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Hemophagocytic lymphohistiocytosis in a patient with
CD3δ deficiency
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ABSTRACT
Introduction: Primary hemophagocytic lymphohistiocytosis (HLH) is a life-threatening inflammatory process that has
been linked to abnormal cytotoxic T-cell and natural killer (NK) cell function. We report on the first case of severe com-
bined immunodeficiency (SCID) caused by a CD3δmutation presenting with HLH in a female of Mennonite descent.

Case Description: A Low-German-speaking Mennonite female with past medical history of eczema, mouth
sores, and refractory oral and diaper candidiasis presented at the age of 6 months with vomiting, diarrhea, and
lethargy. The patient developed HLH that was refractory to treatment and led to multi-organ failure. Immunological
evaluation was diagnostic for SCID and post-mortem genetic testing confirmed a homozygous mutation in CD3δ
that was previously described in Mennonites.

Method: Targeted molecular testing for CD3δ deficiency confirmed a homozygous C-to-T transition at nucleotide
position 202, predicting a premature stop codon, with a truncation at residue 68 (R68X) in the extracellular
domain of the protein.

Discussion: Many primary immunodeficiency diseases (PID) that affect cytotoxic T cells and NK cells have
presented with HLH. However, a growing number of PID with no obvious NK-cell defect have also been found
to predispose patients to HLH, suggesting that failure of NK activity is not the only mechanism leading to this
unusual form of inflammation.

Conclusion: CD3δ is known to be critical for T-cell but not NK-cell development, which may suggest an alternate
mechanism for overwhelming inflammation leading to HLH.

Statement of novelty: This is the first case report of CD3δ deficiency presenting with HLH.

Introduction

Hemophagocytic lymphohistiocytosis (HLH) is a life-
threatening inflammatory process with a poorly under-
stood pathogenesis (Janka and Lehmberg 2014; Risma
and Jordan 2012). Because the condition is associated

with multiple different disorders, the Histiocyte Society
has classified cases into 2 groups: primary (familial)
HLH, and secondary (acquired) HLH.

Secondary HLH appears in association with infections
(Epstein–Barr virus (EBV), Cytomegalovirus (CMV)),
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malignancy, arthritis, metabolic disorders, or as a
consequence of drug toxicity (Henter et al. 1991; Janka
et al. 1998).

Primary HLH typically presents in young infants who
may have a history of other affected siblings or relatives.
Several genetic defects have been identified to predis-
pose infants to HLH, all of which are involved in cyto-
toxic T-cell and natural killer (NK) cell function. In
North America, the most frequent mutations are in
the PFR1 gene that encodes for Perforin 1. Other genes
including UNC13D and STX11 whose products are
involved in cytotoxic granule trafficking and exocytosis,
respectively, have been implicated (Zhang 2011). In
addition, cases of primary immunodeficiency (PID)
such as X-linked severe combined immunodeficiency
(SCID) (Grunebaum and Roifman 2002), Chediak–
Higashi syndrome, and Griscelli syndrome type 2, can
also present with HLH. Abnormal cytotoxic function
is common to these disorders and may explain, at least
in part, the association with HLH. In contrast, a grow-
ing number of PID with no obvious NK-cell defect
have also been found to predispose patients to HLH,
suggesting that failure of NK activity is not the only
mechanism leading to this unusual form of inflamma-
tion. Wiskott–Aldrich syndrome, DiGeorge syndrome
(primarily the 22q11.2 microdeletion syndrome), and
STAT1 deficiency are prime examples (Introne et al.
1999; Menasche et al. 2000; Cesaro et al. 2003; Pasic et al.
2003; Faitelson and Grunebaum 2014). It is possible that
the lack of cytotoxic T-cell function might play a role in
this predisposition.

The symptoms and signs of HLH are nonspecific
including fever, hepatosplenomegaly, lymphadenopa-
thy, cytopenia, seizures, and encephalopathic changes
(Henter et al. 2007) Without treatment, less than 5%
of diagnosed patients survive (Janka 1983). In spite of
major advances made in treating this condition, mortal-
ity remains high, even in treated individuals. Treatment
is based on the attempt to dampen inflammation with
immunosuppressive and apoptosis-inducing agents
such as dexamethasone, etoposide, and cyclosporine,
but in some cases, bone marrow transplantation cannot
be avoided. We report the first case of SCID caused by a
CD3δ mutation presenting with HLH.

