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Abstract: Idiopathic CD4 lymphocytopenia is a condition characterized by low CD4 counts.
It is rare and most of the information about this illness comes from case reports. Presentation
is usually in the 4th decade of life with opportunistic infections, autoimmune disease or
neoplasia. The pathophysiology of this condition is not well understood. Management
revolves around treatment of the presenting condition and close follow-up of these patients.
This review presents a narrative summary of the current literature on idiopathic CD4
lymphocytopenia.
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Introduction

Idiopathic CD4 lymphocytopenia (ICL) was accepted as a disease entity in 1992.
The Centers for Disease Control gave the criteria for ICL as (1) CD4 T-lymphocyte
depletion (absolute CD4 T-lymphocyte level <300 cells/mL or <20% of total
lymphocytes at a minimum of two separate time points at least 6 weeks apart);
(2) no serological evidence of HIV infection; (3) the absence of any defined
immunodeficiency or therapy associated with depressed levels of CD4 T-cells.'
Since then, despite many reports, the condition remains poorly understood.

Epidemiology

In 1993, Smith et al reviewed 230,179 cases in the AIDS reporting system and
identified 47 individuals with ICL.> Busch et al were able to identify only 5 donors
with low CD4 counts from 2030 blood donors.’ Bofill et al studied 676 subjects and
found 7 subjects (1.4%) with low CD4 counts.* Thus, ICL appears to be a rare
condition. We performed a PUBMED search using the MESH term of idiopathic
CD4 lymphocytopenia and restricted the results to case reports. A compilation of
various clinical and demographic features of ICL is in Table 1.>>* The disease appears
to present in the 4th decade with no definite sex preponderance. Opportunistic infec-
tions (OI) seem to be the most common presenting feature.

Pathogenesis
Normal CD4 T Cell Physiology

The committed lymphoid precursors from the bone marrow are recruited to the
thymus by the chemokine ligands CCL21 and CCL25 and develop into T cell
These progenitor cells (CD34+CD38+CD62L+) enter through the
corticomedullary junction and its migration to the subcapsular cortex is mediated
by CCL25 and C-X-C motif chemokine ligand 12 (CXCL12)."" Engagement of

progenitors.’
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Table | Demographic and Clinical Features — A Summary of Case Reports, Case Series and Cohorts of ICL

Number Smith Zonios et al® Ahmad et al® Regent et al’ Yarmohammadi | Our Review
et al’ et al®
47 39 259 40 24 164

Source of patients Review of Prospective; Literature search Retrospective; Retrospective; Literature search
AIDS single centre (Includes Smith et al Multicenter single centre (only case
reporting and Zonios et al) reports)
system

Age in years (as 43 (17-78) 29 (44%) 40.7 (SD: 19.2) 44.2 (19-70) 45 (7-76) 45.4 (0.5-85)

mean with range between 30 and

or as specified) 50 (20-90)

Women 18 (38%) 22(56%) 91 (36%) 24(60%) 14(58%) 55 (36%)

Opportunistic 43 (91%) 15(42%) 226 (87.6%) 25 (63%) 18(75%) 114 (70%)

infections

Other features Not 9 (23%) 85 (33%) autoimmune | 14(35%) 8 (33%) 30(18%)
reported autoimmune disease; 47 (18%) autoimmune autoimmune autoimmune

diseases; 5 (13%) | cancer disease; 5 (13%) diseases; 10(41%) diseases 26(16%)
cancer cancers cancer cancer

Asymptomatic 3 (6%) 7 (18%) Not reported 8 (20%) 0 Unknown

Mortality 2 (4%) 7 (18%) 24 (9%) 6(15%) 0 25(15%)

CD4 counts in 144 (0-296) | 139 (4-290) 143 127 (7-294) 119 (4-294) 140 (0.1-299)

cells/mm® (mean

with range)

Improved CD4 8 (25%); 7(18%) 27(10%) 61(2.5%) 2 (8%) Unknown

counts on follow

up

Follow-up variable 49.5 mths for 36 | variable 2-295mths Not reported Variable

Abbreviations: ICL, idiopathic CD4 lymphocytopenia; CD4, cluster of differentiation 4; SD, standard deviation; mths, months.

a Notch receptor on the surface of the progenitor cell leads
to commitment to T cell lineage.!' Following this, CD1 is
expressed, resulting in a pro-T cell that is triple-negative:
CD3-CD4-CD8-."!

Further differentiation progresses through various stages
(Figure 1). Thymocytes with low avidity interactions with
self-peptide major histocompatibility antigen undergo posi-
tive selection and differentiate into CD4 or CDS8 single-
positive (SP) thymocytes.'” CD4 SP thymocytes undergo
negative selection in the medulla by their interaction with
medullary thymic epithelial cells which express tissue-
restricted self-antigens.” CD40 and CD40 ligand interaction
is the master regulator for negative selection.”

