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Positive Family History, Infection, Low Absolute
Lymphocyte Count (ALC), and Absent Thymic Shadow:
Diagnostic Clues for All Molecular Forms of Severe
Combined Immunodeficiency (SCID)

Laurie M. McWilliams, MID, Mary Dell Railey, MD, and Rebecca H. Buckley, MD Durham, NC

caused by mutations in at least 13 different genes.

What is already known about this topic? Classic severe combined immunodeficiency (SCID) is a fatal syndrome

What does this article add to our knowledge? This article highlights the presenting symptoms, examination findings
along with laboratory values for the largest single center cohort of patients with SCID.

How does this study impact current management guidelines? This study may lead to increased recognition of SCID
until newborn screening is implemented in all states and before live vaccines are administered.

BACKGROUND: Severe combined immunodeficiency (SCID) is
a syndrome uniformly fatal during infancy unless recognized and
treated successfully by bone marrow transplantation or gene
therapy. Because infants with SCID have no abnormal physical
appearance, diagnosis is usually delayed unless newborn
screening is performed.

OBJECTIVE: In this study, we sought to evaluate the presenting
features of all 172 patients with SCID transplanted at this
institution over the past 31 years.

METHODS: We reviewed original charts from 172 consecutive
patients with classic SCID who received either T-cell-depleted
HLA-haploidentical (N = 154) or HLA-identical (N = 18)
nonablative related marrow transplants at Duke University
Medical Center from 1982 to 2013.

RESULTS: The mean age at presentation was 4.87 months.
When there was a family history of early infant death or known
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SCID (37%), the mean presentation age was much earlier, 2.0
months compared with 6.6 months. Failure to thrive was
common, with 84 patients (50%) having a weight less than the
5th percentile. The leading infections included oral moniliasis
(43%), viral infections (35.5%), and Preumocystis jiroveci (26%)
pneumonia. The group mean absolute lymphocyte count (ALC)
was 1454/cmm; 88% of the infants had an ALC less than 3000/
cmm. An absent thymic shadow was seen in 92% of infants with
electronic radiographic data available. An absence of T-cell
function was found in all patients.

CONCLUSIONS: Infants with SCID appear normal at birth but
later present with failure to thrive and/or recurrent fungal, viral,
and bacterial infections. Low ALCs and an absent thymic
shadow on chest x-ray are key diagnostic clues. The absence of
T-cell function confirms the diagnosis. © 2015 American
Academy of Allergy, Asthma & Immunology (J Allergy Clin
Immunol Pract 2015;3:585-91)

Key words: Absent thymic shadow; Failure to thrive infections;
Lymphopenia; Severe combined immunodeficiency

Severe combined immunodeficiency (SCID) is a syndrome
characterized by defects in both humoral and cellular immu-
nity."” Infants born with this disorder are healthy at birth, but
are highly susceptible to infection as their passive immunity from
transplacentally transferred maternal IgG wanes. Common
symptoms in the first few months of life include failure to thrive,
recurrent candidiasis, and diarrhea. Despite these symptoms, the
condition is often not immediately recognized and the historical
mean age at presentation is 6 months, at which time there is
usually a history of multiple infections."

In addition to symptoms of recurrent infections and failure to
thrive, other clues for diagnosis include absent tonsils and lack of
palpable peripheral lymph nodes on clinical examination. A
diagnosis of SCID should be suspected from the combination of
clinical symptoms, physical examination, and a low absolute
lymphocyte count (ALC). However, low lymphocyte counts are
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Abbreviations used

ADA- Adenosine deaminase

ALC- Absolute lymphocyte count
JAK3- Janus kinase 3

PJP-Pneumocystis jiroveci pneumonia
RAG- Recombinase-activating genes
SCID- Severe combined immunodeficiency

often overlooked or their significance is not appreciated. Uldi-
mately, the SCID diagnosis is made based on an absence of T
cells in flow cytometry and an absence of T-cell function in
lymphocyte proliferation studies.

