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To examine risk for mycosis among persons with sili-
cosis, we examined US mortality data for 1979–2004. Per-
sons with silicosis were more likely to die with pulmonary 
mycosis than were those without pneumoconiosis or those 
with more common pneumoconioses. Health profession-
als should consider enhanced risk for mycosis for silica-
exposed patients.

The pneumoconioses are a group of irreversible but 
preventable interstitial lung diseases, most commonly 

associated with inhalation of asbestos fi bers, coal mine 
dust, or crystalline silica dust. In response to inquiries 
from silica-exposed workers concerned about diagnoses 
of coccidioidomycosis or cryptococcal meningitis for their 
co-workers, we examined whether excess risk for mycosis 
exists among persons with silicosis. 

The Study
We examined mortality data from the National Center 

for Health Statistics of the Centers for Disease Control and 
Prevention, which are coded for causes of death reported 
on death certifi cates for all US residents according to the 
International Classifi cation of Diseases (ICD) (www.cdc.
gov/nchs/products/elec_prods/subject/mortmcd.htm). Be-
cause silicosis usually has a latency of >20 years, we re-
stricted our analyses to persons >45 years of age at death. 
We separately evaluated 3 groups of persons who had died 
with pulmonary mycosis coded as either the underlying or 
the contributing cause of death (any mention on death cer-
tifi cate) during 1979–2004: 1) those with any mention of 
silicosis versus no mention; 2) those with any mention of 
asbestosis versus no mention; and 3) those with any men-
tion of coal worker pneumoconiosis (CWP) versus no men-
tion. We excluded decedents with >2 pneumoconioses.

We analyzed mortality data for persons assigned the 
following ICD codes (9th revision [ICD-9] 1979–1998; 
10th revision [ICD-10] 1999–2004): 502/J62 (silicosis); 
501/J61 (asbestosis); 500/J60 (CWP); and 110–118/

B35–B49 (any mycosis). We defi ned pulmonary myco-
sis as death with ICD-9 and ICD-10 codes 112.4/B37.1 
(candidiasis); 114/B38.0, B38.1, B38.2, B38.9 (coccid-
ioidomycosis); 115/B39.0, B39.1, B39.2, B39.4, B39.9 
(histoplasmosis); 116.0/B40.0, B40.1, B40.2, B40.9 (blas-
tomycosis); 116.1/B41.0, B41.9 (paracoccidioidomyco-
sis); 117.1/B42.0, B42.9 (sporotrichosis); 117.7/B46.0, 
B46.5, B46.9 (zygomycosis); 117.3/B44.0, B44.1, B44.9 
(aspergillosis); 117.5/B45.0, B45.9 (cryptococcosis); and 
118/B48.7 (opportunistic mycoses). For many mycoses, 
ICD-9 codes do not differentiate pulmonary from other 
types of mycoses. For ICD-10 codes, we limited data to 
mycoses coded as pulmonary, opportunistic, and some 
unspecifi ed type of mycoses (e.g., B38.9, B39.4, B39.9, 
B40.9, B41.9, B42.9, B44.9, B45.9, B46.5, and B46.9). 
We provided results with and without ICD-9 code for op-
portunistic mycoses and ICD-10 codes for unspecifi ed 
mycoses and opportunistic mycoses.

We computed prevalence rate ratios and 95% con-
fi dence intervals (CIs) to separately compare pulmonary 
mycosis prevalence at death among persons with silicosis, 
asbestosis, and CWP with that for persons in the refer-
ent group and to compare pulmonary mycosis prevalence 
at death among persons with silicosis with that for per-
sons in the 2 pneumoconiosis comparison groups. Each 
ratio was computed by dividing the proportion of mycosis 
deaths in 1 group by the corresponding measure in the 
comparison group.

Decedents with pneumoconiosis and mycosis were 
rare, and most mycoses were pulmonary: 77% in persons 
with silicosis; 79% asbestosis, and 53% CWP (Table 1). 
Persons with silicosis were 4.5× (95% CI 3.4–6.0×) more 
likely to have any mycosis at death and 9.5× (95% CI 6.9–
13.1×) more likely to have pulmonary mycosis at death than 
were those without pneumoconiosis. Persons with silicosis 
were 2.9× (95% CI 1.9–4.4×) more likely than those with 
asbestosis and 6.7× (95% CI 4.3–10.5×) more likely than 
those with CWP to have pulmonary mycosis at death.