Sphingosine-1 phosphate mediates egress of these lym-
phocytes into the circulation.'® Activation (Figure 2) occurs
due to the interaction of T Cell Receptor (TCR) of the naive

CD4 cell with MHC class II of antigen-presenting cells,
resulting in different subsets— Ty, Ty2, Tyl7, Ty22, Ty,
and iTreg.” A supramolecular activation complex or immu-
nological synapse is formed,'' enabling CD3 to bind with
zeta associated protein kinase 70 (ZAP70).'* ZAP70 in turn
results in activation of downstream pathways such as MAPK
(mitogen-activated protein kinase), IL-2 inducible T cell
kinase (ITK), and phosphoinositide 3 kinase (PI3-K) which
play a role in T cell activation and maintenance.'"'?
Interferon y (IFN-y), IL-2, and lymphotoxin-o (LTA) are
produced by the Tyl cells. IL-2 is necessary for memory of
CD4 cells."® Tyl cells are important for organ-specific
immunity and intracellular pathogens like mycobacteria.'”
Ty2 produces IL-4, IL-5, IL-9, IL-10, IL-13, and IL-25 and
has an important role to play in allergic reactions, hel-

minthic infections, and airway hypersensitivity.'> Ty;17
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Figure |1 CD4 Thymocyte development. Following the migration of lymphoid precursors to the thymus, four stages of double-negative development lead to a double
positive thymocyte. Loss of signalling components Lck, SLP-76, and LAT-1 results in a block at this stage of T cell development. Exposure to self-antigens presented by the
cortical thymus epithelial cells (cTECs) enables positive selection. Negative selection occurs in the medulla. o, B, €, v, 8, and { denote chains of the CD3-TCR complex. Those
marked with * indicate reported genetic/immunologic defects in idiopathic CD4 lymphocytopenia. Data from Zhang and Davila® and Weitkamp et al.2*

Abbreviations: CD, cluster of differentiation; SLP76, SH2-domain-containing leukocyte protein of 76 kDa; ZAP70, zeta-chain-associated protein kinase; Lck, lymphocyte-
specific protein-tyrosine kinase; LAT-1, linker for activation of T cells-1; TCR, T cell receptor; NK T, natural killer T cell; Treg, regulatory T cell; DP, dual positive; DN, dual
negative; SP, single positive; IL, interleukin; MHC, major histocompatibility complex; V(J)D, variable, diversity and joining regions of T cell receptor; TH, T helper cell; Costim,
Costimulatory; ThPOK, T-helper-inducing POZ/Krueppel-like factor; mTEC, medullary thymic epithelial cells; VAV, guanine nucleotide exchange factor; Nur77, orphan
nuclear receptor 77; SIP, sphingosine-1 phosphate; JAK3, janus kinase 3; RAG, recombination activating gene; CCL, chemokine ligand; CXCL, C-X-C motif chemokine
ligand; CCR, C-C chemokine receptor.
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Figure 2 T cell receptor antigen activation and signalling. Immunological synapse is formed between the antigen-presenting cell with its MHC-peptide and the TCR, CD4/8
and CD45. Activation begins with Lck activation by CD45, followed by phosphorylation of Immune-receptor-Tyrosine-based-Activation-Motif (ITAMs) and recruitment of
ZAP-70 and further activation of downstream pathways that are involved in cell cycle turnover and cytoskeleton rearrangement. o, B, €, v, 8, and { denote chains of the CD3-
TCR complex. Those marked by * indicate genetic defects reported in idiopathic CD4 lymphocytopenia and marked with # indicate sites of therapeutic intervention. Data

from references 9, 12, 25, 30, 31, 32, 35, and | 6.

Abbreviations: CD, cluster of differentiation; IL, interleukin; RAG, recombination activating gene; UNCI |9, uncoordinated |19; Mg, magnesium; STK, serine threonine

kinase; ITK, inducible tyrosine kinase; ZAP 70, zeta-chain-associated protein kinase.

cells produce IL-17, IL-21, IL-22, and IL-23. They mediate
immune responses to extracellular bacteria and fungi and

are also implicated in theumatoid arthritis, psoriasis, type 1

diabetes

syndrome.” IL-22 is the most important cytokine produced

mellitus, multiple sclerosis, and Sjogren

by Ty22. These cells migrate to the skin and may be
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involved in diseases such as atopic eczema and psoriasis.
Ty cells producing IL-9, have a role in autoimmune and
allergic diseases, and infections.” Following interaction
with stromal cells, the CD4+ thymocytes develop into
Tregs.” They constitute 5-10% of peripheral CD4+T cells
and express CD47/CD25"'* Treg cells have a role in
maintaining self-tolerance and regulation of immune
responses. "

Termination of T-cell mediated inflammation can be
produced by loss of antigen, cell death (apoptosis and
necroptosis), inhibitory molecules (CTLA 4), and meta-
bolic factors.'>'® Some of the T cells survive to continue

as memory T cells.'>'¢

Immunological Defects Seen in ICL
The immunological defects reported in ICL are sum-
marised below.

Reduced Naive T Cells

Recent thymic emigrants (RTE) influence the rate of infections
and deaths in patients with renal transplants.'” The immuno-
phenotype of the naive RTE is CD45RA'CD45RO™
CCR7'CD62L". In a study by Bugault et al, CD45RA"
CD62L"CD4" T cell population in patients with ICL was
reduced, while CD45RA CD62L" effector memory cells
were increased.'® In another study of 20 patients with ICL,
the expansion of terminally differentiated effector memory
cells and contraction of the naive T cells was observed."”
CD45RA'CD31" are thymus-derived naive T cells, while
CD45RA'CD31" are peripherally expanded naive T cells.
Levels of the latter are reduced in patients with ICL."” In
a study by Kovacs et al, patients with ICL had a lower percen-
tage of naive cells in the rectosigmoid mucosa compared to
effector and central memory cells.”® A higher proportion of
Tregs (CD25 FoxP3'CD4") is also seen in ICL.'"® Enhanced
CD45RO expression with reduced CD45RA expression
(lower naive T cell) and increase in y3-TCR cells was reported
in a 9-year old boy with ICL and was suggestive of
a maturation defect.”’

