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Background: Anti-interferon-g autoantibody (AIGA) positivity is an emerging

immunodeficiency syndrome closely associated with intracellular infection in

individuals without human immunodeficiency virus (HIV). However, the

information on epidemiology, pathogen spectrum, and immunotherapy

among these patients lack a systematic description of large data.

Methods: This systematic literature review and multicenter retrospective study

aimed to describe the pathogen spectrum and review treatment strategies

among patients with AIGA positivity.

Results: We included 810 HIV-negative patients with AIGA positivity infected

with one or more intracellular pathogens. Excluding four teenagers, all the

patients were adults. The most common pathogen was nontuberculous

mycobacteria (NTM) (676/810, 83.5%). A total of 765 NTM isolates were

identified in 676 patients with NTM, including 342 (44.7%) rapid-grower

mycobacteria, 273 (35.7%) slow-grower mycobacteria, and 150 (19.6%)

unidentified NTM subtype. Even with long-term and intensive antimicrobial

treatments, 42.6% of patients with AIGA positivity had recurrence and/or

persistent infection. Sixty-seven patients underwent immunoregulatory or

immunosuppressive therapy, and most (60) achieved remission. The most

common treatment strategy was r i tuximab (27/67, 40.3%) and

cyclophosphamide (22/67, 32.8%), followed by cyclophosphamide combined

with glucocorticoids (8/67, 11.9%).
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Conclusions: Intracellular pathogen was the most common infection in patients

with AIGA positivity. The predominant infection phenotypeswere NTM, varicella-

zoster virus, Talaromyces marneffei, and Salmonella spp., with or without other

opportunistic infections. AIGA immunotherapy, including rituximab or

cyclophosphamide, has yielded good preliminary results in some cases.
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Introduction

Since the first case of anti-interferon-g autoantibody (AIGA)

positive patient was reported in 2004, AIGA-related adult-onset

immunodeficiency, considered as an autoimmune phenocopy of

inborn genetic errors of the IL-12/IFN-g axis (1), has closely been

associated with nontuberculous mycobacteria (NTM) and varicella

zoster virus in individuals without human immunodeficiency virus

(HIV) in Southeast Asia (2). However, a new strong relationship

was observed between AIGA positivity and other intracellular

pathogens, such as Talaromyces marneffei and Salmonella spp (2,

3)., Cryptococcus spp., Mycobacterium tuberculosis, Burkholderia

spp., Epstein–Barr virus, and Histoplasma capsulatum, has been

reported (3, 4). In addition, AIGA-positive patients are not

exclusive to Southeast Asia. AIGA-positivity has also been

reported in America, the United Kingdom, and Germany (5–7).

Recently, AIGA positivity has been regarded as an important

susceptibility factor and prognostic indicator for intracellular

infection in patients without HIV (2, 3, 8). These patients were

more likely to have a poor prognosis and heightened

inflammatory response (9). The immune deficiency mechanism

of this anti-cytokine autoantibody may be related to the

neutralizing effect on IFN-g inhibit STAT1 phosphorylation and

IL-12 production (8–10), damaging the antimicrobial immunity

in macrophages by inhibiting M1 macrophage polarization and

blocking the production of proinflammatory factors, including

cytokines/chemokines and reactive oxygen/nitrogen species (11).

Therefore, effectively reducing the titer of AIGA may improve

infection prognosis and reduce recurrence and double or

multiple infections.

An increasing number of reports have focused on AIGA-

related adult-onset immunodeficiency versatile clinical

presentations, diagnosis, and treatment. However, to our

knowledge, understanding of the epidemiology, pathogen

spectrum, diagnostic criteria, and immunotherapy (including

immunoregulatory or immunosuppressive therapy) of AIGA is

limited, and there is a lack of a systematic description of this

disease based on large data. Therefore, this study aimed to
02
describe the epidemiological characteristics and pathogen

spectrum of AIGA positivity and review the immunotherapeutic

strategies developed for these patients to provide deeper insight

into AIGA positivity and guidance for physicians in

clinical practice.
Methods

Multicenter retrospective study in
guangxi and guangdong

We conducted a four-year (January 2018 to September 2021)

multicenter retrospective study in Guangxi and Guangdong,

China, at 14 participating centers. Complete histories were

obtained, including demographic data, geographical

distribution, infecting pathogens, and prognoses. The Ethics

Review Board of the First Affiliated Hospital of Guangxi

Medical University approved the study (2018.KY-E-094),

which was conducted in accordance with Good Clinical

Practice and the Declaration of Helsinki.

The inclusion criteria for patients in retrospective studies in

Guangxi and Guangdong were as follows: 1) positive AIGA; 2)

confirmed pathogen infection via microbiological culture,

pathological examination, metagenomics next-generation

sequencing and/or polymerase chain reaction; and 3) patients

who provided informed consent for participation. We conducted

a retrospective review of the medical records of patients with

AIGA positivity. Healthy volunteers and patients with

tuberculosis were recruited from the physical examination

center at the same hospital.
AIGA assay

Serum samples were obtained under sterile conditions and

stored in a serum bank at -80°C. The AIGA in the serum was

measured by an enzyme-linked immunosorbent assay (ELISA)
frontiersin.org
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kit (Cloud-Clone Corp., Wuhan, China), with a detection range

of 12–200 ng/mL. Then, we tested the optical density (OD) of

gradient dilution concentrations of standards. Finally, the

standard fitting curve was applied based on the classic

software of Curve Expert 1.4. After confirming that the kit test

was working normally, we conducted a preliminary experiment

and found the most suitable dilution concentration to detect the

sample. The serum samples from patients and a healthy control

were diluted at 1:1500 and 1:600, respectively, with phosphate-

buffered saline. Throughout the process, we strictly adhered to

the manufacturer’s protocol regarding the preparation and

testing of the standards and samples. The concentration of

AIGA in the sample is determined by comparing the OD of

the sample to the standard curve (2, 4, 9, 12).
Definition of patients with AIGA positivity

All 79 patients, including 66 from Guangxi and 13 from

Guangdong, were assessed for neutralization activity. AIGA

disease requires (1) the detection of AIGA by ELISA and (2)

an assessment of the neutralizing activity of AIGA by assays of

STAT-1 phosphorylation or human leukocyte antigen (HLA)-

DR expression on IFN-g-responsive cells by flow cytometry

(3, 10).