Mutations in at least 13 different genes are known to cause the
syndrome of SCID.” The most common defect in the United
States is X-linked SCID.” Mutations in the gene encoding the
common gamma chain (Yc) shared by 6 different cytokine re-
ceptors—IL-2, IL-4, IL-7, IL-9, IL-15, and IL-21—account for
these infants’ T-cell developmental defect and the abnormal B cells
and natural killer (NK) cells.”” The second most common cause of
SCID in the United States is adenosine deaminase (ADA) defi-
ciency.® Other molecular defects in SCID include mutations in the
genes encoding Janus kinase 3 (JAK3),” IL-70. receptor chain,’
recombinase-activating genes 1 and 2 (RAG-1 and RAG-2),"
Artemis,* DNA-PKcs,'” CD45,'“ CD33,"” CD3e, and CD3(."¢

Currently, the only curative treatment for SCID is bone
marrow transplantation or gene therapy. However, a significant
number of patients succumb to infections before they are able to
be successfully immune reconstituted. Early recognition and
treatment of this disorder saves the lives of these infants. The
overall 31-year survival rate of infants with SCID given non-
ablative bone marrow transplants at Duke is 76%, with the rate
for the 52 infants transplanted in the first 3.5 months of life
being 94%, compared with 70% for the 113 transplanted after
3.5 months.'”"” In this study, we evaluated the presenting
features of all 172 patients with SCID transplanted at this
institution over the past 31 years, only 18 of whom had an HLA-
identical related donor.

MATERIALS AND METHODS

We retrospectively reviewed original charts, electronic discharge
summaries, and lab results from 172 patients with classic SCID who
received either T-cell-depleted HLA-haploidentical (N = 154) or
HLA-identical (N = 18) related marrow transplants as treatment at
Duke University Medical Center from 1982 to 2013. None of the
patients had “leaky SCID” or Omenn’s syndrome. One SCID patient
with Artemis who also had DiGeorge syndrome and had a history of a
thymus transplant before receiving an HLA-haploidentical bone
marrow transplant was excluded from the analysis.”® ALCs were
calculated from white blood cell counts and manual differentials
performed at the time of presentation to this institution. Lymphocyte
subpopulation analysis was performed via flow cytometry, and T-cell
function was assessed by in vitro lymphocyte stimulation studies, as
previously described.” Data regarding infections at the time of diag-
nosis were collected from laboratory reports from this institution and
outside hospital records. Preumocystis jiroveci pneumonia (PJP) was
diagnosed via bronchoalveolar lavage or presumptively based on
clinical appearance, radiographic findings, and improvement after
therapy with trimethoprim and sulfamethoxazole. Pretransplant
electronic radiographs from a subset of recent patients (N = 30) were
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FIGURE 1. Percentage of severe combined immunodeficiencies
(SCIDs) with each molecular defect. The total number and
percentage of the cohort are included for each molecular type
of SCID. ADA, Adenosine deaminase; CHH, cartilage hair hypo-
plasia; JAK3, Janus kinase 3; RAG, recombinase-activating
genes.

reviewed with a pediatric radiologist to evaluate for the presence of a
thymic shadow.

RESULTS
Demographics

A majority of the patients were male (80%), consistent with
the large percentage of patients with X-linked SCID. Caucasian
were the most common race (73%), followed by 15% black, 9%
Hispanic, 2% Arab, and 1% each Asian and American Indian.

Molecular type

The molecular types of all SCIDs in this report are shown in
Figure 1, with the largest percentage being X-linked SCIDs
(n = 78) followed by ADA-deficient SCID (n = 26) and IL7R-
deficient SCID (n = 24). Other molecular defects were present
at lower frequencies.

Age at diagnosis

Of the 172 patients, the mean age at presentation was 4.87
months (SD =& 3.74). The age at diagnosis for all patients ranged
from prenatal diagnosis to 18 months. Only 5/172 (2.9%) patients
in our cohort presented after the age of 12 months, with 4 of those
5 patients ultimately dying. For the molecular subtypes of SCID,
the age at diagnosis ranged from RAG-deficient SCID patients, with
a mean age of presentation at 3.57 months (SD =% 3.61), to JAK3
SCID, with a mean of 6.92 months (SD = 3.92). X-linked SCID
had a mean diagnosis age of 4.42 months (SD =+ 3.92) (Figure 2).