Chronic TCR Stimulation

Lee et al observed that CD4 cells from patients with HIV
and ICL showed greater levels of activation and levels of
lipopolysaccharide, a marker for microbial translocation,
was also similar between the two groups.”? The dual-
specificity phosphatases (DUSP) family downregulate
TCR signalling. Overexpression of DUSP4 reflects T cell
activation strength and the cumulative number of cell

cycles. Their overexpression in CD4 cells of patients
with ICL suggests chronic TCR stimulation. In vitro
TCR signalling improved with silencing of DUSP4."?

Reduced TCR Repertoire

Multipotent double-negative T cells differentiate into of
and yd cell populations based upon the surface TCR
expression and DNA rearrangements.” yYdTCR is expressed
by 2-5% of T lymphocytes in the thymus and peripheral
blood.?* The analysis of aff and y8 type TCRs in three
patients of ICL showed that their repertoire was severely
affected, though it was not related to the severity of
infections.>* In a study by Sheikh et al, y& CD4 T cells
were found in higher proportions in ICL.?

Proposed Reasons for Reduced CD4
Counts in ICL

Several hypotheses proposed to explain the selective
depletion of CD4 cells, are discussed in the following
sections.

Increased Apoptosis in ICL

Fas (CD95), a member of TNF family trimerizes with the
Fas ligand leading to thymocyte apoptosis during negative
selection and during peripheral deletion of activated
T cells.***” Low levels of Fas are seen in quiescent periph-
eral mononuclear blood cells.? In a study of eight patients
with ICL and clinical immune deficiency, seven had accel-
erated apoptosis of CD4 cells.?® Increased activated T cell
markers—CD25, CD69, and Fas/CD95" was seen in
a patient with ICL compared with normal controls, resulting

in more spontaneous and Fas-induced apoptosis.?’

Genetic Defects in ICL

Uncoordinated 119 (Unc119) is a transport adaptor protein
essential for Lck activation.'” Lek reduction and Uncl19
mutations lead to severe combined immune deficiency
phenotypes.® In a study of three subjects with ICL and
impaired Lck activity, one patient had a heterozygous mis-
sense mutation in the Uncll9 gene that resulted in an
inability of Unc119 to interact with Lck.'> Homozygosity
mapping revealed a mutation in the first exon of the ITK
gene in another patient with ICL.>' Recombination activa-
tion gene (RAG) encodes proteins that regulate recombi-
nation in the B chain of the TCR.? Two novel heterozygous
missense mutations in the RAG/ gene were found in
a young girl with ICL.*>*> STK4 is necessary for T cell
migration and has both proapoptotic and antiapoptotic
functions.”> An STK4 mutation was seen in a patient
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with ICL who presented with EBV-related MALT

lymphoma.**

MAGTI1, a magnesium transporter gene
mediates magnesium flux following TCR activation.
lead to

events.”” Characteristically, they present with CD4 lym-

Mutations impaired downstream signalling
phopenia, EBV infection and neoplasia. This condition is

called XMEN syndrome and closely mimics ICL.*

Cytokine Dysregulation
IL-7 is a cytokine produced by non-hematopoietic cells
that binds to its receptor CD127 on CD4 cells.*® This leads
to phosphorylation of janus kinases (JAK) that activate the
signal transducer and activator of transcription 5 (STATS)
pathway.*® It also activates the src kinases pathway that
regulate TCR signaling, and the PI3-K pathway that reg-
ulates protein kinase B (Akt) involved in cell cycle pro-
gression. IL-7 is thus critical for survival (JAK3/STATS/
Bcl2), cell cycle progression (p38 MAP kinase/CD25),”’
and reduced apoptosis of T cells.>*>®

In ICL, CD127 receptor expression was lower and was
associated with reduced responsiveness to IL-7.°% IL-7
release is increased following depletion of CD4 cells and
levels correlate with T cell consumption.>” However, this
is insufficient to restore CD4 counts.'® Reduced upregula-
tion of IL-7 induced genes, lower STAT-5 phosphorylation
in response to IL-7, and reduced signalling in response to
IL-2 were seen in patients with ICL.>® Both IL-2 and IL-7
control CD4 pool size.'® IL-7 and IL-2 responses were
reduced and STATS activation responses impaired in
a study of 15 patients with ICL from France.'® IL-2 and
IL-7 induce CXCR4'® that enables migration of the cell
along the gradient of the CXCL12.** CXCR expression on
the T cells was reduced and low levels of CXCR correlated
with lymphopenia in patients with ICL. CXCR4 expres-

sion increased with IL-2 therapy.”'®

Putative Viral Aetiology of ICL

A virus has been suggested to be the cause of ICL. In
a study of seronegative haemophiliacs, five patients were
noted to have persistent lymphocytopenia fulfilling criteria
for ICL. This was attributed to cirrhosis due to chronic
hepatitis C infection in these patients.*® When peripheral
blood mononuclear cells from a patient with ICL were co-
cultured with HUT78 T-lymphoblastoid cells, an acute
cytopathic effect was seen. Those surviving the cytopathic
effect showed an intracisternal retroviral particle that

reacted with antibodies of sera from ICL patients.*’

However, to date, no definite virus has been isolated
from patients with ICL.

