and a clinical summary fromtemity providers. Race/ethnicity was a
multiple-choice check box on the GDSP State TesjuRst Form. We used a hierarchical
approach to categorize race when more than onemagxchecked as follows: Hispanic, black,
Asian, followed by white. Native Americans were alg included in our “Other” category, if

checked, as were those with missing and unknovwefedmicity*®

Flow Cytometry

10
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Per NBS protocol, a peripheral blood sample waginbt from infants (n=562) identified by
GDSP to have TREC results below the threshold dbbow-up testing within the NBS program
or to be at risk for a genetic immune deficiencgdzhon family history. The blood was shipped
by courier to the Quest Diagnostics Nichols Instit¢San Juan Capistrano, CA). For each
specimen an automated complete and differentialtewhiood count (CBC/diff, Coulter
STKS/LH750 hematology analyzer, Coulter Technol@gnter, Miami, FL) was performed. A
blood smear was reviewed for blasts or other ababiall morphology. Lymphocyte subset
analysis was performed by flow cytometry, with anpée from a healthy control included with
each batch of patient samples. See Supplementatiyobte and Supplementary Table S1 for

details.

Statistical methods

Newborn results in this study were not randomly [@aah, but rather were obtained from healthy
babies with transient non-normal TREC NBS or recgphgenetic risk, such as having a sibling
affected with a T-lymphopenic disorder. Univariated multi-variate analyses were conducted
using ANOVA in SAS version 9.4 (SAS Institute IncCary, NC) to examine whether

race/ethnicity, sex, or EGA or BW had independesdoaiations with the results of flow

cytometry. Paired sign tests for sequential flosutes were based on first and last test per child
and were calculated by hand using a binomial tistion. Graphics were created using SAS and

MS Excel.

11
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Results
Study cohort

Inclusion and exclusion criteria were establishedrgo examining the data. Infants born at any
gestational age (GA) and weight were included, ndigas of their likelihood to be under greater
physical stress compared to term newborns. Comditexpected to occur in prematurely born
subjects, such as respiratory insufficiency regqgirventilatory support or feeding intolerance
requiring intravenous or enteral nutritional sugpmbd not render them ineligible. However, any
infant for whom a primary or secondary clinical cem was recorded that could be associated
with SCID or TCL was excluded from this study (Tatl)* Additionally, Table 1 shows
excluded infants who did not fit the general pefdf a reasonably healthy newborn from the
provided clinical information. Reasons for omissioom study cohort included an identified
clinical syndrome that has been reported to camseunodeficiency ™’ (n=21), any of various
severe congenital conditions (n=33), conditionsoageanied by fluid accumulation or vascular
leak that might affect blood counts (n=8), infamath prior to discharge from the hospital
(n=10), immune abnormalities without overall T-cBlmphopenia (n=7), and miscellaneous

reasons (n=6).

If a baby was indicated to be “term” by a physicwth no GA given, the baby's gestational age
at birth was imputed to be 40 weeks for the purpdseur calculations. Likewise, if a baby was
indicated to be in the regular nursery with a B\WWeager than 2500 grams, the gestational age was
imputed to be 40 weeks. If a baby was indicateadterm” and greater than 2500 grams in
BW, we imputed the nursery to be a regular nurgergt otherwise recorded. If a baby was born

at GA of 32 weeks or less, or had BW less thargaakto 1500 grams, we imputed the nursery

12
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to be NICU if not otherwise recorded. GA imputatimas required for 2 infants, and nursery

type for an additional 2, both imputed to be inuleg nurseries.

GA and BW cohorts

The analysis cohorts were established after mis$atg imputation for eligible infants with case
data available for GA, BW, NICU status, race/etitgjcsex and liquid blood lymphocyte subset
determinations. Study subjects were divided intougs according to effective GA (EGA),
defined as GA at birth plus postnatal age at tifh#owv test, as follows: 22-28 weeks (n=31),
29-31 weeks (n=53), 32-36 weeks (n=58), 37-39 wdek$1), 40-41 weeks (n=75), 42-43
weeks (n=44), and 44-52 weeks (n=26). There weB(88%) infants with one test only, 29
(10%) with 2 tests, and 4 (1%) with 3 tests, tomli338 tests of lymphocyte subsets. We
analyzed tests as individual observations for tl&AEohort (n=338). A second, BW cohort
(n=301) was created as a subset of the EGA cohetaining only the flow cytometry

determination conducted closest to the time ohbirt

Comparison of race/ethnicity and sex of study subjects

Approximately equal numbers of newborns were idiextiin NICUs (n=151) and regular
nurseries (n=150) (Table 2). This observation dicative of the higher likelihood of false
TREC screen-positive results among infants in NI@oluding those born prematuréfyTwice

as many male (n=201) as female (n=100) newborns wetuded in the eligible cohort. Males
were more likely to be treated in a NICU and toobearlier GA and lower BW than females in

this cohort. As shown in Table 2, univariate analyf mean EGA and BW by NICU showed

13
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statistically significant differences, with earlierean EGA (NICU 33 weeks; regular nursery 44
weeks; p <0.001) and lower mean BW (NICU 1,127egutar nursery 3,160 g; p <0.001). There

were no significant differences for mean EGA and By\tace/ethnicity or sex.

Lymphocyte subset distribution vs. effective gestational age and birthweight

Table 3 shows lymphocyte subset counts (A) andgogages (B) by EGA, and Table 4 shows
lymphocyte subset counts (A) and percentages (BBWy Whereas the absolute numbers of
lymphocytes tended to increase with EGA and BW, fgbecentages of a given subset were
essentially constant across the tracked EGA anddgBdps, as shown in Figure 1 for total T
cells and helper and cytotoxic T-cell subsets, iarfSupplemental Figures S1-S4, where data are

also shown for B and NK cells.

