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Anticytokine autoantibodies – association with infectious manifestations  

Background 
Autoantibodies (AAbs) to cytokines are increasingly being recognized as potential contributors to acquired immune 
deficiency, immune dysregulation and autoimmunity [1, 2]. These AAbs may mediate a variety of infectious 
manifestations depending on the cytokine they target, although definite causality has not been established in all cases. 
Examples of cytokines that are associated with infectious manifestations are interferon gamma (IFNγ), interleukin 17 
(IL-17) and granulocyte macrophage colony stimulating factor (GM-CSF), among others. Anti-cytokine AAbs are not 
always associated with disease and they can be detected in healthy individuals [3]. However, the presence of high titer, 
neutralizing anti-cytokine AAbs in the appropriate clinical context may be considered clinically significant. 
 
Interferon gamma 
IFNγ is one of the key cytokines involved in host defense against intracellular pathogens such as mycobacteria. The 
central role of IFNγ in generation of protective immunity to mycobacterial infections and infections with other 
intracellular organisms is highlighted by the fact that genetically inherited disorders of the IFNγ pathway, including 
IFNGR1, IFNGR2 and STAT1 lead to overwhelming infections with intracellular organisms of low pathogenicity such as 
the Mycobacterium bovis Bacille Calmette-Guérin (BCG)vaccine, or nontuberculous mycobacterial (NTM) species [4]. 
These infections manifest early in childhood. In adults, however, such infections are rare and are generally associated 
with an immune deficient state, such as HIV infection or immunosuppression following transplant. 
 
In 2004, the first case of an acquired immune deficiency due to high titer, neutralizing AAbs to IFNγ was described [5]. 
This patient presented with extra-pulmonary, treatment refractory NTM infection. Since then numerous reports have 
documented the association of anti-IFNγ AAbs with intracellular infections in otherwise healthy, immune competent 
individuals [6-8]. Although extra-pulmonary, disseminated, NTM infections formed the majority of such cases, isolated 
NTM empyema and infections with Salmonella typhi, cytomegalovirus, Toxoplasma gondii and Varicella zoster [9, 10] 
have been reported as well.  
 
Patients that present with this autoimmune phenomenon that may contribute to an immune deficient state are, in 
general, otherwise healthy and not obviously immune compromised. The majority of patients documented to date are 
of Southeast Asian origin, strongly suggesting an inherited predisposition to development of these AAbs. Indeed, anti-
IFNγ AAbs have been shown to be strongly associated with HLA-DRB1*16:02 and HLA-DQB1*05-02 [7]. However, the 
recent identification of anti-IFNγ AAbs associated infections in non-Asian patients [10, 11] suggest that this 
phenomenon may be more wide spread and is perhaps influenced by other, as yet unidentified, genetic and/or 
environmental factors. 
 
AAbs to IFNγ have been demonstrated by the ability of patient’s plasma to inhibit phosphorylation of STAT1 in normal 
monocytes stimulated with IFNγ [12], as well as by binding studies to evaluate antibody titer. It is essential to 
demonstrate the functionality of these antibodies, since healthy individuals may show evidence of low titer anti-IFNγ 
AAbs with little to no neutralizing activity in vitro. Additionally, at least one patient has been identified by an initial 
indeterminate Quantiferon Gold In-tube result since the high titer, neutralizing anti- IFNγ AAbs in plasma interfere with 
the detection of IFNγ in mitogen-stimulated whole blood. 



 

 
 

Interleukin-17 
Chronic mucocutaneous candidiasis (CMC) is a clinical syndrome characterized by recurrent or persistent superficial 
skin, nail and mucosal infection with Candida organisms, usually C. albicans [13]. Patients with significantly impaired 
cellular immunity (HIV, primary T cell immune deficiency), or those on immunosuppressants or antibiotics are 
predisposed to mucosal candidiasis [13, 14].  
 
Anti-IL-17 AAbs have been shown to be associated with CMC and have been noted in patients with APECED 
(Autoimmune Polyendocrinopathy, Candidiasis-Ectodermal Dystrophy) [15, 16]. While the presence of these AAbs may 
not provide a complete explanation for the susceptibility to CMC in these patients, it is also known that TH17 cells (CD4 
T cells producing IL-17) are important for robust, protective immune responses against fungal infections. Thus, 
neutralizing anti-IL-17 AAbs may dampen protective IL-17 mediated responses, thereby increasing susceptibility to 
fungal infections. 
 
