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Abstract

Idiopathic pulmonary hemosiderosis (IPH) is a rare disease of unknown etiology. Due to the frequent findings of autoimmune
antibodies — autoantibodies, immunologic causation of the diffuse alveolar hemorrhage in IPH has been proposed, to assess
the prevalence/frequency and type of autoantibodies in pediatric patients with IPH. In addition, the patient demographics,
diagnostic modalities used to diagnose IPH, treatment, and outcomes were also evaluated. Scoping review: The PubMed,
Medline, and Embase databases were searched with appropriate MeSH terms to identify relevant papers consistent with
the defined inclusion criteria. Thirteen observational studies comprising a total of 352 pediatric patients were included in
this review. The majority of subjects were girls 217 out of 352 (61.6%). The mean and median ages of patients ranged from
3.1-6.5 years to 2.3-7 years, respectively. In the 10 studies that specified the number of patients in their cohorts with either
at least one positive autoantibody or no antibody, the overall prevalence of autoantibodies was 76 out of 288 patients (26.4%).
The prevalence of specific antibodies was as follows: ANA, 20.3%; ANCA, 17%; anti-dsDNA, 9.1%; RF, 12%; anti-SMA,
23.2%; and celiac antibodies, 25.9%. Cow’s milk protein allergy was present in 16.2% of the children. The significance of
an association between IPH and the presence of autoantibodies has not been clarified. The autoantibodies could be sugges-
tive of an overall immune dysregulation rather than causation. However, limited evidence based on a single study suggests
that the presence of ANA may be associated with a higher risk of recurrence and worse outcomes. Further research, includ-
ing prospective studies, will be crucial to explore a possible genetic linkage between vasculitides, systemic rheumatologic
diseases, and IPH.

Key Points

e Approximately one in four pediatric patients with IPH demonstrate autoantibodies.

o Antibodies suggestive of celiac disease are the most prevalent autoantibody.

o The presence of antinuclear autoantibody may be associated with unfavorable outcomes.

o All patients with a positive ANCA demonstrated anti-myeloperoxidase (MPO-ANCA) antibody.
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AAV ANCA-associated vasculitis

ANA Antinuclear antibody

ANCA  Aantineutrophil cytoplasmic antibody
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BAL Bronchoalveolar lavage

CCP Cyclic citrullinated peptide

DAH Diffuse alveolar hemorrhage
dsDNA Double-stranded DNA

ELISA  Enzyme-linked immunosorbent assay
IIF Indirect immunofluorescence assay
IPH Idiopathic pulmonary hemosiderosis
MPO Myeloperoxidase

PR3 Proteinase 3

RF Rheumatoid factor

SMS Smooth muscle antibody
Introduction

Idiopathic pulmonary hemosiderosis (IPH) is a rare disease
of unknown etiology [1-3]. Based on the reported cases in
the literature, IPH is more prevalent in children than adults
[2]. Patients with IPH suffer from recurrent episodes of dif-
fuse alveolar hemorrhage (DAH), causing a variable degree
of respiratory symptoms. The classic clinical triad in [PH
includes hemoptysis, radiologic chest infiltrate, and anemia
[4]. This constellation is, however, uncommon, and patients
may present with nonspecific symptoms, such as cough,
chest pain, shortness of breath, fever, and fatigue [5]. The
symptoms can be chronic, relapsing, and remitting, but mas-
sive pulmonary hemorrhage precipitating acute respiratory
failure can also occur [5-7]. Recurrent episodes of DAH
may result in pulmonary fibrosis and end-stage lung disease
[8]. Additionally, pediatric patients may also present with
unexplained anemia. IPH is a diagnosis of exclusion, and all
competing diagnoses therefore need to be carefully evaluated
and excluded [1, 2, 9-11].

The pathobiology of DAH in IPH remains uncertain.
Although multiple pathophysiologic models have been pro-
posed, the immunological hypothesis is strongly favored by
clinicians [12—-14]. One of the rationales that have promoted
the immunologic hypothesis is the occurrence of autoim-
mune antibodies — autoantibodies in patients with IPH.
Sometimes, these autoantibodies are found concurrently at
the time of diagnosis, and at other times, they develop dur-
ing the subsequent course of the disease, occasionally after
years. The exact prevalence of autoantibodies in pediatric
patients with IPH is unknown but has been reported as high
as 92% in an observational study [13].