Scatter plots and distributions of flow cytometry results

Scatter plots indicated a positive correlation, vaimdoy diagonal clustering of dots, among
absolute counts of total lymphocytes and each efstibsets: total T cells (CD3), helper T cells
(CD4), cytotoxic T cells (CD8), naive helper T se{CD4-CD45RA), and naive cytotoxic T
cells (CD8-CD45RA) (Figure 2). The numbers of celfsesach subset, also represented by the
bar graphs in Figure 2, demonstrated essentialyalodistributions. In contrast, there was little
to no correlation among other subgroups, includingells, NK cells, and CD4 and CD8 cells
expressing the memory marker CD45RO (Supplementagure S5, in which diagonal

clustering is not apparent). Thus, while numbersTotells and naive T-cell subsets were

14
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correlated with each other, B-cell, NK-cell, and maey T-cell numbers were independent

(statistics not shown).

Regression analysis

Multivariate ANOVA was used to explore the relasbip between sex, race/ethnicity and EGA
at time of testing for each of the lymphocyte sth$eD3, CD4, CD8, CD19 and CD16-CD56
(Table 5A, Supplementary Table S2A). Similarly,dbesubsets were analyzed for relationships
between sex, race/ethnicity and BW (Table 5B, Saipphtary Table 2B). NICU status was
omitted from the final models due to co-linearitittwboth BW and EGA. In each analysis, sex
and race/ethnicity class variables were non-sicaifi. However, effective GA and BW were
statistically significant for T cells, as shownTiable 5, and also significant in all other subgets
Supplementary Table S2, except for CD19, which was$ significant in the BW cohort

(Supplementary Table S2B).

Serial determinations of peripheral blood lymphocyte profiles

While the main analyses were cross-sectional atkketha time element to imply causality, the
sub-sample of 33 babies who did have multiple fibsterminations over time showed trends
towards improvement of several flow cytometry measuln eligible cohort, 29 infants had two
and 4 had three tests. Most measurements showeshgecin lymphocyte subset counts. All
subsets in Figure 3 and Supplemental Figure S6stymificant p-values in a match, before and

after Sign test (CD3: n=33, p<.0001; CD4-CD45RA:38= p<.05; CD8-CD45RA: n=33,

15
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p<.001; CD19: n=33, p<.01; CD16-CD56: n=33, p<.@xough the rise in numbers of B cells

was modest and NK cells only barely significant.

Discussion

This study contributes detailed lymphocyte profilesrmitting establishment of reference
intervals for T, B and NK lymphocytes, as well @ve and total CD4 helper and CD8 cytotoxic
T lymphocytes for very young infants, including skecof preterm birth and with low birthweight.
We had available a large, racially/ethnically dseecohort in California. Our immunocompetent
cohort differs from the general population by havieen selected due to initial TREC newborn
screening results that were abnormal or incompletdyy having a relative with an immune
disorder. Nonetheless, infants with an establishedsuspected condition that could affect
lymphocyte determinations were eliminated, leavimgly the immunocompetent ones for
inclusion. The infants studied differed from thengel newborn population due to the
preponderance of babies identified in NICUs whoBR&ET results were below the threshold for
SCID NBS. However, it is well-known that NICU babidave higher rates of false-positive
results than do infants from regular nurseriese@uipositive TREC results initiated subsequent
follow-up testing according to criteria establishég immunologists associated with the
California GDSP. The babies included in the stugyansubsequently determined to be healthy
and immunocompetent, and our sample thus provides dytometry results and intervals for
healthy subjects who were initially classified &sisk to have a T-lymphopenic disorder. While
results from our cohort may not reflect the entiesvborn population, this study provides useful
guidance for the interpretation of flow cytometrgsults for newborns most likely to be

identified by programs conducting newborn screefindgCID.

16
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Importantly, and in contrast to most prior publioas of infant lymphocyte reference intervals,
all of the liquid blood samples in this study wegktained and transported in standardized
fashion and analyzed in a single flow cytometryolabory. The lack of distinction in

lymphocyte counts between infants of different ablethnic background in this study is in

contrast to other published studies, but may bdaemgd by the fact that all of our data were
analyzed in a single setting. It is possible tlatal/ethnic variation seen in prior studies could
be an artifact of sample handling delays or systenamalytical differences that predominantly

affected one group over another or by chance dsenl sample sizes.

Additionally, in this study we have shown that E@Ad BW are significant predictors of flow
cytometry results. Some of the differences seepravious studies may be consequences of
differential rates of prematurity and low birthwieig which were not analyzed previously.
Multivariate analysis showed that flow cytometrgults were not influenced by demographic
factors such as race/ethnicity and sex but weongly related to both EGA and to BW. This is
in contrast to prior reports.However, EGA and BW are strongly correlated witisheother and
were analyzed separately, each with its own camtioh to flow cytometry results. Having both
of these analyses available may prove useful maal contexts where either EGA or BW is not

available.

Flow cytometry results for the main subsets inadaas the newborns achieved an EGA
approaching term and a birthweight normally foumdoag term infants. Flow results for the
main subsets increased together alongside incige&€BA and BW, as suggested by increasing

absolute counts with little concomitant changeeiiative subset proportions.

While the majority of EGA and all BW data were @ectional and lacked a time element to

imply causality, the small sub-sample of babies wlitb have multiple flow results over time

17
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showed a trend towards improvement of several figtometry measures, and the paired Sign
Test confirmed that these increasing values amioagmall number of babies were not likely to
have occurred by chance. B-cell absolute numbeses sbghtly but significantly with increasing

EGA, while NK cells remained nearly constant (Seppental Figure S6). To our knowledge,

these trends have not previously been recognized.

Our data emphasize the importance of looking atneehbers rather than percentages, which did
not show significant changes in any subsets as BGBW increased. Moreover, it is also

important to stain lymphocytes with surface marlgersh as CD45RA, which differentiate naive
T cells, newly emerged from the thymus, from memphgenotype cells, which express the

isotype CD45RO and have undergone activation apdreston in the peripheral circulation.

It is anticipated that Tables 3(A, B) and 4(A,B) tims publication will constitute a useful

reference. With the widespread adoption of newlsmreening for SCID and disorders with
clinically significant T-cell lymphopenia, the reénce intervals provided here should help
neonatologists and immunologists provide optimakecdoth by recognizing and protecting
infants with immunodeficiency while avoiding excessanxiety and immune testing when not

necessary.
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Table 1. Eighty-fiveinfants excluded from referenceinterval cohort.