Family history

Family history of infant death due to infection or known
SCID was available for 63/172 (36.6%) patients analyzed. For
those with a positive family history, the mean age at presentation
was 2.09 months (SD = 2.92), which was less than that for those
with no family history, 6.5 months (SD £ 3.2, P < .0001,
Mann-Whitney test) (Table I).
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FIGURE 2. Age at diagnosis for the various molecular types of severe combined immunodeficiency. The mean age at which the infants in
each group were diagnosed is shown with standard error bars. n indicates the number of patients within each group. ADA, adenosine
deaminase; JAK3, Janus kinase 3; RAG, recombinase-activating genes.

TABLE I. Clinical symptoms at diagnosis

TABLE Il. Infections at diagnosis

Clinical symptoms at diagnosis No. Percent No. Percent
Failure to thrive (weight at or less than Sth 84 50.6 Viral 61 355
percentile) Parainfluenza 18 10.5
Diarrhea/frequent loose stools 38 22.1 RSV 17 99
Pneumonia 34 19.8 Rotavirus 16 93
Recurrent otitis media 30 17.4 Adenovirus 11 6.4
Family history of immunodeficiency or Mean age Influenza 4 23
unexplained deaths in infancy No. (mo) Enterovirus 4 23
Family history present 63 2.09 Varicella 3 17
Family history absent 109 6.5 MV 2 1.2
Radiographic evidence of SCID No. Percent Coxsackie 1 0.6
Rhinovirus 1 0.6
Absent thymic shadow 28 93.3 HSV 1 0.6
Indeterminate 2 6.7 Fungal 9 55.8
SCID, Severe combined immunodeficiency. Thrush or candida skin infection 74 43.0
Results indicate numbers of patients and percentage of total patients in whom clinical Pneumocystis jiroveci* 45 26.2
symptoms were reported at diagnosis. Aspergillus sp. ) 12
Bacterial 24 14.0
Clinical symptoms at presentation Pseudomonas aeruginosa 8 4.7
Patients commonly presented with failure to thrive, with Staphylococcus sp. 5 2.9
84 patients (50%) presenting with weight less than or equal to Mycobacterial sp. 4 2.3
the 5th percentile (Table I). In the 109 infants without a family Klebsiella sp. 3 1.7
history, 69 presented with failure to thrive (65%). Other relevant Haemophilus influenzae 3 1.2
history at the time of presentation included complaints of diar- Streptococcus pneumoniae 2 12
rthea or frequent loose stools in 22.1%, pneumonia in 19.8%, Escherichia coli 2 12
and recurrent otitis media in 17.4% of patients (Table I). Enterococcus sp. 2 12
Considering the 4 major clinical findings—failure to thrive, Listeria sp. 1 0.6
diarrhea, pneumonia, and recurrent otitis media—37% presented Salmonella sp. 1 0.6
with 0/4, 27% presented with 1/4, 26% presented with 2/4, 9% Streptococcus viridans 1 0.6
presented with 3/4, and 1% presented with 4/4 findings. oAy 1 0.6
Chlamydia sp. 1 0.6

Infections at the time of presentation

The most common infections (Table II) at the time of pre-
sentation were oral moniliasis (74/172, 43%), viral infections
(61/172, 35.5%), and P. jiroveci (45/172, 26.2%). Over half of
the patients in this cohort presented with a history of a fungal
infection. Looking specifically at the 109 patients who presented

CMV, Cytomegalovirus; HSV, Herpes simplex virus; RSV, respiratory syncytial
virus.

