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ABSTRACT:

“Utility of Umbilical Cord Blood Absolute Lymphocgt Count in Screening for
Severe Combined Immunodeficiency Disease — A oae lpagitudinal study”
Background:

SCID is a severe inherited disorder that affeces ftinction of T-cells and B-cells,
making it one of the most critical and fatal typed inherited primary
immunodeficiency Newborns with SCID typically appear healthy at bibut often
develop recurring infections in infancy, leadinghigh mortality within the first year.
Most SCID patients have low lymphocyte counts frbirth, and regular testing of
absolute lymphocyte count (ALC) in umbilical cortbdd samples can aid in pre-
symptomatic detection and early intervention foomeges with SCID. Measuring
cord blood ALC is a simple, rapid and cost-effeetimethod for newborn screening of
SCID and related T-cell lymphopenia, especiallygsource-limited settings. The true
incidence of absolute lymphopenia in newborns whdrstill remains unknown. We
hereby present the first ever SCID screening inalrehd the fourth worldwide,
involving 1550 newborns screened using cord bloa€ AEarly diagnosis is indeed-
life saving and allows children with SCID the opfomity to lead a healthy life post
hematopoetic stem cell transplant therapy.

Objectives:

« Primary Objective: To estimate the incidence of absolute lymphopémia
umbilical cord blood samples of newborns and toeweine its utility in
screening for Severe Combined Immunodeficiency &@isgSCID).

» Secondary Objective:

1. To evaluate other causes of lymphopenia in newborns

viii



2. To study the impact of early detection of SCID mpiovement in the patient
outcome by prompt referral for curative management

Methodology:
A longitudinal study was conducted on 1550 newbataBvered vaginally or via
caesarean section, with a gestational age of ®eve®ks, at a tertiary care center in
North Karnataka. Umbilical cord blood (2ml) wasleoted at delivery in an EDTA
bulb and subjected to complete blood count analysisg Sysmex XN 350 - 5 part
analyzer. Parameters measured included hemogloWiBC count, Absolute
Neutrophil Count, Absolute Lymphocyte Count, andt&et count. Neonates with
absolute lymphopenia underwent detailed historyatgk clinical examination,
additional investigations, and follow-up accordinghe study protocol.
Results:
In our study of 1550 newborns in North Karnataka7686 exhibited absolute
lymphopenia (ALC < 2500/ul), potentially linked @aohigher consanguinity rate in the
region. Other causes of lymphopenia included prantgf sepsis, congenital
anomalies, and idiopathic factors. Lymphopenia wasre prevalent in males
(56.25%) than females (43.75%), and significantbgagiated with consanguinity
(43.75% vs. 10.41% in non-lymphopenic cases). Made delivery did not
significantly influence lymphopenia incidence. Lyhgpenic infants required more
active neonatal resuscitation and had lower birgights and poorer APGAR scores
at 1 and 5 minutes compared to non-lymphopenimisfeDysmorphic features were
significantly more common in lymphopenic cases,gastjing a higher suspicion for
primary immunodeficiency diseases. Differences embglobin, WBC count, ANC

and ALC were statistically significant between lymopenic and non-lymphopenic



groups. Flow cytometry identified a suspected S@HXern in some cases, though
genetic testing did not confirm mutations in thegants.

Conclusion:

Absolute lymphopenia (ALC<2500/ul) was observedi67% of neonates screened
at birth. This is greater than the incidence of absolute lyopenia in 3 other studies
done worldwide which can probably be linked to ghler rate of consanguinity
present in the northern Karnataka region. Otherseswnf lymphopenia included
prematurity, sepsis, congenital anomalies, andpatitic factorsTo facilitate early
care for newborns with SCID and pre-symptomatimiifieation, we recommend
integrating measurement of the absolute lymphocgtient in umbilical cord blood
into screening regimens. Until SCID is definitivelyled out, precautions such as

withholding live attenuated vaccines like BCG adgised to mitigate potential risks.

Keywords:

Severe Combined Immunodeficiency Disease, Absolutanphocyte Count,

Newborn Screening, Lymphopenia, Complete Blood Gdtiow Cytometry
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I ntroduction

INTRODUCTION:

SCID is a severe inherited immunodeficiency of T-ead B-cell function
that encompasses a variety of genetic disordetmglisshed by a substantial deficit
in both cellular and humoral immune capabilitigsisl one of the most severe and
lethal cases of hereditary primary immunodeficienidye majority of these newborns
are normally asymptomatic at delivery and earhamtly, partially due to maternal
antibodies' protective effects and minimal exposargpathogens at birth, but they
acquire recurring illnesses during infancy. Howeas maternal antibodies decline
around 4-6 months of age, these infants may fathtive and get severe recurring
infections, sometimes resulting in death by 1 toygars of age if not treated
immediately. The infections associated with SCID ceclude common bacterial and
viral infections as well as rarer opportunisticeictions like Pneumocystis jirovecii,
fungal infections, and mycobacterial infections. dinally, SCID infants may

present with chronic diarrhoea and failure to tari¥

Severe Combined Immunodeficiency (SCID) has varyimgvalence rates
across different regions. In parts of the USA whemwborn screening (NBS)
programs are implemented, the estimated prevalendein 100,000 live births?
However, in the Middle East, the prevalence is éighat 20 in 100,000 live birth€!
Population-based NBS remains the most effectivatesyy for early identification of
affected newborns before infections and compliceticet in. Interestingly, the
introduction of NBS programs has revealed that SiSIBhore common than initially
thought.” For instance, SCID incidence rates have been teppais 1 in 131,485 in
Taiwan™, 1 in 58,000 in the United Statés and 1 in 11,821 in Chin¥! Notably, in

countries where consanguineous marriages are comsogh as Saudi Arabia, the
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I ntroduction

incidence is even higher—specifically, 1 in 2,9@éich is 20 times higher than the

incidence reported from USA NBS progranfs.

The true incidence of Severe Combined ImmunodefaieDisease in India
still remains unknown. Similarly, there are no $&sdegarding the incidence of SCID
from Northern Karnataka belt. We expect higherdeaice of this inherited condition
in this region as a result of high consanguinitiesa Indeed, a retrospective study
done in the paediatric department in the divisibiHemato Oncology at our centre
found a total of 46 children with inborn errorsiofmunity over 36 months, out of

which 6 were diagnosed with SCID - published inBrgish Medical Journal (BMJ).

[9]

Infants affected by SCID typically succumb to corogions arising multiple
infections within their first year of life. Furth@ore, these infants are inherently
susceptible to potential risks such as Vaccine éiased Paralytic Poliomyelitis
(VAPP) and BCGosis. Most infants with SCID typigalhave low levels of
lymphocytes at birth. Checking the absolute lympt®aount (ALC) in umbilical
cord blood samples can aid in identifying SCID befsymptoms appear, allowing for
early intervention. Therefore, a more thorough exation of the complete blood
count (CBC), particularly focusing on the absollyimphocyte count (ALC) prior to
administering live vaccines, holds the potential rtotigate vaccine-associated

complications and facilitate early detection of BCH"

We took up this study with the aim of estimating thcidence of SCID based
on Absolute Lymphocyte Count. This study would distp in the early detection and
management of SCID by Hematopoetic Stem Cell TlansgHSCT) before the

infective complications set in; thus improving thgatient outcome. Another
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prospective advantage of this study would be prémenof SCID as antenatal

diagnosis can be offered to the couples who haeetafl children.

Hematopoietic stem cell transplantation (HSCT)his tefinitive therapy for
SCID. Infants transplanted before 3.5 months of aaee a 94% survival rate at 5
years. In contrast, those transplanted after 3.5tinso especially if they have existing
infections, face a reduced survival rate of 50% higther treatment cost&™ Early
detection of SCID, before the onset of severe iidgas, significantly enhances the

success of HSCT outcomes.

Hence, early diagnosis and timely management ofDSKxfore infections
develop are crucial. Newborn screening for SCliEhiss highly recommended. SCID
also fulfils the internationally-established critgefor a condition to be screened for at
birth. Population-based screening has been implerdeacross all 50 states in the US
and several other countries to identify newbornth vCID early, enabling timely

diagnosis, infection prevention measures, and ptonamagement!

The expense of caring for a single infant with SONbo is not detected via
newborn screening may exceed the cost of screenimgole regional populatioH
Screening can be justified for rare illnesses Hrat not detected by routine clinical
examination but are curable and require early dieteand treatment to obtain a

positive outcome.

Early detection of SCID should be regarded a pedi@mergency since a
diagnosis before live immunizations or non-irragdat blood products are
administered and before infections arise allowdifesaving Hematopoetic Stem Cell

Transplantation. Many Western countries currenlyehan extensive SCID screening

Page 3



I ntroduction

program that uses the T-cell receptor excisioneifEREC) assay on a dried blood
spot. Even though this test has a higher sengitasitd specificity, it is expensive,
requires technical expertise, infrastructure andnag widely available in India.
Lymphopenia identified in a CBC warrants carefutgideration as a potential marker
for SCID. As a precautionary measure, administratd live vaccines should be
withheld until the final diagnosis is confirmed. ER as a screening assay can be
considered after our country's transplantation daage improves and a solid

infrastructure for fast and reliable screening sesililt reporting is in plac&”

Measuring cord blood ALC is a simple, rapid andtedective method for
newborn screening of SCID and related T cell lyng#oa, especially in resource-
limited settings. Moreover, there are limited sasdévaluating utility of this approach
in screening of SCID. Most importantly, it is liaving and allows children with
SCID the opportunity to live a healthy life. Uniforscreening for SCID represents a
humanitarian, medical, and economic value propmsitihat must be advanced.

Hence, we would like to undertake study of corcbdldLC in detection of SCID.
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Objectives

OBJECTIVES:

PRIMARY OBJECTIVE:

To estimate the incidence of absolute lymphopenia in Umbilical Cord Blood

samples of newborns and to determine its utility in Screening for Severe Combined

Immunodeficiency Disease (SCID)

SECONDARY OBJECTIVES:

» To evaluate other causes of lymphopenia (Sepsis, Prematurity, Di George

Syndrome, Trisomy 18) in newborns.

To study the impact of early detection of SCID on improvement in the

patient outcome by prompt referral for curative management
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Review Of Literature

REVIEW OF LITERATURE:

A class of hereditary immune system abnormalitie®vwn as primary
immunodeficiency diseases (PIDs) can result inmawoy, potentially fatal infections
as well as increased vulnerability to autoimmurndlammatory, and malignant
processes. There are now over 200 different PIRegrazed, most of which are
caused by single gene abnormalitiés. These ilinesses have a combined estimated
incidence of up to 1 in 12087 It is anticipated that PID prevalence in India Vebu
follow worldwide trends. But given the frequencyasanguineous marriages, it is
expected that the prevalence of particular PIDs wiffer. ™ In India, there are
thought to be at least a million PID patients. Hoere limited diagnostic
infrastructure and limited comprehension of théleesses are the main causes of the
lack of available data from India™ " Depending upon the underlying
immunological deficiency, the clinical severitysi€kle cell disease (SCID) can range
from moderate to life-threatening. Based on thesiaht immunological deficiency,
PIDs are categorized into eight primary groif)sTo significantly reduce the
morbidity and death linked to PIDs, early detectimressential. HSCT is a treatment
option for severe cases of PIDs, immunoglobulinpteipents are available for
antibody shortages, and antimicrobial medicatioravailable to treat and prevent
infections.’! Less than one-third of affected people have atipesiamily history,
and there is a predominance of male patients. S€l@ot clinically evident at the
time of birth and the infectious problems that grpatients to medical treatment may
initially be indistinguishable from regular childba infections, therefore diagnosis
may be delayed substantially. These infants tylyiché within their first year of life

as a result of complications from an array of dises. Furthermore, these babies are
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at greater risk of developing Vaccine-AssociatedaRtic Poliomyelitis (VAPP) &
BCGosis. This vulnerability stems from the widesgteadministration of live
vaccinations, such as OPV and BCG, immediatelyr d&ftgh, which is especially

prevalent in Indial’®!

The greatest prognosis for SCID is attained whe@HE& conducted in the
first few months of life, preferably before clinlomanifestation with infections and
failure to thrive. Screening for SCID at birth raly prevents children from dying
before undergoing HSCT, but it also improves thecess rate of HSCT. As a result,
neonatal screening is the best method for detecE@¢D. However, due to its
inability to be performed on dried blood spotssttast still lacks popularity in nations
where newborn blood spot screening (NBS) is widedgd to detect other neonatal
diseases. In contrast, the T cell receptor excisiorie (TREC) assay, that measures
the thymic output of T cells, provides a very semsiand specific assessment of T
cell function. This assay, which is consistent vather NBS assays, has transformed
the early diagnosis of SCID. It is being implemehite several states across the ®JS
, Europe®*® & various other nationd?” The full incidence of PIDs in India will not
be known until neonatal or population screening fmmngenital disorders is
implemented. The worldwide prevalence of PIDs isjgmted to be one in every
10,000 live birthd?Y, but this figure is likely to be underestimatecedo limited
access to diagnostic technologies and the chakergsociated with diagnosing
patients with atypical clinical symptoné? PIDs are regarded rare on a worldwide
scale, although their occurrence is significantighler in locations with high
consanguinity rates, especially in the Middle Eaghere consanguineous unions
account for 65% of marriages. This incidence isisicantly higher than that reported

in Europe, the Western Pacific region, and Latineticae, where consanguinity rates
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are lower (5.6%, 2.3%, and 0.96%, respectivéfy)? As a result, the incidence of
PID in Middle Eastern countries is almost 20 tirhegher than in North America and

Europe.
HISTORY & DEFINITION OF SCID:

Understanding and characterizing Severe Combinednumodeficiency
(SCID) has evolved over time. In the 1950s, clihigdservations such as recurring
and severe bacterial, viral, and fungal infecti@swell as symptoms such as weight
loss and diarrhea, were used to make diagnosesheffmmore, a positive family
history, especially in situations of X-chromosonmééd inheritance, was thought to
be indicative.”® In 1972, ADA insufficiency emerged as a metabeitivlogy of
SCID, which can be diagnosed using biochemical ousthHowever, the deadly
prognosis changed with the introduction of bone rovartransplantation in 1968,

providing an opportunity for a functional immunestgm.’?®

The identification of SCID-related genes began983, starting with IL2RG,
which encodes the common chain of cytokine receptor&” #! This led to the
discovery of numerous genes associated with SEIEY! Although gene sequencing
allows precise diagnosis, its widespread use igtdondue to cost and turnaround

time. B0

Newborn screening (NBS) with TRECs has revolutiedizarly detection,
enabling identification shortly after birth, befotemplications arise. Diagnosis now
relies primarily on laboratory finding&?! Typical SCID patients exhibit fewer than
300 autologous T cells/uL, impaired T cell prol#gon, and/or maternal T cell

engraftment, alongside deleterious mutations inDCB&dsociated genes. Leaky SCID
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patients have higher T cell counts and lack naieell, with functionally impaired T
cells and limited diversity. Some may develop Omegndrome, characterized by

specific clinical features resulting from dysregathT cell expansiort™!

SEVERE COMBINED IMMUNODEFICIENCY (SCID)

Normal SCID

Immune system

Immune system

Decreased

|y

response

T cells-
B cells
@

!

Can fight infections

FIGURE 1. Immune system in severe combined immunodieiency disease

EPIDEMIOLOGY OF SCID:

SCID Newborn Screening, May 2017

@ Screening 2008-2012
@ Screening 2013-2015
© Screening 2016-2017

(O Planning, pilots for screening, 2017
O Not screening

2016

FIGURE 2. Newborn SCID Screening in USA 2017
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In 2014, 11 newborn screening (NBS) programs peréor TREC testing on
over 3,030,083 babies, discovering 52 cases of&y|8CID, leaky SCID, and Omenn
syndrome, which affects around 1 in 58,000 childféwo years of data from the
SCID NBS in California demonstrated a birth premake of non-SCID T cell
lymphopenia (TCL) of about 1 in 20,000. Wisconsaa fthe way in implementing
SCID NBS in 2008, and there are now more than 4€esing programs countrywide.
The other states are expected to soon implement fBSSCID. In 2016, NBS

discovered 90% of SCID cases in the United St&fes.

SCID was formerly predicted to occur in approxinhatene out of every
100,000 births in the United States. However, inaptbearly detection has indicated
a higher actual incidence, closer to one in 50,00@00 newborns. There is an
increasing interest in utilizing neonatal screeniogdetect afflicted individuals.
Around 50 percent of SCID cases are X-linked (owimgnutations in the common
chain), whereas the remaining 50 percent are anm@isorecessive SCID.
Approximately 25% of them are caused by JAKS3 deficy, 40% by ADA
deficiency, and the remaining 35% by other illnesseCID occurs at a comparable
rate worldwide as it does in the US. XL-SCID, liather X-linked illnesses, is more
prevalent in populations with a higher degree afisamguinity. Although SCID is
frequently underreported, numerous nations now keegistries of primary
immunodeficiency illnesses. SCID is projected tfeetf 0.15 cases per 100,000 live

births in Australia, 0.045 in Norway, 0.47 in Sweitiand, and 2.43 in Swedéif!

Age-based Demographics: The majority of SCID casesir in patients under
the age of three months, with the typical symptoreetd at two months and a mean

diagnostic age of 6.5 months. Patients with ADAideht SCID might carry less
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severe mutations that go undetected until matu@gymmony chain mutations can
occur in the second year of life, albeit this iscaimmon. Finnish patients with
cartilage-hair hypoplasia may live into later chibbd or adulthood, when the risk of

cancer increases.

Sex-based Demographics: About half of SCID casesXalinked (affecting
males only). Only one-third of males with frequenthain mutations had a positive
family history, indicating a high rate of de novautations. The remaining SCID
instances result from autosomal recessive mutatibas affect both males and
females equally. Family histories of consanguimityinbred communities should be
investigated, as homologous mutations are mordylikethese cases. Overall, the

male-female ratio is 3:1.

Race-based Demographics: There is no racial bigdkarmajority of SCID
cases. On the other hand, Mennonites are primafigcted by ZAP-70 deficiency
and CD3 deficiency; Navajo and Apache Native Americans@mmonly affected
by Artemis gene deficiency; JAK3 mutations are meoenmonly reported in Italy;
North Africans are typically affected by MHC Il detncy; RAG1/RAG2-deficient
SCID is more common in Europe; and the Finnish pdmn and the Old Order

Amish in the United States are affected by cartithgir hypoplasid®?

A study conducted by Manisha Madkaikar, JahnaviriAland Sudhir Gupta,
focusing on the Guidelines for Screening, Early dbiasis, and Management of
Severe Combined Immunodeficiency (SCID) in Indiapwses that SCID is an ideal
candidate for newborn screening. They suggestahaasic Complete Blood Count
(CBC) analysis of cord blood samples can effecfiveéntify lymphopenic patients.
Apart from aiding in the detection of lymphopenases, the CBC provides valuable
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information on Absolute Lymphocyte Count (ALC), Athste Neutrophil Count
(ANC), and other blood indices such as hemoglobuels and platelet counts, which
are crucial for newborn management. Despite thdtdtmon of potential false
negatives and false positives, CBC stands outt$owidespread availability, ease of
administration, immediate results availability, arautine implementation in most
healthcare facilities. Thus, before giving live gmations, a thorough assessment of
the CBC, especially ALC, may assist avoid vaccielated side effects and promote
an early identification of SCID. As a result, thetleors support the routine use of
CBC on samples of cord blood. The presence of lypphia in CBC appears to
be strongly suggestive of SCID and should delayatthainistration of live vaccines
until the definitive diagnosis is made. To confi8€ID, CBC should be performed
again a month later and be followed by a flow cytmc analysis. When the
transplant facilities in the nation improves argtrang infrastructure is put in place to
guarantee prompt and accurate screening and repolting, the use of TREC as a

screening assay may be taken into considerdtfn.

A study conducted by Jessica Quinn, Jordan S. @ravigki Modell, and
Fred Modell highlights the critical nature of SeweCombined Immunodeficiency
(SCID) and related conditions characterized by [T lgmphopenia in infants. These
infants face severe, life-threatening infectiond are unlikely to survive beyond their
first year without specific interventions to safagiithem from infections and restore
their immune function. The TREC assay, a straightéod screening test, can detect
SCID and related T cell lymphopenias using the s@B& samples collected for
screening other genetic disorders in newborns yHadentification through screening
enables infants to undergo hematopoietic stentreglbplantation within the first few

months of life, significantly increasing their cltas of survival and allowing them to
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lead healthy lives. SCID not only poses a fatakdlrto infants but also incurs
substantial healthcare costs within the first yafdife alone. The expenses associated
with caring for an undiagnosed infant with SCID kbsurpass the cost of screening
an entire regional population for the disorder. nB@antation within the first 3
months of life boasts a 95-100% success rate mst@f survivorship, although this
rate decreases significantly over time. The Jefieylell Foundation played a crucial
role in initiating SCID newborn screening in the AJ$1 2008 and continues to
advocate for global SCID screening initiatives.dergly, all 50 states in the USA and
Puerto Rico conduct screening for SCID and T gtighopenia, with over 27 million
newborns screened to date and hundreds succesdfafiposed and treated. T cell
lymphopenia includes other conditions such as DiGeocsyndrome, trisomy 21,
ataxia telangiectasia (AT), and CHARGE syndromeormgnothers. In the USA, one
in 58,000-65,000 infants are affected by SCID, amel in approximately 15,000 with
serious T cell lymphopenia. Since 2003, the Jeffidydell Foundation has been
actively raising public awareness and educating sigigns about primary
immunodeficiencies, including severe combined imoudeficiency disease. Through
their efforts, they have successfully implementedpyation-based newborn
screening for SCID and T cell lymphopenia, cove®@§6 of all newborns in the US.
The majority of patients (89%) displayed initiahgytoms before six months of age,
with recurrent pneumonia being the most common (6&@lowed by failure to
thrive (60%) and chronic diarrhea (35%). Accordioga US study, 1 in 58,000 live
babies had SCID. Furthermore, a greater frequeheytosomal-recessive SCID has
been noted in consanguineous connections. Furtmernsereening programs for
SCID are being implemented at various phases irutaB0 different countries

globally. Not only is newborn screening for SClDdaassociated T cell lymphopenia
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economical, but it also saves lives and gives cfftl infants a possibility of a
promising healthier future. The advancement andempntation of a uniform global

screening approach is crucial from a humanitamnaexlical, and economic standpoint.

[33]

DNA-based, high-throughput screening has been showbe feasible and
effective in the TREC screening for SCID. This noeth like tandem mass
spectrometry, has previously demonstrated applibabio other disorders. For
example, spinal muscular atrophy was authorizediriolusion in the July 2018
Recommended Uniform Screening Panel. Regardlestheofunderlying genetics,
TRECs have shown to be extremely sensitive andifgpeadicators for T cell
deficiency. As a result, the screening programaiif@nia, which employs the TREC
test to identify and diagnose SCID in neonates, rhade it easier to identify pre-
symptomatic infants with known and undiscovered [3@kfects early on, allowing
for prompt treatment and phenomenal survival rat@®viously, the conclusive
diagnosis of SCID was based on laboratory test lteestather than clinical
characteristics associated with infectious problemsluding as failure to thrive,
diarrhea, and repeated serious infections. Wittiieal gene therapy becoming more
available for known genotypes, particularly mutatioin the ADA and X-linked
IL2RG genes, and promising protocols emerging f&@LBREL1C (Artemis) mutant
SCID, approximately half of all infants with SCIDambe eligible for gene therapy in
the near future. Experimental thymus transplamatias proven to be successful in
certain patients of DiGeorge thymic insufficienajheit it is not commonly available.
Integrating lymphocyte phenotyping by flow cytonyetas a follow-up test in
California's NBS program for SCID has proven todm¢h quick and cost-effective.

Centralizing performance in a single contract labany has reduced costs, assured
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thorough result tracking, enabled the adjustmenfTBEC screening test cutoffs,
while preserving quality assurance. This approah dnabled the dismissal of more
than 60 percent of cases with abnormal TREC resuittsout the need for a costly
and time-consuming immunology specialist reviewc®mizing clinically severe

non-SCID T cell lymphopenia as an uncommon occaedone in per 20,000 births)
allows for the identification of newborns who shbuvoid getting live attenuated
rotavirus vaccine, guaranteeing optimal vaccinatefficacy as a public health

strategy.

The TREC test's specificity for SCID did not cadaeilies to experience
undue anxiety or cause primary providers to prowidéavorable feedback. Babies
with positive test results are guaranteed an expedind systematic approach to an
accurate diagnosis when screening program persorama immunologists
communicate well and follow up with lymphocyte pbgmping in the NBS program.
Persistent idiopathic T cell lymphopenia is rarehis program, occurring once per

100,00054

In a screening study with 500 neonates, El-Sayedt$$ found that 8 (1.6%)
had absolute lymphopenia at delivery, while 492.498 had an ALC more than
25004iL. Every patient who was lymphopenic was kept unoleservation and told
not to administer the BCG vaccination. After a nmpribllow up CBC and ALC were
conducted, and on the second examination, all qtatiead normal ALC levels. 69
(13.8%) had an ALC of 2500-35Q/, 141 (28.2%) had an ALC of 3500-4500
/uL,129 (25.8%) had an ALC of 4500-55Q0/ 65 (13%) had an ALC of 5500-
65004.L, 43 (8.6%) had an ALC of 6500-75@0/ and 45 (9%) had an ALC of

75004L. In the study population, 222 (44.4%) were priraigda and 278 (55.6%)
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were multigravida. Furthermore, 84 (16.8%) of thenms had their membranes
rupture prematurely, and 89 (17.8%) had materria¢skes. Three infants (0.6%)
exhibited congenital defects, one (0.2%) had dysgimor characteristics, and eight
(1.6%) had a family history of undetermined dedthonates with lymphopenia had
significantly lower gestational age, birth weightsyd APGAR scores at 1 and 5
minutes. Before making a SCID diagnosis, serial itoong and follow-up are

required ®)

The research carried out by Akyut Poyraz and cgillea comprised 2,000
infants in total. Of them, 1,958 (97.9%) had a Iymogyte count more than
3,000/mm3, and 42 (2.1%) had absolute lymphopéktisthe completion of their first
month, two infants still had lymphopenia, which ted additional testing. The
lymphocyte subsets for SCID were examined. Thealntaby's lymphocyte subsets
revealed a SCID phenotype with T (-), B (-), antural killer cells (NK) (+), linked
to a defective receptor-antigen gene (RAG). A hoygoms NM_000448 ¢.2209C > T
(p.R737C) mutation in the RAG1 gene was discovelngd Sanger sequencing.
According to the lymphocyte subgroups, the secafn/ihad a JAK3 deficiency and

a SCID phenotype with T (-), B (+), and NK !

In a Turkish study conducted by Seyhan et al, 1@B& samples were
examined. Of the 1,856 infants tested, 71 (3.8%) loav T-cell receptor excision
circles (TRECs) and/at-deleting recombination excision circles (KRECsheTlow
TREC rate was 1.1%. Preterm neonates had signiljckmver levels of TRECs and
KRECs compared to term newborns (p < 0.0001). Altfrono severe combined
immunodeficiency (SCID) instances were discovergdntimunological testing, two

neonates with non-SCID T-cell lymphopenia were reggb Despite the lack of total
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lymphopenia, these two newborns developed recuamettsevere infectious illnesses
or hypogammaglobulinemia across clinical follow-Ups interesting to note that
Turkey seems to have a higher prevalence of no®SGtell lymphopenia than

western countries. They intend to include TRECs KR&Cs assays in their regular

newborn screening (NBS) programs in view of this.

PIDs (primary immunodeficiency diseases) are raigeates caused by
immune system failure to mature at biffi! Innate and adaptive immune responses
are components of the immune system. First defagaenst microorganisms comes
from the innate response, which is followed by ddaptive immune response, which
includes the removal of bacteria and other exthaleel microorganisms and the
destruction of viruses and other intracellular maganisms by T-cell-mediated

[39. 40. 41 Of the various PIDs that have been reported, SGI® been

immunity.
investigated most comprehensivdty. is considered a pediatric emergency in
children.*? Infants affected by SCID have a severely weakemeahline system,
leading to their inability to effectively protecganst infection, even by the least
pathogenic microorganism&> “*' SCID, also known as “the bubble boy disease,” is a
rare disorder in which multiple genes involved lre tdevelopment and function of
various immune cells undergo mutatifi. This condition affects both the adaptive
and innate immune systems, often resulting in faabplications within the first two
years of life unless treated with hematopoietiansieell therapy (HSCT) or gene
therapy. ® “¢! In 2010, SCID was incorporated to the Recommendedorm
Screening Panel (RUSP) in the US, and now newbarasscreened for this highly
fatal diseasd?”!

Severe combined immunodeficiency (SCID) is a grotiapproximately 20

syndromes resulting from genetic defects that caesere deficiencies in T cell and
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B cell function, with abnormally low T cell numbeasid function and poor to no B
cell function. These conditions are serious and aause life-threatening infections,
although affected infants often appear healthy @&th.b Essentially, there are
four different types of SCID: variable, atypica#llg/, typical, and Omenn Syndrome.
[31.48. 91 A patient with typical SCID is defined as follows) having a gene mutation
associated with a typical SCID phenotype; (b) pnéag with severe or opportunistic
infections, persistent diarrhea, and failure tavdirhaving low (30QIL) or absent
CD3+, CD4+, or CD8+ T cells; having reduced na24+ (CD3+CD4+CD45RA+)
and/or CD8+ (CD3+CD8+CD45RA+) T cells; elevatgd T cells; and lacking
proliferative responses to mitogens, defined as ralifprative response to
phytohemagglutinin (PHA) lower than 10% of the eohsubject; or (c) having T
cells of maternal origin available. The four mostyalent forms of typical SCID are
IL7R SCID, X-linked SCID, RAG-1/RAG-2 deficiency,nd adenosine deaminase
deficiency SCIDPY

SCID is a complex disorder that involves the intéom of over a dozen genes
B and is typically transmitted as an X-linked redes®r autosomal recessive trait.
[39. 46, 521 \while flow cytometry can help with diagnosis, géaeesting is usually
necessary for genetic counseling and prognésisHowever, early detection and
treatment can be difficult since, despite SCID'splicated genetic etiology, more
than 80% of cases occur sporadically with no famtiligtory of congenital
immunodeficiencies®® % Atypical SCID, or "leaky SCID," is defined by CD3+
counts in excess of 300 cejls/and a reduced but detectable proliferative respda
PHA (10-30% of the controlf*® %® Variant SCID can be identified in cases where

there is no known gene abnormality and T cell nusibemain between 300 and 1500

cells/L with diminished functionind>®
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CLASSIFICATION:

Severe Combined Immunodeficiency (SCID) is charasd by the following

features and classification:

1. X-Linked SCID: A marked decrease in T cells and natural killeltsc(NK
cells) within the immune system is the hallmarkXelLinked SCID. The most
common form of SCID is X-linked inheritance, acctng for about 50% of
cases!® Mutations in the gene encoding thechain of the interleukin (IL)-2
receptor are the cause of this disorder. The natidnl of T-regulatory
homeostasis and suppression, as well as the matuddtthymic T regulatory
cells (Tregs), depend extensively on this recefenple who lack these cells
are more susceptible to infections on a regulaisb88 Especially males are
affected with X-linked SCID.

2. ADA Deficiency. With 15% of all cases, this is the second moshroon
form of SCID.”® The adenosine deaminase (ADA) enzyme is deficietitis
particular condition, which is characterized by atcumulation of
deoxyadenosine within cells. The ADA enzyme is B8akin the conversion
of adenosine into inosine and then deoxyadenositee deoxyinosing™® *°!
One toxic metabolite of deoxyadenosine that is @sflg detrimental to
lymphoid precursors is deoxyadenosine triphospt@d P), which can lead
to lymphopenia. As a result, neurological symptoinsluding motor
abnormalities, cognitive difficulties, and impaimtg in vision and hearing are
common manifestations of ADA deficienc§’: &

3. RAG-1 & RAG-2 Deficiency SCID: This is the third most common kind of

SCID, defined by mutations in Recombination actoragenes 1 and 2 (RAG-
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1 and RAG-2).“% ®Y The RAG genes form a multi-subunit complex that
cleaves double-stranded deoxyribonucleic acid (dSPolecules at the
intersections of the antigen-receptor-coding regiand the flanking
recombination signal sequence (RSS). This mechanisitrates V(D)J
recombination, which rearranges DNA segments thatod@e proteins
produced on the cell surface in response to speaifiigens’®? In the absence
of these enzymes, proper growth of T cell recepi®isampered, leading in
the creation of aberrant T cells that predispostems to a variety of
pathogenic complication§”

. IL-7R Deficiency SCID: A heterodimer consisting of hepatocyte growth
factor and interleukin-7 (IL7) functions as a pre-B-cell growth-stimulating
factor [63, 64, 65]. Furthermore, this heterodirhas been found to be one of
the co-factors in the beta V(D)J rearrangement aiell receptors, which is
essential for T lymphocyte maturation. This is therth most prevalent form
of SCID. Babies with this illness show a deficienoy lack of both T
lymphocytes and B cells. But B cells cannot undesgimatic hypermutation
and class switching because of lack of T-lymphaozyt& %!

. Leaky SCID: Leaky SCID has symptoms similar to classical SGiEhough

T cell levels remain over the threshold for usu@lIl3 classification. This
variation gets its name from the phenomena of gelanumber of T
lymphocytes "leaking” into the bloodstream whileeggnting with an
apparently normal counf”! Despite this, these T cells are ineffective agains
infections. Leaky SCID may cause autoimmune reastas overactive T cells
target organs and tissues, forcing the body talaitaelf. Clinical symptoms

include pruritus, alopecia, erythema, weakness, phadenopathy,

Page 20



Review Of Literature

hepatomegaly, splenomegaly, and diarrhea. Furthrerntomay cause thyroid
problems and anemia’® Children with leaky SCID may have genetic
alterations similar to those found in classical BCsuch as defects in the
RAG-1 and RAG-2 genes. Delay in diagnosis is pdssibith some cases not
being recognized until adulthoo® Interestingly, the gene mutation that
causes leaky SCID permits normal or higher T cathhers, which impacts
immunological function.

. Omenn Syndrome (OS)t is caused by genetic abnormalities that produce
significant amount of defective T cells but spareal natural killer (NK)
cells from malfunctioning. This T cell dysfunctiocauses a significant
immune system impairment in the infant, which is extremely serious
autosomal recessive T+ or T++ SCID deficied®y’® OS may manifest as an
isolated condition or as SCID. Mutations in the ggencoding DNA ligase 4,
RAG-1, RAG-2, Artemis, and adenosine deaminasecigeity are among the
genetic causes of OS. The autoimmune illnessesffet infants with OS are
caused by the body mistakenly attacking itself angt weakened immune
system components. Early onset seborrheic eruptioitable skin eruptions,
hair loss, lymphadenopathy, splenomegaly, and bepagaly constitute the
symptoms. Eosinophilia is common, and serum IgE levels remain
high steadily®® Initially recognized as a unique form of SCID, OSsha
higher mortality rate than typical SCID due to \esability to a variety of
opportunistic infections. Skin biopsy samples mhaestmicrobiologically and
histologically examined as soon as possible fogrbais.

. CD3 Complex Component Deficiency SCIDOne of T cells' distinguishing

characteristics is the CD3 complex. It plays aaaitrole in cellular signaling
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by enabling communication with the nucleus follogvimntigen binding.
Alpha, beta, gamma, delta, epsilon, and zeta trangsmane chains, which
cause downstream signaling to the nucleus and peothe production and
release of cytokines, are thought to be linkedhi® dctivity. Three subtypes of
the CD3 complex are present: CD3D, CD3E, and CO2B3Z. Mutations in
the genes encoding these CD3 components causseksiat harm T cells by
impairing their ability to functiort’*!

. JAK3 Deficiency SCID: The Janus kinase 3 (JAK3) gene combines with the
interleukin 2 receptor gene (IL2RG) to facilitake tactivity of interleukin 2, a
cytokine that promotes the proliferation of manymmme cells, including T
lymphocytes (helper, cytotoxic, and regulatory) aid cells. Patients with
JAK3 deficient SCID show symptoms comparable ts¢hwith lymphopenia.
JAK3 deficiency affects both male and female newbpas it is not located
on the X chromosomé&? 73

. Other SCID Variants: Various forms of SCID include IL-2a0-chain
deficiency syndrome, defects in surface receptoréuction, and defective T
cell receptor epsilon chain. Some affected childeexclusively present
autoimmune symptoms such as vitiligo, autoimmunendigtic anemia,
autoimmune enteropathy, and Hashimoto’s thyroid®€ID symptoms have
also been observed in rare cases of autoimmunditiepBvans syndrome,
and nephrotic syndrome. ZAP-70 deficiency, charazdd by the absence of
CD8 protein, results in SCID characterized by upoesive CD4+ T cell
circulation to TCR-mediated stimuli. Rare instancés<CD3 gamma subunit
protein deficiencies have been documented. Bareptymmyte syndrome,

defined by the absence of human leukocyte antiderss 2, predisposes
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immunodeficient children to opportunistic infect®nby low-virulence

microorganisms, representing a primary immunodeficy affecting both
humoral and cell-mediated immune responses. Simobed dwarfism and
Nezelof's syndrome are among the varied manifesiatof SCID. Nezelof's
syndrome presents as a combined immunodeficienpgaajmg after age five
with the presence of immunoglobulins. Griscelliigmidrome is characterized
by features like silvery hair, enlarged liver, ahgmphadenopathy, and
represents another variant of SCID. OKT4 epitopficidacy, identified by

the lack of reactivity to CD4+ T cells with the OK'monoclonal antibody, is
relatively common and exhibits mild susceptibilityinfections, with variable
occurrences noted across Black, White, and Japapepsalations. These
diverse forms of SCID underscore the complexity iofmune system

dysregulation and emphasize the necessity for tedgaterventions’*

IL7R RAG1/2

CD3 Artemis

CORO1A n n Cernunnos
| s J

LAT 4 DNAPKcs
JAK3 § ) Q  AK2

FIGURE 3. Immunophenotypes of major types of severe combined
immunodeficiencies [’
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Disorder (year of definition of molecular
basis)

Chromosomal location

Gene

Diagnostic tests other than direct mutation
analysis

X linked severe combined
immunodeficiency (1993)
Adenosine deaminase (ADA)
deficiency (1083)
Purine nucleoside phosphorylase
(PNP) deficiency (1987)
Recombinase activating gene (RAG
1&2) deficiency (1996), Omenn’s
syndrome (1998)
T cell receptor deficiencies (1987)
Zap70 deficiency (1994)
JAK3 deficiency (1995)
IL-7 receptor deficiency (1998)
MHC class II deficiency
(1993)
(1998)
(1995)
(1997)

Xql3
20q12-13
14q11

11p13

11923
2q12
19p13
5pl3

16pl13
19p12
1q21

13q13

Common 7 chain (v,
Adenosine deaminase

Purine nucleoside
phosphorylase
RAGI! and RAG2

CD3y/CD3¢
ZAP-70
JAK3

IL-7 receptor a

CHTA
RFX-B
RFX5
RFXAP

7. expression by FACS analysis
Red cell ADA levels and metabolites

Red cell PNP levels and metabolites

ZAP-70 expression
JAK3 expression/signalling
IL-7 receptor « expression

HLA-DR expression

TABLE 1. MAJOR TYPES OF SCID AND THEIR GENETIC DEFE CT. [76]

.
.

FIGURE 4. IMMUNOPHENOTYPES IN SCID.

/\ o/

NK+

NK-

NK+

vc/JAK3 SCID

IL-7Ro deficiency

ADA SCID

RAG1/2 deficiency

ADA SCID

[76]
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TABLE 2. Types of Severe Combined Immunodeficiency:

1)
2)
3)

4)

1)
2)
3)
4)
5)
6)
7)
8)

9)

1)

12)

Type of Disease

Typicai SCID:

X-linked SCID

Adenosine Deaminase Deficiency SCID
RAG-1 AND RAG-2 Deficiency SCID
IL7R Deficiency SCID

Other SCID:

CD3 Complex Component Deficiency SCID
CD45 Deficiency SCID

Cernunnos-XLF Deficiency SCID
Coronin-1A Deficiency SCID

Artemis SCID

DNA Ligase 4 Deficiency SCID
DNA-PKCS Deficiency SCID

JAK3 Deficiency SCID

LAT Deficiency SCID

Leaky SCID

Omenn Syndrome

T/BINK

T-/B+/NK-

T-/B-INK-

T-/B-INK+

T-/B+/NK+

T-/B+/NK+

T-/B+/NK+

T-/B-INK+

T-/B+/NK+

T-/B-INK+

T-/B-/NK+

T-/B-INK+

T-/B+/NK-

T-/B+/NK+

T-/B-/NK-

T+/B+/NK+

T-/B-/NK+

IL2R gamma
ADA
RAG-1 and RAG-2

IL7R alpha

CD3D CD3E CD247
PTPRC

NHEJ1

CORO1A

DCLRE1C

LIG4

PRKDC

JAK3

LAT

AK2

Mainly RAG1 and RAG2 but others are also involved

RAG1 and RAG2

TABLE 1: Types of Severe Combined Inmunodeficiency

Review Of Literature

Hereditary

X-linked
Autosomal Recessive
Autosomal Recessive

Autosomal Recessive

Autosomal Recessive
Autosomal Recessive
Autosomal Recessive
Autosomal Recessive
Autosomal Recessive
Autosomal Recessive
Autosomal Recessive
Autosomal Recessive
Autosomal Recessive
Autosomal Recessive

Autosomal Recessive

Autosomal Recessive

SCID: Severe combined immunodeficiency; T: T lymphocytes; B: B lymphocytes; NK: Natural killer cells; IL2R: Interleukin 2 receptor; ADA: Adenosine
deaminase; RAG: Recombination activating gene; IL7R: Interleukin 7 receptor; CD: Cluster differentiation; PTPRC: Protein tyrosine phosphatase type
C; NHEJ: Non homologous end joining factor; PKCS: Protein kinase catalytic subunit; PRKDC: Protein kinase DNA activated catalytic subunit; JAK: Janus
kinase; LAT: Linker for activation of T cells; AK: Adenylate kinase; +: high count; -: low count
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TABLE 3. SCID classification based on phenotypes ofymphocytes and

molecular defects:™!