Granulocyte Macrophage Colony Stimulating Factor 
Granulocyte-macrophage colony-stimulating factor (GM-CSF) promotes the proliferation and maturation of neutrophils 
and macrophages. The critical role of GM-CSF in macrophage development and function is evident from studies 
conducted in GM-CSF deficient mice [17]. Alveolar macrophages in these mice were unable to clear pulmonary 
surfactant, resulting in lung pathology that closely resembled Pulmonary Alveolar Proteinosis (PAP), a rare lung disease 
in humans.  
 
PAP may be primary (genetic) or acquired [18]. The acquired form is due to the presence of neutralizing autoantibodies 
to GM-CSF, found both in bronchoalveolar lavage fluid and plasma of PAP patients. Alveolar macrophages from these 
patients show impaired phagocytic and killing function, providing potential explanations for the over-representation of 
opportunistic pathogens such as Mycobacterium avium complex, Cryptococcus sp., Nocardia sp. and Aspergillus sp. in 
PAP patients [19]. Cryptococcus meningitis associated with anti-GM-CSF AAbs has been documented to precede PAP in 
seven cases [20]. AAbs to GM-CSF are not always associated with PAP; in fact, AAbs to GM-CSF have been noted in five 
otherwise immunocompetent patients with disseminated Nocardia infection [21].  Such clinical presentations have 
expanded the spectrum of clinical situations in which AAbs to GM-CSF should be evaluated as the possible cause of 
autoimmunity leading to an immune deficient state, and therefore increased susceptibility to infection.  
 
AAbs to GM-CSF in these patients are of high titer and functional, as demonstrated by their ability to neutralize GM-CSF 
induced STAT5 phosphorylation.  
 
Laboratory Diagnosis and Therapeutic Intervention 
Evaluation of AAbs to cytokines should be considered in immune competent patients presenting with infections due to 
opportunistic pathogens or organisms of low pathogenicity. Because anti-cytokine AAbs may be present in healthy 
individuals, it is important to evaluate the titer of the AAbs as well as functionality of the AAbs by conducting in-vitro 
studies to demonstrate their ability to neutralize their cognate cytokine’s activity. In general, laboratory testing includes 
binding assays, such as ELISA, to demonstrate the antibody titer as well as flow cytometry based assays to evaluate the 
ability of the AAbs to inhibit signals induced by their cognate cytokine. 
 
Treatment of patients with anti-cytokine AAbs (IFNγ and GM-CSF) focuses on management of the clinical 
manifestations or elimination of the neutralizing activity of the AAbs.  Anti-mycobacterial, anti-fungal or other 
appropriate anti-microbial therapeutic strategies are employed for management of infectious manifestations, and 
strategies such as whole lung lavage is utilized in the case of PAP. Elimination of the AAbs has been attempted with 
plasmapheresis. Exogenously administered GM-CSF to overcome the inhibitory effects of anti-GM-CSF AAbs has been 
effective in a subset of PAP patients [22, 23]. Finally, immunomodulatory therapy such as rituximab to eliminate B cells 
and thereby the AAbs has been employed in patients with anti-IFNγ AAbs with varying levels of success [6, 24].   



 

 
 

 
Because of the association of disseminated, treatment refractory infections with anti-cytokine AAbs, it is important to 
evaluate patients presenting with such clinical manifestations for the presence anti-cytokine AAbs. Demonstrating 
these AAbs in the appropriate clinical context may then suggest immune modulatory treatment options to supplement 
traditional management of the infections. 
 
Vijaya Knight, MD, PhD, Associate Professor, Director of the Immunology, Beryllium & Complement Laboratories, 
National Jewish Health, Denver, Colorado  

 
References: 
1. Browne SK, Holland SM. Anticytokine autoantibodies in infectious diseases: pathogenesis and mechanisms. The 

Lancet Infectious Diseases 2010; 10(12): 875-85. 
2. Browne SK, Holland SM. Immunodeficiency secondary to anticytokine autoantibodies. Current Opinion in 

Allergy and Clinical Immunology 2010; 10(6): 534-41. 
3. Wadhwa M, Meager A, Dilger P, et al. Neutralizing antibodies to granulocyte-macrophage colony-stimulating 

factor, interleukin-1alpha and interferon-alpha but not other cytokines in human immunoglobulin preparations. 
Immunology 2000; 99(1): 113-23. 

4. Dorman SE, Holland SM. Interferon-gamma and interleukin-12 pathway defects and human disease. Cytokine & 
Growth Factor Reviews 2000; 11(4): 321-33. 