Results indicate numbers of patients and percentage of total patients in whom viral,
fungal, and bacterial agents were identified by historical report and/or laboratory reports.
*In some cases, the diagnosis of Pneumocystis jiroveci was presumed by the clinical
symptoms without confirmatory testing.
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FIGURE 3. Absolute lymphocyte counts for molecular types of severe combined immunodeficiency. The mean absolute lymphocyte
counts in each group at the time of diagnosis are shown with standard error bars. The normal lymphocyte counts are shown for healthy
individuals (6 months of age). ADA, Adenosine deaminase; JAK3, Janus kinase 3; RAG, recombinase-activating genes.

FIGURE 4. A, Absent thymic shadow for a patient with severe combined immunodeficiency. No thymic shadow in the cardiomediastinal
contour is evident on the radiographic image. B, Present thymic shadow for a normal infant. A thymic shadow or “sail sign” is present in

the right cardiomediastinal contour.

without a family history of SCID, 58 (53.2%) presented with
thrush and 40 (36.7%) presented with PJP. The most common
viral infections at diagnosis included parainfluenza (18/172),
respiratory syncytial virus (17/172), rotavirus (16/172), and
adenovirus (11/172). Bacterial infections with identified
organisms were found at a lower frequency than viral or fungal
infections, with Pseudomonas aeruginosa (8/172) and Staphylo-
coccus sp. (5/172) being the most commonly isolated. Myco-
bacterial sp. infections were present in 4/172 patients (2.3%).
Two of these patients were known to have received Bacille
Calmette Guérin (BCG) vaccination.

Lymphocyte counts

The 95% confidence interval for normal ALCs at 6 months of
age ranged from 4,000 to 11,000/mm.””" The overall mean
ALC for all patients with SCID transplanted at this institution at
the time of diagnosis was 1454/cmm (SD =+ 1279); 152/172
(88.4%) patients transplanted at Duke presented with an ALC
less than 3000/cmm. The lowest mean ALC (367/cmm, SD =+
504) was found in the ADA-deficient SCID group (Figure 3),
P < .0001, Kruskal-Wallis. The highest mean ALC was found in
the JAK3-deficient SCID group at 3077 £ 2869/cmm, likely

attributed to a single JAK3 patient who had a very large number
of transplacentally transferred maternal T lymphocytes resulting
in an ALC of 10,207/cmm.

Radiographic findings

The review of radiographs from recent patients with electronic
radiograph data (N = 30) revealed an obvious absence of a
thymic shadow in 92.3% (Table I). Of the 2 patients with
indeterminate films, 1 had a poor-quality film due to low lung
volumes and 1 had pneumonia obscuring the mediastinal con-
tour. An example of a radiograph from one of the patients with
SCID is shown in Figure 4(4), which reveals an absent thymic
shadow. A normal radiograph from a healthy infant is shown in
Figure 4(6). There is a clear “sail sign” in the right car-
diomediastinal contour that indicates the presence of thymic
tissue.

Immunologic findings

Maternal IgG is transplacentally transferred to the fetus i
utero and persists until approximately 6 months of age, which
negates the ability to use serum IgG concentrations as a useful
diagnostic finding. Immunoglobulins A, M, and E are not
transferred from the mother to the fetus, so the presence of these
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FIGURE 5. A, Levels of immunoglobulins at diagnosis for each molecular type of severe combined immunodeficiency (SCID). The open
bars indicate IgA (mg/dL), the black filled bars indicate IgM (mg/dL), and the gray filled bars indicate IgE (IlU/mL). Normal 6-month-old
infants’ immunoglobulin levels are shown for comparison. B, Absolute numbers of B, T, and NK cells for each molecular type of SCID. The
open bars indicate B cells, the black filled bars indicate Tcells, and the gray filled bars indicate NK cells. All values are lymphocytes/cmm.
Normal 6-month-old infants’ levels are shown for comparison. C, Lymphocyte proliferation at diagnosis for each molecular type of SCID in
CPM (counts per minute). The patterned bars indicate media only controls. The black filled bars indicate phytohemagglutinin (PHA)
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molecules indicates that the infant produced them. IgA, IgM,
and IgE concentrations at the time of presentation are shown in
Figure 5(a), with some molecular types of SCID having almost
normal levels of some isotypes, while others had very low levels;
IgA was usually consistently very low or absent in all types.
T cells were absent or markedly reduced in all molecular types of
SCID (Figure 5, 4). The highest mean T-cell count was found in
the JAK3-deficient group as a result of the above-mentioned very
high number of transplacentally transferred maternal T cells in
1 patient. The numbers of B and NK cells varied among the
molecular types, reflective of the phenotype of that cause of
SCID. No matter the molecular type of SCID, there was nearly
absent T-cell proliferation in response to mitogen stimulation
(Figure 5, ¢).