Previous reports have described several autoantibodies
in patients with IPH. These include antinuclear antibody
(ANA), antineutrophil cytoplasmic antibody (ANCA),
rheumatoid factor (RF), anti-cyclic citrullinated peptide
(anti-CCP), anti-smooth muscle antibody (anti-SMA), anti-
Sjogren syndrome antibody (anti-SSA), and antibodies
associated with celiac disease [12]. However, the signifi-
cance of these autoantibodies in the pathogenesis of DAH
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is unknown. In addition, DAH mimicking IPH (bland pul-
monary hemorrhage on lung biopsy) has been described in
a number of autoimmune and rheumatologic diseases [15],
raising the question that IPH may be an attenuated presenta-
tion of a systemic disease, and if the patient survives long
enough, other organ involvements may be observed. Indeed,
there are a few reports of patients who were diagnosed with
IPH by lung biopsy but subsequently developed a vasculitis
syndrome [16-18]. We, therefore, undertook this project to
review the literature regarding the occurrence of autoanti-
bodies in pediatric patients with IPH to elucidate the over-
all prevalence and identify any potential clinical association
with causation and outcomes. We only included pediatric
patients for this study as no prospective or retrospective
studies exist in adult patients with IPH.

Methods

This scoping review was performed and reported in
accordance with Preferred Reporting Items for Systematic
Review and Meta-Analyses extension for Scoping Reviews
(PRISMA-ScR) guidelines. Approval from Institutional
Review Board (IRB) and informed patient consent were not
obtained for this study as it was a scoping review of previ-
ously published literature. The study was not registered in
PROSPERO as this is not a systematic review.

Study objectives

The primary objectives of the study were to determine the
prevalence/frequency and type of autoantibodies in pedi-
atric patients with IPH. The secondary objectives were to
assess patient demographics, diagnostic modalities used
to diagnose IPH, treatment, and outcomes in this patient
population.

Search criteria

The Medline, PubMed, and Embase databases were searched
using the following formula:

“(Idiopathic pulmonary hemosiderosis OR IPH) AND
(Pediatric patients OR children)” and “(Idiopathic pulmo-
nary hemosiderosis OR IPH) AND (Pediatric patients OR
children) AND Antibody.” The bibliography of the identified
literature was then carefully searched to identify additional
articles that met the inclusion criteria for our study.

Inclusion criteria

Articles fulfilling the following criteria were included: (1)
prospective or retrospective case control or cohort studies
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that reported the incidence of autoantibodies in pediatric
patients with a diagnosis of IPH; (2) patients initially diag-
nosed with IPH either clinically (consistent clinical presen-
tation, radiology and demonstration of hemosiderin-laden
macrophages from sputum, bronchoalveolar lavage [BAL],
or gastric aspirate) or by lung biopsy, who subsequently
developed autoantibodies and/or vasculitis were included; 3)
and articles published in English language in peer-reviewed
journals between January 1, 1980 and October 4, 2021.

Exclusion criteria

The exclusion criteria were as follows: (1) articles that
reported simultaneous findings of autoantibodies and vascu-
litis from lung and/or kidney biopsies during the initial diag-
nosis of IPH (we considered that patient to be suffering from
vasculitis and not IPH); (2) articles on patients with biopsy
proven “bland pulmonary hemorrhage” but with clinical and
laboratory findings suggestive of connective tissue disease;
and (3) articles reported as case reports or abstracts.

Data collection process

Two researchers (BKS and AB) independently performed eli-
gibility assessments of the data in a standardized manner to
identify articles that reported autoantibodies in patients with
IPH. The reviewers were blinded to each other’s assessment.
Any disagreement between the researchers was resolved by
discussion and input from a third investigator, PC. After the
citations were identified, duplicate records were removed.
The abstract of each citation was then screened for relevance
to our study. Citations that were deemed unrelated to our
research after independent evaluation of the abstract by the
reviewers were excluded. The full texts of the remaining cita-
tions were then reviewed, along with careful examination of
the bibliography of the published articles.

