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To the Editor,

Early diagnosis of primary immunodeficiencies (PIDs) reduces in-
fectious complications, guides therapeutic decision-making, and mini-
mizes iatrogenic risks [1]. T cell receptor excision circle (TREC) ana-
lysis is the most widely utilized screening test for severe combined
immunodeficiencies characterized by T cell lymphopenia [1]. An ab-
normal newborn TREC screen prompts assessment of T cell numbers
and function, followed by genetic sequencing in patients with impaired
function [1]. This tiered approach is cost-efficient for populations with
low pre-test probabilities of PID and access to multi-disciplinary la-
boratory expertise in immunophenotyping, assays of immune function,
and genetic sequencing. However, many countries with the highest
prevalence of PIDs lack these diagnostic technologies. The majority of
known PIDs are autosomal recessive, monogenic disorders, and are
most prevalent in areas of Northern Africa, the Middle East, and
southeast Asia, all of which have a high frequency of consanguineous
unions and founder mutations [2]. Compared to countries with re-
sources for implementing widespread newborn TREC screening or next-
generation DNA sequencing (NGS), resource-limited regions have dis-
tinctly different health care delivery models and challenges in the di-
agnosis of PIDs [2].

We tested the feasibility of an international partnership for pro-
viding NGS to patients with PIDs in Pakistan, which has the highest
infant mortality rate in the world [3]. The mortality rate of neonates
before 28 days of life is 1 in 22.7 live births, while the mortality rate of
children from one to five years of life is 1 in 9.5 live births [3]. Over
60% of unions are consanguineous [4]. Pakistan does not have gov-
ernment-sponsored initiatives for PID patients, such as registries or
newborn screening programs. NGS for PIDs is available at one center in
Pakistan for approximately $1500 USD per patient. Hematopoietic stem
cell transplantation (HSCT) has been available in Pakistan since 1995
[5]. Transplantation is limited to family donors since there is no na-
tional bone marrow donor registry [5]. Over 350 transplants were

performed from 1999 to 2009 in Pakistan, during which mortality was
10–20%, compared to global mortality rates of 10–50% [5]. Supportive
therapies for PIDs, including intravenous immunoglobulin replacement
and antibiotics, are also available in Pakistan.

Clinical histories and immunophenotyping on 10 patients were
performed by the Armed Forces Institute of Pathology, Rawalpindi, the
largest independent laboratory serving a catchment area of over 50
military hospitals. Targeted NGS for a panel of 264 genes associated
with PIDs was performed at Boston Children's Hospital at a cost of $250
USD per patient, funded by a philanthropic grant. Recurrent infections
occurred in 80% of patients, respiratory infections occurred in 60% of
patients, failure to thrive in 40% of patients (Table 1). Nearly all pa-
tients (90%) were from consanguineous unions and 40% had a family
member die due to symptoms shared by the proband.

The average delay from symptom onset until local immunologic
testing was 16months. A genetic cause of PID was identified after
targeted NGS in nine patients (90%), comprised of eight autosomal
recessive and one X-linked PID. Combined immunodeficiencies were
the most common type of PID (80%). All of these patients had T cell
lymphopenia severe enough to be identified by TREC analysis, if it had
been performed, and would thus have prompted functional and genetic
testing. This supports the utility of using NGS as the initial diagnostic
test. Live vaccines are contraindicated in patients with combined im-
munodeficiency; however, seven (70%) patients in our cohort with a
combined immunodeficiency received live vaccines as part of the na-
tional immunization program prior to diagnosis. Eight patients (80%),
nearly all of whom had a combined immunodeficiency, died by the
conclusion of this 16-month study, reflecting the known urgency of
early diagnosis for patients with severe PIDs [1].

Studies have noted the widening global disparities in genomics ex-
pertise and technologies [6]. Early partnership models allocated the
work of sample collection to collaborators in resource limited areas,
while investigative studies were performed in centers with scientific
expertise [6]. More recently, training programs have been developed to
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disseminate genomics expertise and NGS technologies globally [6].
However, challenges encountered by trainees of these programs include
the time needed for trainees to acquire the necessary expertise and the
limited research infrastructure encountered by researchers returning to
their home countries [6]. Our study provides a third model of inter-
national collaboration built on the strengths of each collaborating
center. Given the high rate of childhood mortality in Pakistan, the
clinical expertise of local physicians is essential for distinguishing pa-
tients with potential PIDs from those with other causes of childhood
illness. The capacity for performing immunophenotyping locally is
important for the interpretation of NGS data, since transit times and
shipping impair the viability and function of immune cells [7]. Inter-
national centers with a high volume of NGS can provide im-
munogenomics expertise and technology at lower cost. Due to the pace
of change in the fields of both NGS and PIDs, it is less costly and more
feasible to update a limited number of central sequencing hubs than to
establish and maintain a large number of local sequencing facilities.
Additionally, sequencing mutations in the Pakistani population in
conjunction with development of a national registry can identify at-risk
kindreds. In a study of extended family screening for hemoglobin dis-
orders in Pakistan, 31% of relatives of index cases were carriers; 40% of
married carriers were married to another carrier [8]. Quantifying the
incidence of combined immunodeficiencies in Pakistan would also
highlight the importance of delaying live vaccines in this population.
Despite the burden of genetic diseases in Pakistan, genetic counseling is
not readily available [4]. In a study surveying genetic expertise in Pa-
kistan, only four clinical geneticists were identified for the country's
population of over 180 million individuals; furthermore, 88% of the
physicians surveyed self-identified their knowledge of genetics in
medicine as “fair” or “poor.” [4] Increasing the local capacity for im-
munophenotyping and clinical genetics builds on the existing infra-
structure to address the need for improved diagnostics for patients with
PIDs in Pakistan.

Larger studies are needed to determine the applicability of our
findings to the Pakistani population at large and to other genetic dis-
orders. Our study suggests that resource-limited regions with a high
prevalence of PIDs may require screening strategies that utilize im-
munophenotyping and NGS rather than TREC analysis, an endeavor
that can be facilitated by global diagnostic partnerships.
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