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PSTPIP1), (severe) combined immunodeficiency (STK4, 
CARD11 GOF, RELA, ITK, RAG, CD3D), defects in intrinsic 
and innate immunity (IL12RB1, STAT1 GOF), and phenocop-
ies of IEIs (KRAS, NRAS).4–10 Among all, LRBA deficiency, 
CTLA-4 haploinsufficiency, XIAP deficiency, and STAT3 GOF 
mutation constitute the majority of cases.9

Due to the heterogeneous spectrum of genetic disorders 
with variable clinical presentations, no specific manifesta-
tion can be considered for non-ALPS ALPID. However, it is 
noteworthy to mention that compared to ALPS, they tend 
to have higher rates of infections (particularly upper and 
lower respiratory tract infections), hemophagocytic lym-
phohistiocytosis (HLH), cutaneous disorders (e.g., alope-
cia areata), enteropathies (e.g., early-onset inflammatory 
bowel disease (IBD)), and endocrinopathies (e.g., autoim-
mune thyroiditis, insulin-dependent diabetes mellitus).8,9 
From an immunologic point of view, elevated levels of dou-
ble-negative T cells (≥1.5% of total lymphocytes or ≥2.5% 
of T CD3+11 or >6% of T CD3+TCRαβ+ cells12 have long been 
one of the major criteria for diagnosing ALPS. DNT cells 
normally constitute 3–5% of peripheral blood T cells and are 
deemed to maintain immunological homeostasis.13 Elevated 
DNT is not specific for ALPS. Recent studies have shown 
IEIs other than ALPS, some rheumatologic disorders (such 
as systemic lupus erythematous (SLE) and ANCA-associated 
vasculitis), and malignancies (such as lymphomas) may also 
present high DNT.14,15 These findings jeopardize the spec-
ificity of DNT and downplay its significance in the clinical 
diagnosis of ALPS patients. In addition, non-ALPS ALPID 
patients with elevated levels of DNT cells might long be 

Introduction

Inborn errors of immunity (IEIs) refer to a group of inher-
ited defects in the immune system with predominant 
features of recurrent infections and immune dysregulation, 
including lymphoproliferation, autoimmunity, atopy, and 
malignancy.1

Some IEI patients display phenotypes similar to autoim-
mune lymphoproliferative syndrome (ALPS), which was pre-
viously referred to as ALPS-like or ALPS-related disorders.2 
Recently, ALPS and ALPS-like disorders have been catego-
rized under the umbrella of “autoimmune lymphoprolif-
erative immunodeficiency (ALPID)”.3 ALPS is a subcluster 
of ALPID, representing key manifestations of autoimmune 
cytopenia, non-malignant lymphoproliferation, lymphoma, 
and a definite mutation in the FAS, FADD, or FASLG.

Other disorders that do not have any abrogation in the 
FAS signaling but have predominant chronic autoimmune/
lymphoproliferative organ involvements (non-ALPS ALPID) 
are frequently found to have defects in other known genes 
of IEI. The genes implicated in ALPS-like disorders are dis-
persed among different categories of IEIs, mainly grouped 
under diseases of immune dysregulation [regulatory T cell 
defects (CTLA-4, LRBA, STAT3 GOF, DEF6, IL2RA), suscep-
tibility to EBV and lymphoproliferative conditions (XIAP, 
MAGT1, RASGRP1, PRKCD, TET2, TNFRSF9, SH2D1A), familial 
hemophagocytic lymphohistiocytosis (UNC13D), autoimmu-
nity with or without lymphoproliferation (TPP2, PDCD1)], 
but also predominantly antibody deficiency (PIK3CD GOF, 
PIK3R1 LOF), autoinflammatory disorders (ADA2, TNFAIP3, 

Abstract
Background: Elevated level of double-negative T (DNT) cells is a historical hallmark of autoim-
mune lymphoproliferative syndrome (ALPS) diagnosis. However, the peripheral blood level of 
DNT cells might also be compromised in autoimmune lymphoproliferative immunodeficiencies 
(ALPID) other than ALPS, inattention to which would increase the delay in diagnosis of the 
underlying genetic defect and hinder disease-specific treatment.
Materials and Methods: This cross-sectional study recruited patients suffering from ALPID 
(exclusion of ALPS) with established genetic diagnosis. Following thorough history taking, 
immunophenotyping for lymphocyte subsets was performed using flowcytometry.
Results: Fifteen non-ALPS ALPID patients (60% male and 40% female) at a median (interquar-
tile range: IQR) age of 14.0 (7.6–21.8) years were enrolled. Parental consanguinity and family 
history of immunodeficiency were present in 8 (53.3%) patients. The median (IQR) age at first 
presentation, clinical and molecular diagnosis were 18 (4–36) months, 8.0 (4.0–17.0) years, and 
9.5 (5.0–20.9) years, respectively. Molecular defects were observed in these genes: LRBA (3, 
20%), CTLA-4 (2, 13.3%), BACH2 (2, 13.3%), AIRE (2, 13.3%), and FOXP3, IL2Rβ, DEF6, RASGRP1, 
PIK3CD, and PIK3R1 each in one patient (6.7%). The most common manifestations were infec-
tions (14, 93.3%), autoimmunity (12, 80%), and lymphoproliferation (10, 66.7%). The median 
(IQR) count of white blood cells (WBCs) and lymphocytes were 7160 (3690–12,600) and 3266 
(2257–5370) cells/mm3, respectively. The median (IQR) absolute counts of CD3+ T lymphocytes 
and DNTs were 2085 (1487–4222) and 18 (11–36) cells/mm3, respectively. Low lymphocytes and 
low CD3+ T cells were observed in 3 (20%) patients compared to normal age ranges. Only one 
patient with FOXP3 mutation had DNT cells higher than the normal range for age. 
Conclusions: Most non-ALPS ALPID patients manifested normal DNT cell count. For a small 
subgroup of patients with high DNT cells, defects in other IEI genes may explain the phenotype 
and should be included in the diagnostic genetic panel.
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manufacturer's instruction. After incubation, RBC lysis was 
performed, the cells were washed twice, and the detec-
tion was done using a Sysmex Cyflow Spaceflow cytometer. 
Analysis of the data was performed via Flowjo 7.6.1 soft-
ware. A simultaneous complete blood count (CBC) was 
conducted to determine the absolute number. The results 
were compared based on the normal range for their ages. 
DNT cells of equal or more than 2.5% of total T cell counts 
(≥ 2.5% of T CD3+ cells) were considered high. Statistical 
analysis was performed using the SPSS software package 
(SPSS Statistics version 26.0, Chicago, Illinois, USA). For 
quantitative variables, median and interquartile range 
(IQR), and for qualitative variables, frequency and percent-
ages were calculated.

