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Summary

Primary immunodeficiency syndromes are relatively rare
medical conditions that are often misdiagnosed because
of unspecific clinical presentation that mimics other more
common diseases. Incidence of combined common vari-
able immunodeficiency (CVID) is ca. 1 case per 30.000
European population. Usually, a delay of several years is
observed between onset and diagnosis. CVID is the most
frequent primary immunodeficiency after 4 years of life.
The key symptom to establish the disorder is hypogam-
maglobulinemia.

The aim of this article is to demonstrate current trends
in diagnostics of common variable immunodeficiency
(CVID). The present case report describes a 10-year old

Introduction

Primary immunodeficiency (PID) is a relatively rare medi-
cal condition that often mimics infectious, autoimmune or
malignant diseases. Common variable immunodeficiency is
the most common PID in children after 4 years of age and
adults. Inherited CVID is revealed in only 20% of patients,
showing autosomal recessive or autosomal dominant inher-
itance, while the rest of cases seem to occur sporadically [1].
In 2014, diagnostic criteria for CVID were revised by Euro-
pean Society of Immune Deficiencies (ESID), and its major
features were established (Table 1). Those signs include in-
creased susceptibility to infections, autoimmune manifesta-
tions, unexplained polyclonal lymphoproliferation, marked
decrease of IgG and IgA with or without low IgM levels, poor
antibody response to vaccines (and/or absent isohemagglu-
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girl with four major internationally approved criteria of
common variable immunodeficiency (CVID), and spe-
cific lung involvement. Malignant conditions were exclud-
ed. NGS genetic study did not detect any gene mutation
which could be responsible for CVID or related syndromes
(ALPS, HLH). Hence, the CVID remains a diagnosis of
exclusion. Despite replacement with intravenous immuno-
globulins, the lung function in our patient continued to de-
teriorate that necessitated initiation of immunosuppressive
treatment.
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tinins), low switched memory B cells. Secondary hypogam-
maglobulinemia should be excluded. Variable manifesta-
tions reflect a possibly different genetic background of the
disease. At the present time, however, any specific mutations
can be detected only in 30% of CVID cases, even with such a
comprehensive method as whole exome sequencing [2].

Incidence of CVID is ca. 1 case per 30.000 European pop-
ulation. Clinical manifestation of the disease may be at any
age, with a first peak at 5 to 10 years and second, between
20 and 30 years. [3]. Common variable immunodeficiency is
often diagnosed in children, being associated with high mor-
tality in this group. [4]. Diagnostic criteria have been estab-
lished, aiming to suspect PID in children including frequent
infections of ears, sinuses and lungs, recurrent abscesses,
persistent rash after first year of age, inefficiency of long-last-
ing treatment with antibiotics, inability to gain weight and
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Table 1. Revised ESID (2014) diagnostic criteria for CVID

At least one of the following:

- Increased susceptibility to infection

- Autoimmune manifestations

- Granulomatous disease

- Unexplained polyclonal lymphoproliferation

- Affected family member with antibody deficiency

normal levels for their age);

AND marked decrease of IgG and marked decrease of IgA with or without low IgM levels (measured at least twice; <2 SD of the

AND at least one of the following:

where defined

- Poor antibody response to vaccines (and/or absent isohemagglutinins); i.e., absence of protective levels despite vaccination

- Low switched memory B cells (<70% of age-related normal value)

AND secondary causes of hypogammaglobulinemia have been excluded

AND diagnosis is established after the fourth year of life (but symptoms may be present before)

AND no evidence of profound T-cell deficiency, defined as two out of the following (u=uear of life):

