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Original Article

Unique presentations of the post COVID-19 infection,
multisystem inflammatory syndrome in children

Keren Biham Rochwergera and Amit Nahuma,b*

ABSTRACT
Introduction: The epidemic of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), causing
coronavirus disease 2019 (COVID-19), continues to affect most of the world’s population. In children, the respira-
tory and systemic involvement appears to have a much more benign course in comparison to adults, with almost
no fatalities reported. However, we are now encountering a post-infectious immune mediated condition, termed,
multisystem inflammatory syndrome in children (MIS-C). In most cases the main features are prolonged fever
and elevated inflammatory markers. Many of the patients present with abdominal pain and varying degrees
of myocardial involvement, from mild reduction in cardiac output to the most alarming manifestation of cardio-
vascular shock.

Results: We present two patients with unusual manifestations of MIS-C related to post COVID-19 infection: an
infant born to a mother who was severely ill at the very end of pregnancy, presenting with prolonged fever, rash,
pericardial effusion, and evidence of coronary arteries wall dilation thickening as a result of inflammation, and, a
teenage girl with severe cardiac tamponade without the more common cardiac manifestations of myocardial
involvement.

Discussion: Post COVID-19 MIS-C can present with a wide variety of manifestations. The pathophysiologic
mechanisms underlying these inflammatory responses in infants are yet to be elucidated. Physicians should be
aware of such presentations since rapid diagnosis and treatment are key for a favourable outcome.

Statement of novelty: We present two unique manifestations of post COVID-19 infection which, to date, are not
discussed frequently in the literature.

Introduction

The epidemic of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), causing coronavirus dis-
ease 2019 (COVID-19), has rapidly spread worldwide.
In adults, COVID-19 is typically characterized by severe
interstitial pneumonia and hyperactivation of the
inflammatory cascade. In children, the respiratory
involvement appears to have a more benign course,
with almost no fatalities reported in this age group
(Verdoni et al. 2020). However, a few months into
the pandemic, reports from the United Kingdom

documented a presumed post-infectious immune-
mediated condition in children with features similar to
Kawasaki disease (KD) (Riphagen et al. 2020). This con-
dition, a new disease in children, has been termed mul-
tisystem inflammatory syndrome in children (MIS-C);
also referred to as pediatric multisystem inflammatory
syndrome (PMIS). While the incidence of this condi-
tion is yet uncertain, it appears to be a relatively rare
complication of COVID-19 in children, probably
occurring in less than 1% of children with confirmed
infection. Dufort et al. (2020) reported an estimated
incidence of laboratory-confirmed infection in
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individuals <21 yr old of 322 per 100 000, with
the incidence of MIS-C occurring in 2 per 100 000.
Recent reports show approximately 4000 cases of MIS-
C in the United States and 35 MIS-C associated deaths
(DeBiasi 2021). The criteria for diagnosis of MIS-C
were defined by several organizations, including the
Centers for Disease Control and Prevention (CDC)
and World Health Organization (WHO) (guidelines
are available on each organizations’ website). While
the core of these criteria is similar, some differences
are important. The CDC mandated only one day of
fever or a subjective report of fever lasting 24 h, while
the WHO determined 3 days of fever as an essential cri-
teria. Both require multisystem involvement of at least 2
different organ systems and support of a positive labo-
ratory marker. While the CDC requires a positive test
for COVID-19 (PCR, serology, antigen), or exposure
within 4 wk prior to onset, the WHO criteria requires
evidence of contact with an individual with COVID-19.

MIS-C usually presents with fever and multiorgan
involvement, with elevated inflammatory markers
weeks after exposure to SARS-CoV-2 (Verdoni et al.
2020; Whittaker et al. 2020). Cardiac involvement is
very common and may include arrhythmias, depressed
myocardial function, valvular regurgitation, or coronary
artery inflammation (Valverde et al. 2021). MIS-C bares
resemblance to KD, a rare acute vasculitis, presenting
with persistent fever, exanthema, lymphadenopathy,
conjunctival injection, changes to the mucosae and
extremities, with coronary artery aneurysms being the
main complication (Verdoni et al. 2020). These condi-
tions quite often share several features and up to 50%
of children with MIS-C fulfill the criteria for complete
or incomplete KD (Dufort et al. 2020; Verdoni et al.
2020; Whittaker et al. 2020). Notably, there are some
key distinctive features: MIS-C commonly affects older
children and adolescents, while KD affects younger
children; gastrointestinal symptoms are very common
in MIS-C and less prominent in classic KD.
Cardiovascular features are also different; myocardial
dysfunction and shock are far more common in
MIS-C, while the risk of coronary artery involvement
in MIS-C is unclear in comparison to classic KD.
Ultimately, the designation is based on COVID-19
serology testing or exposure history—patients with
positive serologic test (or with an exposure to an
individual with COVID-19 infection) who also fulfill
criteria for complete or incomplete KD are considered
to have MIS-C (Verdoni et al. 2020; DeBiasi 2021).

Patient descriptions

We present two unique patients with an unusual
clinical presentation, from both sides of the pediatric
range of ages; the first is a 4-mo-old infant and the
second is a 16-yr-old teenager.

Patients and/or legal guardian consented to the publi-
cation of the presented data.

The first case is a male 4-mo-old infant who was
otherwise healthy. He was admitted to our department
due to prolonged fever, without an apparent infectious
cause, and without response to empirical antibiotic
treatment. The patient presented to the pediatric emer-
gency department due to continuation of fever for over
10 days, accompanied by cough and rhinorrhea, and
following 8 days of antibiotic therapy. No additional
complaints were noticed by the parents, and no recent
contact with febrile individuals was known, however,
careful history taking revealed that the mother was ill
with COVID-19 while pregnant a few weeks prior to
delivery. The diagnosis of COVID-19 was verified at the
time by a positive PCR test. Upon arrival to delivery
room, the mother was again tested and found COVID-19
negative by PCR testing. On presentation, the patient was
febrile and his other vital signs were within normal range.
A physical examination revealed fissured lips, slight
bilateral conjunctivitis, and a mild bilateral and symmetri-
cal rash involving the lower limbs.

Laboratory workup showed slight anemia with hemo-
globin of 9.6 gr/dL (normal range 11.1–14.1 gr/dL),
leukocytosis of 23.5 × 103/μL (normal range
6.0–17.5 × 103/μL), with neutrophilia of 13.6 × 103/μL
(normal range 1.0–8.5 × 103/μL) and monocytosis
of 1.9 × 103/μL (normal range 0.16–1.0 × 103/μL),
thrombocytosis of 534 × 103/μL (normal range
150–350 × 103/μL), and elevated C-Reactive Protein at
7.95 mg/dL (normal range 0.02–0.5 mg/dL). Nasal swab
PCR for a panel of respiratory viruses, including
COVID-19, was obtained and found negative. In addi-
tion, serology tests for Epstein Barr virus (EBV) and
cytomegalovirus (CMV) were obtained and
demonstrated only previous infection (most probably
maternal antibodies). Due to a PCR verified maternal
COVID-19 disease during pregnancy, serology for
COVID-19 was also obtained and found negative.
As part of the routine workup, echocardiogram was
preformed demonstrating coronary artery wall dilation.
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The right coronary artery was 3–4 mm matching a Z
score of 4.7, proximal and distal left coronary artery
was 3 mm with Z score 5–6, with pericardial fluid and
preserved cardiac function. Therefore, due to in utero
exposure to COVID-19, an inflammatory disease such
as MIS-C or incomplete KD was a probable etiology
and treatment with intravenous immunoglobulins
(IVIG), corticosteroids and aspirin was given, resulting
in resolution of fever, conjunctivitis and rash. On a
follow up visit, it appeared that the coronary arteries
did not dilate or deteriorate further, there were no signs
of heart failure, and the infant was vital and active.
Subsequent follow up visits revealed no further dilation
of the coronaries.

The second patient is a 16-yr-old previously healthy
female, who was admitted to our department due to
recurrent brief episodes of chest pain, starting 14 days
before hospitalization. She came to the pediatric emer-
gency department twice in 10 days complaining of chest
pain and tightness lasting a few seconds and resolving
spontaneously, radiating to both shoulders and accom-
panied by dyspnea. She denied recent febrile episodes
or any other complaints. On her first visit to the emer-
gency department, the patient’s vital signs and physical
examination were within normal limits; ECG, chest
X-ray and troponin levels were all normal, and she was
therefore discharged. The patient returned to hospital
due to continuation of symptoms. She was hemody-
namically and respiratory stable, and physical examina-
tion was within normal range. Laboratory workup
showed hemoglobin of 11.3 gr/dL (normal range
12–16 gr/dL), white blood cell count of 13.27 × 103/μL
(normal range 4.5–13.5 × 103/μL), with neutrophilia
of 10.95 × 103/μL (normal range 1.9–8 × 103/μL),
thrombocytosis of 605 × 103/μL (normal range
150–350 × 103/μL), and elevated C-Reactive Protein at
17.2 mg/dL (normal range 0.02–0.5 mg/dL). PCR swab
for respiratory viruses including COVID-19 was
negative.

By the end of first day of hospitalization a rapid
deterioration was noticed–the patient was dyspneic with
desaturation, tachycardia and fever of 38.4 °C. A physi-
cal examination revealed diminished breath sounds,
and hepatomegaly, without peripheral edema. Repeated
laboratory assessment showed troponin <13 ng/dL
(normal range 0–14 ng/dL), elevated fibrinogen
levels of 838 mg/dL (normal range 200–500 mg/dL),
and D-DIMER of 8475 ng/mL (normal range

0–500 ng/mL). ANA, IgG levels, and ASLO were all
within normal limits. At this time a serologic test for
COVID-19 was taken and found to be positive, demon-
strating recent non-symptomatic infection. A second
chest X-ray showed bilateral pleural effusion and
possibly a wide cardiac silhouette (Figure 1A), and on
ECG sinus tachycardia with low QRS voltage. An
echocardiogram and a CT scan were performed,
confirming a moderate pleural effusion and demonstrat-
ing a massive pericardial effusion causing tamponade
mandating pericardiocentesis (Figure 1B). CT guided
drainage of the pericardial fluid yielded one liter of peri-
cardial fluid. Treatment with high dose steroids as well
as colchicine was administered with gradual clinical
and laboratory improvement. Blood and pericardial
fluid cultures were all found to be negative. PCR for a
wide panel of viruses (Coxsackievirus, echovirus,
adenovirus, EBV, CMV, influenza, etc.) was negative as
well. We further tested the pericardial fluid with a
RT-PCR-based pan-bacterial marker (16S), qPCR fungal
panel, mycobacteria culture, and other PCR assays
which were all found negative.

Repeated chest X-ray during hospitalization
demonstrated improvement in pleural effusion, and

Figure 1: Chest X-ray (A) and CT (B)
of patient 2 showing a massive
pericardial effusion and bilateral
pleural effusions.
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echocardiogram showed hyperemia of pericardium with
preserved left ventricular function and size, without signs
of constrictive pericarditis.

Discussion

Over the past year, we have observed the intriguing
and many faces of the COVID-19 epidemic. Whereas
in the adult population the manifestations are mainly
acute respiratory and sometimes multisystem in nature,
which in many cases is fatal, the pediatric population
are inflicted by a post-infectious manifestation, MIS-C,
which overlap in certain aspects with KD.

MIS-C appears as a spectrum of severity and with
various manifestations, with most patients having
prolonged fever and elevation of inflammatory markers.
Many present with abdominal pain, and quite often,
cardiac involvement ranging from a mild reduction in
cardiac function to the more alarming cardiovascular
shock. Symptoms usually encompass other organs as
well, including the skin and CNS (Dufort et al. 2020;
Riphagen et al. 2020; Verdoni et al. 2020).