Patient report

An unimmunized Low-German-speaking Mennonite
female, born to a consanguineous couple, presented at
the age of 6 months with nonbilious emesis, diarrhea,

and lethargy with a 1 month history of fever, nonpro-
ductive cough, and 1 kg weight loss. She was treated
initially with 2 courses of amoxicillin for a presumed
diagnosis of pneumonia, with no improvement. Her
past medical history was remarkable for eczema, recur-
rent mouth sores, and refractory oral and diaper candi-
diasis from 4 months of age, despite appropriate
treatment. Older siblings were unwell, with symptoms
consistent with a viral upper respiratory tract infection
the week prior to presentation. Upon admission to hos-
pital a petechial rash, hepatomegaly, and hypotonia
were noticed on the physical exam.

Investigations revealed anemia (Hgb 88 g/L), throm-
bocytopenia (118 × 109/L), leukopenia (WBC 4 × 109/L),
and differential counts showing neutropenia (0.70 × 109/L)
and lymphopenia (2.15 × 109/L, Table 1). Moreover,
she had a very high ferritin (23 674 µg/L), elevated tri-
glyceride (12.24mmol/L), hypofibrinogenemia (1.37 g/L),
coagulopathy (INR 1.8, aPTT 64 s), and transaminitis
(ALT 303 U/L, AST 2145 U/L). The soluble CD163
was elevated (2270 ng/mL) as well as the soluble IL-2
receptor (4683 U/mL). A nasopharyngeal swab was
positive for adenovirus, and a concentrated urine
sample (specific gravity 1.025) demonstrated nitrites,
blood, and trace ketones; it later grew Klebsiella pneu-
moniae on culture. Thymic tissue was notably absent
on a chest radiograph, and a CT chest scan revealed
multiple infiltrates suspicious for fungus. CMV and

Table 1: Patient test results

Test Results: peak (nadir)

Leukocytes 5 (<0.5) � 109 g/L

Hemoglobin 122 (69) g/L

Thrombocytes 179 (55) � 109 g/L

Neutrophils 0.7 (0.36) � 109 g/L

Lymphocytes 2.15 (0.04) � 109 g/L

Alanine transaminase 303 (2061) U/L

Aspartate transaminase 2145 (>8800) U/L

Gamma-glutamyl transferase 1689 (1705) U/L

Alkaline phosphatase 726 (726) U/L

Albumin 24 (16) g/L

Conjugated bilirubin 16 (100) umol/L

Total bilirubin 27 (134) umol/L

International normalized ratio 1.8 (2.7)

Activated partial
thromboplastin time

64 (>240) s

Ferritin 23 674 (>100 000) ug/L

Fibrinogen 1.37 (0.88) g/L

Triglyceride 12.24 (13.15) mmol/L

D-dimer 1113 ug/L

Lactate dehydrogenase 2288 (2288) U/L
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EBV polymerase chain reaction (PCR) analyses on
blood were negative. MRI of the brain performed for
fluctuating level of consciousness and unilateral facial
droop revealed left cerebellar hemispheric calcification
suspicious for previous hemorrhage. Cerebrospinal
fluid showed elevated protein without pleocytosis.

Dexamethasone was started for a presumptive diag-
nosis of HLH. Peripheral blood lymphocyte subsets
numbers displayed very low CD3+ (38 cells/µL), low
CD4+ (24 cells/µL), low CD8+ (1 cell/µL), normal
CD19+ (1071 cells/µL), and low CD16+56+ (79 cells/µL).
Additional immunological work-up included normal
IgG (4.8 g/L), elevated IgA (1.3 g/L), normal IgM
(0.40 g/L), and undetectable IgE (<2 kU/L). The patient
was not immunized, hence, specific antibodies were
not done.

A bone marrow aspirate, which was done within
5 days of initiating the treatment, did not show mor-
phologic hemophagocytosis. Flow cytometry of the
sample showed very low T-cell numbers with only 1%
of the lymphocyte population.