LYMPHOCYTE PHENOTYPES

MOLECULAR DEFECTS

T- B+ NK-

T- B+ NK+

T- B- NK-

T- B- NK+

CORO1A
FOXN1
ADA

AK2

MSN
TTC7A
LIG4
NKEJ1
PRKDC
RAG1/RAG2
DCLRE1IC

Abbreviations: ADA, adenosine deaminase; AK2, adenylate kinase; CD, cluster
of differentiation; CD3D, CD35; CD3E, CD3¢; CORO1A, Coronin 1A; DCLRE1C,
DNA cross-link repair enzyme 1C; FOXN1, Forkhead box N1; IL2RG, Interleukin
2 receptor common y chain; IL7R, Interleukin 7 receptor; JAK3, Janus kinase

3; LIG4, DNA ligase IV; MSN, Moesin; NHEJ1, Nonhomologous end-joining
protein 1; PRKDC, DNA-dependent protein kinase; PTPRC, protein tyrosine
phosphatase receptor type C; RAG, recombinase activating gene; TTC7A,

Tetratricopeptide Repeat Domain 7A.
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PATHOGENESIS:

X-linked severe combined immunodeficiency (X-SCID),
also known as SCID-X1 is the most common form,
resulting from defects in a gene on the X chromosome
encoding the cytokine receptor subunit gamma-c (the
interleukin receptor common gamma chain [IL2RG]) .
This receptor subunit is shared by at least six different
cytokine receptor complexes, including those for
interleukins (IL) 2, 4,7, 9, 15, and 21 . Thus, leading to
impaired T and NK cell development but normal B cell
numbers. Cytokine stimulation activates JAK3, initiating
signaling pathways crucial for normal immune cell
development. In vitro studies indicate the importance of
IL-7/IL-7R and IL-15/IL-15R pathways for T and NK cells.
Abnormalities in IL-2 and IL-4 signaling may explain B
cell defects.

Pathogenic variants in this gene cause profound
disruption of the immune system by blocking multiple
cytokine pathways critical for lymphocyte development
and function. As a consequence, affected individuals
exhibit absent T cells and natural killer (NK) cells, along
with nonfunctional B cells (T-B+NK- SCID).

Defects in the ILR2G Protein
Result in SCID

The ILR2 Receptor
responds to signals .
from the outside of Signal

the cell and transmits
them to the inside of
the cell.

2 esa s e ’
Defects in the ILR2G
protein can cause
immune cells to

malfunction, leading
to SCID.

FIGURE 6. X-linked SCID.[""!
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Additionally, the gamma-c subunit plays a role mowth hormone receptor
signalling. Therefore, growth failure observed ome children with X-SCID may
result from both the underlying genetic defect &atd effects related to conditioning,
recurrent infections, or nutritional deficiencidsis dual influence could explain why
certain patients continue to experience growthufailand short stature even after

partial correction of the defect through hematopoieell transplantation (HCTY!

Genetic diagnosis, previously based on family Inys@nd clinical profiles,
now relies on direct analysis of gamma chain an&3JA4enes. Identification of
mutations enables definitive carrier assessmentaaodrate prenatal diagnosis. Rapid
tests examining mutant protein expression aid aguibsing affected infants. Flow
cytometric analysis confirms molecular diagnosisxiBCID cases. For AB+NK
SCID cases with normal gamma chain expressiomdurnalysis of JAK3 pathway
activation using monoclonal antibodies can detdmhoamalities before genetic
analysis. Identifying molecular defects is crucidr prompt bone marrow

transplantation or gene therapy in these forms@ibS

Stimulation of mononuclear cells by IL-2 leads tee tphosphorylation of
JAK3 at specific tyrosine-based motifs. Detectifgs tJAK3 activation using a
monoclonal antibody against phosphotyrosine resicalws abnormalities in the
signaling pathway to be identified at the protesnel before genetic analysis. The
clinical presentation variability in SCID forms, rhaularly in JAK3 deficiency,
emphasizes the importance of identifying the mdbecdefect early for timely bone
marrow transplantation. Given the success of sentgne therapy protocols for X-

SCID, rapid molecular diagnosis remains crucial.
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Cytokine signalling IL2RG, JAK3, IL7R, BCL118
TCR CD3D, CD3E, CD3Z, CD45, CORO1A, LAT, ZAP70
MHC class Il RFXANK, CIITA, RFXAP, RFXS

Others ORAI1, MSN, PG5 [IRileloci
FOXN1
Thymus
Lot Complete DiGeorge syndrome
(chromosome 22q11.2 deletion)

/
Senescence
TPP2
Pathogenesis
of SCID
.
stabity

SMARCALT

TTC7A, RMRP, RPP25

N

sgnaing

Purine salvage pathway ADA, PNP
Metabolism ATP supply AK2

'

recombination

2 P
Y VON :

- Initation RAG!, RAG2

NHEJ NHEJ1 (Cernunnos), DCLRE1C (Artemis), LIG4, PRKDC

FIGURE 7. PATHOGENIC MUTATIONS IN SCID. "

Hyper IgM
DiGeorge
Reticular 9€ MHC class Il

dysgenesis X~SCID syndrome deflmency
l l PNP deﬁmency
9 O—’O AT

BM Lymphocyte PreT HIV

stemcell stemcell  cell Thymus

ADA
deficiency

FIGURE 8. PATHOPHYSIOLOGY OF SCID. [
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Molecular Defects causing SCID:

|

X-linked SCID
(Defect in gamma
chain)

I

I

I

Absence of
T and NK
cell dev.
Intrinsic defects in
B cell function
I
Diagnosis:
Direct
analysis of
gamma
chain and
JAK3 genes
Confirmation:
Abnormal gamma
chain expression

|
Further Dissection:

Detection of JAK3

Aasomal Recessive JAK3 Deficiency

(et in JAK3 gene)

| |
I I
No T and NHKl ce

Gamma chain crucial for
development, receptor complex signaling

normal Blc®s. (IL-4, -7, -9, -15)

|
Diagnosis:
Rapid tests
for affected
infants available
Confirmation:
Flow cytometric
analysis of PBMCs
|
Further Dissection:

JAKS3 activation detection
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activation after IL-2
stimulation

I

Treatment:

Early bone marrow
transplantation,
successful gene
therapy protocols

available

using monoclonal
antibodies
I
Treatment:

Early bone marrow
transplantation,
successful gene
therapy protocols

available

Figure 2 ye[JAK3 signalling pathwoay.

[76]
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NaA
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recombination CD8+
cytotoxic
q PN T cell
@j Naive
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Natural helper
killer Naive T cell

cell B cell

FIGURE 9. SCID: defective T and B cell development, normal Nicells.["®!

SCREENING FOR SCID:

The delayed identification of SCID comes at a hagist, as survival rates
fluctuate depending on treatment timing and infecttatus. Infants who receive an
HSCT within the first 3.5 months of life have a teetthan 90% probability of
survival, even without a matched sibling donor.eAf8.5 months, the overall survival
rate reduces to 709% with variations ranging from 50% to 90% based mfedtion
status and donor typ&! Because infants may appear healthy until they ldgve
recurrent infections or fail to thrive, the initiaiagnostic window for optimal

outcomes is frequently closed by the time the diagnis made.

Unfortunately, some infants may die from seriouggtions before receiving
the definitive treatment, or their transplantatmumcomes may be worse than those
who were detected earlier in 1if6" This knowledge of the need of early diagnosis

drove the quest for a biomarker to screen infaots SCID, which led to the
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development of the TREC assa}? SCID is a rare illness that requires immediate
medical attention in children. SCID newborns lookbe normal from the outside.
However, the disease's manifestation is dependebbth genetic abnormalities and
environmental exposure. As a result, the presemaif SCID differs. Infections are
frequent in all newborns, including those with SClDnfortunately, vital time is

frequently lost before SCID is suspected, resuliimigigh mortality and morbidity.

Furthermore, family history is non-specific and igaseglected. Prompt
diagnosis enables immediate lifesaving therapwlsikh prohibits the use of live
vaccination, which could harm the infant. When HS€Tonducted within the first
few months of life, prior to the onset of severéations, the outcomes are much
better than when signs are detected later. Eatigctien also offers families with
genetic information and reproductive risk assessmeénrthermore, it helps to
improve understanding of SCID's true incidence eamtje by educating healthcare
providers and the general public about this ciitidsorder. Newborn screening
programs would be appropriate for SCID becausetfclinical severity, lack of
symptoms at birth, availability of definitive theng and potential for considerably

enhanced quality of life through early interventio

SCID is a genetically diverse illness characteribyda variety of genetic
abnormalities but a shared clinical presentatione DBulk of these abnormalities,
however, impair the formation of T cells in the tiys.'®¥ T cells in the thymus go
through a process called receptor gene splicingraadangement, in which T cell
antigen receptor (TCR) genes are randomly cut a&jmined, resulting in unique
rearrangements in each cell. This process prodtiogsar DNA byproducts known

as T cell receptor excision circles (TRECs), whadt as persistent identifiers for
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recent thymic emigrant€* 8% TRECs are expressed only in naive T cells thaehav
recently left the thymus, making them a surrogatarker for thymic T cell
development and a good screening test for S&D®*®! TREC levels in peripheral
blood vary dramatically with age. The ratio in natnmfants is about 1 TREC per 10
T cells, indicating an abundance of naive T cehstthave not experienced
considerable proliferation. In contrast, older dteh and adults have a ratio of about
1 per 100 and 1 per 1000 T cells, showing perighexpansion. Infants with SCID
often have extremely low or undetectable levelSRECs.® Maternal T cells have
few TRECSs, hence their influence on newborn TRE@ers is minimal. TRECs are
guantified using quantitative real-time PCR, whatitails creating a standard curve
from repeated dilutions of bacterial plasmid-cloAéRIEC signal junction constructs

and extrapolating the TREC value in DBS specimenms the standard curvé®

Newborn Screening Using TREC Assay

‘ e . —_— DNA Extraction

3 mm hole (3 ul blood)
50 ul blood punched from blood spot

(YTYY]
10000
£ e
3 o ‘i‘ 1' 1‘ Quantitation of
T
3 - TRECs by real-
=) 10 time PCR
D 1
—-—
o
—
Cord Routne Special AR XSCID Chan and Puck,
Blood Nursery Nursery SCID JACI, 2005 [84]

FIGURE 10. Newborn screening using TREC assay
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FIGURE 11. T-cell receptor excision circles (TRECSs)

T cell Receptor Excision Circles (TRECs). TRECs gpesomal DNA circles
produced in thymocytes by excisional rearrangemeintscell receptor (TCR) genes;
they are stable, not duplicated during mitosigjtddl out with each cell division, and
therefore higher in thymocytes, recent thymic eamgs (RTES) and naive T cells.
Quantitative polymerase chain reaction (PCR) ofiregpgbint (cj) o0RecyJo TREC,
produced at TCBd locus within chromosome 14 (14ql11) by > 70% ofedeping
humana:p T cells, counts in the peripheral blood na@g T lymphocytes recently

dismetted by thymus: in newborn, values < 25 TREC#idicate SCID®”!
Conditions identified by TREC screening assay arfobows: 4

+ Typical SCID - These forms of SCID are charactetiby fewer than 300
autologous T cells per microliter of blood and ldean 10% of normal

proliferation in response to mitogens such as gigtwagglutinin (PHA).
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Gene function is partially preserved in leaky SGID Omenn syndrome,
which is caused by mutations in typical SCID gendgse 300-1500
autologous T lymphocytes per microliter are chamastic of these SCID
types. In patients with Omenn syndrome, T cellatignality, or limited TCR

diversity, is present despite either normal oreased CD3 T cell numbers.

Variant SCID presents with persistently low T cdllg without a defect in a

known SCID gene.

Conditions causing primary T cell lymphopenia (CD8ells< 1500 cellgiL)

include: Complete DiGeorge syndrome or partial Qifge syndrome with
low T cells, CHARGE syndrome, Jacobsen syndroméomry 21, RAC2
dominant interfering mutation, DOCK8 deficient hypgE syndrome,

Cartilage hair hypoplasia.

Secondary T-cell lymphopenia is diagnosed in a grad infants with
recognized congenital conditions such as intestymaphangiectasia, hydrops,
gastroschisis, congenital heart defects, chylothooa neonatal leukemia. It
can also result from prenatal administration of cgkorticoids or

inflammatory conditions (e.g., sepsis).

Premature infants may present with T cell lymphopedefined as T cells

<1500 cellsiL, which typically resolves with ag&?!
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Non-SCID causes of T-cell
lymphopenia Examples

Syndromic disorders and Trisomy 18
congenital abnormalities

Trisomy 21
DiGeorge syndrome

CHARGE syndrome

Secondary T-cell lymphopenia Cardiac or gastrointestinal anomalies
Multiple congenital anomalies
Neonatal leukemia

T-cells losses into third space
(e.g., hydrops or vascular leakage)

Prenatal exposure to purine
antagonists

Preterm birth
Idiopathic T-cell lymphopenia

Combined immunodeficiencies DOCKS deficiency
with dysfunctional T cells

Wiskott-Aldrich Syndrome

TABLE 4. CONDITIONS OTHER THAN SCID THAT LEAD TO AN ABNORMAL TREC

ASSAY, 1821

Conditions where T-cells undergo thymic developmédeading to TREC
production, yet exhibit impaired functionality, anet detectable through the TREC
assay. This encompasses newborns with Zap70 deficid®® MHC class II

(89]

deficiency, CD40 ligand deficiency, NEMO deficiency, and indials

experiencing late-onset ADA deficiency.
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TREC results interpretation:

Low or nil TREC scores are indicative of T cell Ighopenia. However,
because this assay relies on PCR technology,possible for flaws like inadequate
sample size, subpar DNA elution from the DBS, @& flresence of PCR inhibitors
such heparin to cause a low result. A reference gemplified lowers the risk of false

positive outcomes. The usual tactics adopted&te:

1. Singleplex TREC assay: In samples where the TIREC gPCR reaction produces
a result below the predefined TREC cut-off, thightgique entails the parallel
amplification of a reference gene and TRECs. TBeiteregarded as inconclusive if
the reference gene is not found. The replicate TREDes are used as the final

TREC values if they are discovered.

2. Multiplex Real Time gPCR: This method involveamifying the reference gene
and TREC at the same time. The same multiplex assaged to retest samples that
have aberrant multiplex results. The test is deeimeohclusive if the reference gene
is not found. The replicate TREC values are usati@$inal TREC values if they are

discovered.
Follow-up algorithm of an abnormal TREC result:

All abnormal screening results necessitate additidesting, including a CBC and
lymphocyte subset analysis using flow cytometryctunt T, B, and NK cells in

whole blood samples. The recommended examinatwuodas:
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1. Enumerating ALC: T cells (including total CD3, CD&D8 T cells), B cells

(CD19), and NK cells (CD16/56).

2. Evaluation of memory and naive cells using CD45RA &£€D45R0O markers.
Additional markers such as CD62L (L-selectin), CD@D27, and CCR7 can be
used to further characterize naive T cells. The levimood sample specimen
should be fresh and processed according to theeljuéd of the immunology
laboratory. An individual with expertise in integbing flow cytometry results in
children and newborns should assess the resultscamgbare them with age-
related normal references. If flow cytometry evéilua confirms lymphopenia,
the identified newborn should be promptly referteda specialized center with
expertise in diagnosing and managing PIDs. Clinieghluation using the
checklist (Table 2) is essential, and treatmemtirgntions should be initiated

until further evaluation confirms the diagnosisS&ID or other PIDs [10].

Table 2 Clinical checklist

Physical features s/o SCID (e.g., Skin rash, oral ulcers, midline defects,
coarse facial features)
H/o any immunosuppressive to mother
Positive family history in the form of previous siblings with
* Infant death
* BCGOsis
* Severe infections

* Diagnosis of PIDs

FIGURE 12 . Clinical checklist for evaluation of SCID
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NBS specimen

DNA extraction

Smglep.lcx PCR

No X Yes
TRECs < Normal Cut off

Repeat claPCR for
TRECs along with
housekeepinggene

Normal

TOE e ~ Mavenal suiv nbé TOE e » lln:msl rush bl
TNRLND 7T ITVInIarsuLsvn LRALTA™ AR A A" R AR AT I )]
Housekeepinggene Housekeepinggene
Normal Normal

Checklist*
CBC differential
Flow cytometry

Normal

Abnormal Normal
<1500 CD3 T cells, >1500 CD3 T cells
Absent/Low Naive | | \with normal Naive T

V cell Population cell population

Folldw-up

Diagnostic
Algorithm

TABLE 5. FLOWCHART FOR SCID SCREENING BY TREC ASSAY. [
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Abnormal TREC newborn screen
+ Low or absent TREC value with normal control PCR
« Low TREC value and low control PCR on 2 samples

Urgent consultation with pediatric immunologist
Provide reassurance, support to family
Discuss infection control prevention measures while child is undergoing evaluation

Initial evaluation by pediatric immunologist for abnormal newborn screen: T-cell count and

Complete blood count with differential; lymphocyte enumeration (CD3* T cells, naive T-cell

CD4* and CD8* T cell subsets, CD19* B cells, CD16*/56* NK cells); thymic emigrant percentage above
enumeration (CD4*CD45RA* CD31* T cells); T-cell phenotyping (% of CD45RA* naive cut-off threshold: no
CD4* and CD8* T cells); HIV testing by DNA PCR; evaluation for maternal further

engraftment; other investigations depending on clinical context investigations

Concern for possible SCID
« Low T cells
«Low naive T cells

Continued evaluation at
tertiary or quaternary centre
by pediatric immunologist

TABLE 6. SUGGESTED INITIAL APPROACH TO A PATIENT WITH AN ABN ORMAL

NEWBORN SCREEN FOR ScCID. 182 %

TREC ASSAY:

SCID NBS involves testing all newborns using a rstigk to collect a small
blood sample (BL) applied to a Guthrie filter paper card. The dri#ood spot (DBS)
is then extracted from the card using a 3.2 mm pwamd placed in a DNA extraction
buffer. The T-cell receptor excision circles (TRECeepresented as circles, are
subsequently amplified using reverse transcriptasmtitative PCR (RT-qPCR) with
primers specific tdRecVJuTREC. Beta-actin serves as an amplification corttwol
verify DNA integrity. In normal newborns, the medialREC count after 40
amplification cycles is 827 copies. Infants withsgacted T cell deficiency are

flagged for further evaluation if their TREC codalls below 25 copies.

rage 42



Review Of Literature

Figure 1: TREC Assay for Newborn
Screening for SCID

DNA extraction

 Screening @ l

all infants RT-gPCR

6RecYJaTREC primers
B actin control

drop 40 cycle Amplification

3 ul DBS

" 3.2 mm punch

Guthrie Median TRECs 827 copies
Card Cutoff for SCID <25 copies

FIGURE 13. TREC ASSAY FOR NEWBORN SCREENING FOR sci8!

Quantitative polymerase chain reaction (PCR) is tinethod used in the
newborn screening test for SCID to determine thewrhof T-cell receptor excision
circles (TRECs) in an infant's bloo? Circular DNA fragments known as TRECs
are produced as a consequence of healthy T-cellratin in the thymud®® DNA
taken from dried blood spots collected during séaddhewborn screening can be used
for this experiment. To rule out technical probleassa possible reason for a low
number of TRECs, it usually entails PCR analysisaafontrol gene in addition to
TRECs."®! The number of TRECs is an effective biomarkerTerell development

since it is correlated with the production of disti T cells.
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This screening test is essentially a way to detecell lymphopenia, as it
looks for diseases that cause decreased produaftiirymic T-cells in infants. Few
detectable TRECs are seen on the newborn screexfaints who initially appear
healthy at birth but are later diagnosed with SGHzause of limited or nonexistent

T-cell production®*

This screening technique was first introduced irs&nsin in 2008, and it has
since spread to the majority of US states as wellany other nations, such as
Canada [92, 93]. This screening program was fingtlémented in Ontario, Canada'’s

pioneer province, and it has now spread to othes ppd the nation™”

With its remarkable sensitivity and specificity,ettfSCID newborn screen
performs exceptionally well as a diagnostic t&51.°! A number of case series have
demonstrated 100% sensitivity in identifying typicases of SCID, which are defined
as newborns with maternal engraftment or a T-aeiht <300 cellsiL. **! Moreover,
specificity is remarkably high, with a cohort offants receiving SCID newborn
screening achieving 99.98%2 Positive predictive values ranged from 0.8% to
11.2% for diagnosing typical SCID and from 18.3%8®% for identifying both
typical SCID and infants with significantly low Telf counts that do not meet the
severity threshold required for diagnosing SCID;arding to a systematic review of
cohort studies on SCID newborn screenifij.However, it is vital to remember the
TREC assay's false-positive rate, which is thetivacof infants with poor TREC
results who require additional T-cell enumeratiom éventually have a normal T-cell
count.’? This rate fluctuates based on the cut-off valissitto define normal TREC
levels and normal T-cell counts. Because diffesareening locations use different

cutoff values, which are frequently combined wititdll phenotypic analysis, false-
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positive rates range significantly between centéfkile low false-positive rates risk

missing cases of SCID, greater rates may resuitational assessments of children

who do not have the disea$® ° In order to overcome the difficulties posed by

false-positive rates, more research is desperaesdyled to establish the ideal cutoff

values for TRECs and T cells as Canada rolls aih#wborn screen for SCI§* %!

Blood sampling by
heel stick technique

DNA extraction

Guthrie card

Dried blood
spots (DBS)

3 mm punches %)

from DBS

* Amplification curves

~
fe TREC/KREC positive
- (Cp<37)

Amplify TREC/KREC by Data analysis
multiplex real-time PCR

GUTHRIE CARD FOR TREC ASSAY NBS
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Healthy-appearing child Normal T-cell Normal number of G
production TRECs

Healthy-appearing child with SCID Very low or absent T-cell Very low or undetectable TRECS
production

(D
SO o
(NN

\_/

FIGURE 14 . Immune system in healthy child v/s SCID child

In this pictorial representation, there are twonsc®s:®?

1. Healthy Infant (A):

» This infant possesses an intact immune systemifiyraus, a critical organ
for immune development, produces a normal repertirT cells. After these
T cells are generated, small DNA circles called TREre released into the
bloodstream. These TRECs can be quantified fromloadbspot obtained

during newborn screening.

2. Infant with SCID (B) :

» This infant has SCID despite looking apparentlylthga SCID results in very

minimal or no T-cell production. Consequently, thewborn screen shows
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undetectable levels of TRECs. This early detectib8CID allows for timely

intervention and management.

In summary, the TREC-based newborn screen helpsifig SCID cases even
when outward signs may not be appardhplays a crucial role in facilitating early

diagnosis and appropriate care for affected infants

It's important for those caring for infants suspecto have severe combined
immunodeficiency to implement some precautions widte and consideration -
Prioritizing rigorous hand hygiene and advise agfa@xposure to crowded or unwell
environments to reduce the risk of community-aaiiinfections. Limiting the
infant's contact with other young children who maknowingly spread infections.
Ensuring thorough sterilization of feeding bottlesd the use of boiled water to
safeguard against the transmission of pathogeaschjptosporidium®! Refraining
from administering live or live-attenuated vaccioas, such as rotavirus, measles,
mumps, rubella, varicella, and live-attenuated uefiza, to infants or household
contacts. Employing only donor irradiated and lexyte-reduced blood products to
minimize potential complication§” Acknowledging the impact of cytomegalovirus
infection on transplant outcomes for severe combinemunodeficiency patientS.!

If feasible, confirming that blood products receivby the infant are free from
cytomegalovirus. Recognizing the potential transiois of cytomegalovirus through
bodily fluids, including breast milk and oral setwas, also in asymptomatic maternal
carriers. And temporarily suspending breastfeedipgn confirmation of low T-cell
receptor excision circles until a thorough ped@atimmunology evaluation is

conducted. Meanwhile, mothers who wish to breadtfesn express and store breast
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milk till their cytomegalovirus status is determihthrough serological testing. If the

maternal status is negative, may resume breastigétfi °

LIMITATIONS AND CHALLENGES IN TREC FOR NEONATAL

SCREENING:

Despite the widespread implementation of TREC-baseohatal screening
programs (NSP), it is imperative for physicians aoknowledge the limitations
inherent in this testing method. While the TRECagssffectively detects various
causes of T-cell lymphopenia, it may not serve asraprehensive screening tool for
every PID.®¥ There exists a subset of Combined Immunodefici®isprders (CID)
wherein lymphopenia is not a distinguishing featyet the immune dysfunction is as
severe as in typical SCID cases. These conditmitsn labeled as T+ - SCID, CID,
and some leaky SCID, pose a challenge for detectsimg the current TREC cutoff

value 1200, 101]

Patients with these conditions may not be idermtifsmlely based on their
TREC levels: The TREC assay cannot detect disaéasekich T-cells grow in the
thymus to produce TRECs but have compromised fonality. Also, severe but
treatable CIDs like chronic granulomatous diseasegenital neutropenia, and toll-
like receptor defects may not exhibit T-cell or &}iclymphopenia, thus escaping
detection by the TREC assay. Additionally, disosdeuch as ZAP-70, NEMO
deficiency & MHC class Il deficiency (Bare lymphdey syndrome) present
complexities in diagnosi€®® 8! while ZAP-70 defects can lead to significant CD8
lymphopenia and a CID phenotype, their TREC lewedy remain normal. Similarly,
MHC class |l deficiency manifests as severe CD4plgopenia, resembling SCID,

but can evade detection by the TREC assay due eéoptbsence of CD8 cells.
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Furthermore, the TREC assay may overlook conditiesADA deficiency, both in
its typical SCID presentation and in cases of tatset ADA deficiency. Moreover,
TREC screening detects less than 50% of caseswifakelangiectasia, highlighting
its limitations in certain rare disorders. Disoslsuch as Oral, Stim1, or CD40 ligand
deficiency, which exhibit infectious phenotypesrato SCID but maintain normal T-

cell counts, pose uncertainty regarding their detslity through the TREC assay.

[102]

A systematic review of available literature commes$ively assesses the
screening efficacy of various algorithms employedhe TREC-NBS for SCID. The
synthesized data reveal that nuances in PCR asaags algorithmic features
significantly influence the Positive Predictive al (PPV) of SCID NBS, with the
TREC cut-off value emerging as the pivotal deteanin The findings suggest that
implementing a TREC cut-off value of up to 25 TRECsand integrating the
collection of a repeat Dried Blood Spot (DBS) froweonatal Intensive Care Unit
(NICU) patients with abnormal screening result® itlie algorithm would optimize
the screening efficacy for identifying primary imnadeficiencies characterized by
T-cell lymphopenia (TCL). This recommended cutsadfue ensures the detection of
all typical SCID cases and the majority of otherLT€ases; however, lowering the
cut-off score may reduce the identification of re@iD TCL cases while still
capturing SCID cases. The inclusion of an additidiREC test for premature infants
before referral could enhance the PPV for non-STOL cases. Consequently, new
screening facilities are advised to tailor theigagithms based on their objectives
regarding the identification of non-SCID TCL casA&hough incorporating KREC-

based screening enables the detection of concuB-@atl lymphopenia, including
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cases with delayed-onset ADA-SCID, a compreherasgemssment of the efficacy of

supplementary KREC screening is currently lackifry.

CBC as a screening test for SCID:

The majority of infants with SCID have low lymphaeycounts at birth. First
suggested in 1997 by Buckley and Puck, a complitedbcount and differential
should be performed on all neonates to ascertaim #bsolute lymphocyte count
(ALC) in blood. ™ A low absolute lymphocyte count is another comporrthe
UK Primary Immunodeficiency Network's SCID evalwatistrategy'>* With a lower
normal limit of 20004L, the average normal cord blood lymphocyte cowst i
55004L. % Although most SCID patients are born with low ALQ44—22104L,
based on 25 cases), some may have slightly lowestblunormal ALCs because of
maternal lymphocytes or B cells resulting from geeéects like IL2RG, JAK3, and
IL7R. B% A normal to high ALC can occasionally be seen éwhorns with Omenn
syndrome, a condition marked by immunological dgatation, oligoclonal T cell
growth, and defective T cell developmeft! Setting a normal ALC threshold,
however, would result in a comparatively large dalsositive rate for all SCID
patients. ®3 El-Sayed et al. discovered that 1.6% of 500 nemnashowed

lymphopenia (ALC < 250@L), although none were diagnosed with SCH 3!

Infants who have tested positive for TREC screengan have their
lymphocyte levels assessed using CBC and diffexkeatialysis. Since T-cells make
up almost two thirds of all lymphocytes in SCID ipats, a low absolute lymphocyte
count is expected, which inadvertently indicatesell-lymphopenia. While a normal
absolute lymphocyte count can reassure one thaD &CImprobable, it is still

important to investigate other possible reason$-oéll lymphopenia that may have
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led to the original positive TREC test. It's imm@ort to remember that SCID is not the
only condition that may result in a low ALC on CB®&dditionally, despite their
conditions, patients with leaky SCID presentingGasenn syndrome or those with

maternal T-cell engraftment may show normal oréased lymphocyte countd.

Despite these limitations, utilizing a CBC to detere the ALC as a screening

technique at birth provides significant benefft8:

a) It is well accessible without appreciably raggsithe price of infrastructure. b)
Compared to TREC testing, the cost per test istabdtimes less. c) The CBC assay
is a well-established, technically simple methoddarrying out as well as evaluating
findings. d) In addition to using the ALC calcutati to diagnose SCID, CBC also
yields data on absolute neutrophil counts (ANC).eAtremely high ANC may
indicate leukocyte adhesion deficit (LAD), whereawery low ANC may indicate
severe congenital neutropenia. In addition, CBGriples information on other vital
signs such as hemoglobin and platelet count, whighessential for the care of a
baby. e) A point-of-care CBC can be performed, egglilts provided prior to the
newborn's discharge allow for prompt interventionptevent follow-up from being
missed. Given these advantages and disadvantageseening method with a two-
tier ALC threshold is proposed (details below). lpmopenia detected on CBC and
verified by Lymphocyte Subset Analysis (LSSA) ragsi a clinical assessment
utilizing a checklist and suitable treatment/ingrtion, while additional laboratory

tests are performed to confirm the diagnd&fs.
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FIGURE 15. Algorithm for SCID screening used in this stutf{

DIAGNOSIS OF SCID:

SUSPECTED SCID*%!

Patients with abnormal SCID newborn screening (NBS)lts or, prior to NBS, a
family history of low lymphocyte numbers in a révat with SCID are referred to as
suspected SCID patients. Suspected SCID patiehibierotably low T cell counts.
Until a conclusive diagnosis of SCID or a non-SCtbndition is made, this

classification is often provisional.

Suspected SCID is characterized by:
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Suspected SCID is defined as follows:

1. Less than 0.3 x 10°/L CD3 T cells, OR less than 20% of CD3/CD4 cells with naive cell surface
markers (eg, CD3/CD4/CD45RA)

AND 1 or more of:

a. Abnormal TRECs on NBS or at presentation
b. Family history of SCID

c. Recurrent and/or opportunistic infection(s)

OR

2. If TRECs not measured or not abnormal and no family history of SCID, then less than 0.3 x
10°/L CD3* cells AND less than 20% of naive CD3/CD4 cells.

OR
3. Features of Omenn syndrome, including

a. More than 80% of CD3/CD4 cells with memory cell surface markers (CD45R0*). CD3* cells
may be more than 0.3 x 10°/L

b. Generalized skin rash

c. Eosinophilia OR lymphadenopathy OR organomegaly

The date of diagnosis of suspected SCID is estalisas the date of the first

lymphocyte phenotyping panel demonstrating theired! T-cell abnormalitie$!®®!

CLINICAL AND LABORATORY PARAMETERS TESTING FOR INFA NTS

WITH SUSPECTED SCID:

To effectively diagnose SCID and rule out othkreises that may be causing low T-

cell counts, a thorough assessment should incheléotlowing stepst®®

1. A thorough medical history with special emphasis amfections,
prematurity, other illnesses such as congenitalthéigease and lymphatic
malformations, maternal comorbidities like immunogressive therapy
during pregnancy or diabetds®” and any history of immunodeficiency or

early childhood deaths in the family.
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2. Physical examination to look for evidence of Omesyndrome or maternal
graft-versus-host disease (GvHD) or DiGeorge syméro or other
multisystem disorders, such as a widespread ragmphHadenopathy,

hepatomegaly, and splenomegaly.

3. Complete blood cell count with differential, whictomprises eosinophilia

assessment as a possible indicator of Omenn syedoomaternal GvHD.

4. Lymphocyte phenotyping via flow cytometry, whicltindes assessing T, B,
and NK cells, as well as T-cell subsets such agenand memory CD3/CD4
helper-T cells. Naive CD8 cytotoxic T cells canoalse tested, albeit CD4
cells are usually more representative of thymicpout At least one week
following the initial assessment, lymphocyte phgpotg should be
repeated, or once pathogenic SCID gene mutatione leen confirmed
through sequencing. If no genetic reason is disemerepeat phenotyping
should be performed at least 8 weeks later to aftawsitory T lymphopenia
to recover, unless an urgent HSCT is required owong clinical urgency. All
T-cell measurements should be compared to age-japai® reference

intervals.[*%!

5. Quantification of cycle threshold or TRECs, as wedl verification of the
detection of an appropriate genomic control DNAmsegt such as actin or

RNaseP.

6. Quantitative assessment of immunoglobulins, suchigks as a possible

Omenn syndrome marker.
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7. Further sequencing of the entire exome or genodea|ly with a trio analysis
involving the child and parents, may be necesdattyei first testing is unable
to diagnose the condition. Nowadays, genetic sezjogris a common process
that usually begins with a panel of genes linkednmonunodeficiency. To
arrive at a molecular diagnosis, a variety of gengdsting techniques are
employed, including whole exome sequencing, chramas microarray
analysis, targeted gene panels, and Sanger seggefitiese tests provide a
number of services, such as identifying specifimphocyte dysfunctions,
establishing SCID subtypes, supporting the selectod treatment and
transplant protocols, and offering genetic coungeto families. It's crucial to
remember, nevertheless, that diagnosing SCID does require the

identification of known pathogenic genes.

8. Assessing maternal engraftment (TME) in whole blasdisolated CD3 T
cells. Traditionally, fluorescent in situ hybridtzan was employed to detect a
second X chromosome in male patients, which inditahe presence of
maternal cells. However, novel methods, such as ON#ng with short
tandem repeat markers, are growing in popularitg ¢o their increased

sensitivity.

9. If T cells are present, the T-cell receptor diigres assessed by measuring the
T-cell receptor-V beta complementarity determiniagion 3 by high-

throughput sequencing, spectratyping, or flow cygtmgn 0%

10. Quantitative immunoglobulin assays can provideragggng information and

indirectly reflect how well the adaptive immune t&ya functions.
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However, while interpreting these values in hewbpgbome aspects must be
considered. Maternal IgG has a considerable inflaern infant 1gG levels,
making them less useful for diagnosing SCID. IgMels, on the other hand,
reflect the infant's own immune response becausy to not cross the
placental barrier. SCID is often linked to absemti@stically low IgM levels
in babies. While low IgA levels can occur spontarstp in babies, they do not
always indicate SCID. In contrast, normal IgM amd\ llevels can provide

reassurance about immune function.

.Proliferative testing can be carried out using PH#ti-CD3, or anti-

CD3/CD28 antibodies for mitogen stimulation; howevkthe patient satisfies
standard SCID criteria, it might not necessarilyibgicated to confirm the
diagnosis. Reduced proliferation could be a sigdedéctive or nonfunctional
T cells despite normal counts, or low T-cell nunsb@vhich can be verified by
routine lymphocyte subset analysis). Conventioadlaactive assays identify
both low T cells and nonfunctional T cells as alomal; failing to discriminate
between two alternatives. As an alternative, tbstsed on flow cytometry
provide a more accurate means of distinguishingwéet low and
nonfunctional T cells. In the past, if the patidas previously been exposed,
T-cell proliferation tests have also included dertantigens like Candida or
tetanus; however, these are no longer advised dsopahe Revised 2022

Definitions.

Two methods are available for HIV testing: proteietection in a patient

sample or nucleic acid amplification. Alternativelyonfirmation could also
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come from records demonstrating consistently negatmaternal HIV

antibody testingf!%®

FLOW CYTOMETRY IN DIAGNOSIS OF SCID:

Since its establishment fifty years ago, flow cy&trg has developed constantly,
gaining from notable breakthroughs in apparatuslyéic reagents, and related
technologies. Because of its adaptability, it can used in a variety of cellular
sources, such as tissues, blood, bodily fluids, lbode marrow. Flow cytometric
assays include a wide range of applications, inofudfunctional analysis,

phenotyping, and both relative and absolute measmts. Flow cytometry is not
limited to measuring the expression of a particylestein; it may also be used to
evaluate cell viability, apoptosis, cellular intetians, and cell enrichment. It is an
unparalleled tool for primary immunodeficiency smang, diagnosis, and prognosis

because of its multitude of applicatiofts”

Primary immunodeficiencies (PIDs) encompass a de/eange of inherited immune
system disorders. While genetic analysis remaiagytid standard for PID diagnosis,

it is time-consuming and expensive. Flow cytometfyers a swift and highly
sensitive alternative for PID diagnosis. This teghae can assess various aspects such
as specific cell populations, surface and intratail proteins, as well as functional
immune characteristics associated with particutanune defects. It proves valuable
in diagnosing and assessing major forms of PIDsJuding severe combined
immunodeficiency, X-linked agammaglobulinemia, hypgM syndromes, Wiskott-
Aldrich syndrome, X-linked lymphoproliferative symmane, familial hemophagocytic
lymphohistiocytosis, autoimmune lymphoproliferatiggndrome, IPEX syndrome,

CTLA 4 haploinsufficiency, LRBA deficiency, chronimucocutaneous candidiasis,
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and chronic granulomatous disease. While genetitysis is essential for precise PID
diagnosis, flow cytometry offers a cost-effectiveans of effectively evaluating PID

patients !

|
]
:
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3
SR PN 1
W %\:.

FIGURE 16. WORKING OF FLOW CYTOMETRY [!*?

The primary step in SCID diagnosis is to analismaphocyte subsets using
flow cytometry to classify SCID into four categ@ieT-B+NK+, T-B-NK+, T-
B+NK-, and T-B-NK- (as indicated in the image be)o®CID patients typically have
low or no T cell counts (<300 celid). In cases where residual CD3+T cells are
detected (>300 celisl), further evaluation of subsets reflecting the@ive/memory
and activation status using markers such CD45RMSHD, and HLA-DR is helpful

in diagnosing Leaky SCID and Omenn Syndrof&.
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TABLE 7. Summary of lymphocyte subsets listing commn name, CD/FACs

markers, normal range for infants 1 to 4 weeks of @e, values for defining SCID

and abnormal (T lymphopenia): ™!