The normal range for the AIGA concentration was estimated

using the log-normal distribution, defined by the 99th percentile

from the 103 healthy volunteers and 30 patients with

tuberculosis. Outlying concentrations were classified as

positive for AIGA (2, 8). The mean titer of AIGA among these

133 participants was 3033.81 ± 1576.31ng/mL, and the 99th

percentile concentration was 6502.53 ng/mL. Therefore, it is

positive when the AIGA titer exceeds 6502.53 ng/mL.
Systematic literature review
search strategy

We searched PubMed, Web of Science, Embase, and BIOSIS

Library for original case reports and cohort studies on AIGA

published in English between January 1, 2004 and September 31,

2021. We used the keywords “anti-interferon (IFN)-gamma (g)
autoantibodies,” “anti-interferon (IFN)-gamma (g) autoantibody,”
“autoantibodies to Interferon (IFN)-gamma (g),” “autoantibody to
Interferon (IFN)-gamma (g),” “interferon (IFN)-gamma (g)
autoantibody,” “interferon (IFN)-gamma (g) autoantibodies,”

“autoantibody against gamma (g) interferon (IFN),”

“autoantibodies against gamma (g) interferon (IFN),” and

“adult-onset immunodeficiency.” The references of the retrieved

articles were reviewed for additional relevant citations. The

abstracts of all identified articles were viewed, and the full-text

versions of relevant articles were retrieved for data extraction and

analysis. Decide whether a study met the inclusion criteria of this
Frontiers in Immunology 03
review and included in the study, which depended on two

reviewers screened each record and each report retrieved. In

addition, they worked independently. The systematic review

protocol has not been registered in any database.

The inclusion criteria for articles and cases in the systematic

literature review were as follows: 1) original case reports or

cohort studies on AIGA published in English between January 1,

2004 and September 31, 2021; 2) articles describing the status of

AIGA and exact infecting pathogen based on pathological and

culture proof; and 3) patients with AIGA positivity who were

repeated in the retrospective study (i.e., duplicate reports), cases’

data were extracted from the literature.

The exclusion criteria for articles and cases in the systematic

literature review were as follows: 1) articles on diagnostics,

immunology, experimental studies, and general review articles

on AIGA; and 2) case reports or series of individuals with AIGA

status not specified.
Clinical outcomes definitions

The clinical course of infection was divided into the

following four categories: 1) remission (complete or partial

improvement of clinical symptoms after antimicrobial

treatment and AIGA immunotherapy); 2) persistent infection

(deterioration or no improvement of clinical symptoms after

treatment); 3) relapsed infection (improvement of clinical

symptoms, no pathogen detected after treatment, followed by

the reappearance of pathogen-associated infectious signs and/or

a positive pathogen test result); and 4) death.
Data extraction

The following data were extracted: year of publication,

geographical distribution, demographics, AIGA status,

pathogens detected, immunotherapy for AIGA, and outcome.

The geographical location was based on the corresponding

author’s affiliations if the patient’s country and region were

not specified in the article. If a case was reported in more than

one publication, the most recent article was used for data

extraction. The medical records in literature occurred were

used for data extraction if a case described in our retrospective

study again. In this process, two independently reviewers

collected data from each report.
Statistical analysis

Continuous variables are expressed as the median ±

interquartile range. The primary objectives of this research

were to study the epidemiology, geographical distribution,

and pathogen spectrum of AIGA between 2004 and 2021.
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The secondary object ives included the analysis of

immunotherapy and outcome of AIGA. The data were

analyzed using IBM SPSS Statistics 27 (IBM Corp.,

Armonk, NY, USA) and GraphPad Prism version 7

(GraphPad Software Inc., San Diego, CA, USA).
Results

Demographics, epidemiology, and
geographic characteristics of patients
with AIGA positivity

Seventy-nine patients with AIGA positivity were enrolled in

the retrospective study in Guangxi (66 cases) and Guangdong (13

cases). In the systematic literature review, 1262 articles were

published in English between January 1, 2004 and September

31, 2021. After reviewing the article abstracts, 1119 articles were

irrelevant to AIGA, and 47 on immunology, experimental studies,

and general review articles were excluded. In addition, 96 articles

were used as data sources (detailed information on the included

articles are shown in Supplementary Materials 1 and 2). After

excluding two duplicate cases in a retrospective study and one

patient with HIV, 731 patients with AIGA positivity were

identified in the systematic literature review. Thus, a total of 810

patients with AIGA positivity were included in the analysis

(Figure 1). Among the included patients, age was reported in

384 patients, and sex was reported in 703 patients. The median age

among the 384 patients was 52 (range, 10–87) years, and except

for four teenagers, all patients were adults (aged >18 years)

(Figure 2A). The age group with the highest incidence of AIGA

positivity was the 45−59 years-old group (45.31%), followed by

the 60−75 years-old group (25.78%) and the 18−44 years-old
Frontiers in Immunology 04
group (22.92%). Among the 703 patients, 47.08% (331/703) were

men, and 52.92% (372/703) were women.