Category (number of infants) Infants with each diagnosis
Recognized syndromes and associations* (21) 12 DiGeorge syndrome
5 Trisomy 21

1 Each of Cornelia de Lange syndrome; Kabuki sym@roNoonan syndrome;
VATER (vertebral, anorectal, tracheal, esophageakl) association

Sever e congenital abnormalities* (33) 11 Congenital heart defect, isolated

4 Congenital heart defect with additional anomalies

14 Other major birth defects (ambiguous genitéiajn malformation, diaphragmatiq
hernia, gastroschisis, Hirschprung’s disease, inedsatresia/obstruction, liver
malformation, pyriform aperture stenosis, skeldefbrmity)

2 Endocrinopathy (thyroid, parathyroid)

2 Infection (chorioamnionitis, cytomegalovirus)

Fetal conditionswith fluid accumulation* (8) 6 Hydrops, anasarca, ascites

2 Twin-to-twin transfusion syndrome

Other circumstances (23) 10 Expired in hospital

7 Abnormal leukocyte profife(2 severe congenital neutropenia, 2 with low oBno
cells, and 1 each of absent NK cells, absent CIDS$, ¢eictuating B and T cell
numbers)

2 Missing data (1 no flow cytometry; 1 no date wfH)

2 Out-of-state birth

1 Non-newborn (7-year-old immigrant)

1 Methamphetamine withdrawal

*Infants with these conditions, which can be assied with T-cell lymphopenia, had T-cell counts \&bd 50041, and thus were not
referred by the California Genetic Disease ScregRimgram to immunology centers for further SClRlaation.
$Non-syndromic cases.

*Although total CD3 T-cell counts were above 1,500kukocyte values that were extreme outliers edubese infants to be excluded.
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Table 2. Demogr aphics of the cohorts of infants analyzed.

BW Cohort Mean BW EGA Cohort M ean
EGA
Categories Number % within Grams Number of | % within Weeks
of infants group infants group
Totals 301 100.0% 2,14( 33¢ 100.0% 37
Race/ethnicity*®
Asiar 58 19.3% 2,18 69 20.4% 37
Black 23 7.6% 2,06t 24 7.1% 36
Hispanic 13t 44.9Y% 1,94¢ 157 46.4Y% 36
Othel 24 8.0% 2,215 25 7.4% 37
White 61 20.3% 2,52: 63 18.6% 38
Nursery type*
NICU 151 50.2% 1,123 18C 53.3% 33
Regula 15C 49.8% 3,16( 15¢ 46.7% 41
Sex
Femalt 10C 32.1% 2,21z 112 33.1% 37
Male 201 67.9% 2,10¢ 22¢ 66.9% 37
EGA (weeks)®
22-28 28 9.3% 65C 31 9.2%
28-31 44 14.6% 71C 53 15.7%
32-36 44 14.6% 96€ 58 17.2%
37-41 47 15.6% 2,53 51 15.1%
40-41 74 24.6% 3,04¢ 75 22.2%
42-43 40 13.3% 3,21¢ 44 13.0%
44-52 24 8.0% 3,291 26 7.7%
Birthweight (g)
<550 4C 13.3% 52 15.4% 32
551-80C 49 16.3% 62 18.3% 31
801-125( 27 9.0% 2¢ 8.6% 32
1253-250( 40 13.3% 43 12.7% 38
2501-300( 36 12.0% 36 10.7% 40
3002-350( 61 20.3% 68 20.1% 42
>350( 48 15.9% 48 14.2% 42

*p <0.001 based on an F-test for each category (diftexe within other categories not

significant).
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SMultiple race/ethnicity categorized as single ramwea hierarchy as follows: Hispanic, black,
Asian, followed by white. Native Americans were luded in the “Other” category, as were
those with missing and unknown race/ethnicity.
EGA, Effective gestational age at time of test; BBUthweight; for the BW Cohort (sampled

once closest to birth date) GA and EGA were theesam
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Table 3. Lymphocyte countsin cellg/pl at increasing effective gestational ages (EGA) in children without immune disorders.
A. Absolute counts, median (5%-95% confidence interval), for peripheral blood lymphocytes and lymphocyte subsets.

o

)

EGA (weeks) 22-28 29-31 32-36 37-39 40-41 42-43 44-55 Total
Whitecell

count x 10" 3* 15(7-30) 10 (5-21) 9 (6-23) 10 (6-17) 11 (6-16) (6814) 9 (4-12) 10 (6-20)
'Eg’l:‘;fhoq"e 2,500 (1,200-4,200) 3,219 (800-5,800) 3,450 (1,8@®B6) | 4,400 (2,700-6,400) 4,500 (2,600-7,770) @ &0800-7,500)| 4,750 (2,300-7,600) 3,900 (1,7@DG)
CD3T cells 1,798 (900-3,608) | 2,158 (528-3,828) 2,048 (1,25B@) | 2,886 (1,512-4,872] 2,968 (1,512-6,092)  3(17895-5,104)| 2,620 (1,540-5,063) 2,450 (1,0714)7
CD4T cells 1,060 (564-2,542) | 1,430 (340-2,436) 1,335 (6121,7q 1,806 (1,025-3,498) 1,980 (912-4,7259)  2,24098:8,900) | 1,923 (943-3,650) 1,620 (638-3,65
CD8T cells 548 (255-1,131) 650 (152-1,110) 667 (312-1,389 @D0-1,792) 800 (352-1,632) 836 (416-1,736 6635(3,482) 735 (290-1,590)
CD19B cells 322 (82-930) 426 (44-2,000) 729 (114-3,178 672(1530) 656 (120-1,512) 7565 (232-2,240 893 (2502 624 (96-2,008)
Cpio CDso 195 (44-470) 192 (40-900) 254 (84-624) 408 (1371)2 | 315 (98-1,330) 222 (76-750) 334 (138-1,204) @BB1,066)
?2;"'?45'?’* 770 (504-2,100) 1041 (266-2,068] 1,006 (378-2,279) 1,386 (536-2,989) | 1,677 (571-4,169) 1,756 (836824 1534 (792-3,411) | 1,253 (396-3,111]
?23]?'345% 453 (217-990) 570 (148-954) 620 (264-1,297 756(3679) 729 (313-1,476) 767 (368-1,629 593 (28289) 663 (264-1,421)
?2;"'?45% 183 (68-830) 199 (35-520) 194 (76-460) 252 (110)546| 277 (99-945) 260 (120-664) 214 (81-420) 227628)
ggg-lgmmo 28 (0-119) 23 (0-119) 40 (0-108) 42 (0-261) 44 401 48 (0-140) 40 (0-98) 38 (0-127)
Infants 31 53 58 51 75 44 26 338