Results

Fifteen non-ALPS ALPID patients (9 (60%) male and 6 (40%) 
female) at a median (IQR) age of 14.0 (7.6–21.8) years were 
enrolled. Four patients, P4,16 P8,17 P9,18 and P10(ref. 18) are 
previously reported. Most patients were born to consan-
guineous parents (far-related (2, 13.3%) or closely related 
(6, 40%)). Family history of immunodeficiency was present 
in 8 (53.3%) patients. First presentations of IEI occurred at 
a median (IQR) age of 18 (4–36) months and comprised of 
neurologic (4, 26.7%), hematologic (3, 20%), infectious (3, 
20%), lymphoproliferative (3, 20%), and autoimmune (2, 
13.3%) disorders. Clinical and molecular diagnoses were 
established in 8.0 (4.0–17.0) years and 9.5 (5.0–20.9) years, 
respectively. The diagnostic delay was 7.0 (3.0–16.5) years. 
Molecular defects were observed in the following genes: 
LRBA (3, 20%), CTLA-4 (2, 13.3%), BACH2 (2, 13.3%), AIRE 
(2, 13.3%), and FOXP3, IL2Rβ, DEF6, RASGRP1, PIK3CD, and 
PIK3R1 each in one patient (6.7%).

The most common manifestations were infections in 
14 (93.3%) patients [in upper respiratory tract (URT) (8, 
53.3%), lower respiratory tract (LRT) (7, 46.7%), oral cav-
ity (5, 33.3%), gastrointestinal tract (3, 20%), skin (1, 6.7%), 
and in the form of sepsis (1, 6.7%)]. The second most com-
mon manifestation was autoimmune disorders in 12 (80%) 
patients [autoimmune cytopenia (7, 46.7%) including Evans 
syndrome (3, 20%), isolated autoimmune hemolytic anemia 
(AIHA) (2, 13.3%), pancytopenia (1, 6.7%), isolated immune 
thrombocytopenic purpura (ITP) (1, 6.7%)], autoimmune 
endocrinopathy (5, 33.3%) including insulin-dependent 
diabetes mellitus (2, 13.3%), autoimmune thyroiditis (4, 
26.7%), primary adrenal insufficiency (2, 13.3%), inflamma-
tory bowel disease (IBD) and autoimmune enteropathy (3, 
20%), cutaneous disorders (3, 20%)]. Ten patients (66.7%) 
suffered from non-malignant lymphoproliferations, includ-
ing splenomegaly (8, 53.3%), lymphadenopathy (7, 46.7%), 
and hepatomegaly (2, 13.3%). Other less common manifes-
tations included atopic disorders in 4 (26.7%), nephropa-
thies in 3 (20%), and failure to thrive in 2 (13.3%) patients.

The median (IQR) count of white blood cells (WBCs) and 
lymphocytes were 7160 (3690–12,600) and 3266 (2257–5370) 
cells/mm3, respectively. The median (IQR) absolute counts 
of CD3+ T lymphocytes and DNTs were 2085 (1487–4222) and 
18 (11–36) cells/mm3, respectively. Low lymphocytes and 
low T CD3+ were observed in 3 (20%) patients compared to 

considered ALPS, which can negatively impact the search 
for targeted therapy and mislead the diagnosis/treatment 
(e.g., hematopoietic stem cell transplantation).

The emergence of the ALPID phenomenon has partly 
helped explain high DNTs in IEIs with abnormalities beyond 
the Fas-FasL pathway and drawn a border between IEIs and 
non-IEIs immune dysregulations. In this study, we aimed to 
evaluate the number of DNTs in non-ALPS ALPID patients to 
elucidate to what extent DNTs distinguish these categories 
of disorders and find the rate of abnormal DNTs.

Materials and Methods

Study design and population

This cross-sectional study was designed to enroll fif-
teen patients with the clinical and genetic diagnosis of 
primary immune regulatory disorders with phenotypes sim-
ilar to ALPS (ALPID with the exclusion of ALPS), referred 
to the immunology clinics of Mofid Children's Hospital. 
The diagnosis of ALPID was made according to the ALPS 
diagnostic criteria of the ESID (European Society for 
Immunodeficiency) registry working party.12 (Table S1) and 
ALPID definition provided by a recent study.3

The International Union of Immunological Societies 
(IUIS) expert committee extracted the genes implicated in 
ALPID disorders from the latest IEI update4 and a systematic 
review.8 The study used a Bayesian Approach to stratify the 
study population (Tamiji et al., 2019)30 and was approved 
by the ethics committee of Shahid Beheshti University of 
Medical Science, Tehran, Iran (Approval code: IR.SBMU.
RETECH.REC.1401.692), according to the guidelines of the 
Declaration of Helsinki. All patients and, for minorities, 
their parents signed consent for patients’ enrollment in the 
current study.

Data acquisition

All patients' hospital and outpatient medical records were 
retrospectively evaluated, and the patients and their par-
ents were directly interviewed for a detailed history taking 
and evaluation of the current status of the disease. The 
collected data consisted of (I) demographics data: sex, age 
at the time of the study, age at onset of symptoms, age 
at clinical and molecular diagnosis, diagnosis delay, paren-
tal consanguinity, family history of immunodeficiency; 
(II) clinical manifestations including first presentation, 
infections, autoimmune disorders, atopy, lymphoprolifer-
ative disorders, etc. (III) Current treatment and response 
to treatment. (IV) Genetic study: the result of Whole 
Exome Sequencing and confirmation of variants by Sanger 
sequencing.