The reported incidence of AIGA-associated immunodeficiency

syndrome has been increasing globally since 2012 (Figure 2B). The

geographic distribution of AIGA in this study revealed an increased

prevalence in Asia (798/810, 98.5%) (Figure 2C and D), particularly

in Thailand (429/810, 53.0%) and China (267/810, 33.0%),

overlapping with the geographical distribution of Talaromyces

marneffei. In China, most AIGA cases were found in Guangxi

(133/267, 49.8%) and Taiwan (103/267, 38.6%), followed by Hong

Kong (13/267, 4.9%) and Guangdong (13/267, 4.9%), Zhejiang (2/

267, 0.75%), Fujian (2/267, 0.75%) and Hunan (1/267, 0.37%).
Pathogen spectrum of patients
with AIGA positivity

Among 810 patients with AIGA positivity, 578 cases of

pathogen infection were described in detail. Notably, 46.7%

(270/578) of patients were simultaneously or successively

infected with multiple pathogens. Some were infected with as

many as seven pathogens (Figure 3A). The clinical

characteristics and outcomes of the 79 patients with AIGA

positivity, including 66 patients from Guangxi and 13 from

Guangdong, are presented in Supplementary Table 1.

Among 810 patients with AIGA positivity, 700 cases of

pathogen infection involvement sites were described in detail.

The most common infection involvement sites were lymph

nodes (63.14%), lung (40.71%), bone (33%), skin (28.14%),

and bloodstream (18.71%), followed by liver (9.86%), bone

marrow (8.26%), spleen (6.71%), and joint (5%) (Figure 3B).

Thirty-nine pathogens were identified among the 810

patients with AIGA positivity with one or more types of
FIGURE 1

The literature search process and results of the systematic literature review and retrospective study. AIGA, anti-interferon-g autoantibodies.
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intracellular pathogen infection. The most common pathogens

were NTM (83.5%), Varicella-zoster virus (21.5%), Talaromyces

marneffei (18.3%), and Salmonella spp. (17.2%), followed by

Cryptococcus spp., Mycobacterium tuberculosis, Burkholderia

spp., Cytomegalovirus, Epstein–Barr virus, Histoplasma

capsulatum, Aspergillus spp. (1.7%), and Streptococcus

spp (Figure 3A).
NTM infection spectrum in patients
with AIGA positivity

Among the 810 patients with AIGA positivity, 676 were

infected with NTM. A total of 17.5% (118/676) of patients were

simultaneously or successively infected with two or more NTM

subtype infections. A total of 765 NTM isolates were identified

from 676 cases of patients with NTM, including rapid-grower

mycobacteria (44.7% of cases), slow-grower mycobacteria

(35.7%), and unidentified NTM subtype (19.6%) (Figure 4).

The most common subtypes of slow-grower mycobacteria

were the M. avium complex, M. kansasii, M. intracellulare, and

M. scrofulaceum. The most common subtypes of rapid-grower

mycobacteria were M. abscessus complex, M. fortuitum, and

M. chelonae.
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Attempt immunotherapy in patients
with AIGA positivity

Among the 810 patients with AIGA positivity, outcomes of

495 patients were reported. Before the introduction of AIGA-

related immunotherapy, the overall improvement rate was

45.1%, and >50% of patients could not achieve remission;

there was a 12.3% mortality rate, 8.7% recurrence rate, and

33.9% persistent infection rate. In this study, 67 patients

underwent immunotherapy for AIGA (Supplementary

Table 2) (6, 7, 13–31), and the duration of anti-NTM or anti-

fungal treatment in 29 patients was clearly described. The

median duration of anti-NTM therapy was 15 (interquartile

range: 7, 36) months, and in all of the 67 cases, infection was

caused by persistent infection or deterioration after long-term

regular antimicrobial therapy. Various immunotherapies have

been used in AIGA, including 11 treatment options, which were

small sample studies or case reports.

The most commonly used immunotherapy strategies were

rituximab (27/67, 40.3%) and cyclophosphamide (22/67, 32.8%),

cyclophosphamide combined with glucocorticoids (8/67,

11.9%), recombinant human IFN-g (7/67, 10.4%), rituximab

combined with glucocorticoids (4/67, 6.0%), plasmapheresis

(2/67, 3.0%), bortezomib (2/67, 3.0%), immunoglobulin (1/67,
FIGURE 2

(A) The percentage of different age stages with AIGA-associated immunodeficiency. The reason for the statistical number of age, which was
384, was that most clinical cohort studies did not mention the age of each patient; therefore, the age data of the rest patients were missing in
the systematic literature review. (B) annual incidence trends of AIGA. (C, D) geographical characteristics of the study participants.
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1.5%), daratumumab (1/67, 1.5%), R-CHOP (1/67, 1.5%), and

adalimumab combined with glucocorticoids (1/67, 1.5%)

(Figure 5A). In 48 patients, AIGA titers decreased after

immunotherapy, which included rituximab (20 cases),

cyclophosphamide (13 cases), cyclophosphamide combined

with glucocorticoid (eight cases), rituximab combined with

glucocorticoid (one case), plasmapheresis (one case),

bortezomib (two cases), daratumumab (one case), R-CHOP

(one case), and adalimumab combined with glucocorticoid

(one case) (Figure 5B). AIGA titer decreases were not

observed in recombinant human IFN-g and immunoglobulin.