In most case series affected children were above 5 yr
of age, however, younger patients with the disease have
also been described. MIS-C has not been well described
in young infants and neonates. The first case presented
here suggests the possibility that prenatal, in utero,
exposure to COVID-19 may later cause MIS-C. The fact
that the patient’s mother and immediate family were
extremely ill in the weeks prior to delivery supports this
possibility. The pathophysiological mechanism under-
lying such a phenomenon is yet unknown. One possible
mechanism is that maternal infection with SARS-
CoV-2 results in the development of IgG antibodies
against a viral antigen that can cross the placenta. This
was shown in a recent study that described 6 mothers
with confirmed COVID-19 infection, wherein high
concentrations of virus-specific IgG in the blood sam-
ples of 5 neonates was detected, despite PCR nasal
swabs being negative (Zeng et al. 2020). Placental pas-
sage of protective IgG maternal antibodies can provide
passive immunity to the newborn but might also trigger
production of autoantibodies, later causing activation
and secretion of pro-inflammatory cytokines that result
in development of MIS-C (Gray et al. 2021; Pawar et al.
2021). This suggested mechanism is akin to neonatal
lupus, where maternal anti-SSA and anti-SSB antibodies
may cause manifestations such as rash and congenital

heart block in newborns. IgG producing antibody
secreting cells (ASC) have been known to increase
significantly during the acute stage of KD and decrease
after IVIg administration, indicating their involvement
in inflammation associated with KD (Xu et al. 2019).
This suggests the possible contribution of autoantibod-
ies or antibodies to SARS-CoV-2 in the pathogenesis
of MIS-C, as is presumed in KD (Kabeerdoss et al.
2021). One interesting report described a case of known
COVID-19 maternal infection with elevated IgM anti-
body levels in her newborn, detected 2 h after birth.
This suggests that the neonate was infected in utero,
since IgM antibodies are not transferred to the fetus
via the placenta (Dong et al. 2020). These represent
antibodies produced in utero, and while at this stage of
development the adaptive immune system is far from
being mature, it is possible that certain antigens may
cause such a phenomenon. In the case of the infant pre-
sented here, we postulate that he could have been
COVID-19 positive but asymptomatic after birth, and
only later developed the post-infectious complications
of MIS-C. The presence of antibodies in infant serum
is likely related to the timing of maternal disease, and
the time required to produce antibodies before transfer-
ring them to the embryo.

Intrapartum transmission due to exposure to maternal
infected secretions and feces may be a possibility
(Sankaran et al. 2021), however, is unlikely as the mother
was not acutely ill during labor. Another potential
explanation is development of fetal inflammatory
response syndrome (FIRS), which is characterized by sys-
temic inflammation and an elevation of fetal plasma
interleukin-6, and observed in some cases due to fetal
viral infections such as CMV (Gotsch et al. 2007).
Therefore, FIRS stimulated by maternal viral load should
be considered even in the absence of vertical transmission
(McCarty et al. 2021). This theory is less relevant in our
current case, in which the infant had been well through
3 uneventful months before presentation.

Reports of this disease affecting neonates has led to
the new term of neonatal multisystem inflammatory
syndrome (MIS-N), defined as MIS-C in the first 2 wk
of life (Zeng et al. 2020).

Since the distinction of KD versus MIS-C is
based ultimately on known exposure to SARS-Cov-2
infection, we thus diagnosed the patient with
MIS-C and treated him accordingly with steroids, in
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conjunction with the traditional KD regimen of IVIG
and aspirin.

The second case reported here is unique due to the
clinical presentation of a massive pericardial effusion,
causing cardiac tamponade, without affecting the actual
myocardial tissue, e.g., lack of elevated BNP or tropo-
nin. While pericardial effusion was reported in up to
30% of affected subjects at administration in a recent
European study (Valverde et al. 2021), it is frequently
associated with various degrees of myocardial damage
and elevated cardiac bio-markers. Moreover, depressed
left ventricular ejection fraction (LVEF) is a common
presentation reported in up to 60% of patients, and,
abnormalities in myocardial systolic and diastolic
function were present even in MIS-C patients with
preserved EF (Dufort et al. 2020; Feldstein et al. 2020;
Whittaker et al. 2020; Alsaied et al. 2021). A review
comparing control subjects and patients with KD to a
MIS-C group showed MIS-C patients had lower LVEF
and reduced measures of global LV systolic strain and
strain rate (Alsaied et al. 2021). To date, recovery of
systolic function has been characterized only in small
retrospective case series (Belhadjer et al. 2020; Dufort
et al. 2020; Feldstein et al. 2020; Riphagen et al. 2020;
Whittaker et al. 2020; Alsaied et al. 2021), but early
reports suggest LVEF normalizes in most patients
within 1 to 2 wk after initial presentation (Belhadjer
et al. 2020). In our patient the clinical picture was a
massive pericardial fluid causing life threatening cardiac
tamponade. Once drained, the patient recovered
quickly and without any cardiac or other sequelae.

These two unique cases encountered in a post
COVID-19 infection scenario illustrate the complex-
ity and fascinating daily questions encountered by
physicians around the world. We believe it is of great
importance to study and share these cases since the
understanding of a new disease is crucial for early
diagnosis and establishing the appropriate treatment
modalities.
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Introduction: Primary hemophagocytic lymphohistio-
cytosis (HLH) is caused by inborn errors of immunity
that impair cytotoxic lymphocyte activity leading to sys-
temic hyperinflammation (Sieni et al. 2014). Griscelli
Syndrome type 2 (GS2) is a rare condition associated
with oculocutaneous albinism and HLH due to biallelic
loss-of-function mutations in RAB27A (Menasche et al.
2000). RAB27A encodes the GTPase Rab27a, which
facilitates docking of cytotoxic granules on to the
plasma membrane in NK and cytotoxic T cells in prepa-
ration for exocytosis of granule proteins into a target
cell (Neeft et al. 2005). Partial albinism occurs in GS2
as Rab27a is similarly involved in melanosome docking
to actin during their transport from melanocytes to
keratinocytes (Kuroda et al. 2003). Microscopic exami-
nation of the hair demonstrates characteristic pigment
clumping, which may aid in the diagnosis in addition
to gene sequencing and assays of NK cell degranulation.
Treatment of GS2 involves management of HLH using
standard protocols and urgent hematopoietic stem cell
transplant (HSCT) (Sieni et al. 2014).
Clinical Features: A 33-day-old male presented to a

community hospital with a history of lethargy,
decreased feeding, and fever. The patient was found to
have bicytopenia (Hb 71 g/L and platelets 59 × 109/L)
and an abdominal mass and was thus transferred to
McMaster Children’s Hospital for further evaluation.
He had no relevant medical history in the first month

of life. He was conceived by in vitro fertilization with

intracytoplasmic sperm injection (ICSI) and was born
at term after a healthy pregnancy by spontaneous vagi-
nal delivery with no post-natal complications. His
parents were of Indian and Dutch origins, respectively,
and were non-consanguineous. They had one healthy
five-year old daughter.
On examination, he was febrile (38.9 degrees Celsius)

and tachycardic (180 bpm). He appeared pale but was
alert and active. His hair had a slight silver hue, which
the parents confirmed was more prominent at birth.
There were no dysmorphic features and no rashes or
bruising. He had splenomegaly on abdominal examina-
tion. His cardiopulmonary, musculoskeletal, and neuro-
logic exams were unremarkable. The patient was
resuscitated with intravenous crystalloid and one trans-
fusion of packed red blood cells, and he was started on
empiric broad spectrum antibiotics for possible sepsis.
During the admission, his platelet count dropped to a

nadir of 17 × 109/L and he was found to have highly
elevated ferritin (3220 μg/L), triglycerides (2.91 mmol/L),
and c-reactive protein (253 mg/L). No source of infection
was identified by cerebral spinal fluid, blood, or urine cul-
tures. His nasopharyngeal swab for respiratory viruses,
serology for parvovirus b19, and PCR for CMV and
EBV were negative. No consolidation was seen on chest
radiograph. Bone marrow biopsy showed erythroid
hyperplasia and reactive lymphocytes with no evidence
of a myeloproliferative or lymphoproliferative disorder
and no hemophagocytosis. The hair sample submitted
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for microscopy was not processed due to laboratory error.
The patient improved spontaneously over several days
and was discharged.
Exome sequencing of 14 genes associated with HLH

was obtained, which revealed a heterozygous change in
RAB27A (c.239+1G>T) affecting the canonical splice
site of exon 3. This variant was considered disease-
causing given a previous report of a patient with GS2
who was homozygous for this variant (Panigrahi et al.
2015), in-silico analysis (GeneSplicer, NNSplice, and
MaxEntScan) predicted the variant to be likely patho-
genic, and it has a low allele frequency in population
controls (0.0016% in gnomAD). A chromosomal
microarray subsequently demonstrated loss of material
from the long arm of chromosome 15 approximately
461 kb in size with deletion of exons 4-6 of RAB27A
(15q21.3(55061156_55522407)). The diagnosis of GS2
was confirmed by familial segregation studies showing
that the mother was heterozygous for the splice site
mutation and the father was heterozygous for the
deletion, and by the patient’s NK cell degranulation
assay, which showed only 14% NK cell degranulation
upon cell activation.
The patient subsequently required multiple admis-

sions for intermittent fever and anemia requiring
transfusion, and at age 11 weeks he was readmitted for
pancytopenia and fever. His ferritin and D-dimer were
highly elevated at 6700 μg/L and 1000 μg/L, respec-
tively, and ALT was elevated at 161 U/L. He was diag-
nosed with HLH and treated with dexamethasone
10 mg/m2 daily and one dose of etoposide 150 mg/m2

intravenously, which improved his blood counts and
hyperferritinemia.
The patient was referred to our local transplant centre

for HSCT. The patient’s elder sister was not an HLA
match, so an unrelated cord blood unit (UCB) mis-
matched at two alleles (6/8) was selected. He received
conditioning with treosulfan, fludarabine, cyclophos-
phamide and anti-thymocyte globulin and tacrolimus
and methylprednisolone for graft-versus-host disease
(GvHD) prophylaxis. His course was complicated by
oral mucositis requiring intravenous morphine for pain
management. At day 137 post-transplant, he was well
with no evidence of GvHD and consistent full donor
chimerism.
Discussion: We report a patient with GS2-related

HLH due to compound heterozygosity for a deleterious
variant in RAB27A affecting the splice site of exon 3,
and a 461 kb deletion on chromosome 15, who success-
fully underwent HSCT using a 6/8 UCB. The largest

series of HSCT in GS2 reported 35 consecutive patients
from a single center (Al-Mofareh et al. 2020). The most
important predictor of survival post-transplant was
HLH prior to HSCT; survival was 100% in those trans-
planted prior to the development of HLH compared
with 53.3% in those transplanted after HLH onset.
Therefore, early diagnosis and initiation of management
is critically important. Delayed diagnosis, however, is
common and in this case was due to barriers in obtaining
and the slow turnaround time of genetic tests, loss of the
hair sample, and intermittent spontaneous improvement
of the patient, which confounded the clinical picture.
This case highlights the need for broader and more rapid
access to genetic testing for the investigation of inborn
errors of immunity, consistent with the findings of a
recent Canadian study (Branch et al. 2021).
Accurate diagnosis of primary HLH requires genetic

testing, and next generation sequencing technologies
are widely employed for the diagnosis of GS2
(Castano-Jaramillo et al. 2021). Though useful for the
detection of numerous variant types, analysis of whole
exome data using established copy number variant
algorithms may miss a substantial minority of deleteri-
ous structural variants (Fromer et al. 2012; Miyatake
et al. 2015). Microarray-based methods for detecting
structural variants are thus important complementary
diagnostic tools, as illustrated in this case. In addition,
ICSI infants, such as the present child, have higher rates
of chromosomal aberrations that are either inherited
(and potentially the cause parental infertility) or de
novo due to the procedure (Bonduelle et al. 2002).
A high index of suspicion for pathologic structural
variants in these children is thus warranted.
The case series of HSCT in GS2 discussed above