Time between diagnosis and transplantation

Patients were transplanted shortly after arrival at Duke. The
time between the formal diagnosis of SCID and transplantation
was an average of 3 weeks, with a range of 1 week to 7 months.
In most cases, the patients who were transplanted a week after
diagnosis reflected those patients with a family history who were
diagnosed prenatally or at birth. For those patients with a delay
between diagnosis and transplantation, in most cases this re-
flected delays in arranging transfer from the referring hospital or
physician to our institution.

DISCUSSION

We have presented the clinical and immunologic features of
the largest single institution cohort of patients with classic SCID
transplanted to date. Our previous report of the diagnostic fea-
tures of this cohort was nearly a decade ago and included the
findings from 89 infants transplanted at Duke.” Other cohorts
have reported as many as 117 SCIDs; however, the molecular
etiology of SCID was not known for a majority of the latter
patients.22

The initial clinical symptoms in patients ultimately diagnosed
with SCID included failure to thrive and common infections
such as recurrent otitis media and pneumonias. Later they pre-
sented with recurrent viral, fungal, and bacterial infections. Our
cohort’s infection history at the time of presentation revealed a
high rate of fungal infections due to candida and PJP, as well as
viral infections. Bacterial infections were less commonly identi-
fied; however, because of the frequent history of otitis and
pneumonia, we know that bacterial infections are also common.
It is likely that specific bacterial infections are underrepresented
in our analysis due to the prior use of antibiotics.

Unless diagnosed early, which is difficult because patients with
SCID look outwardly normal until they become ill, they are at
risk from live vaccines and graft-versus-host disease from nonir-
radiated blood products. The only significant past medical his-
tory leading to a significantly earlier diagnosis was a positive
family history of SCID.

However, blood counts are often done when infants become
ill and they can provide very important information that could
lead to the diagnosis of SCID. Lymphopenia represents a simple
and rapid test for SCID or other T-cell defects, because T cells
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normally represent 70% of circulating lymphocytes and are
missing in all molecular types of SCID. In a young infant with
recurrent infections, an ALC less than 3000/cmm should warrant
immediate referral and further testing. In our cohort, 88% of the
172 patients with classic SCID had an ALC less than 3000/cmm.
Rarely transplacentally transferred maternal T cells can confound
the diagnosis of SCID, as demonstrated by the few patients
in our cohort with higher lymphocyte counts due to this
phenomenon.

Often radiologists do not comment on the presence or absence
of a thymic shadow on an infant chest radiograph. A thymic
shadow is clearly visible as part of the mediastinal contour on the
chest radiograph of an infant without SCID.”’ In our study, the
chest radiographs of 92% of our patients with SCID clearly had
absent thymic shadows. In the 2 patients whose films were
indeterminant, quality and technique did not allow for accurate
assessment. Although this finding should not be relied on as the
sole diagnostic test for SCID, it can provide an early and rapid
clue to this diagnosis during an initial evaluation of an infant
with recurrent infections.

