
ORIGINAL ARTICLE

Jeffrey’s insights: Jeffrey Modell Foundation’s global
genetic sequencing pilot program to identify specific primary
immunodeficiency defects to optimize disease management
and treatment
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Abstract
Primary immunodeficiencies (PI) are genetic defects of the immune system that result in chronic and often life-threatening
infections and/or life-threatening autoimmunity if not diagnosed and treated. Patients with a suspected PI, but without a genetic
diagnosis, commonly undergo a diagnostic odyssey that is costly, time-consuming, and arduous. This delay in diagnosis prevents
appropriate disease management and treatment, contributing to prolonged suffering and decreased quality of life. Although next
generation sequencing (NGS) can provide these patients with relief from such a diagnostic odyssey, it is often unavailable,
mainly due to cost and inaccessibility. In January 2019, the Jeffrey Modell Foundation (JMF) launched a free genetic sequencing
pilot program for JeffreyModell Centers Network (JMCN) patients clinically diagnosed with an underlying PI. A total of 21 sites
within the JMCN were invited to participate. JMF collaborated with Invitae, and testing was comprised of Invitae’s Primary
Immunodeficiency Panel, which currently includes 207 genes. A questionnaire was disseminated to each participating physician
to evaluate barriers to access to genetic sequencing and changes in disease management and treatment after testing. One hundred
fifty-eight patients and 29 family members were tested in this pilot study. Twenty-one percent of patients with a suspected
monogenic disorder received a molecular diagnosis, and others received potentially useful diagnostic leads. Based on the results
of genetic sequencing, clinical diagnosis was altered in 45% of patients, disease management was altered in 40%, treatment was
altered in 36%, and genetic counseling was altered in 62%. The results of this pilot program demonstrate the utility, cost-
efficiency, and critical importance of NGS for PI and make the case for broad scale sequence–based diagnostics for PI patients
when requested by expert immunologists.
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JMF Jeffrey Modell Foundation
JMCN Jeffrey Modell Centers Network

PI Primary immunodeficiency
NGS Next generation sequencing
SCID Severe combined immunodeficiency
CVID Common variable immune deficiency
AR Autosomal recessive
AD Autosomal dominant
XL X-linked
DNA Deoxyribonucleic acid
RNA Ribonucleic acid
US United States
OUS Outside of the United States
VUS Variants of uncertain significance
P/LP Pathogenic or likely pathogenic
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CNV Copy number variant
IUIS International Union of Immunological Societies
WES Whole exome sequencing

Introduction

Primary immunodeficiency

Primary immunodeficiencies (PI) [1, 2] are genetic disorders
of the immune system that result in chronic, serious, and often
life-threatening infections, and/or life-threatening autoimmu-
nity if not diagnosed and treated [3, 4]. There are over 400
genetically defined single-gene inborn errors of immunity [5,
6]. In addition to diseases as serious as severe combined im-
munodeficiency (SCID), manifestations of less severe PIs
may include susceptibility to common infections, opportunis-
tic infections, persistent or aberrant inflammation, and severe
organ-specific autoimmune conditions.

Recent studies have shown that PI may be more common
than previously estimated [7] and that as much as 1% of the
population may be affected with a PI when all types and va-
rieties are considered [8]. Recently, improvements in molec-
ular diagnosis, whole exome sequencing, and insight from
innovative treatments have led to a better understanding of
the immune system, as well as, improved quality of life for
those living with PI [9–13]. However, awareness of PI among
physicians and the general public remains challenging, and
there continues to be a need for improved and timely manage-
ment of these conditions [14, 15].

Patients without a genetic diagnosis commonly undergo a
diagnostic odyssey including numerous specialist referrals
and an exhaustive number of expensive and often unhelpful
tests [16]. Delays in diagnosis, and therefore disease manage-
ment and treatment, contribute to continuing suffering by the
patient, with chronic, recurring infections and in some cases,
organ or tissue damage, or even death. Finally, the expense
borne by health care systems and even the patients themselves
owing to diagnostic odysseys is not to be underestimated.