- (D4 numbers/microliter: 2-6y <300, 6-12y <250, >12y<200

- % Naive (D4: 2-6y<25%, 6-16y<20%, >16y<10%

- T-cell proliferation absent

growth, as well as family history of PID. Despite awareness
of health care providers, a delay of several years is observed
between first symptoms and diagnosis of PID [5]. This fact
demonstrates that CVID is a diagnostic challenge, since it is
often not considered. During diagnostic search, a wide spec-
trum of disorders may be considered at differential diagno-
sis. Detection of antibody deficiency is an important clue to
suggest a CVID diagnosis. In general, CVID may be regard-
ed as a diagnosis of exclusion. Autoimmune complications
are, generally, common in PID and may manifest as initial
symptoms in some cases. Only 25% of CVID patients pres-
ent with common infections as the only symptom. In most
cases, the CVID symptoms are associated with immune dys-
regulation [6]. Benign generalized hypertrophy of lymphoid
tissues is more common in CVID than lymphoma [7]. Lungs
are affected by infections and uncontrollable inflammation
in up to 30%, and early development of bronchiectasis is of-
ten a key to CVID diagnosis [8].

The main approaches to CVID management are IVIG re-
placement therapy, adequate infectious control and, in se-
vere cases, immunosuppressive treatment. The only option
to cure CVID is allogeneic hematopoietic stem cell trans-
plantation, but its administration is rather limited in this
clinical setting due to high toxicity. In case of severe and re-
fractory hemolytic anemia, splenectomy may be a treatment
option. Therefore, existence of life-saving management strat-
egies, together with timely diagnosis increases chances for
treatment success and underlines the necessity of awareness
among medical staff [9].

In this report, we present a clinical case of a child with CVID
which manifested with multiple autoimmune problems and
progressive lung disease.

Case description

A 10-year-old female patient (PKD) with severe pancytope-
nia, giant splenomegaly, generalized lymphadenopathy, mul-
tiple lesions in lungs and febrile neutropenia was admitted
to clinic R.Gorbacheva Memorial Institute with preliminary
diagnosis of unverified hemoblastosis in March 2016. The
initial diagnosis was suspected based on above mentioned
characteristic clinical symptoms and laboratory data (Table
2-5). Analysis demonstrated moderate anemia, leukopenia
and thrombocytopenia, slightly elevated transaminases and
triglycerides, decreased fibrinogen and immunoglobulins.
At the moment the most probable diagnosis consistent with
laboratory findings was hematological disorder. Hypogam-
maglobulinemia at that time was explained as a consequence
of lymphopenia and wasn't attributed to primary immu-
nodeficiency. No cases of PID were reported in the family
history. The child didn't previously suffer from recurrent
or unusual or seasonal infections. At the age of 6 years, the
patient had an episode of autoimmune hemolytic anemia
which responded to Prednisolone treatment. Severe hemo-
lytic anemia was the only registered autoimmune disorder
phenomenon that never relapsed.

Diagnostic workup allowed to exclude bone marrow involve-
ment. Bone marrow aspirate and trephine biopsy showed no
signs of clonal proliferation or aplasia. Cytogenetic analysis
of bone marrow demonstrated normal karyotype. Molecu-
lar-biologic analyses of genes associated with hemoblastosis
(t8;21, inv16, t15;17, t9;22, FLT3, NPM1, WT1, EVI-1, MLL,
t4;11, del (1) SIL/TAL, t1;19, t9;22, t12;21) were negative.
Lymphoproliferative disorder was suspected as a possible
primary diagnosis due to generalized lymphadenopathy and
splenomegaly.
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Table 2. Blood counts in the patient
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Laboratory parameters 29.04.16 30.04.16 01.05.16 units Reference range
Red blood cells(RBC) 3.61 3.80 3.24 *10"12/L (3.90 - 5.00)
Hemoglobin (HGB) 86 89 IE] g/L (120 - 160)
Hematocrit (HCT) 254 26.9 222 % (35.0 - 60.0)
Mean Corpuscular Volume (MCV) 70.4 70.7 68.6 fl (80.0 - 99.0)
Mean Corpuscular Hemoglobin (MCH) 238 234 225 pg (27.0 - 31.0)
Mean Corpuscular Hemoglobin Concentration (MCHC) | 338 332 328 g/L (330 - 380)
Leucocytes (WBC) 12 13 1.0 *10"9/L (4.0-9.0)
Thrombocytes (PLT) 28 32 30 *10"9/L (180 - 320)
Neutrophils (NE) % 51.0 581 54.2 % (47.0 - 72.0)
Neutrophils (NE) # 0.6 0.7 0.6 *10"9/n (20-55)
Lymphocytes (LY) % 319 271 332 % (19.0 - 37.0)
Lymphocytes (LY) # 0.4 0.4 03 *10"9/n (12-3.0)
Monocytes (M0) % 13.4 123 10.1 % (3.0-T11.0)
Monocytes (MO) # 0.2 0.2 0.1 *10"9/n (0.1-0.6)
Eosinophils (EQ) % 29 19 1.8 % (0.5-5.0)
Eosinophils (EQ) # 0.0 0.0 0.0 *10"9/n (0.0-03)
Basophils (BA) % 0.8 0.6 0.7 % (0.0 -1.0)
Basophils (BA) # 0.0 0.0 0.0 *10"9/n (0.0-0.)