Sequestration of CD4 Cells in ICL

In rectosigmoid endoscopies of 12 patients with ICL,
reduced CD4 lymphocytes with normal functional indica-
tors of enterocyte turnover (intestinal fatty acid-binding
protein and inflammatory biomarkers) were observed.?’
In this study, patients with ICL had a higher percentage
of DN T cells when compared to controls, but Tyl and Ty
17 cell subsets were normal. This suggested tissue deple-
tion of CD4" and not entrapment of CD4" cells in the
mucosa.”’ This contrasted with the observation by
Griffiths et al.** In three cases of erythroderma, one each
due to cutaneous T cell lymphoma, atopic dermatitis, and
psoriasis, they found CD4" counts were markedly
increased in the skin with high CD4:CD8 ratios and simul-
taneous peripheral blood CD4 lymphocytopenia.** In these
patients, resolution of the erythroderma resulted in normal-
ization of CD4 counts. They proposed erythroderma be
considered an exclusion criterion for ICL.**

Immune Senescence

In normal individuals, 80% of CD4+ cells express
CD28.** Immune senescence is associated with CD28
loss due to chronic stimulation. Defective TCR responses
and telomere shortening were observed in a T cell subset
of ICL patients.'” CXCR expression is reduced following
TCR stimulation which was observed in patients with
ICL." CD27 and CD28 costimulatory molecules, and
CD57" and KLRG-1" are markers of T cell senescence.
These were also higher in patients with ICL when com-
pared to healthy subjects."

HLA-DR and Ki-67 suggestive of activation and cell
cycle turnover, respectively, were both increased in CD4
cells of patients with ICL.> Proportion of Tregs cells was
higher and the naive T cells were lower in these patients.’
Increased activation of CD4 lymphocytes may result in
depletion.”? Some patients also have also been reported
with CD19 B-cell deficiency, CD8 T-cell deficiency, or
CD3 CD16"CD56" NK cell deficiency.” The percentage
of transitional B cells (CD10"/CD27") was higher and had
a strong inverse relationship with CD4" counts in a cohort
of 25 patients with ICL. This suggested that either CD4
and/or IL-7 had an impact on B cell maturation as well.**
Other Causes
Isgro et al evaluated the bone marrow of five patients with
ICL and found a reduction in lymphoid precursor cells,
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suggesting reduced clonogenic potential of the bone
marrow.*> In a patient with cryptococcal meningitis and
ICL, Salit et al demonstrated anti CD4+ T cell antibodies
in greater concentration than controls.*¢

In summary, diminished precursors (reduced clonogenic
potential), accelerated apoptosis (Fas/Fas ligand), reduced
chemotaxis (reduced CXCR expression), poor response to
TCR stimulation, impairment of activation (low expression
of Lck, MAGT1 defect), defective cytokine production
(TNF-o and IFN-Y), elevated IL-17, dysregulation of IL-7
and its downstream targets, others mutations involving
RAGI, UNCI19, ITK, STK4, and CD45, cytotoxic antibo-
dies to T cells, and sequestration all can contribute to
reduced CD4 T cell counts,'227-30:45-48

Clinical Features

Clinical manifestations arise due to immune deficiency,
disparate infections, neoplastic and autoimmune condi-
tions. The presentation is diverse — the patient may be
asymptomatic or may have florid infection(s) that ends
fatally. The presentations can differ despite similar CD4
counts. Long disease-free intervals have been reported
with low CD4 counts.*’

The most common organ-systems involved are the
skin, central nervous system, and lungs. Less commonly
the musculoskeletal system, lymphoreticular system, gas-
trointestinal tract, hematopoietic system, eyes, ears, and
the genitalia and reproductive system involvement have
been described.

Infections

Patients develop both opportunistic and non-
opportunistic infections. Table 2 provides a summary
of the reported infectious agents. Most patients with
ICL have had at least one OI. OI in ICL are related
(MAC),

M. genavense M. mucogencium,

to mycobacteria (M. avium-Intercellulare
M. tuberculosis,
M. kansasii), viruses (Human Herpes Viruses, John-
Cunningham virus (JCV), Human Papilloma Virus
(HPV)), Candida,

Blastomyces, Pneumocystis) and protozoa (Leishmania

fungi (Cryptococci, Histoplasma,
and Toxoplasma).>” In a follow-up study of 39 patients
by Zonios et al, the commonest infections were due to
cryptococci, HPV, and nontuberculous mycobacteria.’
Varicella zoster virus (VZV), HPV and cytomegalovirus

