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Risk-Based Estimate of Human Fungal

Appendix

Disease Burden, China

Appendix Table 1. Definitions of fungal diseases*

Fungal disease

Definition

Candidiasis
Candidemia

Candida peritonitis

Candida peritonitis (CAPD)
Oral candidiasis
Esophageal candidiasis
Recurrent Candida vaginitis
(RVVC)
Aspergillosis

1A

CPA

ABPA

SAFS

HIV-related fungal diseases

CM

PCP

Endemic fungal diseases

Talaromyces marneffei infection

Presence in the blood of fungi of the genus Candida

Intraabdominal infection with Candida spp., often with coexisting bacterial infection,
involving the peritoneum in most cases

Candida peritonitis occurring during continuous ambulatory peritoneal dialysis

Oral mucosa infection caused by Candida spp.

Esophageal mucosa infection caused by Candida spp.

Four or more episodes of symptomatic vulvovaginal candidiasis within 1 year, at least some

of which are mycologically confirmed

A rapidly progressive, often fatal infection caused by Aspergillus spp that occurs in patients
who are immunosuppressed (e.g., leukemia) or critically ill (e.g., severe influenza)

A long-term Aspergillus infection (>3 months) of the lung; includes several disease
manifestations, including aspergilloma, Aspergillus nodules, chronic cavitary pulmonary
aspergillosis, and chronic fibrosing pulmonary aspergillosis

A hypersensitivity reaction to Aspergillus species (generally A. fumigatus) that occurs
almost exclusively in patients with asthma or, less commonly, cystic fibrosis

Asthma with refractory symptoms, sensitization to >1 common fungi, but lacking diagnostic

criteria for ABPA (such as Aspergillus-specific IgG)

A type of meningitis caused by Cryptococcus
A serious infection caused by the fungus Pneumocystis jirovecii, in both HIV-infected and

other immunocompromised patients

Talaromycosis is an invasive fungal infection, usually found in HIV-infected persons, caused
by the dimorphic fungus Talaromyces marneffei (formerly Penicillium marneffei), which is
endemic in Southeast Asia (in northern Thailand, Vietnam, and Myanmar), East Asia (in

southern China, Hong Kong, and Taiwan), and South Asia (in northeastern India)
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Fungal disease

Definition

Histoplasmosis

Mucormycosis

Fungal keratitis

Onychomycosis

Histoplasmosis is caused by a fungus called Histoplasma. This fungus grows mainly in the
central, southeastern, and mid-Atlantic United States and South Asia. The AIDS pandemic
has elucidated a worldwide risk for histoplasmosis, including areas previously unknown to
be endemic. In this article, only disseminated histoplasmosis is estimated.

A serious but rare fungal infection caused by a group of molds called Mucormycetes.
Mucormycosis affects mainly diabetic or immunocompromised patients, occasionally others
after trauma or intravenous drug abuse

An infection of the cornea caused by a fungus

Fungal infection of the toenails or fingernails that may involve any component of the nalil
unit, including the matrix, bed, or plate, caused by many different fungi, including

dermatophytes

* ABPA, allergic bronchopulmonary aspergillosis; CAPD, continuous ambulatory peritoneal dialysis; CM, cryptococcal meningitis; CPA, chronic

pulmonary aspergillosis; IA, invasive aspergillosis; PCP, pneumocystis pneumonia; SAFS, severe asthma with fungal sensitization. Global

prevalence was used to estimate RVVC, mucormycosis, and onychomycosis cases. When the Chinese or global prevalence or incidence were not

available, burdens of some fungal diseases were not estimated, including endemic fungal infections like sporotrichosis and coccidioidomycosis and

some dermatophytosis (tinea corporis, tinea capitis, tinea pedis, tinea cruris).
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Appendix Table 2. Literature search results for fungal diseases*

Fungal disease

Search string

No. studies identified

Candidemia

Candida peritonitis

Candida peritonitis (CAPD)