Table 3. Biochemical analysis of blood
Biochemical parameters 04.04.2016 04.05.2016 Units Reference range
(C-reactive Protein 7.00 0.60 mg/L (0.01-5.00)
Total Protein 56.90 70.20 g/L (57.00 - 80.00)
Albumin 36.00 4440 g/L (35.00 - 52.00)
Creatinine 0.077 0.067 pmol/L (0.044 - 0.088)
Total Bilirubin 20.00 17.00 mmol/L (5.00 - 21.00)
Sodium 13830 135.0 mmol/L n (136.00 - 146.00)
Potassium 397 3.56 mmol/L (3.50 - 5.10)
Aspartate aminotransferase 74.20 69.7 u/L (0.00 - 35.00)
Alanine aminotransferase 29.80 312 u/L (0.00 - 35.00)
Triglycerides 35 33 mmol/L (0.55-3.21)
Fibrinogen 1 11 g/L (1.7-4.0)

Table 4. Blood Level of Immunoglobulins

04.04.2016 21.04.2016 04.05.2016 Units Reference range

Immunoglobulin A 0.21 0.17 0.18 g/L (0.80 - 4.50)
Immunoglobulin M 0.64 0.27 027 g/L (0.50 - 3.00)
Immunoglobulin G 317 238 2.69 g/L (7.50 - 15.60)
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Table 5. Immunophenotyping of lymphocytes

8.04.2016 % Reference range
(D3+ 849 T 63-69
(D4+ 549 1 39-47
(D8+ 239 23-29
(D19+ 102 10-14
(D56+ 4.0 i 6-17
15.06.2016

(D27+IgM-IgD- (switched memory B cells) 0.48 1 1.00 - 43.00
(D27+IgM+IgD+ 039 1 2.00 -28.00
(D27+IgM+IgD- 0.00 1 0.50 - 7.00
(D27-IgM+IgD+ 6.86 1 49.00 -100.00

Giant splenomegaly with hypersplenism that resulted in
life-threatening severe pancytopenia were indications for
splenectomy with dissection of enlarged regional lymph
nodes. It appeared to be a therapeutic and diagnostic op-
tion. Splenectomy performed at 5® May 2016 was followed
by recovery of peripheral blood counts, but hypogam-
maglobulinemia still persisted despite normal lymphocyte
counts (See Fig. 1 for dynamics of immunoglobulins and
lymphocytes). After splenectomy, total number of lympho-
cytes raised above 1000 cells per mcL, and all major lym-
phocyte subpopulations raised to normal ranges (number of
CD4+ > 300 cells per mcL; number of CD8+ cells > 250 per
mcL, number of CD19+ cells > 170 per mcL, and number of
CD56+ cells > 70 cells per mcL).

Histological and immunohistochemical analysis of removed
spleen and lymph nodes demonstrated non-specific reactive
changes that were not associated with any malignant disease
(revised by 2 independent pathologists: Prof. V. V. Baykov

and Prof. U. A. Krivolapov). Presence of enterovirus and Her-
pes simplex type 1/2 virus was shown in spleen and lymph
nodes by PCR assays and confirmed by immunohistochemis-
try. Blood samples were negative for viral, bacterial and fun-
gal infections.