Next generation sequencing

Rapid technological developments in next generation se-
quencing (NGS) have provided relief in many cases from
the diagnostic odyssey. NGS allows for fast and less costly
sequencing of DNA and RNA by allowing many genes to be
sequenced simultaneously, revolutionizing the approach to
rare disease. Many PIs share overlapping clinical presenta-
tions, so diagnostic NGS gene panels or whole exome se-
quencing can facilitate rapid diagnosis by addressing differen-
tial diagnoses.

A genetic etiology for PI is prevalent among patients who
fulfill clinical diagnostic criteria for the individual PI

diagnoses. Each of the clinical categories has numerous ge-
netic etiologies that can individually serve as prognostic indi-
cators of disease severity and can influence treatment deci-
sions. It is therefore vital to investigate the genetic underpin-
nings of PI to the fullest extent available [9]. While this has
historically fallen upon research laboratories, the introduction
of high fidelity diagnostic NGS and exome sequencing has
brought definitive diagnosis into broader reach.

The molecular diagnostic rate of NGS has been found to
range from 15 to 46%, with a median rate of 25%, in a sys-
tematic review of eight studies using NGS in a mixed PI
population [17]. There is precedent in genetic testing leading
to a change in diagnosis and management of PI disease.
Outcomes from NGS have significantly influenced patient
diagnosis and management. One study in otherwise difficult
to diagnose PI patients documented an alteration of clinical
diagnoses in 55% of the immunodeficient patients who had
sequencing findings and a change to clinical management in
25% [9]. NGS and related platforms are quickly becoming
recognized as a vital part of the clinical care of patients with
a suspected PI. It also appears that early application of these
approaches may result in benefits to the patient while provid-
ing value to health care systems.

Presently, these valuable resources are frequently unavail-
able due to perceived cost and insurance constraints, accessi-
bility challenges, and difficulty with interpretation, with cost
being the most frequently reported and burdensome barrier
[18]. In fact, it has been reported that the most common clin-
ical testing denied by insurers is genetic testing [18]. In addi-
tion, many clinics and insurers require referrals to a geneticist
before genetic testing may be conducted, despite the expert
qualification of clinical immunologists to evaluate the need
for such testing [18]. As a result, there are myriad patients that
have genetically definable PI who have not been evaluated or
who have endured unnecessary expense in receiving
evaluation.

Jeffrey Modell Centers Network

Jeffrey Modell Foundation (JMF) established a network of
specialized centers over the past decade, the Jeffrey Modell
Centers Network (JMCN), to provide the necessary infrastruc-
ture for referral, earliest possible diagnosis, appropriate treat-
ments, and cutting-edge research. Currently, the JMCN con-
sists of 821 expert physicians at 379 institutions, in 294 cities,
and 86 countries spanning six continents, and continues to
expand. Approximately one-third of the JMCN is in the US,
with 116 centers in the US, and 263 OUS. There are over
187,000 patients followed in the JMCN, but the majority have
not received a genetic diagnosis [19].

JMF offers the unique advantage of utilizing existing se-
quencing technologies but applying an extraordinary level of
pre-test probability by leveraging the vast expertise within the
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JMCN, which provides organized and direct access to the
most expert immunologists, a majority of whom harbor nu-
merous clinically diagnosed patients in need of genetic diag-
nostics. Through the utilization of the JMCN, we have the
ability to link those patients most likely to have a genetic
diagnosis to genetic diagnostics. By harnessing the expertise
of clinical immunologists within the JMCN, we demonstrate
that their clinical index of suspicion alone should equate with
the rationale for NGS testing.