Immunophenotyping and analysis

For immunophenotyping, the patients’ peripheral whole 
blood was incubated employing a combination of anti-
TCRαβ- FITC, anti-CD3-APC, anti-CD4-PE, and anti-CD8-PE 
antibodies (all from BD Biosciences) according to the 
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or the use of immunosuppressive agents.3 Evaluation of 
DNT cells in this study and future similar studies may also 
introduce other immunologic pathways culminating in 
the development of DNT cells, providing a framework for 
future translational research aiming to identify the origin 
and pathophysiologic roles of DNT cells.

The patient who was found to have increased DNT 
cells had a FOXP3 mutation. As summarized in Table 1, the 
Immune Dysregulation, Polyendocrinopathy, Enteropathy, 
X-linked (IPEX) patient was a 14-year-old male suffering from 
multiple autoimmune/lymphoproliferative complications, 
including autoimmune enteropathy, insulin-dependent dia-
betes mellitus, and splenomegaly. Interestingly, the third 
autoimmune complication, autoimmune thyroiditis, was 
detected on a routine check-up test right at the time of 
sampling for this study. This finding along with the previ-
ously described tight association between elevated DNT 
cells and autoimmune disorders,26 raises the question of 
whether elevated DNT cells can be used to monitor the 
deterioration of immune dysregulation. A systematic review 
of 459 patients with IPEX and IPEX-like syndrome27 showed 
patients present autoimmune complications at different 
time points. The search for biomarkers that can predict the 
emergence of autoimmunity in IPEX patients is ongoing and 
recent studies have suggested a correlation between Treg 
cell-specific demethylated region (TSDR)-demethylated 
CD4+ T cells and particular cytokines/chemokines with IPEX 
severity.28,29

This study faced several limitations. The participating 
patients were recruited from a tertiary hospital, and the 
sample size was too small. The defective genes catego-
rized as non-ALPS ALPID genes were heterogeneous, mak-
ing the correlation between the phenotype and laboratory 
findings challenging. In addition, due to the nature of the 
diseases, a washed-off period before the DNT cell mea-
surement could not be established. As a result, we could 
not conclude the effect of treatment on the DNT level. 
For prospective studies, we suggest a greater sample size 
or separate studies on different genes of ALPID and using 
novel flow cytometric methods for further classifying DNT 
cells into their subdivisions.

Statement of Ethics

The study was reviewed and ethical approval was obtained 
from the Ethics Committee of the Research Center at 
Shahid Beheshti University of Medical Sciences in accor-
dance with the Declaration of Helsinki (IR.SBMU.RETECH.
REC.1401.692). Written informed consent was obtained 
from participants (or their parent/legal guardian/next of 
kin) to participate in the study.
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normal age ranges. Only one patient with FOXP3 mutation 
had an elevated level of DNT cells.

At the time of the study, treatments included intrave-
nous immunoglobulin (IVIG) (8, 53.3%), prophylactic antibi-
otics (8, 53.3%), steroids (6, 40%), monoclonal antibodies 
(3, 20%) [rituximab (2, 13.3%), tofacitinib (1, 6.7%)], and 
sirolimus (1, 6.7%).

Discussion

Flow cytometry plays a nonnegligible role in all histor-
ical criteria for the clinical diagnosis of ALPS. With the 
introduction of next-generation sequencing (NGS), the 
immunologists’ insights on the spectrum of IEIs with phe-
notypes similar to ALPS experienced a paradigm shift. 
However, not all clinically-diagnosed ALPS patients 
undergoing NGS receive a definite molecular diagnosis 
and there are still gaps in the diagnosis of patients with 
somatic mutation. In addition, in recent decades, following 
improvements in diagnosis, management, and overall sur-
vival rate of IEIs, chronic autoimmune/autoinflammatory 
complications had time to develop, and our understanding 
of the natural history of IEIs has rapidly evolved.19,20 The 
introduction of more IEIs with autoimmune/lymphoprolifer-
ative features as the predominant phenotype also demands 
more knowledge of their immunological signature to facil-
itate genetic interpretation. Therefore, along or prior to 
NGS, other preliminary and cost-effective methods such as 
flow cytometry might be considered for early identification 
of elevated DNT cells, HLA-DR+ T cells, B220+ T cells, CD5+ 
T cells, CD8+/CD57+ T cells, or decreased regulatory T cells 
or CD27+ memory B cells.11,21–24

In this study, we observed elevated DNT cells in 1 
out of 15 (6.7%) non-ALPS ALPID patients. The peripheral 
expansion of DNT cells has long been a major criterion 
for diagnosing ALPS. In the current study, we also found 
normal DNT cells in most non-ALPS ALPID patients, main-
taining its specificity at a high level. In a study by Lopez-
Nevado.9 Elevated DNT cells were reported to have an 
average of 3% (2.4%–3.4%) of CD3+ lymphocytes in ALPS-like 
patients. Consistently, in our systematic review of ALPS 
and ALPS-like patients, we previously found an increased 
DNT cell in 96.3% of ALPS and 75.7% of ALPS-like individ-
uals.8 Nevertheless, this percentage for ALPS-like patients 
may be underestimated as this study only included patients 
who were described in the original literature as having an 
ALPS-like phenotype (not all patients with defects in ALPS-
like genes).

A recent prospective study on ALPID patients found that 
the clinical and immunological parameters are not helpful 
in guiding diagnosis for ALPID patients in whom ALPS was 
excluded. In their cohort of 431 ALPID patients, including 
71 patients with ALPS, double-negative T cells had a posi-
tive predictive value of 0.7. They suggested considering the 
CD38+CD45RA+ double negative T cell population as a FAS-
controlled subsets.25

Therefore, in clinically diagnosed ALPS patients with 
“negative genetic study,” an investigation for genes impli-
cated in other ALPID phenotypes would be suggested. It is 
unnecessary to reiterate that before such an effort, the bio-
marker tests with equivocal results should be repeated to 
ensure the results are not affected by severe lymphopenia 



10	 Jamee M et al.

Ta
bl

e 
1 

Su
m

m
ar

y 
of

 d
em

og
ra

ph
ic

, 
cl

in
ic

al
, 

an
d 

la
bo

ra
to

ry
 fi

nd
in

gs
.