Normal Range

Range for Range for
for 1-4
SCID Abnormal/T
Weeks )
Lymphocyte FACs/CD Percentage Lymphopaenia
. Percentage
Population Marker Absolute Percentage
Absolute
Counts Absolute Counts
Counts (CellsiuL) (Cells/uL)
ells ells
(Cells/uL) " "
60-85% <30% T cells <
T cells CD3+ <300
2300-7000 1500
4-26%
B cells CD19+
600-1900
3-23%
NK CD16+/56+
200-1400
41-68%
CDA4 T cells CD3+CDA4+
1700-3500
9-23%
CDS8 T cells CD3+CD8+
400-1700
Naive T cellsCD45RA+/CD27+ 80-100% <25% <70%

SCID disorders are characterized by impaired B{telttion and a total lack
of T-cell mediated immunity. Flow cytometry can bged to classify patients with
SCID according to their immunophenotypic charast&s. Adenosine deaminase
(ADA) deficiency and reticular dysgenesis are twisodders that fall under the

T-B-NK- SCID category. Mutations affecting genesclimling recombination
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activating genes (RAG)1 and RAG2, Artemis, DNA #igalV, and Cernunnos are
indicated by T-B-NK+ SCID. While T-B+NK+ SCID encgasses IL-7R, CD3,
CD3¢, and CDg deficits, the T-B+NK- phenotype is typical of X-BCand JAK3
deficiency. T and NK cell numbers are absent wrei@aell counts are normal or
increased in X-SCID, which accounts for over hdlfabb SCID cases. The IL2RG
gene is responsible for X-SCID, which codes for dmnmony chain (CD132).
Therefore, the lack of CD132 identified by flow egtetry strongly suggests X-SCID,
despite the possibility that some individuals with?RG cytoplasmic domain
mutations may express CD132 normally. Commpoichains are involved in the
receptors of several cytokines, including IL-4, 1.4L-9, IL-15, and IL-21. As a
result, these cytokines operate as particular tigafor pathways that require a
functional common y chain. Monoclonal antibodies that only recognize
phosphorylated STATs can be used in flow cytom&tmneasure the phosphorylation
of intracellular STATs. Tyrosine phosphorylation ®TAT5 and STAT3 is impaired
in patients with X-SCID in response to IL-2 and 4L- activation, respectively.
Because JAKS3 interacts intracellularly with the eoom y chain, this assay also
detects JAK3 deficiency. Lack of ZAP70 expressianTi cells is a symptom of

ZAP70 deficiency, a different form of SCID thamigrked by CD8 deficiency:*"

Because the immunophenotypes of the many SCID eagsgoverlap, genetic
diagnosis of SCID can be complicated. Flow cytoietnalysis of particular protein
expressions can aid in the prompt identificatiompo$sible genetic problems in T-B+

SCID instances where a child may have a defedtarlizRG, IL7RA, or JAK3 gene.
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FIGURE 17.CD PLOTS FROM A SCID AFFECTED INFANTL®!

Page 61



Review Of Literature

A T-B-NK+ B T-B+NK+

NK cells i
© o o 1 Py
P ] P NK cells 8 :
o o 2 1 [ Y -
: 306 |
o [H] Beels | Tcells j Toells Beets
o' o 8 ":-_5 57T 69
¥ = 5 T . Bl
Pk JPY | R ————— s R i i e g
< T 1 oy vy ey v v - L ) K s
o o X S Pl i T T 7 i > W W
CcD19 CcD3 co19  ’
c T-B-NK- D T-B+NK-
i ! Bcells
o' ot -
1 NKcells © T
b 8 8 iTcells 2
o o 1 w ol o
o | Ry 0 o
"1 Tcells 3 B cells 1 NK cells
; i b e "
: : o4
| B . S B T e ey b I e I v ;]I'v Ty
,);.-. il 7y ---~-|.>‘- w o 10 10t 108 ° 10 10 10 10* ' $
3 019 s cps6 ¥ CDS6 s

Lymphocyte subset analysis for SCID. Samples were analyzed by flow

cytometry, gating on lymphocytes by forward/side scatter and gating T cells

(CD3+), B cells (CD19+), and NK cells (CD56+CD3-) (A) T-B-NK+ (B) T-B-NK+

(C) T-B-NK- (D) T-B+NK- SCID, respectively. [111]

FIGURE 18. Lymphocyte subset analysis in different types ©f[3

One quick method for finding, classifying, and measy different aspects of
a single cell is flow cytometry. It may evaluatdlseextracted from a variety of
biological samples, such as urine, bone marrow,otuand lymph node biopsies,
peripheral blood, and cerebrospinal fluid (CSFpwicytometry's fundamentals are
simple, but they result in a powerful analyticastimment.™*® First, fluorescently
tagged antibodies are introduced to the cells, s/higey attach to particular antigens
on the cell surface. The cells are then placedtimtcflow cytometer for examination
after being incubated for a while and suspendea@ ineutral solution. The fluid
containing the cells travels through a chamberedal flow cell inside the flow

cytometer, where each cell passes separately aadantrolled manner. As each cell
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moves through the flow cell, a laser beam activéitesfluorophores bound to the
antibodies, causing fluorescence. This event, knasnan event, enables for the
collection of light scatter from the cell as wels dluorescence emitted by the
antibody-fluorophore complex. These signals aressgbently recorded by optical
detectors and translated to a digital format falgsis, which is commonly shown as

dot plots or histogram&®!

Sample
Stained cells in suspension

Nozzle

Hydrodynamic
Focusing

Cells pass through
in “single file’

Fluorescence emitted
from stained cells
detected

0000 bo@’b&{b@ —

> Forward and side
scattered light from
all cells detected

— —

00 00 00U

Laser light
source

FIGURE 19. PRINCIPLE OF FLOW CYTOMETRY*%!

The patterns formed by the light scatter gathenggitle scatter (SSC) and

forward scatter (FCS) reflect the internal complexand size of the cell. This

Page 63



Review Of Literature

identifies the types of cells, such as lymphocyt@®nocytes, granulocytes, and
platelets. The cytoplasmic and surface antigenshef cell, which are frequently
referred to as clusters of differentiation (CD) keas, are recognized by the
fluorescently labeled antibodies. Clinicians lookoi the source of issue when they
observe aberrant expression of the CD markersinbesith flow cytometry is done
in both clinical and research settings. For theppse of diagnosing and monitoring
diseases, the data gathered by “interrogating'’s asdh be highly beneficial***!
Despite advances in our knowledge of the pathoplogy of primary
immunodeficiency diseases (PIDs), treating thesmeskes is still challenging.
Hematopoietic stem cell transplantation (HSCT)sisestial for the long-term survival
of the majority of individuals with PIDs, which agenetic illnesses. However, the
scarcity of HLA-matched donors or the high expemgetreatment can make
transplantation impractical in nations like Ind@enetic counseling becomes crucial
in these situations, providing affected familieghachoices for prenatal diagnostics
and carrier discovery. Phenotypic prenatal diagnasing cordocentesis offers a
useful substitute for molecular diagnosis, evemugfoit may not always be available.
This is especially true for families that have adex case with well-characterized
PID. Flow cytometry, a simple and fast method, sapplement or replace molecular
characterization™" Overall, flow cytometry plays an important role studying
SCID immunology. It allows for the counting of vauis types of lymphocytes, the
assessment of thymus function and TCR diversitg, nieasurement of particular
receptor expression, the examination of molecuddsrlin the process, and the

evaluation of T cell performance. It also servesasseful tool for determining the

most likely genetic issue leading to SCID developtne
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WHOLE EXOME SEQUENCING (WES) [/ NEXT GENERATION
SEQUENCING (NGS) IN SCID:

The understanding of primary immunodeficiency disess (PIDs) has been
completely transformed by the development of Negti&ation DNA Sequencing
(NGS). These diseases are no longer only thoughbetomonogenic conditions
controlled by conventional Mendelian inheritancdtgras. Through the ability to
sequence the whole exome or genome, NGS has mpdssible to discover the wide
range of atypical phenotypes caused by mutationgenes that were previously
linked to PID. For example, patients presentinghenotype similar to common
variable immunodeficiency (CVID) have been founchtve hypomorphic mutations
in genes including RAG1, DCLRELC, and JAK3, whick generally associated with
SCID. Moreover, multigenic PID identification hasdn made easier by the objective
methodology of whole exome sequencing (WES) andleviggnome sequencing

(WGS). 1!

Next-generation sequencing (NGS) holds promise é&mhancing the
diagnostic and prognostic capabilities of newboecnesning (NBS) initiatives. It
serves as a potent tool for detecting various gersinormalities in newborns,
revolutionizing genetics by enabling the sequenahgumerous genes rapidly and
simultaneously. The expanding utility of NGS, caglwith significant cost
reductions and increased community acceptancegstgygs potential for diagnosing
inherited disorders. NGS can be applied to driezbdblspot (DBS) samples from
neonates, where DNA isolation allows for improvedestigative and prognostic
efficiency in NBS programs. The primary objectivE MGS in NBS is to conduct
targeted investigations and differentiate geneavasi, particularly for conditions that

are preventable or treatabfe’!
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FIGURE 20. UNDERSTANDING WHOLE EXOME SEQUENCING'8!
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The current newborn screening (NBS) method for S@lizs on quantifying
T cell receptor excision circles (TRECs) to assbssproduction of naive T-cells &
kappa light chain-deleting recombination excisiomcles (KRECs) assays for
evaluating the generation of naive B cells. Thesmys are relatively cost-effective,
but they fail to offer a molecular diagnosis and agstricted to identifying defects
related to the production of naive T and B cellthdugh NGS currently incurs
higher costs compared to TRECs/KRECs assays, ttianitdg expenses associated

with sequencing technology may facilitate the depeient of targeted panels for
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early diagnosis, as evidenced by various feagilstudies that, indicate that NGS has
the potential to enhance the sensitivity of NBS® The effectiveness of NGS
technology hinges on the inherent limitations ofcleanethod. Whole Exome
Sequencing (WES) and Targeted Gene Panels (TGRireethe creation of libraries
containing fragments of patient DNA that corresptmdither the exome or a specific
set of genes, respectively. Typically, NGS methoesessitate PCR amplification of
these libraries to attain sufficient DNA quantities high-throughput sequencing.
Incomplete library preparation can produce sequengaps, potentially leading to
the missing of pathogenic variants. Furthermoreahse to the non-contiguous nature
of target regions, WES or TGP make it even mordleging to detect structural
abnormalities such as significant insertions oretiehs, translocations, inversions,
and copy-number variants than Whole Genome Sequg&VGS). The detection of
structural differences is crucial for PID diagnosis pathogenic variants are typically

discovered in large, repetitive genes such as DO@KBLRBA.M!

Whole genome sequencing Targeted sequencing
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FIGURE 21. Difference between Whole Genome Sequencing, Wiholeme

Sequencing and Targeted Sequencing
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Research studies involving PID patients have shibvahthere is an extensive
amount of variation in the diagnostic performanEdNGS techniques. In six patient
studies, a direct comparison of immunodeficienciigpas’ WES and WGS revealed
that WGS found 656 more coding variations than WHESreover, copy-number
variations that corresponded to non-coding area$isismall sample set were not
reliably detected by WES. A 40% diagnostic yieldsvedbtained from WES analysis
of 278 PID families' patients, which resulted irdaped clinical diagnoses for half of

the patients and changes to their treatment par®5% of them{**®!

LIMITATIONS/PITFALLS OF NGS:

For individuals with Primary Immunodeficiency Disers (PIDs), prior
research using Whole Exome Sequencing (WES) orefedigGene Panels (TGPs) as
diagnostic modalities has shown that at least 60p@tients do not have a conclusive
diagnosis. On the other hand, only 15% of patiemtseive a diagnosis from
conventional genetic testing techniques such chsomal microarrays, karyotyping,
and Sanger sequencing for particular genes. Thanméhat 85% of patients remain
undiagnosed. Even though Next-Generation Sequer{bi@$) has a better potential
for diagnosis than traditional genetic testingjzatsle percentage of patients remain
unidentified, indicating shortcomings in the teclogy, data processing, or our
understanding of PIDs. Candidate mutation listsegalfy do not include synonymous
mutations since they are generally regarded aggberariants because they do not
affect the amino acid sequence of the resultarteproln fact, PIDs can result from

synonymous mutations, according to current research

Clinical criteria have been developed to standardize interpretation of

genetic variants, taking into account both genand biological factors to define
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variants as pathogenic, likely pathogenic, benitikely benign, or variants of
unknown significance (VUS). VUS are variants thatrbt fit the criteria for clear
classification and may include mutations in gené®se clinical significance is not
well recognized. This is especially true in PID$iane advances in the field are rapid.
The fundamental problem in genomic diagnostics his paucity of functional
evidence obtained just by sequencing. Functionsdyesare required to demonstrate
the biological significance of a variant. Given tharity of PIDs, novel
defects frequently arise in solitary cases, with ewodence of several unrelated
individuals sharing the same genotype-phenotypge s a result, criteria have been
established to determine the causal relationshipvdEn a patient's genotype and

phenotype!!*®!

The expanding availability of public databases li@tes researchers and
clinicians in determining mutation prevalence ie tieneral population. While Next-
Generation Sequencing (NGS) serves as a valuatdersng tool, its full diagnostic
potential relies on multidisciplinary expertise f@riant interpretation and validation,
especially for previously unreported mutations oonty characterized genes. This
poses a significant challenge in resource-limitedions where comprehensive
molecular and cellular biology, biochemistry, amdmunology expertise may be

scarcel**®l

Severe combined immunodeficiency is found in al®Q% of patients with
abnormal newborn screening (NBS) results (SCIDurFmain subtypes of SCID
were identified by the PIDTC 2014 Criteria: convenal SCID, leaky SCID, Omenn
syndrome, and reticular dysgenesis (due to mutationrAK2). While patients with

reticular dysgenesis exhibit unique clinical preéagans, such as severe neutropenia
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and sensorineural deafness, that set them apart @ther SCID presentations,
patients with AK2 pathogenic variations should beegorized into one of three major
subtypes, according to the revised PIDTC Defingiai 2022: typical SCID with
significantly lower T cells, leaky/atypical SCID thi fewer T cells, or Omenn
syndrome. This classification recognizes the needsr tailored planning of
hematopoietic cell transplantation (HCT) to addréssh lymphoid and myeloid
differentiation deficiencies in patients with AKZathogenic variations. While the
terms "typical" and "leaky/atypical" SCID have bistally influenced decisions
regarding allogeneic HCT with or without conditingi the 2022 Definitions solely

describe presenting clinical features and do nplyra preferred treatment approach.

[105]
T cell Evaluate Low CD132 XL, IL2RG deficiency
lymphopenia expression of expression Screen IL2RG gene
| with || Repeat Counts €D132, | AR, JAK3 defici
Normal after 1 month IL2 and IL7 Low pSTATS Screen JAK3 gene
percentages of induced pSTATS expression
Naive T cells D127 ——
i ow
o Spreoon expression | AR, IL7Ra deficiency
3 Lymphocyte B+ Screen IL7Ra gene
%5 Subset
s analysis
Zg I + Naiveand | Reduced RBC
) Memory T ADA levels-
T‘: cells | T AR,ADA
2 T lysi deficiency
é RECanalysis screen ADA gene
I Thcell : 4 B- = Reticular
ymmﬁe"'a dysgenesis, AK2 NK+
U reduced/Absent | gene SGeel
Naive Th/Tc cells RAG1/RAG2/PRKDC/LIG4
CD4+Tcell | | HLA DR | | MHCClass I
low/absent expression deficiency
L| Isolated T cell
lymphopenia
D8+ Tcell HLATABC il
lymphopenta || expressxon/A — ef |C|eqcy/
ZAP70 expression ZAP70 deficiency

TABLE 8. ALGORITHM FOR DIAGNOSIS OF SCID PATIENTS USING FLOW

CYTOMETRY-BASED ASSAY 11
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TABLE 9. PIDTC Criteria and Definitions for SCID 20 22: 1%

SCID subtype

Diagnosis requires

Criterion 1

Criterion 2

Criterion 3

Criterion 4

Typical SCID (very Criteria 1 & 2 Very low T cells Pathogenic No alternate explanation Presence of TMEY
low autologous OR Criteria 1 &3 (<0.05 X 10°/L) gene for low T-cell count]
T cells) OR Criterion 4 variant(s)t AND, EITHER:
Undetectable or low
TRECs§
OR <20% of CD4"
T cells have naive
cell surface markers
Leaky/atypical SCID Criteria 1 & 2 & 4 Two or more of: Pathogenic Reduced proliferation’f Does not have:
(low T cells) OR Criteria 1 & 3 & 4 ® Low T-cell number gene @ Other SCID subtype
for age (0.05-1.0 variant(s) o CID with
X 10°/L)# known genotype
@ Oligoclonal T cells @ Thymic disorder
@ Abnormal TRECs @ Other disorder
OR <20% of CD4" with low T-cell
T cells are naive numbers
Omenn syndrome All 4 Criteria >80% of CD4™ T cells Pathogenic Generalized rash Two or more of:

have CD45RO* gene AND Absence of TME

memory phenotype variant(s)

@ Eosinophilia
(0.8 X 10°L)
® Elevated IgE
©® Abnormal TRECs
® Lymphadenopathy
® Hepatomegaly
and/or splenomegaly
@ Oligoclonal T cells

*T-cell subset determination (with y phenotyping) should be repeated at least once, with the second test used as the criterion value. In patients with an identified pathogenic
variant, the interval between tests must be at least 1 wk; however, in patients without an identified pathogenic gene variant, the T-cell number must remain <0.05 X 10°/L for at least
8 wk to qualify as typical SCID due to the potential for spontaneous improvement, with a shorter interval only if urgent hematopoietic cell transplant is required before 8 wk.
‘FPathogenic variant(s) identified in a gene whose product is known to be essential for T-cell development (examples in Table I1I).

}Alternate explanations for low T-cell counts include those listed in Criterion 4 of leaky/atypical SCID.

§Number of TRECs below the normal cutoff, or cycle threshold value above the normal cutoff defined as consistent with SCID by performing laboratory.

||Naive T cells should be measured via CD3/CD4/CD45RA, or with additional naive markers.

9Best performed by DNA analysis, such as with short tandem repeats, from whole blood or CD3-seperated cells, with any level of detection considered positive. Documented TME
classifies patients as typical SCID; TME testing is strongly recommended for patients considered to possibly haye leaky/atypical SCID.

#Low T-cell numbers for age defined as <0.6 X 10”/L (any age), <0.8 X 10”/L if aged 2-4 y, or <1.0 X 10”/L if younger than 2 y.

**Qligoclonal T cells as defined by laboratory performing testing, eg, <5 peaks in >4 T-cell receptor (TCR) Vbeta families on spectratyping, evidence of expansion of >2 TCR
Vbeta families to >2 X the upper limit of normal for those families, or low Shannon [H] entropy index on high-throughput sequencing of TCR Vbeta variable regions.
+1Reduced proliferation is defined as a proliferative response to PHA, anti-CD3, or anti-CD3/CD28 <50% lower limit of reference range for laboratory.

1) TYPICAL SCID:

Patients classified as typical SCID have the mesgere deficiencies in T-cell
numbers; these patients are usually caused by pailiogenic variants in genes
critical for T-cell development; mutations in motigan 15 genes are known, but
mutations in 7 genes (IL2RG, RAG1, RAG2, ADA, DCLRE IL7R, and JAK3)
account for at least 80% of cases of SCID; novguseace changes in known SCID
genes require expert variant interpretation to rdeitee pathogenicity based on

available data; a common finding in many typicall3@enotypes is the presence of
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maternal T cells in peripheral blood, which is ttesult of the failure to reject
transplacentally transferred cells. Though it i®gent in approximately 50% of
typical SCID patients, the threshold for considgrifiransplacentally Transferred
Maternal Cells (TME) positive has not been defigly established. It is less
common in genetic subtypes like ADA, RAG1, RAG2danCLRELC, potentially
because of the elimination of maternal cells by Bidls or residual host T cells.
Additionally, the proliferation of transferred metal T cells over time may result in
delayed detection, where a blood sample obtaindg gulife that shows no TME
could later test positive upon repetition, parigglyl if T-cell numbers increase

significantly.

In a typical SCID, TME can increase the total numbieT cells. The T-cell
threshold for typical SCID in the absence of TMEsvgat at less than 0.3 x 1079/L in
the original PIDTC 2014 Criteria. However, in thevised PIDTC 2022 Definitions,
this was lowered to less than 0.05 x 10"9/L CD3 lIsde better capture patients with
profound T lymphopenia and limited proliferativepeaity. Before immune-restoring
therapy is started, T-cell enumeration and phemotymust also be done at least once
to rule out non-SCID conditions where T-cell levetsy be low initially but
eventually rise. Patients who have pathogenic mtgigdentified must wait at least
one week between tests; in the case of patientoutita genetic defect, T-cell counts
must stay below 0.05 x 1079/L for a minimum of digheeks in order to be
considered typical SCID, unless an earlier urgeemdtopoietic cell transplant

is required %
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2) ATYPICAL/LEAKY SCID :

Patients with partial impairments in T-cell numberariety, and maturity—
characterized by a decrease in naive T cells—assifled as having leaky/atypical
SCID. This disorder is caused by either unknowrecksf (called "atypical SCID") or
hypomorphic or "leaky" pathogenic variations in teme genes that cause typical

SCID (called "leaky SCID").

A diagnosis of leaky/atypical SCID is made when tad of the following
criteria are satisfied: (1) oligoclonal T-cell pdgtion; (2) low percentages of naive T
cells and/or low or undetectable TRECSs; (3) lowell-aumbers based on age-specific
thresholds (<0.6 x 10"9/L for any age, <0.8 x 10"jL. ages 2-4 years, or <1.0 X
10"9/L for children <2 years). The second or finabtpeatment value is used in

subsequent T-cell enumeration tests to identifyS6G¢D subtype.

The majority of patients with leaky/atypical SCID-early 90% of them—
have an identified pathogenic gene variant, whilgssifies them as leaky SCID.
Common gene defects in leaky SCID include RAG1, RASDA, and RMRP. If no
pathogenic variant is found, testing for Transpiaalty Transferred Maternal Cells
(TME) is important because the presence of matéfnzlls would instead indicate
typical SCID. If TME testing is not available, atyal SCID can be diagnosed if the
impaired proliferation in response to specific stim-PHA, anti-CD3, or anti-
CD28—is less than 50% of the lower limit of theemeince range. It's crucial to
remember that many laboratory results associatddatypical SCID can also arise in
specific types of CID brought on by thymic abnoritied, syndromes, or non-SCID

gene deficiencies such as WASP or CD40L. In orderute out known non-SCID
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disorders, patients lacking an identified pathogerariant in a known SCID gene,

particularly those with a BLNK1 lymphocyte profikhould be tested®®
3) OMENN SYNDROME:

Omenn syndrome is a form of leaky SCID charactdrizg an increase in
host-derived memory T lymphocytes entering the skid other organs, resulting in a
uniqgue widespread erythematous rash that is frelyueaccompanied by
lymphadenopathy, hepatosplenomegaly, and othercalisymptoms. The rash in
Omenn syndrome can be comparable to that seen aft-@&rsus-Host Disease
(GvHD), emphasizing the significance of ruling oltansplacentally Transferred
Maternal Cells (TME) and maternal GvHD around tlehts commencement to
precisely establish the diagnosis. The PIDTC 20dt#fa required Omenn syndrome
patients to have more than 0.3 x 107"9/L T cellswkleer, the amended 2022
Definitions recognize that any T-cell count is fbés in peripheral blood.
Furthermore, identifying Omenn syndrome now recuireeeting particular criteria: a
generalized rash, no TME, and more than 80% of TBélls expressing the memory
marker CD45R0O. Omenn syndrome has occurred in paspb were first diagnosed
as having conventional or leaky SCID, mandatingtiooed monitoring for its

progression.

Previously, some Omenn syndrome cases lacked amieeal pathogenic
SCID gene variant, but current standards requin®type confirmation for diagnosis,
with RAG1 or RAG2 mutations being common, but al&give genotypes do exist.
This allows for distinction from other forms of meal erythroderma, such as

Netherton and DiGeorge syndromes.
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Furthermore, Omenn syndrome patients must demdased least two

additional supportive features: Symptoms may inelatbnormal TRECs, elevated

eosinophil counts (0.8-1 x 1079/L), elevated IgE elsy lymphadenopathy,

organomegaly (hepatosplenomegaly), and oligoc®rells. !
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FIGURE 22. IMMUNOPHENOTYPING OF LYMPHOCYTE SUBSETS?
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Immunophenotyping of lymphocyte subsets involvesesd methodologies as

follows: 19

(A) Quantitation of the lymphocyte subpopulatiorioW cytometry can be used to
quantify T, B, and NK cells. The top panels (partklthrough 3) demonstrate side
scatter (SSC) and CD45-based lymphocyte identifinatBy using CD14, it is

possible to distinguish between monocytes that waintentionally belong to the
lymphocyte population. CD3- lymphocytes and CD3<¢€lls are classified further
into CD45+ lymphocytes. Panel 4 of the analysi€bB+ T cells looks for CD4+ and
CD8+ T cells, whereas Panel 5 looks for B and NKlscamong the CD3

lymphocytes. Fluorescent beads can be used foludbsguantitation (counting the

number of cells per microliter).

(B) ldentifying naive and memory T cells using flawtometry: CD3+ T cells can be
further separated into naive and memory subsetedbas certain cell markers
(usually CD45RA and CD45RO0, though other markery tp@ employed). In the
CD4+ T cell compartment of a healthy newborn, mgn@b45RO+ T cells are rare

and the majority of the cells are naive CD45RA+ellc

(C) Using flow cytometry to identify recent naivgymic emigrants: Since they are
freshly generated from thymic output, CD4+ T ceifsially do not exhibit antigen-
induced peripheral cell expansion and express CR3Marker for recent thymic
emigration. In a healthy neonate, CD31 is exprebyed significant fraction of naive

CD45RA+ CD4+ T cells.

(D) Flow cytometry-based identification of memonydanaive T cells in an Omenn

syndrome patient: There are typically no naive CRA% CD4+ T cells in newborns
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with leaky SCID or Omenn syndrome; instead, the&kmil T cells are oligoclonally

expanded and express CD45R0O, a memory marker. Duthet lack of thymic

secretion, they also have no recent thymic emigraht this patient, CD45RO
expression is seen in over 99% of CD4+ T cellshia blood, whereas CD45RA+
expression is absent. In addition to the clinicait$ linked to Omenn syndrome, this
patient also showed significantly skewed T cellepgor repertoire diversity and
missing thymic function. A RAG1 gene mutation linkeo a hypomorphic type of

SCID was seen in this female patietf!

PREVENTION:

1. Isolation measures: The relationship between iideand adverse outcomes
in HSCT patients with SCID is widely establishdtt®® Parents must
prioritize placing their infant in protective istitan, avoiding visitors and
social groups, especially with other small childsgho may unintentionally
carry diseases from school. To reduce illness riskisication of household
members about universal measures and proper hamthtgm is critical.
Given the COVID-19 era, parents should also stésarof social events to
avoid bringing home transmittable diseases. If taily member exhibits
signs of infection, isolating them from the SCIDiipat becomes imperative.
Minimizing clinic visits is recommended to redugekscontacts; however, if a
clinic visit is necessary, thorough disinfection thie room, limited staff

interaction, and the use of protective equipmeatesisential precautions.

2. Dietary consideration: The avoidance of well waigrcrucial due to its

potential for waterborne infections like Cryptosgarm, Norovirus, Giardia
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lamblia, Campylobacter, or rotaviru$!® One should use bottled water or

bolied tap water as a safer alternative.

. Vaccination: Vaccination plays a crucial role, litig essential to understand
the types of vaccines suitable for patients withC5Q.ive attenuated vaccines
like mumps/measles/rubella, varicella, BCG (Badilalmette-Guerin), oral
polio, and rotavirus vaccines are not recommendsa td the risk of life-
threatening infections. Inactivated vaccines aferssince they do not cause
infection, although they may be less effecti%€” For household members,
using live viral polio vaccine is not advised asaduld lead to viral shedding
and active infections in immunocompromised indiwtu™?® Similar caution
is advised for other live vaccines like varicellmeasles, and Rotavirus
vaccines in siblings*?* 122 However, standard vaccines, including the
COVID-19 vaccine and annual influenza vaccine, ateial for maintaining
herd immunity in the family, including extended fiazmmembers who

frequent the household.

Breastfeeding: Breastfeeding practices should befuly managed in the
context of maternal cytomegalovirus (CMV) status hdvised to suspend
breastfeeding until CMV status is known because CMMI shedding is
common in CMV-positive mothers. Even in cases afctive CMV infection
(CMV IgM-negative and CMV IgG-positive), breastféegl should be avoided
due to the potential risk of viral excretion an@atvation in SCID infants,
(1231 which can lead to life-threatening disseminatefédtion and increased
mortality after hematopoietic cell transplafit® While research has shown

similar CMV infection rates in SCID infants regaeg$ of their mothers' CMV
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status, further investigation is necessary to astes risk-benefit balance of
breastfeeding in this patient group. During thisting period for CMV status
confirmation, mothers may opt to continue pumpimgalst milk to maintain
milk production. However, if the mother tests psitfor CMV 1gG and/or
IgM, breastfeeding should be avoided, and readg¢d- infant formula is
recommended.® Conversely, if the mother is CMV seronegative,
breastfeeding can be resumé& although there remains a potential risk of
CMV transmission if the mother acquires CMV infecti after serology

screening.

5. Blood products: Regarding blood products, precastishould be taken to
prevent CMV transmission and graft-versus-host adise (GVHD) from
donors' viable lymphocytes, including irradiatingpdd products, leukocyte

reduction with filters, and ensuring they are CMdgative 124

6. Antibiotic Prophylaxis: Furthermore, prophylactiegs against particular
infections are essential as soon as an infantgdss of SCID is confirmed.
This includes the use of oral trimethoprim-sulfahoe&zole or intravenous
pentamidine as chemoprophylaxis against Pneumacjsivecii pneumonia
(PJP), fluconazole as a fungal prophylaxis, azittygn as a MAC
prophylaxis, and acyclovir as a viral prophylaxgamst the Herpesviridae
family of viruses. During the respiratory syncytiddus (RSV) season, which
runs from November to March, palivizumab may alse taken into
consideration.*?? It is imperative to rapidly commence immunoglohuli
replacement therapy in order to boost the immunoédgfunction of the

newborn °°
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TREATMENT APPROACHES IN SCID:

It's recommended to isolate infants suspectdtheing SCID right away and
to avoid contact with sick people. Healthcare pgefenals should refrain from giving
live vaccinations, such as the rotavirus vaccimel suggest to moms refrain from
breastfeeding while their mother's cytomegalovi@VV) IgG level is being
assessed for prior exposure. An immunologist's Wtatson is an essential next step.
Detailed family history, including consanguinitynda a comprehensive physical
examination to screen for congenital abnormaliiieigctions, rashes, and respiratory
condition should be part of infant care. Repeatimg measurement of lymphocyte
subsets, such as T-cell CD45RA/RO using flow cytiomeand getting quantitative
serum immunoglobulins are necessary for the coatfion of lymphopenia.
Lymphocyte function should be tested via PHA stiatioh. For newborns who fit the
SCID criteria, 1gG replacement therapy is commenéattlitional tests include blood
chemistry, albumin and liver function tests. Infeottests should include PCR or
antigen (rather than antibody) for adenovirus, CNBBV, Hepatitis B, HIV, HSV,
and parvovirus B19. To avoid iatrogenic anemias itecommended to restrict the
amount of blood drawn. Fluconazole and acyclove administered sequentially

during the first two weeks of prophylaxis, followeg TMP-SMX after four weeks.

[90]

The newborn child suffering from severe combinednimodeficiency would
require frequent hospitalization with many testd aavere painful examinations. The
patient is completely isolated, like being in a bkgb This is because there are high
chances of getting an infection from the surrougsithrough sources suchthe

parents, relatives or the hospital setting itSEffe cytomegalovirus is one of the most
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easily infecting viruses in patients with severanbmed immunodeficiency. This
virus could lead to years of difficulties in theildhleading to disabilities and long-
duration symptoms. The child needs to be isolatedn fovercrowded areas like
playgrounds, group child care, shops and many qthblic places. There is no major
role of nutrition and diet in this disease, busitmportant for the proper growth and
development of the child. The newborn with sevesmlgined immunodeficiency is
not able to sustain and absorb the given diet duehtonic diarrhoea resulting in
malnutritional diseases. For maintaining nutritiotravenous diet is provided as the
child is in a weak condition for any oral feétf> The symptomatic treatment is the
first line of treatment for the disease. The clmkkds to be stabilized and cleared of
all the secondary or opportunistic infections frtm body by treatment with various
classes of drugs like anti-bacterial, anti-virafidungal, anti-helminthic and other
related drugs. The specific treatment for the gamgation cause is done by the
following therapy: hematopoietic stem cell transpédion (HSCT), gene therapy,

enzyme replacement therapy (ERT), and chemothelafly.
1) Hematopoietic Stem Cell Therapy (HSCT):

The recommended presumably curative treatment @DSs hematopoietic
stem cell transplantation (HSCTY" '8 Although HSCT saves lives, it only partially
restores immunity since recovery is a dynamic ecg® SCID patients that
underwent transplants before the age of 3.5 momgasthe best survival ratd&®”
Early transplantation provides the greatest outconfie SCID neonates!**!
Adenosine deaminase conjugated with polyethylegeofjl(PEG-ADA), an enzyme
replacement drug, has been used to treat SCIDfamts with ADA deficiency with

modest efficacy, but it is not curativé’
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Infants diagnosed to have SCID are treated with HS0s0 known as bone marrow

transplant. This is a complicated medical procedaé necessitates significant time

and planning® *! After selecting a suitable donor, hematopoiet&mstcells are

harvested and infused into SCID newborns. Theseainra stem cells eventually

mature into red blood cells, white blood cells, ptatelets. These cells multiply over

time, resulting in a restoration of immunity. Thandval rate for this kind of

procedure is between 70 and 95 perdéfit.

1)

2)

3)

Factors affecting the outcome of HSCT: Early trdasgation (1-4 months of
age) lowers the risk of opportunistic infectionsl dailure to thrive™%

Finding HLA-compatible donors for hematopoieticrsteell transplantation
can be difficult due to the infant's lack of HLA-tohed siblings. This search
may prolong treatment, raising the risk of additibinfections or diseases.
Pre-treatment conditioning: Prior to HSCT, childranay be offered
chemotherapy to prepare their body for the new stelts. This pre-treatment
frequently leads to defective B cell reconstitutiorequiring lifetime

immunoglobulin replacement therag: ** ™
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FIGURE 23. HSC GENE THERAPY*?!

Hematopoietic cell transplantation (HCT) has vagymortality rates among
patients with this disease, as seen in differemtliss. Retrospective studies from
multiple centers show an overall survival rate &%6to 70%, whereas recent
prospective studies report higher rates, rangiognf85% to 90%"34 The most
significant factor impacting mortality is the usé ratched sibling donors (MSD),
which yields better outcomes than other donor categ. An in-depth analysis of 571
non-MSD HSCT patients revealed several factorsi@rfting survival, including age,
infection status at the time of HSCT, genotypealf¢iymus transplantation (FTT),
and race/society” Skipping a conditioning regimen (CR) has potentiehefits,

such as avoiding chemotherapy-related side effats reducing the risk of graft-
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versus-host disease (GVHD) due to less stressoipignt epithelial cells. However, it
limits donor myeloid engraftment, leading primarityp donor T-lymphocyte
progenitor engraftment®*! On the other hand, using CR with myeloablativenége
generally promotes stem cell engraftment, resultingetter reconstitution of T- and

B-lymphocytes.

Retrospective analyses found no significant difieeein survival between no-
CR/immunosuppression-only approaches and reducedsity conditioning (RIC) or
myeloablative conditioning (MAC) containing busuifaHowever, in cases of active
infection during transplantation, using CR was asdged with poorer survival
outcomes. In such instances, a two-step proceda® proposed: an initial HCT
without CR, followed by a second HCT with CR onbe infection clears, facilitating

stem cell engraftment.

For patients with RAG and DCLRE1C deficiencies,ngsCR makes sense
due to residual NK cell function and the need &aclthymic and marrow niches for
donor progenitor engraftment* However, it becomes complicated in cases of
DCLRELC deficiency and other DNA repair defectsCés has been linked to severe
long-term toxicity. Consequently, alternative stgies, like a chemotherapy-free
myeloablative approach with anti-stem cell monoalomantibodies, are being

explored "]

Typically, HSCT with MSDs is done without CR ancheves survival rates
exceeding 90%. Some centers are now exploring eztitaxicity CR approaches for
MSDs to enhance donor B-lymphocyte engraftment aanbid extended

immunoglobulin replacement therapy.
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Severe combined immunodeficiency is a life-threiigicondition unless treated with
stem cells capable of rebuilding a functional immwystem. The most successful
outcomes have been observed when using donors \ithin the family who have

identical HLA types to the recipient. In one study92.3% long-term survival rate

was found among patients who underwent RID (Relktie@-Identical Donor) BMT.

[138]

In one of the studies, for the majority of SCID ipats (>85% of cases), perfectly
matched donors are unavailable, necessitating @eration of alternative options like
MMRD (Molecular Minimal Residual Disease) or MUD étthed Unrelated Donor)
BMT. Survival rates for patients undergoing MMRD BMaried from 45% to 78%.
[135. 139 140t \was concluded that MUD BMT not only significgnenhances SCID
patient survival but also leads to robust long-témmmune reconstitution™*®! The
ultimate goal of BMT for SCID patients is to fulkestore immune function and
enable them to lead normal, unrestricted livesfindely. Over 80% of patients who
received a MUD transplant exhibited robust immumeonstitution, with near-
complete restoration of humoral immunity in mostiguats.*® Critically, none of the
long-term  survivors showed increased susceptibilitpy infections or
malignancies. Conversely, almost one-third of MMBIMT recipients required a
second transplant due to graft failure, and 38.9%ong-term survivors exhibited
abnormal T-cell receptor expression. These findimdign with recent reports
outlining immune dysfunction post-MMRD BMT for SCIB*" **? Rigorous donor
T-cell depletion is necessary with MMRD BMT to pesn severe graft-versus-host
disease, yet this depletion may contribute to dmlagnd aberrant engraftment,

leading to heightened infection risk or immune egsiation*®!
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Towards Precision Medicine and a Personalized Approach
to Hematopoietic Stem Cell Transplantation and Cellular Therapy for Inborn Errors of Immunity

Optimizing of disease control Reduced toxicity Post transplant care
Targeted therapy conditioning Cellular therapy to boost
+ immune recovery

Monoclonal antibody
Individualized dosage
optimization of conditioning  [JRadd thfrfpg 50 trelz_at t‘r_ansplant-
(Pharmacokinetic study) ISHea.Lomplicanons

Early diagnosis

Vaccination

®
.. Newborn (=) \\/\
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(o)

H screening

Survivorship program
Screening for late effects

Surveillance, prophylaxis and
treatment of infection prior to
and during HSCT

Precise graft prescription
Graft engineering

Precise molecular
diagnosis

FIGURE 24. APPROACH TO HSCT FOR INBORN ERRORS OF IMMUNITV*!

2) GENE THERAPY:

{Klug & Cummings 1997)

Bacterium carrying ' '
plasmid with cloned normal ~ Genetically disabled
human ADA gene retrovirus
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i
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T cells incorporated into virus
with disabled ADA gene .
isolated from SCID patient Genetically altered
cells are reimplanted,
produce ADA 1

0
® 9

D)
n ¥ o
(/ Retrovirus infects @
T cells, transfers e—-
O ADA gene to cells  Cells are grown @
in culture to ensure

@1 ADA gene is active
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b 4
FIGURE 25. GENE THERAPY FOR scCIpM4
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SCID results from a faulty Adenosine Deaminase (Al&ne. To address
this, a retrovirus is genetically engineered tayc#ne normal human ADA gene and
is capable of transferring its DNA into normal enyatic cells (transfection). In cell
culture, isolated T-cell stem line cells from thetipnt are exposed to this retrovirus,
absorbing the ADA gene. By reintroducing these dgamic cells into the patient's
bone marrow, a lineage of cells with functional AD# established, effectively
treating SCID. Gene therapy has shown promise &ffactive treatment, notably for
X-linked SCID.™*! n this procedure, stem cells are extracted froenpatient's bone
marrow and the normal gene is introduced via aeraknown as a vector before the
repaired cells are returned to the pati€fitinitial attempts at gene therapy to treat X-
linked SCID in children were successful in restgrif cell function.®? However,
approximately 25% of these infants got leukemia 38 years later. This outcome was
linked to the vectors used in gene therapy, whigdrewsuspected of improperly
activating genes involved in cell formation, remgtin leukemia. Modern gene
therapy procedures now use modified vectors, wiaich more efficient and have

fewer potential hazard€® 14!