per group

*Cell counts are shown as median (5-95% confidémiezval) cellsfll in peripheral blood for each EGA group.
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B. Percentages, median (5%-95% interval), for subsets of peripheral blood lymphocytes.
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EGA (weeks)

22-28

29-31

32-36

37-39

40-41

42-43

44-55

Total

CD3as% of ALC*

73% (51-85%)

70% (45-87%)

64% (36-87%)

68% (42-86%)

69% (45-88%)

69% (46-84%)

61% (40-83%)

69% (43-87%)

CD4as% of ALC

46% (33-62%)

46% (28-65%)

40% (24-60%)

45% (25-61%)

47% (28-70%)

49% (28-66%)

42% (27-64%)

46% (27-65%)

CD8as% of ALC

23% (12-39%)

21% (13-33%)

19% (10-36%)

20% (12-32%)

19% (11-31%)

19% (9-28%)

16% (10-26%)

20% (11-34%)

CD19as% of ALC

13% (6-34%)

14% (4-40%)

22% (4-50%)

16% (3-34%)

16% (2-31%)

18% (5-39%)

20% (6%-40%)

17% (4-39%)

CD16-CD56 as% of ALC

6% (2-19%)

7% (2-20%)

7% (3-21%)

10% (3-33%)

7% (3-26%)

5% (2-13%)

9% (3-22%)

7% (2-24%)

CD4-CD45RA as % of total
CDh4

79% (50-95%)

75% (61-93%)

82% (52-91%)

80% (42-94%)

84% (51-97%)

83% (61-92%)

84% (67-93%)

81% (53-94%)

CD4-CD45RA as% of ALC

35% (21-83%)

36% (19-59%)

31% (16-56%)

35% (16-53%)

40% (18-62%)

39% (21-58%)

35% (21-54%)

36% (18-59%)

CD8-CD45RA as% of total
CD8**

939% (76-100%)

93% (80-100%)

94% (70-100%)

91% (72-100%)

929 (72-100%)

929 (83-100%)

92% (78-100%)

939% (75-100%)

CD8-CD45RA as% of ALC

23% (10-37%)

19% (12-31%)

18% (8-34%)

17% (11-31%)

17% (10-30%)

17% (8%-25%)

14% (7-26%)

18% (10-32%)

CD4-CD45R0 as% of CD4

18% (7-36%)

17% (4-35%)

14% (5-30%)

14% (6-31%)

14% (5-31%)

12% (6-25%)

12% (4-43%)

14% (5-32%)

CD4-CD45R0O as% of ALC

8% (3-23%)

8% (2-17%)

5% (2-13%)

7% (3-21%)

6% (3-21%)

6% (2-15%)

5% (2-13%)

6% (2-16%)

CD8-CD45R0O as% of CD8

4% (0-13%)

3% (0-12%)

4% (0-17%)

4% (0-33%)

5% (0-17%)

5% (0-20%)

5% (0-21%)

4% (0-20%)

CDB8-CD45R0O as% of ALC

1% (0-4%)

1% (0-3%)

1% (0-3%)

1% (0-9%)

1% (0-3%)

1% (0-3%)

1% (0-2%)

19%(0-3%)

Infants per group

31

53

58

51

75

44

26

338

*Cell percentages are median (5% - 95% confidentsgval) cellgil in peripheral blood for each EGA group. ALC, alose lymphocyte count.

**Intervals have been truncated at 100%, althougitg@ntages occasionally exceeded 100% due to fftametry technology.
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Table 4. Lymphocyte countsin cells/pl at increasing birthweights (BW) in children without immune disorders.
A. Absolute counts, median (5%-95% interval), for subsets of peripheral blood lymphocytes.

Birthweight (grams) 0- 550 551 - 800 801 -1250 1251-2500 2501-3000 3001-3500 23500 Total

White cell count x 10°3* 11 (6-19) 10 (5-17) 10 (6-16) 9 (6-16) 12 (6-23) 9 (5-23) 10 (7-23) 10 (6-20)
Lymphocyte count 4,069 (2,550-7,400] 4,650 (2,800-8,600) | 4,600 (2,700-7,300] 4,365 (2,600-6,600) 3,100 (1,500-6,400] 3,700 (2,000-6,496) 2,950 (1,150-5,128) 4,000 (2,000-7,100
CD3T cdls 2,718 (1,577-5,143] 3,358 (1,612-6,527) | 3,213 (1,512-4,752] 2,988 (1,650-4,712) 2,250 (957-3,611)| 2,226 (1,484-3,384] 1,014 (885-3,322) | 2,541 (1,220-4,872
CD4T cdls 2,003 (1,040-4,064] 2,283 (992-4,817) | 1,932 (928-3,658)| 2,072 (1,116-3,705) 1,406 (513-2,430) | 1,689 (1,036-2,478] 1,176 (450-2,209) | 1,699 (761-3,658)
CD8T cels 813 (414-1,633) 956 (440-1,792) 774 (336-1,736) | 791 (414-1,429) | 702 (255-1,375) | 669 (420-1,360) | 661 (261-1,323) | 759 (319-1,596)
CD19 B cells 516 (138-1,908) 644 (192-3,010) 684 (126-1,748) | 664 (140-1,512) | 608 (96-2,376) 774 (210-2,200) | 378 (77-1,807) 615 (108-2,016)
CD16-CD56 NK cells 312 (83-903) 306 (92-1,292) 350 (102-1,272) | 286 (117-1,066) 217 (45-581) 200 (52-646) 227 (47-928) 279 (72-1,015)
CD4-CD45RA T cdlls 1583 (687-3,421) | 1761 (836-4,196) | 1594 (608-3,225) | 1752 (571-3,150) | 1029 (353-2,062) | 1220 (778-2,100) | 919 (309-1,578) | 1321 (525-3,150)
CD8-CD45RA T cdlls 787 (365-1,538) 834 (410-1,738) 707 (300-1,629) | 700 (275-1,326) | 585 (212-1,037) | 611 (291-1,178) | 600 (247-1,250) | 685 (276-1,424)
CD4-CD45RO T cells 255 (131-528) 248 (100-1,806) 252 (97-657) 303 (121-945) 187 (80-578) 219 (68-460) 212 (58-558) 241 (83-638)
CD8-CD45RO T cells 49 (0-201) 45 (0-162) 41 (0-140) 48 (0-98) 30 (0-136) 33 (0-178) 26 (0-75) 39 (0-127)
Infants 40 36 61 48 49 27 40 301