5. Doffinger R, Helbert MR, Barcenas-Morales G, et al. Autoantibodies to interferon-gamma in a patient with 
selective susceptibility to mycobacterial infection and organ-specific autoimmunity. Clinical Infectious Diseases 
: an official publication of the Infectious Diseases Society of America 2004; 38(1): e10-4. 

6. Czaja CA, Merkel PA, Chan ED, et al. Rituximab as successful adjunct treatment in a patient with disseminated 
nontuberculous mycobacterial infection due to acquired anti-interferon-gamma autoantibody. Clinical 
Infectious Diseases : an official publication of the Infectious Diseases Society of America 2014; 58(6): e115-8. 

7. Chi CY, Chu CC, Liu JP, et al. Anti-IFN-gamma autoantibodies in adults with disseminated nontuberculous 
mycobacterial infections are associated with HLA-DRB1*16:02 and HLA-DQB1*05:02 and the reactivation of 
latent varicella-zoster virus infection. Blood 2013; 121(8): 1357-66. 

8. Nishimura T, Fujita-Suzuki Y, Yonemaru M, et al. Recurrence of disseminated Mycobacterium avium complex 
disease in a patient with anti-gamma interferon autoantibodies by reinfection. Journal of Clinical Microbiology 
2015; 53(4): 1436-8. 

9. DeLeon TT, Chung HH, Opal SM, Dworkin JD. Mycobacterium avium complex empyema in a patient with 
interferon gamma autoantibodies. Hawai'i Journal of Medicine & Public Health : a journal of Asia Pacific 
Medicine & Public Health 2014; 73(9 Suppl 1): 15-7. 

10. Hanitsch LG, Lobel M, Muller-Redetzky H, et al. Late-Onset Disseminated Mycobacterium avium intracellulare 
Complex Infection (MAC), Cerebral Toxoplasmosis and Salmonella Sepsis in a German Caucasian Patient with 
Unusual Anti-Interferon-Gamma IgG1 Autoantibodies. Journal of Clinical Immunology 2015; 35(4): 361-5. 

11. O'Connell E, Rosen LB, LaRue RW, et al. The first US domestic report of disseminated Mycobacterium avium 
complex and anti-interferon-gamma autoantibodies. Journal of Clinical Immunology 2014; 34(8): 928-32. 

12. Patel SY, Ding L, Brown MR, et al. Anti-IFN-gamma autoantibodies in disseminated nontuberculous 
mycobacterial infections. Journal of Immunology 2005; 175(7): 4769-76. 

13. Kirkpatrick CH. Chronic mucocutaneous candidiasis. The Pediatric Infectious Disease Journal 2001; 20(2): 197-
206. 

14. Lilic D. New perspectives on the immunology of chronic mucocutaneous candidiasis. Current Opinion in 
Infectious Diseases 2002; 15(2): 143-7. 



 

 
 

15. Kisand K, Boe Wolff AS, Podkrajsek KT, et al. Chronic mucocutaneous candidiasis in APECED or thymoma 
patients correlates with autoimmunity to Th17-associated cytokines. The Journal of Experimental Medicine 
2010; 207(2): 299-308. 

16. Puel A, Doffinger R, Natividad A, et al. Autoantibodies against IL-17A, IL-17F, and IL-22 in patients with chronic 
mucocutaneous candidiasis and autoimmune polyendocrine syndrome type I. The Journal of Experimental 
Medicine 2010; 207(2): 291-7. 

17. Dranoff G, Crawford AD, Sadelain M, et al. Involvement of granulocyte-macrophage colony-stimulating factor in 
pulmonary homeostasis. Science 1994; 264(5159): 713-6. 

18. Rosen SH, Castleman B, Liebow AA. Pulmonary alveolar proteinosis. The New England Journal of Medicine 
1958; 258(23): 1123-42. 

19. Seymour JF, Presneill JJ. Pulmonary alveolar proteinosis: progress in the first 44 years. American Journal of 
Respiratory and Critical Care Medicine 2002; 166(2): 215-35. 

20. Rosen LB, Freeman AF, Yang LM, et al. Anti-GM-CSF autoantibodies in patients with cryptococcal meningitis. 
Journal of Imunology 2013; 190(8): 3959-66. 

21. Rosen LB, Rocha Pereira N, Figueiredo C, et al. Nocardia-induced granulocyte macrophage colony-stimulating 
factor is neutralized by autoantibodies in disseminated/extrapulmonary nocardiosis. Clinical Infectious 
Diseases: an official publication of the Infectious Diseases Society of America 2015; 60(7): 1017-25. 

22. Seymour JF, Presneill JJ, Schoch OD, et al. Therapeutic efficacy of granulocyte-macrophage colony-stimulating 
factor in patients with idiopathic acquired alveolar proteinosis. American Journal of Respiratory and Critical 
Care Medicine 2001; 163(2): 524-31. 