A diagnosis of SCID was established. Despite inten-
sive treatment with broad-spectrum antibiotics, IVIG,
corticosteroids, and etoposide, the patient's condition
deteriorated. She required multiple doses of vitamin K,
factor VIIa, and transexamic acid; a pantoprazole infu-
sion; and transfusions of frozen plasma, cryoprecipitate,
packed red blood cells, and platelets, as she developed
medically refractory hemorrhage involving the upper
and lower GI tract and vascular access lines. She devel-
oped intractable HLH (ferritin >100 000 µg/L) with
multi-organ failure (liver failure, encephalopathy, and
respiratory failure) and refractory bleeding. She was
cared for by multiple services including hematology/
oncology, infectious diseases, neurology, gastroenterol-
ogy, cardiology, genetics, general surgery, anesthesia,
as well as the multidisciplinary pediatric critical care
unit. HLA typing with planned search for a suitable
stem cell donor was initiated. However, with the
ongoing HLH, refractory bleeding, and encephalopathy,
the family opted not to continue the administration of
blood products and chose to have palliative care. The
patient died within 2 weeks of hospitalization.

Molecular testing revealed a homozygous mutation
in the CD3δ gene that had been previously described
in the Low-German-speaking Mennonite population
(Dadi et al. 2003).

Methods

Genomic DNA was amplified by PCR with specific
primers for the coding sequence of CD3δ exon 2 and
the flanking intronic regions (primers sequenced as pre-
viously published by Dadi et al. (2003)). Products were
sequenced with the GenomeLab Dye Terminatorcycle
Sequencing Quick Start Kit (Beckman Coulter, Brea,
California) and analyzed on a CEQ 8000 Genetic Analy-
sis System (Beckman Coulter, Brea, California). Tar-
geted molecular testing for CD3δ deficiency confirmed
a homozygous C-to-T transition at nucleotide position
202, predicting a premature stop codon, with a trunca-
tion at residue 68 (R68X) in the extracellular domain
of the protein. This mutation has previously been
reported in the Low-German-speaking Mennonite
population (Dadi et al. 2003). Fluorescence in situ
hybridization for the 22q11.2 microdeletion yielded
normal results. Targeted perforin mutation testing for
a known Old Order Mennonite mutation was negative.

Discussion

CD3δ deficiency was first described by Dadi et al.
(2003), in infants of Low-German-speaking Mennonite
descent. These patients presented with typical features
of SCID including oral thrush, failure to thrive, and
lung infections. Evaluation of their immune system
revealed a complete lack of circulating mature CD4+

and CD8+ T cells. However, B-cell and NK-cell numbers
were normal. Subsequently, other mutations in CD3δ
have been identified in Japanese and French SCID
patients, again presenting in an identical fashion (de
Saint Basile et al. 2004; Takada et al. 2005). More
recently, 2 unrelated Low-German-speaking Mennonite
patients with homozygous mutations in CD3δ were
described in Western Canada (Lam et al. 2014). These
patients presented with respiratory distress and bron-
chial aspirate detected Pneumocystis jiroveci at less
than 4 months of age. One had a similar history to our
patient with persistent thrush and failure to thrive,
and both had a history of fevers and respiratory infec-
tions. Flow cytometry in these patients revealed absent
T cells with normal B cells and normal NK cells. One
child received a sibling-matched hematopoetic stem
cell transplant but died 2 months post-transplant due
to metapneumovirus infection. The second child died
at 3.4 months of age with worsening respiratory status.
Neither child had obvious features of HLH reported. A
leaky type of CD3δ deficiency has been discovered in
Ecuadorian children (Gil et al. 2011). Unlike the original
cases, these patients had normal numbers of circulating
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TCRγδ+ cells but reduced TCRαβ+ cells. In these cases
NK-cell function was tested and as expected was found
to be normal. Recently, patients with CD3δ deficiency
have been reported to present with Omenn syndrome,
another type of aberrant inflammatory disorder asso-
ciated with SCID. Omenn Syndrome typically presents
with severe erythroderma, hepatosplenomegaly, and
increased eosinophilia (Villa et al. 2008). This abnormal
process is believed to emerge from loss of immune sur-
veillance and control by some harmful expanding auto-
logous T-cell clones. Immunosuppression is the
hallmark of treatment in this disorder, similar to HLH.
Indeed, HLH has been reported in a growing number
of T-cell PID in which normal immune surveillance is
lost, such as X-linked SCID (Grunebaum and Roifman
2002), Zap70 deficiency, and others. A recent published
paper has reviewed the association between HLH and
PID (Faitelson and Grunebaum 2014).