Data items

Included studies were coded, and the extracted data from
the studies were then tabulated in a standardized Excel sheet
(Microsoft Corporation). The following data were gathered
from full-text articles: study design, year of reporting, country
of the study, patient demographics, prevalence of antibodies,
type of autoantibodies, temporal relationship of autoantibody
determination with the diagnosis of IPH, initial presentation,
as well as course and clinical outcome of disease.

Study risk and bias assessment

The quality of the studies and risks of bias were not assessed
as this is a scoping review of the literature.

Results
Study characteristics

Thirteen manuscripts that fulfilled the eligibility criteria
were included in this scoping review [13, 14, 19-29]. Fig-
ure 1 shows the selection process of the articles.

All studies were retrospective and included a cohort of
pediatric patients diagnosed with IPH. The oldest study was
published in 1999 and the latest study in 2021 (Table 1).
Two of the French studies were reviews [13, 22] from a
French database on rare lung diseases established in 2008
comprising 12 pediatric centers. The included studies were
heterogeneous and assessed a wide range of outcomes
(Table 1).

Subject demographics

A total of 352 children (61.6% girls) were included in this
study. The mean and/or median age during the diagnosis
of IPH was specified in all but one study [29]; the mean
age ranged from 3.1 to 6.5 years and the median age from
2.3 to 7 years (observed range 0.16—18.2 years). Kiper et al.
reported a retrospective cohort of 23 children whose age
ranged from 11 months to 13 years with a calculated median
of 6 years [29].

A delay in the diagnosis of IPH was reported in 6/13 stud-
ies [14, 19-21, 26, 27, 29]. The interval between the initial
presentation and the final diagnosis varied widely, ranging
from 2 months to 12 years (Table 2). In two studies, approxi-
mately 75% of patients were initially misdiagnosed [19, 21].

A high rate of consanguinity (48%) was reported in two
Turkish studies [19, 29]. Down syndrome was present in
9/34 (26.4%) and 5/25 (20%) of cohorts reported by Alimi
et al. [22] and Taytard et al. [13], respectively. Among the
studies, 5/13 (38.5%) included patients being diagnosed with
IPH before 1990.

Diagnosis of IPH

The diagnosis of IPH was made primarily by the clinical
presentation, radiologic abnormalities on chest X-ray, and
the demonstration of hemosiderin-laden macrophages in the
sputum, gastric aspirate, or BAL. Rarely, IPH was diagnosed
from clinical and radiologic appearance alone without docu-
mentation of hemosiderin-laden macrophages [20, 28].

Among the studies specifying the number of patients who
underwent BAL or gastric aspiration, BAL was performed
in 95/185 (51.3%) and gastric aspiration in 70/129 (54.2%)
of the patients. Lung biopsies were performed in 39/209
(18.7%) of patients.
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13 studies included in the review

Prevalence of autoantibodies

The overall frequency of autoantibodies varied widely, rang-
ing from O to 92% among the reported cohorts (Table 2)
[13, 21]. A thorough evaluation for antibodies was not per-
formed in all studies. Studies that included patients who
were diagnosed with IPH prior to 1990 (approximately when
testing for ANCA became standard practice) typically had
less consistent evaluation for autoantibodies (less number of
patients and type of antibodies tested) [14, 28, 29]. Although
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reported as part of the diagnostic workup, no study assessed
the incidence of autoantibodies as the primary outcome
measure (Table 1).

In the 10 studies that specified the number of patients
with either at least one positive or no autoantibody in their
cohort, the overall incidence of autoantibodies was 76/288
(26.4%), and some patients had more than one antibody.
Taytard et al. reported that 23/25 (92%) of their patients had
a positive antibody screening; among these patients, 17/23
(74%) presented antibodies at the time of diagnosis of IPH,
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Follow-up technique

Survival in patients with ~ Chart review

Type of pediatric patients Study objectives
IPH

All patients with IPH

Single

Patient enrollment period Number of centers

1972-1998

Country Type of study
Retrospective study

USA

Saeed et al. 1999

Table 1 (continued)

Author

@ Springer

Chart review

Pediatric patients up to Long-term survival

the age of 13

Single

Turkey Retrospective study 1979-1994

Kiper et al. 1999

with low-dose steroid

therapy

IPH, idiopathic pulmonary hemosiderosis

whereas 6/24 (26%) developed antibodies during follow-
up [13]. Three other studies specified the development of
autoantibodies during the follow-up period (Table 2) [14,
19, 24]. A few patients subsequently developed autoimmune
diseases [14]. Clainche et al. reported the development of
rheumatoid arthritis-like illness in 3/15 patients [14].