After AIGA treatment, only three patients died due to

deterioration of infection, three had a recurrence, and one had

persistent infections. The majority of the infected patients (60

cases) were in remission. Among these 67 patients, the duration
Frontiers in Immunology 06
of follow-up was clearly described in 42 cases, and only 25

patients were free of all antimicrobial agent use.
Discussion

This systematic literature review andmulticenter retrospective

study tried to fill a gap in the knowledge regarding the

epidemiological characteristics, incidence trends, pathogen

spectrum, and possible effective immunotherapy in recent years

of the emerging immunodeficiency diseases associated with AIGA

positivity and provide deeper insight into anti-cytokine

autoantibodies and guidance for clinical physicians.

During the study period, a remarkable increase in the

incidence of patients with AIGA positivity was observed. This
A B

C

FIGURE 3

Pathogen spectrum and pathogen infection involvement sites of patients with anti-interferon-g autoantibodies positivity. (A) Among 810 patients
with AIGA positivity, 578 cases of pathogen infection were described in detail. 46.7% (270/578) of patients were simultaneously or successively
infected with multiple pathogens. (B) Among 810 patients with AIGA positivity, 700 cases of pathogen infection involvement sites were
described in detail. (C) Thirty-nine pathogens were found among the 810 patients with AIGA positivity. S.Aureus, Staphylococcus aureus, HC
Histoplasma capsulatum; NTM, nontuberculous mycobacteria; TM,Talaromyces marneffe; TB , Mycobacterium tuberculosis; VZV, Varicella-
zoster virus; EBV, Epstein-Barr virus; HBV, Hepatitis B virus; HCV, Hepatitis C virus; Cps, Chlamydophila psittaci; KPC, Klebsiella pneumoniae; PA,
Pseudomonas aeruginosa; AB, Acinetobacter baumannii.
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can be attributed to increased clinical awareness of AIGA and

advancements in diagnostic methods and techniques (32). In

present study, patients with AIGA positivity were mainly

concentrated in Southeast Asia, particularly in Thailand and

Southern China. Combined with previous studies, the

concentration of the geographic distribution of AIGA in the

population of Southeast Asia and Southern China suggests a
Frontiers in Immunology 07
possible genetic basis, the expression of specific HLA class II

molecules, for the high incidence of AIGA-associated immune

deficiency syndrome in these ethnic groups, particularly HLA

class II alleles DRB1*16:02–DQB1*05:02 and HLA-

DRB1*15:02–DQB1*05:01 (33).

Most AIGA-positive cases were adults, consistent with

previous studies (6, 34). However, four teenagers (10−18 years
FIGURE 4

Nontuberculous mycobacteria isolates of patients with anti-interferon-g autoantibodies positivity. Among the 810 patients, 676 were infected
with NTM, and 765 NTM isolates were isolated from these 676 cases.
A B

FIGURE 5

Immunotherapy of 67 patients with anti-interferon-g autoantibodies positivity. (A) The number of changes in the AIGA titer of anti-interferon-g
autoantibodies positivity patients after immunotherapy. (B) The outcome of patients with anti-interferon-g autoantibodies positivity after
immunotherapy. CTX, cyclophosphamide; MP, methylprednisolone; RTX, rituximab.
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of age) who were AIGA-positive with NTM infection (34), were

also observed. Previous studies overemphasized the correlation

between AIGA and NTM (8, 10), leading to neglect of other

etiologies. In the present study, we characterized the complete

pathogen spectrum of AIGA, including mycobacteria, fungi,

bacteria, and viruses. Intracellular pathogens were found to be

the most common infection and exhibited a continuously

upward trend. The predominant phenotype associated with

AIGA was disseminated NTM infection (82.5%) and

disseminated Talaromyces marneffei infection (18.0%), with or

without other opportunistic infections. A previous study found

that 95% of non-HIV-infected patients with severe Talaromyces

marneffei infection from Guangxi were AIGA positive (3). Both

rapid growth mycobacteria (RGM) and slow growth

mycobacteria (SGM) were found in AIGA, RGM (44.7%) was

more common than SGM (35.7%), and there was an obvious

RGM bias in patients with AIGA (RGM/SGM=1.25). M.

abscessus was the most common type in RGM, and the M.

avium complex was the most common type in SGM.

Surprisingly, 46.7% of patients with AIGA positivity were

infected with two or more pathogens successively or

simultaneously and as many as seven pathogens successively.

Therefore, patients should be screened for AIGA positivity when

HIV-negative hosts have repeated infections with two or more

intracellular pathogens.

In this study, even with long-term and intensive

antimicrobial treatments, a large proportion of patients with

AIGA positivity (42.6%) had recurrence and/or persistent

infection. This may be because single antimicrobial therapy

cannot reduce the titer of AIGA, leading to no improvement

in the inhibition of IFN-g signaling by AIGA, which was

consistent with previous studies (6). Until now, there has been

no unified understanding of whether AIGA is a primary

immunodeficiency (PID) or autoimmune disease. In the 2022

Update of the International Union of Immunological Societies

Phenotypical Classification for Human Inborn Errors of

Immunity, AIGA was considered as a phenocopy of primary

immunodeficiency, which was defined as adult-onset

immunodeficiency with susceptibility to mycobacteria (1).