The pilot program

In January 2019, JMF launched a genetic sequencing pilot
program for patients clinically diagnosed with an under-
lying PI disease. The aim of this initiative was to help
identify a specific genetic cause and provide medical pro-
fessionals a precise diagnosis to hopefully either confirm
or advance appropriate management and treatment.
Through this pilot program, we sought to demonstrate
the value and clinical utility of NGS for PI through
JMF’s unique and established network, which we hypoth-
esized would provide a high level of pre-test probability.
JMF offered this program to the community as a free
service. No hospitals, patients, physicians, insurance com-
panies, or government agencies were charged.

An additional aim of this pilot program included determin-
ing the rate of revision of clinical diagnosis as well as any
change in disease management enabled by genetic diagnosis
or lack thereof. These outcomes were able to be obtained
through our ongoing relationship with the expert immunolo-
gists in the JMCN. Overall, we hypothesized that revision of
diagnosis and change in disease management of the patients
would both occur at a meaningful rate.

Given the advantage of direct access to JMF’s network of
experts in identifying patients with the greatest need, we pre-
dicted the molecular diagnostic rate resulting from this study
to be within the 15–46% range reported in the recently pub-
lished systematic review of NGS in PI [17]. We hypothesized
that when such probability exists from an expert immunolo-
gist (based upon their clinical index of suspicion), no other
testing or rationale is needed to achieve a diagnostic rate with-
in this range and that there would be a 25% disease manage-
ment alteration rate. We also hypothesize that this and related
initiatives will help define genetic testing as the “first line”
intervention when expert immunologists have a high pre-test
probability for a genetic PI.

In addition to resulting in improved patient outcomes, a
revision of diagnosis and management would be substantially
cost saving, both in the short- and long-term. Through this
pilot study, we also aimed to evaluate cost-efficiency and
importance of genetic testing from a health services perspec-
tive, the rationale for broad scale sequence–based diagnostics

for PI and to potentially justify greater access to NGS se-
quencing in the right context.

Methods

A total of 21 sites within the JMCNwere invited to participate
in the pilot program and contribute their highest pre-test prob-
ability patients, for a total of up to 160 patients enrolled across
all sites. There were no criteria applied, and the samples to
submit were solely at the discretion of the JMCN immunolo-
gist. Approximately 50% of participating sites were located in
the US, with 10 sites in the US and 11 sites outside the US
including Cairo, Egypt; Lima, Peru; Nablus, Palestine; San
Jose , Costa Rica ; Medel l in , Colombia ; Prague ,
Czech Republic; two sites in Santiago, Chile; Barcelona,
Spain; Quito, Ecuador; and Mexico City, Mexico.

Description of testing services

JMF collaborated with Invitae, a fully certified clinical diag-
nostic laboratory which performs full-gene sequencing and
intragenic deletion-duplication analysis using NGS technolo-
gy. Test ing was comprised of Invi tae’s Primary
Immunodeficiency Panel, which currently includes 207 genes
(Table S1). The participating center provided samples to
Invitae according to Invitae’s instructions set forth in their
online portal.

NGS testing was performed by Invitae as previously de-
scribed [20], and variant interpretation was carried out based
on an expansion of the American College ofMedical Genetics
guidelines [21]. Patient results were reviewed and categorized
by variant classifications, i.e., negative (no reportable variants
were identified), positive (pathogenic or likely pathogenic
(P/LP) variants identified), and uncertain (variants of uncer-
tain significance (VUS) identified). Of note, increased risk
alleles (common variants associated with an elevated risk,
but not a diagnosis, of a disorder) were excluded from analysis
as these variants are very common in the general population.
Positive results were further categorized by their clinical rele-
vance (i.e., carrier status, molecular diagnosis, see Table 1).