Type of autoantibodies

Patients reported in the past decade [13, 19-22] had more
complete antibody profile than in studies reported in the late
1990s and early 2000s [14, 27-29]. The most commonly
evaluated antibodies included ANA, ANCA, anti-double-
stranded DNA (anti-dsDNA), RF, anti-SMA, antibodies for
celiac disease, and allergy to cow’s milk protein (Table 2).
The occurrence of particular antibodies in the individual
studies is summarized in Table 2.

The exact incidence for specific autoantibodies was dif-
ficult to ascertain as this was not reported in all studies.
Based on the studies reporting specific autoantibodies, the
pooled incidences were ANA 26/128 (20.3%) [7 studies],
ANCA 21/123 (17%) [7 studies], anti-dsDNA 4/44 (9.1%) [3
studies], RF 6/50 (12%) [3 studies], anti-SMA 10/43 (23.2%)
[3 studies], celiac antibodies 23/89 (25.9%) [4 studies], and
cow’s milk protein allergy 25/154 (16.2%) [n=9]. The pres-
ence of autoantibodies was generally not associated with
the development of autoimmune diseases except in a few
patients [13]. Le Clainche et al. reported three patients in
their cohort who developed rheumatoid arthritis like illness
during follow-up [14]. Furthermore, some studies reported a
reduction in antibody titer and disappearance of autoantibod-
ies in some patients during subsequent follow-up [13, 19].

Treatment and outcomes

The majority of patients received immunosuppressive ther-
apy. The first-line therapy included systemic corticosteroid
with or without additional immunomodulators. Recurrence
of disease occurred frequently in all studies. Experimental
treatment included liposteroid, mesenchymal stem cell trans-
plant in addition to corticosteroid, and leflunomide [23, 24].
Common second-line agents included hydroxychloroquine,
methotrexate, azathioprine, and cyclophosphamide.

Only one study specifically addressed clinical out-
comes in patients with IPH with and without the presence
of autoantibodies [19]. Hizal et al. reported 7/17 and 1/25
patients to be ANA positive in the respective cohorts with
“unfavorable” and “favorable” outcomes. This association
was found to be statistically significant, p =0.008. The
authors, therefore, concluded that ANA positivity was asso-
ciated with an unfavorable response to therapy, including
recurrence of bleeding [19].w
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Discussion

Based on the reported cases in the literature, IPH affects
pediatric patients more often than adults. Approximately
two-thirds of all reported cases have included pediatric
patients [2]. The estimated incidence of IPH in selective
pediatric groups ranges from 0.24 to 1.23 cases per million
children per year [30, 31]. A review of all reported adult
cases between 2000 and 2015 identified only 37 cases [5].
Among pediatric patients, IPH is more prevalent in girls
[13], which was also the case in this review. More than 60%
of subjects included in our study were girls. In contrast,
males may be affected more frequently in adult onset dis-
ease [5]. The onset of disease predominantly occurs before
the age of 10 years [14], although patients of all ages have
been reported in the literature [5]. Initial misdiagnosis and
a delay in diagnosis are common in IPH patients. Most
of our included studies reported a significant delay in the
diagnosis. Chen et al. reported a mean diagnostic delay of
2.3 years in adult patients [5]. The delay in diagnosis is
likely due to nonspecificity of clinical presentation and lack
of awareness among clinicians. Additionally, hemoptysis,
which is the most prevalent symptom among adults, may
be completely absent in children, making it even more chal-
lenging [15].