(Al-Mofareh et al. 2020) reported 14 patients who
received mismatched UCB (7/8 match in 6 patients
and 6/8 in 8 patients). Acute GvHD and graft failure
were more common in patients who received UCB
compared to those who received matched-related
donors (43% vs 16% and 21.4% vs. 5.3%, respectively),
but mortality was similar in both groups (approxi-
mately 36%). HSCT using UCB for these patients there-
fore appears to be a reasonable option in the absence of
a readily available matched donor, especially given the
urgency of HSCT and the toxicities associated with
chemotherapy used for treatment or prevention HLH
while a wider donor search is conducted.
Novel therapeutic strategies for primary HLH may

change the treatment approach for GS2 prior to HSCT
as the specific pathways driving hyperinflammation in
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these patients is better understood. Locatelli et al. (2020)
reported the efficacy of the anti-interferon gamma
monoclonal antibody emapalumab in 34 patients with
primary HLH (five of whom had GS2) and found a
favorable overall response rate of 65%, leading to its
regulatory approval in the U.S.A. Clinical trials of the
janus kinase inhibitor ruxolitinib in primary HLH are
also ongoing (e.g., NCT04120090, NCT04551131).
Conclusion: We present a patient with GS2 caused by

a deletion in chromosome 15 affecting exons 4-6 and a
deleterious change in the exon 3 splice site, both in
RAB27A. We highlight (1) the need for more rapid access
to genetic testing for the investigation of inborn errors of
immunity to reduce diagnostic delays; (2) the importance
of careful investigation for pathogenic copy number var-
iants in children with suspected primary HLH for timely
diagnosis and treatment initiation, especially in ISCI neo-
nates; and (3) the successful use of a 6/8 UCB for HSCT
in GS2, which adds to existing evidence for UCB trans-
plant when matched related donors are not available.
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Background: Hemophagocytic lymphohistiocytosis
(HLH) is a life-threatening condition characterized by
uncontrolled hyperinflammatory with evidence of
T-cell and NK cell dysfunction (George 2014). Most
common causes of HLH are secondary in nature and
have been implicated in many conditions including
infection, malignancy and autoimmunity (George
2014). However, primary or familial HLH (FHL) should
be suspected in children or adolescence presenting in
hyperinflammatory states as FHL is invariably fatal
unless prompt treatment is implemented with bone
marrow transplant as a curative intent (Cetica et al.
2016; Chinn et al. 2018). Monogenic causes have been
implicated in FHL with mutations in PRF1 accounting
for 20–40% of all FHL cases (Gholam et al. 2011). We
describe a case of HLH caused by 2 separate missense
variants of PRF1 in a compound heterozygous fashion.
Methods: Clinical and laboratory information was

collected by retrospective chart review.
Results:
Clinical Features at Presentation: This is a 14-year-

old previously healthy Caucasian female born to non-
consanguineous parents who initially presented at
11 years of age with recurrent fevers occurring every
4-6 months lasting 3-5 days with associated fatigue but
no other infectious symptoms. She was found to have
evidence of splenomegaly and lymphadenopathy with
new onset pancytopenia at the age of 12. A bone
marrow biopsy performed at the time showed adequate
cellularity with no evidence of malignant transforma-
tions or hemophagocytosis.
Her pancytopenia continued to decline and at age 13,

she presented to hospital with significant respiratory

distress. A BAL was not performed given her instability
and she was treated with presumed Pneumocystis jirove-
cii pneumonia (PJP) pneumonia. She then had 2 further
admissions of febrile neutropenia within the next
4 months from her recurrent fevers and associated
pancytopenia.
Immunologic features: Her relevant blood work from

initial presentation to fulminant HLH is highlighted in
Table 1.
She underwent genetic testing with a PID Panel from

BluePrint that identified a novel heterozygous missense
mutation in PRF1 c.374T>C p.(Ile125Thr) that has not
been reported in literature to cause disease. A sub-
sequent whole exome sequencing (WES) confirmed the
initial novel Ile125Thr (I125T) variant but also a second
heterozygous missense mutation in PRF1 c.273C>T
p.(Ala91Val).
Throughout her admissions, she was seen by multiple

specialists including Infectious Disease who ruled out
an infectious etiology. Despite her inflammation, she
did not initially meet criteria for HLH and given her
persistent and worsening pancytopenia and recurrent
fevers in the absence of infection or malignancy, she
was empirically started on high dose prednisone with
good effect. She was then transitioned to sirolimus as a
steroid sparing agent but had another episode of break-
through fevers and pancytopenia during steroid wean-
ing requiring admission. She was then started on
anakinra and continued steroid therapy. Despite these
therapies, the patient continued to have significant pan-
cytopenia and evidence of elevated inflammatory
markers which ultimately lead to the diagnosis of
HLH based on the 2004-HLH diagnostic criteria
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Table 1: Immunologic evaluation of patient from initial presentation to diagnosis of HLH.

Initial
presentation

Follow up during
disease quiescence

Admission for
respiratory distress

Discharge
post respiratory

distress

Re-admission for
significant
fevers and

pancytopenia Reference range

Leukocytes (× 109/L) 1.58 (L) 7.95 0.81 (L) 2.56 (L) 1.80 (L)* 4.19–9.43
Hemoglobin (× 109/L) 95 (L) 118 63 (L) 104 (L) 76 (L)* 108–133
Platelet (× 109/L) 33 (L) 136 (L) 30 (L) 46 (L) 24 (L)* 194–345
Neutrophils (× 109/L) 0.80 (L) 3.98 0.26 (L) 1.80 (L) 1.09 (L) 1.82–7.47
Lymphocytes (× 109/L) 0.90 (L) 2.54 0.35 (L) 0.49 (L) 0.37 (L) 1.16–3.33
Monocytes (× 109/L) 0.46 0.80 (H) 0.11 (L) 0.24 (L) 0.08 (L) 0.19–0.72
Eosinophils (× 109/L) 0.05 0.24 0.03 (L) 0.01 (L) 0.00 (L) 0.02–0.32
Basophils (× 109/L) 0.00 (L) 0.00 (L) 0.00 (L) 0.01 0.00 (L) 0.01–0.05

IgG (g/L) 6.8 6.2 (L) 4.0 (L) 2.5 (L) 6.6–15.3
IgA (g/L) 1.3 1.6 1.1 0.7 0.5–2.2
IgM (g/L) 0.3 (L) 0.6 0.3 (L) 0.1 (L) 0.5–1.9
CD3+CD4+ total (cells/μL) 243 (L) 1539 177 (L) 610–1446
CD3+CD8+ total 8 total (cells/μL) 82 (L) 507 54 (L) 282–749
CD19+ total (cells/μL) 118 (L) 494 121 (L) 173–685
CD16+CD56+ total (cells/μL) 60 (L) 220 173 (L) 87–504
T-cell PHA stimulation index 1220

Ferritin (μg/L) 351.4 (H) 239.6 (H) 638.8 (H) 687.6 (H) 4873.6 (H)* 13.7–78.8
Triglycerides (mmol/L) 2.38 (H) 2.99 (H) 2.06 (H) 5.49 (H)* <1.02
Fibrinogen (g/L) 2.6 2.0 1.5 (L)* 1.9–4.3
Soluble IL-2 Receptor (CD25) (U/mL) 3087 (H) 4678 (H)* 278–1580
CD56+/Perforin+ cells % 98.4 99.5 ≥80%
Bone marrow biopsy Negative for malignancy Negative for

malignancy or
hemophagocytosis

CD163 (ng/mL) >4850.0 (H) <964
CXCL9 (pg/mL) 21373 (H) ≤657
NK degranulation activity (resting) (%) 10.0 >7.5
NK degranulation activity (activated) (%) 40.3 >27.1
EBV quantitative PCR Negative Negative Negative Negative Negative Negative

*diagnosis of HLH based on the HLH-2004 diagnostic criteria Henter et al. 2004.
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(Table 1; Henter et al. 2007). She has since started treat-
ment for HLH and is currently undergoing an allogenic
bone marrow transplant as definitive management.
Discussion: Mutations of the PRF1 gene have

been implicated in FHL (Lee et al. 2004). Reports of
the PRF1 variant Ala91Val (A91V) has had conflicting
results in the literature as up to 9% of this allele was
found in the healthy population (zur Stadt et al.
2004). However, perforin expression and activity in
A91V was found to be significantly reduced compared
to wildtype protein suggesting a possible predisposi-
tion for HLH in these individuals, especially if a sec-
ond non-functional variant of PRF1 was inherited
(Voskoboinik et al. 2007). Cases of HLH have been
reported in patients with A91V variants with a second
variant causing a nonsense mutation (Trp374Stop) in
the PRF1 gene (Clementi et al. 2002).
There have been no reports in the literature regarding

disease associated with the I125T variant of the PRF1
gene. However, a different missense mutation in the
same codon PRF1 c.374T>A p.(Ile125Asn) was associ-
ated with a patient with T-cell lymphoma (Ding and
Yang 2013). We postulate the missense A91V variant
along with the novel missense I125T variant together
acted as loss of function in a compound heterozygous
way to cause HLH in this patient.
Conclusion: We report a patient with HLH due to

compound heterozygosity from a missense A91V
variant and a novel I125T missense variant in the
PRF1 gene.

REFERENCES

Cetica, V., Sieni, E., Pende, D., Danesino, C., Fusco, C.,
and De Locatelli, F. 2016. Genetic predisposition to
hemophagocytic lymphohistiocytosis: Report on 500
patients from the Italian registry. J. Allergy Clin.
Immunol. 137(1): 188. Available from /pmc/articles/
PMC4699615/.

Chinn, I.K., Eckstein, O.S., Peckham-Gregory, E.C.,
Goldberg, B.R., Forbes, L.R., Nicholas, S.K., Mace,
E.M., Vogel, T.P., Abhyankar, H.A., Diaz, M.I.,
Heslop, H.E., Krance, R.A., Martinez, C.A., Nguyen,
T.C., Bashir, D.A., Goldman, J.R., Stray-Pedersen, A.,
Pedroza, L.A., Cecilia Poli, M., Aldave-Becerra, J.C.,
McGhee, S.A., Al-Herz, W., Chamdin, A., Coban-
Akdemir, Z.H., Jhangiani, S.N., Muzny, D.M., Cao,

T.N., Hong, D.N., Gibbs, R.A., Lupski, J.R., Orange,
J.S., McClain, K.L., and Allen, C.E. 2018. Genetic and
mechanistic diversity in pediatric hemophagocytic
lymphohistiocytosis. Blood. 132(1): 89. Available from
/pmc/articles/PMC6034641/.

Clementi, R., Emmi, L., Maccario, R., Liotta, F.,
Moretta, L., and Danesino, C. 2002. Adult onset and
atypical presentation of hemophagocytic lymphohis-
tiocytosis in siblings carrying PRF1 mutations.
Blood. 100(6): 2266–2267.

Ding, Q., and Yang, L.-Y. 2013. Perforin gene mutations
in 77 Chinese patients with lymphomas. World J.
Emerg. Med. 4(2): 128. Available from https://
pubmed.ncbi.nlm.nih.gov/25215106/.

George, M.R. 2014. Hemophagocytic lymphohistiocyto-
sis: review of etiologies and management. J. Blood.
Med. 5: 69. Available from /pmc/articles/
PMC4062561/.

Gholam, C., Grigoriadou, S., Gilmour, K.C., and Gaspar,
H.B. 2011. Familial haemophagocytic lymphohistiocy-
tosis: advances in the genetic basis, diagnosis and
management. Clin. Exp. Immunol. 163(3): 271.
Available from /pmc/articles/PMC3048610/.