per group

*Cell counts are median (5% - 95% confidence iraBreellsfu in peripheral blood for each BW group.
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B. Percentages, median (5%-95% interval), for subsets of peripheral blood lymphocytes.
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Birthweight (grams)

0-550

551 - 800

801 -1250

1251-2500

2501-3000

3001-3500

3500+

Total

CD3as% of ALC*

71% (48-88%)

70% (46-87%)

67% (41-88%)

72% (46-84%)

69% (43-84%)

69% (44-84%)

69% (45-87%)

70% (45-87%)

CD4as% of ALC

52% (31-64%)

47% (30-72%)

45% (25 -69%)

51% (29-65%)

40% (27-64%)

46% ( 2-59%)

43% (25-63%)

46% (27-65%)

CD8as% of ALC

20% (12-34%)

20% (11-31%)

18% (11-30%)

19% (11-30%)

20% (10-36%)

18% (12-32%)

25% (15-35%)

20% (11-34%)

CD19as% of ALC

12% (3-33%)

14% (2-35%)

17% (4-37%)

16% (4-29%)

19% (4-49%)

20% (10-42%)

14% (3-40%)

16% (4-38%)

CD16-CD56 as% of ALC

7% (2-25%)

6% (2-30%)

8% (2-33%)

7% (3-22%)

6% (2-16%)

5% (2-19%)

8% 3-22%)

7% (2-24%)

CD4-CD45RA as% of total CD4

83% (60-93%)

87% (55-97%)

81% (61-93%)

84% (37-95%)

77% (54-92%)

82% (60-92%)

76% (51-91%)

82% (53-94%)

CD4-CD45RA as% of ALC

40% (21-54%)

39% (28-63%)

36% (16-58%)

41% (18-59%)

31% (19-62%)

35% (17-58%)

33% (16-56%)

37% (18-59%)

CD8-CD45RA as% of total CD8**

91% (75-100%)

92% (75-100%)

92% (75-100%)

93% (75-100%)

92% (76-100%)

93% (29-100%)

94% (72-100%)

92% (75-100%)

CDB8-CD45RA as% of ALC

17% (11-32%)

19% (10-30%)

16% (10-27%)

17% (9-26%)

19% (9-34%)

17% (10-31%)

21% (14-35%)

18% (10-31%)

CD4-CD45R0 as% of CD4

14% (6-27%)

13% (5-32%)

13% (5-27%)

14% (4-31%)

16% (7-35%)

17%(4-26%)

18% (4-38%)

14% (5-32%)

CD4-CD45R0O as% of ALC

6% (3-13%)

6% (2-23%)

6% (2-12%)

7% (2-24%)

6% (3-14%)

6% (2-14%)

8% (2-16%)

6% (2-15%)

CD8-CD45R0 as% of CD8

5% (0-32%)

4% (0-24%)

5% (0-21%)

5%(0-15%)

4% (0-22%)

4%(0-40%)

4% (0-12%)

5% (0-20%)

CDB8-CD45R0O as% of ALC

1% (0-5%)

1% (0-3%)

1% (0-5%)

1% (0-2%)

1% (0-4%)

1% (0-6%)

1% (0-3%)

1% (0-4%)

Infants per group

40

36

61

48

49

27

40

301

*Median (5% - 95% confidence interval) percentageslesignated of lymphocytes in peripheral bloocgéxh BW group.

**|ntervals have been truncated at 100%, althougitt@ntages occasionally exceeded 100% due to fftmmetry technology.
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Table5. ANOVA modelsfor effective gestational age (EGA) and birthweight (BW) cohorts.

A. EGA Cohort, n=338

CD3 ANOVA parameters

Category Parameter Estimate | Standard Error

I nter cept I nter cept 2876.72 265.35

Sex Female -67.56 131.17
Male 0

EGA (weeks) 22-28 -857.40 300.38

(p <0.001)* 29-31 -729.53 270.20
32-36 -501.06 266.18
37-41 82.00 271.60
40-41 358.71 257.20
42-43 410.35 280.96
44-55 0

Race/ethnicity® | Asian 209.33 199.86
Black -75.06 271.64
Hispanic -185.89 171.80
Other 204.27 268.15
White 0

B. BW cohort, n-301

CD3 ANOVA parameters

Category Parameter Estimate | Standard Error

I nter cept I nter cept 3125.47 204.29

Sex Female -66.45 139.11
Male 0

Birthweight <550 -1124.92 240.38

(grams) (p 551-800 -893.54 228.31

<0.001)* 801-1250 -728.51 271.97
1251-2500 -70.63 241.96
2501-3000 322.77 248.82
3001-3500 -80.04 216.69
>3500 0

Race/ethnicity® | Asian 347.53 207.84
Black -127.53 275.37
Hispanic -60.55 176.11
Other 269.96 270.52
White 0

*Category-level significant p-value shown if$9.05, based on type-lll sum of squares in the

multivariate model.