Pt
. 

ID
AO

O
AO

D 
(c

lin
ic

al
)

AO
D 

(G
en

et
ic

)
D

D
Se

x
Ag

e 
at

 
st

ud
y

FH
Co

ns
an

gu
in

it
y

In
it

ia
l s

ym
pt

om
In

fe
ct

io
us

 
m

an
if

es
ta

ti
on

Au
to

im
m

un
e 

m
an

if
es

ta
ti

on
s

At
op

ic
 m

an
i-

fe
st

at
io

ns

Ly
m

ph
o

pr
ol

if
er

at
iv

e 
m

an
if

es
ta

ti
on

s
Co

m
m

en
ts

Cu
rr

en
t 

tr
ea

tm
en

t
M

ut
at

ed
 g

en
e

W
BC

 
(c

el
l/

μL
) 

Ly
m

ph
oc

yt
e 

(c
el

l/
μL

)

CD
3+

 
T 

ce
ll 

(%
)

D
N

T 
ce

ll 
(%

)

1
3 

y
17

 y
20

.9
 y

17
.9

 y
M

21
.8

Ye
s

Ye
s (f

ar
-r

el
at

ed
)An

em
ia

, 
Sp

le
no

m
eg

al
y 

(G
6P

D
D)

Re
cu

rr
en

t 
or

al
 

ca
nd

id
ia

-
si

s,
 O

ti
ti

s,
 

re
cu

rr
en

t 
pn

eu
m

on
ia

, 
br

on
ch

ie
ct

a-
si

s,
 C

ut
an

eo
us

 
in

fe
ct

io
n,

 
se

ve
re

 s
hi

ng
le

sPa
nc

yt
op

en
ia

N
o

Sp
le

no
m

eg
al

y,
 

pa
ra

-e
so

ph
-

ag
ea

l 
ly

m
ph

a
de

no
pa

th
y

Py
od

er
m

a 
ga

ng
re

-
no

su
m

, 
Sa

dd
le

 
no

se
, 

gi
ng

iv
it

is
 

w
it

h 
te

et
h 

lo
ss

, 
Pe

rf
or

at
io

n 
of

 t
ym

pa
ni

c 
m

em
br

an
e 

St
er

oi
d,

 
Co

-t
ri

m
ox

az
ol

e,
 

An
ti

-T
B

IL
2R

B,
 

c.
12

29
C>

G
, 

p.
P4

10
R

35
00

10
50

72
.8

%
0.

90
%

2
2 

m
3.

25
 y

6.
41

 y
6.

25
 y

M
7.

58
N

o
Ye

s (f
ar

-r
el

at
ed

)Pa
llo

r 
an

d 
ja

un
-

di
ce

 (
AI

H
A)

Re
cu

rr
en

t 
ot

it
is

 
m

ed
ia

AI
H

A
N

o
N

o
N

o 
EB

V 
or

 H
SV

 
in

fe
ct

io
n

Co
tr

im
ox

az
ol

e,
 

M
on

te
lu

ka
st

, 
Ac

yc
lo

vi
r 

RA
SG

RP
1,

 
c.

93
4A

>G
, 

p.
T3

12
A

72
10

24
70

71
.5

%
0.

92
%

3 
1 

y
2.

5 
y

4 
y

3 
y

F
5.

5 
y

N
o

N
o

Pe
te

ch
ia

Re
cu

rr
en

t 
ot

it
is

Ev
an

 s
yn

dr
om

e,
 

Au
to

im
m

un
e 

en
te

ro
pa

th
y

H
yp

er
-

re
ac

ti
ve

 
ai

rw
ay

 
di

se
as

e

Ly
m

ph
a

de
no

pa
th

y,
 

H
ep

at
os

pl
en

o
m

eg
al

y

G
ER

D,
 F

oo
t 

an
d 

an
kl

e 
pa

in
, 

Se
ps

is

IV
IG

, 
Ri

tu
xi

m
ab

, 
Pr

ed
ni

so
lo

ne
LR

BA
, 

c.
89

4G
>T

, 
p.

K2
98

N
23

60
16

50
2

87
.6

%
1.

1%

4 
6 

m
15

 y
18

 y
17

.5
 y

M
19

 y
N

o
N

o
Fe

br
ile

 s
ei

zu
re

 
(6

 a
nd

 8
 M

)
RT

I,
 P

ul
m

on
ar

y 
A

sp
er

gi
llo

si
s,

 
Lu

ng
 a

bs
ce

ss

Vi
ti

lig
o,

 E
va

ns
 

sy
nd

ro
m

e
N

o
Sp

le
no

m
eg

al
y,

 
Ab

do
m

in
al

 
ly

m
ph

ad
en

o
pa

th
ie

s

In
te

rs
ti

ti
al

 lu
ng

 
di

se
as

e
Pr

ed
ni

so
lo

ne
, 

IV
IG

, 
A

SA
, 

Pe
ni

ci
lli

n 
V

LR
BA

, 
c4

73
0-

3 
T 
> 

G
12

72
0

37
80

76
.2

%
0.

6%

5 
2 

m
12

 y
12

 y
11

.8
3 

yM
12

 y
N

o
Ye

s 
(C

lo
se

ly
-

re
la

te
d)

Pn
eu

m
on

ia
Re

cu
rr

en
t 

ot
it

is
, 

pn
eu

-
m

on
ia

, 
ch

ro
ni

c 
rh

in
os

in
us

it
is

N
o

N
o

H
ep

at
om

eg
al

y
D

ila
te

d 
ca

rd
io

-
m

yo
pa

th
y,

 
FT

T,
 A

ne
m

ia
, 

Bi
la

te
ra

l 
co

nd
uc

ti
ve

 
de

af
ne

ss

IV
IG

, Co
tr

im
ox

az
ol

e,
 

Sp
ir

on
ol

ac
to

ne
, 

En
al

ap
ri

l,
 

Fu
ro

se
m

id
e,

 
L-

Ca
rn

it
in

e,
 

U
rs

od
eo

xy
ch

ol
ic

 D
EF

6,
 c

.9
91

G
>A

p.
E3

31
K

75
00

53
70

95
.1

%
0.