Patient eligibility

This pilot program included those patients that participating
physicians suspected as having a PI and identified as being
among the most severe and compelling, but that had not yet
received a genetic diagnosis. Patient eligibility was based up-
on the highest pre-test probability of the highly qualified ex-
pert clinicians at participating JMCN centers. Appropriateness
was confirmed by JMF scientific and medical staff, and the
rationale was shared with the Invitae research team. Testing
was ordered by a clinician at a JMF center participating in this
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program. One of the following clinical indications was recom-
mended: (i) confirmed clinical diagnosis of PI, (ii) newborn
screen suggestive of PI, (iii) suspected clinical diagnosis of PI,
following the JMF 10 Warning Signs of PI (http://www.
info4pi.org/library/educational-materials/10-warning-signs).

Protocol

Each patient that participated in this pilot program com-
pleted a consent form, which was signed in person by
both the physician and the patient or guardian before
sample collection. The patient then provided a specimen
sample at the participating JMF center. Invitae accepted
blood, saliva, and extracted genomic DNA sample
types. The specimen sample and consent form were sent
to Invitae for genetic sequencing. Invitae performed full-
gene sequencing and exon level deletion/duplication
analysis using NGS technology on all specimen sam-
ples. The turn-around time was 10–21 days with a 14-
day average. Reports were provided that included inter-
pretation of the identified variant(s) and were made
available to the ordering clinician through Invitae’s on-
line portal. Family variant testing was made available at
no additional charge for any proband that was found to
have a likely pathogenic or pathogenic variant in this
pilot.

The JMF Questionnaire

A brief questionnaire was developed and disseminated to each
participating physician to collect data to evaluate barriers to
access and changes in disease management and treatment for
each patient sequenced through this program (Figure S1). Any
and all information provided on this questionnaire was de-
identified. Obtaining this information was in an effort to un-
derstand impact and importance of genetic sequencing for
patients with a suspected PI.

Results

Genetic sequencing results

One hundred fifty-eight patients and 29 family members were
tested in this pilot study. At least one reportable genetic vari-
ant (interpreted to be either pathogenic, likely pathogenic, or
of uncertain significance) was identified in 151 of 158 sam-
ples received and sequenced (96%), for a total of 507 genetic
variants identified, as the majority of patients (75%) had mul-
tiple reportable variants identified. Fifty-six P/LP variants
were identified in 52 patients (33%). Copy number variants
(CNV) comprised 5% of P/LP variants identified. Table 2
displays all variants identified by the International Union of
Immunological Socie t ies (IUIS) category (2017
classification).

Patients’ indications for genetic testing were broad, how-
ever 22 patients were diagnosed with, or suspected to have,
common variable immunodeficiency (CVID). CVID is rarely
due to a monogenic cause and is more often multifactorial in
nature [22]. None of the patients referred for CVID received a
molecular diagnosis from this panel, though one patient was
found to be a heterozygous carrier of a TACI pathogenic mu-
tation, which, while alone is not diagnostic, is considered a
risk factor for CVID. Excluding the patients with CVID, 136
patients underwent genetic testing for suspected monogenic
disorders, and 28 (21%) received a molecular diagnosis
(Fig. 1). In addition, 10 patients (7%) were found to be het-
erozygous carriers of autosomal recessive conditions, and 10
patients (7%) were heterozygous for variants in genes with
autosomal recessive (AR) and autosomal dominant (AD) in-
heritance patterns, in which the positive finding may or may
not explain the patient’s phenotype. The most common mo-
lecular diagnoses are shown in Table 3, categorized according
to the IUIS Expert Committee classification of inborn errors of
immunity.