Amatuni 31




Amatuni 32
8Multiple race/ethnicity categorized as single rate hierarchy as follows: Hispanic, black,
Asian, followed by white; Native Americans were linded in the “Other” category, as were
those with missing or unknown race or ethnicity.

EGA, effective gestational age at time of test; Bdivthweight.
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FigureLegends

Figure 1. Absolute counts, left panels, and percentages, right panels, of each T-cell subset at
increasing effective gestational age groupings, EGA. CD3, CD3 T cells/ul of peripheral blood;
CD3 %, CD3/absolute lymphocyte count (ALC) x100%D4C CD4 T cells/pl; CD4 %,
CD4/ALC x100%; CD8, CD8 T cells/ul; CD8 %, CD8/ALX100%. Shaded boxes encompass
the 25th to 75th percentiles, the width of eactpprtional to number of measurements included.
Horizontal line within each box, median; diamondhin each box, mean. Whisker extensions

show lowest and highest values.

Figure 2. Scatter plots and distributions in deciles of flow cytometry results. ALC, absolute
lymphocyte count, cells/ul; CD3, CD3 T cells/ul; €DCD4 T cells/ul; CD8, CD8 T cells/ul,
CD4-CD45RA, CD4 T cells/pl that also express CD45RM8-CD45RA, CD8 T cells/ul that

also express CD45RA.

Figure 3. Serial counts of CD3 (left panel), CD4-CD45RA (middle panel), and CD8-
CD45RA (right panel) lymphocytes at increasing effective gestational ages, in 33 infants
with multiple measurements. Each set of connected points represents measurerfirent a

single infant, with each infant’s data given a dst@t color in all panels.
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Figure 1. Absolute counts, left
panels, and percentages, right
panels, of each T cell subset at
increasing effective gestational
age groupings, EGA. CD3,CD3 T
cells/ul of peripheral blood; CD3 %,
CD3/absolute lymphocyte count
x100% (ALC); CD4, CD4 T cells/ul;
CD4 %, CD4/ALC x100%; CD8, CD8
T cells/ul; CD8 %, CD8/ALC x100%.
Shaded boxes encompass the 25th
to 75th percentiles, the width of
each proportional to number of
measurements included.
Horizontal line within each box,
median; diamond within each box,
mean. Whisker extensions show
lowest and highest values.

Figure 1. Amatuni et al.
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Figure 2. Scatter plots and
distributions in deciles of flow
cytometry results. ALC,
absolute lymphocyte count,
cells/ul; CD3, CD3 T cells/ul;
CD4, CDA T cells/ul; CD8, CD8 T
cells/ul; CD4-CD45RA, CD4A T
cells/ul that also express
CD45RA; CD8-CD45RA, CD8 T
cells/ul that also express
CDA45RA.

Figure 2. Amatuni et al.
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Supplementary Figure S1. Absolute
counts and percentages of T
lymphocyte subsets at increasing
effective gestational age (EGA).
Left panels, absolute numbers of
each subset/ul of peripheral blood;
right panels, % of each
subset/absolute lymphocyte count
(ALC). The shaded boxes encompass
the 25th to 75th percentiles, the
width of each proportional to
number of measurements included.
Horizontal line within each box,
median; diamond within each box,
mean. The whisker extensions show
lowest and highest values.
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Supplementary Figure S2. Absolute
counts and percentages of CD19 B cells,
CD16-CD56 NK cells, and naive T helper
CD4-CDA45RA cells/pul shown by
increasing effective gestational age. Left
panels, absolute numbers of each
subset/ul of peripheral blood; right
panels, % of each subset/absolute
lymphocyte count. The shaded boxes
encompass the 25th to 75th percentiles,
the width of each proportional to
number of measurements included.
Horizontal line within each box, median;
diamond within each box, mean. Whisker
extensions show lowest and highest
values. Extreme values indicated by red
squares, but not shown on graph.



CD3

CcD4

cD8

10000

8000 -|

6000

4000 -

2000 -

8000

6000

4000

2000

2500

2000

1500

1000

500

£A g4 Xy
% R
% & u%k

> z <
%, = Y

7
% %
2 %

Birthweight (grams)

&
.
%

Birthweight (grams)

& x <
() < 5y
7, Xy 0,

Birthweight (grams)

2% 0% % %

by

S
% R Y
(4 (273 )

CD3 %

CD4 %

CD8 %

100

80

60

40

20

50

40

30

20

o R %, B Yy
4 A 2 7, 0,
<% 3 % s
@ % % %
Birthweight (grams)

& Pl 3
5 R %, B,
2 2 gF) ,

v %

Birthweight (grams)

Birthweight (grams)

<2
®)
%,

Supplementary Figure S3. Absolute
counts and percentages of T
lymphocyte subsets at increasing
birthweight. Left panels, absolute
numbers of each subset/ul of peripheral
blood; right panels, % of each
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(ALC). The shaded boxes encompass the
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Supplementary Figure S5.
Scatter plots and distributions
in deciles of flow cytometry
results. CD3, CD3 T cells/ul;
CD19, CD19 B cells/ul; CD15-56,
CD15-CD56 positive, CD3
negative NK cells/ul; CD4-
CD45R0, CD4 T memory cells/ul
that express CD45R0; CD8-
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Reference Intervals for Lymphocyte Subsets in Preten and Term Neonates Without
Immune Defects

George S. Amatuni, BS; Stanley Sciortino, PhD, MRidbert J. Currier, PhD; Stanley J.
Naides, MD; Joseph A. Church, MD; Jennifer M. PudK

SUPPLEMENTARY MATERIAL

Supplementary Methods

Flow cytometric analysis of peripheral blood samples

Three sets of aliquots were made for patient amdrgbwhole blood sample, each set treated
with a separate cocktail of antibodies labeled iitlorescent tags (all from BD Biosciences,

San Jose, CA) as follows:

Set 1 CD45RA fluorescein (FITC) (BD Biosciences catal@gy7723), CD3 R-phycoerythrin
(PE) (#347347), CD8 peridinin-chlorophyll (PerCRB40693), CD4 allophycocyanin (APC)

(#340443), CD45 APC-HT7;

Set 2 CD3 FITC (#349201), CD45RO PE (#347967), CD8 Mer@340693), CD4 APC

(#340443), CD45 APC-H7; and

Set 3 CD56 FITC (#340723), CD16 PE (#340705), CD3 Per@&B40663), CD19 APC

(#340437), CD45 APC-HT.