Artemis SCID gene therapy is now attainable foami$ diagnosed with X-
linked SCID. This process entails extracting herpaitic stem cells with the mutant
gene from bone marrow or blood. The extracted gertben duplicated in a lab to
create "corrected" copies. These copies are thsmmted into a deactivated virus,
enabling for effective entry into hematopoieticnsteells. Once within the cell, the
regular hematopoietic stem cell fuses with the m®py, incorporating it into the
hematopoietic stem cell pool. This repaired cell tien permitted to divide

and preserved in a cryogenic environment. The newtsoconditioned!*® *4”) either
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with chemotherapy or immunosuppressive drugs, befioe corrected hematopoietic

stem cells are injected via IV and disseminateduthout the body’* 3%

Gene therapy has proven to be quite effectivedatiing SCID patients. This
involves incorporating a viral vector containinge thorrected gene into the patient's
hematopoietic stem cells (HSCs), integrating ibitiieir genetic structure, and then
reintroducing the transformed cells into the bol§? It has successfully treated
people with both X-linked and ADA-deficient SCID. oitever, early trials
experienced difficulties such as graft failure, andcertain cases, vector insertion
resulted in mutations, causing lymphoproliferatéord leukemia, notably in X-linked
SCID cased!*®! Retroviral vector designs have been modified tteorlleviate these
potential risks. This includes using self-inactingt gamma-retroviral vectors with
modified U3 sections, as well as lentiviral vectots reduce the likelihood of
mutations during integration. Emerging gene editiechniques use particular DNA
cleavage enzymes to delete the defective geneeguldce it with the corrected form
using the cell's natural DNA repair mechanisms.sTleivel of precision enables
greater control over gene expression, making ibeerbiologically accurate technique
of genetic modificatior*® While promising in cell lines, attaining comple&pair
of genetic abnormalities in primary HSCs has bewngicated. Current gene therapy
techniques do not reliably cure all genetic abnditrea. Some studies used low-dose
chemotherapy to improve the engraftment of treattsin cells, giving them a
competitive advantage over untreated cells. With plotential widespread use of
SCID screening, a chemotherapy-free alternativetdaodard HSCT or gene-targeted
therapy may become viable. This method would akeviworries about long-term
adverse effects while also ensuring a long-term @fféctive immunological

recovery 126151
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FIGURE 26. Gene therapy clinical trial for adenosine deamirssere combined
immunodeficiency disorder CD34+ cells are extractesin the child’'s marrow,
transduced with a viral vector expressing ADA, aafier mild myeloablation, are

reinfused into the same patiefit?
3) ENZYME REPACEMENT THERAPY:

The enzyme polyethylene glycol-conjugated adenosiraminase (PEG-
ADA), also known as Revcovi/ Elapegademase, utilize Enzyme Replacement
Therapy (ERT), is accessible for both children addlts diagnosed with ADA-SCID.
ADA-SCID individuals lack the essential enzyme am@ne deaminase, crucial for
proper immune system functionality?® In ERT, children with ADA-SCID receive
weekly intramuscular injections of Revcovi / Elapdgmase’ containing the
deficient enzyme, aiding in the restoration of nafrmmune function. Following
initial guidance, parents can administer thesectigas at home, eliminating the need
for medical assistance. ERT serves as a significdatim solution for ADA-SCID

patients, even if they are considering more permiamgerventions such as HSCT.
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This temporary approach rapidly reduces the builofugppecific toxins caused by the
absence of the ADA enzyme, which leads to the detstn of white blood cells,
including T cells, the underlying cause of SCID.ndidistering ERT to infants before
HSCT increases T cell counts, enhancing resistaocmfections until definitive
treatment is obtained. In certain cases, ERT magxtended over months to years.
(1531 However, HSCT or gene therapy are generally predelong-term solutions. The
duration of ERT and the optimal stopping point vagsed on the child's choice of
treatment, which physicians discuss with parentdetermine the most appropriate
course of action. Additionally, although not defively proven, elevated toxin levels
are suspected to contribute to secondary compitsitin ADA-SCID cases. While
many patients may not experience significant seapngsues, some may encounter
challenges such as liver problems, skeletal isssk# tumors, or neurological
disorders. Reducing toxin exposure early on maemally mitigate the risk or
severity of these complications. Nonetheless, oaw/ldack of ERT is the requirement
for regular muscle injections, typically once oridev weekly. Furthermore, lifelong
commitment to this treatment is necessary andsecated with side effects such as
coughing, vomiting, anemia, skin concerns, ands& of immune system-related

cancers!26: 154
4) CHEMOTHERAPY:

Following a confirmed diagnosis, the focus shiftsdetermining the most
effective treatment strategy. One approach is tooduce unfractionated donor
hematopoietic stem cells (HSC) without preparattleemotherapy, aiding in T-
lymphocyte immune recoverf*® However, the success of establishing thymopoiesis

and the durability of T-lymphocyte function varysea on the patient's phenotype and
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genotype. Infants with NK cell-negative SCID getigrdave better survival rates
compared to those with recipient NK cells, as thgyically possess a substantial
presence of donor T-lymphocytes, ensuring susta@ied+ T-lymphocyte immunity
without the necessity for prior chemotherapy. Cosely, the presence of recipient
NK cells strongly suggests the need for preparativemotherapy to facilitate the
engraftment of T-lymphocyte precursors, promotingbust and enduring T-
lymphocyte reconstitution!**® However, the choice of donor also influences
outcomes; utilizing an unrelated HLA-matched dosignificantly increases the risk

of graft-versus-host disease (GvHD) compared toguaimatched sibling donor.

There are various concerns associated with chemagtheonditioning. Acute
toxicities are frequently observed, and if an aciivfection is present, mortality rates
rise unless a matched sibling donor is availablgil®turability and sustainability of
thymopoiesis and B-lymphocyte function are moreeliikin most SCID forms
following chemotherapy, especially in those witleipgent NK cells, concerns arise
about the effects of chemotherapy, even in shoratiins, on young infantd™>®
Currently, comprehensive multicenter studies evalgahe long-term (over 20 years)
immunological, overall health, or quality-of-lifeuttomes of HSCT in SCID,
including chemotherapy preconditioning and direonar inoculum infusion, are
lacking. As most infants are now diagnosed durihg heonatal period through
newborn screening initiatives, the challenges aasmt with administering
chemotherapy are receiving increased attenttdf While the risk of mortality from
chemotherapy, particularly in healthy patients withother health issues, is low, it is
not negligible, prompting exploration of alternatistrategies*?® Chemotherapy
conditioning enhances immunoreconstitution but coméh short- and long-term

toxicities, as well as increased mortality ratefie Timplementation of newborn
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screening for SCID will drive efforts to discoveafs and efficient approaches to
achieving donor cell engraftment and complete imoneconstitution without

harmful consequence$>®

Minimally intensive regimens utilizing monoclonaitéoodies have effectively
treated SCID, even in the presence of significaatith issues!®*” In animal models,
the administration of an anti-c-Kit receptor antigpwhich disrupts a vital signaling
pathway involved in HSC homing, adhesion, mainteeamnd survival within the
hematopoietic niche, has shown promising resultsnagiven in utero, followed by
transplantation on the first day of life. Howevédunrther research is required to
confirm actual patient benefits. Nonetheless, ctihtrials utilizing therapeutic-grade

antibodies are currently in the planning sta§é3.
5) TREATMENT OF INFECTIONS:

Reverse isolation, which includes maintaining thegtigmt in a protected
environment, avoiding live immunizations, employithgerapeutic immunoglobulins,
and starting early preventive antibiotic treatmeat) help manage infections even if
stem cell therapy (SCT) is the ultimate treatmentSCID. In the treatment of SCID,
early prophylactic antibiotic medicine is frequenitilized to lower the incidence and
severity of infections, especially bacterial sinlbponary infections. Preventive
antifungal and antiviral drugs are also thoughibeéccrucial in SCID. The past twenty
years have seen the development of novel antifumgalications, such as liposomal
amphotericin B, voriconazole, posaconazole, andvuisanazole, as well as

echinocandins like micafungin, caspofungin, andlafaifungin.[’”
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6) ANTIBIOTIC PROPHYLAXIS:

Prophylactic administration of Sulfamethoxazoleagthoprim prior to stem
cell therapy aims to combat pneumocystic pneum@@P), predominantly caused
by Pneumocystis jirovecii. Fluconazole is commordgministered to prevent
mucocutaneous candidiasis, while acyclovir is usedprevent HSV infection.
Antifungal medicines have been used to treat imeagiulmonary aspergillosis in
persons with SCID. Oral valganciclovir is being sinébed as an alternative to
ganciclovir in immunocompromised children with CMMection, particularly those
with SCID. Valacyclovir has been used in invesigas to investigate the tropism of
herpes simplex virus (HSV-1) for human sensory oesirinfected in vivo, utilizing

dorsal root ganglion xenografts from SCID miéé 16
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MATERIALS AND METHODOLOGY:

Over the course of a year (January 2023 to Dece2biz3), 1550 newborns
delivered vaginally or via cesarean section at€hE's Dr. Prabhakar Kore Hospital
& MRC in Belagavi, Karnataka, India, were includedhis prospective longitudinal
study. The study covered all babies born with destal age more than 32 weeks.
There were 709 females and 841 males. Their mestatgmal age was 37.44 + 1.74
weeks, with a range of 32-41 weeks. Their weightgm2.71 + 0.49 kg) spanned
from 1.3 to 4.3 kg. Merely five of the 1550 newb®rrshowed congenital
abnormalities, whereas seventeen had a family rijistd unexplainable sibling
deaths. Of the 1550 newborns, 670 were delivereddgynal delivery and 880 via
cesarean section. Out of 1550 neonates, 108 neealgdand mask resuscitation.
Before enroliment, the parents or other caregivdreach child provided written
consent in their language. The institutional etliommittee gave its approval to the

study protocol.

SOURCE OF DATA: Umbilical cord blood obtained from newborns bom t
mothers more than 32 weeks period of gestation gdne consent for the study
delivered in labour rooms and operation theatres teftiary care hospital in Belagavi

between January 2023 to December 2023.

INCLUSION CRITERIA: Newborns more than 32 weeks of gestation
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EXCLUSION CRITERIA:

1. Newborns less than 32 weeks of gestation

2. Antenatal use of steroids or immunosuppressive cagidns for more than 5
days.

3. Trisomy 21

4. Hydrops

5. Parents not consenting for the study.

SAMPLE SIZE:

1. Sample size was calculated assuming the proportibnincidence of
lymphopenia as 1.61% as per the study by El-Sagst &l.=!

2. Sample size calculation were based on 0.54% alesqitgcision and 95%
confidence level. The sample size was calculatedyube following formula.

3. Based on previous hospital records, 4000 possiidéle individuals were

estimated to attend the study throughout the daltaation period. As a result,
a finite population adjustment was done for 400€cakding to Daniel WW et
al.'s study, the sample size was calculated usadailowing formula.

B NZ?P(1 - P)
~d?(N-1)+ Z2P(1-P)

!

n

Wheren’ = Sample size

N= Size of population4000

Z= Z statistic for a confidence level=960

Page 95



Methodology

P = Expected prevalence/proportion of outcome= 0.0161

d = Precision.0054

According to the calculations above, the requirachgle size was 1372. To
account for a non-participation/loss to follow-wgde of around 5%, an additional 69

subjects were added to the sample. As a resulf, W44 the final sample size.
STUDY MEASUREMENTS:

An in-depth antenatal and perinatal history wasitelii from the mother. A
family history of previously diagnosed PID sibliog death, whether from infections
or an unknown reason, was also considered. Apgaesavere recorded for all babies
after one and five minutes. Furthermore, all neemainderwent a thorough general

and systemic clinical evaluation.

Each infant's umbilical cord blood was obtainedltattime of delivery) under
strict aseptic conditions and placed in a vacutainlee containing ethylene diamine
tetraacetic acid (EDTA). Complete blood count wescpssed using Sysmex XN 350
— 5 part analyzer including hemoglobin (HB), wHileod cells (WBC), platelets, red
blood cells (RBCs), absolute lymphocyte count (Ala®d absolute neutrophil count
(ANC). Manual differential was done. Parents of hem infants with lymphopenia
were advised against administering live attenuatestcines until further

investigations were conducted.
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STUDY PROTOCOL:

ALC

1500 -2500/uL >2500/ul

Lymphocyte

subset analysis - Repeat CBC

No further
Flow Cytometry after 1 month intervention
\
T cells B cells NK cells If repeat ALC
. <2500/uL

[

Genetic Test by NGS J

FIGURE 29: STUDY PROTOCOL
Absolute lymphocyte count >2500/uL in the cord blogample was
considered as normal and no further interventios dane.
Absolute lymphopenia in any cord blood sample wefindd as absolute
lymphocytic count<2500/pL.
If the Absolute Lymphocyte Count (ALC) was betweEs00-2500/uL and
mother had received steroids for less than 5 didwgs follow-up CBC was
scheduled after one month to check ALC. On one mtmitow up, newborns
with ALC <2500/uL were subjected to Lymphocyte Stb&nalysis (LSSA)

by Flow Cytometry.
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+ Lymphocyte Subset Analysis (LSSA) by Flow Cytomeivgs performed in
newborns with ALC less than 1500/pL in cord bloadhple.

+ If Flow Cytometry was suggestive of SCID, then thgstients were subjected
to a genetic test — Whole Exome Sequencing (WES)/N&eneration
Sequencing (NGS) for confirmation.

« Parents of newborns suspected to have SCID wenasetled regarding the
condition, including the need for antenatal diagmos the subsequent

pregnancy.

FLOW CYTOMETRY FOR LYMPHOCYTE SUBSET ANALYSIS:

Flow cytometric analysis was performed on EDTA-blagamples from the
cord blood of newborns to determine the absolutabers of T cell subsets (CD3,
CD4, CD8), B cells (CD19), and NK cells (CD16/CD5Quantification was carried
out using Multitest 6-color TBNK and Truecount bsaith accordance with the
manufacturer's instructions (Bioscience BD, SareJ@A). T cell subpopulations
were further characterized by identifying recenintic emigrants (RTE), naive and

memory CD4+ T cells, and, if plausible, other T &dell subsets.

Following a 15-minute room temperature incubatioarigd of EDTA
samples with suitably titrated antibodies, erytgtes were lysed using BD FACS
Lysing Solution (BD Beckman Dickinson, San Jose,) @Afacilitate T cell analysis
on EDTA blood samples. Before being incubated vétitibodies, samples were
subjected to two washes for B cell analysis. A BallFlow Cytometer (Beckman
Coulter, San Diego, CA) was used for data acqarsitThe cell subset identification
process involved the use a variety of antibodiesnfmanufacturers such as Becton

Dickinson, Beckman Coulter, R&D Systems, eBioscgnavitrogen, and Dako. T
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cells were gated as CD3+, and further classifiedollews: naive CD4+ (CD4+,
CD45RA+), recent thymic emigrants (CD4+, CD45RA)31+), CD4+ memory
(CD4+, CD45R0+), follicular-like CD4+ (CD4+, CD45RQCCR5+), regulatory T
cells (CD4+, CD25++, CD127-), naive CD8+ (CD8+, GB2 CD28+), early
effector memory CD8+ (CD8+, CD27+, CD28-), and lafeector memory CD8+
(CD8+, CD27—, CD28-). CD19+ B cells were gated #reh further categorized as
IgM memory (CD27+, IgD+, IgM+), class-switched (CD2 IgM-, IgD-), naive

(IgD+, IlgM+, CD27-), and transitional (IgM++, CD38+CD24+).[16% 162]

FIGURE 30.BD FACS™ FLOW CYTOMETRY SYSTEM. 1162

5 Steps to your flow cytometry panel

n |

Set cytometer

configuration Select antigens Select fluorochromes Select the products Review panel summary
Know the channels you  Know the biology of Select the laser channels Select the clone and Review the selected
have to work with your experiment to use package size antibodies by laser

FIGURE 31. WORKFLOW OF FLOW CYTOMETRY ¢!
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Innate tube
Fluorochrome Pac BV711

Orange
Target CD127 CD45 CRTH2 CD56 CD117 testedCD CD3 CD19 CD14 CD11c CD123 HLA-DR CD16
clone A019D5 2D1 BM16 HCD56 104D2 UCHT1 LT19 MEM-15 BU15 6H6 L243 3G8
Volume 1.25 pl Sul 2ul 125 25 25y 254 25 125 125l 25 254
Adaptive tube
Fluorochrome Pac

Orange
Target CD45RA CD45 CXCR5 CD27 tested CD127 CD4 IgD TCRgd CD19  CD25 CD3 CcD8

CD
clone MEM-56 2D1 J252D4  LT27 AO19D5  MEM- 1A6-2 B1 LT19 MEM- UCHT1  MEM-31
241 181
Volume S5pl 5ul 06254 254 0625  25p 254 Syl 125 1.254 254 25 dried
reagents

Dried reagents shaded.

TABLE 10. SELECTION OF FLUOROCHROMES FOR LYMPHOCYTE SUBSET

GENETIC  ANALYSIS

ANALYSIS.[264

(NGS)/WHOLE EXOME SEQUENCING (WES):

STEP1:
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=

STEP 3:
Sequencing

BY NEXT GENERATION

SEQUENCING

STEP 2:

Library s
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+enrichment
P
o
e %
iRepertoire
STEP 4:

Analysis

FIGURE 32. NGS WORKFLOW [168]
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Next Generation Sequencing (NGS)/Whole Exome SemjngnWES) was
done on lllumina NovaSeq 6000. In this study, Débracted from the 3ml EDTA
blood was analyzed using the AmpliSeq for Illumimamune Response Kit v2, which
includes a pre-designed gene panel consisting ofpf@ary immunodeficiency
disease genes. The sequencing was conducted orchtde platform from Ampliseq
lllumina. Variant calling was performed using lorefporterTM Software, with
filtering to highlight variants specifically withigenes relevant to SCID and severe T
cell deficiencies. Using lon Reporter's ConfidenN\VG-CNVs Only filter in
conjunction with manual gene inspection of certénget genes, copy number
variants (CNVs) were found in the next-generati@guencing (NGS) data. IGV
(Integrated Genomics Viewer) was used to displayvBifles. The American College
of Medical Genetics and Genomics (ACMG) recommendatwere adhered to for
interpreting variants. Furthermore, a tailored gegramel intended for newborn
screening (NBS) was created utilizing the Ampli$gmina on-demand workflow.
Genes linked to congenital bone marrow failure,eseVvl cell deficits, metabolic

abnormalities, and SCID are included in this panel.

—
FIGURE 33. ILLUMINA NOVASEQ 6000 — KIT [ ILLUMINA NOVASEQ 6000 169
NEXT GENERATION SEQUENCING
MACHINE

Page 102



Methodol ogy

dupuanbas 101o0NpuodIWaS duipuanbas Jojeuiwia) 3|qISI2AY

-

SNOBURYNWIS MOY
8fp aeyIp Y Sapnospnu ¢

+X14 SO wnjueyy

bagiy Xvo bagi} 1474 jojunr SO

eulwnjj|

[167]

FIGURE 34. ILLUMINA SEQUENCING

Page 103



Methodology

STATISTICAL ANALYSIS:

For quantitative data, descriptive analysis wadopered using mean and
standard deviation; for categorical variables, gty and proportion were used.

Additionally, data was shown using suitable graphsuch as bar graphs.

Cross tabulation and percentage comparison werel tseevaluate the
relationship between explanatory variables andgoaieal outcomes. To evaluate

statistical significance, the chi square test widized.

The association between quantitative explanatoryabkes and categorical
outcomes was assessed by independent samplg2-grstups) will be used to assess

statistical significance.

P value < 0.05 was considered statistically sigaiit. IBM SPSS version 22

was used for statistical analy&&!

The sample size of the study was calculated to4dd.1However, since 106
samples were clotted and 3 newborn babies expinedtlg after birth, we have
accounted for these 109 missed samples and addsel tt the original sample size.
Thus, total of 1550 (1441+109) cases have beenidemesl for descriptive analysis,

while laboratory evaluation has carried out donel#41 cases.
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RESULTS:

Table 11: Descriptive analysis of gender in the stly population (N=1550)

Gender Frequency Percentages
Male 841 54.26%
Female 709 45.74%

Graph 1: Pie chart of gender in the study populatio (N=1550)

45.7%

Gender

54.3% mMale m Female
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Table 12: Descriptive analysis showing consanguigitin the study population

(N=1550)
Consanguinity Frequency Percentages
Present 191 12.32%
Absent 1359 87.68%

Graph 2: Pie chart showing consanguinity in the stdy population (N=1550)

Consanguinity

12.3%
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Table 13: Descriptive analysis of mode of deliveryn the study population

(N=1550)
Mode Of Delivery Frequency Percentages
Normal Vaginal Delivery 670 43.23%

LSCS 880 56.77%

Graph 3: Pie chart of mode of delivery in the studypopulation (N=1550)
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Table 14: Descriptive analysis of requirement of nenatal resuscitation (bag &

mask) in the study population (N=1550)

Neonatal Resuscitation required - Bag & MasK Frequency Percentages

Yes 108 6.97%

No 1442 93.03%

Graph 4: Pie chart of requirement of neonatal resusitation (bag & mask) in the

study population (N=1550)
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Table 15: Descriptive analysis of gestational agend birth weight (kg) in the

study population (N=1550)

95% C.I
Parameter Mean + SD | Median | Minimum | Maximum
Lower | Upper
Gestational Age

37.44 +1.74| 38.0 32.0 41.0 374 | 375
(In Weeks)
Birth Weight

2.71 +£0.49 2.7 1.3 4.3 2.7 2.7

(Kg)
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Table 16: Descriptive analysis of other associatedonditions contributing to

lymphopenia in the study population (N=96)

Other Associated Conditions Contributing to
_ Frequency | Percentages
Lymphopenia

Congenital Anomaly 5 5.21%

Idiopathic 23 23.96%

Preterm 48 50.00%

Sepsis 5 5.21%
Preterm, Sepsis 15 15.63%

Graph 5: Bar chart of other associated conditions @ntributing to lymphopenia

in the study population (N=96)
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Table 17: Descriptive analysis of Apgar Score in t study population (N=1550)

Apgar Score 95% C.1
Mean + SD | Median | Minimum | Maximum
(Out of 10) Lower | Upper
At 1 Min 6.67+1.11 7.0 2.0 9.0 6.6 6.7
At 5 Min 8.72+0.81] 9.0 5.0 10.0 8.7 8.8

Table 18: Descriptive analysis of dysmorphic featwes in the study population

(N=1550)

Dysmorphic Features Frequency Percentages

Present 30 1.94%

Absent 1520 98.06%

Graph 6: Pie chart of dysmorphic features in the sidy population (N=1550)
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Table 19: Descriptive analysis of family history /sibling death in the study
population (N=1550)

Positive Family History / Sibling Death Frequency Percentages
Yes 17 1.10%
No 1533 98.90%

Graph 7: Pie chart of family history / sibling deah in the study population
(N=1550)
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Table 20: Descriptive analysis of mean laboratory grameters in the study

(N=1441):

95% C.I
Lab Parameters| Mean + SD | Median | Minimum | Maximum
Lower | Upper
Haemoglobin
14.9 + 2.06 14.9 9.4 21.5 14.8 15.0
(Gm%)
WBC Count
14.94 +3.62| 14.7 5.4 28.9 14.8 15.1
(X2103/ul)
ANC (X103/ul) 9.58 +2.95 9.6 1.1 20.7 9.4 9.7
ALC (X103/ul) 4.46 +1.84 4.2 0.9 14.5 4.4 4.6
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Table 21: Descriptive analysis of absolute lymphopea in the study population

(N=1441)

Absolute Lymphopenia (ALC<2500/ul) | Frequency | Percaages

Yes 96 6.66%

No 1345 93.34%

Graph 8: Pie chart showing incidence of absolute tgphopenia in the study

(N=1441)
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Table 22: Descriptive analysis of babies with Absote Lymphopenia

(ALC<2500/pl) in the study population (N=96):

Parameter Frequency | Percentages
Flow cytometry (LSSA) (N=12)

Done 9 75.00%
Lost to follow-up / Death 3 25.00%
If Flow Cytometry (LSSA) done, (n=9)

Normal Pattern 5 55.56%
Suspected SCID Pattern 4 44.44%
Follow-up (ALC after 1 month) (N=84)

Done 65 77.38%
Lost to follow-up / Death 19 22.62%
If Follow-up (ALC after 1 month ) done, (N=65)

Sent for Flow cytometry (ALC<2500) 3 4.62%
Normal (ALC>2500) 62 95.38%
Sent for Flow cytometry (LSSA) (N=3)

Normal Pattern 3 100.00%
Overall Absolute Lymphopenia (ALC<2500/ul) (N=96)

Sent for Flow cytometry (LSSA) (N=12)

Normal Pattern 8 66.67%
Suspected SCID Pattern 4 33.33%
NGS/WES in patients with Suspected SCID on flow cgimetry (N=4)

Not suggestive of SCID 4 100.00%
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Graph 9: Pie chart of follow-up for Absolute Lymphopenia (ALC<2500/ul) cases

(N=65)
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Graph 10: Pie chart of Flow cytometry (lymphocyte abset analysis) reports in

the Absolute Lymphopenia (ALC<2500/ul) population N=12)
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Table 23: Comparison of gender between lymphopenidN=96) and non-

lymphopenic cases (N=1345)

Absolute Lymphopenia (ALC<2500/ul)
Gender Chi square P value
Present (N=96) Absent (N=1345)

Male 54 (56.25%) 724 (53.83%)
0.211 0.646

Female | 42 (43.75%) 621 (46.17%)

Graph 11: Cluster bar chart of comparison of genderbetween lymphopenic

(N=96) and non-lymphopenic cases (N=1345)
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Table 24: Comparison of Consanguinity between lympbpenic (N=96) and non-

lymphopenic cases (N=1345)

Consanguinity

Absolute Lymphopenia (ALC<2500/ul)

Present (N=96)

Present (N=1345)

Chi square | P value

Present

42 (43.75%)

140 (10.41%)

Absent

54 (56.25%)

1205 (89.59%)

90.265 <0.001

Graph 12: Cluster bar graph of comparison of consaguinity between

lymphopenic (N=96) and non-lymphopenic cases (N=13¢
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Table 25: Comparison of mode of delivery between tgphopenic (N=96) and

non-lymphopenic cases (N=1345)

Absolute Lymphopenia (ALC<2500/ul) Chi =
Mode Of Delivery
Present (N=96) Absent (N=96) square | value
Normal Vaginal Delivery 36 (37.5%) 585 (43.49%)
1.313 | 0.252
LSCS 60 (62.5%) 760 (56.51%)

Graph 13: Cluster bar graph of comparison of mode b delivery between

lymphopenic (N=96) and non-lymphopenic cases (N=13¢
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Table 26: Comparison of requirement of neonatal rasscitation (bag & mask)

between lymphopenic (N=96) and non-lymphopenic caséN=1345)

Absolute Lymphopenia

Neonatal Resuscitation (ALC<2500/ul) Chi

Required - Bag & Mask square
Present (N=96)| Absent (N=1345)

P value

Yes 27 (28.13%) 67 (4.98%)

78.709 | <0.001
No 69 (71.88%) 1278 (95.02%)

Graph 14: Cluster bar graph of comparison of requiement of neonatal
resuscitation (bag & mask) between lymphopenic (N and non-lymphopenic

cases (N=1345)
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Table 27: Comparison of mean gestational age (in wks) and birth weight (kg)

between lymphopenic (N=96) and non-lymphopenic caséN=1345)

Absolute Lymphopenia (ALC<2500/pl)
Parameter (Meanz SD) P value
Present (N=96) Absent (N=1345)
Gestational Age (in
35.78+2.3 37.54+1.62 <0.001
weeks)
Birth Weight (kg) 2.3+049 2.73+0.48 <0.001

Graph 15: Line chart for comparison of mean of gesitional age (in weeks) and
Birth Weight (kg) between lymphopenic (N=96) and no-lymphopenic cases

(N=1345)
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Table 28: Comparison of mean APGAR Score betweenryphopenic (N=96) and

non-lymphopenic cases (N=1345)

Absolute Lymphopenia (ALC<2500/ul) (Meant SD
APGAR Score P value
Present (N=96) Absent (N=1345)
At 1 min 5.68+£1.39 6.73+1.07 <0.001
At 5 min 8.22+1.08 8.76 £ 0.79 <0.001

Graph 16: Line chart for comparison of mean of APGAR Score between

lymphopenic (N=96) and non-lymphopenic cases (N=13y
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Table 29: Comparison of dysmorphic features betweelymphopenic (N=96) and

non-lymphopenic cases (N=1345)

Absolute Lymphopenia (ALC<2500/ul)
Dysmorphic Chi

P value

Features | prosent (N=96)|  Absent (N=1345) | Sduare

Present 17 (17.71%) 13 (0.97%)
123.201| <0.001

Absent 79 (82.29%) 1332 (99.03%)

Graph 17: Cluster bar graph of comparison of dysmophic features between

lymphopenic (N=96) and non-lymphopenic cases (N=13%
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Table 30: Comparison of positive family history / ling death between

lymphopenic (N=96) and non-lymphopenic cases (N=13%

Positive Family

Absolute Lymphopenia

(ALC<2500/ul)
History / Sibling Chi square | P value
Death Present (N=96) Absent (N=1345)
Yes 10 (10.42%) 7 (0.52%)
75.273 <0.001
No 86 (89.58%) 1338 (99.48%)

Graph 18: Cluster bar chart of comparison of positve family history / sibling

death between lymphopenic (N=96) and non-lymphopenicases (N=1345)
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Table 31: Comparison of mean laboratory parametersbetween lymphopenic

(N=96) and non-lymphopenic cases (N=1345)

Absolute Lymphopenia (ALC<2500/ul)
Lab Parameter (Meant SD) P value
Present (N=96) Absent (N=1345)
Haemoglobin (gm%) 13.75+2.28 14.98 £ 2.02 <0.001
WBC count (x103/ul) 10.94 + 3.38 15.22 + 3.47 <@00
ANC (x103/ul) 8.16 £+ 2.95 9.68 +£2.93 <0.001
ALC (x10%/ul) 1.88 +0.37 4.64 +1.76 <0.001

Graph 19: Line chart for comparison of mean laborabry parameters between

lymphopenic (N=96) and non-lymphopenic cases (N=13%
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Table 32: Comparison of mean parameters

(Lymphocyte subset analysis) (N=12)

in flow cymetry reports

Flow cytometry (LSSA) (Meanz SD)

Parameter Suspected SCID | Normal Pattern P value
Pattern (N=4) (N=8)
WBC
698 + 160.75 2040.38 + 600.92 0.002
count x103%/ul
Absolute Lymphocyte
698 + 160.75 2040.38 + 600.92 0.002
Count (ALC) x103/ul
Lymphocyte% 24 +7.53 33.25+6.36 0.049
B cells (CD19+) 61 +47.38 160.63 £ 125.19 0.163
T Cells (CD3+) 543.5 £+ 257.37 1579.75 £ 457.8 0.002
T cells (CD4+) 380.5+175.3 1056.25 £ 305.98 0.002
T cells (CD8+) 141.5 +103.42 453.5 £ 166.11 0.007
NK cells (CD3- CD16/56+) 76 £ 78.56 225 +£189.59 17
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Graph 20: Line chart for comparison of mean of paraneters of lymphocyte

subset analysis among babies that have undergonewvll cytometry (N=12)
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Table 33: Descriptive analysis of level of ALC (x13ul) in the study population

(N=1441)
ALC (x103/ul) Frequency Percentages
<15 16 1.11%
1.5-2.5 125 8.67%
2.5-5 872 60.51%
5-10 412 28.59%
>10 16 1.11%

Graph 21: Bar chart of ALC (x103/ul) in the study (N=1441):
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Table 34: Comparison of gender in absolute lymphopea cases — ALC 1500-

2500/pl (N=84) v/s ALC<1500/ul (N=12)

Absolute Lymphopenia (ALC<2500/ul)
Chi

Gender b value
ALC 1500-2500 (N=84)| ALC<1500 (N=12) square

Male 46 (54.76%) 8 (66.67%)
0.605 | 0.437

Female 38 (45.24%) 4 (33.33%)

Graph 22: Cluster bar chart of comparison of genderin absolute lymphopenia

cases — ALC 1500-2500/ul (N=84) v/s ALC<1500/pl (112)
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Table 35: Comparison of consanguinity in absoluteymphopenia cases — ALC

1500-2500/p1 (N=84) v/s ALC<1500/ul (N=12)

Absolute Lymphopenia (ALC<2500/l) Chi P

Consanguinity

ALC 1500-2500 (N=84)| ALC<1500 (N=12) Square | value

Present 35 (41.67%) 7 (58.33%)
1.185 | 0.276

Absent 49 (58.33%) 5 (41.67%)

Graph 23: Cluster bar chart of comparison of consaguinity in absolute

lymphopenia cases — ALC 1500-2500/ul (N=84) v/s Ak@500/ul (N=12)
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Table 36: Comparison of mode of delivery in absole&t lymphopenia cases — ALC

1500-2500/p1 (N=84) v/s ALC<1500/ul (N=12)

Absolute Lymphopenia
(ALC<2500/ul) Chi
Mode Of Delivery P value
ALC 1500-2500 | ALC<1500 | Sduare
(N=84) (N=12)
Normal Vaginal Delivery 34 (40.48%) 2 (16.67%)
2.540 0.201
LSCS 50 (59.52%) 10 (83.33%)

Graph 24: Cluster bar chart of comparison of mode © delivery in absolute

lymphopenia cases — ALC 1500-2500/ul (N=84) v/s AK@500/ul (N=12)
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Table 37: Comparison of requirement of neonatal rasscitation (bag & mask) in

absolute lymphopenia cases — ALC 1500-2500/ul (N984s ALC<1500/ul (N=12)

Neonatal Absolute Lymphopenia
Resuscitation (ALC<2500/ul) Chi
P value
Required - Bag & | 5| = 1500-2500]  ALC<1500 square
Mask (N=84) (N=12)
Yes 18 (21.43%) 9 (75%)
14.907 | <0.001
No 66 (78.57%) 3 (25%)

Graph 25: Cluster bar chart of comparison of neonal resuscitation required -
bag & mask in absolute lymphopenia cases — ALC 15@&500/ul (N=84) v/s

ALC<1500/pl (N=12)
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Table 38: Comparison of mean gestational age (in wks) and Birth Weight (kg)

in absolute lymphopenia cases — ALC 1500-2500/ul £R4) v/is ALC<1500/ul

(N=12)
Absolute Lymphopenia (ALC<2500/pl)
Parameter (Meanz SD) P value
ALC 1500-2500 (N=84)| ALC<1500 (N=12

Gestational Age (in

36.02 +£2.28 34.08+1.78 0.006

weeks)

Birth Weight (kg) 2.36 £ 0.49 1.9+0.25 0.00p

Graph 26: Line chart for comparison of mean gestatinal age (in weeks) and

Birth Weight (kg) in absolute lymphopenia cases — ALC 1500-2500/pl £84) v/s

ALC<1500/pl (N=12)

40
36.02

35
30 34.08
25

20

Means

15

10

Gestational Age (in weeks)

1.9
Birth Weight (kg)

«=@=ALC 1500-2500 ==@==ALC<1500

Page 133



Results

Table 39: Comparison of mean APGAR Score between ablute lymphopenia

cases - ALC 1500-2500/ul (N=84) v/s ALC<1500/ul (2)

Absolute Lymphopenia (ALC<2500/ul) (Meant SD)
Apgar Score P value
ALC 1500-2500 (N=84) ALC<1500 (N=12)
At 1 min 585+1.34 45+1.17 0.001
At 5 min 8.27+1.1 7.83+£0.83 0.187

Graph 27: Line chart for comparison of mean APGAR Sore in absolute

lymphopenia cases — ALC 1500-2500/ul (N=84) v/s AK@500/ul (N=12)
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Table 40: Comparison of dysmorphic features in abdote lymphopenia cases —

ALC 1500-2500/pl (N=84) v/s ALC<1500/ul (N=12)

Absolute Lymphopenia (ALC<2500/ul)
Dysmorphic Chi
Foat ALC 1500-2500 P value
eatures ALC<1500 (N=12) square
(N=84)

Present 12 (14.29%) 5 (41.67%)
5.402 0.035

Absent 72 (85.71%) 7 (58.33%)

Graph 28: Cluster bar chart of comparison of dysmophic features between

absolute lymphopenia (ALC<2500/ul) (N=96)

90.0% 85.7%
80.0%

70.0%

58.3%

60.0%

41.7%

Percentage
N
o o
S 2
> >

30.0%
20.0% 14.3%
0.0%
ALC 1500-2500 ALC<1500
Absolute Lymphopenia (ALC<2500/ul)

m Present m Absent

Page 135



Results

Table 41: Comparison of positive family history / ®ling death in absolute

lymphopenia cases — ALC 1500-2500/ul (N=84) v/s Ak@500/ul (N=12)

Absolute Lymphopenia (ALC<2500/ul)

Positive Family Chi
P value
History / Sibling Death ALC 1500-2500 ALC<1500 square
(N=84) (N=12)
Yes 4 (4.76%) 6 (50%)
23.027 | <0.001
No 80 (95.24%) 6 (50%)

Graph 29: Cluster bar chart of comparison of positve family history / sibling

death

in absolute

lymphopenia cases — ALC 1500-2500 (N=84) vI/s

ALC<1500/pl (N=12)
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Table 42: Comparison of mean laboratory parametersn absolute lymphopenia

cases — ALC 1500-2500/ul (N=84) v/s ALC<1500/pl (112)

Absolute Lymphopenia (ALC<2500/ul) (Meant SD)
Parameter P value
ALC 1500-2500 (N=84) ALC<1500 (N=12)
Haemoglobin (gm%) 13.96 + 2.28 12.27+1.74 0.015
WBC count (x103/ul) 11.17 +3.31 9.36 + 3.61 0.082
ANC (x103/ul) 8.26 +2.91 7.48 +3.34 0.399
ALC (x103/pl) 1.98 +0.26 1.14 +0.16 <0.0011

Graph 30: Line chart for comparison of mean laborabry parameters in absolute

lymphopenia cases — ALC 1500-2500/pl (N=84) v/s AK@500/ul (N=12)
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Table 43: Correlation between ALC with WBC, birth weight, gestational age and

APGAR score in lymphopenic v/s non- lymphopenic pagation:

Pairs Pearson’s Correlation (r) P-value
Absolute Lymphopenia (ALC<2500/ul) (N=96)
ALC with WBC 0.306 0.002
ALC with Birth weight 0.330 0.001
ALC with APGAR score at 1 mi 0.414 <0.001
ALC with APGAR score at 5 mi 0.318 0.002
ALC with Gestational Age 0.311 0.002
Non-Lymphopenia (ALC<2500/ul) (N=1345)
ALC with WBC 0.487 <0.001
ALC with Birth weight 0.040 0.145
ALC with APGAR score at 1 mi -0.026 0.343
ALC with APGAR score at 5 mi 0.021 0.440
ALC with Gestational Age 0.047 0.084
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Graph 31: Scatterplot for Correlation between ALC with WBC in absolute

lymphopenia (ALC<2500/ul) population (N=96)
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In babies with Absolute Lymphopenia (ALC < 2500/N=96), there are
statistically significant moderate positive cortelas between ALC and various
clinical parameters. Specifically, ALC shows a etation of 0.306 with WBC
(P=0.002), 0.330 with birth weight (P=0.001), 0.44i4h APGAR score at 1 minute
(P<0.001), 0.318 with APGAR score at 5 minutes (B8R), and 0.311 with
gestational age (P=0.002). These correlations ateit¢hat higher ALC levels are
associated with higher WBC counts, greater birtights, better initial health status
(as measured by APGAR scores), and older gesthtmge in this group. The
significance of these correlations suggests tha€ Atight be an important marker for

assessing the overall health and developmentamisfwith lymphopenia.
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In contrast, in babies without Lymphopenia (AZC2500/ul, N=1345), the
only significant correlation observed is betweenCAand WBC, with a correlation of
0.487 (P<0.001), showing a moderate to strong ipesielationship. The correlations
of ALC with birth weight (r=0.040, P=0.145), APGA$tore at 1 minute (r=-0.026,
P=0.343), APGAR score at 5 minutes (r=0.021, Pl).44nd gestational age
(r=0.047, P=0.084) are very weak and statisticalfygnificant. This suggests that, in
the absence of lymphopenia, ALC does not appedeta strong indicator of these
clinical outcomes. The significant correlation withBC indicates a consistent
relationship between lymphocyte count and overalitevblood cell count regardless

of lymphopenia status
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DISCUSSION:

Severe Combined Immunodeficiency Disease (SCIDanisideal disorder
which qualifies for newborn screening. Many natitiase already adopted the TREC
test for SCID screening. The TREC assay has a $egisitivity and specificity for
identifying newborns with SCID. However, adoptitg tTREC test in India presents
concerns in terms of cost-effectiveness, intereengxpenses, and availability of
transplantation facilities. Furthermore, running tissay centrally on Guthrie's cards
would delay results by 4-6 weeks, risking misseltbfo-up and inadequate care of

live vaccine-related complications.

An alternate method is to do a complete blood cq@BC) on cord blood
samples. According to a 1990 study, the absoluteéphocyte count was the most
effective screening diagnostic test since lymphapemtcurs in almost all patients
with SCID from birth.!**®] The CBC identifies lymphopenic patients and offers
additional information such as the Absolute LympftecCount (ALC), Hemoglobin
(Hb), and platelet counts. Although CBC has limitas (false negatives and
positives), it is widely available, simple to used yields quick results. We can avoid
vaccination-related complications and contributeha early diagnosis of SCID by
carefully reviewing CBC findings, particularly th.C, prior to administering live
vaccine. Therefore, we recommend routine CBC tgstin cord blood samples.
Lymphopenia (ALC<2500/ul) on CBC should prompt et evaluation for SCID,
with a cautious approach to live vaccine adminigirauntil the final diagnosis is
confirmed. In India, the management of Severe Caoatbimmunodeficiency (SCID)
remains challenging due to very limited transplaantres, ultimately leading to

unsatisfactory treatment outcomes with substaffitiaincial and emotional burdens
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for affected families and society. Consequentlyyegie counselling becomes crucial

for families impacted by SCID.