Due to their retrospective nature, antibody profiles
were not available for all patients in the majority of stud-
ies. Even when evaluated, not all relevant antibodies were
checked routinely. The ANA became available for clinical
use in 1957 [32]. However, the existence and significance
of ANCA antibodies were unknown until the mid-1980s.
Therefore, descriptions of IPH before that point in time
(especially when the diagnosis was made without lung
biopsy) may have mistakenly included patients with ANCA-
associated vasculitis (AAV) [33-35].

The data regarding pediatric AAV are less robust in
the literature. The incidence of AAV in adults can vary
based on geographic location. For example, in Europe,
the annual incidence of AAV ranges from 13 to 20 cases
per million [36]. In contrast, the estimated incidence of
AAV in children approximates 0.45 cases per million per
year (nearly 30 times lower than adults) [37]. Unlike the
adult population, girls are affected more frequently than
boys. The median age for disease onset is 11.5 years [38].
Alveolar hemorrhage is present in approximately 30% of
patients and can be life threatening [37, 39]. The clini-
cal manifestations in AAV may vary depending on the
type of autoantibody. Although early research suggested
otherwise [40], the incidence of DAH appears to be more
frequent in patients with anti-proteinase 3 (PR3-ANCA)
than with anti-myeloperoxidase (MPO-ANCA) [41, 42].
Patients with PR3-ANCA are also more likely to suffer
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from relapse of their disease [43]. In patients with AAV,
the presence of DAH is associated with an increased mor-
tality [44].

A complete assessment of ANCA requires both indirect
immunofluorescence assay (IIF) and enzyme-linked immu-
nosorbent assay (ELISA) testing [15]. The IIF is performed
by incubating the serum from a patient suspected of AAV
to the ethanol-fixed human neutrophils. In the presence
of ANCA in the serum, two distinctive patterns can be
observed on IIF. These patterns are perinuclear (p-ANCA)
and cytoplasmic (c-ANCA). p-ANCA pattern signifies stain-
ing around the nucleus, while a c-ANCA pattern is charac-
terized by diffuse cytoplasmic fluorescence. Sometimes a
nonspecific pattern, known as atypical (a-ANCA), can be
seen in patients with non-vasculitic autoimmune disorders.
Although the majority of p-ANCA and c-ANCA antibodies
are directed against anti-MPO and anti-PR3, respectively,
this is not the case for all patients. Definitive identification
of the antigenic target requires further testing by ELISA. The
ELISA can easily differentiate among antibodies directed
against anti-MPO, anti-PR3, and antibodies that are not
directed to these antigens (so-called a-ANCA). Although
more sensitive, an accurate estimation of the immunofluo-
rescence pattern may be challenging, as this depends on the
expertise of the operator. For example, a positive ANA pat-
tern may be reported as a false-positive “p-ANCA.” There-
fore, simultaneous testing with IIF and ELISA provides
greater sensitivity and specificity.

It is crucial to emphasize that the presence of ANCA does
not always imply a diagnosis of AAV. A positive ANCA
can be present in virtually all systemic rheumatologic dis-
eases [45]. However, most of these ANCA autoantibodies
are directed towards non-MPO and non-PR3 antigens, des-
ignating “atypical” ANCA. PR3-ANCA and MPO-ANCA
are extremely rare in CTDs [45]. Patients with inflammatory
bowel disease frequently demonstrate atypical p-ANCA pat-
tern with non-MPO-ANCA antibodies [46]. ANCA, includ-
ing PR3- and MPO-ANCA, can also be present in patients
with infective bacterial endocarditis, tuberculosis, as well as
in parasitic and fungal infections [47-49].

The specific antigenic target of ANCA antibodies was
not reported in the observational studies included in this
review. Taytard et al. [13] and Clainche et al. [14] did not
specify the occurrence of PR3-ANCA or MPO-ANCA in
their patients. Yang et al. reported one patient each with
a positive p-ANCA and c-ANCA by immunofluorescence,
but the authors did not further specify the target further with
ELISA [20]. Positive ANCA tests have also been reported in
case reports and case series of patients with I[PH. The ELISA
primarily demonstrated MPO-ANCA positivity [16, 17, 50].
A total of 3/5 and 2/5 patients demonstrated perinuclear and
cytoplasmic distribution of MPO-ANCA, respectively [16,
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17, 50]. In the literature search, we did not identify any
patient with IPH who had PR3-ANCA.