Oral candidiasis

Esophageal candidiasis

Recurrent Candida vaginitis

CPA

ABPA

SAFS

cMm
PCP

Talaromyces marneffei

infection

Histoplasmosis

Mucormycosis

Fungal keratitis

Onychomycosis

(candidemia OR candidaemia) AND (incidence OR prevalence) AND China
(candida peritonitis) AND (incidence OR prevalence) AND China
(continuous ambulatory peritoneal dialysis OR CAPD) AND (candida
peritonitis) AND (incidence OR prevalence) AND China

(oral candidiasis) AND (incidence OR prevalence) AND China
(oesophageal candidiasis OR esophageal candidiasis) AND (incidence OR
prevalence) AND China

(recurrent candida vaginitis OR RVVC) AND (incidence OR prevalence)
AND China

(invasive aspergillosis) AND (incidence OR prevalence) AND China
(chronic pulmonary aspergillosis OR CPA) AND (incidence OR prevalence)
AND China

(allergic bronchopulmonary aspergillosis OR ABPA) AND (incidence OR
prevalence) AND China

(asthma with fungal sensitization OR SAFS) AND (incidence OR
prevalence) AND China

(cryptococcal meningitis) AND (incidence OR prevalence) AND China
(pneumocystis pneumonia OR pneumocystis jirovecii pneumonia OR PCP
OR PJP) AND (incidence OR prevalence) AND China)

(Talaromyces marneffei OR lenicillium marneffei OR talaromycosis) AND
(incidence OR prevalence) AND China

(histoplasma capsulatum OR histoplasmosis) AND (incidence OR
prevalence) AND China

(mucormycosis OR zygomycosis OR mucorales ) AND (incidence OR
prevalence); filters: meta-analysis, review, systematic reviews

(fungal keratitis) AND (incidence OR prevalence) AND China
Onychomycosis AND (incidence OR prevalence); filters: meta-analysis,

review, systematic reviews

60
10
5

76

89
79

11

10

47
110

59

23

270

64
197

*Reports published in English during January 1950—-October 2019 were searched. ABPA, allergic bronchopulmonary aspergillosis; CAPD, continuous

ambulatory peritoneal dialysis; CM, cryptococcal meningitis; CPA, chronic pulmonary aspergillosis; IA, invasive aspergillosis; PCP, pneumocystis

pneumonia; PJP, pneumocystis jirovecii pneumonia; RVVC, recurrent Candida vaginitis; SAFS, severe asthma with fungal sensitization.
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Appendix Table 3. Studies contributing to estimates of incidence or prevalence of fungal diseases in China*

Invasive aspergillosis

GLOBOCAN 2018: counting the toll of cancer. The Lancet. 2018;392:985.

Chen CY, Sheng WH, Tien FM, Lee PC, Huang SY, Tang JL, et al. Clinical characteristics and treatment outcomes of pulmonary
invasive fungal infection among adult patients with hematological malignancy in a medical centre in Taiwan, 2008-2013. J.
Microbiol Immunol Infect. 2018. (In press)

Lortholary O, Gangneux J-P, Sitbon K, Lebeau B, de Monbrison F, Le Strat Y, et al. Epidemiological trends in invasive
aspergillosis in France: the SAIF network (2005-2007). Clin Microbiol Infect. 2011;17:1882-9.

Perkhofer S, Lass-Florl C, Hell M, Russ G, Krause R, Honigl M, et al. The Nationwide Austrian Aspergillus Registry: a prospective
data collection on epidemiology, therapy and outcome of invasive mould infections in immunocompromised and/or
immunosuppressed patients. Int J Antimicrob Agents. 2010;36:531-6.

Li L, Wang J, Zhang W, Yang J, Chen L, Lv S. Risk factors for invasive mold infections following allogeneic hematopoietic stem
cell transplantation: a single center study of 190 recipients. Scand J Infect Dis. 2012;44:100—7.

Yan X, Li M, Jiang M, Zou L, Luo F, Jiang Y. Clinical characteristics of 45 patients with invasive pulmonary aspergillosis:
retrospective analysis of 1711 lung cancer cases. Cancer. 2009;115:5018-25.

Zhu B, Wang Y, Ming J, Chen W, Zhang L. Disease burden of COPD in China: a systematic review. Int J Chron Obstruct Pulmon
Dis. 2018;13:1353-64.