Research conducted by Buckley et al at Duke Uniyersompared
lymphocyte counts in newborns with SCID to thoseh@althy infants at birth. The
findings revealed that a majority of SCID patieaxhibited low absolute lymphocyte
counts, with counts ranging from 114 to 2210 lymptes/mm3, compared to 1670
to 8910 lymphocytes/mm3 in healthy newborns. Ngtablany SCID patients had
previous blood tests indicating lymphopenia, alttolealthcare providers often did
not recognize its significance. It's important toten that while lymphopenia is
common in SCID, not all lymphopenic children hav@l3, and some SCID patients
may present with normal absolute lymphocyte coudiis to the presence of B cells

(IL2RG, JAK3 and IL7R gene defects) or maternal pyrocytes!t’ 174

Notably, pilot trials in Wisconsin (44 months), Mashusetts (31 months),
and New York (11 months) examined neonates for SexD T-cell lymphopenia.
Wisconsin detected four SCID cases and seven tedele-cell lymphopenia cases
among 243,707 neonates. Among 161,707 neonatessakfassetts detected one
SCID case and 14 unrelated T-cell lymphopenia case®ew York, four SCID
instances and twelve unrelated T-cell lymphoperdiaes were discovered among
136,635 neonates. Treatment, such as hematopaiim cell transplantation or
enzyme replacement therapy, was administered taliignosed cases, resulting in
survival in most of these cas&€! "% 173 California, newborn screening for severe
combined immunodeficiency (SCID) has been ongoinges2010. During this span
of time, 358,000 babies were screened, yielding ftases of SCID, six cases of

variant SCID, and three cases of T-cell lymphopemieelated to SCID. All infants
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identified with SCID received adequate treatmend ame currently thriving*"?

Furthermore, pilot researches in Puerto Rico, Liang and the Navajo Nation have
found no SCID instances, but four cases of T-getidhopenia unrelated to SCID
among a total of slightly more than 60,000 examinednates. Notably, the TREC
test employed for SCID screening appears to be sengitive, with no further SCID

patients overlooked during the pilot studies. ®useening strategy identified several
other problems associated with T-cell lymphopesiach as DiGeorge syndrome,

idiopathic T-cell lymphopenia and trisomy 272

Absolute lymphopenia in cord blood was defined bhsodte lymphocytic

1% 1741 |n the present study, absolute lymphopenia

count of less than 2500/
(ALC<2500/ul) was observed in 6.67% (96/1441) of apates screened from the
cord blood at delivery, while 93.33% (1345/1441) dhem had ALC>2500/pl.All

lymphopenic cases were monitored and instructedonatiminister the BCG vaccine.

In a study done by Akyut Poyrat et al where 200@bwns were screened,
absolute lymphopenia was detected in 2.1% (42/206@®borns which is lower as
compared to our stud$”® In a study done in Birmingham by Krishna MT et3#
of infants under 3 months of age were found to halveolute lymphopeni&d™® A
study done in 2018 by Can Ceren et al in Turkey2645 term neonates observed
absolute lymphopenia in only 9 (0.3%) neonal€4. In an Egyptian study done by
El-Sayed et al, absolute lymphopenia was found6&61(8/500) neonates at delivery.
1 Multiple other studies in the western world havged: the TREC assay for

screening of SCID in newborns.
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In our study, absolute lymphopenia (ALC<2500/ul) wa observed in
6.67% (96/1441) of newborns screened for SCID frorthe cord blood. This is
greater than the incidence of absolute lymphopenimost other studies which can
probably be linked to a higher rate of consanguipiesent in the northern Karnataka

region.

The present screening study with a sample siz&8d hewborns showed that
54.26% (841) of cases were males and 45.74% (7@ ¥emales. In an Egyptian
study done by El-Sayed et al on 500 newborns, thvere 248 (49.6%) males and 252
(50.4%) were femaled®™™ Can Ceren et al's study from Turkey had 55% (1614)
female and 45% (1322) male babi€é” In the current study, out of a total of 96
cases, absolute lymphopenia was seen in 54 (56.8%€) and 42 (43.75%) female
babies, indicating a male predominance. In a stiahe by El-Sayed et al, absolute
lymphopenia was found to be seven times highereimale babies as compared to
male babiest® Can Ceren et al's study from Turkey also revealddgher female
predominance as 77.7% (7/9) females and 22.3% (8 found to be lymphopenic.
" This was contradictory to our study since more nbalbies were affected, owing
to an overall greater number of male births. Howgewe study based on SCID
genotypic and phenotypic diversity by Rebecca ehadWlaryland, USA discovered
that 82.4 % (89/108) males and 17.6% (19/108) femelere affected with SCIEP*!
which was in concordance with our study. A studyl® SCID patients by Jennifer
et al revealed 61% males and 39% females, indg@imale predominance which is

consistent with our stud{"®

Consanguineous marriages, which involve union betwdose relatives, can

elevate the risk of inheriting autosomal recessdisorders and multifactorial
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diseases. Most PIDs are inherited in an autososwdssive pattern; thus, they are
more common in areas with high rates of consanguisemarriage*’® This
heightened risk of both physical and mental heattiditions in offspring underscores
the significant public health implications assoetht with consanguinity. The
prevalence of consanguineous marriages within alptpn is influenced by various
factors including demographics, social dynamicsltucal norms, and religious
practices, thereby leading to fluctuations in iteqtiency worldwide. While
consanguineous marriages are rare in the Unite@sStand many European nations,
they remain a prevalent practice within family syss in the Middle East and certain
Asian regions!*®” Research indicates a wide-ranging prevalence namguinity
among Muslim populations in the Middle East, raggirom 20% to over 70 percent.
[180. 181] consanguineous marriages are prevalent amongrtteniQpopulation, with a
reported rate of nearly 49%. This practice has rdmted to a high frequency of
congenital genetic diseases in the country. Speadlyi autosomal recessive
conditions causing inborn error of immunity (IEl)ave become increasingly
burdensome. In 2016, AL Tamimi et al. estimated firevalence of primary
immunodeficiency (PID) in the Omani population @ ases per 100,000 live births.
However, their study identified only 10 out of 1e@ildren with SCID, suggesting the
possibility of suboptimal ascertainmeff? In an Iranian study done by Rezaei et al,
it was found that consanguinity is most commonlgrsé patients with autosomal
recessive inheritance such as Chediak-Higashi eymelr(100%), SCID (85.7%),
ataxia-telangiectasia (60%), Shwachman-Diamond reynd (71.4%), chronic
granulomatous disease (76.4%) and chronic mucoeatencandidiasis (61.5%4)%*!

A study from India done by Aluri et al report tHz6% of diagnosed SCID patients

belonged to consanguineous parefifsin this study, consanguinity was found to be

Page 145



Discussion

present in 191 (12.32%) cases and absent in thaimerg 1359 (87.68%) cases.
Consanguinity was present in a staggering 43.7524063 of babies with absolute
lymphopenia (ALC<2500 pl) which was in concordarioeother similar studies.
While it was present in only 10.41% (140/1345) adndymphopenic babies

(p<0.001).

A total of 670 (43.23%) babies were born via norrajinal delivery and 880
(56.77%) babies were delivered by caesarean settidhis study, 36 (37.5%) babies
were delivered normally and 60 (62.5%) were deéidervia a caesarean section,
owing to an overall higher number of caesareanveeés (p=0.252). A screening
study by El-Sayed et al reports that 264 (52.8%9nates were delivered normally
and 236 (47.2%) were delivered via an LSE3.Can Ceren et al's study states that
1685 (57.3%) babies were delivered vaginally arel122.7%) by caesarean section.
In the lymphopenic group, 55.5% babies were dedidevaginally and 44.5% by

caesarean sectiof’”!

Active neonatal resuscitation (bag and mask veiaiia was required by 108
(6.97%) newborns in this study. There was a sigaifi increase in the requirement of
active neonatal resuscitation (with bag and maskhe lymphopenic group with a
whopping 28.13% (27/96) cases requiring the same@gainst only 4.98% (67/1345)
babies requiring it in the non-lymphopenic grougQ®01). Can Ceren et al’'s study
on term newborns reports 3.46% of total newborgsirang an NICU admission and

one out of 9 lymphopenic babies requiring an NI@thession "

The mean gestational age observed in our studylgopu was 37.44 + 1.74
weeks with a median of 38 weeks. The minimum angimam gestational age being

32 and 41 weeks respectively. Babies born with stagienal age of less than 32
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weeks were dropped from the study as per our exclusiteria. In lymphopenic and

non-lymphopenic groups, the mean gestational ageks) observed was 35.78 £ 2.3
and 37.54 + 1.62 in the respectively (p<0.001).sThthe mean gestational age of
babies with lymphopenia was significantly lower rthéhe gestational age of non-
lymphopenic babies justifying prematurity as one tbe causes of absolute
lymphopenia. In a study by El-Sayed et al, the mgastational age (weeks) of
lymphopenic newborns was 34.3 + 3.8 and of non-lyogenic babies was 37.9 + 2.6
which is in concordance with our stud$”’ In the study by Can Ceren et al, the
gestational age (weeks) of lymphopenic babies @& @.22) was also lower than

that of babies not having lymphopenia (38.21 + L.@he difference noted in this

study was minor as it only included term babieshwiB87 weeks of gestational age.

[177]

In our study, the overall mean birth weight wasl2£/0.49kg and median was
2.7kg. While the minimum and maximum birth weighassfound to be 1.3kg and
4.3kg respectively. Upon comparing the birth wei¢kg) of the babies in the two
groups, we realised that the mean birth weight ie tymphopenic group was
significantly lower 2.3 + 0.49kg, i.e. “Low Birth @ght (LBW)” while the mean
birth weight in the non-lymphopenic group was 2#3).48kg (Normal weight)
(p<0.001). A study by El-Sayed et al reports a mieath weight of 2.1+1.0kg in
lymphopenic babies and 3.1 + 0.6kg in non-lymphapéabies which is consistent
with our study.® While Can Ceren et al's study also reports a lomean birth
weight 3.06 + 0.2kg in lymphopenic babies as agaB25 * 0.44kg in non-

lymphopenic babie%’” which is also in harmony with our study.
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The mean APGAR score (out of 10) in our study papoih was observed to
be 6.61 £ 1.11 and 8.72 £ 0.81 at 1 and 5 minutepeactively. The median score
being 7 and 9 at 1 and 5 minutes respectively.riiimmum APGAR score was 2 and
5 at 1 and 5 minutes respectively, whereas the maxi score was 9 and 10 at 1 and
5 minutes respectively. The comparison in the mARGAR scores at 1 and 5
minutes revealed a statistically significant catiein between lymphopenic and non-
lymphopenic groups as the cases having lymphoperi® found to have lower
APGAR scores at both 1 and 5 minutes. The mean ARGéore at 1 minute was
5.68 + 1.39 and 6.73 + 1.07 in the lymphopenic amh-lymphopenic groups
respectively (p<0.001). While the mean APGAR satré minutes was 8.22 + 1.08
and 8.76 = 0.79 in the lymphopenic and non-lympinapegroups respectively
(p<0.001). In the study conducted by El-Sayed ethed mean APGAR score at 1
minute in lymphopenic and non-lymphopenic babies wat + 1.0 and 5.4 + 0.9
respectively. The mean APGAR score at 5 minutedymphopenic and non-
lymphopenic babies was 7.6 £ 0.7 and 8.6 + 0.6e@sgely which is in alignment
with our study!®* However, the Apgar scores at one and five minutésmphopenic
and non-lymphopenic babies did not differ signifita in Can Ceren et al’'s study

which is incongruent to our study’’!

Dermatologists frequently play a significant role the early diagnosis of
primary immunodeficiency disorders. Skin manifesta, including eczematous
dermatitis, warts, recurrent nonhealing ulcers, nskibscesses, erythroderma,
mucocutaneous candidiasis, petechiae, cutanealsnfiections such as disseminated
molluscum contagiosum and nail changes may serv@tad or predominant clinical
indicators of PIDs!*® Eczema, a prevalent skin disorder affecting apiprasely 10—

20% of children, is commonly encountered in pediattermatology outpatient

Page 148



Discussion

departments. Moreover, eczema often emerges asnarprclinical manifestation in
many PIDs. SCID typically manifests within the iait six months of life with
significant bacterial, viral, and fungal infection€ommon clinical presentations
include pneumonia, otitis media, recurrent ulc@ersistent diarrhoea, sepsis, oral
thrush, and meningitis. Notably, in the event oteiging an irradiated blood
transfusion, affected children may develop a défasythematous maculopapular rash
across the body, often accompanied by frequeningcahd alopecia. It is imperative
to consider a diagnosis of SCID in infants expagieg such a reaction post-blood
product transfusion. A common clinical presentatddrOmenn syndrome, a subtype
of SCID includes erythroderma, skin peeling withirhi@ss. *®° In this study,
dysmorphic features in the form of facial abnortmedi short limbs, microcephaly,
recurrent ulcers or skin infections were seen in(1304%) out of the 1550 screened
newborns. A massive 17.71% (17/96) of lymphoperases showed dysmorphic
features, while only 0.97% (13/1345) of non-lympépoje babies had them (p<0.001),
thus indicating a higher index of suspicion of PiDsabies born with dysmorphic
features. A study done by El-Sayed et al states ttiea presence of dysmorphic
features did not show a significant variation amahg lymphopenic and non-

lymphopenic groups which is in contrast with owrst =

Family history of sibling death was present in 1710%) and absent in the
remaining 1533 cases in our study. After elicittndetailed history, it was found that
a family history of sibling death was present itotal of 10.42% (10/96) lymphopenic
cases and only 0.52% (7/1345) of the non-lymphapeases, revealing a significant
difference (p<0.001), thus unmasking the importaofcgood history taking. A study
from Maryland, USA done by Rebecca et al on 108C5ibfants showed a positive

family history of previously affected family memkein 9 cases (8.3%) along with
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multiple sets of twins being affectéd’® While the study by El-Sayed et al did not
show a significant variation in the family historgf lymphopenic and non-

lymphopenic case§®

The laboratory parameters in CBC that were compareour study (1441
babies) include the haemoglobin level, WBC counhs@ute Neutrophil Count
(ANC) and Absolute Lymphocyte Count (ALC). The mdwmemoglobin level (gm%)
in our study population was 14.9 + 2.06 and the iaretbeing 14.9. The maximum
and minimum haemoglobin level observed was 9.424n8. The mean haemoglobin
level (gm%) calculated was 13.75 + 2.28 and 14.9802 in the lymphopenic and
non-lymphopenic group respectively (p<0.001). Theam WBC count (x103/ul) in
our study population was 14.94 + 3.62 and the nmedias found to be 14.7. The
minimum and maximum WBC count encountered was Bdi28.9. The mean WBC
count (x103%/ul) was 10.94 + 3.38 and 15.22 + 3d#he lymphopenic and non-
lymphopenic group respectively. The mean absoletgrophil count (x103/ul) was
9.58 + 2.95 with the median being 9.6. The minimand maximum ANC was 1.1
and 20.7 respectively. The mean ANC (x103/ul) instudy was 8.16 + 2.95 and 9.68
+ 2.93 in the lymphopenic and non-lymphopenic graegpectively. The mean
absolute lymphocyte count (x103/ul) was 4.46 + 1a8d the median ALC was 4.2.
The minimum and maximum ALC was found to be 0.9 aAddb respectively. The
mean ALC (x103/ul) in our study was 1.88 + 0.37 44 + 1.76 in the lymphopenic
and non-lymphopenic group respectively. Thus,ladllaboratory parameters in CBC,
i.e. haemoglobin level, WBC count, Absolute NeuhibCount (ANC) and Absolute
Lymphocyte Count (ALC) that were compared in owdgt (between lymphopenic
v/s non-lymphopenic group) turned out to be stiatfly significant (p<0.001). In

Can Ceren et al's study, the mean haemoglobin (gm¥ymphopenic cases was
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18.75 £ 2.06 and in non-lymphopenic cases was 18.2014. This study did not
show a statistically significant difference in tleels of hemoglobin, red blood cell
count, hematocrit, and platelets between the lympphir and non-lymphopenic
groups*” However, the mean WBC count, absolute lymphocygtentas well as the
absolute neutrophil count recorded in the lymphapeases was significantly lower
than that of non-lymphopenic cases (p<0.05) whscim iharmony with our study. The
mean WBC count, ALC and ANC in lymphopenic cases Wa.09 + 7.30, 2.09 +
0.35 and 8.72 + 3.27 respectively as against 22.8%7, 4.32 + 0.21 and 13.37 *
4.50 respectively in the non-lymphopenic ca888.In the study done by El-Sayed et
al, there was a positive correlation seen in theCAand WBC count in the
lymphopenic v/s non-lymphopenic groups (p<0.05)alhivas in concordance with

our study !

In this study, in babies with absolute lymphope#iaC < 2500/ul, N=96), it
was observed that there are statistically signiticaoderate positive correlations
between ALC and various clinical parameters. Spedij, ALC shows a correlation
of 0.306 with WBC (P=0.002), 0.330 with birth weigfP=0.001), 0.414 with
APGAR score at 1 minute (P<0.001), 0.318 with APGABbre at 5 minutes
(P=0.002), and 0.311 with gestational age (P=0.0DR¢se correlations indicate that
higher ALC levels are associated with higher WBQirds, greater birth weights,
better initial health status (as measured by APGa&es), and older gestational age
in this group. The significance of these correlaicuggests that ALC might be an
important marker for assessing the overall heatiti development in infants with
lymphopenia. A significant positive correlation ween ALC and WBC count was
also elicited in two other studies done by El-Saged| and by Can Ceren-et al which

is consistent with our stud{> 17"
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Other conditions contributing to absolute lymphapeamongst the 96 cases are as
follows. A total of 48 (50%) babies with absoluyenphopenia were found to preterm
(gestational age <37 weeks). An additional 15 (3% babies who were preterm
also developed sepsis, whereas 5 (5.21%) term ddpestational age >37 weeks)
with absolute lymphopenia had sepsis. Congenitalhaty was associated with 5
(5.21%) babies. And no specific cause could be ddian 23 (23.96%) lymphopenic
babies which were labelled as ‘idiopathic’. A steitde newborn screening study done
in Wisconsin by John Routes et al on 71 thousarfdnia by TREC assay
demonstrated 17 neonates born with <37 weeks gastaith atleast one abnormal
TREC assay (25/uL). A total of 23 preterm infantsl kan abnormal TREC assay
initially. The causes of T-cell lymphopenia wereaifid to be idiopathic in 2 cases,
disorders of lymphocyte extravasation in 3 casesRiGeorge syndrome in 2 cases.
(1731 |n the study conducted by Can Ceren et al, lymphipat birth was associated
with sepsis in 11.1% (1/9) cases, respiratory estrin 11.1% (1/9) and congenital
anomaly (spina bifida) in 11.1% (1/9) cases. Pmatbabies were excluded in this
study.™" In El-Sayed et al's study, congenital anomaly feasd to be present in
0.6% (3/500) cases screened, but did not show #iygosorrelation with absolute

lymphopenial®!

The lymphopenic cases were further divided into fvoups — those with
ALC between 1500/ul - 2500/ul and those with ALC8Q&4ul. The absolute
lymphocyte count of 87.5% (84/96) lymphopenic cases between 1500/ul to
2500/pl and the ALC of remaining 12.5% (12/96) sasas <1500/pl. These 84 cases
whose ALC was between 1500/ul to 2500/ul were ss@gpdo be followed up with a
CBC to check their ALC after one month. However,(22.62%) of these were either

lost to follow up or expired or did not give conséor the same. The remaining 65
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(77.38%) cases were followed up after one monti W@BC to mainly check their
ALC. Out of which 62 (95.39%) cases presented withormal ALC (>2500/ul) on
follow up, which was normal and no further interiten was done. This is line with a
study done by El-Sayed et al where all the neortaesmg lymphopenia at birth had a
normal ALC on one month follow uf> Can Ceren et al's study also did not show
any lymphopenic baby having a low ALC count on enenth follow up.*’” In a
study by Poyraz et al in 2023, 2 out of 42 (4.7@ants had persistent lymphopenia
at the end of first monttt"® However, in our study 3 (4.61%) out of 65 cases &ra
ALC<2500/ul on follow up and were subjected to Hert testing with Flow
Cytometry for Lymphocyte Subset Analysis as per study protocol. The 12 cases
whose ALC was <1500/ul at birth were directly sabgel to further testing by Flow
Cytometry for Lymphocyte Subset Analysis. But 3%@%out of these 12 cases were
either lost to follow up or expired. Hence, we havesented the Flow Cytometry data
of a total of 12 cases, i.e. 3 follow up cases (ARB0OO/ul after one month) plus 9
cases whose ALC was <1500/ul at birth. Out of tHEseases who underwent flow
cytometry for Lymphocyte subset analysis (LSSA)68.67%) cases were found to
have a normal pattern while 4 (33.33%) cases shav@dspected SCID pattern. For
confirmation, Next Generation Sequencing (NGS)/ Whexome Sequencing (WES)
was done for all these 4 cases whose flow cytomsiigwed a suspected SCID
pattern. But none of them were finally proven todignostic of SCID, probably due
to the limitation of this test as described in tegiew of literature. In a study by
Poyraz et al in 2023 published in the American dauiof Perinatology, two infants
who exhibited persistent lymphopenia by the endth& first month, underwent
lymphocyte subset analysis SCID. In the first balgymphocyte subgroup analysis

revealed a phenotype consistent with T (=), B @&jd NK (+) SCID caused by a
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RAG deficiency. Sanger sequencing detected a hogoosy mutation (NM_000448
€.2209C> T, p.R737C) in the RAG1 gene. The second infaptrgphocyte subgroups
showed a phenotype similar to T (-), B (+), and X SCID due to a JAKS
deficiency. Both patients received hematopoietemstell transplants from human
leukocyte antigen-matched family membéts! Jennifer Puck et al. used the TREC
assay to screen 500,000 babies in California, hag found 6 cases of SCID with
known genetic mutations, 3 cases of SCID withoyt lamown gene defect, 1 case of

Omenn syndrome, and 3 cases of DiGeorge syndrthe.
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CONCLUSION:

Absolute lymphopenia (ALC<2500/ul) was observedi67% (96/1441) of
neonates screened at birth. This is greater treimtidence of absolute lymphopenia
in 3 other studies done worldwide which can propdi# linked to a higher rate of
consanguinity present in the northern Karnatak@éredther causes of lymphopenia
included prematurity, sepsis, congenital anomaliesd idiopathic factors.
Lymphopenia showed a male predominance (56.25%)h wionsanguinity
significantly more prevalent among affected infafd8.75% vs. 10.41% in non-
lymphopenic cases). Neonates with lymphopenia baet birth weights (mean 2.3kg
vs. 2.73kg), lower APGAR scores at 1 and 5 minugeg] a higher incidence of
dysmorphic features (17.71% vs. 0.97%) and famisyony of sibling death (10.42%
vs. 0.52%). Significant differences were observedeémoglobin levels, WBC counts,
ANC, and ALC between lymphopenic and non-lymphopegrioups (all p<0.001).
Flow cytometry suggested a suspected SCID pattesnrne cases, but genetic testing
did not confirm mutations in those tested. Lymphop&eonates also required active
neonatal resuscitation more frequently (28.13% 498%). Overall, the study
underscores the complex etiology and clinical icgiions of neonatal absolute

lymphopenia, advocating for comprehensive evalaaiod management strategies.

Early identification of severe combined immunodeificy (SCID) holds
tremendous potential to dramatically improve outesnior affected individuals,
transforming what was once a fatal condition. lratigg a straightforward test such
as cord blood CBC into newborn screening initigivas the dual benefit of saving
lives and alleviating suffering for patients anceithfamilies. Prompt diagnosis

enables early intervention, which not only improwvamical outcomes but also
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reduces overall healthcare costs compared to dklaletection and treatment.
Ongoing research into optimal cutoff levels for@bse lymphocyte count and T-cell
receptor excision circles (TRECs) will refine scrieg protocols, ensuring best
practices are upheld. Future research aim to exgangening methods to include
other primary immunodeficiencies, facilitating garecognition and treatment for a

broader range of conditions.

The implementation of newborn screening programsnany countries has
proven pivotal in identifying SCID before symptomsnifest. In the early diagnosis
and treatment of people with SCID, primary caretdisc are essential. Educating
parents on infection prevention strategies is dgdeprior to definitive diagnosis, as
infections significantly impact survival rates irCI® patients. Further diagnostic
evaluations, including flow cytometry and genetsting, are typically coordinated
through pediatric centers with specialized immugadal expertise. Upon
confirmation of diagnosis, patients should recepgropriate prophylactic measures
against infections and be referred to a transptariter for potential stem cell
transplantation. Primary care physicians shouldware about the causes of T-cell

lymphopenia other than SCID that can yield positegults in newborn screening.

Despite its severity, SCID can be effectively mathgvith early diagnosis
through newborn screening and comprehensive madilinary care, leading to
favorable clinical outcomes. To facilitate earlye#or newborns with SCID and pre-
symptomatic identification, we recommend integrgtineasurement of the absolute
lymphocyte count in umbilical cord blood into sane®y regimens. Until SCID is
definitively ruled out, precautions such as witlthiog) live attenuated vaccines like

BCG are advised to mitigate potential risks.
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LIMITATIONS:

1. Thiswasasingle centre-based study.

2. Some neonates having absolute lymphopenia were lost to follow up and afew
did not give consent for further investigation which may have led to missed

cases.

3. Whole genome sequencing could not be donein view of financial constraints.
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Annexures

ANNEXURE-I

INFORMED CONSENT FORM

KAHERS JNMC BELAGAVI

“‘UTILITY OF UMBILICAL CORD BLOOD ABSOLUTE LYMPHOCYT E

COUNT IN SCREENING FOR SEVERE COMBINED IMMUNODEFICI ENCY

DISEASE — A ONE YEAR LONGITUDINAL STUDY”

Reg No. BM0121007

Objective: To estimate the incidence of absolute lymphopami&mbilical
Cord Blood samples of newborns and its utility inregning for Severe

Combined Immunodeficiency Disease (SCID).

Introduction: You are being invited to participate in this stuidyfind out

utility of Umbilical Cord Blood Absolute Lymphocyt€ount in Screening for
Severe Combined Immunodeficiency Disease. Partiopaf your baby will

help us to know the Utility of Umbilical Cord Bloodbsolute Lymphocyte

Count in Screening for Severe Combined Immunodaicy Disease and the
incidence of lymphopenia. SCID is one of the mastese and fatal forms of
inherited primary immunodeficiency. Most of thesewborns are normal at
birth but develop recurrent infection during infgnéany of them succumb to
infections in the first year of life. The above- miened study will therefore
help us know if your baby has lymphopenia at bighd we will be able to
detect and offer treatment for any potentially-lifieeatening immunodeficiency

disorders early.
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Explanation of procedure: 2 ml of blood is to be taken from the umbilical
cord immediately after the delivery of the babyeTomplete blood counts will
be processed, and if required you will be askedftmilow-up after one month.
Few basic demographic and birth history will beeakko you as a part of the

proforma.

Withdrawal from participation in the study: Participation in this study is
voluntary. You will be free to decide whether tortgapate in this study or
continue participation once enrolled. In case yacide to withdraw your
participation, you are free to do so. However, gdeeonvey the decision to the

principal investigator.

Possible benefits from participating in the study:The early detection of
lymphopenia in your baby can be lifesaving sincevese Combined
Immunodeficiency and other causes of lymphopenia lma potentially fatal

within the 1% year of life. The data gathered will help the pagion at large.

Possible risks from participating in the study:There are no risks involved in

participating in this study.

Privacy and confidentiality: The information collected from you will be
coded, to prevent any person from identifying ygaur identity will never be
revealed. The data collected from you will be kepnfidential and only

processed or aggregated data will be used for gatiin.

Financial incentives:You will not receive any payment for participatiimgthis

study.

Page 190



Annexures

* Authorization for publication of aggregated data: Results obtained after
processing of the aggregated data will be publighedcientific purposes and

or presented to scientific groups. However, yoentity will never be revealed.

* Questions:In case of any questions with regard to this styay are free to
contact the pediatrics postgraduate student withistration number -
BM0121007. If you have any question or complainidywegard to your right
as study participant you may contact the Chairper&tihical committee of

JNMC, 0831-2473777 Extension 4052.

» Legal rights: By signing this consent form, we are not waving ahyour legal

rights.
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CONSENT STATEMENT:

| am making a voluntary decision to participatetihe study UTILITY OF
UMBILICAL CORD BLOOD ABSOLUTE LYMPHOCYTE COUNT IN
SCREENING FOR SEVERE COMBINED IMMUNODEFICIENCY DISE ASFE".
My signature below indicates that | have decidegaaticipate and | have read the
information provided above or the information paed above has been read to me in
the language that | understand best. | was giverofiportunity to ask questions and

that they have been answered to my satisfaction.

Name of the participant:

Signature or left thumb impression of the partioipa

Name of the witness:

Signature or left thumb impression of the witness:

Name of the investigator:

Signature of the investigator:
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ANNEXURE Il - PROFORMA

PATIENT’S PROFORMA

Contact Number-
Name of
Mother:

Name of
Father:

Address:
Mode Of Delivery: Normal Vaginal Delivery OR LSCS
In View Of
Neonatal Resuscitation Required: Yes / No
if yes, Mode:
Birth Weight (In Kgs):

APGAR Score:

AT ATS
MIN MINS

Findings On General Physical Examination: Any Dysmorphic features/ congenital
anomaly/ oral ulcers?

Positive Family: Yes/No
Any History Of Sibling Death: Yes/No If Yes, Cause:

Pedigree Chart:

Investigation: Umbilical Cord Blood CBC —

Date| Hemoglobin | WBC | Platelet | ALC| ANC | Peripheral
Count | Count Smear
finding

Absolute Lymphocyte Count (ALC):
e If ALC Count <1500/uL — Send Lymphocyte Subset Analysis
e If ALC Count Between 1500 — 2500/uL: Repeat CBC After
1 Month (Follow Up)

e IfALC Count >2500/uL — No Further Intervention
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ANNEXURE Il -MASTER CHART
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62 F P L N 39 |31 | N 8 10 A N [143 |189 (141 |45 N
63 M A N N 40 (32 | N 7 9 A N |15.1 |15.4 |10.1 | 4.9 N
64 F P L N 40 (32 | N 6 9 A N |19.8 | 12 8.7 3.1 N
65 M A N N 41 (42 | N 6 8 A N 203 |116 | 6.6 4.3 N
66 F A N N 34 (19 | P 7 8 A N 138 | 7.6 5.4 18 Y 4.7 -
67 M A L N 38 |31 | N 8 9 A N |146 |156 (115 |35 N
68 F A L N 38 3 N 7 8 A N [15.7 [145 | 8.8 5 N
69 M A N N 39 |28 | N 6 9 A N

70 F A L N 37 |27 | N 7 8 A N

71 M A N Y 38 |26 | N 5 7 A N 17 (147 |10.3 | 3.6 N
72 F A L N 37 |26 | N 6 9 A N 142 |123 |73 4.5 N
73 F A L N 40 |33 | N 7 10 A N [11.2 [121 |77 4.1 N
74 M A N N 37 |23 | N 6 9 A N 13 148 |105 |29 N
75 M P L N 36 |24 | N 6 8 A N |119 |22.8 (149 |7.7 N
76 F A L N 38 (26 | N 8 10 A N |17.4 |176 | 10 6.4 N
77 M A N N 39 3 N 8 9 A N [16.5 [135 | 8.8 4.3 N
78 F P L N 40 (29 [N 6 8 A N |16.8 |26.6 |16.2 9 N
79 M A N N 40 |31 | N 7 9 A N [17.2 |164 | 12 4.2 N
80 F A N N 38 3 N 7 8 A N |15.2 |203 |124 | 7.1 N
81 F A L N 38 |24 | N 8 9 A N [15.6 [10.7 | 6.7 3.9 N
82 M A L N 37 |26 | N 7 10 A N

83 F A N N 38 (38 | N 6 7 A N 193 | 10 5.3 4.2 N
84 M A L N 39 (35 | N 7 9 A N 207 | 9.3 6.4 2.6 N
85 M P L N 37 |25 | N 8 9 A N |146 | 8.7 5.8 2.8 N
86 F A N N 36 (26 | N 9 10 A N |176 |113 |75 3.3 N
87 F P L Y 40 |32 | S 5 8 A N [14.4 |97 7.4 2 Y [Missed
88 M A L N 37 |27 | N 7 9 A N |156 | 15 9.3 5.6 N
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89 M A N N 38 (28 | N 8 9 A N |149 |124 | 8.1 3.8 N
90 F A N N 38 3 N 6 8 A N |14.4 |13.7 | 95 3.9 N
91 M A L N 36 |21 | N 7 9 A N [139 [143 | 10 4.1 N
92 F P L N 38 |26 | N 6 9 A N [16.6 [159 (111 |44 N
93 M A L N 36 |24 | N 8 10 A N ]15.2 |20.1 (1438 5 N
94 M A L N 39 3 N 7 8 A N |143 |183 (127 | 4.9 N
95 F A N N 40 (32 | N 7 9 A N 17 |164 | 8.4 7.6 N
96 M A L N 38 (28 | N 8 10 A N |15.1 121 | 9.1 2.7 N
97 F A N N 40 (27 | N 6 9 A N |149 |132 |85 4.4 N
98 M A N N 38 (25 | N 5 8 A N |10.7 | 10 7 2.9 N
99 F A L N 39 (32 | N 5 10 A N 9.8 8.8 4.7 3.1 N
100 M A L N 36 |24 | P 6 8 A N 117 | 7.7 5.7 1.7 Y 3.3 -
101 M A L N 38 (29 [N 7 9 A N |185 |13.2 | 9.8 3.1 N
102 F P N N 38 3 N 8 9 A N |146 |12.6 9 3.3 N
103 M A L N 33 |15 | P 7 8 P N |139 | 6.1 4.4 15 Y 2.9 -
104 F A L N 37 |31 | N 6 9 A N [155 [109 | 8.2 25 N
105 M A N N 38 3 N 6 8 A N 15 8.9 4.1 4.5 N
106 M A L N 36 |25 | N 7 9 A N (122 | 6.8 3.6 2.9 N
107 F A L N 35 (24 | N 8 9 A N |142 |145 | 11 3.1 N
108 M A L N 39 |29 | N 7 9 A N

109 F A N N 37 |28 | N 6 8 A N 129 |11.7 | 7.2 4.1 N
110 M A L N 38 |26 | N 7 10 A N [14.2 |16.8 (131 3 N
111 F A L Y 34 2 N 5 9 P N [17.6 [142 |87 4.8 N
112 M A N N 36 |28 | N 7 9 A N 18 15 6.5 8.2 N
113 F P L N 38 |27 | N 8 10 A N [13.2 [131 |92 3.4 N
114 M P N N 36 |22 | N 5 7 A N |153 |17.3 (125 | 4.2 N
115 F A L N 39 (34 | N 7 9 A N |149 |145 | 9.1 4.8 N
116 F A N N 38 3 N 8 9 A N 15 11 6.7 4.2 N
117 M A L N 35 (23 | P 6 8 A N |11.7 |79 5.5 18 Y 4.1 -
118 M A N N 38 (26 | N 6 10 A N |11.3 |11.3 |103 | 2.6 N
119 F A L N 37 |26 | N 8 9 A N [176 [122 | 8.6 3.3 N
120 M A N N 38 |29 | N 8 9 A N

121 F A N N 40 3 N 5 9 A N [148 |19.8 (141 |55 N
122 M A N N 38 |37 | N 6 9 A N |16.1 [221 | 10 |112 | N
123 F A N N 35 |18 | N 6 8 A N [15.7 193 (141 |44 N
124 M A L N 34 2 N 7 9 A N |16.2 | 18 |143 | 3.1 N
125 M A N Y 35 |18 | P 2 7 A N 127 | 6.9 45 2.1 Y 3.8 -
126 F A L N 34 |19 [N 6 9 A N 15 |141 |106 |31 N
127 M A L N 34 2 N 7 9 A N |147 | 14 (107 | 3.2 N
128 M A N N 38 (25 | N 7 8 A N |16.1 | 17 121 | 4.4 N
129 F A L N 36 |26 | N 7 9 A N 15 (129 | 7.2 4.9 N
130 M P N N 36 (24 | N 7 8 A N |18.1 |14.7 |103 | 3.1 N
131 M A N N 37 |27 | N 6 9 A N 17 16 (114 | 43 N
132 F P L N 32 (14 |[P,S |3 5 A N |16.2 | 6.2 4 18

133 F P L N 36 |23 | P 7 9 A N [16.7 | 8.3 5.8 2.1 Y 5.7 -
134 F A N N 37 |27 | N 5 8 A N 15 |15.2 |113 |35 N
135 F A L N 39 |27 | N 8 9 A N [14.7 [123 | 7.1 5 N
136 F P N N 40 3 N 7 8 A N |13.8 | 18 |119 |57 N
137 M A L N 37 |36 | N 7 9 A N

138 F A N N 38 (32 | N 9 10 A N |15.7 |14.1 |10.2 | 35 N
139 M A L N 38 3 N 8 9 A N [16.1 | 9.7 4.8 4.5
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140 F A N N 38 (27 | N 5 7 A N 19 |12.7 |82 4.1 N
141 F A L N 37 |28 | N 8 9 A N |17.3 |16.3 | 13 2.9 N
142 M A L N 37 |25 | N 6 9 A N [18.1 [129 |5.1 7.7 N
143 M P L N 40 |34 | N 7 9 A N |154 |18.7 (121 | 6.4 N
144 M A L N 37 3 N 5 8 A N [16.3 [142 | 9.6 4.3 N
145 F A N N 38 |27 | N 8 9 A N 15 |131 | 3.6 9 N
146 F A N N 38 (26 | N 9 10 A N |14.1 |159 |115 | 4.2 N
147 F A L N 37 |31 | N 6 7 A N

148 M A L N 38 (38 | N 5 9 P N |159 |11.4 7 3.9 N
149 M A N N 39 3 N 6 8 A N |175 |152 | 9.8 5.1 N
150 F A L Y 33 (1.7 | N 7 8 A N 17 |135 |88 4.2 N
151 F A N N 38 3 N 7 9 A N [16.1 [124 |87 3.3 N
152 M A L N 35 (23 | N 7 8 A N |125 |16.7 |11.8 4 N
153 M A L N 36 |27 | N 7 9 A N |141 | 15 8.5 5.6 N
154 F A N N 38 (24 | N 8 9 A N |13.8 |14.2 |10.1 | 3.8 N
155 M A L N 39 3 N 9 10 A N [146 [13.7 | 8.4 3.9 N
156 M A N N 39 (31 [N 7 9 A N

157 M A N N 39 3 N 6 9 A N |11.1 |16.6 (117 | 4.4 N
158 M A L N 35 (21 [N 5 8 A N |11.8 |145 | 9.1 5 N
159 M A L N 39 |28 | N 8 9 A N ]10.8 | 17 (112 |49 N
160 M A L N 39 (28 | N 8 9 A N |17.2 |114 |58 5 N
161 M P N N 38 |26 | 8 9 A N [11.8 |73 5 2.1 Y [Missed
162 F A L N 40 |26 | N 7 8 A N [17.4 |102 | 6.5 3.4 N
163 F A N N 39 |28 | N 8 10 A N [16.1 |75 6.3 2.7 N
164 M A L N 40 3 N 7 9 A N 15 (208 | 13 7.6 N
165 F A L N 38 |35 | N 7 9 A N |142 |169 (111 |56 N
166 M P L N 40 (29 [N 7 10 A N |12.4 |17.7 |10.4 | 6.7 N
167 F P L Y 35 (24 | P 4 6 A N |13.4 |10.8 | 9.2 15 Y 2.7 -
168 M A N N 37 |25 | N 6 8 A N |159 | 15 |111 |37 N
169 F P N N 37 |25 | N 9 10 A N 14 146 |105 |37 N
170 M A L N 39 |28 | N 8 9 A N [10.8 [13.2 |79 5.1 N
171 F A L N 39 3 N 7 9 A N [18.1 |22.4 (148 |7.1 N
172 F A N N 38 |34 | N 7 9 A N 15 |18.6 |11.7 | 6.3 N
173 M A L N 38 3 N 6 9 A N |14.4 |141 (108 3 N
174 M A N N 36 |24 | N 8 10 A N 143 | 17 8.9 7.7 N
175 F A L N 37 |28 | N 8 9 A N |17.4 |147 | 9.1 4.9 N
176 M A L Y 37 |25 | N 4 7 A N [16.1 [13.8 |85 4.5 N
177 M A N N 36 (23 | N 7 8 A N |16.5 |16.8 |10.6 | 5.6 N
178 F A N N 38 |32 | N 8 9 A N |12.8 |18.1 (115 6 N
179 F P L N 37 3 N 7 9 A N 13 |175 |114 |55 N
180 F P L N 34 |23 | N 8 10 A N