(CMV) were the most common viral infections reported

Table 2 Infections Reported in ICL

Group of Microbes Reported Organisms

. 5,6,8,27,49,50,52,53,54,55
Bacteria

Acinetobacterspecies
Stenotrophomonas
maltophilia

Serratia marcescens
Penicillium marneffei
Nocardia abscessus
N. farcinia

N. asteroids
Salmonella typhimurium
Salmonella arizonae
Shigella
Campylobacter

Corynebacterium jeikeiu

5,6,8,27,49,51,56,54,55,57,58 avium intracellulare

Mycobacteria
tuberculosis
mucogencium
kansasii
abscessus

chelonae

TXTEEERZEXE

genavense

. 5,6,8,27,49,59,60,6 1,62,63,64,65,66,54,55,67
Viruses

Cytomegalovirus
Epstein—Barr virus

John Cunningham virus
Human papilloma virus
Varicella zoster virus
Human herpes virus |
Papillomavirus

Herpes simplex virus
Molluscum contagiosum

virus

Fu ngi5,6.8,27,49.60,68,69,70.7 1,72,73,74,54,55

Rhizopus

Cryptococci neoformans
Candida albicans
Histoplasma capsulatum
Blastomyces
Actinomyces
Aspergillosis
Pneumocystis jirovecci
Exophiala jeanselmei
Hortaea werneckii
Aureobasidiumspecies
Alternaria species
Trichophyton rubrum

T. mentagrophytes

interdigitale

Parasitess'6'8'27‘49'75‘76'77'54‘55'78

Toxoplasma gondii
Leishmania
Encephalitozoon cuniculi

Giardia lamblia

Abbreviation: ICL, Idiopathic CD4 lymphocytopenia.
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from another study.® Leishmaniasis is the most common
parasitic infection in ICL.* Single or multiple infections
may coexist in a single patient as it did in a patient
with vertebral osteomyelitis (Acinetobacter species,
M. abscessus, and Mucormycosis).”® Multiorgan invol-
vement has been reported in infections due to
Cryptococcus, CMV, VZV, Blastomyces, and MAC.#!

In our review of 164 cases, we found 89 (52%) had skin
manifestations. Most were due to infections. The symptoms
varied and included pruritus, ery’throderma,42 vesicles, warts,
verrucous papules and plaques,”® condylomata,® and myce-
toma (Exophiala jeanselmei and M. chelonae).> Infection of
the skin included viral, bacterial, fungal and parasitic infec-
tions like herpes zoster, HPV,80 molluscum contagiosum,5 o
Stenotrophomonas maltophilia,”®> MAC,”' Candida albicans,
tinea corporis,’ tinea pedis,®® cryptococci,8 Aureobasidium
species, Alternaria species, and Hortaca werneckii,
leishmaniasis.** Premalignant lesions (vulval intraepithelial
neoplasia, Bowen disease) and malignancies (e.g., Kaposi

sarcoma,6 !

squamous cells carcinoma and basal cell carci-
noma) have been reported.®**!*! Signs of autoimmune dis-
ease (e.g. dermatomyositis,* vitiligo,* and psoriasis®*) have
been described. Often these patients have had a previous
history of skin diseases such as atopic dermatitis,

psoriasis,*> herpes zoster and recurrent staphylococcal

furunculosis.®® Skin abscesses have also been reported.®':*

Neurological manifestations involve the meninges, the
cerebrum, brainstem, cerebellum, cranial and peripheral
nerves. The commonest reported neurological disorder
was cryptococcosis, followed by progressive multifocal
leukoencephalopathy (PMLE). Zonios et al, studied 53
patients with ICL and cryptococcosis and found many
with other underlying diseases like cirrhosis, diabetes,
tuberculosis, and sarcoidosis.”” They presented with head-
ache and fever. Other symptoms were diplopia, confusion,
imbalance, dizziness, photophobia, limb weakness, sei-
zures and slurred speech.”®®® Disseminated cryptococcosis
involving lung, bone, bone marrow, lymph node, muscle,
and blood has been reported.”” Eighteen patients of PMLE
with ICL were identified in 2017 and most presented with
cognitive decline and progressive focal deficits.®? Other
causes of neurological infections were bacterial (Nocardia
abscessus, N. farcinia and N. asteroids),”" viral (JCV)*
mycobacterial (MAC), fungal (cryptococci),® and parasitic
(toxoplasmosis)® organisms. Guillain-Barre syndrome and
sensorimotor polyneuropathy have also been reported in
ICL.Y

Respiratory symptoms included ear pain, productive
cough, and breathlessness. Manifestations reported include

8 media,>?

nasal polypoid tumors,®® otitis laryngeal
papillomas,® reticulonodular infiltrates,** pneumonia,
bronchiectasis,”> nodules, masses,”’ cysts, mediastinal
lymphadenopathy,”® pleural effusion,”’ and empyema.®”
Organisms comprised of mycobacteria (M. tuberculosis,
MAC), bacteria (Nocardia,”" H. infleunzae), viruses
(VZV, CMV, HPV, and EBV) and fungi (Pneumocystis
Jirovecii,” cryptococcosis, mucormycosis, aspergillosis,
istoplasmosis’?). According to Ahmad et al, Pneumocystis
Jjirovecci was the most common respiratory pathogen.®
VZV and CMV-related