However, obvious skin damage, particularly sweet syndrome,

can be observed in patients with high AIGA titers, which

supports possible autoimmune diseases (35). Therefore,

immunotherapy, including corticosteroids, immunosuppressive

drugs, and biological agents (rituximab), should be considered

when the infection continues to worsen (6, 7, 13–31). However,

these treatment options also affect protective immunity and

often lead to serious side effects. To date, there is a lack of

large sample data to evaluate the benefit of immunotherapy in

AIGA patients, and the risk of complications and new infections

caused by immunosuppressive and regulatory therapy is also

unknown. Thus, we use these large data studies to fill the gap in

knowledge regarding the optimal immunotherapeutic strategies

for patients with AIGA positivity.
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In this study, IFN-g, immunoglobulin, and plasma exchange

therapy were not effective, and thus not recommended.

Rituximab and cyclophosphamide can effectively reduce AIGA

titers, restore IFN-g-mediated STAT1 phosphorylation function,

and improve clinical symptoms and prognosis. The possible

mechanism underlying rituximab treatment involves B-cell-

targeting biologics for the treatment of immune-mediated

diseases, direct against CD20, affect the B-cell population, and

induce a decrease in the production of antibodies (36).

Cyclophosphamide, a cytotoxic immunosuppressive agent,

plays an immunosuppressive and anti-inflammatory role by

blocking DNA synthesis, inhibiting cell proliferation, and by

nonspecific killing of lymphocytes. The main effect of

cyclophosphamide is to inhibit B-cell function; however, it also

inhibits T-cell function, particularly regulatory T-cell function

(37). Therefore, B-cell depletion was the most common side

effect in this study. Small sample studies suggest that

cyclophosphamide can reduce AIGA titers faster, with a longer

remission time and lower incidence of recurrent infection than

rituximab. However, some studies have reported that there is no

significant difference in infection remission between these two

regimens after 6 months of treatment (22). In addition, in some

cases, an increase in AIGA titers was observed after rituximab

and cyclophosphamide withdrawal. Therefore, it remains

unclear which therapy is more effective; nonetheless, rituximab

and cyclophosphamide can be used as immunotherapy to

improve the prognosis of patients with AIGA positivity with

poor response after long-term regular antimicrobial treatment.

Notably, not all patients treated with rituximab or

cyclophosphamide achieve the expected clinical response and

reduced AIGA titer. In clinical practice, healthcare providers

should consider turning to immunosuppressive drugs with other

targets rather than extending the use of rituximab and

cyclophosphamide. Recent case reports have identified other

immunotherapies, such as daratumumab (a monoclonal

antibody targeting CD38) (24), bortezomib (a proteosome

inhibitor) (23), and adalimumab (a tumor necrosis factor

inhibitor) (31), which can improve the prognosis of patients

with a poor response to treatment with rituximab

and cyclophosphamide.
Conclusion

The trend analysis revealed a remarkably increasing trend in

AIGA-related adult-onset immunodeficiency. These empirical

findings provide a new understanding of AIGA and its pathogen

spectrum, including not only NTM but also fungi, bacteria, and

Talaromyces marneffei. Furthermore, dynamic observation of

AIGA titer is valuable for monitoring disease activity. AIGA

immunotherapy, including rituximab or cyclophosphamide, has

yielded good preliminary results in some cases; however, the

development of immunotherapy or alternative treatments for
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AIGA is urgently required, given the life-threatening nature of

this condition. Further research is required to develop

immunotherapy guidelines and elucidate the course of the

disease, treatment side effects, and infection risk.
Limitations

Some limitations of this research should be acknowledged.

First, this is a systematic literature review and multicenter

retrospective study conducted in Guangxi and Guangdong,

China, and its conclusions may not apply to other countries and

provinces. Second, in some patients, we did not assess the age, sex,

treatment, and the change of AIGA titer. Third, although some

new insights into the clinical characteristics of immunotherapy

have been reported, the side effect and effectiveness of these

treatment strategies remain unknown. However, our results

comprehensively explored the epidemiological characteristics,

incidence trends, pathogen spectrum, and possible effective

immunotherapy in recent years. This study supports further

research into the treatment strategies of AIGA in order to

improve clinical practice. Furthermore, our next study will

dissect the neutralizing mechanism of AIGA and the precise

mechanisms underlying AIGA production.
Data availability statement

The original contributions presented in the study are

included in the article/supplementary material. Further

inquiries can be directed to the corresponding authors.
Ethics statement

The studies involving human participants were reviewed and

approved by The Ethics Review Board of the First Affiliated

Hospital of Guangxi Medical University approved the study

(2018.KY-E-094). The patients/participants provided their

written informed consent to participate in this study.
Author contributions

All authors fulfilled the contribution requirements as per the

International Committee of Medical Journal Editors role of

authors and contributor guidelines. ZTL, JQZ and FY

conceived and designed the study. YQ, WZ, GNF and FY

carried out the analyses and wrote the first draft of the

manuscript. MXT, YQ, XW, JLY and WZ carried out the

patient recruitment and clinical sample collection. JQZ and

ZTL contributed to the handling and testing of samples. FY

and YQ contributed to the collection of data from the electronic
Frontiers in Immunology 09
medical records. All authors contributed to the article and

approved the submitted version.
Funding

This study was supported by grants from the National

Natural Science Foundation of China [grant numbers

NSFC81760010, 82270007, and 82202544] and the Science and

Technology Department of Guangxi Zhuang Autonomous

Foundation of Guangxi Key Research and Development

Program (No. GuikeAB20238025). Furthermore, this study

was supported by grants from Guangxi Natural Science

Foundation (No. 2021GXNSFBA220064).
Acknowledgments

We thank the patients, the nurses, and the clinical staff who

cared for the patients. In addition, we thank the staff involved in

patient follow-up and the provisions of the medical records at 14

participating hospital, including Professor Yangqing Zhan, First

Affiliated Hospital of Guangzhou Medical University; Professor

Pusheng Xu, Second Affiliated Hospital of Guangzhou Medical

University; Professor Min Lin, Third Affiliated Hospital of

Guangzhou Medical University; Professor Shan-ping Jiang,

Sun Yat-sen Memorial Hospital Sun Yat-sen University;