The role of ANCA in the causation of DAH in IPH is
unclear. AAV is caused by pathologic ANCA, which his-
tologically presents as necrotizing glomerulonephritis on
kidney biopsy. In case of pulmonary involvement, pauci-
immune small vessel vasculitis with parenchymal necrosis
and granuloma formation (except in MPA) can be seen [15,
51]. Based on reported studies, the incidence of DAH in
AAV varies between 8 and 36% [52]. As histopathologic
analysis of the lung in IPH reveals bland pulmonary hem-
orrhage (BH), the presence of ANCA may not signify
causation, instead a manifestation of overall immunologic
dysregulation in IPH patients. However, it is also possible
that some cases of IPH present as an attenuated form of
AAV, and that with prolonged survival, a more systemic
involvement of AAV becomes evident. The literature is lim-
ited in establishing any definitive association between IPH
and AAV. However, given the yearly incidence of IPH and
AAV being 1.2 and 0.45 cases per million in children, co-
occurrence of these two rare diseases by chance alone would
be 0.00054 cases per year per million or 0.54 cases per tril-
lion children. Our literature review identified four pediatric
patients with IPH who subsequently developed AAV [16, 17,
50]. This may suggest that a concurrent diagnosis of IPH and
AAV may not be solely by chance but that a yet unidentified
association may exist.

ANA has high sensitivity but low specificity for the diag-
nosis of a number of autoimmune diseases. A significantly
elevated ANA titer, defined as 1:80 or higher, is present in
approximately 2.5% of the apparently healthy population
[53]. Similarly, the prevalence of a positive ANA titer (1:80
or higher dilution) in the pediatric population was 3% in a
study from Thailand [54]. The prevalence increased to 15%
with a cutoff value of 1:40. A positive ANA titer was present
in 20.3% of the tested patients in our study, which appears
to be higher than reported among apparently healthy pedi-
atric and adult population, especially with a cutoff value
of 1:80. However, since the specific ANA titers were not
reported, the positive ANA in patients with IPH may have
been coincidental.

Rheumatoid factor is also a nonspecific antibody, and a
high titer can be present in many autoimmune diseases other
than rheumatoid arthritis, and RF is also found in healthy
individuals [55]. Additionally, chronic infections and malig-
nancy can also be associated with positive RF [56, 57]. A
high antibody titer increases the specificity of the test in
the evaluation of autoimmune diseases. Although more spe-
cific than RF for the diagnosis of RA, anti-CCP can also
be positive in patients with other rheumatologic conditions,
such as SLE, Sjogren syndrome, and psoriatic arthritis [58,
59]. Moreover, patients with tuberculosis (TB) and alpha-
1-antitrypsin deficiency may also have a positive assay for

anti-CCP. The presence of anti-CCP is associated with a
more aggressive disease course in RA [60].

In the appropriate setting, anti-SMA in high titers can
be suggestive of autoimmune hepatitis (AIH). Interestingly,
patients with AIH may also have other concomitant autoan-
tibodies, such as ANA and atypical P-ANCA. Only three
studies reported the presence of anti-SMA in their cohort
of patients [13, 14, 22]. Two of these studies used the same
French database, which would explain the fairly high inci-
dence of anti-SMA (23.2%) [13, 22]. As with most autoim-
mune diseases, multiple autoantibodies can be present in a
single patient with IPH [13, 14]. This finding strengthens
the hypothesis that the autoantibodies in IPH are indicative
of some sort of immune dysregulation.

The association between celiac disease and IPH (Lane-
Hamilton syndrome) has been reported by many authors. In
our study, celiac disease antibodies were positive with the
highest frequency (25.9%). Since the incidence of seroposi-
tivity for celiac disease in adults and children is approxi-
mately 1% in North America and Europe, there may be an
association between these two entities [61]. Several hypoth-
eses have been proposed to unify the coexistence of these
diseases, but it has never been proven [62].