reported.®**%> “Floaters” and diminution of vision were

retinitis  have  been
the clinical symptoms. Encephalitozoon cuniculi causing
intraocular infection was mentioned in another report of
ICL.”® Anemia due to pure red cell aplasia (human parvo-
virus19) and myelodysplastic syndrome has been
described in ICL.”*** Gastrointestinal manifestations
include symptoms arising due to candida or CMV-related
esophagitis, gastric cancer,®' enteritis (Salmonella and
Shigella), colitis and hepatic abscess.® Isolated renal
mucormycosis was seen in a 17-year-old girl with ICL
that required both surgery and medical therapy.”
Toxoplasma-related myositis has been reported from
France.”” Septic arthritis due to M. genavense has been
described.”® Vertebral osteomyelitis with triple infections
has been previously mentioned.’® Rib osteomyelitis and
vertebral spondylitis due to crytptococci have been

described in a patient with ICL.”*

Autoimmune Manifestations

Zonios et al found autoimmune diseases in 9 (23.1%)
patients of ICL.” The various disorders include systemic
lupus erythematosus, Anti-phospholipid antibody syn-
drome, psoriasis, vitiligo, Graves’ disease, autoimmune
thyroiditis, ulcerative colitis, immune thrombocytopenia,
autoimmune hemolytic anemia.”’ Sjogren’s disease, sar-
coidosis, and psoriasis were the most common immune-
mediated conditions according to Ahmad et al.® Raynaud
disease, thrombotic thrombocytopenic purpura, alopecia
areata, and Waldenstrdom hypergammaglobulinemia have
also been reported.® In a study of 80 patients with primary
Sjogren’s syndrome, CD4" counts were lower in patients
anti-SSA
Dermatomyositis has been described in conjunction with

who were seropositive for antibodies.”

ICL.** ICL has followed systemic vasculitis in a 65-year-
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Table 3 Differential Diagnosis of CD4 Lymphocytopenia

: . 27,40,49,53,54,94, 98,
|nfectlonsl7.40 49,53,54,94,98,120

Viral Adenovirus

Parvovirus

Influenza

Severe acute respiratory
distress syndrome
Human
immunodeficiency virus
Human T-cell
lymphotropic virus
Epstein—Barr virus
Cytomegalovirus
Hepatitis B

Human herpes virus 6
Recalcitrant warts
Papillomavirus

Measles virus

Mycobacterial Mycobacterium
tuberculosis
Mycobacterium avium
intracellulare

Atypical mycobacteria

Fungal Histoplasmosis
Cryptococcosis

Coccidioidomycosis

Bacterial Rocky mountain spotted
fever
Brucellosis

Sepsis

Autoimmune
49,94,98,120

Systemic lupus erythematosus

Disorders Sjogren’s syndrome
Kikuchi disease
Rheumatoid arthritis
Malignancies**+28120 Lymphoreticular Lymphoma B cell and
T cell
Hematopoietic Myelodysplastic
syndrome
Aplastic anemia
Others Mycosis fungoides
Drugs’*?%!20 Immunosuppressants | Corticosteroids

Azathioprine
Cyclophosphamide

Methotrexate

Chemotherapeutic agents

Genetic/lmmune Deficiency

94,96,97,98,117,120
Syndromes

WHIM (Warts, Hypogammaglobulinemia,
Infections, and Myelokathexis)

XMEN (X-linked immunodeficiency with
magnesium defect, Epstein—Barr virus infection,
and neoplasia)

UNCI 19 mutation

MonoMAC syndrome/GATA 2 deficiency
Adenosine deaminase deficiency

Bare lymphocyte syndrome (type |)

Combined variable immunodeficiency

Partial DiGeorge syndrome

Physiological®**+78:120

Pregnancy, older age, circadian rhythm changes

(Continued)

Table 3 (Continued).

Others*?498.120.121 Sarcoidosis
Malnutrition

Radiation therapy

Abbreviations: CD4, cluster of differentiation 4; MonoMAC, monocytopenia
and mycobacterial infection; GATA, family of transcription factors binding to
GATA DNA motif; UNCI 19, uncoordinated |19 gene.

old woman.”® A 57-year-old man with ICL and giant cell
arteritis has been reported.”’

Neoplasia

Malignant disorders include those involving the skin, lym-
phoreticular system, lung, stomach,®! liver,%® central ner-
vous system, orbit and nasal cavity,*® testes, prostate and
bladder, vulva, and the cervix.® Lymphadenopathy and
splenomegaly are seen in lymphoreticular malignancies.®*
A case of invasive vulvar carcinoma was reported from
The Netherlands.”® Angiocentric nasal T-cell lymphoma,
Burkitt’s lymphoma, EBV-related diffuse large B-cell lym-
phoma, orbital diffuse large-cell B lymphoma, primary
effusion lymphoma, central nervous system lymphoma,
and cutaneous T-cell non-Hodgkin’s lymphoma have all
been described.*%>#%:%¢ Anaplastic astrocytoma, testicu-
lar, prostate, and bladder cancer, acute and chronic lym-
phoblastic leukemia, and non-small cell lung carcinoma
are the other malignancies reported.® Leiomyoma has been
described in a Turkish adolescent.®’ Another young male
from Japan developed monoclonal gammopathy of
unknown significance and MALT lymphoma of the
stomach.”’