23. Venkateshiah SB, Yan TD, Bonfield TL, et al. An open-label trial of granulocyte macrophage colony stimulating 
factor therapy for moderate symptomatic pulmonary alveolar proteinosis. Chest 2006; 130(1): 227-37. 

24. Browne SK, Zaman R, Sampaio EP, et al. Anti-CD20 (rituximab) therapy for anti-IFN-gamma autoantibody-
associated nontuberculous mycobacterial infection. Blood 2012; 119(17): 3933-9. 

 

Recent Staff Publications 
Nahid P, Dorman SE, Alipanah N, Barry PM, Brozek JL, Cattamanchi A, Chaisson LH, Chaisson RE, Daley CL, Grzemska M, 
Higashi JM, Ho CS, Hopewell PC, Keshavjee SA, Lienhardt C, Menzies R, Merrifield C, Narita M, O'Brien R, Peloquin CA, 
Raftery A, Saukkonen J, Schaaf HS, Sotgiu G, Starke JR, Migliori GB, Vernon A. Official American Thoracic 
Society/Centers for Disease Control and Prevention/Infectious Diseases Society of America Clinical Practice Guidelines: 
Treatment of Drug-Susceptible Tuberculosis. Clin Infect Dis. 2016 Aug 10. [Epub ahead of print] 
 
Walter ND, de Jong BC, Garcia BJ, Dolganov GM, Worodria W, Byanyima P, Musisi E, Huang L, Chan ED, Van TT, Antonio 
M, Ayorinde A, Kato-Maeda M, Nahid P, Leung AM, Yen A, Fingerlin TE, Kechris K, Strong M, Voskuil MI, Davis JL, 
Schoolnik GK.  Adaptation of M. tuberculosis to impaired host immunity in HIV-infected patients. J Infect Dis. 2016 Aug 
17. [Epub ahead of print] 
 
Jeong BH, Jeon K, Park HY, Moon SM, Kim SY, Lee SY, Shin SJ, Daley CL, Koh WJ. Peak Plasma Concentration of 
Azithromycin and Treatment Responses in Mycobacterium avium Complex Lung Disease. Antimicrob Agents 
Chemother. 2016 Aug 1. [Epub ahead of print] 
 
Foster CL, Badlam J, De Groote MA, Chan ED. A 65-Year-Old Groundskeeper With High Fever, Pulmonary Nodules, and 
Thoracic Lymphadenopathy. Chest. 2016 Jun;149(6):e191-4.  
 
Singhal R, Reynolds PR, Marola J, Epperson LE, Arora J, Sarin R, Myneedu VP, Strong M, Salfinger M.  Sequence analysis 
of fluoroquinolone resistance associated genes gyrA and gyrB in clinical Mycobacterium tuberculosis isolates from 



 

 
 

suspected multidrug-resistant tuberculosis patients in New Delhi, India. J Clin Microbiol. 2016 Jun 22. [Epub ahead of 
print] 
 
Park HY, Jeong BH, Chon HR, Jeon K, Daley CL, Koh WJ. Lung Function Decline According to Clinical Course in 
Nontuberculous Mycobacterial Lung Disease. Chest. 2016 Jun 10. pii: S0012-3692(16)50247-5.[Epub ahead of print] 
 
Mitnick CD, Rodriguez CA, Hatton ML, Brigden G, Cobelens F, Grobusch MP, Horsburgh R, Lange C, Lienhardt C, Oren E, 
Podewils LJ, Seaworth B, van den Hof S, Daley CL, Gebhard AC, Wares F; RESIST-TB (Research Excellence to Stop TB 
Resistance) and GDI (Global Drug Resistant TB Initiative). Programmatic Management of Drug-Resistant Tuberculosis: 
An Updated Research Agenda. PLoS One. 2016 May 25;11(5):e0155968. eCollection 2016. 
 
Koh WJ, Jeong BH, Jeon K, Kim SY, Park KU, Park HY, Huh HJ, Ki CS, Lee NY, Lee SH, Kim CK, Daley CL, Shin SJ, Kim H, 
Kwon OJ.  Oral Macrolide Therapy Following Short-term Combination Antibiotic Treatment for Mycobacterium 
massiliense Lung Disease. Chest. 2016 May 7. [Epub ahead of print] 
 
Datta G, Nieto LM, Davidson RM, Mehaffy C, Pederson C, Dobos KM, Strong M. Longitudinal whole genome analysis of 
pre and post drug treatment Mycobacterium tuberculosis isolates reveals progressive steps to drug resistance. 
Tuberculosis (Edinb). 2016 May;98:50-5.  
 