Henter, J.I., Horne, A.C., Aricó, M., Egeler, R.M.,
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Background: Next generation sequencing technologies
have greatly accelerated diagnosis and treatment of inborn
errors of immunity or primary immunodeficiencies (PIDs)
(Stray-Pederson et al. 2017; Tangye et al. 2020). However,
despite application of clinically validated immunologic
and genetic tests, including broad PID gene panels and
clinical whole exome sequencing, many individual patients
with suspected PIDs remain without a genetic diagnosis or
targeted treatment (Heimall et al. 2018).
Methods: Consenting patients and their parents from

the pediatric immunodeficiency clinic at the Children’s
Hospital of Winnipeg with suspected PID, who have
undergone standard of care clinical investigations, and
yet remain without a clinical diagnosis are frequently
enrolled in local and international research studies, with
the aim of obtaining a genetic diagnosis.
After obtaining consent from our patient’s parents,

we enrolled our patient in a pan-Canadian study
(Care4Rare Solve). In addition, simultaneously, after
consent from the parents, her clinical case summary,
variant call files (VCFs) and skin biopsy for fibroblast
cell lines were obtained and sent to colleagues with a
research focus on genetic diagnosis of monogenic
PIDs, at an outside center. Genematcher was used to
connect investigators with interest in the common can-
didate gene, and functional testing was performed to
determine the impact of the mutation on RNA and pro-
tein expression and immune function.
Results:
Clinical Features: A now 4 year-old female was born

to consanguineous parents of Oji-Cree First Nations
descent. She presented with three severe multisystem
inflammatory HLH-like episodes. Identified infectious
triggers for these episodes included Group A streptococcus,

vaccine-strain Measles, Ebstein-Barr virus (EBV),
Influenza B and Staphylococcus aureus. In addition to
these HLH-like episodes, our patient had an umbilical
stump infection at 10 days of life (positive for
Streptococcus anginosus), and recurrent episodes of muco-
cutaneous thrush.
Her first major illness occurred at 5 months old, and

consisted of fever, extremity rash and anorexia, rapidly
progressing to lethargy, labored breathing and respira-
tory failure. At the time, a chest x-ray revealed pneumo-
nia, and blood culture was positive for Group A
streptococcus. She had leukocytosis (WBC 50 × 109/L),
thrombocytopenia (platelets 42 × 109/L), anemia, trans-
aminitis (AST and ALT peaked at 9000 U/L), hyperfer-
ritinemia (peak of 12 000 ug/L), rhabdomyolysis,
splenomegaly, acute kidney injury and acute respiratory
distress syndrome (ARDS). During her acute illness, she
was noted to have mildly decreased B-cell and NK cell
counts. Her presentation was most consistent with toxic
shock syndrome with sepsis and multi-organ failure.
She was treated in hospital for 3 weeks, and made a
good recovery. She remained well from 6 to 11 months
of age, although she was noted to have mild global
developmental delay.
At 12 months of age, our patient presented with her

second HLH-like illness. A week after receiving her sec-
ond set of vaccinations (DTaP-IPV-Hib, MMR and
Men-C vaccines), she developed fever, cough and rhi-
norrhea. This quickly progressed to respiratory failure
again, with ARDS and multi-organ dysfunction. She
was noted to have hepatosplenomegaly, rhabdomyolysis
and rash. Investigations revealed leukocytosis
(WBC >50 × 109/L), anemia (hemoglobin 75 g/L),
thrombocytopenia (platelets 20 × 109/L), transaminitis
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(AST 281 U/L, ALT 108 U/L), hyperferritinemia (peak
2300 ug/L) and elevated CRP (70 mg/L). She was found
to have vaccine-strain measles virus via PCR of the
nasopharyngeal aspirate, and measles virus IgM in
her serum. A low level of EBV was also found via PCR
in her blood (6.6 × 102 copies/mL). A bone marrow
aspirate showed a hypercellular marrow and few
hemophagocytes, and liver biopsy revealed non-
specific inflammation, with negative staining for EBV,
CMV, and HSV. She was treated with ribavirin,
vitamin A, methylprednisone (1 mg/kg), and a dose of
IVIG. She remained in the intensive care unit for six
weeks.
After the second episode, she appeared to recover

well clinically. However, upon follow-up over the next
20 months, she was found to have persistent EBV
viremia, transaminitis, and cirrhosis. Investigations
of the liver disease included multiple biopsies and
imaging studies, and were negative for autoimmune
and infectious causes. The etiology of the liver disease
was suspected to be bystander damage due to the
ongoing underlying immune dysregulation issue.
Workup for hematopoietic stem cell transplant
(HSCT) was initiated, but the lack of diagnosis
contributed to reluctance to perform this risky and
invasive procedure.
At 33 months of age, our patient presented with

progressive dyspnea, lethargy and fever that quickly
deteriorated to respiratory failure. Her nasopharyngeal
aspirate by positive for Influenza B, and ETT cultures
were positive for staphylococcus aureus. As in her two
previous episodes, she developed severe ARDS, bicyto-
penia, marked leukocytosis, transaminitis, hyperferriti-
nemia (peak 2546 ug/L), splenomegaly and acute
kidney injury. She was intubated for 3 weeks.
Unfortunately, during this episode she also developed
a new profound neurologic injury, and seizure activity.
An MRI of her brain revealed bilateral diffuse restric-
tion in her cerebrum, cerebellum, thalami and dura.
She was treated with oseltamivir and antibiotics. She
also received higher dose IVIG (1 g/kg), and, because
HLH was suspected, she was initially treated with high
dose dexamethasone. HSCT was considered again, but
not further pursued because of her severely impaired
neurologic status.
In terms of management, the patient was advised

against receiving further vaccinations (particularly live
vaccines), and was placed on TMP-SMX prophylaxis
(discontinued by the family). Antifungal prophylaxis
was considered but not pursued due to the patient’s

liver disease. At the current time, the patient is alive,
on antiepileptic therapy, and receiving weekly subcuta-
neous replacement doses of IVIG (0.5 g/kg/month).
Our patient is also being considered for Janus kinase
inhibitor, and HSCT.
Immunological Features: Initial immune investiga-

tions were performed after recovery from her first
multisystem inflammatory episode (after having
received her first two sets of vaccines, and before
receiving any IVIG). This revealed normalized WBC
and differential, hemoglobin and platelets, and
normal levels of IgG, IgA, IgM, and IgE. At this time,
she also had normalized T cell, B cell and NK cell
counts (B cell and NK cell counts were found to be
low during the initial presentation), although she had
a mildly low percentage of T cells expressing the
recent thymic emigrant marker CD31 (42.4%, median
67% for age), and a mildly low percentage of CD4 T
cells expressive the naïve marker RA (51%; median
89%). She had demonstrated protective titers to
tetanus and diphtheria, and detectable IgG against
streptococcus pneumoniae. Total hemolytic comple-
ment (CH50) was normal, and imaging revealed the
presence of a normal spleen.
Follow up testing after her second inflammatory

episode revealed IgG to measles mumps and rubella
(after having received MMR vaccine and IVIG), a nor-
mal mitogen proliferative response to PHA, PWM and
ConA, normal neutrophil oxidative burst index, and
normal expression of CD18/CD11abc and CD15s.
HIV testing was negative. She had normal NK cell cyto-
toxicity and CD107a expression. She had a decreased
percentage of NK cells expressing perforin, which was
thought to be related to the relative expansion of the
CD56 bright NK cell population at the time of testing.
She also had increased MCF of granzyme B in NK cells.
Of note, she had ongoing EBV positivity in her blood
by PCR at this time.
Mutation Analysis: Initial genetic testing for this

patient consisted of an HLH/periodic fever gene panel
(SickKids, negative), chromosome microarray (London
Health Sciences Center; 11% regions of homozygosity
but otherwise not diagnostic for a monogenic immune
deficiency), and trio whole exome sequencing
(GeneDx). Targeted testing of the known Northern
Cree IKBKB homozygous duplication mutation was
also performed, and this was negative.
Re-analysis of the exome sequencing was performed,

with sequencing and variant annotation, variant priori-
tization and classification, and transcriptomics profiling
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(Vavassori et al. 2021). Tissue expression, fibroblast
stimulation assay, Western blotting and other
functional testing are also described in detail in this
paper.
After research-based re-analysis of the patient’s

clinical exome, a homozygous mutation with a high
CADD score was identified in ZNFX1 which is a novel
gene associated with impaired immunity in mice.
Through enrollment in Care4Rare Solve, additional
patients with mutations in this same gene were identi-
fied, resulting in ongoing international collaborative
study and functional validation of the mutation
(Heimall et al. 2018). ZNFX1 is an important regula-
tor of the response to double-stranded nucleic acids
stimuli following viral infections. Patients with
ZNFX1 deficiency are susceptible to severe viral infec-
tions and a multisystem inflammatory disease. The
result of this collaboration is the discovery of a new
monogenic PID, enhanced understanding of antiviral
immunity in humans, and the possibility of targeted
treatment like Janus kinase inhibitor and hematopoi-
etic stem cell transplantation (HSCT) (Vavassori
et al. 2021).
Conclusions: For patients in whom there is a high

clinical suspicion of a monogenic PID, but no diagno-
sis despite optimal clinical-based immunologic and
genetic testing, research-based testing, and, in many
cases, collaboration with experts at local and outside
centers is essential to optimize diagnosis, treatment,
and prognostication for these unique patients.
Although enhanced investigations such as whole
genome sequencing may be required in some cases,
in other cases, such as this one, re-analysis of existing
genetic investigations resulted in accurate diagnosis.
Furthermore, collaboration through Care4Rare Solve
allowed for the identification of other patients with
mutations in the same gene, and the possibility of tar-
geted treatments for our patient, who is currently
undergoing evaluation for stem cell transplantation,
and for whom Janus kinase inhibition may be

considered for management of future HLH-like epi-
sodes (Vavassori et al. 2021).
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Introduction: Roifman Syndrome was first described as
a novel association of humoral deficiency, spondyloepi-
physeal dysplasia, retinal dystrophy, poor pre- and
postnatal growth, developmental delay and facial dys-
morphism (Roifman 1999). Because the initial
published cases of Roifman Syndrome were males it
had been suggested that Roifman Syndrome may be an
X-linked disorder (Gray et al. 2011), however it was
16 years later that the underlying genetic etiology was
revealed (Merico et al. 2015). Roifman Syndrome is a
rare autosomal recessive multi-system disorder caused
by mutations that disrupt highly conserved positions
of the RNU4ATAC small nuclear RNA gene (Merico
et al. 2015). Roifman Syndrome is characterized by
immune deficiency, mainly humoral, spondyloepiphy-
seal dysplasia, retinal dystrophy, growth retardation
and developmental delay (Roifman 1999; Roifman and
Melamed 2003; Merico et al. 2015; Dinur Schejter et al.
2016, 2017).
The association of atopy and immune dysregulation

is well described in some of the inborn errors of
immunity (IEI) such as Common Variable Immune
Deficiency (CVID), Wiskott-Aldrich syndrome
(WAS), Hyper-IgE syndromes (HIES), Immune dysre-
gulation, polyendocrinopathy, enteropathy, X-linked
(IPEX), lipopolysaccharide-responsive beige-like
anchor (LRBA) deficiency and other IEI (Castagnoli
et al. 2021). The most common atopic manifestation is
atopic dermatitis (Castagnoli et al. 2021), however,
other immune dysregulation features have been
reported and include Immune thrombocytopenia
(ITP), autoimmune hemolytic anemia (AIHA), enter-
opathy, thyroiditis, food allergy, allergic rhinitis etc.
To date, only some of the reported RS patients

were described as having atopy and autoimmunity.
This report aims to delineate the atopic features as well
as immune dysregulation in Roifman Syndrome
patients.