Table 1 Clinical relevance of genetic test results

Confirmed or likely
molecular diagnosis

Carrier status Heterozygous results

1 heterozygous P/LP
allele in AD gene

1 heterozygous
allele in AR
gene

1 heterozygous allele in a
gene with AR and AD
inheritance

1 hemizygous P/LP
allele in XL gene in
male

1 heterozygous
allele in XL
gene in female

2 heterozygous or 1
homozygous P/LP
alleles in AR genes

1 heterozygous P/LP
allele and 1 VUS in
AR genes

Table 2 Variants by IUIS category

IUIS category Number of
variants

Antibody deficiencies 35

Autoinflammatory deficiencies 67

Combined T/B cell deficiencies 107

Disorders of immune dysregulation 86

Diseases of intrinsic and innate immunity 62

Immunodeficiencies affecting cellular and humoral
immunity

97

Phagocytic defects 34

Other defects 19

Total 507
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The average age among patients tested was 13 years. The
average age among patients receiving a genetic diagnosis was
7.5 years with 93% tested during the pediatric period. The
diagnostic yield among children aged 0–5 years was trending
highest, with 28% of patients receiving a molecular diagnosis.
Fourteen percent of patients in the 6–17 years age group re-
ceived a molecular diagnosis compared with only 9% of pa-
tients in the 18 and older group. Interestingly, when patients
tested for indications of CVID were excluded, the diagnostic
yield in the adult group was 17%, indicating that when prob-
able multifactorial causes are not included, the likelihood of
finding a genetic etiology in these patients is also substantial.
These figures and patient demographics are listed in Table 4.

The JMF Questionnaire results

As part of this pilot program, physicians were asked to fill out
a questionnaire to gain more insights into the participating
patients’ clinical care, hospitalizations, estimated healthcare
costs, and changes to clinical management post-testing
(Figure S1). Of the 158 participating patients, we received
results for 119 (75%).

Prior to genetic testing

Physicians reported that in the past 12 months, participating
patients saw a health care provider an average of 5.28 times,
42% of the participating patients had been admitted to the
hospital at least once, 34% of the participating patients had
visited an emergency room at least once, and 13% of the
participating patients had been admitted to the ICU at least
once. It is important to note that some patients had multiple

admissions. It was reported that 8.5% of the participating pa-
tients did not seek care for the condition because of cost, and
72% of the participating patients did not seek genetic testing
because of cost. The average annual estimated cost of care,
medication, and treatment prior to genetic sequencing was
$75,699. In the United States, only 3% of participating pa-
tients have insurance coverage for genetic testing. Outside of
the United States, 37% of participating patients have coverage
for genetic testing.

After genetic testing

Responding physicians reported a suspicion of a particular
diagnosis in 75% of the patients. However, after genetic test-
ing, respondents altered their suspected diagnosis in 67% of
these patients. Based on the results of genetic sequencing,
clinical diagnosis was altered in 45% of all patients, disease
management was altered in 40% of all patients, treatment was
altered in 36% of all patients, and genetic counseling was
altered in 62% of all patients. Other at-risk or affected indi-
viduals were identified in the family for 14% of the patients.
Importantly, based on the results of genetic sequencing, 45%
of the patients had a change in outcomes, and there is an
applicable therapy for 80% of the diagnosed patients.

Costs of care

We leveraged our healthcare economic experience in PI [19,
23] to attach health care dollar values to the most frequent
conditions affecting PI patients (Table 5) [24–32]. The results
of the JMF Questionnaire demonstrate that these costs would
be reduced with appropriate disease management and

Fig. 1 Clinical results
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treatment facilitated by an accurate diagnosis accessed
through genetic sequencing.

Discussion

Patients with a suspected PI, but without a genetic di-
agnosis, commonly undergo a diagnostic odyssey that is

costly, slow, time-consuming, and arduous. This delay
in diagnosis can prevent the patient from receiving ap-
propriate disease management and treatment, contribut-
ing to prolonged suffering, expense, and decreased qual-
ity of life. Although NGS can provide these patients
with knowledge, hope, and relief from such a diagnostic
odyssey, it is often unavailable, mainly due to cost and
inaccessibility.