After mixing and incubation at room temperaturetie dark, erythrocytes were lysed with
ammonium chloride/potassium bicarbonate/tetrasoddiDTA lysing buffer. Leukocytes were
washed, pelleted and resuspended in fresh phosphé#fiered saline. Seven-parameter, five-
color flow cytometry was performed using BD FACS@ah instruments calibrated with FACS

7-Color Setup Beads (#335775). Analysis was peréorosing FACSDiva software.
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Supplementary Table S1: Quantitation of peripheralblood lymphocyte subsets for
newborns in the California SCID screening program.

it

Subset Anchor marker | CD subset measured Name of ssét

ALC FSC, SSC, CD45+ Absolute lymphocyte coun
CD3 CD45 CD3+ Total T cells

CD19 CD45 CD3-, CD19+ B cells

CD16/CD56* CD45 CD16+, CD56+ NK cells

CD4 CD3 CD4+ Helper T cells

CD8 CD3 CD8+ Cytotoxic T cells
CD4/CD45RA* | CD4 CD4+, CD45RA+ Naive helper T cells
CD8/CD45RA* | CDS8 CD8+, CD45RA+ Naive cytotoxic T ksl
CD4/CD45R0O* | CD3 CD4+, CD45RO+ Memory helper T cells
CD8/CD45R0O* | CD3 CD8+, CD45RO+ Memory cytotoxic Tise

* Slash indicates double positivity for both celifaice markers.

Lymphocytes were gated by forward scatter (FSQJe scatter (SSC) and CD45 APC-H7
positivity. CD3 PE-positive cells were enumeratadthe lymphocyte population. CD4 APC-
positive population was gated on the CD3 PE-pasitimphocyte population. CD8 PerCP-
positive cells were gated on the CD3 FITC-positiwraphocyte population. CD4 APC/CD45RA
FITC and CD8 PerCP/CD45RA FITC-positive populatiomere each gated on CD4 APC-

positive and CD8 PerCP-positive populations, respely. CD4 APC/CD45RO PE and CDS8

PerCP/CD45R0O PE populations were each gated onCib8 FITC-positive lymphocyte

population. The CD19 APC-positive population wagedaon the CD3 PerCP negative

lymphocyte population. CD16 PE/CD56 FITC doubleipes cells were enumerated on SSC

and CD45 APC-gated population. Gating is summarizeflipplementary Table S1.
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Supplementary Results

Supplementary Table S2AANOVA models for effective gestational age cohort (n=388)
lymphocyte subset counts.

CD3 ANOVA parameters

Class Parameter Estimate Standard
Error

Intercept Intercept 2876.72 265.35

Sex Female -67.56 131.17
Male 0

EGA (weeks) (p<=0.001) 22-28 -857.40 300.38
29-31 -729.53 270.20
32-36 -501.06 266.18
37-41 82.00 271.60
40-41 358.71 257.20
42-43 410.35 280.96
44-55 0

Race/ethnicity’ ASIAN 209.33 199.86
BLACK -75.06 271.64
HISPANIC -185.89 171.80
OTHER 204.27 268.15
WHITE 0

CD4 ANOVA parameters

Intercept Intercept 2037.13 206.91

Se» Female 29.05 102.28
Male 0

EGA at test (weeks) (p<=0.001) 22-28 -661.25 234.22
29-31 -540.28 210.69
32-36 -435.48 207.55
37-41 -15.80 211.78
40-41 273.16 200.55
42-43 310.24 219.08
44-55 0

Race/ethnicity’ ASIAN 103.43 155.84
BLACK -66.26 211.82
HISPANIC -233.28 133.97
OTHER 122.21 209.09
WHITE 0




CD8 ANOVA parameters

Intercept Intercept 782.03 88.04
Sex Female -75.42 43.52
Male 0
EGA (weeks) (p<=0.001) 22-28 -136.00 99.66
29-31 -134.40 89.65
32-36 -28.41 88.32
37-41 136.03 90.12
40-41 105.46 85.34
42-43 137.14 93.22
44-55 0
Race/ethnicity’ ASIAN 85.44 66.31
BLACK -22.21 90.13
HISPANIC 14.87 57.00
OTHER 55.37 88.97
WHITE 0
CD19 ANOVA parameters
Intercept Intercept 1168.28 157.11
Sex Female -58.58 77.48
Male 0
EGA (weeks) (p<=0.001) 22-28 -646.44 177.90
29-31 -487.59 160.03
32-36 -148.22 157.65
37-41 -365.13 160.28
40-41 -379.46 152.33
42-43 -96.45 166.40
44-55 0
Race/ethnicity’ ASIAN -73.43 118.37
BLACK -217.61 160.89
HISPANIC -86.06 101.67
OTHER 140.67 158.82
WHITE 0

Amatuni 4



CD16-CD56 ANOVA parameters

Intercept
Sex

EGA (weeks) (p<=0.001)

Race/ethnicity’

Intercept 489.87 73.28
Female -3.18 36.14
Male 0
22-28 -275.56 82.98
29-31 -221.12 74.64
32-36 -175.70 73.53
37-41 40.14 74.76
40-41 -8.72 71.05
42-43 -202.78 77.62
44-55 0
ASIAN -1.44 55.21
BLACK -36.44 75.04
HISPANIC -14.96 47.42
OTHER -14.17 74.08
WHITE 0

Amatuni 5
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Supplementary Table S2BANOVA models for birthweight cohort (N=301) for lymphoeyt
subset counts.