CT scanning prior to splenectomy revealed generalized lym-
phadenopathy of mediastinal and abdominal lymph nodes
(Fig. 2A), and multiple lesions in lungs (Fig. 2B). Repeated
microbiological cultures of bronchoalveolar lavage still were
negative for bacterial, viral and fungal pathogens.

Since the patient has recently travelled to Egypt, visceral
leishmaniosis was also suspected, due to fever, hepatosple-
nomegaly and pancytopenia evolving after the trip. Howev-
er, hypogammaglobulinemia (instead of hypergammaglob-
ulinemia typical to leishmaniosis), negative serological and
PCR results, as well as absence of leishmania species in bone
marrow aspirate allowed to rule out this diagnosis.

Time Course of Lymphocyte Counts and Ig G
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Figure 1. Time course of lymphocyte counts (x10° per pL), and IgG levels (g/L)
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Figure 2. Computer tomography scans of mediastinal structures (2A) and lungs (2B)

A, mediastinal lymphadenopathy with enlarged lymph nodes marked with black arrows.

B, multiple lesions in lungs in a patient with CVID. Numerous chaotic lesions (maximal size of 12x10 mm) are registered in
lungs, with indefinite margins and peribronchial wall thickening. Subpleural triangular or polygonal spots, presumably of inflec-

tional origin. Diffuse intensification of interstitial component.

The diagnostic search also included Gaucher disease. Anal-
ysis of glucocerebrosidase activity in blood was performed
at the Research Centre for Medical Genetics (Russian Acad-
emy of Sciences, Moscow). The enzyme activity was within
reference ranges, without a decrease typical to this genetic
disorder.

The patient remained diagnostically unclear. There was no
definitive evidence of malignancy, thus three non-malignant
disorders were considered in differential diagnosis at the mo-
ment. They included: hemophagocytic lymphohistiocytosis
(HLH), autoimmune lymphoproliferative syndrome (ALPS),
and a primary immunodeficiency (PID). All these diseases
share joint clinical signs and pathogenic mechanisms, being
attributed to a common class of primary immunodeficiency
syndromes [10].

HLH is a real problem for health care providers, in terms
of diagnostic and therapeutic issues. Our patient had four
criteria consistent with HLH: fever, splenomegaly, cytopenia
and hypertriglyceridemia with hypofibrinogenemia (Tables
2 and 3). Hemophagocytosis in bone marrow or spleen, hy-
perferritinemia and HLH-specific mutations were absent
(PRF1, STXBP2, STX1, UNCI13D), NK-cell activity in pe-
ripheral blood was normal. To establish diagnosis, accord-
ing to Revised Diagnostic Guidelines for HLH, at least five
of diagnostic criteria should be fulfilled, or HLH mutations
should be present [11]. Hence, HLH was dismissed because
only 4 criteria were present in the patient.

Autoimmune lymphoproliferative syndrome (ALPS) is
characterized by malfunction in apoptosis of lymphocytes
that leads to excessive lymphoproliferation. Presence of
lymphadenopathy and splenomegaly, hemolytic anemia in
previous history are characteristic to ALPS, but low level of
double-negative CD3+/CD8-/CD4-/TCRaf+ mature lym-
phocytes in peripheral blood was not consistent with this di-
agnosis. Mutations in FAS gene were not found upon whole
genome sequencing (University of Dusseldorf, see data in
Appendix). Absence of double-negative T lymphocytes and
mutations in FAS gene made the diagnosis of ALPS very un-
likely.
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Due to severe persistent hypogammaglobinemia in the
patient, a work-up for CVID was done. Absolute count of
switched memory B-cells was checked (0.48%), and it proved
to be decreased (reference range 1-40%) that is consistent
with diagnosis of CVID (Table 5).

The whole exome sequencing of the patient leukocytes has
been performed at University of Dusseldorf using the pri-
mary Immunodeficiency gene panel. The screening did not
reveal any candidate genes considered related to primary im-
munodeficiency, autoimmune lymphoproliferative disorder,
HLH or inherited lung disorders (Table 6).