We describe the first case of HLH in a patient with
CD3δ deficiency. Genetic analysis of PFR1, UNC13D,
and STX11 were normal in this patient. Although the
patient's history of eczema, recurrent mouth sores, and
refractory oral and diaper candidiasis were suspicious
for an underlying immunodeficiency, the initial
lymphocyte phenotype showed somewhat reduced
(borderline) numbers of NK cells, not typical of SCID
conditions known in the Mennonite population (i.e.,
ADA, ZAP70 deficiencies). Both CD3δ deficiency and
CD3γ deficiency typically have a lymphocyte phenotype
of T–B+NK+; however, in the current case it is possible
that treatment with dexamethasone led to the reduction
in NK cells. Owing to the previous CD3δ cases reported
in the Mennonite community, we explored this diagnos-
tic possibility first. This highlights the importance of
taking into account the ethnic and genetic background
of patients and testing for the known SCID mutations
common to ethnicity. This approach is both time saving
and cost saving compared with pursuing a large panel of
immunodeficiency genes or exome sequencing. Indeed
in this case, ADA deficiency (T–B–NK–) or Zap70 defi-
ciency (T+B+NK+), which are common in this ethnic
group, were not tested because of their different immu-
nophenotype (International Union of Immunological
Societies Expert Committee on Primary et al. 2009;
Kwan et al. 2014).

The knowledge of population-specific SCID muta-
tions becomes increasingly important in light of the
introduction of provincial newborn screening for
SCID. Newborn screening for SCID started in Ontario
in September of 2013, 5 months after the birth of our

reported patient. Newborn screening for SCID is a
quantitative PCR analysis of the T-cell receptor excision
circles (TRECs). TRECs are a normal by-product of the
T-cell maturation process when the T-cell receptor gene
undergoes rearrangements to produce the final unique
T-cell receptor. Patients with SCID typically have a
very low number of T cells and therefore a low number
of TRECs. Although newborn screening for SCID was
not yet in place when our patient was born, we were
able to retrieve the neonatal blood dot card and con-
firmed the absence of TRECs. The early management
of this child would have been different if she had been
identified as a neonate to have SCID using newborn
screening. This also raises the potential value of precon-
ceptual carrier testing for the known SCID mutations in
the Low-German-speaking Mennonite population as a
means of identifying couples at an increased risk to
have a child with SCID. This could allow for the option
of prenatal and (or) postnatal molecular diagnosis.

This paper illustrates that HLH may occur in patients
with CD3δ deficiency, likely due to the lack of func-
tional cytotoxic T cells. Although the precise mechan-
ism leading to HLH in CD3δ deficiency remains to be
determined, it is plausible to assume that the absence
of cytotoxic T cells, even in the presence of normal
NK cells, may be a critical predisposing factor (George
2014). This has also been observed in some case reports
of PID that are not typically affecting the NK cell num-
ber or function (Introne et al. 1999; Menasche et al.
2000; Cesaro et al. 2003; Pasic et al. 2003; Faitelson
and Grunebaum 2014). It might be related, at least par-
tially, to the lack of defense mechanisms against infec-
tious triggers known to predispose to HLH (Faitelson
and Grunebaum 2014). On the other hand, in mouse
models, the presence of cytotoxic T cells in perforin
knock-out mice infected with lymphocytic choriome-
ningitic virus lead to HLH. Depleting the cytotoxic T
cells ablated the development of HLH, suggesting that
the presence of overactive cytotoxic T cells plays a role
in its pathogenesis (Jordan et al. 2004). Alternatively,
more extensive genetic studies such as whole genome
sequencing might reveal whether other modifier genes
could have contributed to the development of HLH in
this patient.
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