2%

6 
1 

m
6 

y
7 

y
6.

9 
y

M
14

 y
N

o
N

o
ID

D
M

Ch
ro

ni
c 

di
ar

rh
ea

, 
Pn

eu
m

on
ia

, 
O

ti
ti

s

Au
to

im
m

un
e 

en
te

ro
pa

-
th

y,
 ID

D
M

, 
Au

to
im

m
un

e 
th

yr
oi

di
ti

s

N
o

Sp
le

no
m

eg
al

y
N

on
e

IV
IG

, Co
tr

im
ox

az
ol

e,
 

In
su

lin
, 

Le
vo

th
yr

ox
in

e

FO
XP

3,
 

c.
75

1_
75

3d
el

, 
p.

G
lu

25
1d

el

12
60

0
80

00
79

.9
%

3.
7%

7 
1.

5 
y

2.
2 

y
2.

9 
y

1.
4 

y
F

3 
y

N
o

Ye
s 

(C
lo

se
ly

-
re

la
te

d)
Fe

br
ile

 s
ei

zu
re

CO
VI

D
-1

9 
in

fe
ct

io
n

Au
to

im
m

un
e 

th
yr

oi
di

ti
s

Fo
od

 a
lle

rg
y 

to
 C

ow
’s

 
m

ilk

Ce
rv

ic
al

 ly
m

ph
a

de
no

pa
th

y
Fa

ilu
re

 t
o 

th
ri

ve
, 

U
ri

na
ry

 r
efl

ux
 

w
it

h 
de

cr
ea

se
d 

ki
dn

ey
 f

un
c-

ti
on

, 
Ad

en
oi

d 
hy

pe
rt

ro
ph

y

Co
tr

im
ox

az
ol

e,
 

Le
ve

be
l

PI
K3

R1
, 

c.
63

5-
7C

>A
13

60
0

54
00

67
.4

%
1%

8 
4 

y
6 

y
14

 y
12

 y
M

14
.2

5
Ye

s 
(S

is
te

r 
di

ed
 o

f 
cy

to
pe

-
ni

a)

N
o

Ly
m

ph
a

de
no

pa
th

y
Re

cu
rr

en
t 

rh
i-

no
si

nu
si

ti
s 

an
d 

O
ti

ti
s

Cr
oh

n’
s 

di
se

as
e

H
yp

er
-

re
ac

ti
ve

 
ai

rw
ay

 d
is

-
ea

se
, 

Fo
od

 
al

le
rg

y

Ly
m

ph
a

de
no

pa
th

y,
 

Sp
le

no
m

eg
al

y

Fa
ls

el
y 

di
ag

no
se

d 
in

it
ia

lly
 w

it
h 

ly
m

ph
om

a

IV
IG

, 
Si

ro
lim

us
, 

Pr
ed

ni
so

lo
ne

, 
M

es
al

am
in

e 

PI
K3

CD
, 

c.
30

61
G
>A

, 
p.

G
lu

10
21

Ly
s

71
60

25
00

83
.4

%
1.

3%

9 
2.

5 
y5

 y
5 

y
2.

5 
y

F
12

 y
Ye

s 
(P

11
: 

Br
ot

he
r)

Ye
s 

(C
lo

se
ly

-
re

la
te

d)
Ph

ot
op

ho
bi

a
D

en
ta

l c
ar

-
ie

s,
 O

ra
l 

Ca
nd

id
ia

si
s

PA
I

N
o

N
o

LS
CD

 a
nd

 k
er

at
o-

co
nj

un
ct

iv
it

is
, 

O
st

eo
po

ro
si

s,
 

N
ai

l d
ys

tr
op

hy

H
yd

ro
co

rt
is

on
e,

 
Fl

ud
ro


co

rt
is

on
e,

 
Ca

lc
it

ri
ol

, 
To

fa
ci

ti
ni

b

A
IR

E,
 p

.W
78

R
32

90
17

80
71

.6
%

0.
9%

10
 2

.5
 y

9.
5 

y
9.

5 
y

7 
y

M
16

.5
 y

Ye
s 

(P
10

: 
Si

st
er

)
Ye

s 
(C

lo
se

ly
-

re
la

te
d)

Ph
ot

op
ho

bi
a

D
en

ta
l c

ar
-

ie
s,

 O
ra

l 
ca

nd
id

ia
si

s

Al
op

ec
ia

, 
Vi

ti
lig

o,
 P

AI
, 

Au
to

im
m

un
e 

th
yr

oi
di

ti
s

N
o

N
o

ke
ra

to
co

nj
un

c-
ti

vi
ti

s,
 N

ai
l 

dy
st

ro
ph

y

H
yd

ro
co

rt
is

on
e,

 
Fl

ud
ro


co

rt
is

on
e,

 
Ca

lc
it

ri
ol

, 
Ri

tu
xi

m
ab

A
IR

E,
 p

.W
78

R
36

90
16

10
70

%
1.

0%

(c
on

ti
nu

es
)



DNT cells in ALPID� 11

Ta
bl

e 
1 

Co
nt

in
ue

d.

Pt
. 

ID
AO

O
AO

D 
(c

lin
ic

al
)

AO
D 

(G
en

et
ic

)
D

D
Se

x
Ag

e 
at

 
st

ud
y

FH
Co

ns
an

gu
in

it
y

In
it

ia
l s

ym
pt

om
In

fe
ct

io
us

 
m

an
if

es
ta

ti
on

Au
to

im
m

un
e 

m
an

if
es

ta
ti

on
s

At
op

ic
 m

an
i-

fe
st

at
io

ns

Ly
m

ph
o

pr
ol

if
er

at
iv

e 
m

an
if

es
ta

ti
on

s
Co

m
m

en
ts

Cu
rr

en
t 

tr
ea

tm
en

t
M

ut
at

ed
 g

en
e

W
BC

 
(c

el
l/

μL
) 

Ly
m

ph
oc

yt
e 

(c
el

l/
μL

)

CD
3+

 
T 

ce
ll 

(%
)

D
N

T 
ce

ll 
(%

)

11
 4

 m
8 

y
9 

y
8.