Discussion

According to the established clinical criteria (Table 1), a
CVID diagnosis was confirmed, based on persisting hypog-
ammaglobulinemia, decreased count of switched memo-
ry B-cells (CD27+IgM-IgG-), autoimmune complications
(hemolytic anemia) and non-malignant lymphoproliferative
syndrome. Lung involvement shown in the child may occur
in 30% of patients with CVID, being an unfavorable prog-
nostic sign. Sarcoid-like granuloma, organizing pneumonia,
lymphocytic interstitial pneumonitis and nonspecific inter-
stitial pneumonia are the most common types of histological
findings in affected lungs of CVID patients [13].

Hence, the CVID diagnosis is based on constellation of sev-
eral non-specific criteria, while excluding other, less pro-
bable, clinical conditions.

The patient is now receiving regular infusions of intravenous
immunoglobulins and level of immunoglobulin G is main-
tained at normal values. However, pulmonary complications
of CVID still persist and slowly diminish with time. Lung
biopsy has been performed, demonstrating granulomatous
pneumonitis without any signs of malignancy. Immunosup-
pression with Rituximab was initiated due to progressing
autoimmune problems and respiratory failure. The granu-
lomatous pneumonitis is currently the only one and leading
autoimmune disorder in the patient.
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Table 6. Genetic background of CVID, ALPS and HLH [12]

Type of Disorder Pathogenetic subtype

Common variable immunodeficiency and related | a. Common variable immunodeficiency of unknown origin, locus unknown.
disorders. b. 1COS (inducible T-cell costimulator) deficiency, gene - 1C0OS, locus - 2q33
¢. (D19 deficiency, locus - 16p11.2

d. (D20 deficiency, gene — MS4A]1, locus - 11q12.2

e. (D8I deficiency, locus - 11p15.5

f. TACI deficiency, gene — TNFRSF13B, locus - 17p11.2

g. BAFF receptor deficiency, gene — TNFRSFI3C, locus - 22q13.2

h. (D21 deficiency, locus - 1q32.2

i. (D27 deficiency, gene — TNFRSF7, locus - 12p13.3

j- LRBA deficiency, gene - LRBA, locus - 4q13

Autoimmune lymphoproliferative disorder. a. ALPS-FAS (defective (D95), gene - FAS orTNFRSF6, locus - 10q23.31

b. ALPS-FASL (defective CD178), gene — FASL or TNFSF6, locus - 1q24.3

¢. ALPS-CASP10, Caspase 10 deficiency, gene — CASP10, locus - 2q33.1

d. CEDS (caspase 8 deficiency state), gene - CASPS, locus - 2q33.]

e. RALD (Ras-associated autoimmune leukoproliferative disorder),
gene — NRAS, locus - 1p13.2

f. V-KI-RAS2 Kirsten, gene — KRAS, locus - 12p12.1

Familial Hemophagocytic lymphohistiocytosis a. FHL1. FHL with unknown gene defect.

(FHL) b. FHL2 due to perforin defi ciency, gene — PRFI, locus - 10q22.

¢. FHL3 UNCI3D (Munc 13-4) deficiency, gene - UNCI3D, locus - 17q25.3

d. FHL4 due to syntaxin 11 deficiency, gene - STXT], locus - 6q24.2

e. FHL5 due to syntaxin 11 binding protein 2 (Munc 18-2) deficiency,
gene - STBP2, locus - 19p13.2

f. X-linked lymphoproliferative syndrome (type 1, XLP1), gene - SH2DIA,
locus - Xg25

g. X-linked lymphoproliferative syndrome type 2 (XLP2), gene - XIAP,
locus - Xg25

h. Immunodefi ciency X-linked, with magnesium defect, EBV infection and
neoplasm (XMEN), gene - M AGTI, locus - Xq21.1.

i. IL2 inducible T-cell kinase (ITK) deficiency, gene - ITK, locus - 5q33.3.