CD3 ANOVA parameters

Class Parameter Estimate Standard Error
Intercept Intercept 3125.47 204.29
Sex Female -66.45 139.11
Male 0
Birthweight (grams) (p<=0.001) <=550 -1124.92 240.38
551-800 -893.54 228.31
801-1250 -728.51 271.97
1251-2500 -70.63 241.96
2501-3000 322.77 248.82
3001-3500 -80.04 216.69
3500+ 0
Race/ethnicity’ ASIAN 347.53 207.84
BLACK -127.53 275.37
-60.55 176.11
HISPANIC
OTHER 269.96 270.52
WHITE 0
CD4 ANOVA parameters
Intercept Intercept 2240.83 159.93
Sey Female 46.34 108.90
Male 0
Birthweight (grams) (p<=0.001) <=550 -951.98 188.18
551-800 -732.50 178.73
801-1250 -570.25 212.91
1251-2500 -59.02 189.42
2501-3000 163.63 194.79
3001-3500 -107.61 169.64
3500+ 0
Race/ethnicity’ ASIAN 196.90 162.71
BLACK -94.16 215.57
-139.95 137.86
HISPANIC
OTHER 179.52 211.78
WHITE 0

CD8 ANOVA parameters

Intercept Intercept 845.59 69.53
Sex Female -91.49 47.35
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Male 0
Birthweight (grams) (p<=0.001) <=550 -144.55 81.81
551-800 -143.24 77.71
801-1250 -130.04 92.56
1251-2500 9.61 82.35
2501-3000 155.03 84.69
3001-3500 38.98 73.75
3500+ 0
Race/ethnicity’ ASIAN 130.97 70.74
BLACK -40.61 93.72
45.36 59.94
HISPANIC
OTHER 66.99 92.07
WHITE 0
CD19 ANOVA parameters
Intercept Intercept 842.65 128.35
Sex Female -54.71 87.40
Male 0
Birthweight (grams) <=550 -173.51 151.02
551-800 102.37 143.44
801-1250 222.19 170.87
1251-2500 -50.06 152.02
2501-3000 50.36 156.32
3001-3500 128.40 136.14
3500+ 0
Race/ethnicity’ ASIAN -141.04 130.58
BLACK -211.27 173.00
-108.84 110.64
HISPANIC
OTHER 77.82 169.96
WHITE 0
CD16-CD56 ANOVA parameters
Intercept Intercept 382.16 59.09
Sex Female -7.90 40.24
Male 0
Birthweight (grams) (p<=.01) <=550 -77.36 69.53
551-800 -135.32 66.04
801-1250 -113.38 78.66
1251-2500 -15.82 69.99
2501-3000 51.23 71.97
3001-3500 110.05 62.68
3500+ 0




Race/ethnicity’ ASIAN 20.18
BLACK -31.18
10.45
HISPANIC
OTHER 12.09
WHITE 0

Amatuni 8

60.12
79.65
50.94

78.25

Category-level significant p-value is shown if ieats the threshold of p<=0.05, based on type-ii su

of squares in the multivariate model.

§ — Multiple race/ethnicity was categorized as sirrglee in a hierarchy as follows: Hispanic, black,

Asian, followed by white; Native Americans were alg included in the “Other” category, as were those

with missing or unknown race or ethnicity.

EGA, Effective gestational age at time of test; BB\fthweight.
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Supplementary Figure Legends

Supplementary Figure S1. Absolute counts and percéages of T lymphocyte subsets at
increasing effective gestational age (EGA)eft panels, absolute numbers of each subset/ul of
peripheral blood; right panels, % of each subssthite lymphocyte count (ALC). The shaded
boxes encompass the 25th to 75th percentiles, ittt wf each proportional to number of
measurements included. Horizontal line within elack, median; diamond within each box,

mean. The whisker extensions show lowest and higladses.

Supplementary Figure S2. Absolute counts and percéages of CD19 B cells, CD16-CD56
NK cells, and naive T helper CD4-CD45RA cells/ul stwn by increasing effective
gestational age.Left panels, absolute numbers of each subset/ydeopheral blood; right
panels, % of each subset/absolute lymphocyte cdin&.shaded boxes encompass the 25th to
75th percentiles, the width of each proportionahtonber of measurements included. Horizontal
line within each box, median; diamond within eaadx,bmean. Whisker extensions show lowest

and highest values. Extreme values indicated bygagedres, but not shown on graph.

Supplementary Figure S3. Absolute counts and perceages of T lymphocyte subsets at
increasing birthweight. Left panels, absolute numbers of each subset/jpleapheral blood;
right panels, % of each subset/absolute lymphocgtet (ALC). The shaded boxes encompass
the 25th to 75th percentiles, the width of eactpprbonal to number of measurements included.
Horizontal line within each box, median; diamondhm each box, mean. Whisker extensions

show lowest and highest values.
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Supplementary Figure S4. Absolute counts and percéamges of CD19 B cells, CD16-CD56
NK cells, and naive T helper CD4-CD45RA cells/ul gtwn by increasing birthweight. Left
panels, absolute numbers of each subset/ul of hpap blood; right panels, % of each
subset/absolute lymphocyte count. The shaded En@smpass the 25th to 75th percentiles, the
width of each proportional to number of measuresientiuded. Horizontal line within each
box, median; diamond within each box, mean. Whiskeensions show lowest and highest

values. Extreme values indicated by red squards)ditshown on graph.

Supplementary Figure S5. Scatter plots and distribtions in deciles of flow cytometry
results. CD3, CD3 T cells/ul; CD19, CD19 B cells/ul; CD16;3CD15-CD56 positive, CD3
negative NK cells/pl; CD4-CD45RO, CD4 T memory skll that express CD45RO; CD8-
CD45R0O, CD8 T memory cells/ul that express CD45Rkxence of diagonal clustering of dots

indicates lack of correlation.

Supplementary Figure S6.Serial counts of CD19 B cells (left panel) and GID56 NK
cells (right panel) as a function of effective GA\ subjects with multiple measurements, with

each infant’s data given a consistent color in Ipathels and in main text.
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