6 
y

M
13

.5
 y

Ye
s (M

ot
he

r:
 

P1
3)

N
o

Pn
eu

m
on

ia
Re

cu
rr

en
t 

di
ar

rh
ea

, 
Pn

eu
m

on
ia

, 
Rh

in
os

in
us

it
is

, 
O

ti
ti

s,
 

Pe
rs

is
te

nt
 o

ra
l 

ca
nd

id
ia

si
s,

 
an

d 
ul

ce
r

N
o

N
o

N
o

Ap
pe

nd
ic

it
is

, 
Ad

en
oi

d 
hy

pe
r-

tr
op

hy
, 

O
ne

 
ep

is
od

e 
of

 
Ka

w
as

ak
i-

lik
e 

m
an

if
es

ta
ti

on
s 

Co
tr

im
ox

az
ol

e
BA

CH
2,

 
p.

Ty
r7

29
Te

r
49

00
24

99
59

.5
%

1.
5%

12
 2

0 
y

35
.5

 y
36

.5
 y

16
.5

 y
F

38
 y

Ye
s 

(P
12

: 
So

n)
N

o
O

ra
l a

ph
th

ou
s 

Pe
rs

is
te

nt
 o

ra
l 

ca
nd

id
ia

si
s,

 
D

en
ta

l c
ar

ie
s

N
o

N
o

N
o

N
o

N
on

e
BA

CH
2,

 
p.

Ty
r7

29
Te

r
61

00
22

57
80

%
0.

5%

13
3 

y
20

 y
21

 y
18

 y
M

22
 y

Ye
s 

(P
15

: 
Si

st
er

)
Ye

s 
(C

lo
se

ly
-

re
la

te
d)

H
ai

r 
lo

ss
C

M
V 

in
fe

ct
io

n,
 

Ch
ro

ni
c 

di
ar

rh
ea

, 
Rh

in
os

in
us

it
is

 

IT
P,

 A
IH

A,
 

Al
op

ec
ia

, 
ID

D
M

, 
Tr

an
si

en
t 

hy
po

th
yr

oi
d-

is
m

N
o

Sp
le

no
m

eg
al

y,
 

Ly
m

ph
a

de
no

pa
th

y

Re
cu

rr
en

t 
ne

ph
-

ro
lit

hi
as

is
, 

H
yd

ro
ne

ph
ro

si
s,

 
Fo

ur
 e

pi
so

de
s 

of
 h

yp
ok

al
em

ia
, 

Ch
ol

el
it

hi
as

is
 

IV
IG

, 
Po

ta
ss

iu
m

 
ci

tr
at

e,
 In

su
lin

CT
LA

-4
, 

c.
43

6G
>A

, 
p.

G
14

6R
 

72
80

37
13

43
.3

%
1.

1%

14
22

 y
22

 y
23

 y
1 

y
F

24
 y

Ye
s 

(P
14

: 
Br

ot
he

r)
Ye

s 
(C

lo
se

ly
-

re
la

te
d)

Pe
te

ch
ia

 
N

o
IT

P
Ec

ze
m

a
Sp

le
no

m
eg

al
y

N
o

IV
IG

, 
N

-p
la

te
CT

LA
-4

, 
c.

43
6G

>A
, 

p.
G

14
6R

71
00

32
66

78
.6

%
1.

3%

15
8 

m
4 

y
5 

y
4.

3 
y

F
5.

25
 y

N
o

N
o

Ly
m

ph
a

de
no

pa
th

y
Re

cu
rr

en
t 

pn
eu

-
m

oc
ys

ti
s 

pn
eu

m
on

ia

AI
H

A
N

o
A

xi
lla

ry
, 

Ce
rv

ic
al

, 
an

d 
in

gu
in

al
 ly

m
ph

a
de

no
pa

th
y,

 
Sp

le
no

m
eg

al
y

Ri
gh

t 
hy

dr
on

ep
hr

os
is

IV
IG

, 
Ac

yc
lo

vi
r,

 
Co

tr
im

ox
az

ol
e,

 
Fa

rm
en

ti
n,

 
Se

ro
flo

LR
BA

, 
c.

52
G
>A

, 
p.

G
ly

18
Ar

g
16

70
0

53
44

79
%

2.
19

%

AO
O

; 
ag

e 
of

 o
ns

et
, 

AO
D;

 a
ge

 o
f 

di
ag

no
si

s,
 D

D;
 d

ia
gn

os
ti

c 
de

la
y,

 y
; 

ye
ar

, 
m

; 
m

on
th

, 
FH

; 
fa

m
ily

 h
is

to
ry

, 
W

BC
; 

w
hi

te
 b

lo
od

 c
el

l,
 D

N
T;

 d
ou

bl
e-

ne
ga

ti
ve

 T
 c

el
l,

 M
; 

m
al

e,
 F

; 
fe

m
al

e,
 T

B;
 t

ub
er

cu
lo

si
s,

 A
IH

A;
 a

ut
oi

m
m

un
e 

he
m

ol
yt

ic
 a

ne
m

ia
, 

EB
V;

 E
ps

te
in

–
Ba

rr
 v

ir
us

, 
H

SV
; 

he
rp

es
 s

im
pl

ex
 v

ir
us

, 
C

M
V;