Denning DW, Pleuvry A, Cole DC. Global burden of chronic pulmonary aspergillosis as a sequel to tuberculosis. Bull WHO.
2011;89:864-72.

Fang L, Gao P, Bao H, Tang X, Wang B, Feng Y, et al. Chronic obstructive pulmonary disease in China: a nationwide prevalence
study. Lancet Respir Med. 2018;6:421-30.

Xu H, Li L, Huang WJ, Wang LX, Li WF, Yuan WF. Invasive pulmonary aspergillosis in patients with chronic obstructive pulmonary
disease: a case control study from China. Clin Microbiol and Infect. 2012;18:403-8.

Denning DW. Minimizing fungal disease deaths will allow the UNAIDS target of reducing annual AIDS deaths below 500 000 by
2020 to be realized. Phil Trans Roy Soc B. 2016;371:20150468.

Chen J, Yang Q, Huang J, Li L. Risk factors for invasive pulmonary aspergillosis and hospital mortality in acute-on-chronic liver
failure patients: a retrospective-cohort study. Int J Med Sci. 2013;10:1625-31.

Mokdad AA, Lopez AD, Shahraz S, Lozano R, Mokdad AH, Stanaway J, et al. Liver cirrhosis mortality in 187 countries between
1980 and 2010: a systematic analysis. BMC Med. 2014;12:145.

Zhang X, Yang M, Hu J, Zhao H, Li L. Epidemiology of invasive pulmonary aspergillosis in patients with liver failure: Clinical

presentation, risk factors, and outcomes. J Int Med Res. 2017;46:819-27.

Chronic pulmonary aspergillosis

World Health Organization. Tuberculosis country proviles [cited 2019 Oct 7].
http://www.who.int/tb/country/data/profiles/en/index.html

Smith NL, Denning DW. Underlying conditions in chronic pulmonary aspergillosis including simple aspergilloma. Eur Respir J.
2010;37:865-72.

Denning DW, Pleuvry A, Cole D. Global burden of chronic pulmonary aspergillosis as a sequel to pulmonary tuberculosis. Bull

World Health Organ. 2011;89:864—-72.
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http://www.who.int/tb/country/data/profiles/en/index.html

Invasive aspergillosis

He B, Wan C, Zhou W, Rui Y, Shi Y, Su X. Clinical profile and surgical outcome for different types of chronic pulmonary
aspergillosis. Am J Transl Res. 2019;11:3671-79.

Zhan M, Xu B, Zhao L, Li B, Xu L, Sun Q, et al. The serum level of IL-1B correlates with the activity of chronic pulmonary
aspergillosis. Can Respir J. 2018;2018:8740491.

Li H, Rui Y, Zhou W, Liu L, He B, Shi Y, et al. Role of the aspergillus-specific IgG and IgM test in the diagnosis and follow-up of
chronic pulmonary aspergillosis. Front Microbiol. 2019;10:1438.

Yao Y, Zhou H, Shen Y, Yang Q, Ye J, Fu Y, et al. Evaluation of a quantitative serum Aspergillus fumigatus-specific IgM assay for

diagnosis of chronic pulmonary aspergillosis. Clin Respir J. 2018;12:2566—72.

Ma X, Wang K, Zhao X, Liu Y, Yu X, Li C et al. Prospective study of the serum Aspergillus-specific IgG, IgA and IgM assays for
chronic pulmonary aspergillosis diagnosis. BMC Infect Dis. 2019;19:694.

Lee JJ, Chong PY, Lin CB, Hsu AH, Lee CC. High resolution chest CT in patients with pulmonary tuberculosis: characteristic
findings before and after antituberculous therapy. Eur J Radiol. 2008;67:100-4.

Smith N, Denning DW. Underlying pulmonary disease frequency in patients with chronic pulmonary aspergillosis. Eur Resp J.

2011;37:865-72.

Allergic bronchopulmonary aspergillosis

Denning DW, Pleuvry A, Cole DC. Global burden of allergic bronchopulmonary aspergillosis with asthma and its complication
chronic pulmonary aspergillosis in adults. Med Mycol. 2013;51:361-70.