Professor Mian-luan Pan, The Eighth Affiliated Hospital, Sun

Yat-Sen University; Professor Hui Zhang, The First Affiliated

Hospital of Guangxi Medical University; Professor Guang-nan

Liu, The Second Affiliated Hospital of Guangxi Medical

University; Professor Bi-xun Li, The Cancer Affiliated Hospital

of Guangxi Medical University; Professor Jie Huang, The Fourth

People’s Hospital of Nanning; Professor Yan-ping Qin, The

Second People’s Hospital of Nanning; Professor Haiguang Xu,

The People’s Hospital of Guilin; Professor Dong-min Qu,

Nanxishan Hospital of Guangxi Zhuang Autonomous Region;

Professor Fei Zheng, Guangxi Hospital for Nationalities;

Professor Xin Wu, Liuzhou Workers Hospital. Furthermore,

we would also like to thank Editage for English language editing.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated
frontiersin.org

https://doi.org/10.3389/fimmu.2022.1051673
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Qiu et al. 10.3389/fimmu.2022.1051673
organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
Frontiers in Immunology 10
Supplementary material
The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/

fimmu.2022.1051673/full#supplementary-material
References
1. Bousfiha A, Moundir A, Tangye SG, Picard C, Jeddane L, Al-Herz W, et al.
The 2022 update of IUIS phenotypical classification for human inborn errors of
immunity. J Clin Immunol (2022) 42:1508–20. doi: 10.1007/s10875-022-01352-z

2. Zeng W, Qiu Y, Tang S, Zhang J, Pan M, Zhong X. Characterization of anti–
interferon-g antibodies in HIV-negative patients infected with disseminated
talaromyces marneffei and cryptococcosis. Open Forum Infect Dis (2019) 6:
ofz208. doi: 10.1093/ofid/ofz208

3. Guo J, Ning XQ, Ding JY, Zheng YQ, Shi NN, Wu FY, et al. Anti-IFN-g
autoantibodies underlie disseminated talaromyces marneffei infections. J Exp Med
(2020) 217:e20190502. doi: 10.1084/jem.20190502

4. Zeng W, Qiu Y, Tang M, Zhang H, Pan M, Tang S, et al. Talaromyces
marneffei and burkholderia cepacia Co-infection in a HIV-uninfected patient with
anti-interferon-g autoantibodies. Infect Drug Resist (2021) 14:2173–7. doi: 10.2147/
IDR.S312042

5. O'Connell E, Rosen LB, LaRue RW, Fabre V, Melia MT, Auwaerter PG, et al.
The first US domestic report of disseminated mycobacterium avium complex and
anti-interferon-g autoantibodies. J Clin Immunol (2014) 34(8):928–32. doi:
10.1007/s10875-014-0073-9

6. Hong GH, Ortega-Villa AM, Hunsberger S, Chetchotisakd P, Anunnatsiri S,
Mootsikapun P, et al. Natural history and evolution of anti-interferon-g
autoantibody-associated immunodeficiency syndrome in Thailand and the
united states. Clin Infect Dis (2020) 71(1):53–62. doi: 10.1093/cid/ciz786

7. Roerden M, Döffinger R, Barcenas-Morales G, Forchhammer S, Döbele S,
Berg CP. Simultaneous disseminated infections with intracellular pathogens: an
intriguing case report of adult-onset immunodeficiency with anti-interferon-
gamma autoantibodies. BMC Infect Dis (2020) 20(1):828. doi: 10.1186/s12879-
020-05553-y

8. Browne SK, Burbelo PD, Chetchotisakd P, Suputtamongkol Y,
Kiertiburanakul S, Shaw PA, et al. Adult-onset immunodeficiency in Thailand
and Taiwan. N Engl J Med (2012) 367:725–34. doi: 10.1056/NEJMoa1111160

9. Chen ZM, Li ZT, Li SQ, Guan WJ, Qiu Y, Lei ZY, et al. Clinical findings of
talaromyces marneffei infection among patients with anti-interferon-g
immunodeficiency: a prospective cohort study. BMC Infect Dis (2021) 21:587.
doi: 10.1186/s12879-021-06255-9

10. Shih HP, Ding JY, Yeh CF, Chi CY, Ku CL. Anti-interferon-g autoantibody-
associated immunodeficiency. Curr Opin Immunol (2021) 72:206–14. doi: 10.1016/
j.coi.2021.05.007

11. Krisnawati DI, Liu YC, Lee YJ, Wang YT, Chen CL, Tseng PC, et al.
Blockade effects of anti-interferon- (IFN-)g autoantibodies on IFN-g-regulated
antimicrobial immunity. J Immunol Res (2019) 2019:1–7. doi: 10.1155/2019/
1629258

12. Qiu Y, Tang M, Zeng W, Feng X, Pan M, Li W, et al. Clinical findings and
predictive factors for positive anti-interferon-g autoantibodies in patients suffering
from a non-tuberculosis mycobacteria or talaromyces marneffei infection: a
multicenter prospective cohort study. Sci Rep (2022) 12(1):9069. doi: 10.1038/
s41598-022-13160-x

13. Döffinger R, Helbert MR, Barcenas-Morales G, Yang K, Dupuis S, Ceron-
Gutierrez L, et al. Autoantibodies to interferon-g in a patient with selective
susceptibility to mycobacterial infection and organ-specific autoimmunity. Clin
Infect Dis (2004) 38:e10–4. doi: 10.1086/380453