 C
yt

om
eg

al
ov

ir
us

, 
G

ER
D;

 g
as

tr
oe

so
ph

ag
ea

l 
re

flu
x 

di
se

as
e,

 I
VI

G
; 

in
tr

av
en

ou
s 

im
m

un
og

lo
bu

lin
, 

RT
I;

 r
es

pi
ra

to
ry

 t
ra

ct
 in

fe
ct

io
n,

 F
T

T;
 f

ai
lu

re
 t

o 
th

ri
ve

, 
ID

D
M

; 
in

su
lin

-d
ep

en
de

nt
 d

ia
be

te
s 

m
el

lit
us

, 
LS

CD
; 

lim
ba

l s
te

m
 c

el
l d

efi
ci

en
cy

, 
PA

I;
 p

ri
m

ar
y 

ad
re

na
l i

ns
uffi

ci
en

cy
, 

IT
P;

 id
io

pa
th

ic
 t

hr
om

bo
cy

to
pe

ni
c 

pu
rp

ur
a



12	 Jamee M et al.

9.	 López-Nevado M, González-Granado LI, Ruiz-García R, 
Pleguezuelo D, Cabrera-Marante O, Salmón, N, et al. Primary 
immune regulatory disorders with an autoimmune lymphopro-
liferative syndrome-like phenotype: immunologic evaluation, 
early diagnosis and management. Front Immunol. 2021; 
12:671755. https://doi.org/10.3389/fimmu.2021.671755

10.	 Ogishi M, Yang R, Aytekin C, Langlais D, Bourgey M, Khan T, 
et  al. Inherited PD-1 deficiency underlies tuberculosis and 
autoimmunity in a child. Nat Med. 2021; 27(9):1646–54. 
https://doi.org/10.1038/s41591-021-01388-5

11.	 Oliveira JB, Bleesing JJ, Dianzani U, Fleisher TA, Jaffe ES, 
Lenardo MJ, et al. Revised diagnostic criteria and classifi-
cation for the autoimmune lymphoproliferative syndrome 
(ALPS): report from the 2009 NIH International Workshop. 
Blood. 2010; 116(14):e35–40. https://doi.org/10.1182/blood- 
2010-04-280347

12.	 Abinun MA, CohenSB, Buckland M, Bustamante J, Cant  A, 
et al. ESID Diagnostic Criteria. 2019. https://esid.org/
Working-Parties/Registry-Working-Party/Diagnosis-criteria.

13.	 Failing C, Blase JR., Walkovich K. Understanding the spec-
trum of immune dysregulation manifestations in autoimmune 
lymphoproliferative syndrome and autoimmune lymphopro-
liferative syndrome-like disorders. Rheum Dis Clin North Am. 
2023; 49(4), 841–60. https://doi.org/https://doi.org/10.1016/j.
rdc.2023.07.001

14.	 Liapis K, Tsagarakis NJ, Panitsas F, Taparkou A, Liapis I, 
Roubakis C, et al. Causes of double-negative T-cell lymphocy-
tosis in children and adults. J Clin Pathol. 2020; 73(7):431–8. 
https://doi.org/10.1136/jclinpath-2019-206255

15.	 Molnár E, Radwan N, Kovács G, Andrikovics H, Henriquez F, 
Zarafov A, et al. Key diagnostic markers for autoimmune lymph-
oproliferative syndrome with molecular genetic diagnosis. 
Blood. 2020; 136(17):1933–45. https://doi.org/10.1182/blood. 
2020005486

16.	 Ghaini M, Arzanian MT, Shamsian BS, Sadr S, Rohani P, 
Keramatipour M, et al. Identifying Novel Mutations in 
Iranian patients with LPS-responsive beige-like anchor pro-
tein (LRBA) deficiency. Immunol Invest. 2021; 50(4):399–405.  
https://doi.org/10.1080/08820139.2020.1770784

17.	 Fekrvand S, Delavari S, Chavoshzadeh Z, Sherkat R, 
Mahdaviani SA, Sadeghi Shabestari M, et al. The first iranian 
cohort of pediatric patients with activated phosphoinositide 
3-kinase-δ (PI3Kδ) syndrome (APDS). Immunol Invest. 2022; 
51(3):644–59. https://doi.org/10.1080/08820139.2020.1863982

18.	 Sharafian S, Tavakol M, Gharagozlou M, Parvaneh N. Delay in 
diagnosis of two siblings with severe ocular problems and auto-
immune polyglandular syndrome. Iran J Allergy Asthma Immunol. 
2020; 19(3):313–7. https://doi.org/10.18502/ijaai.v19i3.3460

19.	 Chan AY, Torgerson TR. Primary immune regulatory disorders: 
a growing universe of immune dysregulation. Curr Opin Allergy 
Clin Immunol. 2020; 20(6):582–90. https://doi.org/10.1097/aci. 
0000000000000689

20.	 Jamee M, Azizi G, Baris S, Karakoc-Aydiner E, Ozen A, Kiliç S, et 
al. Clinical, immunological, molecular and therapeutic findings 
in monogenic immune dysregulation diseases: Middle East and 
North Africa registry. Clin Immunol. 2022; 244:109131. https:// 
doi.org/10.1016/j.clim.2022.109131

21.	 Cabral-Marques O, Schimke LF, de Oliveira EB Jr, El 
Khawanky N, Ramos RN, Al-Ramadi BK, et al. Flow Cytometry 
contributions for the diagnosis and immunopathological 
characterization of primary immunodeficiency diseases 
with immune dysregulation. Front Immunol. 2019; 10:2742.  
https://doi.org/10.3389/fimmu.2019.02742

22.	 Mazerolles F, Stolzenberg MC, Pelle O, Picard C, Neven  B, 
Fischer A, et al. Autoimmune lymphoproliferative syn-
drome-FAS patients have an abnormal regulatory T cell 
(Treg) phenotype but display normal natural Treg-suppressive 

investigation, and formal analysis; MM, ZCH, SaS, NE, MK, 
MV, MS, BSS, HA, KV, GK, SA and SiS: resources, introduc-
ing patients; MJ: writing original draft; All authors: writing, 
review and editing.

Data Availability Statement

The datasets used and analyzed during the current study 
are available from the corresponding author upon reason-
able request.

Funding

This research received funding from Shahid Beheshti 
University of Medical Sciences.

Acknowledgments

We thank the patients and their families for their contribu-
tion to this study. 