To T, Stanojevic S, Moores G, Gershon AS, Bateman ED, Cruz AA, et al. Global asthma prevalence in adults: findings from the
cross-sectional world health survey. BMC Public Health. 2012;12:204.

Lin J, Wang W, Chen P, Zhou X, Wan H, Yin K, et al. Prevalence and risk factors of asthma in mainland China: The CARE study.
Respir Med. 2018;137:48-54.

Huang K, Yang T, Xu J, Yang L, Zhao J, Zhang X, et al. China Pulmonary Health (CPH) Study Group. Prevalence, risk factors,
and management of asthma in China: a national cross-sectional study. Lancet. 2019;394:407-18.

Ma YL, Zhang WB, Yu B, Chen YW, Mu S, Cui YL. Prevalence of allergic bronchopulmonary aspergillosis in Chinese patients with
bronchial asthma. Zhonghua Jie He He Hu Xi Za Zhi. 2011;34:909-13.

Su N, Lin JT, Wang WY, Chen P, Zhou X, Wan HY, et al. A cross-section study of severe asthma in eight provinces of China.
Zhonghua Nei Ke Za Zhi. 2016; 55:917-21.

Guan WJ, Gao YH, Xu G, Lin ZY, Tang Y, Li HM, et al. Aetiology of bronchiectasis in Guangzhou, southern China. Respirology.
2015; 20:739-48.

Severe asthma with fungal sensitization

Denning DW, Pleuvry A, Cole DC. Global burden of allergic bronchopulmonary aspergillosis with asthma and its complication chronic
pulmonary aspergillosis in adults. Med mycol. 2013;51:361-70.
Zou H, Su L, Fang QH, Ma YM. Correlation between fungal sIgE and bronchial asthma severity. Exp Ther Med. 2013; 6:537—-41.

Cryptococcal meningitis

Li Z, Liu Y, Cao H, Huang S, Long M. Epidemiology and clinical characteristics of cryptococcal meningitis in China (1981-2013): a
review of the literature. Med Mycol: Open Access. 2017;03.
Chen J, Zhang R, Shen Y, Liu L, Qi T, Wang Z, et al. Serum cryptococcal antigen titre as a diagnostic tool and a predictor of

mortality in HIV-infected patients with cryptococcal meningitis. HIV Med. 2018;20:69-73.
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Invasive aspergillosis

Guo J, Zhou J, Zhang S, Zhang X, Li J, Sun Y, et al. A case—control study of risk factors for HIV-negative children with

cryptococcal meningitis in Shi Jiazhuang, China. BMC Infect Dis. 2012;12:376.

Pneumocystis pneumonia

Chan CK, Alvarez Bognar F, Wong KH, Leung CC, Tan CK, Chan KC, et al. The epidemiology and clinical manifestations of
human immunodeficiency virus-associated tuberculosis in Hong Kong. Hong Kong Med J. 2010;16:192-8.

Wang XL, Wei W, An CL. Retrospective study of pneumocystis pneumonia over half a century in mainland China. J Med Microbiol.
2011;60:631-38.

Guo F, Chen Y, Yang SL, Xia H, Li XW, Tong ZH. Pneumocystis pneumonia in HIV-Infected and immunocompromised non-HIV
infected patients: a retrospective study of two centers in China. PLoS ONE. 2014; 9:e101943.

Hui M. Pneumocystis carinii pneumonia in Hong Kong: a 10 year retrospective study. J Med Microbiol. 2006;55:85-8.

Xiao J, Gao G, Li Y, Zhang W, Tian Y, Huang Y, et al. Spectrums of opportunistic infections and malignancies in HIV-infected
patients in tertiary care hospital, China. PLoS ONE. 2013;8:75915.

Chan CK, Alvarez Bognar F, Wong KH, Leung CC, Tam CM, Chan KC, et al. The epidemiology and clinical manifestations of
human immunodeficiency virus-associated tuberculosis in Hong Kong. Hong Kong Med J. 2010;16:192-8.

Lowe DM, Rangaka MX, Gordon F, James CD, Miller RF. Pneumocystis jirovecii
pneumonia in tropical and low and middle income countries: a systematic review and meta-regression. PLoS One.

2013;8:369969.