Similarly, cow’s milk protein allergy was also positive
in a significant (16.2%) number of patients. In total, 9/13
(69.2%) of studies assessed for the presence of cow’s milk
protein allergy in their patients.

There is limited data in the literature that have evaluated
the clinical aspects in IPH patients with or without autoan-
tibodies. Whether there is a difference in the presentation,
treatment response, or overall prognosis is currently uncer-
tain. It has been reported that patients with IPH and Down
syndrome typically have more severe disease and worse
prognosis compared to others [22, 63]. Similarly, whether
there is a difference between patients who have autoanti-
bodies during initial evaluation versus patients who develop
antibodies during the course of the disease is unclear. Cur-
rent data suggests that the presence of ANA may portend a
higher risk of recurrence and worse outcome [19]. Although
one report suggested a worse clinical course in patients who
were ANCA positive, it is unclear whether those patients
actually suffered from AAV rather than IPH [64]. Only a
well-planned prospective study with a sufficient number
of subjects can answer these questions. Unfortunately,
IPH being a rare disease with an inconsistent diagnostic
approach throughout the world, such endeavor is likely to
prove difficult.

Our study identified the pooled prevalence of autoan-
tibodies to be 26.2% in pediatric IPH patients. However,
only a few patients were eventually diagnosed with an
autoimmune disease (Table 2). An implication of identi-
fying autoantibodies in patients with IPH is its impact on
the “diagnosis of IPH.” By definition, IPH is a diagnosis of
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exclusion, and all competing diagnosis needs to be excluded
with a reasonable workup. Therefore, the question would
remain “Does the presence of autoantibodies indicate that
the patient doesn’t have IPH or autoantibodies should be
considered an immunologic phenomenon in IPH without a
causative association?” The answer may be more straight-
forward if the patient has or develops ANCA antibodies and
histopathologic evidence of vasculitis. But in the absence
of a histopathologic diagnosis or a diagnosis of a systemic
connective tissue disease, this distinction may be challeng-
ing. BH, defined as alveolar hemorrhage without vasculitis
or inflammation, is the hallmark of DAH in IPH. However,
BH can also occur in patients with autoimmune diseases.
For example, nearly two-thirds of patients with DAH in SLE
have been reported to suffer from BH [65]. As a result, the
presence of autoantibodies may be the earliest clue regard-
ing the subclinical presence of a systemic autoimmune dis-
ease, and patients with IPH should be routinely and carefully
evaluated for subtle clues of rheumatologic diseases. A ret-
rospective study identified four criteria to be associated with
the immunologic causation of DAH. These were (a) onset of
respiratory symptoms more than 10 days, (b) incapacitating
fatigue or weight loss (5% in the past month), (c) arthralgia
or arthritis, and (d) proteinuria [66]. Future genetic correla-
tion studies involving patients with IPH, AAV, and connec-
tive tissue diseases may point towards a commonality.

Strengths and limitations of the study

Ours is the first study that has systematically scrutinized
the literature to identify the frequency and role of autoan-
tibodies in patients with IPH. However, the study has sev-
eral limitations. Firstly, no prospective trials were identified
in the literature. Therefore, the risk of bias is high among
the reported patients. Secondly, the data were incomplete
in many of these studies. Thirdly, several studies included
patients before the existence of ANCA antibodies was dis-
covered. Fourthly, the lack of exact characterization of the
ANCA antibodies in the observational trials makes the
results less reliable. Despite these limitations, this study
provides a thorough analysis of the present knowledge of
autoantibodies in IPH and proposes directions for further
research.

Conclusions

The exact association between IPH and the occurrence of
autoantibodies is unclear. Although many IPH patients
develop one or multiple antibodies, these autoantibodies may
manifest immunological dysregulation rather than causation.
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Whether an attenuated form of AAV could be responsible
for BH in IPH remains speculative. However, the occurrence
of two rare diseases, IPH and AAYV, in the same patient only
by chance appears highly improbable. The presence of ANA
and ANCA may be associated with disease recurrence and
worse outcomes. Further research is necessary to establish a
genetic linkage among vasculitides, systemic rheumatologic
diseases, and IPH.
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