Reynolds SD, Rios C, Wesolowska-Andersen A, Zhuang Y, Pinter M, Happoldt C, Hill CL, Lallier SW, Cosgrove GP, 
Solomon GM, Nichols DP, Seibold MA.  Airway Progenitor Clone Formation is Enhanced by Y-27632-dependent Changes 
in the Transcriptome. Am J Respir Cell Mol Biol. 2016 May 4. [Epub ahead of print] 
 
Ryu YJ, Koh WJ, Daley CL. Diagnosis and Treatment of Nontuberculous Mycobacterial Lung Disease: Clinicians' 
Perspectives. Tuberc Respir Dis (Seoul). 2016 Apr;79(2):74-84. 
 
Haas MK, Daley CL. Mycobacterial Lung Disease Complicating HIV Infection: Semin Respir Crit Care Med. 2016 
Apr;37(2):230-42.  
 
Stringer E, Cossaboon C, Han S, Taylor-Cousar JL. Sinusitis, bronchiectasis, and flatus in Sumatran Orangutan (Pongo 
abelii): Could this be cystic fibrosis? J Zoo Wildl Med. 2016 Mar;47(1):347-50.  
 
Bai X, Oberley-Deegan RE, Bai A, Ovrutsky AR, Kinney WH, Weaver M, Zhang G, Honda JR, Chan ED. Curcumin enhances 
human macrophage control of Mycobacterium tuberculosis infection. Respirology. 2016 Mar 24. [Epub ahead of print] 
 
Reynolds SD, Rios C, Wesolowska-Andersen A, Zhuang Y, Pinter M, Happoldt C, Hill CL, Lallier SW, Cosgrove GP, 
Solomon GM, Nichols DP, Seibold MA. Airway Progenitor Clone Formation is Enhanced by Y-27632-dependent Changes 
in the Transcriptome. Am J Respir Cell Mol Biol. 2016 May 4. [Epub ahead of print] 
 
Stringer E, Cossaboon C, Han S, Taylor-Cousar JL. Sinusitis, bronchiectasis, and flatus in a Sumatran orangutan (Pongo 
abelii): Could this be cystic fibrosis? J Zoo Wildl Med. 2016 Mar;47(1):347-50.  
 
Nick JA, Nichols DP: Diagnosis of Adult Patients with Cystic Fibrosis. Clin Chest Med. 2016 Mar;37(1):47-57.  
 
Martiniano SL, Nick JA, Daley CL: Nontuberculous Mycobacterial Infections in Cystic Fibrosis. Clin Chest Med. 2016 
Mar;37(1):83-96.  
 



 

 
 

Walter ND, Miller MA, Vasquez J, Weiner M, Chapman A, Engle M, Higgins M, Quinones AM, Roselli V, Canono E, Yoon 
C, Cattamanchi A, Davis JL, Phang T, Stearman RS, Datta G, Garcia BJ, Daley CL, Strong M, Kechris K, Fingerlin TE, Reves 
R, Geraci MW: Blood transcriptional biomarkers for active TB among US patients: A case-control study with systematic 
cross-classifier evaluation. J Clin Microbiol. 2016 Feb;54(2):274-82.  
 
Abe J, Alop-Mabuti A, Burger P, Button J, Ellsberry M, Hitzeman J, Morgenstern D, Nunies K, Strother M, Darling-
Munson J, Chan YL, Cassady R, Vasconcellos SM, Iseman MD, Chan ED, Honda JR: Comparing the temporal colonization 
and microbial diversity of showerhead biofilms in Hawai'i and Colorado. FEMS Microbiol Lett. 2016 Feb;363(4). pii: 
fnw005. 
 
 

 

Meetings/Conferences/Lectures  

 21st Annual Regional Allied Health Conference, September 9, 2016; Molly Blank Conference Center at National 

Jewish Health Main Campus. For more information and registration: www.njhealth.org/AlliedHealthCare 

 Carolyn and Matthew Bucksbaum NTM Lecture Series for Providers, September 15-16, 2016; Molly Blank 

Conference Center at National Jewish Health Main Campus. For more information and registration: 

www.njhealth.org/2016NTMProviders 

 Carolyn and Matthew Bucksbaum NTM Lecture Series for Patients and Families, September 17, 2016; Molly 

Blank Conference Center at National Jewish Health Main Campus. For more information and registration: 

www.njhealth.org/2016NTMPatients 
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