Differential Diagnosis

Table 3 summarises the list of differentials to be considered.
Patients with OI with HIV-negative status must be evaluated
for ICL. It should also be considered in the setting of auto-
immune diseases and some malignancies particularly of the
skin and lymphoreticular system. An extensive infective,
hematologic, and autoimmune workup is needed to prove
the diagnosis of ICL.>* The most important differential is
HIV infection. However, in HIV there is a progressive
decline in CD4" counts with higher CD8" counts and immu-
noglobulin levels than in ICL. Certain infections like tuber-
culosis and cryptococcosis may cause reduced CD4" counts
that recover with therapy. Betancourt et al have reported low
CD4 counts like ICL in 6 subjects with chronic CMV or EBV
infections. The CD4 counts of all these subjects improved

100

with anti-viral therapy. Autoimmune diseases to be

ImmunoTargets and Therapy 2020:9

submit your manuscript 87

Dove


http://www.dovepress.com
http://www.dovepress.com

Vijayakumar et al

Dove

considered are Sjogren’s syndrome and sarcoidosis.
Increased incidence of opportunistic infections such as cryp-
has

MonoMAC syndrome is an inherited bone marrow failure

tococcosis been reported in sarcoidosis also.”*
syndrome due to GATA2 mutation. It is characterized by
monocytopenia and MAC infections that can mimic
ICL."*"'%2 Drugs such as corticosteroids and cyclophospha-
mide cause a higher lymphocyte depletion than methotrexate
and azathioprine.” Physiological factors such as pregnancy
and circadian rhythms can reduce CD4 counts. Finally, aging
has also been implicated by a study from Ireland where 9
(4.3%) of 209 very elderly individuals satisfied criteria for

ICL.'

Therapy

The treatment of ICL revolves around the treatment of
presenting illness, appropriate prophylaxis and screening,
and the treatment of ICL itself.

Therapy of Presenting lliness

ICL presents most often with OI followed by autoimmune
conditions and neoplasias. Most such infections have been
successfully managed using standard therapeutic regimens.
When the infection is refractory to chemotherapy addition
of agents such as IL2 have been tried with success.”’ The
use of maintenance therapy is more controversial. Zonios
et al in their series of patients with cryptococcosis and ICL
reported a relapse rate of only 12%.”° Also, considering ICL
is non-progressive and may in some cases improve sponta-
neously, maintenance therapy may not be required.®
However, as long as the CD4 counts are depressed, there
is a risk of relapse and hence it may be prudent to give
maintenance therapy till CD4" counts normalizes.'® In
malignancy, again standard therapy has usually been

given.®’

In cutaneous malignancy, especially HPV-
associated, recurrence and dissemination have been com-
monly reported.®®! Autoimmune conditions are also treated
as per standard protocols using steroids and other immuno-
modulators. This added immunosuppression may precipi-
tate opportunistic infections in patients with ICL and so

close follow up is necessary.”’

Prophylaxis and Screening

Subjects with ICL are at risk for OI, and it appears prudent
to provide prophylaxis. The suggested regimes for prophy-
laxis of OI are given in Table 4. The recommended pro-
phylaxis and vaccinations according to the CD4 counts as
per standard guidelines for prophylaxis in HIV/AIDS may

Table 4 Prophylaxis for Opportunistic Infections

CD4 Counts Organism(s) Drugs
<200 cell/mm’ Pneumocystis Trimethoprim-
jirovecci sulphamethoxazole (double

strength tablet daily)

<100 cells/rmm?® | Toxoplasma gondii Trimethoprim-

and Histoplasma sulphamethoxazole (double

capsulatum strength tablet daily) and
Itraconazole 200mg daily
<50 cells/mm? Mycobacterium Azithromycin 1200mg/week

avium intercellulare

Note: Data from Panel on Opportunistic Infections in Adults and Adolescents with HIV.
Guidelines for the Prevention and Treatment of Opportunistic Infections in Adults and
Adolescents  with  HIV. Altanta, USA: Centers for Disease Control
NloHaHMAotIDSoA; 2019.'%

Abbreviations: CD4, cluster of differentiation 4; ICL, idiopathic CD4 lymphocy-
topenia; Ol, opportunistic infections; DN, double negative; DP, double positive; SP,
single positive; CMV, cytomegalovirus; EBV, Epstein—Barr Virus; HPV, human papil-
loma virus; JCV, John Cunningham virus; MAC, Mycobacterium avium intercellulare; IL,
interleukin; VZV, Varicella zoster virus; INF, interferon; TCR, T cell receptor; HIV/
AIDS, human immunodeficiency virus/acquired immunodeficiency syndrome; PMLE,
progressive multifocal leukoencephalopathy.

be applied in subjects with ICL also.'® In addition, there
is some evidence to suggest that lower CDS8" counts may
be associated with increased risk of infections.” In such
individuals, prophylaxis may be started at higher CD4
counts. Regular screening for HPV-associated malignancy
(both mucosal and cutaneous) must be considered. Kirtava
et al reported that six of 115 (5.2%) patients with primary
Sjogren’s syndrome had ICL and one developed lym-
phoma on follow up.'% Other authors have also reported
lymphomas on follow up. Hence, prolonged follow up
with regular blood counts and clinical evaluation should
be offered to all these patients.

Therapy of ICL

As the underlying pathophysiology is poorly understood
and the condition is rare, therapy of ICL is mostly
experimental.