14. Kampmann B, Hemingway C, Stephens A, Davidson R, Goodsall A,
Anderson S, et al. Acquired predisposition to mycobacterial disease due to
autoantibodies to IFN-g. J Clin Invest (2005) 115:2480–8. doi: 10.1172/JCI19316

15. Harada M, Furuhashi K, Karayama M, Suzuki Y, Hozumi H, Enomoto N,
et al. Subcutaneous injection of interferon gamma therapy could be useful for anti-
IFN-g autoantibody associated disseminated nontuberculous mycobacterial
infection. J Infect Chemother (2021) 27:373–8. doi: 10.1016/j.jiac.2020.09.031

16. Browne SK, Zaman R, Sampaio EP, Jutivorakool K, Rosen LB, Ding L, et al.
Anti-CD20 (rituximab) therapy for anti-IFN-g autoantibody-associated
nontuberculous mycobacterial infection. Blood (2012) 119:3933–9. doi: 10.1182/
blood-2011-12-395707
17. Czaja CA, Merkel PA, Chan ED, Lenz LL, Wolf ML, Alam R, et al.
Rituximab as successful adjunct treatment in a patient with disseminated
nontuberculous mycobacterial infection due to acquired anti-interferon-
autoantibody. Clin Infect Dis (2013) 58:e115–8. doi: 10.1093/cid/cit809

18. Liu TT, Weng SW, Wang MC, Huang WT. Nontuberculous mycobacterial
infection with concurrent IgG4-related lymphadenopathy. APMIS (2016) 124:216–
20. doi: 10.1111/apm.12492

19. Su SS, Zhang SN, Ye JR, Xu LN, Lin PC, Xu HY, et al. Disseminated
talaromyces marneffei and mycobacterium avium infection accompanied sweet's
syndrome in a patient with anti-interferon-g autoantibodies: A case report. Infect
Drug Resist (2019) 12:3189–95. doi: 10.2147/IDR.S218836

20. Koizumi Y, Sakagami T, Nishiyama N, Hirai J, Hayashi Y, Asai N, et al.
Rituximab restores IFN-g-STAT1 function and ameliorates disseminated
mycobacterium avium infection in a patient with anti-interferon-g autoantibody.
J Clin Immunol (2017) 37:644–9. doi: 10.1007/s10875-017-0425-3

21. Ahmad TR, Ashraf DC, Seitzman GD. Corneal deposits in a patient with
anti-interferon-g autoantibody syndrome. JAMA Ophthalmol (2020) 138:310–1.
doi: 10.1001/jamaophthalmol.2019.4925

22. Laisuan W, Pisitkun P, Ngamjanyaporn P, Suangtamai T, Rotjanapan P.
Prospective pilot study of cyclophosphamide as an adjunct treatment in patients
with adult-onset immunodeficiency associated with anti-interferon-g
autoantibodies. Open Forum Infect Dis (2020) 7:ofaa035. doi: 10.1093/ofid/ofaa035

23. Rocco JM, Rosen LB, Hong GH, Treat J, Kreuzburg S, Holland SM, et al.
Bortezomib treatment for refractory nontuberculous mycobacterial infection in the
setting of interferon gamma autoantibodies. J Transl Autoimmun (2021) 4:100102.
doi: 10.1016/j.jtauto.2021.100102

24. Ochoa S, Ding L, Kreuzburg S, Treat J, Holland SM, Zerbe CS.
Daratumumab (Anti-CD38) for treatment of disseminated nontuberculous
mycobacteria in a patient with anti-interferon-g autoantibodies. Clin Infect Dis
(2020) 72:2206–8. doi: 10.1093/cid/ciaa1086

25. King EM, Weaver VK, Kestler MH. Treatment dilemmas in disseminated
nontuberculous mycobacterial infections with interferon-gamma autoantibodies.
Open Forum Infect Dis (2021) 8:ofab253. doi: 10.1093/ofid/ofab253

26. Naik R, Cortes JA. Persistent mycobacterium abscessus infection secondary
to interferon-g autoantibodies. Ann Allergy Asthma Immunol (2016) 116:461–2.
doi: 10.1016/j.anai.2016.02.003

27. Uno S, Uehara E, Kimura T, Sakagami T, Namkoong H, Uchida S, et al. R-
CHOP chemotherapy for disseminated mycobacterium avium complex disease due
to anti-interferon-gamma autoantibodies: A case report. Open Forum Infect Dis
(2021) 8:ofab181. doi: 10.1093/ofid/ofab181

28. Koya T, Tsubata C, Kagamu H, Koyama K, Hayashi M, Kuwabara K, et al. Anti-
interferon-g autoantibody in a patient with disseminated mycobacterium avium
complex. J Infect Chemother (2009) 15:118–22. doi: 10.1007/s10156-008-0662-8

29. Baerlecken N, Jacobs R, Stoll M, Schmidt RE, Witte T. Recurrent, multifocal
mycobacterium avium-intercellulare infection in a patient with interferon-gamma
autoantibody. Clin Infect Dis (2009) 49:e76–8. doi: 10.1086/605581

30. Chetchotisakd P, Anunnatsiri S, Nanagara R, Nithichanon A,
Lertmemongkolchai G. Intravenous cyclophosphamide therapy for anti-IFN-gamma
autoantibody-associated mycobacterium abscessus infection. J Immunol Res (2018)
2018:1–7. doi: 10.1155/2018/6473629