Table 3 Molecular diagnoses by gene

IUIS category Condition Gene Number of
patients

Genotypes

Antibody deficiencies X-linked agammaglobulinemia BTK 4 c.1631+5G>C (Intronic)

c.1901G>C (p.Trp634Ser)

c.496C>T (p.Gln166*)

c.179_181del (p.Lys60del)

X-linked hyper-IgM syndrome CD40LG 2 c.474del (p.Lys159Asnfs*3)

c.761C>T (p.Thr254Met)

Autoinflammatory deficiencies Polyarteritis nodosa ADA2 2 c.1085G>A (p.Trp362*) (hom)

c.973-2A>G (Splice acceptor);
c.934C>T (p.Arg312*)

CID with associated or syndromic
features

Ataxia-telangiectasia ATM 2 c.4019_4029del
(p.Leu1340Cysfs*10);

c.2817del (p.Lys940Asnfs*9)

c.3802del (p.Val1268*);
c.2921+1G>A (Splice donor)

CHARGE syndrome CHD7 1 c.4944_4945del
(p.Tyr1649Leufs*3)

Immunodeficiency-centromeric
instability-facial anomalies syndrome

DNMT3B 1 c.1838T>C (p.Val613Ala);
c.2292G>T (p.Arg764Ser)

Hepatic veno-occlusive disease with
immunodeficiency

SP110 1 c.686dup (p.Gln231Profs*5) (hom)

Disorders of immune dysregulation Hermansky-Pudlak syndrome AP3B1 1 c.779G>A (p.Trp260*) (hom)

LRBA deficiency LRBA 2 c.3286_3287del
(p.Phe1096Leufs*3) (hom)

Deletion (Exon 35) (hom)

X-linked lymphoproliferative disease XIAP 1 c.664C>T (p.Arg222*)

Diseases of intrinsic and innate
immunity

STAT1 gain-of-function; mycobacterial
disease

STAT1 1 c.820C>T (p.Arg274Trp)

Immunodeficiencies affecting cellular
and humoral immunity

Adenosine deaminase deficiency ADA 1 c.218+1G>A (Splice donor) (hom)

Severe combined immunodeficiency NHEJ1 2 c.178-1G>A (Splice acceptor)
(hom)

c.178-1G>A (Splice acceptor)
(hom)

Severe combined immunodeficiency RAG1 2 c.2275C>T (p.Arg759Cys);
c.1228C>T (p.Arg410Trp)

c.322C>T (p.Arg108*);
c.1835A>G (p.His612Arg)

Severe combined immunodeficiency RAG2 1 c.686G>A (p.Arg229Gln) (hom)

Severe combined immunodeficiency ZAP70 1 c.261C>G (p.Tyr87*) (hom)

Phagocytic defects Chronic granulomatous disease CYBB 1 c.742dup (p.Ile248Asnfs*36)

Neutropenia ELANE 2 c.607G>C (p.Gly203Arg)

c.597+1G>A (Splice donor)
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Through this pilot program, we demonstrated the value and
clinical utility of NGS for PI through JMF’s unique and
established network. By leveraging the vast JMCN, which
provides direct access to expert immunologists who harbor a
backlog of clinically diagnosed patients in need of a genetic
diagnosis, we demonstrated that their clinical expertise alone
proves to be very effective in determining the need for NGS.
We specifically did not apply restrictive criteria for which
patients could or could not be sequenced through this pro-
gram, believing simply in the value of when an expert immu-
nologist feels a patient with PI should be sequenced.

In this pilot, the diagnostic rate was found to be 21%,
excluding CVID patients. This falls within the expected range
of 15–46%, as reported in a systematic review of eight studies
using NGS in a mixed PI population [17]. The median diag-
nostic rate in this systemic review was found to be 25%, with
four studies ranging from 15 to 25% and four studies ranging
from 40 to 46%. It is important to note specific features of
each study that reported diagnostic rates of 40–46% including
the use of whole exome sequencing (WES) in one study [9], a
greater number of genes on the test panel in one study [33],
testing of a highly consanguineous population in one study
[34], and inclusion of patients that already had at least one
known causal mutation in one study [35].