Interleukin 7 (IL-7)

IL-7 levels are known to be inversely correlated with CD4
counts in patients with HIV/AIDS or chemotherapy, and is
likely a compensatory response.>® Some authors like Harel
et al have reported successful therapy of ICL with IL-7."%
Subsequently, Sheikh et al reported a Phase I/2A trial of
recombinant human IL-7 in subjects with ICL at doses of
3ug/kg (3 subjects), 10ug/kg (5 subjects) and 20pg/kg (1
subcutaneous 3 weeks. They

subject) weekly for
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concluded that therapy with IL-7 results in increase in the
number of circulating CD4 and CD8 T cells and tissue-
resident CD3 T cells in the gut mucosa and bone
marrow.>

Interleukin 2 (IL-2)

IL-2 is a potent mitogen and growth factor in antigen-
stimulated CD4 cells.'” IL-2 has been studied in HIV and
has been shown to increase CD4 counts.'” Trojan et al
reported a patient and reviewed four others with ICL who
received IL-2 therapy. Four of them had failed chemotherapy
for underlying infections, which they successfully cleared with
IL-2 therapy. These subjects also showed increase in CD4
counts.’” In a Korean lady with ICL and monoclonal gammo-
pathy, IL-2 therapy helped achieve remission and improved
renal functions.''® Regent et al reported IL-2 therapy in six of
the 40 subjects with ICL. Four showed increase in CD4
counts.” More recently, Yarmohammadi et al reported on
four patients of 24 subjects with ICL who received IL-2 (3
for recalcitrant warts and 1 for tuberculous lung infection). All
four had a meaningful clinical response to IL-2 therapy.® IL-2
appears to be well tolerated in this group.”

Interferon Gamma (INFy)

INF-y is an immunomodulator whose action is mediated
by hundreds of cell-specific INF-y-controlled genes.''!
Overall it promotes and maintains Tyl type of cell
response.''! Netea et al reported two patients with crypto-
coccal meningitis and ICL who were successfully treated
with INF-y."'? Sternfeld et al similarly reported two sub-
jects with MAC infection treated with a combination of
IL-2 and INF-y.>® It has been suggested that this therapy
may be useful in ICL presenting with an OI whose clear-
ance is mediated by Tyl response.”®

Stem Cell Transplant

Bone marrow transplantation for indications secondary to
the associated conditions of ICL may result in ameliora-
tion of ICL post-transplant. Petersen et al first described
allogenic bone marrow transplant in a 20-year-old man
with ICL, recurrent OI and aplastic anaemia. Post-
transplant, they reported a normalization of CD4 counts
with ability to mount a normal antibody response to
diphtheria, tetanus and polio vaccines.''® Lum et al per-
formed stem cell transplant following rituximab therapy in
a patient with ICL and EBV related MALT lymphoma.
Following the transplant, the subject achieved remission of
lymphoma and cure of ICL.** Subsequently, Cervera et al
reported a 40-year-old man with ICL presenting with

recurrent OI. They performed a non-myeloablative hema-
topoietic stem cell transplant from HLA identical sibling.
At 35 months follow up, he had increased CD4 counts and
no infections. A non-myeloablative regimen with fludara-
bine and single dose of whole-body irradiation was used to
obtain a stable mixed or full chimerism and low
toxicity.''* Hamidieh et al reported successful transplant
using a reduced intensity conditioning regimen in
a paediatric patient with ICL.""> Thus, hematopoietic
stem cell transplant with low-intensity conditioning regi-
mens may be considered for therapy of ICL per se also.

Other Agents

Though immunoglobulin levels are typically normal in
ICL, there is an overlap between combined variable immu-
nodeficiency and ICL.''® Anecdotal use of Intravenous
immunoglobulin® suggests that such patients in the overlap
zone may benefit from it.

Overall, therapy is directed at the presenting condition.
Prophylaxis is considered based on the CD4 counts and
possibly CD8 counts. Screening for malignancy should be
offered. Live vaccines should be avoided. Specific therapy
for ICL is yet to be established, though IL-7 looks promising.

Knowledge Gaps

ICL continues to remain an elusive condition. Immune
dysregulation with increased apoptosis, senescence,
sequestration and cytokine imbalance have been pro-
posed as immediate causes for the reduction in CD4
counts.>® The contribution of each of these factors and
their interaction with each other is not known. This
immune dysregulation may be brought about by genetic
factors. Though isolated genetic defects have been
reported,’’ to date no genome-wide association studies
have been carried out. While novel manifestations of
ICL continue to be reported, some patients with ICL
remain asymptomatic. We do not understand what deter-
mines how a patient presents. The natural history of ICL
is also poorly understood with some subjects recovering
over time. Research into ICL has been hampered by the
relative rarity of the condition and difficulty in diagnosis.
Though some research interest groups in France’ and
US?® have cohorts of these subjects, a worldwide registry
of such patients may boost research into this condition.

Conclusion
Idiopathic CD4 lymphocytopenia is characterised by low
CD4" T cell counts and is likely multifactorial in
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aetiology. It commonly presents as opportunistic infec-
tions, autoimmune diseases and/or neoplasias. A high
index of suspicion is necessary for diagnosis. Currently,
management revolves around treatment of the presenting
symptoms and close follow up. More research into this
obscure disease will provide us with better insights into its
pathology and open new avenues for therapy.
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