Further immunologic testing should include flow cytometry
for enumeration of T, B, and NK cells. The presence of low
absolute numbers and percentages of T cells is strongly suggestive
of SCID, with B and NK cell numbers defining the phenotype
and, therefore, hinting at the type of molecular defect that might
be involved. However, low T cell numbers must be supported by
the absence of T-cell function to confirm a diagnosis of SCID.
This requires lymphocyte culture and stimulation with mitogens
such as phytohemagglutinin, concanavalin A, and pokeweed
mitogen. When patients have transplacentally transferred
maternal T cells, low cytometry can reveal near normal levels of
total T cells, but these T cells are usually anergic so T-cell
function is still very low. Conversely, patients with intestinal
lymphangiectasia or cartilage hair hypoplasia can have profound
lymphopenia with low absolute numbers of T cells, but normal
T-cell function on proliferation studies, effectively ruling out
SCID. In summary, there have not been any significant changes
over the past decade in the clinical or laboratory presentation of
SCID, including lymphopenia and the use of chest x-rays to
assess thymus size. However, there has been a change in vaccine
recommendations: the American Academy of Pediatrics recom-
mends giving live rotavirus vaccine to all infants by age 2
months, emphasizing the need for very early diagnosis.

It is clear that patients transplanted within the first 3'/,
months of life have a superior outcome, both in terms of survival
and level of immune reconstitution.”'”'® In 2010, the US
Department of Health and Human Services recommended
adding SCID to the uniform panel of newborn screening.”* The
screening test employed is for T-cell lymphopenia by quantifying
T-cell receptor excision circles (TRECs) by real-time PCR per-
formed on punches from the dried blood spots. Implementation
of this testing in all states will allow patients to be diagnosed
shortly after birth and improve outcomes. Twenty-one states
have adopted newborn screening with more planning to move
forward with this in the future. Early diagnosis of SCID is
imperative, given the recommendation by the American

stimulated cells, the open bars indicate concanavalin (ConA) stimulated cells, and the gray filled bars indicate pokeweed mitogen (PWM)
stimulated cells. Responses of normal 6-month-old infants’ controls are shown for comparison. JAK3, Janus kinase 3; RAG,

recombinase-activating genes; ADA, adenosine deaminase.



J ALLERGY CLIN IMMUNOL PRACT
VOLUME 3, NUMBER 4

Academy of Pediatrics for routine immunization of infants with
rotavirus vaccine at 2 months of age.”” Infants with unrecognized
SCID are susceptible to vaccine-acquired disease from live vac-
cines, as demonstrated by multiple infants with SCID with
rotavirus infection who became infected with vaccine strain
virus.”*® Some of the infants with SCID reported to have
acquired rotavirus from vaccine had persistence of the acquired
infection until after T-cell function was restored by stem cell
transplantation.”>”® Routine immunization with rotavirus vac-
cine in the first few months of life, before the typical age of
presentation of SCID, will likely result in more infants pre-
senting with vaccine-acquired disease in the future until there is
universal newborn screening. When SCID is diagnosed in the
first few weeks of life by newborn screening, it will be possible to
avoid live virus immunizations and minimize exposure to in-
fections that can lead to death in these infants. The success of
identifying infants with SCID and other T-cell numerical de-
ficiencies has recently been reported in New York,” in Cali-
fornia,”” and additional screening programs.”’ When TREC
screening becomes universal in the United States, all babies with
SCID will be identified without the need of obtaining a complete
blood count and differential.

Until newborn screening is performed in all states, it is
important for physicians to be aware of clinical symptoms and
signs of SCID to make as early a diagnosis as possible. In
addition to the risks of rotavirus vaccine in those with delayed
diagnosis, physicians in certain countries should be aware of the
risks of BCG vaccination, a live bovine mycobacterial vaccine
administered shortly after birth in Middle FEastern, South
American, African, and other countries to protect against
tuberculosis. Later in infancy, the live vaccine given to immunize
against varicella in all countries poses a risk for disseminated
vaccine-acquired varicella if the infant has SCID. Two of the
infants in our cohort presented with vaccine-acquired varicella.
Additionally, any blood products a patient with SCID receives
should be irradiated due to the risk of graft-vs-host disease from
alloreactive donor lymphocytes. Without recognition that an
infant has SCID, any one of these interventions could be fatal.
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