Histoplasmosis

Pan B, Chen M, Pan W, Liao W. Histoplasmosis: a new endemic fungal infection in China? Review and analysis of

cases. Mycoses. 2012;56:212-21.

Talaromyces marneffei

Hu Y, Zhang J, Li X, Yang Y, Zhang Y, Ma J, et al. Penicillium marneffei infection: an emerging disease in mainland
China. Mycopathologia. 2012;175:57-67.
Qi T, Zhang R, Shen Y, Liu L, Lowrie D, Song W, et al. Etiology and clinical features of 229 cases of bloodstream infection among

chinese HIV/AIDS patients: a retrospective cross-sectional study. Eur J Clin Microbiol Infect Dis. 2016;35:1767-70.

Candidemia

Guo F, Yi Yang Y, Kang Y, Zang B, Cui M, Qin B, et al. Invasive candidiasis in intensive care units in China: a multicenter
prospective observational study. J Antimicrob Chemother. 2013;68:1660-8.

Du B, AnY, Kang Y, Yu X, Zhao M, Ma X, et al. China Critical Care Clinical Trial Group. Characteristics of critically ill patients in
ICUs in mainland China. Crit Care Med. 2013;41:84-92.

Tan BH, Chakrabarti A, Li RY, Patel AK, Watcharananan SP, Liu Z, et al. Incidence and species distribution of candidaemia in
Asia: a laboratory-based surveillance study. Clin Microbiol Infect. 2015;21:946-53.

Montravers P, Mira J-P, Gangneux J-P, Leroy O, Lortholary O. A multicentre study of antifungal strategies and outcome of
Candida spp. peritonitis in intensive-care units. Clin Microbiol Infect. 2011;17:1061-7.

Hu S, Tong R, Bo Y, Ming P, Yang H. Fungal peritonitis in peritoneal dialysis: 5-year review from a North China center. Infection.
2018;47:35-43.

Yang ZT, Wu L, Liu XY, Zhou M, Li J, Wu JY, et al. Epidemiology, species distribution and outcome of nosocomial Candida spp.
bloodstream infection in Shanghai. BMC Infect Dis. 2014;14:241.
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Invasive aspergillosis

Falagas ME, Roussos N, Vardakas KZ. Relative frequency of albicans and the various non-albicans Candida spp among

candidemia isolates from inpatients in various parts of the world: a systematic review. Int J Infect Dis. 2010;14:€954—-66.

Candida peritonitis (CAPD)

Wilkie M, Davies S. Insights on Peritoneal Dialysis in China. Perit Dial Int. 2018;38:516-8.
Shouci H, Ren t, Yang B, Pei M, Hongtao Y. Fungal peritonitis dialysis: 5-year review from a North China center. Infection.

2019;47:35-43.

Esophageal candidiasis

Smith E, Orholm M. Trends and patterns of opportunistic diseases in Danish AIDS patients 1980-1990. Scand J Infect Dis.
1990;22:665-72.
Choi JH, Lee CG, Lim YJ, Kang HW, Lim CY, Choi JS. Prevalence and risk factors of esophageal candidiasis in healthy

individuals: a single center experience in Korea. Yonsei Med J. 2013;54:160-5.

Oral candidiasis

Matee M, Scheutz F, Moshy J. Occurrence of oral lesions in relation to clinical and immunological status among HIV-infected adult
Tanzanians. Oral Dis. 2008;6:106-11.

Denning DW. Minimizing fungal disease deaths will allow the UNAIDS target of reducing annual AIDS deaths below 500 000 by
2020 to be realized. Phil Trans Roy Soc B. 2016;371:20150468.

Recurrent vulvovaginal candidiasis

Denning DW, Kneale M, Sobel JD, Rautemaa-Richardson R. Global burden of recurrent vulvovaginal candidiasis. Lancet Infect

Dis. 2018;18:339-47.

Fungal keratitis

Song X, Xie L, Tan X, Wang Z, Yang Y, Yuan Y, et al. A multi-center, cross-sectional study on the burden of infectious keratitis in

China. PLoS ONE. 2014;9:e113843.

Mucormycosis

Prakash H, Chakrabarti A. Global epidemiology of mucormycosis. J Fungi (Basel). 2019;5:26.