Methods: Patients were identified if they were diag-
nosed with Roifman Syndrome at the Hospital for Sick
Children between 1997 and 2020. Data compiled
included demographics, clinical manifestations with a
focus on atopy and autoimmunity, immunological
evaluation, and molecular diagnosis of Roifman
Syndrome. Laboratory evaluation included complete
blood count and differential, eosinophilic count,
lymphocyte subsets, total immunoglobulins including
IgE, specific vaccine responses, and T-cell stimulation
responses to mitogen and antigen, thyroid function
tests, and relevant imaging.
Results: Overall, of the 17 patients, 15 patients (88%)

were identified to have atopic, or autoimmune manifes-
tations as shown in Table 1. Atopic dermatitis was
observed frequently, of the 17 patients, 14 had atopic
dermatitis. The onset of eczema was at early infancy
for all affected patients with different clinical outcomes,
ranging from mild to severe eczema. All were managed
with topical medications and no immune modulation
therapy was required. Two patients were identified to
have environmental allergies in the form of allergic
rhinitis and conjunctivitis. Furthermore, 7 out of
17 patients (41%) had clinical features of immune
dysregulation. The most common feature of autoim-
munity in Roifman Syndrome patients was identified
as autoimmune hypothyroidism. Hypothyroidism was
observed in 5 patients (29%), with transient disease in
one of the five patients. Cytopenias were also observed
in 5 patients as follows: AIHA in two patients, ITP in
two patients, neutropenia in two patients.
Gastrointestinal involvement was seen in three

patients. One patient was diagnosed with moderate
chronic eosinophilic esophagitis and distal rectum proc-
titis which resolved, one patient had evidence of micro-
colitis on endoscopy and one with recurrent mouth
sores with no other gastrointestinal manifestations.
None of the patients in our cohort had chronic active
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arthritis except for one patient who was diagnosed
with Gout’s arthritis. One patient sustained an
episode of CNS vasculitis, presenting as seizures, requir-
ing treatment with steroids, Cyclophosphamide,
Mycophenolate mofetil and high dose of IV immuno-
globulins. Only 2 patients remained free of atopy or
autoimmunity.
With regards to clinical outcome of atopy, to date,

atopic dermatitis has not resolved for any of the
patients. Allergic rhinitis was managed successfully
with Antihistamines and local steroid spray. There
were no noted endocrine complications related to
hypothyroidism. None of the patients remained on
immunomodulatory treatment following the initial
presentation. One patient remained on G-CSF therapy
for neutropenia.
Laboratory evaluation related to atopy showed

normal IgE levels for all patients, including those with
eczema. Only 3 of the 17 patients had mild eosinophilia
ranging between 500-970 cells/μL.
Discussion: Roifman Syndrome is a rare multi-

system genetic disorder characterized by humoral
deficiency, growth retardation, spondyloepiphyseal dys-
plasia, retinal dystrophy, and developmental delay,
while atopy and autoimmunity were rarely described
thus far as a key feature in Roifman Syndrome
(Roifman 1999; Robertson et al. 2000; Roifman and
Melamed 2003; de Vries et al. 2006; Fairchild et al.
2011; Merico et al. 2015; Dinur Schejter et al. 2016;
Bogaert et al. 2017). IEI are a heterogeneous group of
disorders, the number of genetic defects associated with
atopy and immune dysregulation is rapidly growing. In
this report, we retrospectively evaluated the atopic fea-
tures and autoimmunity of 17 patients with Roifman
Syndrome. Most of the patients presented with eczema
since early infancy. The prevalence of atopic dermatitis
in our study is significantly higher to that found in the
general population, 82% and 22.6% respectively
(Bylund et al. 2020). Hypothyroidism was also

frequently observed. Other autoimmune manifesta-
tions included AIHA, ITP, neutropenia, gastrointesti-
nal involvement with colitis or eosinophilic
infiltration and CNS vasculitis. Our results showed
that atopy is a significant feature among Roifman
Syndrome patients. The laboratory evaluation of IgE
and eosinophilia were not remarkable in this study
with only few cases of mild eosinophilia and normal
IgE levels in all the patients.
We have demonstrated that both atopy and autoim-

munity contribute to the clinical picture of Roifman
Syndrome patients. We suggest that screening
for atopy should be a part of the clinical evaluation in
Roifman Syndrome patients. Furthermore, for
Roifman Syndrome patients we suggest that regular
and life-long follow up should be performed in all cases
for screening periodically, not only for changes in
immune function, but also for autoimmune manifesta-
tions such as hypothyroidism, ITP, AIHA, neutropenia
as well as gastrointestinal evaluation.
To conclude, our current study expands the spec-

trum of the clinical features in Roifman Syndrome
patients as well as IEI presenting with atopy and
autoimmunity.
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Haploinsufficiency of A20 in a patient with 6q23.2-23.3
deletion
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Background: Haploinsufficiency of A20 (HA20) is an
autoinflammatory condition characterized by early
onset recurrent fevers, mucosal ulcers, ocular inflam-
mation, and arthritis. The disorder was first described
in 2016 (Zhou et al. 2016), and has sometimes been
compared to Behcet’s disease, another autoinflamma-
tory syndrome also characterized by recurrent ulcers
(Aeschlimann et al. 2018). Although initially described
in individuals with heterozygous germline mutations
in TNFAIP3, HA20 has subsequently been described
in patients with chromosomal deletions, specifically
on chromosome 6 (Franco-Jarava et al. 2018). Both

patients with TNFAIP3 mutations (single nucleotide
variants and small insertions/deletions) (Aeschlimann
et al. 2018), and patients with larger chromosome
6q deletions have been described tohave recurrent
sinopulmonary infections, although the cause of this
predisposition is not well characterized (Dutrannoy
et al. 2009).
We report on a patient with developmental delay,

hearing loss, short stature, recurrent sinopulmonary
infections since early childhood, recurrent fevers, and
recurrent oral and genital ulcers, diagnosed with hetero-
zygous 6q23.2-23.3 deletion prior to the first reported
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Table 1: Laboratory results.

Test Result Normal Range

CBC
Hemoglobin range 93–136 g/L 115–155 g/L
MCV range 79.7–85.3 fL 77–95 fL
White Blood Cell count range 3.6–13.2 × 109/L 5–11 × 109/L
Absolute Neutrophil Count 2.61 × 109/L 1.5–8.5
Absolute Lymphocyte Count 1.14 × 109/L 1.5–6.0
Absolute Eosinophil Count 0.05 × 109/L 0–0.5
Absolute Monocyte Count 0.24 × 109/L 0.0–0.8
Absolute Basophil Count 0.02 × 109/L 0.0–0.2
ESR range 24–91mm/h 0–10 mm/h
CRP <1 mg/L <5 mg/L
ANA negative negative
C3 1.76 g/L 0.76–2.01 g/L
C4 0.20 g/L 0.12–0.47 g/L
Total Complement Activity 217 CAE units 63-145 CAE units
Immunoglobulins
IgG 13.3 g/L 5.46–16.2 g/L
IgM 2.04 g/L 0.21–2.63 g/L
IgA 2.64 g/L 0.54–3.78 g/L
IgE 6 IU/L 0–200 IU/mL
IgG Subclass 1 8.06 g/L 4.23–10.60 g/L
IgG Subclass 2 1.24 g/L 0.76–3.55 g/L
IgG Subclass 3 0.49 g/L 0.17–1.73 g/L
IgG Subclass 4 0.095 g/L 0.016–1.150 g/L
Vaccine response
Diphtheria toxin antibody 1.940 IU/mL >1.0 IU/mL
Tetanus toxin antibody >5 IU/mL >5.0 IU/mL
Measles IgG Detected Detected
Rubella IgG Detected Detected
Mumps IgG Not detected Detected
Streptococcus pneumoniae polysaccharide IgG
(post-immunization)

>270 mg/L >3.3 mg/L

Streptococcus pneumoniae polysaccharide IgG2
(post-immunization)

60.374 mg/L >1.1 mg/L

Blood type B negative
Isohemagglutinins Anti-A, titre 1:64
Neutrophil oxidative burst Normal in 95% of neutrophils

Absent in 5% of neutrophils
(suspected due to artifact)

Lymphocyte Subsets (flow cytometry)
T Cells
CD3+ 1325 cells/mm3 782–2585 cells/mm3

CD3+CD4+ 555 cells/mm3 408–1538 cells/mm3

CD3+CD8+ 680 cells/mm3 244–986 cells/mm3

CD4/CD8 Ratio 0.82 0.60–7.00
%TCRab DNTC 1.3 % of CD3+ T Cells 0.0–2.0 %CD3+ T Cells
NK Cells
CD3-CD56/16+ 269 cells/mm3 70–720 cells/mm3

B Cells
CD19+ 197 cells/mm3 110–1400 cells/mm3

Transitional B Cells (%CD19+CD27-CD38++IgM++) 15.2% 1.7–7.4% CD19+B Cells
Plasmablasts (%CD19+CD27-CD38++IgM++) <0.001 0.000–0.121% CD19+B Cells
Naïve B Cells (%CD19+CD27-) 82% 63–86% CD19+ B Cells
Memory B Cells (CD19+CD27+) 18% 14–37% CD19+ B Cells

(continued)
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description of HA20. Although she initially had a gener-
ally reassuring immune workup and elusive diagnosis,
upon reassessment years later, she was found to have
clinical features consistent with HA20, confirmed by
her known 6q chromosomal deletion encompassing
the TNFAIP3 gene. To our knowledge, this is the 8th

case of HA20 caused by a contiguous chromosome 6q
deletion, and the second case in the literature caused
specifically by 6q23.2.-23.3 deletion. We present a
detailed immune assessment for our patient.
Case Presentation:Our patient was born at 34 weeks’

gestation due to pre-eclampsia, to non-consanguineous
parents of European background. She had a past medi-
cal history of mild global developmental delay, behav-
ioural concerns, and recurrent oto-sino-pulmonary
infections since 18 months of age. She received >40
courses of oral antibiotics as well as several courses of
intravenous antibiotics for primarily respiratory tract
infections. She also required tympanostomy tubes for
effusions, inserted 9 times due to extrusion. She had a
history of chronic nasal congestion and sensorineural
hearing loss.
Diagnostic workup included sweat chloride testing

(negative), video fluoroscopic swallowing study
(normal), aeroallergen skin testing (negative), FeNO
for assessment of ciliary dyskinesia (normal), and
2 ciliary biopsies for electron microscopy assessment.
One of the biopsies showed ciliary abnormalities in
25% of the specimen, which was inconclusive in the
setting of inflammation. CT scan did not show
evidence of bronchiectasis, but did show parenchymal
scarring.
At age 2, she began to experience episodes of 1–3 oral

ulcers, every 3 months. These would resolve spontane-
ously, without scarring. She had gingivitis and poor
dentition. Recurrent fevers occurred between the ages
of 6 and 10, with episodes lasting 2 to 4 days, and no
specific pattern. There was no associated pharyngitis,
lymphadenopathy, arthritis, arthralgias or skin rashes.
Recurrent genital ulcers began at age 12, lasting two
weeks at a time.

Workup of her developmental delay included a
chromosomal microarray in 2015, around age 6, which
identified a de novo chromosome 6q deletion
(6q23.2q23.3). Based on known features of this
microdeletion at the time, she underwent a sleep study
(showing central sleep apnea), as well as cardiology
assessment (normal). She is pending an MRI brain to
rule out CNS vasculitis, as she also was experiencing
headaches.
Updated immune workup showed persistently

elevated ESR, intermittent normocytic anemia,
increased proportion of transitional B cells at 15.2% of
B cells (normal 1.7–7.4%), and decreased proportion of
CD21+CD19+ B cells at 89.1% (normal 94.5–99.8%).
Notably, the proportion of memory and class-switched
memory B cells was normal, and response to pneumo-
coccal polysaccharide immunization was robust.
Our patient’s presentation of oro-genital mucosal

ulcers, recurrent fevers, recurrent sinopulmonary
infection and heterozygous 6q23.2-23.3 deletion
encompassing TNFAIP3 was consistent with HA20
and she was initiated on colchicine.
Discussion: Our patient’s presentation is consistent

with other reported cases of HA20 in the literature
(Zhou et al. 2016; Aeschlimann et al. 2018; Franco-
Jarava et al. 2018). In addition to her fevers and ulcers,
she had developmental delay, behavioural concerns,
short stature, hearing loss and recurrent sinopulmonary
infection, though it unclear to what extent each of these
features are related to underlying 6q deletion syndrome
versus HA20.
In addition to TNFAIP3, other genes associated with

known disease within the area of deletion include
MYB, AHI1, PEX7, and IFNGR1, although there are a
number of other genes in this region with unknown
function. Defects in IFNGR1 can cause autosomal
recessive recurrent mycobacterial infections. Although
functional testing of STAT1 phosphorylation was not
pursued in our patient, her deletion was heterozygous,
and she had no features of increased susceptibility to
mycobacterial infection.

Table 1: (concluded).