181 M P N N 36 (28 | N 7 9 A N |13.8 |104 |75 2.7 N
182 M A L N 38 |32 | N 6 8 A N [14.2 |165 (103 |55 N
183 M A N N 39 (34 | N 7 9 A N 17 141 |52 8.4 N
184 F A N N 34 |21 | P 6 8 P N [17.1 | 6.9 4.4 1.7 Y 4 -
185 F A L N 39 (26 | N 8 9 A N |11.8 |17.3 |13.2 | 3.6 N
186 M A L N 40 (27 | N 6 10 A N 16 13 6 6.8 N
187 F A N N 38 2 N 8 10 A N |125 |17.2 |10.1 | 6.7 N
188 F A L N 38 3 N 9 10 A N |13.8 |18.1 | 9.8 7.5 N
189 M A N N 38 (3.7 | N 6 8 A N |16.1 |135 |54 7 N
190 F A L N 37 |27 | N 8 9 A N 14 (165 |11.7 | 4.6 N
191 M A L N 33 |19 | N 7 8 A N
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192 F A L N 38 (26 | N 7 10 A N |16.9 |144 | 11 35 N
193 F A N N 34 (17 | N 6 9 A N |15.4 |107 |73 3.2 N
194 M P L N 38 |29 | N 7 9 A N 15 (123 | 8.8 3.4 N
195 M A N N 37 |27 | N 6 8 A N |149 | 16 (121 |33 N
196 F A L N 38 |34 | N 5 9 P N |13.2 |18.4 (108 7 N
197 M A L N 39 |31 | N 7 9 A N [13.1 (113 |74 3.6 N
198 F A N N 36 (23 | N 5 8 A N |125 | 12 6.6 4.9 N
199 M A N N 34 2 P 6 9 A N |146 |115 | 9.7 1.6 Y 55 -
200 F A N N 37 |28 | N 8 9 A N |11.7 | 16 |105 5 N
201 M A L N 37 |26 | N 7 9 A N |11.9 |13.2 8 4.4 N
202 F A L N 38 3 N 7 10 A N 147 [141 |77 5.9 N
203 M A N N 38 |25 | N 8 9 A N [155 [136 | 7.8 5 N
204 M A L N 37 (24 | N 7 8 A N |13.8 |17.9 |10.2 7 N
205 F A L N 37 |36 | N 9 10 A N [14.1 |23.4 (147 |84 N
206 F P L Y 34 (19 | N 4 8 A N

207 F A N N 34 2 N 5 9 A N

208 M A L N 38 (28 | N 6 9 A N |175 |11.7 | 59 3.6 N
209 F A N N 38 |25 | N 7 9 A N |124 |16.3 (115 |41 N
210 M A L Y 37 3 N 5 8 P N |11.8 |27.2 |156.2 | 9.1 N
211 M A L N 38 |28 | N 8 9 A N ]10.7 | 12 8.1 3.6 N
212 M A N N 40 (2.7 | N 7 8 A N 148 |11.2 | 83 25 N
213 M A L N 38 |25 | N 8 10 A N [13.1 [103 | 6.2 3.4 N
214 M A L N 39 3 N 7 9 A N [145 |95 5 4.3 N
215 F A N N 37 |32 | N 7 8 A N [12.7 | 6.8 3.9 2 N
216 F A L N 38 |35 | N 8 10 A N |17.8 [145 | 11 3.4 N
217 F A L N 35 |18 | N 7 8 A N 16 |27.3 |18.7 | 7.6 N
218 M A N N 33 (15 | N 8 9 A N |143 |143 |10.1 | 3.6 N
219 F A L N 38 3 N 9 10 A N |15.1 |15.8 |10.5 4 N
220 M P N N 39 (43 | N 8 9 A N 128 | 13 8.1 4.4 N
221 F A L N 39 (32 | N 7 8 A N |13.6 |19.4 | 15 3.9 N
222 M P N N 37 3 N 8 9 A N |147 |17.1 (141 |28 N
223 M A L N 35 |24 | 7 9 A N |156 [14.2 (113 |24 Y 5.2 -
224 F P L N 38 |31 | N 8 10 A N ]19.1 |153 (113 | 3.2 N
225 M P L N 37 |28 | N 7 9 A N |11.5 |16.4 (109 | 3.3 N
226 F A N N 38 |29 | N 7 9 A N [10.3 [149 |95 4.6 N
227 M A L Y 35 (21 | N 7 9 A N |109 |18.4 |15.2 | 2.6 N
228 F A N N 36 |26 | N 7 8 A N |126 |17.2 [13.2 | 3.6 N
229 M A L N 38 (37 | N 6 9 A N 129 |138 | 9.2 3.8 N
230 F A L N 39 3 N 5 9 A N [13.7 [144 | 6.7 7.6 N
231 F A N N 38 (28 | N 6 9 A N |13.4 |22.7 | 16 55 N
232 F A L N 39 |38 | N 7 9 A N [142 |26.4 (201 |55 N
233 M A L N 40 (26 | N 9 10 A N 16 |122 |63 5.4 N
234 F P N N 36 |22 | N 7 9 A N |15.1 |16.4 (117 |29 N
235 M A N N 34 (18 | N 7 8 A N |16.8 |15.8 |11.5 | 3.7 N
236 F A L N 34 |19 | N 8 10 A N |18.7 |17.3 [106 | 6.3 N
237 M A L N 35 (22 | N 8 9 A N |11.4 |18.4 |133 | 45 N
238 F A N N 35 2 N 9 10 A N |12.8 |18.2 | 12 4.7 N
239 M A L N 38 (27 | N 7 8 A N |16.3 |135 | 9.1 3.8 N
240 F P L N 39 (26 | N 6 8 A N |15.8 |144 |87 5.6 N
241 M A L N 40 (3.1 | N 5 8 A N 17 |16.1 |104 | 4.2 N
242 M A N N 38 |28 | N 6 9 A N |14.7 |18.7 (112 | 6.9 N
243 F A N N 37 |26 | N 8 9 A N
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244 M A N N 39 (24 | N 7 9 A N |13.2 |205 |12.8 | 6.5 N
245 F A L N 37 (41 | N 8 9 A N |15.8 |19.3 | 13 5.8 N
246 M P N N 38 |28 | N 7 8 A N 14 |18.8 |11.2 7 N
247 M A L Y 36 |18 | N 5 7 A N [11.8 |17.2 (123 | 45 N
248 F A N N 38 |25 | N 6 9 A N |126 |14.1 9 4.9 N
249 M A N N 38 |26 | N 5 8 A N |165 | 16 (125 |27 N
250 M A L N 37 |25 | N 8 9 A N |215 |255 |13.4 |111 | N
251 F P L N 38 3 N 9 10 A N |19.7 |183 | 10 7.2 N
252 M A N N 39 (28 | N 7 9 A N 123 |157 | 9.2 5.4 N
253 M A L N 40 (27 | N 6 8 A N |145 |21.7 |11.7 | 8.8 N
254 F A L N 40 (36 | N 6 8 A N |13.9 |24.8 |147 |85 N
255 M A N N 40 3 N 8 9 A N |15.7 |22.4 (153 | 6.2 N
256 F A L N 38 (28 | N 7 9 A N 16 |16.3 |11.8 | 4.1 N
257

258 M A L N 36 2 N 7 9 A N |18.6 |18.3 (138 | 4.2 N
259 M A L N 38 |32 | N 8 10 A N |15.7 |16.5 (122 |41 N
260 F A N N 36 |22 | N 7 8 A N

261 F A L N 37 |27 | N 7 9 A N 14 (204 |145 | 48 N
262 F A L N 37 (24 | N 8 9 A N |14.7 |148 |79 5.8 N
263 M A N N 37 |28 | N 7 8 A N |15.2 |159 |11.4 |33 N
264 F A N N 38 (29 [N 7 9 A N |128 | 16 |10.7 | 3.7 N
265 M A L N 37 |26 | N 6 9 A N

266 M A L N 38 (24 | N 7 9 A N |143 |17.4 |12.8 | 3.9 N
267 M A N N 37 3 N 8 10 A N [15.1 [149 | 12 2.6 N
268 M A L N 34 |18 | N 7 8 A N 16 |17.3 |13.3 | 3.6 N
269 F A N N 35 |22 | N 6 9 A N |178 | 15 (112 |33 N
270 F A L N 37 |35 | N 7 9 A N |149 |185 |12.8 | 45 N
271 M P N N 38 |26 | N 6 8 A N [129 (137 |77 5.1 N
272 F A L N 38 (27 | N 9 10 A N 148 |125 | 4.1 7.8 N
273 -
274 M A N N 39 3 N 6 8 A N |143 |126 | 7.7 4.2 N
275 F P L N 40 3 N 7 9 A N 17 (132 |79 4.5 N
276 M A L N 38 (28 | N 8 9 A N |16.3 |15.8 |12.3 | 2.7 N
277 F A L N 37 |27 | N 8 10 A N |16.5 |13.7 (101 |28 N
278 M A N N 37 |26 | N 7 8 A N 147 | 14 9.6 3.2 N
279 M A N N 35 |24 | N 6 9 A N |15.6 |15.1 (10.2 4 N
280 F A L N 38 3 N 7 9 A N |11.8 |18.2 |123 | 5.1 N
281 F A N N 38 (36 | N 8 10 A N 12 16 9.3 6.2 N
282 M A L N 38 (28 | N 7 9 A N 193 |153 | 8.4 5.9 N
283 F A L N 35 2 N 5 8 A N |16.5 |129 | 4.4 7.1 N
284 M A N Y 39 (27 | N 4 7 P N 15 (144 |75 5.9 N
285 F A L N 40 (26 | N 5 8 A N |148 | 17 8.9 6.3 N
286 M A L N 38 |27 | N 8 9 A N

287 F A N N 37 |28 | N 6 8 A N |15.1 [17.3 | 13 2.9 N
288 M A L N 36 |19 | N 7 9 A N [12.8 [138 |7.8 3.8 N
289 M A N N 37 3 N 8 9 A N

290 M A N N 38 |34 | N 7 8 A N |145 |21.3 (155 |46 N
291 F A L N 39 (31 [N 6 10 A N |17.1 |22.7 |126 | 7.8 N
292 F P L N 33 (1.7 | N 8 9 A N |16.3 |26.4 |189 | 5.8 N
293 F A N N 38 (34 | N 6 9 A N 18 |205 |13.6 5 N
294 M P L N 34 |21 | P 5 7 A N 11 6.3 43 1.7 Y 3 -
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295 F A L N 38 3 N 6 7 A N |14.1 |16.7 | 9.6 6.4

296 M A L N 38 (28 | N 6 8 A N |143 |17.8 |11.1 5

297 F A N N 39 |28 | N 7 9 A N 15 (132 |11 |119 | N
298 M A N N 32 |14 | N 7 8 A N

299 F A L N 39 3 N 8 9 A N |195 |176 |23 |145 | N
300 M A N N 38 |26 | N 9 10 A N [17.8 [151 |75 6.9 N
301 F A L N 38 (28 | N 8 10 A N 109 |132 | 4.4 8.5 N
302 M A N N 38 3 N 7 8 A N |16.2 |11.4 | 6.7 4 N
303 F A L N 37 (27 | N 6 8 A N |15.1 | 14 8.8 4.9 N
304 M A L N 39 (23 | N 7 9 A N 148 |163 | 9.4 5.8 N
305 F A L N 39 (28 | N 8 9 A N |14.7 |145 |76 6.4 N
306 F A N N 37 |25 | 6 8 A N [143 |55 3 1.8 Y [Missed -
307 M A L N 38 (28 | N 7 9 A N |13.6 |17.1 |135 | 2.9 N
308 F A N N 36 |25 | N 8 10 A N ]18.3 |16.3 [10.7 | 4.9 N
309 M A L N 37 |25 | N 6 9 A N |175 |148 | 9.2 5.2 N
310 M A L N 36 |22 | N 8 10 A N [179 [155 | 9.9 5 N
311 F A L N 39 (42 | N 8 9 A N

312 M A N N 37 |24 | N 7 8 A N [123 [182 |85 9.1 N
313 M A N N 39 (33 [N 7 10 A N 142 |137 | 6.4 6 N
314 F A L N 38 |26 | N 7 9 A N |17.7 |141 (112 |25 N
315 M P N N 37 |27 | N 6 8 A N 16 245 |17.7 | 4.9 N
316 F A L N 39 |35 | N 7 9 A N [158 | 20 (127 | 6.4 N
317 M A L N 40 3 N 5 9 A N |15.2 |184 (113 |59 N
318 F A N N 38 |26 | N 8 10 A N |146 |17.4 (126 |45 N
319 M A N N 38 |27 | N 6 8 A N [13.8 [118 | 6.5 4.2 N
320 M A L N 39 |29 | N 7 9 A N |13.6 |17.6 [104 | 6.6 N
321

322 F A N N 38 (31 [N 8 9 A N 15 |215 |16.8 | 3.6 N
323 M A N N 40 (35 | N 8 10 A N |16.3 |16.3 | 9.3 6.8 N
324 F P L N 35 2 N 7 9 A N |17.1 |17.1 |135 | 3.2 N
325 F P N N 38 |27 | N 6 8 A N [18.6 [149 |83 6 N
326 M A N N 37 |26 | N 7 10 A N [18.1 [138 | 6.2 5.3 N
327 M A L N 39 |36 | N 7 9 A N |133 |17.4 (138 | 3.3 N
328 M A N N 38 3 N 7 9 A N |158 |16.5 8 7.5 N
329 M A L Y 33 |13 | N 8 9 A N [146 (147 |94 4.7 N
330 F A L Y 33 (16 | N 5 7 A N 108 |17.2 | 8.1 8.7 N
331 M A L N 38 3 N 6 10 A N 94 |123 |83 3.2 N
332 F A N N 38 (26 | N 7 9 A N

333 M A L N 37 |24 | N 6 8 A N |17.4 |18.7 (141 |36 N
334 M A N N 37 (28 | N 9 10 A N 15 |154 |128 |27 N
335 F A L N 36 |27 | N 8 9 A N [15.2 [127 |85 25 N
336 M A L N 39 3 N 7 9 A N |16.8 |136 | 7.2 4.9 N
337 F A N N 39 |29 | N 6 9 A N [149 [164 |55 9.7 N
338 M A L N 39 (28 | N 7 10 A N |13.6 |15.8 |10.1 | 5.2 N
339 M P N N 38 |26 | 6 9 A N [145 | 9.9 7.1 2.3 Y 4.4 -
340 F A L N 37 |27 | N 7 10 A N 9.7 106 | 5.1 5.2 N
341 M A L N 38 (34 [N 7 8 A N 182 | 9.2 4.7 4.1 N
342 M P N N 39 (31 [N 6 9 A N 153 |152 | 95 5.3 N
343 F A L N 40 3 N 7 9 A N |17.3 |16.1 |10.3 | 4.7 N
344 F A L N 40 (28 | N 8 10 A N 16 15 |10.8 | 3.7 N
345 F A N N 38 |29 | N 6 8 A N [13.8 [125 | 8.9 2.6 N
346 M A L N 40 |32 | N 7 9 A N [143 [141 |92 35 N
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2.8

Missed

Y

N

6.3
5.8

4.1

35

2.7

6.7

2.6
2.8
5.8

3.8
6.7

7.2
5.2

6.4

4.3

4.9

4.7

5.8

25
2.7

4.5

4.1

7.4

2.7
6.3

3.6

1.9
4.8

6.2

5.1

7.6
4.5

5.3

2.6

4.1

7.4
8.7
7.8
9.1

145

16.6

14.3

10.2

13.8

8.8
2.3

16.2

13
5.7
11.9

5.3
101

9.8

123

11.4

125

7.1

9.8
13.2

11.2

123

8.1

9.2
9.6
13.4

12.9

11
104

9.7

12.3

9.7

104

14.3

6.6
6.9

8.5

9.1

9.3

6.8

10.8

14.3

11.8

12.7

135

17.9

20.4

22
16.9

17.2

12.6

8.5

20.3

21.7

13.4

17.3

13.1

14.4

15.2

18.7

16.9

19.5

14.3

18
16.5

121

16.6

17.2

16.5

14
12.8

20.5

18.6

15.4

14.9

12.6

17.8

14.6

17.5

20.7

12
14.8

27.3 |20.7

15.4

16.7

13

11.9

125

11.7

15
13.5

16.1

14.2

16.8

11.8

12.9

14
13.6

17.5

15.4

14
14.8

13.6

12.9

16.8

18.2

17
17.4

16.9

16.4

15
15.1

14.8

16.3

16

11.6

16.7

15
14.7

17.3

13
16.2

11.2

10.9

195

16.3

15
13.4

143

15
15.8

19.3

12.4

15.5

N
N

N

N
N

N

N

N

N
N
N
N
N

N
N

N

N
N

N

N
N

N

N
N

N
N

N

N
N

N

10

10

10

2.4

2.3

3.1

3.1

2.8
25

2.6
2.8

2.4

3.8
18
1.9

2.6
2.7

2.4

25
2.9
2.8
1.8

21

2.2
2.8
3.4

2.6
3.8

2.7

2.9
2.8
25

2.7
2.6

21

1.8
16
3.3

31

25

2.9
2.6

37

36

38
38
39

35

38
40

37

39

36
35

38
36

37

36
39

38
34

36
36
38
39

40
38

38
40
40
38

38

37

36
35
35

37

40
39

40
38

347
348
349
350
351
352
353
354
355
356
357
358

359
360
361
362
363
364
365
366

367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
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399 F P L N 40 3 N 8 9 A N |12.7 |145 |115 | 2.6 N
400 F A N N 40 (28 | N 8 10 A N 12 178 | 11 6.3 N
401 M A L N 40 |32 | N 5 9 A N [13.4 (102 |7.1 25 N
402 F A N N 37 2 N 7 8 A N 14 8.8 5.4 2.8 N
403 M A L N 39 3 N 6 9 A N [13.8 |143 (102 |29 N
404 F A L N 38 |31 | N 5 8 A N |14.7 |15.2 (112 |37 N
405 M A N N 37 (28 | N 7 9 A N |14.6 |13.7 | 85 4.6 N
406 M A N N 36 (26 | N 7 9 A N |145 | 14 8.3 5.1 N
407 M A L N 34 2 N 6 8 A N 13 |17.1 |116 5 N
408 M A N N 38 (35 | N 6 9 A N |18.7 |22.1 |13.3 | 6.8 N
409 F A L N 39 (34 | N 8 9 A N

410 M A N N 38 3 N 5 8 A N 13 |126 | 6.9 4.7 N
411 F A N Y 34 (19 | N 5 7 A N |12.7 |19.4 |142 | 4.2 N
412 M P L N 40 |28 | N 8 9 A N 13 |153 113 | 2.7 N
413 M P N N 35 (21 | P 6 8 A N 149 |10.2 7 2.3 Y 2.6 -
414 F A L N 38 |29 | N 8 10 A N [18.2 |16.2 (124 |35

415 M A N N 37 |25 | N 9 10 A N |146 |175 |12.6 | 3.9

416 M A L N 37 |27 | N 7 9 A N [153 [142 |83 4.4

417 F A N N 37 |26 | N 6 9 A N |12.4 |16.3 |10.8 | 4.6

418 M A N N 35 |23 | P 5 8 A N |11.7 |16.2 (119 |22 Y 2.7 -
419 F A N N 36 (24 | N 7 8 A N |15.6 |179 |11.3 | 5.7 N
420 M A L N 39 |28 | N 6 9 A N [134 | 14 (101 3 N
421 F A L N 38 |26 | N 6 8 A N |17.6 [13.2 | 10 2.6 N
422 M A L N 35 |16 | N 8 9 A N 16 (146 | 8.7 5.4 N
423 M P L N 37 3 N 7 8 A N [16.4 | 9.9 5 4.1 N
424 M A N N 40 |32 | N 7 9 A N [15.8 [103 | 6.3 3 N
425 F A L N 40 3 N 5 9 A N |173 | 17 |121 | 3.8 N
426 F A L N 38 (32 | N 6 9 A N |16.3 |16.4 |11.2 | 4.6 N
427 F A N N 39 (25 | N 6 9 A N 16 |145 |94 4.5 N
428 M A L N 38 (25 | N 6 8 A N |14.7 |16.7 |103 |54 N
429 M A L N 37 |26 | N 7 9 A N |141 | 17 (125 |42 N
430 F A L N 38 3 N 6 8 A N |129 |17.3 (128 |26 N
431 F A N N 39 |35 | N 7 9 A N [15.8 [143 |97 3.2 N
432 M P L Y 34 |17 | N 4 8 A N |165 [241 (99 |115 | N
433 M A N N 40 |27 | N 5 9 A N

434 M A L N 39 (25 | N 7 10 A N 153 |123 | 8.4 3.7 N
435 F A N N 38 |23 | N 7 9 A N |16.5 |10.8 6 4.1 N
436 M A N N 38 (21 | N 6 8 A N |143 |146 |73 6.4 N
437 M A L N 40 |31 | N 8 10 A N [128 |19.2 (151 |25 N
438 M A L N 38 3 N 6 8 A N 15 |142 | 10 3.6 N
439 M A L N 38 |24 | N 5 8 A N [139 | 16 (122 3 N
440 M A N N 37 (28 | N 7 9 A N |14.7 |16.6 |11.7 | 4.2 N
441 M A L N 38 3 N 6 9 A N ]203 [17.3 (129 4 N
442 F A N Y 40 (34 | N 5 8 A N |146 |122 |78 3.8 N
443 F P L Y 39 |29 | N 5 7 A N [155 (199 |97 8.4 N
444 M A N N 37 |26 | N 7 9 A N 13 |18.6 |125 |56 N
445 F A L N 38 (28 | N 7 8 A N |17.6 |204 |122 | 7.1 N
446 F A L N 37 |23 | N 6 9 A N |10.8 |26.3 |18.2 7 N
447 M A N N 38 (32 | N 6 8 A N |14.8 |14.2 |11.2 |27 N
448 F A N N 41 4 N 7 9 A N |145 | 17 |116 | 5.2 N
449 M A L N 38 |26 | N 6 8 A N [12.6 [146 | 8.6 4.7 N
450 F A L N 36 |24 | N 7 10 A N [16.2 |155 (123 |28 N
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451 F A L N 37 |28 | N 5 8 A N |125 |16.1 | 83 6.5 N
452 F A N N 34 (19 [N 5 7 P N |148 |163 | 9.4 6.1 N
453 M A N N 35 |22 | N 6 9 A N |13.7 |18.6 (148 | 3.6 N
454 F A L N 36 |29 | N 7 9 A N [14.4 [145 |77 4.7 N
455 M A L N 38 |31 | N 8 9 A N |15.8 |17.2 (142 |26 N
456 F P L N 37 |22 | N 7 9 A N ]16.2 | 20 16 3.1 N
457 M A N N 37 (24 | N 8 9 A N |16.1 |166 | 7.2 8.3 N
458 M A L N 38 3 N 6 8 A N |149 |19.2 |131 |54 N
459 M P N N 37 (27 | N 6 9 A N |15.2 |15.7 |10.8 | 45 N
460 F A L N 37 |26 | N 5 8 A N |14.7 |144 | 9.2 4 N
461 M P L N 40 (28 | N 5 9 A N 142 |183 | 95 7.8 N
462 F A L N 35 |18 | N 6 9 A N |15.8 |15.2 (114 |29 N
463 M A N Y 39 (34 | N 5 8 A N 14 17 129 | 3.2 N
464 M A N N 40 |32 | N 7 8 A N 133 [193 | 12 6.1 N
465 F A L N 40 3 N 6 9 A N |135 |17.7 | 9.8 7.6 N
466 F A L N 33 |18 |P,S | 6 8 A N [123 | 6.8 4.7 1.8 Y 3.7 -
467 M A N N 33 (19 [N 7 8 A N |18.7 |159 |10.1 | 5.2 N
468 M A L N 38 |29 | N 8 9 A N [15.2 [145 |97 35 N
469 M A L N 38 (27 | N 7 10 A N 123 |14.2 9 4.6 N
470 M A N N 38 |26 | N 6 9 A N [16.3 [23.1 (142 8 N
471 F A L N 39 (35 | N 7 9 A N |13.2 |146 | 6.5 7.5 N
472 F A N N 37 3 N 6 A N [13.1 [113 | 6.8 3.9 N
473

474 F P N N 40 3 N 7 9 A N |148 |175 (114 |53 N
475 M A N N 40 |35 | N 5 8 A N [16.8 [123 | 5.9 6 N
476 F A L N 38 3 N 6 8 A N [143 |169 (113 |51 N
477 M A L N 39 (31 [N 7 9 A N |15.6 |145 |93 4.5 N
478 M A N N 34 |23 | N 6 10 A N |14.7 |186 (103 | 7.4 N
479 M A N N 37 (24 | N 6 9 A N 14 (227 | 13 8.4 N
480 F A L Y 38 (26 | N 5 9 A N

481 F A N N 35 2 N 7 8 A N

482 M A L N 35 |25 | N 6 8 A N |176 |24.2 (128 | 8.6 N
483 F A N N 39 (29 [N 7 9 A N 17 14 8.6 4.7 N
484 M P L N 40 |29 | N 8 10 A N [15.6 [154 |98 4.6 N
485 F A N N 40 3 N 6 8 A N |149 |183 (121 |54 N
486 F A N N 39 |34 | N 7 9 A N [12.7 [145 | 6.9 6.1 N
487 M A L N 40 (32 | N 7 10 A N |18.7 |13.2 |104 | 2.6 N
488 M P L N 34 (19 | P 6 8 A N |11.2 | 9.4 7.1 2 Y 3.2 -
489 M P L Y 34 |21 | P 4 7 A N [103 |76 5.2 1.6

490 F A N N 39 (28 | N 7 9 A N |18.1 |13.2 | 9.6 2.8 N
491 M A N N 38 (26 | N 6 8 A N |11.6 |11.4 | 6.9 2.6 N
492 M P L N 36 |24 | N 7 9 A N |13.3 |10.5 7 3.2 N
493 M A L N 37 |26 | N 6 9 A N |153 |18.9 |11.3 7 N
494 M A L N 37 3 N 7 10 A N 16 |143 | 8.6 4.7 N
495 M A N N 35 2 N 6 9 A N |145 |18.8 (125 |54 N
496 F A L N 37 |27 | N 7 9 A N 15 |16.6 |10.1 |51 N
497 F A N N 33 |18 | N 6 9 A N [15.8 [139 |78 4 N
498 M A L N 33 |15 | N 4 7 A N |16.9 |20.2 |155 | 4.3 N
499 F A N N 38 (29 [N 8 9 A N 147 |137 |78 4.5 N
500 F A L N 37 |26 | N 7 9 A N |15.6 |153 | 9.1 4.8 N
501 F A N N 38 (28 | N 7 9 A N 15 |18.2 |141 |35 N
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502 M A N N 35 (24 | N 6 8 A N |12.4 |14.1 |10.2 | 3.6 N
503 F A N N 38 3 N 5 8 A N 12 11 7.7 3.2 N
504 M A L N 37 |32 | N 6 9 A N ]16.2 [27.6 [15.3 |105 | N
505 F A L N 39 |36 | N 6 9 A N [12.7 [148 |73 7.1 N
506 M A L N 36 |25 | N 5 8 A N |14.2 |154 (112 |37 N
507 F A N Y 36 2 N 5 9 A N

508 M A L N 36 (22 | N 7 9 A N 152 | 9.6 6.4 25 N
509 F A L N 37 (28 | N 7 9 A N |153 | 85 5.3 2.9 N
510 F A L N 39 (25 | N 7 9 A N 14 (213 |12.7 |78 N
511 M A N N 35 2 N 7 8 A N |17.8 |16.9 |105 | 5.7 N
512 F A N N 38 (39 [N 8 10 A N |17.2 |17.2 |129 | 3.6 N
513 M A L N 40 |36 | N 5 7 A N [11.3 [147 |97 3.4 N
514 F A N N 40 3 N 7 9 A N |16.6 |10.8 | 7.2 3 N
515 M P L N 39 |28 | N 6 8 A N 123 | 9.7 5.4 3.4 N
516 F A L N 40 3 N 5 7 A N |175 | 83 5.5 25 N
517 M A N N 38 |27 | N 6 8 A N [125 |13.2 (101 |25 N
518 F A L N 35 (23 | P 3 5 P N 119 |11.8 |93 1.9 Y 2.9 -
519 F A L N 40 3 N 7 9 A N [12.8 [141 |77 6 N
520 M A N N 39 (26 | N 7 9 A N |13.6 |16.3 | 9.3 5.7 N
521 F A N N 39 3 N 8 9 A N 14 (122 7 4.6 N
522 M A L N 38 (28 | N 5 8 A N 128 | 9.3 5.1 4 N
523 F A N N 37 |24 | N 6 9 A N [193 [183 |83 9.4 N
524 M A L N 37 |26 | N 7 8 A N [185 [152 | 12 2.8 N
525 M A N N 35 2 P 7 9 A N [125 |16.8 (127 | 2.4 Y 3.3 -
526 F A N Y 37 |32 | N 5 8 A N 14 (123 | 6.6 5.3 N
527 M A L N 38 |36 | N 7 9 A N |154 |14.4 (103 | 3.2 N
528 F A N N 39 3 N 7 9 A N |146 | 8.7 4.8 2.7 N
529 M A L N 37 2 N 6 8 A N 12 9.8 4.5 4.3 N
530 F A L N 36 (21 | N 6 9 A N |12.6 |10.2 | 56 4.1 N
531 F A N N 36 (19 [N 4 7 A N |14.7 |183 |15.1 |25 N
532 M P L N 36 |25 | N 7 9 A N 14 (156 |114 |29 N
533 F A L N 33 |16 | N 7 8 A N

534 F A N N 34 2 N 6 9 A N [14.1 [128 |53 6.1 N
535 M A N N 38 3 N 7 8 A N |11.8 |17.6 (113 |51 N
536 F A L N 36 |19 | N 8 9 A N [175 [124 |85 2.8 N
537 M A N N 39 3 N 6 8 A N |16.7 |15.3 |10.4 | 4.6 N
538 F A L N 38 |32 | N 7 9 A N [13.7 [127 |7.1 4.4 N
539 M A L N 39 (34 | N 6 9 A N |15.2 |141 | 6.6 5.7 N
540 F A N N 40 3 N 6 9 A N [126 [129 | 8.2 2.6 N
541 M A L N 35 (18 | N 7 8 A N |115 |16.8 | 9.3 6.1 N
542 F A N N 39 |28 | N 7 9 A N |18.6 |14.2 8 3.8 N
543 M A L N 40 (26 | N 6 8 A N 108 |124 |74 3.7 N
544 M A N N 40 |26 | N 7 9 A N

545 F A L N 38 3 N 7 8 A N |16.5 |16.8 |11.7 4 N
546 F A L N 38 |24 | N 8 10 A N (148 |94 4.9 4.2 N
547 M A N Y 36 (22 | N 6 8 A N |13.8 | 13 7.8 4.8 N
548 M A N N 37 3 N 7 9 A N 127 |143 | 4.1 8.8 N
549 F A L N 38 (31 [N 8 10 A N |13.4 |176 | 8.2 7.3 N
550 M A N N 39 (32 | N 6 8 A N

551 F A L N 36 (23 | N 8 9 A N |12.8 |143 |10.7 | 2.6 N
552 M A N Y 39 |26 | N 4 7 A N [13.3 [123 |85 2.6

553 F P L N 37 3 N 7 8 A N |151 | 16 (118 | 3.7
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554 F A N N 40 (36 | N 6 8 A N |16.2 |11.2 |79 3.1 N
555 M A L Y 40 (27 | N 4 9 A N |13.1 |135 | 7.2 4.8 N
556 M A L N 37 |29 | N 9 10 A N [149 [105 |55 4.5 N
557 F A L N 38 |25 | N 6 9 A N [12.7 [148 |83 5.8 N
558 M P N Y 36 |23 | S 5 9 A N [115 [113 | 8.8 2.2 Y 3.2 -
559 M A L N 37 |27 | N 8 9 A N [16.3 |16.2 (123 |25 N
560 F A L N 37 |26 | N 4 7 A N |155 |152 | 9.8 2.9 N
561 M A N N 34 (18 | N 6 8 A N |16.8 |17.3 |13.2 | 2.6 N
562 F A L N 35 (21 | N 7 9 A N 142 |125 | 8.4 3.2 N
563 M A N N 35 (22 | N 5 8 A N |16.2 | 16 |11.7 | 3.8 N
564 F P L N 36 2 N 6 9 A N |12.8 |15.6 |10.8 4 N
565 M A N N 38 |25 | N 7 8 A N

566 F A L N 37 3 N 6 9 A N |17.6 |22.1 | 14 7.6 N
567 M A N N 38 |25 | N 7 8 A N [159 [138 |54 5.1 N
568 F P L N 38 3 N 7 9 A N |18.4 |13.1 | 6.8 6 N
569 M A L N 38 |31 | N 6 9 A N 16 (164 | 12 3.4 N
570 F P N Y 39 (38 | N 3 8 A N |12.7 |18.2 |14.2 3 N
571 F P N N 34 2 P 4 7 A N [14.1 |13.8 (111 |18 Y 2.8 -
572 M A L N 37 (24 | N 5 8 A N 15 |143 |87 4.4 N
573 M P N N 37 |25 | N 7 9 A N [16.2 [17.4 | 9.9 6.7 N
574 M A L N 36 2 N 7 10 A N |14.2 |25.6 |15.6 | 8.1 N
575 M A N N 38 |32 | N 6 9 A N |12.7 |183 (146 |29 N
576 M A L N 39 3 N 7 8 A N [16.5 [104 | 6.7 3 N
577 F A N N 40 |28 | N 8 10 A N |133 | 17 (131 |33 N
578 M A N N 40 |26 | N 7 8 A N [14.7 |153 |73 7 N
579 F A N N 35 |17 |P,S | 6 8 A N [129 |16.3 (125 |24 Y 4.1 -
580 M A N N 38 (28 | N 7 8 A N |11.7 |143 7 4.5 N
581 M A L Y 39 (24 | N 4 8 A N |156 | 16 |10.2 | 4.9 N
582 F A L N 37 |26 | N 7 9 A N

583 M A N N 37 3 N 8 9 A N 15 6.8 3.7 2.7 N
584 M A N N 38 |31 | N 6 8 A N [13.6 |89 43 3.6 N
585 F A N N 37 |32 | N 9 10 A N |13.8 |17.1 (115 |57 N
586 M A L N 34 |18 | N 7 8 A N |14.1 |165 (108 | 4.1 N
587 M A N N 38 |26 | N 8 9 A N [169 [164 |85 6.1 N
588 M A N N 37 |28 | N 7 9 A N [18.2 |17.2 (127 |28 N
589 F P L N 39 (26 | N 8 9 A N |13.8 |159 | 83 6.7 N
590 F A L N 35 2 N 5 8 A N [11.6 [10.7 |5.9 3.9 N
591 M A N N 37 3 N 6 8 A N |154 | 95 5.4 2.6 N
592 F P L N 38 |26 | 6 9 A N |16.7 |13.2 (105 |21 Y [Missed -
593 M A L N 39 (32 | N 7 8 A N |17.1 |20.3 |12.3 7 N
594 F A N N 38 3 N 7 9 A N 17 8.7 4.9 3.2 N
595 M A N N 38 (34 | N 7 8 A N 12 |10.2 | 6.8 2.7 N
596 M A L N 37 |28 | N 5 7 A N [16.3 [144 |84 5 N
597 F A N N 36 (23 | N 7 9 A N |125 |141 | 88 4.2 N
598 M A L N 38 |26 | N 6 10 A N |15.6 |15.2 (101 | 4.7 N
599 M A L N 38 (25 | N 8 9 A N |135 |156 | 9.3 5 N
600 F A N N 37 |27 | N 7 10 A N 14 (142 |72 6.3 N
601 M A L N 38 3 N 7 9 A N |143 |16.3 |12.2 | 3.6 N
602 M A N N 39 (31 [N 6 9 A N |129 |175 | 9.7 6 N
603 M P L N 36 (23 | N 6 8 A N

604 M A L N 37 |33 | N 7 9 A N [135 [141 | 8.9 4.1 N
605 F A N N 39 |32 | N 5 8 A N [15.8 [136 |7.4 4.3
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606 M A N N 40 (27 | N 6 9 A N |16.1 |16.3 |11.3 4 N
607 F A L N 39 (29 [N 6 8 A N |12.8 |24.1 |16.7 | 6.1 N
608 M A N N 38 3 N 8 9 A N ]18.2 |20.3 (135 6 N
609 M A L N 37 2 S 7 9 P Y 17 8.9 7 1.6 Y 25 -
610 M A L N 38 |24 | N 7 10 A N [12.4 [128 |47 7.6 N
611 F A N Y 38 |26 | N 5 7 A N [143 [113 |5.1 5.8 N
612 M A L N 37 (24 | N 7 8 A N |146 |17.2 | 11 5.1 N
613 M A N N 37 (29 | N 6 9 A N

614 F A L N 38 (33 [N 7 8 A N |16.1 |125 |59 3.6 N
615 M A N N 38 (31 [N 7 10 A N |16.7 | 12 7.3 4.2 N
616 M A L N 38 3 N 7 9 A N |155 |14.1 |111 |28 N
617 F A L N 39 |24 | N 8 9 A N [126 [135 |[9.2 35 N
618 M P L N 37 |28 | N 7 8 A N |142 |143 |105 | 2.6 N
619 M A L N 36 |22 | P 7 9 A N |12.2 |15.1 (124 |23 Y 3.8 -
620 M A N N 37 |27 | N 6 8 A N |135 |125 |73 4.5 N
621 M A L N 37 |31 | N 7 9 A N [16.5 [11.8 | 6.9 4 N
622 F A L N 39 3 N 8 9 A N |15.8 |111 |73 3.2 N
623 F A L N 40 |35 | N 6 8 A N [14.7 [123 |[7.2 35 N
624 M A N N 38 (25 | N 5 9 A N 14 (108 | 6.6 2.9 N
625 F A L N 37 |24 | N 6 8 A N |149 | 14 11 2.6 N
626 M A N N 39 3 N 8 10 A N |13.6 |156 | 7.9 7 N
627 F A N N 40 |31 | N 5 9 P N |165 |17.4 (108 | 6.1 N
628

629 M A L Y 35 |22 | N 5 7 A N [115 [122 |[7.2 4.3 N
630 F P N N 39 |32 | N 7 8 A N

631 M A L N 38 |27 | N 6 9 A N [13.6 |15.1 (113 |25 N
632 F A N N 37 |24 | N 7 9 A N |13.1 |14.2 |104 | 2.7 N
633 M A L N 36 (26 | N 8 10 A N |14.7 |16.4 9 6 N
634 F A L N 35 (19 [N 6 9 A N |176 | 13 8.7 35 N
635 M A N N 39 (37 | N 6 8 A N |15.4 |124 |73 4.1 N
636 M A L N 38 3 N 6 9 A N [12.8 |183 (129 5 N
637 M A N N 39 |28 | N 7 9 A N [11.6 [146 |85 4.6 N
638 F A L N 37 |24 | N 8 9 A N [19.6 | 9.5 5.1 4.2 N
639 F A L N 37 |25 | N 5 8 A N |125 |16.8 (131 |27 N
640 F A N N 36 |23 | N 6 9 A N |16.3 |12.8 7 4.2 N
641 F A L N 36 (24 | N 8 9 A N

642 F P N N 37 |29 | N 7 10 A N |14.8 |14.7 (109 |27 N
643 M A L N 37 |25 | N 6 9 A N 14 16 |121 |26

644 F A N N 39 |26 | N 7 8 A N |145 |142 (102 | 3.7 N
645 M A N N 38 (33 | N 8 9 A N

646 M A L N 37 |24 | N 7 9 A N [129 [154 |94 2.9 N
647 F A N N 36 (26 | N 7 10 A N |16.3 |16.1 |105 | 4.1 N
648 F A L N 37 |28 | N 6 9 A N |124 |17.1 (113 | 3.6 N
649 F A L N 33 (19 [N 7 8 A N |13.8 |103 | 7.1 2.8 N
650 M A N N 37 |27 | N 8 10 A N |14.7 |11.2 6 4.9 N
651 M A L N 38 (25 | N 7 9 A N |13.8 | 10 4.9 4.6 N
652 F A N N 37 |25 | N 7 9 A N |126 | 18 |14.2 3 N
653 F A N N 38 (29 [N 6 9 A N |13.6 |14.2 |10.1 | 3.2 N
654 M A L N 37 |36 | N 7 8 A N |14.4 |153 |10.2 | 3.6 N
655 M A L N 40 (28 | N 7 8 A N 15 147 |97 4 N
656 F A N N 37 |24 | N 8 9 A N 16 (159 |78 6.2 N
657 F A L N 37 |31 | N 7 9 A N [125 | 16 (104 |28 N
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658 M A N N 39 3 N 7 8 A N 187 | 7.9 3 4.2 N
659 F A L N 38 (32 | N 9 10 A N |173 | 15 |104 |33 N
660 F A L N 40 3 N 6 8 A N |13.6 |16.5 (123 |27 N
661 M A L N 40 3 N 7 9 A N [12.7 [123 | 8.1 3.2 N
662 M P N N 35 2 N 7 9 A N