References

1.	 Shajari A, Zare Ahmadabadi A, Ashrafi MM, Mahdavi T, 
Mirzaee M, Mohkam M, et al. Inborn errors of immunity with 
kidney and urinary tract disorders: a review. Int Urol Nephrol. 
2024; 56(6):1965–72. https://doi.org/10.1007/s11255-023- 
03907-4

2.	Consonni F, Gambineri E, Favre C. ALPS, FAS, and beyond: 
from inborn errors of immunity to acquired immunodefi-
ciencies. Ann Hematol. 2022; 101(3):469–84. https://doi.org/ 
10.1007/s00277-022-04761-7

3.	Magerus A, Rensing-Ehl A, Rao VK, Teachey, DT, Rieux-Laucat F, 
Ehl S. Autoimmune lymphoproliferative immunodeficiencies 
(ALPIDs): A proposed approach to redefining ALPS and other 
lymphoproliferative immune disorders. J Allergy Clin Immunol. 
2024; 153(1):67–76. https://doi.org/10.1016/j.jaci.2023.11.004

4.	Bousfiha A, Moundir A, Tangye SG, Picard C, Jeddane L, 
Al-Herz W, et al. The 2022 update of IUIS phenotypical classi-
fication for human inborn errors of immunity. J Clin Immunol. 
2022;  42(7):1508–20.  https://doi.org/10.1007/s10875- 
022-01352-z

5.	Cox F, Bigley V, Irvine A, Leahy R, Conlon N. PAMI syndrome: 
two cases of an autoinflammatory disease with an ALPS-like 
phenotype. J Clin Immunol. 2022; 42(5):955–8. https://doi.org/ 
10.1007/s10875-022-01265-x

6.	 Eslamian G, Jamee M, Momen T, Rohani P, Ebrahimi S, Mesdaghi 
M, et al. Genomic testing identifies monogenic causes in 
patients with very early-onset inflammatory bowel disease: 
a multicenter survey in an Iranian cohort. Clin Exp Immunol. 
2024; 217(1):1–11. https://doi.org/10.1093/cei/uxae037

7.	 Gangadharan H, Singh A., Singh K, Rahman K, Aggarwal A. A 
rare cause of double negative αβ T cell lymphocytosis. Indian 
J Hematol Blood Transfus. 2021; 37(3):511–3. https://doi.org/ 
10.1007/s12288-020-01381-x

8.	Hafezi N, Zaki-Dizaji M, Nirouei M, Asadi G, Sharifinejad N, 
Jamee M, et al. Clinical, immunological, and genetic features 
in 780 patients with autoimmune lymphoproliferative syn-
drome (ALPS) and ALPS-like diseases: a systematic review. 
Pediatr Allergy Immunol. 2021; 32(7):1519–32. https://doi.org/ 
10.1111/pai.13535



DNT cells in ALPID� 13

27.	 Jamee M, Zaki-Dizaji M, Lo B, Abolhassani H, Aghamahdi  F, 
Mosavian M, et al. Clinical, immunological, and genetic 
features in patients with immune dysregulation, poly-
endocrinopathy, enteropathy, X-linked (IPEX) and IPEX-like 
syndrome. J Allergy Clin Immunol Pract. 2020; 8(8), 2747–60.
e2747. https://doi.org/10.1016/j.jaip.2020.04.070

28.	 Narula M, Lakshmanan U, Borna S, Schulze JJ, Holmes TH, 
Harre N, et al. Epigenetic and immunological indicators of 
IPEX disease in subjects with FOXP3 gene mutation. J Allergy 
Clin Immunol. 2023; 151(1):233–46.e210. https://doi.org/ 
10.1016/j.jaci.2022.09.013

29.	 Wyatt RC, Olek S, De Franco E, Samans B, Patel K, Houghton J, 
et al. FOXP3 TSDR measurement could assist variant classifi-
cation and diagnosis of IPEX syndrome. J Clin Immunol. 2023; 
43(3):662–9. https://doi.org/10.1007/s10875-022-01428-w

30.	 Tamiji M, Taheri SM, Motahari SA. “Stratification of Admixture 
Population: A Bayesian Approach,”  2019 7th Iranian Joint 
Congress on Fuzzy and Intelligent Systems (CFIS), Bojnord, 
Iran, 2019, pp. 1-4, https://doi.org/10.1109/CFIS.2019. 
8692151

function on T cell proliferation. Front Immunol. 2018; 9:718. 
https://doi.org/10.3389/fimmu.2018.00718

23.	 Oliveira Mendonça L, Matucci-Cerinic C, Terranova P, 
Casabona F, Bovis F, Caorsi R, et al. The challenge of early 
diagnosis of autoimmune lymphoproliferative syndrome in 
children with suspected autoinflammatory/autoimmune dis-
orders. Rheumatology. 2022; 61(2):696–704. https://doi.org/ 
10.1093/rheumatology/keab361

24.	 Tahiat A, Belbouab R, Yagoubi A, Hakem S, Fernini F, 
Keddari M, et al. Flow cytometry-based diagnostic approach 
for inborn errors of immunity: experience from Algeria. 
Front Immunol. 2024; 15:1402038. https://doi.org/10.3389/
fimmu.2024.1402038

25.	 Hägele P, Staus P, Scheible R, Uhlmann A, Heeg M, Klemann C, 
et al. Diagnostic evaluation of paediatric autoimmune 
lymphoproliferative immunodeficiencies (ALPID): a prospec-
tive cohort study. Lancet Haematol. 2024; 11(2):e114–26.  
https://doi.org/10.1016/s2352-3026(23)00362-9

26.	 Li H, Tsokos GC. Double-negative T cells in autoimmune diseases. 
Curr Opin Rheumatol. 2021; 33(2):163–72. https://doi.org/ 
10.1097/bor.0000000000000778



14	 Jamee M et al.

Table S1  ESID Diagnostic Criteria for Autoimmune Lymphoproliferative Syndrome

At least one of the following: 
	• splenomegaly  
	• lymphadenopathy (>3 nodes, >3 months, non-infectious, non-malignant) 
	• autoimmune cytopenia (>/= 2 lineages) 
	• history of lymphoma 
	• affected family member 

And at least one of the following: 
	• TCRab+CD3+CD4-CD8- of TCRab+CD3+ T cells > 6% 
	• elevated biomarkers (at least 2 of the following): 

	– sFASL > 200pg/ml 
	– Vitamin B12 > 1500ng/L 
	– IL-10 > 20pg/ml 
	– Impaired FAS-mediated apoptosis
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