Prognosis for the presented patient is uncertain due to pro-
gressive lung involvement. Further treatment options may ACk“OWlEdgementS
consist of glucocorticosteroids, cyclosporine A, sirolimus,
cyclophosphamide,  hydroxychloroquine, azathioprine,
methotrexate, etanercept, infliximab and other immuno-
suppressive agents. If further respiratory deterioration will
occur despite immunosuppressive treatment and IVIG, al-
logeneic hematopoietic stem cell transplantation and lung
transplantation may be considerable options in this patient.
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Obwaga BapnabenbHasgs MUMMyHHaAA HeOCTAaTOYHOCTb
y pebeHka. OnncaHune KIMHWYECKOro cnyyas

Anppeii B. Kosnos, Tatbana A. boikoBa, Anactacus C. boposkosa, Mapus 0. AsepbanoBa, Bapsapa H. Opeuknna,
Enena B. Mopososa, /Iropmuna C. 3y6aposckas, Huxomait H. Mamaes, bopuc B. Apanacbes

HVW metckoit OHKO/MOTMY, TeMaTonornu 1 Tpancmwiantonornu uM. P. M. TopbadeBoit; kadenpa reMaTonornu, Tpancdysunomno-
TUY U TPpaHCIUTaHTooruy, IlepBsiit CaHKT-IleTep6yprckuit rocymapcTBeHHbI MenuinHcKuil yauBepcuret uM. V. I1. [TaBnosa,

Cankr-Iletep6ypr, Poccus

Pe3siome

[TanyeHTBI ¢ CMHAPOMaMM MEPBUYIHOTO MMMYHOfedu-
[T BCTPEYAIOTCS OTHOCUTETIBHO PENKO U UM 4acTO
CTaBUTCsI OUIMOOYHBIN [MATHO3 B CBA3U C HeCIelu-
UYeCKMMY KIMHNYECKMI CUMIITOMaMM, HAIIOMIHA-
IOIIMMI ApYyTHe, 6oee dacThle 3abonmeBanmsA. YacTora
ob1eit BaprabenbHOM MMMYHHOM HEOCTaTOYHOCTH
(OBMH): 1 crywait Ha 30.000 >xuterneit EBporsr. O6514-
HO VIMeeTCs 3ajepyKKa B HECKOIBKO JIeT MKy HauasioM
3aboneBaHus 1 guarHozoM. OO1mas BapuabenpHas UM-
MYHHasI He[IOCTaTOYHOCTb SABJIAETCS HarbosIee JacThIM
HEePBUYHBIM UMMYHOAE(DUIIUTOM B BO3pacTe cTapiie 4
neT. OCHOBHBIM CHMMIITOMOM JJIsI YCTAHOBJIECHMs AMa-
THO3a SB/IAETCS TUIIOraMMarIo0yIMHEMISL.

enpro faHHOM CTaThbU ABIAETCA IIOKAa3aTh CYLIECTBY-
fomue TeHfgeHIVM B AnarHoctuke OBVIH. Ilpencras-
JIEHHDBI KIMHUYECKUIT CIydall ONMUChIBaeT 10-1eTHIO0
JE€BOYKY, IO3UTVBHYIO IIO YETBIpEM MEXJyHapOJ-
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HBIM KauHumdeckuM Kputepuam OBVIH u ¢ manmuuem
crieruuecKoro MopakeHNs aerkux. IIpu atom 6b1m
VICK/IIOYEHbI 37I0KaueCTBEHHbIE 3aboneBaHus. [eHeTn-
yecKoe MCCIIefjOBaHNe MeTOHOM ITTyOMHHOTO T'€HHOTO
cexBenrpoBanysi (NGS) He BBLIBIIO KaKOM-IO0O TeH-
HOJI MyTallMy, KOTOpas MoIIa OBl OBITh OTBETCTBEH-
Hoit 3a OBVH wmu popcrBennsle cuHApomsr (ALPS,
HLH). Takum o6pasom, OBMH ocraeTcsi puarHozom
VICK/IIOUEHMA. Y HAIIETo MaIyieHTa, HECMOTPs Ha 3aMe-
CTUTEIbHYIO Tepaluio BHYTPUBEHHBIM MMMYHOITIO0Y-
JIMHOM, JIeTOYHasi QYHKIMA MPOJOJDKaIa YXyAIIaThCs,
YTO HPYBENIO K HEOOXOAMMOCTI HPUCTYIUTD K UMMY-
HOCYIIPECCHBHOI TepaNNH.
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