Test Result Normal Range

Marginal Zone B Cells (%CD19+CD27+IgM+IgD+) 9% 8–26% CD19+ B Cells
IgM Only Memory B Cells (%CD19+CD27+IgM+IgD-) 2.3% 0.3–6.0% CD19+ B Cells
Switched Memory B Cells (%CD19+CD27+IgM-IgD-) 5.8% 2.4–9.6% CD19+ B Cells
%CD21+CD19+ 89.1% 94.5–99.8% CD19+B Cells
CD19+CD21- 10.8% 0.2–5.5% CD19+B Cells
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Table 2: Features of Previously Reported Patients with large 6q deletions and HA20.

Case
Patient 1 (Dutrannoy

et al. 2009)
Patient 2 (Franco-Jarava

et al. 2018)
Patient 3 (Viel et al.

2018)
Patient 4 (Wu et al.

2021)
Patient 5 (Wu et al.

2021) This report

Sex M M M F M F
Deletion 6q23.2–6q24.1 6q23.2q24.3 6q23.2q24.1*TNFAIP3

and CITED2
6q23.2q23.3 6q23.3q24.3 6q23.2-23.3

Size of deletion 9 Mb 13 Mb 5.5 Mb 3.4 Mb 11.7 Mb 3.4 Mb
Age of onset infancy 2 mo 5y 6 mo 3y 2y
First symptom Recurrent infections Fever Vasculitis Unclear Unclear Recurrent infections
Fever − + − + − +
Ulcers − + − + + −
Recurrent
infections

+ + − + + +

Other features Speech delay, cognitive
delay, behaviour

concerns
Sensorineural hearing
loss, short stature

Psychomotor delay,
neutrophilic dermatosis

Mild intellectual disability,
heterotaxis, cardiac
malformation, IgA

nephropathy

Celiac disease,
neutropenia,
tachycardia,

bronchiectasis,
granulomatous
inflammation

Guillain-Barre syndrome,
developmental delay,
altered mental status,
anxiety, hematuria,
cryptorchidism, skin

pigmentation,
dysmorphic facial

features, hematopoietic
stem cell transplant

(age 15y)

Global developmental
delay, behaviour

concerns,
sensorineural hearing

loss

Immune work
up

None reported Hyper-IgE (291 kU/L),
ANA positive (1:160),
normal oxidative burst,
ESR 44.18 mm/h, CRP

11.36 mg/dL

Global lymphopaenia
(0.79 × 109/L), hyper-

IgE (756 kU/L).

Elevated ESR and CRP,
inverted CD4+/CD8+
T cell ratio, elevated

immunoglobulin levels,
elevated serum
cytokine levels

(including interferon
gamma)

Not reported See Table 1.

+ presence of phenotype; − absence of phenotype; dot if not reported.
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HA20 is known to disrupt regulation of multiple
immunological pathways involving inflammation and
immunity (Dutrannoy et al. 2009). A20 is a potent
inhibitor of the NF-kB signalling pathway, and restricts
inflammation via its deubiquitinase activity (Dutrannoy
et al. 2009). TNF binds to TNFR (TNF receptor), which
leads to ubiquitination of RIP1. A20 deubiquitinates
RIP1, preventing RIP1 from interacting with the
NF-kB essential modulator (NEMO), stopping the
proinflammatory response. A20 also adds polyubiquitin
chains to another site on RIP1, which targets RIP1 for
degradation, further limiting proinflammatory signal-
ling (Dutrannoy et al. 2009).
A significant subset of patients with HA20 has been

reported to suffer from recurrent infections (9%, or
8/89 patients in this cohort) (Chen et al. 2020), and sev-
eral have been reported to have IgG subclass deficiency
and absent polysaccharide vaccination response, which
could explain the predisposition to sinopulmonary
infection (nearly 50%, or 7/16 patients in this cohort)
(Aeschlimann et al. 2018). Some have been treated with
immune globulin replacement therapy. However, our
patient demonstrated intact response to polysaccharide
vaccination, and normal IgG subclasses.
Other immune abnormalities described in individuals

with HA20 include low class-switched memory B cells,
elevated “immune-exhausted” C21lowCD38low B cells,
elevated transitional B cells, specific antibody defi-
ciency, production of autoantibodies, inverted CD4:
CD8 ratio, and expansion of Th17 cells (Hautala et al.
2020). Our patient had an increased proportion of
transitional B cells and reduced proportion of CD21+
CD19+ B cells, but no indication of decreased class-
switched memory B cells, inverted CD4:CD8ratio, or
increased immune exhausted B cells. Although Th17
cells have not yet been checked in our patient, interest-
ingly, expansion of Th17 cells was not seen in the one
other patient with the same 6q23.2q23.3 as our patient
(Viel et al. 2018). At least one case in the literature
describes a patient with HA20 and inflammasome-
mediated lung disease responsive to anti-IL1 treatment,
although our patient’s lung symptoms responded to
antibiotics and thus have not been felt to be inflamma-
tory in nature (Hautala et al. 2020).
Seven other cases of HA20 caused by chromosomal

deletions have been previously reported (5 with
large contiguous 6q deletions, of whom 1 had an
identical deletion to our patient) (see Table 2).
However, as has been noted previously, the reports in
the literature for these patients have focused on their

neurodevelopmental features rather than their
immunologic phenotypes (Wu et al. 2021).
Interestingly, recurrent sinopulmonary infections were
reported in 4 of these cases, and infection was a present-
ing feature of at least one, as well as the present case.
However, the other patient whose first symptom was
recurrent infections did not have a reported immune
work up. Detailed immunologic workup was only
reported for 3 of the other published cases. The immune
workup for our patient indicated an essentially intact
humoral immune system, with the main immunologic
findings being elevated markers of inflammation (ESR,
CRP), increased proportion of transitional B cells and
reduced proportion of CD21+CD19+ B cells.
Wu et al. noted that patients with HA20 due to

contiguous gene deletions more frequently exhibit
abdominal pain, lymphadenopathy, recurrent infections,
short stature, failure to thrive, IUGR, speech delay, and/
or intellectual disability than patients who have SNVs or
indels in TNFAIP3 alone (Wu et al. 2021). Indeed, our
patient demonstrated many of these features, including
recurrent infection, short stature, failure to thrive, speech
delay, and intellectual disability. Similar to the two
HA20 patients recently reported by Wu et al. our patient
also did not demonstrate arthritis. Additional investiga-
tions are pending to determine if our patient has gastroin-
testinal ulcerations, and to assess their Th17 cells.
Immune system dysfunction is known to be

common amongst patients with chromosomal abnor-
malities, and some syndromes, such as Down and
DiGeorge, are well known to have underlying
immunodeficiency (Kusters et al. 2009; Davies
2013). In a retrospective, observational survey of
46 patients with chromosomal abnormalities (exclud-
ing DiGeorge and Down syndrome) and recurrent
infections, 43 of 46 were reported to have recurrent
ear-nose-throat infections. Antibody deficiency was
the most common immunologic abnormality found,
occurring in 33 of 46 patients, and 37 of 46 patients
had associated developmental delay (Schatorjé et al.
2016). The apparent predisposition to recurrent infec-
tion in HA20, which appears to possibly be even
greater in cases of HA20 caused by chromosomal
deletions, further highlights the importance of
immune system evaluation in patients with chromo-
somal abnormalities and apparent predisposition to
infection or other evidence of immune dysregulation.
Conclusions: Haploinsufficiency A20 is an

autoinflammatory syndrome where recurrent
oto-sinopulmonary infection may be an early, persistent
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or even predominant feature of the disease. We pre-
sented a case of HA20 caused by a large contiguous
chromosomal deletion, where diagnosis was made
many years after initial microarray was performed, only
after the clinical function of TNFAIP3 was elucidated.
Our case highlights the importance of immune

evaluation in individuals with chromosomal deletions
and developmental delay, as well as the value of
revisiting previously performed genetic testing results in
patients with unexplained clinical features, as genetic
and phenotypic knowledge is constantly expanding.

REFERENCES

Aeschlimann, F.A., Batu, E.D., Canna, S.W., Go, E., Gül,
A., Hoffmann, P., Leavis, H.L., Ozen, S., Schwartz,
D.M., Stone, D.L., van Royen-Kerkof, A., Kastner,
D.L., Aksentijevich, I., and Laxer, R.M. 2018. A20
haploinsufficiency (HA20): clinical phenotypes and
disease course of patients with a newly recognised
NF-kB-mediated autoinflammatory disease. Annal.
Rheumatic Dis. 77(5): 728–735. doi: 10.1136/annr-
heumdis-2017-212403.

Catrysse, L., Vereecke, L., Beyaert, R., and van Loo, G.
2014. A20 in inflammation and autoimmunity. Tren.
Immunol. 35(1): 22–31. doi: 10.1016/j.it.2013.10.005.

Chen, Y., Ye, Z., Chen, L., Ye, Z., Chen, L., Qin, T., Seidler,
U., Tian, D., and Xiao1, F. 2020. Association of Clinical
Phenotypes in Haploinsufficiency A20 (HA20) With
Disrupted Domains of A20. Front Immunol. 11:
574992. doi: 10.3389/fimmu.2020.574992.

Davies, E.G. 2013. Immunodeficiency in DiGeorge
Syndrome and Options for Treating Cases with
Complete Athymia. Front Immunol. 4: 322. doi:
10.3389/fimmu.2013.00322.

Dutrannoy, V., Klopocki, E., Wei, R., Bommer, C.,
Mundlos, S., Graul-Neumann, L.M., and Trimborn,
M. 2009. De novo 9 Mb deletion of 6q23.2q24.1 dis-
rupting the gene EYA4 in a patient with sensorineural
hearing loss, cardiac malformation, and mental
retardation. Europ. J. Medical Gene. 52(6):
450–453. doi: 10.1016/j.ejmg.2009.06.004.

Franco-Jarava, C., Wang, H., Martin-Nalda, A., Alvarez,
de S.D., García-Prat, M., Bodet, D., García-Patos, V.,
Plaja, A., Rudilla, F., Rodriguez-Sureda, V., García-
Latorre, L., Aksentijevich, I., Colobran, R., and Soler-
Palacín, P. 2018. TNFAIP3 haploinsufficiency is the
cause of autoinflammatory manifestations in a patient
with a deletion of 13Mb on chromosome 6. Clin.
Immunol. 191: 44–51. doi: 10.1016/j.clim.2018.03.009.

Hautala, T., Vähäsalo, P., Kuismin, O., Keskitalo, S.,
Rajamäki, K., Väänänen, A., Simojoki, M., Säily, M.,
Pelkonen, I., Tokola, H., Mäkinen, M., Kaarteenaho,
R., Jartti, A., Hautala, N., Kantola, S., Jackson, P.,
Glumoff, V., Saarela, J., Varjosalo, M., Kulund, K.K.,
and Seppänen, M.R.J. 2020. A Family With A20
Haploinsufficiency Presenting With Novel Clinical
Manifestations and Challenges for Treatment. JCR: J.
Clin. Rheumatol. Publish Ahead of Print. doi:
10.1097/RHU.0000000000001268.

Kusters, M.A., Verstegen, R.H.J., Gemen, E.F.A., and
Vries, E.D. 2009. Intrinsic defect of the immune
system in children with Down syndrome: a review.
Clin. Exper. Immunol. 156(2): 189–193. doi:
10.1111/j.1365-2249.2009.03890.x.

Schatorjé, E., van der Flier, M., Seppänen, M.,
Browning, M., Morsheimer, M., Henriet, S., Neves,
J.F., Vinh, D.C., Alsina, L., Grumach, A., Soler-
Palacin, P., Boyce, T., Celmeli, F., Goudouris, E.,
Hayman, G., Herriot, R., Förster-Waldl, E., Seidel,
M., Simons, A., and de Vries, E. 2016. Primary
immunodeficiency associated with chromosomal
aberration – an ESID survey. Orphanet J. Rare Dis.
11: 110. doi: 10.1186/s13023-016-0492-1.

Viel, S., Cheyssac, E., Pescarmona, R., Besson, L., Till, M.,
Viremouneix, L., Touitou, I., Sarrabay, G., Walzer, T.,
and Belot, A. 2018. Large deletion in 6q associated to
A20 haploinsufficiency and thoracoabdominal hetero-
taxy. Ann. Rheum. Dis. 77(11): 1697–1698. doi:
10.1136/annrheumdis-2018-213300.