31. Furuya H, Ikeda K, Miyachi K, Nakamura K, Suzuki K, Furuta S, et al.
SAPHO syndrome-like presentation of disseminated nontuberculous
mycobacterial infection in a case with neutralizing anti-IFNg autoantibody.
Rheumatology (2017) 56:1241–3. doi: 10.1093/rheumatology/kex089

32. Vincent T, Plawecki M, Goulabchand R, Guilpain P, Eliaou JF. Emerging
clinical phenotypes associated with anti-cytokine autoantibodies. Autoimmun Rev
(2015) 14:528–35. doi: 10.1016/j.autrev.2015.01.015

33. Ku CL, Lin CH, Chang SW, Chu CC, Chan JF, Kong XF, et al. Anti-IFN-g
autoantibodies are strongly associated with HLA-DR*15:02/16:02 and HLA-
DQ*05:01/05:02 across southeast Asia. J Allergy Clin Immunol (2016) 137:945–
948.e8. doi: 10.1016/j.jaci.2015.09.018
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fimmu.2022.1051673/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2022.1051673/full#supplementary-material
https://doi.org/10.1007/s10875-022-01352-z
https://doi.org/10.1093/ofid/ofz208
https://doi.org/10.1084/jem.20190502
https://doi.org/10.2147/IDR.S312042
https://doi.org/10.2147/IDR.S312042
https://doi.org/10.1007/s10875-014-0073-9
https://doi.org/10.1093/cid/ciz786
https://doi.org/10.1186/s12879-020-05553-y
https://doi.org/10.1186/s12879-020-05553-y
https://doi.org/10.1056/NEJMoa1111160
https://doi.org/10.1186/s12879-021-06255-9
https://doi.org/10.1016/j.coi.2021.05.007
https://doi.org/10.1016/j.coi.2021.05.007
https://doi.org/10.1155/2019/1629258
https://doi.org/10.1155/2019/1629258
https://doi.org/10.1038/s41598-022-13160-x
https://doi.org/10.1038/s41598-022-13160-x
https://doi.org/10.1086/380453
https://doi.org/10.1172/JCI19316
https://doi.org/10.1016/j.jiac.2020.09.031
https://doi.org/10.1182/blood-2011-12-395707
https://doi.org/10.1182/blood-2011-12-395707
https://doi.org/10.1093/cid/cit809
https://doi.org/10.1111/apm.12492
https://doi.org/10.2147/IDR.S218836
https://doi.org/10.1007/s10875-017-0425-3
https://doi.org/10.1001/jamaophthalmol.2019.4925
https://doi.org/10.1093/ofid/ofaa035
https://doi.org/10.1016/j.jtauto.2021.100102
https://doi.org/10.1093/cid/ciaa1086
https://doi.org/10.1093/ofid/ofab253
https://doi.org/10.1016/j.anai.2016.02.003
https://doi.org/10.1093/ofid/ofab181
https://doi.org/10.1007/s10156-008-0662-8
https://doi.org/10.1086/605581
https://doi.org/10.1155/2018/6473629
https://doi.org/10.1093/rheumatology/kex089
https://doi.org/10.1016/j.autrev.2015.01.015
https://doi.org/10.1016/j.jaci.2015.09.018
https://doi.org/10.3389/fimmu.2022.1051673
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Qiu et al. 10.3389/fimmu.2022.1051673
34. Lin CH, Chi CY, Shih HP, Ding JY, Lo CC, Wang SY, et al. Identification of
a major epitope by anti-interferon-g autoantibodies in patients with mycobacterial
disease. Nat Med (2016) 22:994–1001. doi: 10.1038/nm.4158

35. Kiratikanon S, Phinyo P, Rujiwetpongstorn R, Patumanond J, Tungphaisal
V, Mahanupab P, et al. Adult-onset immunodeficiency due to anti-interferon-
gamma autoantibody-associated sweet syndrome: a distinctive entity. J Dermatol
(2021). doi: 10.1111/1346-8138.16202
Frontiers in Immunology 11
36. Kaegi C, Wuest B, Schreiner J, Steiner UC, Vultaggio A, Matucci A, et al.
Systematic review of safety and efficacy of rituximab in treating immune-mediated
disorders. Front Immunol (2019) 10:1990. doi: 10.3389/fimmu.2019.01990

37. Gulati K, Edwards H, Prendecki M, Cairns TD, Condon M, Galliford J, et al.
Combination treatment with rituximab, low-dose cyclophosphamide and plasma
exchange for severe antineutrophil cytoplasmic antibody-associated vasculitis.
Kidney Int (2021) 100(6):1316–24. doi: 10.1016/j.kint.2021.08.025
frontiersin.org

https://doi.org/10.1038/nm.4158
https://doi.org/10.1111/1346-8138.16202
https://doi.org/10.3389/fimmu.2019.01990
https://doi.org/10.1016/j.kint.2021.08.025
https://doi.org/10.3389/fimmu.2022.1051673
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Pathogen spectrum and immunotherapy in patients with anti-IFN-&gamma; autoantibodies: A multicenter retrospective study and systematic review
	Introduction
	Methods
	Multicenter retrospective study in guangxi and guangdong
	AIGA assay
	Definition of patients with AIGA positivity
	Systematic literature review search strategy
	Clinical outcomes definitions
	Data extraction
	Statistical analysis

	Results
	Demographics, epidemiology, and geographic characteristics of patients with AIGA positivity
	Pathogen spectrum of patients with AIGA positivity
	NTM infection spectrum in patients with AIGA positivity
	Attempt immunotherapy in patients with AIGA positivity

	Discussion
	Conclusion
	Limitations
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