Onychomycosis

Sigurgeirsson B, Baran R. The prevalence of onychomycosis in the global population: a literature study. J Eur Acad Dermatol

Venereol. 2014;28:1480-91.

*Reports published in English during January 1950—-October 2019 were searched.
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Appendix Table 4. Studies contributing to epidemiology map of talaromycosis in China*

Province No. cases
Zhejiang Province

Si Z, Qiao J. Talaromyces marneffei infection. N Engl J Med. 2017;377;2580. 1
Yu X, Cai X, Xu X, Zhang L, Huang X, Wang L, et al. Fungemia caused by penicillium marneffei in an 1
immunocompetent patient with COPD: a unique case report. Medicine (Baltimore). 2018; 97:€9658.

Yu X, Miao K, Zhou C, Cai Y, Huang X, Chen Y, et al. T. Marneffei infection complications in an HIV-negative patient 1
with pre-existing pulmonary sarcoidosis: a rare case report. BMC Infect Dis. 2018;18;390.

Wang P, Chen Y, Xu H, Ding L, WuZ, Xu Z. Acute disseminated Talaromyces marneffei in an immunocompetent 1
patient. Mycopathologia. 2017;182; 751-4.

Huang SS, Zhang SN, Ye JR, Su SS, Lin PC, Li YP, et al. Diagnostic performance of pathology, culture and ROSE 3
of lung biopsy for suspected pulmonary infectious diseases. 2019;99:3340-4.

Ge Y, Xu Z, Hu Y, Huang M. Successful voriconazole treatment of Talaromyces marneffei infection in an HIV- 1
negative patient with osteolytic lesions. J Infect Chemother. 2019;25:204-7.

Su SS, Zhang SN, Ye JR, Xu LN, Lin PC, Xu HY, et al. Disseminated Talaromyces marneffei and Mycobacterium 1
avium infection accompanied Sweet's syndrome in a patient with anti-interferon-y. Infect Drug Resist. 2019;12:3189—

95.

Cui Y, Jin C, Li X, Wu N. Penicillium marneffei infection presenting as vulv-ulcer in an HIV-infected woman. Eur J 1
Med Res. 2011;16:426-6.

Xia XJ, Shen H, Xu AE. Cutaneous Penicillium marneffei infection in a patient with idiopathic CD4(+) 1
lymphocytopenia. J Dermatol. 2015;42:812—4.

Hong Kong

Wong SCY, Sridhar S, Ngan AHY, Chen JHK, Poon RWS, Lau SKP, et al. Fatal Talaromyces marneffei infection in a 1
patient with autoimmune hepatitis. Mycopathologia. 2018;183:615-8.

Hung HG, Lok KH. Intestinal Penicillium marneffei: an unusual cause of chronic diarrhea in an AIDS patient. J Dig 1
Dis. 2010;11:189-91.

Chan YH, Wong KM, Lee KC, Kwok PC, Chak WL, Choi KS, et al. Pneumonia and mesenteric lymphadenopathy 1
caused by disseminated Penicillium marneffei infection in a cadaveric renal transplant recipient. Transpl Infect Dis.
2004;6:28-32.

Lee PP, Lao-Araya M, Yang J, Chan KW, Ma H, Pei LC, et al. Application of flow cytometry in the diagnostics 8
pipeline of primary immunodeficiencies underlying disseminated Talaromyces marneffei infection in HIV-negative

children. Front Immunol. 2019;10:2189.

Wong KH, Lee SS. Comparing the first and second hundred AIDS cases in Hong Kong. Singapore Med J. 19
1998;39:236—-40.

Wu TC, Chan JW, Ng CK, Tsang DN, Lee MP, Li PC. Clinical presentations and outcomes of Penicillium marneffei 47
infections: a series from 1994 to 2004. Hong Kong Med J. 2008;14:103-9.

Ma BH, Ng CS, Lam R, Wan S, Wan |Y, Lee TW, et al. Recurrent hemoptysis with Penicillium marneffei and 1

Stenotrophomonas maltophilia in Job's syndrome. Can Respir J. 2009;16:e50-2.
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