Wu, C.W., Sasa, G., Salih, A., Nicholas, S., Vogel, T.P.,
Cahill, G., Kuehn, H.S., Rosenzweig, S.D., Zhou,
Q., Chinn, I.K., and Yuan, B. 2021. Complicated
Diagnosis and Treatment of HA20 due to Contiguous
Gene Deletions involving 6q23.3. J. Clin. Immunol.
41(6): 1420–1423. doi: 10.1007/s10875-021-01048-w.

Zhou, Q., Wang, H., Schwartz, D.M., Stoffels, M., Park,
Y.H., Zhang, Y., Yang, D., Demirkaya, E., Takeuchi,
M., Tsai, W.L., Lyons, J.J., Yu, X., Ouyang, C., Chen,
C., Chin, D.T., Zaal, K., Chandrasekharappa, S.C.,
Hanson, E.P., Yu, Z., Mullikin, J.C., Hasni, S.A.,
Wertz, I.E., Ombrello, A.K., Stone, D.L., Hoffmann,
P., Jones, A., Barham, B.K., Leavis, H.L., Royen-
Kerkof, A.V., Sibley, C., Batu, E.D., Gül, A., Siegel,
R.M., Boehm, M., Milner, J.D., Ozen, S., Gadina,
M., Chae, J., Laxer, R.M., Kastner, D.L., and
Aksentijevich, I. 2016. Loss-of-function mutations in
TNFAIP3 leading to A20 haploinsufficiency cause
an early onset autoinflammatory syndrome. Nat.
Genet. 48(1): 67–73. doi: 10.1038/ng.3459.

Conference Abstracts

LymphoSign Journal • Vol. 8, 2021. 121



Immunohistopathology evaluation of an X-MAID patient with
a novel mutation in MSN

Laura Abrego Fuentes1, Amarilla B. Mandola2, Bo Ngan3, Chaim M. Roifman1,4
1Division of Immunology & Allergy, Department of Pediatrics, Hospital for Sick Children and University of Toronto, Toronto, ON;
2Pediatric Dept A, Soroka University Medical Center, Ben-Gurion University of the Negev, Beer-Sheva, Israel; 3Department of
Paediatric Laboratory Medicine, Hospital for Sick Children, Toronto, ON; 4Canadian Centre for Primary Immunodeficiency,
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Background: The cell cytoskeleton is finely regulated
by the ezrin-radixin-moesin (ERM) family of proteins,
which form structural links between transmembrane
proteins and the underlying actin cytoskeleton (Fehon
et al. 2010). They are essential for normal membrane
organization and function, including maintenance of
cell shape, microvilli formation, pseudopod/uropod
and immune synapse formation, phagocytosis and
apoptosis, as well as regulation of signal transduction
pathways (Niggli and Rossy 2008). Phosphorylation
and subsequent activation of ERM proteins enables
interactions with partners critically involved in shape
regulation, such as actin filaments, transmembrane
proteins, and scaffolding proteins.
Moesin is encoded by theMSN gene located on the X-

chromosome. It is ubiquitously expressed in lungs,
spleen, kidney, endothelial cells of vessels, and is the
predominant ERM protein in lymphocytes and neutro-
phils (Liu et al. 2015). Deficiency or dysregulation of
moesin has been shown to disrupt the development of
lymphoid cells and neutrophils (Lagresle-Peyrou et al.
2016; Liu et al. 2015)
The recently described X-linked moesin-associated

immunodeficiency (X-MAID), part of a group of
immunodeficiencies caused by defects in cytoskeletal
regulation, is characterized by severe leukopenia
affecting T cells, B cells, and neutrophils (Lagresle-
Peyrou et al. 2016). To date, the clinical picture
of patients with X-MAID varies from those requiring
minimal intervention, through to immunoglobulin
replacement therapy and antibiotic prophylaxis,
and allogeneic transplantation (Lagresle-Peyrou et al.
2016; Henrickson et al. 2019; Bradshaw et al. 2018).
Here, we describe the presentation, immune-workup,

and histopathology findings of a young male patient

with X-MAID and multi-organ involvement, whose
severe pulmonary vein stenosis necessitated a double
lung transplant.
Methods: A thorough review of the patient’s chart

was performed. The patient was enrolled in the
Primary Immunodeficiency Registry and Tissue Bank
(REB protocol number 1000005598) for additional
research-based evaluations.
Results:
Case presentation: Our patient is currently an

8-year-old male from a non-consanguineous Caribbean
family who presented to our Immunology Service at
age 3 with a history of recurrent infections, including
recurrent respiratory tract, oral thrush and 3 major bac-
terial infections: Streptococcal bacteremia at age 2 years,
group A Strep. pharyngitis at age 3 years, and periorbital
cellulitis at age 3.5 years, all requiring prolonged admis-
sion and intravenous antibiotic therapy. Additionally,
he had high myopia, hypotonia, and motor developmen-
tal delay.
His immune evaluation revealed low CD3+ T cells,

including both CD4+ and CD8+, and normal numbers
of CD19+ and NK cells (Table 1). Other immune
parameters were normal, including lymphocyte
responses to phytohemagglutinin, as well as albumin
and immunoglobulin levels, reactive specific antibody
titers, NOBI, CH50, chromosomal microarray and
chromosomal breakage assay.
At age 4 years he was admitted for severe pulmonary

vein stenosis, leading to pulmonary hypertension, and
subsequently underwent a double lung transplant.
Presently, he continues to suffer from multiple infec-
tions, including recurrent pneumoniae (Staphlococcus,
Pseudomonas, Hemophilus, Entero, Rhinovirus,
MAC), and has been unable to clear Norovirus from
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his GI tract. Further, he has developed immune-
mediated bicytopenia, alopecia areata, as well as chronic
kidney injury post-transplant.
Genetic findings: Clinical trio whole exome

sequencing revealed a novel hemizygous mutation in
the MSN gene, encoding moesin. The variant, located
in exon 4, introduces a premature stop codon and is
predicted to cause loss of function—either through
protein truncation or nonsense-mediated decay.
Western blot analysis confirmed reduced expression
of moesin in the patient ’s peripheral blood
lymphocytes.
Histopathology analysis: Histologic evaluation of the

lung tissue prior to transplantation and detailed
immune-histological evaluation of the thymus identi-
fied profound abnormalities in alveoli formation as well
as marked signs of lymphoid underdevelopment, in
keeping with a primary immunodeficiency.
Discussion: Moesin deficiency has only recently

been described. Our detailed histopathology evalu-
ation of the thymus and lungs represent the first
documented for a patient with X-MAID who suffered
severe pulmonary vein stenosis, necessitating a double
lung transplant. Patients with moesin deficiency may
present during infancy or childhood with a severe
form of the disease, including combined immuno-
deficiency with lymphopenia and neutropenia, while
adults may have a milder clinical picture (Lagresle-
Peyrou et al. 2016). Other manifestations, including

hypogammaglobulinemia and poor vaccine responses,
have been reported. With the recent introduction of
SCID newborn screening, X-MAID has also been
identified via low levels of T cell receptor excision
circles, demonstrating the importance of this screen-
ing tool (Delmonte et al. 2017; Dvorak et al. 2019).
Cumulative findings suggest a genotype-phenotype

correlation among patients with X-MAID. Our patient,
with a novel mutation in MSN, adds to the known
spectrum of disease and highlights the non-redundant
functions of moesin, particularly in the lung and
immune organs.
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A case of Trichohepatoenteric Syndrome due to biallelic
damaging variants in TTC37A
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Case:
A female infant was born to a 37-year-old G2P1

mother via urgent c-section at 34 plus 3 weeks’
gestational age for abnormal doppler ultrasound. The
pregnancy was complicated by severe symmetric intra-
uterine growth restriction (IUGR), worsening oligohy-
dramnios, suspected small kidneys, cardiomegaly, and
an umbilical vein varix. There was no history of mater-
nal illness and serologies were protective. Initial Serum
Integrated Prenatal Screening (SIPS) was abnormal
and thought to be representative of placental
dysfunction. An amniocentesis was performed demon-
strating a normal female karyotype and chromosomal
microarray, and a negative TORCH screen. After deliv-
ery, positive pressure ventilation was required for poor

respiratory effort after which she was transitioned to
continuous positive airway pressure therapy (CPAP).
Apgars at birth were 6, 7, and 8 at one, five and ten
minutes respectively. All growth parameters were below
the 3rd percentile, with a very low birthweight of 1050g
and head circumference of 27 cm. The neonate was
transferred to the Neonatal Intensive Care Unit
(NICU) for ongoing support and was eventually
weaned off CPAP. A postnatal echocardiogram identi-
fied multiple small apical muscular ventricular septal
defects (VSD) with no other abnormalities.
The post-natal course in the NICU was complicated,

and Immunology was consulted on day of life 67 (cor-
rected age, 3 weeks) for possible underlying inborn
error of immunity in the setting of persistent
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unexplained lymphopenia, failure to thrive, and chronic
non-bloody diarrhea requiring total parental nutrition
(TPN). Parents were healthy, non-consanguineous and
of Caucasian backgrounds of Swedish, Irish, and
Scottish (maternal), and Bulgarian (paternal) descent.
A two-year-old male sibling was born at term and was
healthy. Extended family history was negative for
inborn errors of immunity, autoimmune conditions,
recurrent miscarriages, or unexplained deaths in chil-
dren. A paternal grandfather died of leukemia at age
52 years.
Physical examination revealed growth parameters

well below the first percentile for head circumference
(33 cm), length (43 cm), and weight (1839 g). Facial fea-
tures were in keeping with a premature baby with
IUGR. Mild hypertelorism was noted however interpu-
pillary distance was not measured. There were no other
dysmorphic features. Examination of the oropharynx
revealed no evidence of oral thrush. There were no pal-
pable cervical, inguinal, or axillary lymph nodes.
Respiratory, cardiovascular, and abdominal examina-
tions were normal. The nails and skin were within nor-
mal limits; however, the hair was very fine, sparse and
with a “frizzy” texture.
Lymphocyte counts since birth had been low at less

than 2 × 109 cells/L (normal range 2.5–16.5 × 109 cells/L).
A summary of laboratory findings at the time of
assessment can be found in Table 1. A T-cell memory
panel was unremarkable for both CD4 and CD8,
however this was unreliable given the very low absolute
number of CD8 T-cells. Dihydrorhodamine Flow
Cytometric Assay was normal. T-cell receptor excision
circle (TREC) assay was sent from the patient’s new-
born screen to Ontario and was initially low. A repeat
assay was just above the lower limit of the cut-off value
at 88 (normal range>75).

An infectious disease work up included negative results
for presence of viruses and bacteria in cultures (blood,
urine, cerebrospinal fluid). A nasopharyngeal swab was
positive for enterovirus and rhinovirus that persisted on
several sample collections over time. Newborn screening
was positive for Hypermethioninemia, and although this
was initially thought to be falsely positive due to Total
Parenteral Nutrition (TPN) administration, a repeat
screen performed 3 weeks later remained positive.
Confirmatory testing with plasma amino acid testing
revealed a methionine level of 374 umol/L (normal range
19–49 umol/L). Review of chest x-rays from birth were
suggestive of an absent thymus. An abdominal ultrasound
revealed multiple hypoechoic nodules concerning for a
possible fungal infection.
Given the history of prematurity, severe IUGR,

microcephaly, and postnatal course complicated by
failure to thrive, chronic diarrhea, persistent unex-
plained lymphopenia, viral infection, undetectable IgG,
IgA, IgM, as well as very low T-cells and B-cells, there
was significant concern for a diagnosis of T-B-NK+
severe combined immunodeficiency (SCID). The liver
nodules were concerning for a possible fungal infection
and treatment with Amphotericin B was initiated,
along with intravenous immunoglobulin replacement
therapy and trimethoprim/sulfamethoxazole for PJP
prophylaxis.
Rapid Whole Exome Sequencing as a trio revealed

two likely pathogenic variants in the TCC37 gene:
c.2578-7_2578-3del intronic variant (maternally inher-
ited and predicted to result in loss of the canonical
acceptor splice site) and c.1325+1G>C splice site vari-
ant (de novo and disrupting the consensus GT splice
donor site). The genetic results along with the clinical
presentation of intractable congenital diarrhea, com-
bined immunodeficiency, IUGR/failure to thrive, and

Table 1: Laboratory Findings.