663 M A N N 35 |21 | N 6 8 A N [14.4 |16.1 (112 |45 N
664 M A L N 35 (24 | N 7 8 A N |15.6 |13.3 | 9.7 3.2 N
665 F A N N 38 (34 | N 7 9 A N 16 |153 |10.8 | 3.6 N
666 M A L N 39 (31 [N 8 9 A N |16.8 |16.2 | 9.6 4.5 N
667 F A N N 35 (22 | N 8 9 A N |19.1 |11.4 8 2.8 N
668 F A L N 36 (26 | N 8 10 A N |10.2 |19.4 | 15 2.7 N
669 M A L N 37 |27 | N 7 9 A N |126 |16.8 (113 |29 N
670 F A N N 40 3 A 6 8 A N |169 | 14 |10.1 2 Y |Missed -
671 M A N N 37 |26 | N 7 9 A N [16.5 [158 |94 3.1 N
672 M A L N 37 |25 | N 8 10 A N |15.2 |14.6 |105 | 2.7 N
673 F A N N 34 |17 | N 7 8 A N [153 |16.3 (131 |25 N
674 F P L N 38 (33 [N 7 9 A N 14 16 12 3.2 N
675 M A N N 39 |34 | N 7 9 A N [14.8 [147 | 8.4 5 N
676 M P L N 35 (18 | N 6 8 A N |12.8 |144 |75 4.8 N
677 F A L N 35 2 N 7 9 A N [13.3 |15.1 (103 |25 N
678 F A N N 38 (27 | N 7 8 A N

679 M A L N 40 |31 | N 8 9 A N |15.7 |16.4 (102 | 4.7 N
680 F A N N 40 3 N 6 8 A N 147 | 14 9.9 2.6 N
681 M A L N 38 |26 | N 5 8 A N [16.2 (103 | 6.8 3.6 N
682 F A N Y 40 3 N 5 7 A N [15.2 | 8.2 4.7 25 N
683 F P L N 35 |22 | N 8 9 A N |147 | 18 [135 3 N
684 F A L N 40 (27 | N 7 8 A N |16.6 |16.8 |12.2 | 3.8 N
685 M A L Y 38 (28 | N 5 7 A N 15 |17.2 |113 5 N
686 M A N N 39 (35 | N 8 9 A N |12.6 |16.3 |13.1 | 2.6 N
687 M P L N 39 (31 [N 7 8 A N

688 F A L N 35 |24 | N 7 9 A N |11.6 |15.1 (106 |27 N
689 M A N N 38 |29 | N 9 10 A N [16.5 [121 |7.7 4.2 N
690 F A N N 37 |27 | N 8 9 A N [146 [13.2 |87 4 N
691 M A L N 35 |23 | N 8 9 A N [128 [148 |7.4 6.3 N
692 M P L Y 36 |23 | P 5 9 P N 11 (107 | 7.8 2.3 Y [Missed -
693 F A N N 37 |31 | N 6 8 A N |11.6 |193 |115 | 6.8 N
694 F A L N 37 |26 | N 8 10 A N [16.3 [123 | 7.1 4.7 N
695 M A L N 38 3 N 6 8 A N |165 | 11 6 4.6 N
696 F A N Y 40 |34 | N 5 7 A N 17 (124 |55 5.4 N
697 F A L N 40 (34 | 7 8 A N 147 | 76 5.1 2 Y 3.2 -
698 M A L N 40 |28 | N 7 9 A N |16.4 | 17 9.7 5.8 N
699 F A N N 38 (25 | N 7 8 A N 14 |16.3 |103 |45 N
700 M A N N 39 |31 | N 6 8 A N [125 [148 | 9.6 3.4 N
701 F P N N 40 3 N 7 9 A N |148 |128 | 8.4 3.1 N
702 F P N N 38 |26 | N 7 8 A N [16.2 [122 |7.1 3.4 N
703 M A L N 37 |31 | N 6 9 A N |17.6 |14.6 8 5.1 N
704 M A L N 40 (33 | N 6 7 A N 18 |13.2 [ 6.9 4.9 N
705 F A N N 36 (21 | N 7 9 A N |15.4 |17.8 |10.3 | 5.2 N
706 F A L N 36 (26 | N 6 9 A N 14 18 |114 5 N
707 M A N N 38 3 N 6 9 A N |175 |195 |125 | 6.4 N
708 F A L N 39 |39 | N 7 8 A N

709 F A N N 40 |41 | N 6 10 A N [12.7 [131 |79 4 N
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710 F P L N 37 (24 | N 8 9 A N |119 |165 |12.2 | 3.7 N
711 M A N N 36 2 N 6 8 A N |15.6 | 12 6.6 3.9 N
712 F A L Y 34 |16 | N 5 9 A N |16.6 |13.9 7 6.5 N
713 M A N N 37 |25 | N 8 9 A N 16 |22.6 |131 | 7.6 N
714 F A L N 35 |23 | N 7 9 A N [14.2 [144 |96 25 N
715 M A L N 35 |22 | N 7 8 A N [13.8 [105 | 6.2 3 N
716 F A N N 37 |27 | N 6 7 A N |175 |138 |79 3.9 N
717 M P L N 37 |31 | N 5 8 A N |153 |16.6 |11.1 | 4.2 N
718 M A N N 38 (3.7 | N 8 10 A N 15 9.5 5 3.3 N
719 F A N N 39 (26 | N 8 9 A N |14.8 |16.7 | 8.6 6.5 N
720 F A N N 39 (28 | N 7 8 A N |142 |249 |14.2 8 N
721 M A L N 39 3 N 6 9 A N [16.1 [123 | 6.3 5.4 N
722 F A L N 37 (24 | N 6 9 A N |15.8 |14.1 9 4.1 N
723 M P N N 39 |35 | N 8 10 A N [129 |16.8 (123 | 3.8 N
724 M A L N 38 (36 | N 8 9 A N

725 F A N N 36 |24 | N 7 10 A N [19.8 [135 |77 5.2 N
726 F A L N 36 (24 | N 6 8 A N |13.7 |10.3 6 2.7

727 M A L N 37 |27 | N 7 9 A N

728 F A L N 40 (26 | N 7 8 A N 152 |122 |73 4.4

729 M A N N 39 |29 | N 8 9 A N [16.1 | 9.9 6.4 2.9

730 F A L N 40 3 N 7 10 A Y 109 |112 |73 2.9 N
731

732 F A N N 40 (28 | N 8 9 A N |12.9 8 4.5 3.1 N
733 M A L Y 36 |21 | N 4 8 A N 14 (153 |118 | 3.3 N
734 M P L N 36 |17 | N 6 7 A N [128 | 6.8 3.9 25 N
735 M A N N 38 |34 | N 8 9 A N [18.6 [119 | 6.7 4.5 N
736 F A L N 38 3 N 6 10 A N |17.7 |14.4 |106 | 2.6 N
737 M A N N 39 |29 | N 7 8 A N [16.5 [135 |97 2.8 N
738 M P L N 38 (2.7 | 6 9 A N 13 13 8.9 2.1 Y 3 -
739 M A L N 38 (24 | N 7 10 A N |16.2 |114 |55 4.1 N
740 F A L N 38 (27 | N 6 9 A N |155 |12.2 |83 3.1 N
741 M A N N 37 |25 | N 5 7 A N [14.7 [153 |93 4.8 N
742 F A N N 38 (29 [N 6 8 A N 15 |16.8 |10.7 | 4.2 N
743 M A N N 38 |34 | N 8 10 A N |159 | 12 6.2 4.6 N
744 M A L N 39 |31 | N 6 9 A N

745 M A N N 38 3 N 7 9 A N 18 11 5.8 3.4 N
746 F A N N 36 2 N 7 10 A N |16.2 |16.1 |115 | 4.7 N
747 M A L N 37 (24 | N 7 8 A N 17 |133 |86 4.2 N
748 F A L N 37 (24 | N 9 10 A N [17.1 [151 |7.4 4.1 N
749 M A L N 38 (28 | N 7 8 A N |195 |142 | 35 9.1 N
750 M P L N 39 (29 [N 7 9 A N |20.1 | 16 |106 | 45 N
751 F A N Y 41 |35 | 4 9 A N 147 | 10 7.5 2.1 Y 3.9 -
752 F A N N 40 |26 | N 6 8 A N 17 (217 | 14 4.9 N
753 M A L N 40 |33 | N 6 9 A N [159 (178 | 8.9 6.2 N
754 F A N Y 35 |21 | P 3 5 A N [12.2 [10.2 | 6.5 2.3 Y 2.9 -
755 F A N N 39 (29 [N 9 10 A N |16.7 |12.7 |101 | 2.2 N
756 M A L N 34 |15 | N 7 10 A N |154 | 14 9.6 3.1 N
757 F A L N 37 |26 | N 6 8 A N |149 |135 | 6.7 5.7 N
758 M A L N 38 (29 [N 6 9 A N 17 |188 |122 |55 N
759 F A N Y 38 (31 [N 5 8 A N |16.5 |28.9 |14.7 |112 | N
760 M A N N 39 3 N 6 8 A N
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761 M A L N 39 (25 | N 7 9 A N |18.3 |14.2 |103 | 3.1 N
762 F A N N 35 (21 | N 8 9 A N |175 | 15 |11.4 |31 N
763 M A L N 36 |23 | N 7 8 A N [149 [168 |94 6.2 N
764 F A L N 38 |31 | N 8 10 A N [143 |189 (141 |45 N
765 M P N N 37 |32 | N 7 9 A N |15.1 |154 (101 |49 N
766 F A L N 37 |32 | N 6 9 A N ]19.8 | 12 8.7 3.1 N
767 M A N N 40 (42 | N 6 8 A N 203 |116 | 6.6 4.3 N
768 F A N Y 33 (19 [N 7 8 A N 138 | 7.6 2.4 5 N
769 M A L N 38 (31 [N 8 9 A N |146 |15.6 |115 |35 N
770 F A L N 39 3 N 7 8 A N

771 M A N N 40 (28 | N 6 9 A N |16.6 |17.7 |10.8 | 5.7 N
772 F A L N 38 |27 | N 7 8 A N [18.2 |16.1 (121 | 3.4

773 M A N Y 38 (26 | N 5 7 A N 17 |14.7 |103 | 3.6 N
774 F A L N 37 |26 | N 6 9 A N

775 M A L N 38 (33 [N 7 10 A N |11.2 |121 | 7.7 4.1 N
776 M A N N 35 |23 | N 6 9 A N 13 |148 |105 | 2.9 N
77 M A L N 37 (24 | N 6 8 A N |11.9 |22.8 |149 | 7.7 N
778 F A L N 37 |26 | N 8 10 A N |17.4 |176 | 10 6.4 N
779 M P N N 38 3 N 8 9 A N |16.5 |135 | 8.8 4.3 N
780

781 F A N N 40 (3.1 | N 7 9 A N |17.2 |16.4 | 12 4.2 N
782 F A L N 37 |24 | N 8 9 A N [15.6 [10.7 | 6.7 3.9 N
783 M A N N 38 3 N 7 8 A N [15.2 |203 (124 |71 N
784 M A L N 40 |3.2 | 5 9 A N |123 |10.1 8 2.4 Y 4.2 -
785 M A L N 39 |35 | N 7 9 A N 1207 |93 6.4 2.6 N
786 M A L N 37 |25 | N 8 9 A N |146 | 8.7 5.8 2.8 N
787 M A L N 37 |26 | N 7 10 A N 15 |175 |118 |51 N
788 F P N N 38 (38 | N 6 7 A N 193 | 10 5.3 4.2 N
789 F A N N 38 (26 | N 9 10 A N |176 |113 |75 3.3 N
790 M A L N 36 (21 | N 7 9 A N |13.9 |143 | 10 4.1 N
791 F A L N 37 |26 | N 6 9 A N [16.6 [159 (111 | 4.4 N
792 M A L N 38 |24 | N 8 10 A N ]15.2 |20.1 (1438 5 N
793 M A L N 39 3 N 7 8 A N

794 F A N N 36 |32 | N 7 9 A N 17 (164 | 8.4 7.6 N
795 M A L N 37 |28 | N 8 10 A N [15.1 [121 |91 2.7 N
796 F A N N 37 |27 | N 6 9 A N |149 |132 |85 4.4 N
797 M A N N 36 |25 | N 5 8 A N ]10.7 | 10 7 2.9 N
798 F A L N 37 |32 | N 5 10 A N 9.8 8.8 4.7 3.1 N
799 M A L N 36 |24 | P 6 8 A N [20.2 9 6.7 1.7 Y [Missed -
800 M A L N 37 |29 | N 7 9 A N |185 |13.2 | 9.8 3.1 N
801 F P N N 39 3 N 8 9 A N |146 |12.6 9 3.3 N
802 F A L N 40 (3.1 [N 6 9 A N |155 |109 | 8.2 25 N
803 M A N N 40 3 N 6 8 A N 15 8.9 4.1 4.5 N
804 M A L N 38 (25 | N 7 9 A N 122 | 6.8 3.6 2.9 N
805 F A L N 37 |24 | N 8 9 A N [142 [145 | 11 3.1 N
806 M A L N 37 |29 | N 7 9 A N |16.3 |13.2 |10.7 | 2.3 N
807 F A N N 37 |28 | N 6 8 A N 129 |11.7 | 7.2 4.1 N
808 M P L N 36 (27 | N 7 9 A N |15.6 | 15 9.3 5.6 N
809 M P N N 37 |28 | N 8 9 A N

810 F A N N 39 3 N 6 8 A N |14.4 |13.7 | 95 3.9 N
811 M A L N 40 |26 | N 7 10 A N [14.2 |16.8 (13.1 3

812 F A L Y 38 2 N 5 9 A N [17.6 [142 |87 4.8
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813 M A N N 39 (28 | N 7 9 A N 18 15 6.5 8.2 N
814 F A L N 38 (27 | N 8 10 A N |13.2 |131 | 9.2 3.4 N
815 M A N N 36 |22 | N 5 7 A N |153 |17.3 (125 | 4.2 N
816 F P L N 36 |21 | P 6 9 A N 14 (108 | 7.7 2 Y 2.7 -
817 F A L N 38 |34 | N 7 9 A N [149 (145 |91 4.8 N
818 F A N N 39 3 N 8 9 A N 15 11 6.7 4.2 N
819 M A N N 38 (26 | N 6 10 A N |11.3 |11.3 |103 | 2.6 N
820 F A L N 37 |26 | N 8 9 A N |17.6 |12.2 | 8.6 3.3 N
821 M A N N 38 (29 [N 8 9 A N

822 F P N N 39 3 N 5 9 A N |148 |19.8 |141 |55 N
823 M A N N 39 (37 [N 6 9 A N |16.1 |22.1 | 10 |112 | N
824 M A L N 35 |22 | P 7 8 P N 149 | 9.1 6 2.3 Y [Missed -
825 F A N N 35 (18 | N 6 8 A N |15.7 |193 |141 | 4.4 N
826 M A L N 35 2 N 7 9 A N [16.2 | 18 (143 |31 N
827 F A L N 34 (19 | N 6 9 A N 15 |141 |106 |31 N
828 M A L N 38 |28 | N 8 9 A N ]10.8 | 17 (112 |49 N
829 M A L N 39 (28 | N 8 9 A N |17.2 |114 |58 5 N
830 M A L N 40 |27 | N 7 9 A N |141 | 15 8.5 5.6 N
831 F A L N 38 (26 | N 7 8 A N |17.4 |10.2 | 6.5 3.4 N
832 M A L N 34 2 N 7 9 A N |147 | 14 (107 | 3.2 N
833 M A N N 38 (25 | N 7 8 A N |16.1 | 17 |121 | 4.4 N
834 F A L N 37 |26 | N 7 9 A N

835 M A N N 37 |24 | N 7 8 A N |18.1 |14.7 (103 |31 N
836 M A N N 36 |27 | N 6 9 A N 17 16 (114 |43 N
837 F A N N 37 |27 | N 5 8 A N 15 (152 |113 | 35 N
838 F A L N 37 |27 | N 8 9 A N [14.7 |123 | 7.1 5 N
839 F A N N 39 3 N 7 8 A N |13.8 | 18 |119 |57 N
840 M A L N 40 (36 | N 7 9 A N |149 |132 |95 3.4 N
841 F A N N 40 (32 | N 9 10 A N |15.7 |14.1 |10.2 | 35 N
842 M A L N 39 3 N 8 9 A N |16.1 | 9.7 4.8 4.5 N
843 F A N N 40 |27 | N 5 7 A N 19 (127 |82 4.1 N
844 F A L N 38 |28 | N 8 9 A N [173 [163 | 13 2.9 N
845 M A L N 37 |25 | N 6 9 A N

846 M A L N 37 |34 | N 7 9 A N |154 |18.7 (121 | 6.4 N
847 M P L N 38 3 N 5 8 A N [16.3 [142 | 9.6 4.3 N
848 F A N N 40 (2.7 | N 8 9 A N 15 |13.1 |36 9 N
849 F A N N 38 |26 | N 9 10 A N |14.1 |159 (115 |42 N
850 F A L N 38 (31 [N 6 7 A N |13.7 |243 |147 | 9.1 N
851 M A L N 39 |38 | N 5 9 A N

852 F A L N 38 (26 | N 8 10 A N |10.2 |19.4 | 15 2.7 N
853 F P L N 36 |23 | P 7 9 A N |16.1 | 15 (122 |21 Y 4.9 -
854 M A L N 37 |27 | N 7 9 A N |12.6 |16.8 |11.3 | 2.9 N
855 F A L N 38 3 N 6 8 A N |176 |175 [10.1 |53 N
856 M A N N 39 (26 | N 7 9 A N |16.5 |158 | 9.4 3.1 N
857 M P N N 39 3 N 6 8 A N [175 [152 |98 5.1 N
858 F A L N 35 (1.7 | N 7 8 A N 17 |135 |88 4.2 N
859 F A N N 38 3 N 7 9 A N |16.1 |124 | 8.7 3.3 N
860 M A L N 35 (23 | N 7 8 A N |125 |16.7 |11.8 4 N
861 F A N N 36 (24 | N 8 9 A N |13.8 |14.2 |10.1 | 3.8 N
862 F A N N 37 |28 | N 8 10 A N |16.1 | 75 6.3 2.7 N
863 M A L N 38 3 N 7 9 A N 15 (208 | 13 7.6 N
864 F A L N 40 |35 | N 7 9 A N |142 |169 (111 |56 N
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865 M A L Y 37 |26 | S 4 7 A N |10.8 | 15 |121 |21 Y |Missed -
866 M A L N 39 (29 [N 7 10 A N |12.4 |17.7 |10.4 | 6.7 N
867 F P N N 36 |24 | P 6 9 A N [13.3 [11.7 | 9.2 1.6 Y 5 -
868 M A N N 37 |25 | N 6 8 A N |159 | 15 (111 |37 N
869 F A N N 37 |25 | N 9 10 A N 14 (146 |105 | 3.7 N
870 M A L N 38 |28 | N 8 9 A N [10.8 [13.2 |79 5.1 N
871 F A L N 39 3 N 7 10 A N

872 F A N N 39 (34 | N 7 9 A N 15 |186 |11.7 | 6.3 N
873 M A L N 40 3 N 6 9 A N |14.4 |14.1 |10.8 3 N
874 M A N N 38 (24 | N 8 10 A N |143 | 17 8.9 7.7 N
875 M A N N 39 (27 | 7 9 A N 16 |143 | 11 2.3 Y 35 -
876 F A L N 38 |28 | N 8 9 A N [17.4 [147 | 9.1 4.9 N
877 M A L Y 38 (25 | N 5 8 A N |16.1 |13.8 | 85 4.5 N
878 M A N N 37 |23 | N 7 8 A N |16.5 |16.8 [106 | 5.6 N
879 F A N N 39 3 N 8 9 A N |12.8 |18.1 |115 6 N
880 F A L N 39 |32 | N 7 10 A N 13 (175 |114 |55 N
881 F A L N 36 (23 | N 8 9 A N |16.9 |135 | 7.2 6 N
882 M A N N 36 |28 | N 7 9 A N [13.8 (104 |75 2.7 N
883 M A L N 37 |32 | N 6 8 A N |14.2 |165 |103 |55 N
884 M A N N 39 |34 | N 7 9 A N 17 (141 | 5.2 8.4 N
885 F A L N 39 (26 | N 8 9 A N |11.8 |17.3 |13.2 | 3.6 N
886 M P L N 38 |27 | N 6 9 A N 16 13 6 6.8 N
887 F A N N 35 2 N 8 9 A N |125 |17.2 (101 | 6.7 N
888 F A L N 38 3 N 9 10 A N [13.8 [181 |98 7.5 N
889 M A N N 39 |37 | N 6 8 A N

890 F A L N 39 |27 | N 8 9 A N 14 (165 |11.7 | 4.6 N
891 M A L N 34 |19 [N 7 8 A N |17.2 |13.8 | 10 35 N
892 M P L Y 36 (22 | P 6 9 A N |15.6 | 12 9.9 1.7 Y 2.8 -
893 F A L N 37 |26 | N 7 10 A N |16.9 |144 | 11 35 N
894 F P N N 35 (1.7 | N 6 9 A N |15.4 |107 |73 3.2 N
895 M A L N 37 |29 | N 7 9 A N 15 (123 | 8.8 3.4 N
896 M A N N 37 |27 | N 6 8 A N |149 | 16 (121 |33 N
897 F A L N 37 |34 | N 5 9 A N |13.2 |18.4 (108 7 N
898 M A L N 38 |31 | N 7 9 A N [13.1 (113 |74 3.6 N
899 F A N N 35 |23 | N 5 8 A N |125 | 12 6.6 4.9 N
900 F A N N 40 (28 | N 8 9 A N |11.7 | 16 |105 5 N
901 M A L N 39 |26 | N 7 9 A N |11.9 |13.2 8 4.4 N
902 F P L N 38 3 N 7 10 A N 147 [141 |77 5.9 N
903 M A L N 38 |26 | 7 9 A N 17 (126 | 7.8 2.3 Y 3 -
904 M A L N 37 (24 | N 7 8 A N |13.8 |17.9 |10.2 7 N
905 F A N N 38 |36 | N 9 10 A N [14.1 |23.4 (147 |84 N
906 F A L Y 35 (19 [N 4 8 A N 17 183 |105 | 7.2 N
907 F A N N 35 2 N 5 9 A N

908 M A L N 38 (28 | N 6 9 A N |175 |11.7 | 59 3.6 N
909 F A N N 37 |25 | N 7 9 A N |12.4 |16.3 (115 |41

910 M A L Y 39 3 N 5 8 A N |11.8 |27.2 |15.2 | 9.1 N
911 M A L N 40 (28 | N 8 9 A N

912 M A N N 40 (27 | N 7 8 A N 148 |11.2 | 83 25 N
913 M A L N 38 (25 | N 8 10 A N |13.1 |103 | 6.2 3.4 N
914 M A L N 37 3 N 9 10 A N |146 |13.7 | 8.4 3.9 N
915 M P N N 38 |31 | N 7 9 A N 16 13 8.7 4.1 N
916 M A N N 39 3 N 6 9 A N [11.1 |16.6 (117 | 4.4 N
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917 M A L N 36 (21 | N 5 8 A N |11.8 |145 | 9.1 5 N
918 M A L N 38 3 N 7 9 A N |145 | 95 5 4.3 N
919 F A N N 38 |32 | N 7 8 A N [12.7 | 6.8 3.9 2 N
920 F A L N 39 |35 | N 8 10 A N [17.8 [145 | 11 3.4 N
921 F A L N 34 |18 | N 7 8 A N 16 |27.3 |18.7 | 7.6 N
922 M A N N 33 |15 | N 8 9 A N |143 |143 (101 |36 N
923 F A N N 38 (29 [N 7 9 A N

924 M A L N 35 (21 | N 7 9 A N |109 |18.4 |15.2 | 2.6 N
925 F A N N 39 (26 | N 7 8 A N |12.6 |17.2 |13.2 | 3.6 N
926 M P L N 39 (37 | N 6 9 A N 129 |138 | 9.2 3.8 N
927 F A L N 40 3 N 5 9 A N |13.7 |144 | 6.7 7.6 N
928 F P N N 40 |28 | N 6 9 A N [13.4 [227 | 16 55 N
929 F A L N 38 (38 | N 7 9 A N |142 |26.4 |20.1 |55 N
930 M A L N 37 |26 | N 9 10 A N 16 (122 | 6.3 5.4 N
931 F A N N 35 (22 | N 7 9 A N |15.1 |16.4 |11.7 | 2.9 N
932 M A N N 35 |18 | N 7 8 A N |16.8 |15.8 (115 | 3.7 N
933 F A L Y 35 (19 [N 8 10 A N |18.7 |17.3 |10.6 | 6.3 N
934 M P L N 37 |22 | N 8 9 A N |11.4 |18.4 (133 |45 N
935 F A N N 37 2 N 9 10 A N |12.8 |18.2 | 12 4.7 N
936 M A L N 38 |27 | N 7 8 A N [16.3 [135 |[9.1 3.8 N
937 F A L N 38 (26 | N 6 8 A N |15.8 |144 |87 5.6 N
938 M A L N 39 |31 | N 5 8 A N

939 F A L N 40 |28 | N 6 9 A N

940 F A N N 40 |26 | N 8 9 A N |163 | 14 8.7 4.5 N
941 M A N N 38 |24 | N 7 9 A N [13.2 |205 (128 |65 N
942 F A L N 40 |41 | N 8 9 A N [15.8 [193 | 13 5.8 N
943 M A N N 38 (28 | N 7 8 A N 14 |188 (112 7 N
944 M A L N 40 4 A 6 9 P N |143 |104 | 7.1 2.1 Y |Missed -
945 M A L Y 34 (18 | N 5 7 A N |11.8 |17.2 |123 | 45 N
946 F A N N 38 (25 | N 6 9 A N 126 |14.1 9 4.9 N
947 M A N N 37 |26 | N 5 8 A N |165 | 16 (125 |27 N
948 F A L N 37 |25 | N 8 9 A N

949 F A L N 38 3 N 9 10 A N [19.7 [183 | 10 7.2 N
950 M A N N 38 |28 | N 7 9 A N [123 [157 |9.2 5.4

951 M A N N 38 |27 | N 6 8 A N |145 |21.7 (117 | 8.8 N
952 F A L N 37 |36 | N 6 8 A N

953 M P N N 38 3 N 8 9 A N |15.7 |22.4 (153 | 6.2 N
954 F A L N 39 (28 | N 7 9 A N 16 |16.3 |11.8 | 4.1 N
955 M A L N 35 2 N 7 9 A N |18.6 |18.3 (138 | 4.2 N
956 M A L N 37 |32 | N 8 10 A N |15.7 |165 |12.2 | 4.1 N
957 F A N N 36 |22 | N 7 8 A N 16 17 7.8 8.1 N
958 F A L N 37 |27 | N 7 9 A N 14 204 |145 |48 N
959 F A L N 37 |24 | N 8 9 A N [14.7 [148 |79 5.8 N
960 M A N N 37 (28 | N 7 8 A N |15.2 |159 |11.4 |33 N
961 F A N N 38 |29 | N 7 9 A N |128 | 16 [10.7 | 3.7 N
962 M A L N 39 (26 | N 6 9 A N |17.1 |18.2 |116 | 5.8 N
963 M A L N 38 (24 | N 7 9 A N

964 M P N N 38 3 N 8 10 A N |15.1 |149 | 12 2.6 N
965 M A L N 34 (18 | N 7 8 A N 16 |17.3 |133 | 3.6 N
966 F A N N 34 (22 | N 6 9 A N |178 | 15 |11.2 |33 N
967 F A L N 38 |35 | N 7 9 A N [149 |185 (128 |45 N
968 M A N N 39 |26 | N 6 8 A N [129 [13.7 |77 5.1 N
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969 F A L N 39 (27 | N 9 10 A N 148 |125 | 4.1 7.8 N
970 M A N N 38 3 N 6 8 A N |143 |126 | 7.7 4.2 N
971 F A L N 40 3 N 7 9 A N 17 (132 |79 4.5 N
972 M A L N 39 |28 | N 8 9 A N |16.3 |15.8 (123 |27 N
973 F A L N 40 |27 | N 8 10 A N

974 M A N N 38 |26 | N 7 8 A N 147 | 14 9.6 3.2 N
975 M A N N 36 (24 | N 6 9 A N |15.6 |15.1 |10.2 4 N
976 F A L N 38 3 N 7 9 A N |11.8 |18.2 |123 | 5.1 N
977 F A N N 39 (36 | N 8 10 A N 12 16 9.3 6.2 N
978 M A L N 35 (23 | N 8 9 A N |12.8 |148 |74 6.3 N
979 M A N N 37 |31 | N 6 8 A N |11.6 |193 |115 | 6.8 N
980 F P L N 38 |34 | 7 8 A N 147 |76 5.1 2.1 Y 3 -
981 -
982 F A L N 38 |26 | N 8 10 A N [16.3 [123 | 7.1 4.7 N
983 M A L N 37 3 N 6 8 A N |165 | 11 6 4.6 N
984 F A N Y 37 |34 | N 5 7 A N 17 (124 |55 5.4 N
985 M A L N 38 (28 | N 7 9 A N |16.4 | 17 9.7 5.8 N
986 F A N N 36 |25 | N 7 8 A N 14 |16.3 |10.3 | 45 N
987 M A N N 37 |31 | N 6 8 A N |125 |148 | 9.6 3.4 N
988 M A L N 38 |28 | N 7 9 A N [193 [153 |84 5.9 N
989 F A L N 36 2 N 5 8 A N |16.5 |129 | 4.4 7.1 N
990 M P N Y 37 |27 | N 4 7 A N 15 (144 |75 5.9 N
991 F A L N 37 |26 | N 5 8 A N |148 | 17 8.9 6.3 N
992 M A L N 39 |27 | N 8 9 A N [16.3 [16.2 | 9.8 5 N
993 F A N N 39 |28 | N 6 8 A N |15.1 [17.3 | 13 2.9 N
994 M A L N 34 |19 | N 7 9 A N

995 M A N N 38 3 N 8 9 A N

996 M A N N 39 (34 | N 7 8 A N |145 |21.3 |155 | 4.6 N
997 F A L N 40 (3.1 | N 6 10 A N |17.1 |22.7 |126 | 7.8 N
998 F A L N 35 (1.7 | N 8 9 A N |16.3 |26.4 |189 | 5.8 N
999 F A N N 39 |34 | N 6 9 A N 18 |20.5 |13.6 5 N
1000 F A L N 40 3 N 6 7 A N [14.1 [16.7 | 9.6 6.4 N
1001 M A L N 40 |28 | N 6 8 A N [143 |17.8 (111 5 N
1002 F A N N 38 |28 | N 7 9 A N 15 (132 |11 |119 | N
1003 M A N N 32 |14 | N 7 8 A N [129 [143 |98 4.1 N
1004 F P L N 38 3 N 8 9 A N |195 |176 |23 |145 | N
1005 M N N 39 |26 | N 9 10 A N [17.8 [151 |75 6.9 N
1006 F P L N 38 (28 | N 8 10 A N 109 |132 | 4.4 8.5 N
1007 M A N N 34 |21 | P 5 9 A N [163 | 7.3 5 1.7 Y 5.6 -
1008 M A N N 38 3 N 7 8 A N |16.2 |11.4 | 6.7 4 N
1009 F P L N 39 |33 | 6 8 A N 17 (126 |93 1.7 Y [Missed -
1010 F A L N 38 (27 | N 6 8 A N |15.1 | 14 8.8 4.9 N
1011 M A L N 35 |23 | N 7 9 A N [14.8 [163 |94 5.8 N
1012 F A L N 38 (28 | N 8 9 A N |14.7 |145 |76 6.4 N
1013 F A L N 39 |28 | N 7 9 A N |13.6 |17.1 (135 |29 N
1014 M A N N 40 (25 | N 8 10 A N

1015 M A L N 38 (25 | N 6 9 A N |175 |148 | 9.2 5.2 N
1016 F A L N 37 |22 | N 8 10 A N |179 |155 | 9.9 5 N
1017 F A L N 39 (43 | N 8 9 A N 16 |149 | 6.9 7.2 N
1018 M A N N 37 |25 | N 7 8 A N 123 |18.2 |85 9.1 N
1019 F A N N 37 |33 | N 7 10 A N [14.2 [137 | 6.4 6 N
1020 M A L N 38 |26 | N 7 9 A N |17.7 |141 (112 |25 N
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1021 M A N N 38 (27 | N 6 8 A N 16 245 |17.7 | 4.9 N
1022 F A L N 39 (35 | N 7 9 A N

1023 M A L N 40 3 N 5 9 A N |15.2 |184 (113 |59 N
1024 F A N N 37 |26 | N 8 10 A N |146 |17.4 (126 |45 N
1025 M A N N 38 |27 | N 6 8 A N [13.8 [11.8 | 6.5 4.2 N
1026 M A L N 37 |29 | N 7 9 A N |13.6 |17.6 [104 | 6.6 N
1027

1028 F A N N 37 |31 | N 8 9 A N 15 |215 |16.8 | 3.6 N
1029 M P N N 38 (35 | N 8 10 A N |16.3 |16.3 | 9.3 6.8 N
1030 F A L N 35 2 N 7 9 A N |17.1 |17.1 |135 | 3.2 N
1031 F A N N 37 |27 | N 6 8 A N |18.6 |149 |83 6 N
1032 M A N N 38 |26 | N 7 10 A N [18.1 [138 | 6.2 5.3 N
1033 M A L N 39 (36 | N 7 9 A N |13.3 |17.4 |13.8 | 3.3 N
1034 M A N N 37 3 N 7 9 A N

1035 M A L N 33 |13 | N 8 9 P N |146 |147 |94 4.7 N
1036 F A L Y 33 |16 | N 5 7 A N [10.8 [17.2 | 8.1 8.7 N
1037 M A L N 39 3 N 6 10 A N 94 123 |83 3.2 N
1038 F A N N 37 |26 | N 7 9 A N ]16.3 | 12 9 2.8 N
1039 M A L N 37 (24 | N 6 8 A N |17.4 |18.7 |141 | 3.6 N
1040 M A N N 38 |28 | N 9 10 A N 15 (154 |128 | 2.7 N
1041 F A L N 38 (27 | N 8 9 A N |15.2 |12.7 | 85 25 N
1042 M A N N 33 |18 | P 6 9 A N 17 8.3 5.1 2.2 Y 2.9 -
1043 M A L N 39 3 N 7 9 A N [16.8 [136 | 7.2 4.9 N
1044 F A N N 40 |29 | N 6 9 A N [149 [164 |55 9.7 N
1045 M A L N 40 |28 | N 7 10 A N |13.6 |15.8 [10.1 |5.2 N
1046 F A L N 38 |27 | N 7 10 A N 9.7 |106 |51 5.2 N
1047 M A L N 40 (34 | N 7 8 A N

1048 M A N N 37 |31 | N 6 9 A N 153 |152 | 95 5.3 N
1049 F A L N 38 3 N 7 9 A N |17.3 |16.1 |10.3 | 4.7 N
1050 F P L N 40 (28 | N 8 10 A N 16 15 |10.8 | 3.7 N
1051 F A N N 39 |29 | N 6 8 A N [13.8 [125 | 8.9 2.6 N
1052 M A L N 38 |32 | N 7 9 A N [143 [141 |92 35 N
1053 F A N Y 40 3 N 5 7 A N |125 |10.8 3 6.3 N
1054 F A L Y 37 |24 | N 3 6 A N [11.7 [(143 |74 5.8 N
1055 M A N N 34 |21 | P 7 9 A N 15 |135 |97 2.4 Y 5.2 -
1056 F A N N 37 3 N 7 8 A N |135 |127 |78 4.1 N
1057 M P N N 38 |31 | N 9 9 A N [16.1 [135 |9.1 35 N
1058 M A L N 37 |31 | N 8 9 A N |142 |179 |145 3 N
1059 M A L Y 37 |28 | N 5 9 A N |16.8 |20.4 (16,6 | 2.7 N
1060 F A L N 38 (25 | N 9 10 A N

1061 M A N N 37 |26 | N 8 9 A N [129 |16.9 (10.2 6 N
1062 M A L N 38 (28 | N 6 8 A N 14 |17.2 |138 |26 N
1063 F A N N 35 2 N 8 9 A N [13.6 [126 | 8.8 2.8 N
1064 M A L N 37 (24 | N 7 10 A N |175 | 85 23 5.8 N
1065 F A N N 37 3 N 7 9 A N [16.6 | 9.4 4.9 4 N
1066 M A L N 37 |38 | N 6 8 A N |15.4 |20.3 |16.2 | 3.8 N
1067 F A L N 33 (18 | N 7 9 A N 14 (217 | 13 6.7 N
1068 M A N N 35 (19 [N 8 9 A N |14.8 |134 |57 7.2 N
1069 F A L N 35 2 N 6 8 A N |13.6 |17.3 |119 | 5.2 N
1070 F A L N 37 |26 | N 7 8 A N 129 |131 |53 6.4 N
1071 F P N N 37 |27 | N 6 9 A N [16.8 |[14.4 (10.1 4 N
1072 F A N N 35 2 N 6 9 A N [18.2 [152 |98 4.3 N
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1073 F A L N 37 (24 | N 7 9 A N 17 |18.7 |123 | 4.9 N
1074 M A L N 36 (25 | N 7 8 A N |17.4 | 17 (114 |47 N
1075 F A N N 37 |29 | N 5 8 A N [16.9 |195 (125 |58 N
1076 F A L Y 38 |28 | N 5 9 A N [11.7 |133 |73 5.1 N
1077 M A L N 34 |18 | N 6 10 A N [16.4 (143 |7.1 6 N
1078 F A L N 37 3 N 9 10 A N

1079 M A N Y 38 (43 | N 8 9 A N |128 | 13 8.1 4.4 N
1080 F A L N 39 (32 | N 7 8 A N |13.6 |19.4 | 15 3.9 N
1081 M A N N 40 3 N 8 9 A N 147 |17.1 |141 | 2.8 N
1082 F A L N 37 |31 | N 8 10 A N |19.1 |153 |11.3 | 3.2 N
1083 M A L N 37 (28 | N 7 9 A N |115 |16.4 |109 |33 N
1084 M A L N 36 |21 | N 7 9 A N |148 |12.1 9 2.7 N
1085 M A N N 36 (22 | N 7 8 A N |16.3 |16.6 |11.2 | 45 N
1086 F A L N 40 |27 | 6 9 A N [154 | 16 (122 |15 Y 2.6 -
1087 M P N N 37 |34 | N 7 9 A N |15.2 |17.3 |10.1 | 6.7 N
1088 M A L N 40 3 N 6 8 A N [116 [165 | 8.1 7.4 N
1089 M A L N 37 |26 | N 6 10 A N |16.7 | 14 9.2 4 N
1090 M A L Y 39 |38 | N 5 7 A N 15 |128 | 9.6 2.7 N
1091 F P N N 34 2 N 6 9 A N |14.7 |205 |13.4 | 6.3 N
1092 F A N N 37 |27 | N 7 8 A N

1093 M A N N 37 3 N 5 10 A N 15 18 9.8 7 N
1094 F A L N 36 2 N 6 8 A N [15.1 |165 (132 |25 N
1095 M A L N 37 |29 | N 7 9 A N [125 |17.6 (145 |28 N
1096 F A L N 35 |18 | N 7 9 A N 134 | 12 6.6 5.1 N
1097 F A N N 37 |28 | N 7 9 A N 13 (154 | 11 3.6 N
1098 M A N N 34 |19 |P,S | 6 9 A N [14.1 129 |8.1 2 Y 4.8 -
1099 M A L N 36 (25 | N 6 8 A N |16.2 |149 |10.4 3 N
1100 M A L N 37 |27 | N 6 9 A N |109 |17.8 |123 | 4.8 N
1101 M A L N 37 |26 | N 7 8 A N |19.5 |146 | 9.7 4 N
1102 F A N N 38 3 N 8 10 A N |16.3 |175 |104 | 6.2 N
1103 M A L N 35 |21 | N 7 9 A N 15 |20.7 |14.3 5 N
1104 M P N N 33 |16 | N 6 7 A N

1105 M A L N 38 |33 | N 6 9 A N 15 |27.3 |20.7 | 45 N
1106 M A L N 37 3 N 7 8 A N [15.8 [154 |85 5.3 N
1107 F A N N 39 |31 | N 6 9 A N [193 [16.7 | 9.1 7 N
1108 M A N N 38 (25 | N 7 8 A N |12.4 |131 |93 2.6 N
1109 M A L N 40 |29 | N 6 9 A N |16.6 |14.2 (101 | 3.4 N
1110 M A N N 39 (26 | N 8 10 A N |155 |119 | 6.8 4.1 N
1111 M A L N 36 |21 | P 7 9 A N |15.1 |10.2 7 2.1 Y 3.6 -
1112 F A L N 37 3 N 8 9 A N |12.7 |145 |115 | 2.6 N
1113 F A N N 38 |28 | N 8 10 A N 12 18 11 6.3 N
1114 M A L N 38 (32 | N 5 9 A N |13.4 |102 | 7.1 25 N
1115 F A N N 35 2 N 7 8 A N 14 8.8 5.4 2.8 N
1116 M A L N 39 3 N 6 9 A N |13.8 | 14 |10.2 | 2.9 N
1117 F P L N 39 |31 | N 5 8 A N