Additionally, at the 2018 American Society of Human
Genetics meeting, Invitae presented an internal diagnostic rate
for their PI panel of 7% [36]. We postulate that the higher
diagnostic rate of 21% found in this pilot study is due to the
high pre-test probability gained through the expertise of the
ordering immunologist. This clearly illustrates the diagnostic
acumen and expertise of the ordering immunologist in identi-
fying patients who are truly in need of a genetic diagnosis.

Notably, in this pilot, 33% of the identified variants were
reported as P/LP. However, it was reported through the JMF
Questionnaire that after genetic sequencing, clinical diagnosis
was altered in 45% of patients, disease management was al-
tered in 40% of patients, treatment was altered in 36% of
patients, and genetic counseling was altered in 62% of pa-
tients. This indicates that clinicians are able to use non-P/LP
results in order to “rule out” specific PIs, which can still im-
pact the medical management of their patients. This is valu-
able information as it demonstrates the importance and utility
of sequencing in disease management, even when no official
diagnosis is received.

Through the JMF Questionnaire we also established that
patients, both in the US and OUS, faced barriers to obtaining
genetic sequencing such as lack of insurance coverage, pro-
hibitive cost, and limited access. The cost and burden of fre-
quent hospital admissions, emergency room visits, and ICU
admissions also proved to be a major challenge for these pa-
tients. In addition to improved patient outcomes, a revision of
diagnosis and management due to genetic sequencing would
result in substantial cost savings, both in the short- and long-
term, and generate the case for immediately moving to PI
NGS testing when an expert immunologist has high pre-test
probability for a genetic disease. To demonstrate this point,
we leveraged our healthcare economic experience in PI [19,
23] to attach health care dollar values to the most frequent
conditions affecting PI patients (Table 5) [24–32], which
would be considerably reduced with appropriate disease man-
agement and treatment facilitated by an accurate diagnosis
that could be accessed through genetic sequencing. These

Table 4 Patient demographics

Number of patients (%) Patients positive (diagnostic rate, %)

Gender

Male 99 (63) 18 (18)

Female 59 (37) 10 (17)

Total 158 (100)

Age

<5 57 (36) 16 (28)

6–17 66 (40) 9 (14)

18 + 35 (22) 3 (9)

Total 158 (100)

Table 5 Costs of the most
frequent conditions affecting
patients with PI

Condition Average no. of episodes Cost per episode Annual cost

Persistent otitis media 4.2 $528 $2217

Serious sinus and upper respiratory infections 4.6 $1125 $5175

Viral infections 3.7 $1275 $4717

Acute bronchitis 3.1 $1700 $5270

Bacterial pneumonias 2.8 $3552 $9945

Bronchiectasis 4.3 $3165 $13,609

Hospitalization days 19.8 $2480 $49,104

Physician/ER visits 70.8 $180 $12,744

Days on antibiotics 166.2 $10 $1662

School/work days missed 33.9 $195 $6610

Total per patient $111,053
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reduced costs, furthermore, do not account for the use of ad-
ditional expensive phenotypic or immunologic tests which are
likely to be necessary without a definitive genetic diagnosis.
Interestingly, many of these tests do not face the same insur-
ance, access, or coverage obstacles that genetic tests do. The
cost-saving potential of genetic sequencing for PI patients
alone should serve as a mandate for broad scale sequence–
based diagnostics for PI and justify greater access to NGS
sequencing in the right context.

Conclusion

The results of this pilot program demonstrate the utility, cost-
efficiency, and critical importance of NGS for PI, and make
the case for broad scale sequence–based diagnostics for PI
patients when requested by expert immunologists, given the
high pre-test probability. Many physicians have a backlog of
high priority patients that do not have access to genetic se-
quencing, as demonstrated by this program. Physician special-
ists should be able to access genetic tests when warranted.
Indeed, the experts are right when it comes to a need for
genetic tests. We envision a future, in which any government
or private health agency will be compelled to support genetic
testing for PI as an initial intervention when a clinical diagno-
sis has been established and pre-test probability is confirmed
by an expert immunologist.
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