Immunologic Findings Proband result Age-specific reference range Interpretation

White blood cell count 6.90 × 109 cells/L 5.0–19.5 × 109 cells/L Normal result
Neutrophil count 2.79 × 109 cells/L 1.0–9.0 × 109 cells/L Normal result
Lymphocyte count 1.86 × 109 cells/L 2.5–16.5 × 109 cells/L Low
IgG Undetectable 1.9–13.0 g/L Extremely low
IgM Undetectable 0.06–1.45 g/L Extremely low
IgA Undetectable <0.08 g/L Extremely low
CD3 T cell count (absolute) 1.39 × 109 cells/L 2.3–6.5 × 109 cells/L Low
CD4 T cell count (absolute) 1.33 × 109 cells/L 1.5–5.0 × 109 cells/L Low
CD8 T cell count (absolute) 0.07 × 109 cells/L 0.5–1.6 × 109 cells/L Extremely low
CD19 B cell count (absolute) 0.02 × 109 cells/L 0.6–3.0 × 109 cells/L Extremely low
CD3-56+NK cell count (absolute) 0.19 × 109 cells/L Not available Normal result
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hypermethioninemia established the diagnosis of
Trichohepatoenteric syndrome (THES). Dermatology
was subsequently consulted and identified trichorrhexis
nodosa upon microscopic review of a hair sample
(Figure 1).
Fungal cultures of liver biopsy samples were negative.

Direct Internal Transcribed Spacer (ITS) Polymerase
chain reaction (PCR) analysis of the same samples
identified presence of Candida species; however, speci-
men contamination could not be ruled out. The liver
nodules worsened on serial ultrasounds while receiving
antifungal therapy, suggesting intrinsic liver disease
and cirrhosis. Over the next few months, the infant
developed worsening cholestasis, liver dysfunction, and
TPN dependence. She subsequently died of fulminant
Escherichia coli (E. coli) sepsis at 5 months of life
(corrected age 13 weeks).
Discussion: Trichohepatoenteric syndrome (THES),

also known as Phenotypic Diarrhea of Infancy, is a rare
disorder inherited in an autosomal recessive pattern. It
has been described in approximately 52 patients to date
and was first reported in 1994. Most cases are due to
variants in the TTC37 gene, but variants in the Ski2 Like
RNA Helicase gene (SKIV2L) have also been found to
be disease-causing (Fabre et al. 2018). Protein expression
is found intracellularly, in a variety of organs including
the placenta, kidneys, brain, gastrointestinal tract, liver,
lung, lymph nodes and vascular tissue. The oldest patients
reported with this condition are in their late 20's, with few
individuals in late adolescence. Of the known reported
cases, there have been 21 deaths with infections impli-
cated in at least 7 patients (Fabre et al. 2018).
THES is a multisystem disorder often presenting with

IUGR, growth failure, woolly, or brittle hair with

trichorrhexis nodosa, and severe infantile diarrhea that
is typically lifelong and with onset at usually less than
6 months of age. In some cases, this may present simi-
larly to very early onset-IBD. Facial dysmorphisms,
including hypertelorism, a broad nasal root, and promi-
nent cheeks/forehead may become more evident
with age. Liver disease may also occur with elevated
aminotransferases, hepatomegaly, and risk of fibrosis/
cirrhosis. Hypermethioninemia has been described. In
some cases, progression to hemochromatosis has
occurred. Developmental or cognitive delay (typically
mild) occurs in approximately 50% of affected patients.
Dermatologic manifestations include cafe-au-lait mac-
ules and dyschromic spots. Rare manifestations include
congenital heart disease, platelet abnormalities
(typically without bleeding diathesis), and Hemo-
phagocytic Lymphohistiocytosis (Fabre et al. 2018).
The immunological defect in THES is significant and

can affect B and T lymphocytes and NK cells. In our
patient, enterovirus, and rhinovirus, both single-
stranded RNA viruses, were identified in nasopharyn-
geal samples. The infant also eventually developed
fulminant E. coli sepsis. Laboratory findings were in
keeping with previous observations in this disorder,
including absent immunoglobulins, low T lymphocytes,
and extremely low CD19 B-cells.
Vely et al. describe three immune defects in THES

including low switched memory B, impaired IFN-γ pro-
duction by T and NK cells associated with reduced
degranulation of NK cells, and abnormal T cell prolifer-
ation (Vély et al. 2018). Recurrent infections with
Epstein-Barr Virus, Respiratory syncytial virus, and
bacteria have been described. The exact mechanism of
susceptibility to these pathogens is unclear, however
TTC37 and SKIV2L seem to have a role in RNA
surveillance and degradation via the RNA exosome, an
evolutionarily conserved ribonuclease complex that is
critical for both processing and degradation of a
variety of RNAs (Fabre et al. 2011, 2012; Hartley et al.
2010; Morton et al. 2017). TTC37 has been reported in
the literature as the ortholog of yeast SKI3, encoding
an important component of the Ski complex, which
is required for exosome-mediated RNA surveillance
(Fabre et al. 2012; Brown et al. 2000). Though THES is
associated with at least two different genes, its
clinical manifestations are indistinguishable which
suggests that a defect in Ski-complex function or
structure underlies the main clinical features (Fabre
et al. 2012).

Figure 1: Trichorrhexis nodosa (patient
sample).
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While this may be life-limiting in some, there are
also patients described with long-term survival, and
it is not possible to specifically predict the outcome
or course for any given individual. Mainstays of
treatment include TPN and close nutritional monitor-
ing. Oral feeding (e.g., elemental, or amino acid-based
formulas) is encouraged as tolerated, and in
some cases, weaning off TPN has been described (in
the literature, around age 15 months–3 years).
Hematopoietic Stem Cell Transplant (HSCT) has
been performed in two patients to date: one of which
died of infection and the other who had no improve-
ment in symptoms (Fabre et al. 2018).
In our patient, autopsy confirmed cirrhosis with

interval progression of hepatic damage from previous
biopsies. Neuropathological examination demonstrated
a small brain. Firm white liver nodules were present
with features of infantile hemangioendothelioma, and
the amount of germ cells present in the ovaries
appeared markedly reduced compared to age-matched
controls, which are features that have not been previ-
ously described in THES. An unexpected finding was a
remarkably short small bowel, approximately 25% of
the expected length. This has also not been previously
described in THES and may have contributed to persis-
tent diarrhea.
Conclusion: We present a case of an infant with

clinical features suspicious for inborn error of
immunity, diagnosed with Trichohepatoenteric
Syndrome on Whole Exome Sequencing. Althouh a
very rare condition, it is important to consider this
diagnosis in patients presenting with combined
immunodeficiency, growth failure, diarrhea, and liver
disease. Though the clinical phenotype may resemble
SCID, the management of this disorder is significantly
different, and a molecular diagnosis will facilitate
prognosis counselling for families. Our patient had a
significantly short bowel, infantile hemangioendothe-
liomas, and reduced presence of ovarian germ cells,
which have not previously been observed in this
syndrome and may represent additional phenotypic
findings in this disease.

REFERENCES

Brown, J.T., Bai, X., and Johnson, A.W. 2000. The yeast
antiviral proteins Ski2p, Ski3p, and Ski8p exist as a
complex in vivo. RNA. 6: 449–457.

Fabre, A., Martinez-Vinson C., Roquelaure B., Missirian,
C., André, N., Breton, A., Lachaux, A., Odul, E.,
Colomb, V., Lemale, J., Cézard, J-P., Goulet, O., Sarles,
J., Levy, N., and Badens, C. 2011. Novel mutations in
TTC37 associated with tricho-hepato-enteric syn-
drome. Hum. Mutat. 32(3): 277–281.

Fabre, A., Charroux, B., Martinez-Vinson, C.,
Roquelaure, B., Odul, E., Sayar, E., Smith, H.,
Colomb, V., Andre, N., Hugot, J-P., Goulet, O.,
Lacoste, C., Sarles, J., Royet, J., Levy, N., and Badens,
C. 2012. SKIV2L Mutations Cause Syndromic
Diarrhea, or Trichohepatoenteric Syndrome. Am. J.
Hum. Gene. 90: 689–692.

Fabre, A., Bourgeois, P., Chaix, C., Bertaux, K., Goulet,
O., and Badens, C. 2018. Trichohepatoenteric
Syndrome. In GeneReviews®. Edited by M.P. Adam,
H.H. Ardinger, R.A. Pagon, S.E. Wallace, L.J.H.
Bean, G. Mirzaa, and A. Amemiya. Seattle (WA):
University of Washington, Seattle.

Hartley, J.L., Zachos, N.C., Dawood, B., Donowitz, M.,
Forman, J., Pollitt, R.J., Morgan, N.V., Tee, L.,
Gissen, P., Kahr, W.H.A., Knisely, A.S., Watson, S.,
Chitayat, D., Booth, I.W., Protheroe, S., Murphy, S.,
de Vries, E., Kelly, D.A., and Maher, E.R. 2010.
Mutations in TTC37 cause Trichohepatoenteric
Syndrome (phenotypic diarrhea of infancy).
Gastroenterol. 138(7): 2388–2398.e23982.

Morton, D.J., Kuiper, E.G., Jones, S.K., Leung S.W.,
Corbett, A.H., and Fasken, M.B. 2017. The RNA exo-
some and RNA exosome-linked disease. RNA. 24:
127–142.

Vély, F., Barlogis, V., Marinier, E., Coste, M.E., Dubern,
B., Dugelay, E., Lemale, J., Martinez-Vinson, C.,
Peretti, N., Perry, A., Bourgeois, P., Badens, C.,
Goulet, O., Hugot, J.P., Farnarier, C., and Fabre, A.
2018. Combined Immunodeficiency in Patients with
Trichohepatoenteric Syndrome. Front Immunol.
9: 1036.

Conference Abstracts

LymphoSign Journal • Vol. 8, 2021. 127



Providing patient support, education and  
research to cure Primary Immunodeficiency

         
Tel 416-964-3434  Fax 416-964-6594  

contactus@immunodeficiency.ca   
charitable # 87276 0897 RR0001

www.immunodeficiency.ca

Canada

Canada

Repeated invasive infection (two or more 
pneumonias, recurrent septicemia, abscesses, 
meningitis).¹ 

Infections with unusual or opportunistic pathogens 
(PJP).¹

Poor response to prolonged or multiple antibiotic 
therapies.¹

Chronic diarrhea with or without evidence of  
colitis.¹

Chronic failure to gain weight and grow.²

Persistent (or recurrent) unusual (atypical) or 
resistant to treatment oral lesions (thrush) or skin 
rash (erythroderma, telangiectasias, recurrent 
pustules/nodules/plaques).¹

Structurally abnormal hair (kinky, silvery) nails 
(dystrophic) or teeth (pointy).²

Low serum IgG, chronic lymphopenia, 
neutropenia or thrombocytopenia.¹

Absent lymph nodes and tonsils or chronic 
enlargement of  lymphoid tissues.¹

A family history of  Primary Immunodeficiency, 
autoimmunity or leukemia/lymphoma. ¹

References:  
¹ All age groups  
² Infancy and childhood

Written and approved by the Scientific Director and the Medical 
Advisory Board © 2014 Immunodeficiency Canada

Primary
Immunodeficiency
There are more than 400 genetic defects and disorders of  the 
immune system that are recognized as Primary Immunodeficiency. 
Approximately 29,000 Canadians suffer from forms ranging widely 
in severity and symptoms. Over 70% are undiagnosed.

Early diagnosis and treatment are vital in saving lives. Treatment can improve or prevent long term 
organ damage. Each Red Flag alone should alert healthcare providers to the possibility of  Primary 
Immunodeficiency and require further testing and investigation. Two or more Red Flags should 
trigger an urgent referral to an Immunologist.

Red Flags for 
Primary Immunodeficiency 
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