1118 M A N N 38 (28 | N 7 9 A N |14.6 |13.7 | 85 4.6 N
1119 F A N N 39 (29 | 7 9 A N 19 |129 |93 2.1 Y 3.9 -
1120 M A L N 34 2 N 6 8 A N 13 |17.1 |116 5 N
1121 M A N N 39 (35 | N 6 9 A N |18.7 |22.1 |13.3 | 6.8 N
1122 F A L N 40 (34 | N 8 9 A N |17.4 |184 |79 8.6 N
1123 M A N N 40 3 N 5 8 A N 13 |126 | 6.9 4.7 N
1124 F A N Y 34 |19 | N 5 7 A N 127 |19.4 (142 | 4.2 N
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1125 M A L N 37 |28 | N 8 9 A N 13 153 |113 |27 N
1126 F A L N 38 (29 | N 8 10 A N |18.2 |16.2 |12.4 | 35 N
1127 M A N N 37 |25 | N 9 10 A N |146 |175 (126 | 3.9 N
1128 M A L N 37 |27 | N 7 9 A N [153 [142 |83 4.4 N
1129 F A N N 38 |26 | N 6 9 A N

1130 F P N N 38 3 N 7 8 A N |156 |17.9 (113 |57 N
1131 M A L N 39 (28 | N 6 9 A N |134 | 14 |10.1 3 N
1132 F A L N 37 |26 | N 6 8 A N |17.6 |13.2 | 10 2.6 N
1133 M A L N 34 |16 | N 8 9 A N 16 |146 |87 5.4 N
1134 M A L N 39 3 N 7 8 A N |16.4 | 9.9 5 4.1 N
1135 M A N N 39 (32 | N 7 9 A N |15.8 |103 | 6.3 3 N
1136 F A L N 38 3 N 5 9 A N 173 | 17 (121 | 3.8 N
1137 F A L N 39 (32 [N 6 8 A N |16.3 |16.4 |11.2 | 4.6 N
1138 M A N N 37 3 | 7 9 A N |11.8 | 16 (115 |22 Y 4.3 -
1139 M A N N 38 (25 | N 6 9 A N 16 |145 |94 4.5 N
1140 F A L N 35 |21 | N 6 8 A N |14.7 |16.7 (103 |54 N
1141 M A L N 36 (26 | N 7 9 A N |141 | 17 |125 | 4.2 N
1142 F P L N 39 3 N 6 8 A N |129 |17.3 (128 |26 N
1143 F A N N 39 (35 | N 7 9 A N |15.8 |143 | 9.7 3.2 N
1144 M A L Y 33 |17 | N 4 8 A N |165 [241 (99 |115 | N
1145 M A N N 39 (27 | N 5 9 A N

1146 M A L N 37 |25 | N 7 10 A N [153 [123 | 8.4 3.7 N
1147 F A N N 37 |23 | N 7 9 A N |16.5 |10.8 6 4.1 N
1148 M A N N 36 |21 | N 6 8 A N [143 [146 |73 6.4 N
1149 M A L N 39 |31 | N 8 10 A N [128 |19.2 (151 |25 N
1150 M A L N 39 3 N 6 8 A N 15 (142 | 10 3.6 N
1151 M A L N 38 (24 | N 5 8 A N |139 | 16 |12.2 3 N
1152 M A N N 37 |28 | N 7 9 A N

1153 M A L N 39 3 N 6 9 A N |20.3 |17.3 |12.9 4 N
1154 F A N Y 39 (34 | N 5 8 A N |146 |122 |78 3.8 N
1155 F A L Y 40 |29 | N 5 7 A N [155 (199 |97 8.4 N
1156 M A N N 39 |26 | N 7 9 A N 13 |18.6 |125 | 5.6 N
1157 F A L N 38 |28 | N 7 8 A N |176 |204 (122 |71 N
1158 F P L N 35 |23 | P 6 9 A N ]10.8 |23.2 (182 |18 Y 2.8 -
1159 M A N N 37 |32 | N 6 8 A N |148 |14.2 (112 |27 N
1160 F A N N 39 4 N 7 9 A N |145 | 17 |116 | 5.2 N
1161 M A L N 40 |26 | N 6 8 A N [126 [146 | 8.6 4.7 N
1162 F A L N 37 (24 | N 7 10 A N |16.2 |155 |123 | 2.8 N
1163 F A L N 37 |28 | N 5 8 A N [125 [16.1 |83 6.5 N
1164 F A N N 36 (19 [N 5 7 A N |148 |163 | 9.4 6.1 N
1165 M A N N 36 |22 | N 6 9 A N |13.7 |18.6 (148 | 3.6 N
1166 F A L N 38 (29 [N 7 9 A N

1167 M A L N 39 |31 | N 8 9 A N |158 |17.2 (142 |26 N
1168 F A L N 35 (22 | N 7 9 A N |16.2 | 20 16 3.1 N
1169 M P N N 38 |24 | N 8 9 A N [16.1 [166 | 7.2 8.3 N
1170 M P L N 37 3 N 6 8 A N |149 |19.2 |131 |54 N
1171 M A N N 37 |27 | N 6 9 A N |15.2 |15.7 |10.8 | 45 N
1172 F A L N 37 |26 | N 5 8 A N |14.7 |144 | 9.2 4 N
1173 M A L N 39 (28 | N 5 9 A N |14.2 |183 | 95 7.8 N
1174 F A L N 34 (18 | N 6 9 A N |15.8 |15.2 |11.4 |29 N
1175 M A N Y 38 |34 | N 5 8 A N 14 17 (129 | 3.2 N
1176 M A N N 39 |32 | N 7 8 A N [13.3 [193 | 12 6.1 N
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1277 |F |A |L [N |40 |3 [N [6 |9 |A |N [135 [177 |98 |76 |N
1278 |F |P L [N |35 |22 |P |6 |9 |A |N [132 |98 | 7 |18 |Y |Missed -
1179 |M |A [N [N |35 |19 [N [7 |8 | A |N [187 [159 [101 |52 |N
1180 |M | A | L [N |39 |29 [N [8 |9 |A |N [152 [145 |97 |35 |N
11801 M | A | L [N |39 |27 [N [7 |10 |A |N [123 [142 | 9 |46 |N
1182 |M |A [N [N |37 |26 [N |6 |9 |A |N [163 [231 [142 | 8 |N
1183 |F |A |[L [N |38 |35 [N [7 |9 |A |N [132 [146 |65 [75 |N
1184 |F |A [N [N |40 |3 [N [6 |8 |A |N [131 [12.3 |68 [39 [N
1185 |F |A [N [N |38 |3 [N [7 |9 |A |N [148 [175 [114 [53 |N
1186 |M |A [N [N |39 |31 [N [5 |8 |A |N [168 [123 [59 |6 [N
1187 |F |A |L [N |40 |3 [N |6 [8 |A |N

1188 |{M |P |L [N |38 |31 [N [7 |9 |A |N [156 [145 |93 |45 |N
1189 |M |A [N [N |40 |29 [N |6 |10 |A |N [147 [186 [103 [74 |N
1190 (M |A [N [N |37 |24 [N |6 |9 |A |N |14 [227 |13 |84 |N
1290 |F | A |L |Y |38 |27 [N [5 |9 |A |N [152 [138 [97 [29 [N
1192 |F |A [N [N |34 |2 [N [7 |8 |A |N [152 [205 |13 |69 |N
1193 |{M | A |[L [N |37 |25 [N |6 |8 |A |N [176 [242 [128 [86 |N
1194 |F |A [N [N |37 |29 [N [7 |9 |A |N |17 |14 |86 [47 |N
1195 |{M | A |[L [N |38 |29 [N [8 |10 |A |N |[156 [154 |98 |46 |N
1196 (M |P | L |Y |32 |16 |P |4 |7 |P |N |97 |54 [38 |18 |Y |Missed -
1197 |F |P [N [N |37 |3 [N |6 |8 |A |N [149 [183 [121 |54 [N
1198 |F |A [N [N |37 |34 [N [7 |9 |A |N [127 [145 |69 |61 |N
1199 |{M | A | L [N |39 |32 [N [7 |10 |A |N [187 [132 [104 |26 |N
1200 (M |P |L [N |37 |26 |1 |5 |8 |A |N [103 |8 |53 [15 [Y | 29 -
1200 |F |A [N [N |38 |28 [N [7 |9 |A |N [181 [132 |96 |28 |N
1202 {M |A [N [N |39 |26 [N |6 |8 |A |N [116 [114 |69 [26 |N
1203 {M |A |[L [N |36 |24 [N [7 |9 |A |N [133 105 | 7 [32 [N
1204 R
1205 |M |A |L [N |38 |26 [N [6 |9 |A |N [153 [189 [123 | 7 [N
1206 {M [P |L [N |37 |3 [N [7 |20 |A |N |16 [143 |86 [47 |N
1207 {M |A [N [N |35 |2 [N [6 |9 |A |N [145 [188 [125 |54 |N
128 |F |A |L [N |37 |27 [N [7 |9 |A |N |15 [166 [101 |51 [N
1209 |F |A [N [N |33 |18 [N [6 |9 |A |N |[158 [139 [78 | 4 |N
120 {M |A |L [N |33 |15 [N [4 |7 |A |N [169 [202 [155 [43 |N
1212 |F |A [N [N [38 |29 [N |8 [9 |A |N

122 |F |A |L [N |39 |26 [N [7 |9 |A |N |[156 [153 [91 |48 |N
1213 |F |A [N [N |40 |28 [N [7 |9 |A |N |15 [182 [141 [35 |N
1214 |{M |A [N [N |37 |24 [N |6 |8 |A |N [124 [141 [102 [36 |N
1215 |F |A [N [N |38 |3 [N [5 |8 |A [N |12 |11 [77 [32 |N
1206 {M |A |L [N |38 |32 [N [6 |9 |A |N [162 [276 [153 [105 | N
1217 |F |A | L [N |39 |36 [N |6 [9 |A |N

1218 |M | A |L [N |37 |25 [N |5 |8 | A |N [142 [154 [112 [37 [N
1219 |F |A [N |Y |34 |2 [N [5 |9 |A |N [145 [172 [128 [36 |N
1220 {M |A |L [N |35 |22 [N [7 |9 |A |N [152 |96 |64 [25 |N
12222 |F |A |L [N |37 |28 [N [7 |9 |A |N [153 |85 [53 [29 [N
1222 |F |A |L [N |37 |25 [N [7 |9 |A |N |14 [203 [127 |78 |N
1223 |M |A [N [N |34 |2 [N [7 |8 |A |N [178 [169 [105 |57 |N
1224 |F |A [N [N |39 |39 [N [8 |10 |A |N [172 [172 [129 [36 [N
1225 |M |A |[L |Y |3 |29 |1 |3 |5 |P |Y |12 |15 | 9 |17

1226 |M |A |L [N |40 |36 [N [5 |7 | A |N |13 [147 |97 [34 |N
1227 |F |A [N [N |40 |3 [N [7 |9 |A |N |166 [108 |72 | 3
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1228 M P L N 37 |28 | N 6 8 A N |123 | 9.7 5.4 3.4 N
1229 F A L N 38 3 N 5 7 A N |175 | 83 5.5 25 N
1230 M A N N 37 |27 | N 6 8 A N [125 |13.2 (101 |25 N
1231 F A L N 38 3 N 7 9 A N [12.8 [141 |77 6 N
1232 M A L N 37 |24 | N 7 9 A N [13.6 [16.8 |93 5.7 N
1233 F A N N 37 3 N 8 9 A N 14 (122 7 4.6 N
1234 M A L N 37 (28 | N 5 8 A N 128 | 9.3 5.1 4 N
1235 F A N N 36 (24 | N 6 9 A N |19.3 |183 | 83 9.4 N
1236 M A L N 37 |26 | N 7 8 A N |185 |15.2 | 12 2.8 N
1237 M P N N 36 (21 | P 7 9 A N 127 |139 | 11 1.9 Y 6 -
1238 F A N Y 39 (32 | N 5 8 A N 14 |123 | 6.6 5.3 N
1239 M P L N 37 |36 | N 7 9 A N |154 |14.4 (103 | 3.2 N
1240 F A N N 39 3 N 7 9 A N |146 | 8.7 4.8 2.7 N
1241 M A L N 36 2 N 6 8 A N 12 9.8 45 4.3 N
1242 F A L N 36 (21 | N 6 9 A N |12.6 |10.2 | 5.6 4.1 N
1243 M A N N 37 |35 | N 8 9 A N |126 |16.3 (131 |26 N
1244 F A N N 39 (24 | N 7 9 A N |14.2 |15.6 |11.4 |29 N
1245 M A L N 33 |16 | N 7 8 A N 15 (144 |10.7 | 3.3 N
1246 M A L N 36 (23 | N 6 9 A N

1247 F A N N 37 3 N 7 8 A N |11.8 |17.6 (113 |51 N
1248 M A L N 39 (31 [N 7 8 A N |11.7 |156 | 9.8 4.4 N
1249 F A L N 38 |24 | N 7 9 A N |11.6 |15.1 (106 |27 N
1250 M P N N 38 |29 | N 9 10 A N [16.5 [121 |77 4.2 N
1251 F A N N 37 |27 | N 8 9 A N [14.6 [13.2 |87 4 N
1252 F A N N 37 3 N 7 9 A N [148 [128 | 8.4 3.1 N
1253 F A N N 35 |19 | N 4 7 A N |14.7 |183 (151 |25 N
1254 F A L N 35 (19 [N 8 9 A N |175 |124 |85 2.8 N
1255 M A N N 37 3 N 6 8 A N

1256 F A L N 39 (32 | N 7 9 A N 137 |127 | 7.1 4.4 N
1257 F A L N 40 (2.6 | 7 10 A N |16.5 |13.2 |10.7 2 Y 4.8 -
1258 M A L N 40 |34 | N 6 9 A N [15.2 [141 | 6.6 5.7 N
1259 F A N N 39 3 N 6 9 A N [126 [129 | 8.2 2.6 N
1260 M A L N 34 |18 | N 7 8 A N [115 [16.8 |93 6.1 N
1261 F A N N 39 |28 | N 7 9 A N |18.6 |14.2 8 3.8 N
1262 M A L N 39 |26 | N 6 8 A N [10.8 [124 |7.4 3.7 N
1263 M A N N 37 |26 | N 7 9 A N 127 |163 | 11 4.5 N
1264 F A L N 37 |24 | N 8 10 A N (148 |94 4.9 4.2 N
1265 M A N N 36 (22 | N 6 8 A N |13.8 | 13 7.8 4.8 N
1266 M A N N 38 3 N 7 9 A N

1267 F A L N 38 (31 [N 8 10 A N |13.4 |176 | 8.2 7.3 N
1268 M A N N 39 |32 | N 6 8 A N |146 | 19 12 6.9 N
1269 F A L N 36 (23 | N 8 9 A N |12.8 |143 |10.7 | 2.6 N
1270 M A N Y 38 |26 | N 4 7 A N [13.3 [123 |85 2.6 N
1271 F P L N 37 3 N 7 8 A N |15.1 | 16 |11.8 | 3.7 N
1272 F A N N 38 |36 | N 6 8 A N [16.2 112 |79 3.1 N
1273 M A L Y 39 (27 | N 4 9 A N |13.1 |135 | 7.2 4.8 N
1274 M A L N 40 (29 [N 9 10 A N |149 |105 |55 4.5 N
1275 F P L N 37 |25 | N 6 9 A N |12.7 |148 | 83 5.8 N
1276 M A N N 38 (25 | N 7 8 A N |159 |138 |54 5.1 N
1277 F A L N 40 3 N 7 9 A N |18.4 |13.1 | 6.8 6 N
1278 M A L N 39 |31 | N 6 9 A N 16 (164 | 12 3.4 N
1279 F A N Y 37 |38 | N 3 8 A N 127 |18.2 (142 3 N
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1280 M A L N 36 (24 5 8 A N 15 |143 |87 4.4 N
1281 M A N N 37 |25 7 9 A N |16.2 |17.4 | 9.9 6.7 N
1282 M A L N 35 2 N 7 10 A N |142 |25.6 (156 | 8.1 N
1283 F P N N 34 2 |P,S |4 7 A N |181 | 14 11 1.9 Y 4.6 -
1284 M A N N 39 |32 | N 6 9 A N |12.7 |183 (146 |29 N
1285 M A L N 36 3 N 7 8 P N [16.5 [104 | 6.7 3 N
1286 F A N N 37 (28 | N 8 10 A N 133 | 17 |131 |33 N
1287 M A N N 37 |26 | N 7 8 A N

1288 F A N N 33 |19 [P,S | 6 9 A N |13.1 |16.8 | 12 2.4 Y |Missed -
1289 M A N N 40 (28 | N 7 8 A N |11.7 |143 7 4.5 N
1290 M A L Y 36 (24 | N 4 8 A N |156 | 16 |10.2 | 4.9 N
1291 F A L N 37 |26 | N 7 9 A N [14.4 [132 |76 3.9 N
1292 M P N N 39 3 N 8 9 A N 15 6.8 3.7 2.7 N
1293 M A N N 40 |31 | N 6 8 A N [13.6 | 8.9 43 3.6 N
1294 F A L Y 35 (22 | N 9 10 A N |13.8 |17.1 |115 | 5.7 N
1295 M A L N 37 |18 | N 7 8 A N |14.1 |165 (108 | 4.1 N
1296 M A N N 37 |26 | N 8 9 A N

1297 M A N N 37 |28 | N 7 9 A N [182 |17.2 (127 |28 N
1298 F A L N 38 (26 | N 8 9 A N |13.8 |159 | 83 6.7 N
1299 F A L N 35 2 N 5 8 A N [11.6 [10.7 | 5.9 3.9 N
1300 M A N N 37 3 N 6 8 A N |154 | 95 5.4 2.6 N
1301 F P L N 38 |25 | S 7 9 A N 14 (126 | 10 2.3 Y 35 -
1302 M P L N 40 |32 | N 7 8 A N |17.1 203 (123 7 N
1303 M A N N 40 |34 | N 7 8 A N 12 (102 | 6.8 2.7 N
1304 M A L N 38 |28 | N 5 7 A N [16.3 [144 |84 5 N
1305 F A N N 37 3 N 7 9 A N [125 [141 | 8.8 4.2 N
1306 M A L N 39 (26 | N 6 10 A N |15.6 |15.2 |10.1 | 4.7 N
1307 M A L N 37 |25 | N 8 9 A N |135 |156 | 9.3 5 N
1308 F A N N 37 |27 | N 7 10 A N 14 (142 |72 6.3 N
1309 M A L N 38 3 N 7 9 A N |143 |16.3 |12.2 | 3.6 N
1310 M A N N 38 |31 | N 6 9 A N [129 [175 |97 6 N
1311 M A L N 37 |23 | N 6 8 A N [13.7 [136 |85 4.9 N
1312 M A L N 38 |33 | N 7 9 A N [135 [141 | 8.9 4.1 N
1313 F P N N 40 3 A 7 9 A N 17 8.7 4.9 1.9 Y 3.7 -
1314 F A N N 37 |32 | N 5 8 A N [15.8 [136 |7.4 4.3 N
1315 F P L N 36 2 N 7 9 A N |13.3 |15.1 |103 | 25 N
1316 F A N N 37 |27 | N 7 8 A N [13.1 [163 | 12 4 N
1317 M A L N 37 |31 | N 8 9 A N

1318 F A N N 38 3 N 6 8 A N 147 | 14 9.9 2.6 N
1319 M A L N 38 (26 | N 5 8 A N |16.2 |103 | 6.8 3.6 N
1320 F A N Y 38 3 N 5 7 A N [15.2 | 8.2 4.7 25 N
1321 F A L N 36 (22 | N 8 9 A N |147 | 18 |135 3 N
1322 M A N N 37 |27 | N 6 9 A N |16.1 |16.3 (11.3 4 N
1323 F A L N 37 (29 | N 6 8 A N |12.8 |24.1 |16.7 | 6.1 N
1324 M A N N 39 3 N 8 9 A N ]18.2 |20.3 (135 6 N
1325 M A L N 38 (24 | N 7 10 A N

1326 F A N Y 38 (26 | N 5 7 A N 143 |113 | 5.1 5.8 N
1327 M A L N 37 (24 | N 7 8 A N |146 |17.2 | 11 5.1 N
1328 M A N N 37 |29 | N 6 9 A N |15.3 |17.8 |10.7 6 N
1329 F A L N 37 |33 | N 7 8 A N |16.1 |125 |59 3.6 N
1330 M A N N 40 |31 | N 7 10 A N ]16.7 | 12 7.3 4.2 N
1331 M A L N 37 3 N 7 9 A N |155 |141 (111 |28 N
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1332 F A L N 37 (24 | N 8 9 A N |12.6 |135 | 9.2 35 N
1333 M A L N 38 (28 | N 7 8 A N |142 |143 |105 | 2.6 N
1334 M A N N 37 |27 | N 6 8 A N [135 [125 |73 4.5 N
1335 M A L N 39 |31 | N 7 9 A N [16.5 [11.8 | 6.9 4 N
1336

1337 F A L N 38 3 N 8 9 A N [15.8 [111 |73 3.2 N
1338 F A L N 39 (35 | N 6 8 A N 147 123 | 7.2 35 N
1339 M A N N 38 (25 | N 5 9 A N 14 (108 | 6.6 2.9 N
1340 F A L N 37 (24 | N 6 8 A N |149 | 14 11 2.6 N
1341 M P N N 39 3 N 8 10 A N |13.6 |156 | 7.9 7 N
1342 F A N N 40 (3.1 [N 5 9 A N |16.5 |17.4 |10.8 | 6.1 N
1343 M A L Y 35 |22 | N 5 7 A N [115 [122 |[7.2 4.3 N
1344 F A N N 38 (32 | N 7 8 A N

1345 M A L N 37 |27 | N 6 9 A N [13.6 |15.1 (113 |25 N
1346 F A N N 36 (24 | N 7 9 A N |13.1 |14.2 |104 | 2.7 N
1347 M A L N 36 |26 | N 8 10 A N |14.7 |16.4 9 6 N
1348 F P L N 36 (19 [N 6 9 A N |176 | 13 8.7 35 N
1349 F A N N 34 2 P 8 9 A N 12 (127 9 1.8 Y 3 -
1350 M A N N 39 (37 | N 6 8 A N |15.4 |124 |73 4.1 N
1351 M A L N 40 3 N 6 9 A N |12.8 |183 (129 5 N
1352 M A N N 38 (28 | N 7 9 A N |11.6 |146 | 85 4.6 N
1353 F A L N 39 |24 | N 8 9 A N [19.6 | 9.5 5.1 4.2 N
1354 F A L N 37 |25 | N 5 8 A N |125 |16.8 (131 |27 N
1355 F A N N 38 |23 | N 6 9 A N |16.3 |12.8 7 4.2 N
1356 F A L N 38 |24 | N 8 9 A N |12.7 |16.7 (116 4 N
1357 F P N N 39 |29 | N 7 10 A N |14.8 |147 (109 |27 N
1358 M A L N 36 (25 | N 6 9 A N 14 16 |121 |26 N
1359 F A N N 37 |26 | N 7 8 A N |145 |14.2 |10.2 | 3.7 N
1360 M A L N 38 (27 | N 8 9 A N |16.3 |16.2 |123 | 25 N
1361 F A L N 37 |26 | N 4 7 A N |155 |152 | 9.8 2.9 N
1362 M A N N 34 |18 | N 6 8 A N |16.8 |17.3 [13.2 | 2.6 N
1363 F A L Y 34 |21 | N 7 9 A N

1364 M P N N 35 |22 | N 5 8 A N [16.2 | 16 (117 | 3.8 N
1365 F A L N 35 2 N 6 9 P N |12.8 |15.6 (108 4 N
1366 M A N N 37 |25 | N 7 8 A N |13.1 |209 (106 | 8.2 N
1367 F A L N 39 3 N 6 9 A N |17.6 |22.1 | 14 7.6 N
1368 M A N N 40 |33 | N 8 9 A N [15.4 [165 | 9.2 6 N
1369 M A L N 38 (24 | N 7 9 A N |129 |154 |94 2.9 N
1370 M A N N 37 |26 | N 7 10 A N ]16.3 |16.1 (105 |41 N
1371 F A L N 37 (28 | N 6 9 A N |12.4 |17.1 |11.3 | 3.6 N
1372 F A L N 34 |19 | N 7 8 A N [13.8 [103 | 7.1 2.8 N
1373 M A N N 39 (27 | N 8 10 A N 147 |11.2 6 4.9 N
1374 M A L N 38 |25 | N 7 9 A N ]13.8 | 10 4.9 4.6 N
1375 M P L Y 33 (23 | P 5 9 P N 11 (107 |75 2.1 Y |Missed
1376 F A N N 37 |25 | N 7 9 A N |126 | 18 (142 3 N
1377 F A N N 37 |29 | N 6 9 A N |13.6 |14.2 |10.1 | 3.2 N
1378 M A L N 39 (36 | N 7 8 A N |14.4 |153 |10.2 | 3.6 N
1379 M A L N 38 (28 | N 7 8 A N 15 147 |97 4 N
1380 F A N N 36 (24 | N 8 9 A N 16 |159 |78 6.2 N
1381 F A L N 37 |31 | N 7 9 A N |125 | 16 |104 | 2.8 N
1382 M P N N 37 3 N 7 8 A N [187 |79 3 4.2 N
1383 F A L N 39 |32 | N 9 10 A N |173 | 15 (104 |33 N
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1384 F A L N 40 3 N 6 8 A N |13.6 |165 |12.3 | 2.7 N
1385 M A L N 37 3 N 7 9 A N

1386 M A N N 35 2 N 7 9 A N [16.3 [145 | 6.5 7 N
1387 M A N N 37 |21 | N 6 8 A N [14.4 |16.1 (112 |45 N
1388 M A L N 37 |24 | N 7 8 P N [15.6 [133 |97 3.2 N
1389 F A N N 39 |34 | N 7 9 A N 16 |15.3 |10.8 | 3.6 N
1390 M P L N 38 (31 [N 8 9 A N |16.8 |16.2 | 9.6 4.5 N
1391 F A N N 35 (22 | N 8 9 A N |19.1 |11.4 8 2.8 N
1392

1393 M A L N 37 |25 | N 8 10 A N |15.2 |14.6 |105 | 2.7 N
1394 F A N N 33 (1.7 | N 7 8 A N |153 |16.3 |13.1 | 25 N
1395 F A L N 38 (33 [N 7 9 A N 14 16 12 3.2 N
1396 M A N N 39 |34 | N 7 9 A N [148 [147 | 8.4 5 N
1397 M A L N 33 |18 | N 6 8 A N [12.8 [144 |75 4.8 N
1398 F A L N 39 |27 | N 7 8 A N |16.6 |16.8 (122 | 3.8 N
1399 M A L Y 39 |28 | N 5 7 A N 15 |17.2 |11.3 5 N
1400 F A N N 38 |31 | 8 9 A N |127 | 14 (115 |16 Y 3.3 -
1401 F A L N 36 |22 | N 9 10 A N |13.8 |17.1 (115 |57 N
1402 M A L N 36 (18 | N 7 8 A N |14.1 |165 |10.8 | 4.1 N
1403 M A N N 39 (26 | N 8 9 A N

1404 M A N N 40 (28 | N 7 9 A N |18.2 |17.2 |12.7 | 2.8 N
1405 F A L N 37 |26 | N 8 9 A N [13.8 [159 |83 6.7 N
1406 F P L N 37 2 N 5 8 A N |11.6 |10.7 | 59 3.9 N
1407 M A N N 39 3 N 6 8 A N [15.4 |95 5.4 2.6 N
1408 M A L N 36 |23 | P 8 9 A N |17.6 [126 | 10 2.2 Y [Missed -
1409 M A L N 38 |32 | N 7 8 A N |17.1 203 (123 7 N
1410 M A N N 39 (34 | N 7 8 A N 12 |10.2 | 6.8 2.7 N
1411 M P L N 37 |28 | N 5 7 A N [16.3 [144 |84 5 N
1412 F A N N 37 3 N 7 9 A N |125 |141 | 88 4.2 N
1413 M A L N 36 (26 | N 6 10 A N |15.6 |15.2 |10.1 | 4.7 N
1414 M A L N 36 (25 | N 8 9 A N |135 |156 | 9.3 5 N
1415 F A N N 38 |27 | N 7 10 A N 14 (142 | 7.2 6.3 N
1416 M A L N 39 3 N 7 9 A N

1417 M P N N 38 |31 | N 6 9 A N [129 [175 |97 6 N
1418 M P L N 37 |23 | N 6 8 A N [13.7 [136 |85 4.9 N
1419 M A L N 40 |33 | N 7 9 A N [135 [141 | 8.9 4.1 N
1420 F A N N 38 3 | 7 9 A N 17 8.7 4.9 1.9 Y 35 -
1421 F A N N 38 (32 | N 5 8 A N |15.8 |136 | 7.4 4.3 N
1422 F A L N 38 (29 [N 7 9 A N |13.3 |15.1 |103 | 25 N
1423 F A N N 39 (27 | N 7 8 A N |13.1 |16.3 | 12 4 N
1424 M A L N 37 |31 | N 8 9 A N |15.7 |16.4 |10.2 | 4.7 N
1425 F A N N 39 3 N 6 8 A N 147 | 14 9.9 2.6 N
1426 M A L N 38 |26 | N 5 8 A N [16.2 (103 | 6.8 3.6 N
1427 M P L Y 36 2 |[P,S |5 8 A N 15 18 (153 2 Y 2.6 -
1428 F A L N 37 |22 | N 8 9 A N |147 | 18 [135 3 N
1429 M A N N 38 (35 [N 6 9 A N |16.1 |16.3 |11.3 4 N
1430 F A L N 40 |29 | N 6 8 A N [12.8 |24.1 [16.7 | 6.1 N
1431 M A N N 38 3 N 8 9 A N |18.2 |20.3 |13.5 6 N
1432 M A L N 36 (24 | N 7 10 A N |12.4 |128 | 4.7 7.6 N
1433 F A N Y 36 (26 | N 5 7 A N 143 |113 | 5.1 5.8 N
1434 M A L N 39 |34 | N 7 8 A N |146 [17.2 | 11 5.1 N
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1435 M A N N 37 |29 | N 6 9 A N |153 |17.8 |10.7 6

1436 F A L N 38 (33 [N 7 8 A N |16.1 |125 |59 3.6

1437 M A N N 40 |31 | N 7 10 A N ]16.7 | 12 7.3 4.2 N
1438 M A L N 39 3 N 7 9 A N

1439 F P L N 36 |24 | N 8 9 A N [126 [135 |[9.2 35 N
1440 M P L N 37 |28 | N 7 8 A N |14.2 |143 (105 |26 N
1441 F A N N 39 (31 [N 8 9 A N 15 |215 |16.8 | 3.6 N
1442 M A N N 40 (35 | N 8 10 A N |16.3 |16.3 | 9.3 6.8 N
1443 F A L N 35 2 N 7 9 A N |17.1 |17.1 |135 | 3.2 N
1444 F A N N 39 (27 | N 6 8 A N |18.6 |149 |83 6 N
1445 M A N N 37 |26 | N 7 10 A N |18.1 |13.8 | 6.2 5.3 N
1446 M A L N 39 |36 | N 7 9 A N |133 |17.4 (138 | 3.3 N
1447 M P N N 38 3 N 7 9 A N |15.8 |16.5 8 7.5 N
1448 M A L N 34 |17 | N 8 9 P N [146 (147 |94 4.7 N
1449 F A L Y 34 |16 | N 5 7 A N |10.8 |17.2 | 8.1 8.7 N
1450 M A L N 39 3 N 6 10 A N 94 |123 |83 3.2 N
1451 F A N N 40 (29 [N 6 9 A N |149 |164 |55 9.7 N
1452 M A L N 38 |28 | N 7 10 A N |13.6 |15.8 [10.1 |5.2 N
1453 M P L N 34 (24 | P 7 9 A N 14 11 8.1 2.2 Y 4.1 -
1454 M A L N 39 |34 | N 7 8 A N [18.2 | 9.2 4.7 4.1 N
1455 F A N N 38 (31 [N 6 9 A N 153 |152 | 95 5.3 N
1456 F A N N 37 |26 | N 7 9 A N ]16.3 | 12 9 2.8 N
1457 M A L N 37 |24 | N 6 8 A N

1458 M A N N 38 |28 | N 9 10 A N 15 (154 |128 | 2.7 N
1459 F A L N 38 |27 | N 8 9 A N [15.2 [127 |85 25 N
1460 M A L N 34 |18 | N 7 9 P N 11 9.1 4 3.4 N
1461 M A L N 39 3 N 7 9 A N |16.8 |136 | 7.2 4.9 N
1462 F P L N 40 3 N 7 9 A N |17.3 |16.1 |10.3 | 4.7 N
1463 F A L N 38 (28 | N 8 10 A N 16 15 |10.8 | 3.7 N
1464 F A N N 37 |29 | N 6 8 A N |13.8 |125 | 8.9 2.6 N
1465 M A L N 37 |36 | N 8 9 A N |175 [204 | 11 8.2 N
1466 F A N N 35 |24 | N 7 10 A N [19.8 [135 |77 5.2 N
1467 F P L N 37 |24 | N 6 8 A N |13.7 |10.3 6 2.7 N
1468 M A L N 37 |27 | N 7 9 A N [145 [147 | 8.1 4.2 N
1469 F A L N 36 |26 | N 7 8 A N [15.2 [122 |73 4.4 N
1470 M A N N 39 (29 [N 8 9 A N |16.1 | 9.9 6.4 2.9 N
1471 M A L Y 37 |33 | N 5 9 A Y |11.9 9 5.8 2.9 N
1472 M A L Y 34 (21 | P 4 8 P N |16.6 | 13 9.8 1.7 Y 2.6 -
1473 F A N N 39 |28 | N 8 9 A N [12.9 8 45 3.1 N
1474 F P L Y 36 (21 | N 4 8 A N 14 |153 |118 |33 N
1475 M A L N 36 |17 | N 6 7 A N (128 | 6.8 3.9 25 N
1476 M P N N 39 (34 | N 8 9 A N |18.6 |11.9 | 6.7 4.5 N
1477 F A L N 40 3 N 6 10 A N |17.7 |144 (106 | 2.6 N
1478 M A L N 39 (29 [N 7 8 A N |16.5 |135 | 9.7 2.8 N
1479 F A L N 34 |19 |P,S | 6 9 A N |11.7 |10.5 7 1.9 Y [Missed -
1480 M A N N 38 (39 [N 7 10 A N |16.2 |11.4 |55 4.1 N
1481 F A L N 38 (27 | N 6 9 A N |155 |12.2 | 83 3.1 N
1482 M A L N 36 (25 | N 5 7 A N |14.7 |153 |93 4.8 N
1483 F A N N 38 (29 [N 6 8 A N 15 |16.8 |10.7 | 4.2 N
1484 M A L N 37 |34 | N 8 10 A N |159 | 12 6.2 4.6 N
1485 M A L N 37 |31 | N 6 9 A N |16.5 |179 (114 |59 N
1486 M A N N 40 3 N 7 9 A N 18 11 5.8 3.4 N
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1487 F A N N 34 2 N 7 10 A N

1488 M A L N 38 (24 | N 7 8 A N 17 |133 |86 4.2 N
1489 F A N N 38 |29 | N 9 10 A N |16.7 |12.7 (101 |22 N
1490 M P L N 32 |15 | N 7 10 A N |154 | 14 9.6 3.1 N
1491 F P L N 38 |26 | N 6 8 A N [149 [135 |6.7 5.7 N
1492 M A L N 37 |29 | N 6 9 A N 17 (188 |122 |55 N
1493 F A N Y 38 (31 [N 5 8 A N |16.5 |28.9 |14.7 |112 | N
1494 M A N N 37 3 N 6 8 A N |16.2 |19.1 |135 | 4.4 N
1495 M A L N 36 (25 | N 7 9 A N |18.3 |14.2 |103 | 3.1 N
1496 F A N N 37 |21 | N 8 9 A N |175 | 15 |11.4 |31 N
1497 M A L N 37 |23 | N 7 8 A N |149 |168 | 9.4 6.2 N
1498 F A L N 39 |31 | N 8 10 A N [143 |189 (141 |45 N
1499 F A L N 40 (28 | N 6 9 A N |12.4 |17.1 |11.3 | 3.6 N
1500 F A L N 34 |19 | N 7 8 A N [13.8 [103 | 7.1 2.8 N
1501 M A N N 38 (27 | N 8 10 A N 147 |11.2 6 4.9 N
1502 M A L N 38 |25 | N 7 9 A N ]13.8 | 10 4.9 4.6 N
1503 F A N N 37 |25 | N 7 9 A N |126 | 18 |14.2 3 N
1504 F A N N 37 |29 | N 6 9 A N |13.6 |14.2 (101 | 3.2 N
1505 M A L N 38 (36 | N 7 8 A N |14.4 |153 |10.2 | 3.6 N
1506 M P L N 37 |28 | N 7 8 A N 15 (147 |97 4 N
1507 F A N N 36 (24 | N 8 9 A N 16 |159 |78 6.2 N
1508 F A L N 39 |31 | N 7 9 A N [125 | 16 (104 |28 N
1509 M A N N 40 3 N 7 8 A N

1510 F A L N 40 |32 | N 9 10 A N |173 | 15 (104 |33 N
1511 M A N N 40 3 N 6 8 A N [154 |95 5.4 2.6 N
1512 F A L N 35 |25 | P 7 9 A N 14 (126 | 10 2.3 Y 2.7 -
1513 M A L N 37 |32 | N 7 8 A N |17.1 |20.3 |12.3 7 N
1514 M A N N 39 (34 | N 7 8 A N 12 (102 | 6.8 2.7 N
1515 M A L N 39 (28 | N 5 7 A N |16.3 |144 | 8.4 5 N
1516 F A N N 38 3 N 7 9 A N |125 |141 | 8.8 4.2 N
1517 M A L N 37 |26 | N 6 10 A N |15.6 |15.2 (101 | 4.7 N
1518 M A L N 37 |25 | N 8 9 A N [135 [156 |93 5 N
1519 F A N N 39 |27 | N 7 10 A N 14 (142 | 7.2 6.3 N
1520 M A L N 40 3 N 7 9 A N |143 |16.3 (122 | 3.6 N
1521 M A N N 37 |31 | N 6 9 A N [129 [175 |97 6 N
1522 M A L N 38 (23 | N 6 8 A N |13.7 |136 | 85 4.9 N
1523 M A L N 39 |33 | N 7 9 A N

1524 M A N N 37 |26 | N 8 9 A N |16.9 |16.4 | 85 5.9 N
1525 M A N N 38 |28 | N 7 9 A N [182 |17.2 (127 |28 N
1526 F P L N 36 (26 | N 8 9 A N |13.8 |159 | 83 6 N
1527 F A L N 35 2 N 5 8 A N 18 (107 | 5.9 3.9 N
1528 M A N N 38 3 N 6 8 A N |154 | 95 5.4 2.6 N
1529 F A L N 40 |27 | 7 9 A N [129 | 15 (122 |22 Y 4.3 -
1530 M A L N 37 |32 | N 7 8 A N |17.1 |20.3 |12.3 7 N
1531 F A N N 38 3 N 7 9 A N 17 8.7 4.9 3.2 N
1532 M A N N 37 |34 | N 7 8 A N 12 |10.2 | 6.8 2.7 N
1533 M A L N 38 (28 | N 5 7 A N

1534 F A N N 36 (21 | N 7 9 A N |125 |141 | 8.8 4.2 N
1535 M A L N 40 (26 | N 6 10 A N |15.6 |15.2 |10.1 | 4.7 N
1536 M P L N 40 3 N 8 9 A N |135 |156 | 9.3 5 N
1537 F P N N 39 |27 | N 7 10 A N 14 (142 | 7.2 6.1 N
1538 M A L N 38 3 N 7 9 A N ]20.8 |16.3 (122 | 3.6 N
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1539 M A N N 38 3 N 8 9 A N |13.9 |149 |33 10 N
1540 M A N N 37 (34 | N 7 8 A N

1541 F A L N 39 3 N 6 10 A N |17.1 |22.7 [126 | 7.8 N
1542 F A L Y 35 |17 | N 8 8 A N |16.3 |26.4 (189 |57 N
1543 F A N N 36 |24 | N 6 8 A N 18 |20.5 |13.6 5 N
1544 F A L N 38 3 N 6 10 A N [109 [16.7 | 9.6 6.4 N
1545 M A L N 40 (34 | N 6 9 A N |143 |17.8 |11.1 5 N
1546 F A N N 38 (28 | N 7 8 A N 15 |132 |11 (116 (N
1547 M A N N 35 (1.7 | N 7 9 A N 13 |143 |98 4.1 N
1548 F A L N 38 3 N 8 9 A N |195 |176 |23 |138 | N
1549 M P N N 38 (29 [N 9 10 A N |17.8 |151 |75 6.9 N
1550 M A L N 39 |23 | N 7 9 A N
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