Among persons who died with pneumoconiosis, 
aspergillosis was the most common pulmonary mycosis. 
Those with silicosis were more likely than those without 
any pneumoconiosis to have aspergillosis, coccidioidomy-
cosis, or cryptococcosis at death (Table 2). Among the 48 
decedents who had silicosis and mycosis, 9 also had tuber-
culosis, 4 had diabetes (2 with tuberculosis), 2 had lung 
malignancy (1 with tuberculosis), and none had received 
organ transplants. From 1987 (the fi rst year of ICD codes 
for HIV) to 2004, 1 decedent with silicosis had HIV but not 
mycosis. Of 8 decedents with asbestosis and HIV, 2 had 
mycoses; no decedents with CWP had HIV. When we lim-
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ited analysis to decedents in the southwestern states (Ari-
zona, California, Nevada, New Mexico, Texas, and Utah), 
those with silicosis were 27.9× (95% CI 12.6–62.0×) more 
likely to have coccidioidomycosis at death than were de-
cedents without pneumoconioses, and those with asbes-
tosis were 4.5× (95% CI 1.9–10.8×) more likely to have 
coccidioidomycosis at death than were decedents without 
pneumoconioses. Decedents with silicosis from states bor-
dering the Ohio, Missouri, and Mississippi River valleys, 
were 4.8× (95% CI 0.7–34.0×) more likely to have histo-
plasmosis at death than were decedents without pneumo-
coniosis, and decedents with asbestosis were 3.9× (95% CI 
1.3–12.2×) more likely to have histoplasmosis than were 
decedents without pneumonconioses. 

Conclusions
We found that persons who die with silicosis are more 

likely to die with pulmonary mycosis than are those who 
die without pneumoconiosis or who die with the more com-
mon pneumoconioses. Insofar as silica dust impairs cellu-
lar defense, silica-exposed workers (without silicosis) may 
be at increased risk for fungal infections, as they are for 
mycobacterial infections (1).

Aspergillosis was the most common mycosis among 
persons with pneumoconiosis. Aspergillosis is a known 
complication in patients with underlying pulmonary dis-
ease, such as pulmonary tuberculosis and pneumoconiosis 
(2), in which silica-impaired macrophages are incapable 
of targeting inhaled conidia (3). The rarity of candidiasis 
in persons with silicosis may refl ect the fact that healthy 
workers are less likely to have concurrent diabetes or HIV 
infection.

Concurrent mycosis was specifi c to decedents with 
silicosis compared with those with asbestosis or CWP, pos-
sibly because coal mine dust and asbestos fi bers are less 
toxic to macrophages than are crystalline silica. Persons 
with asbestosis and CWP are also less commonly affected 
by autoimmune diseases and systemic immunologic com-
plications than are those with silicosis (4,5).

Direct impairment of macrophage function by crys-
talline silica and poor drug penetration into silicotic lung 
nodules have resulted in high (>20%) treatment failure and 
relapse rates for patients with silicosis who are receiving 
chemotherapy for tuberculosis (6). This fi nding has prompt-
ed prolonged and more aggressive treatment of tuberculo-
sis for such persons (7). Similarly, treatment of mycosis in 
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Table 1. Cause of death with any death certificate mention of selected pneumoconioses and mycoses (underlying or contributing 
cause), US residents >45 y of age, 1979–2004* 

Mycoses, no. (%) Prevalence rate ratio† (95% CI) 
Any mention Underlying cause Any mention 

Cause No. deaths All Pulmonary All Pulmonary All Pulmonary‡ 
Silicosis 6,723§ 48 (0.71) 37 (0.55) 25 (52) 21 (57) 4.5 (3.4–6.0) 9.5 (6.9–13.1) 
Asbestosis 23,899§ 58 (0.24) 46 (0.19) 22 (38) 18 (39) 1.5 (1.2–2.0) 3.3 (2.5–4.4) 
CWP 46,088§ 72 (0.16) 38 (0.08) 29 (40) 16 (42) 1.0 (0.8–1.2) 1.4 (1.0–2.0) 
All other deaths¶ 51,677,216 81,699 (0.16) 29,914 (0.06) 33,941 (42) 12,982 (43) NA NA
*Data from National Center for Health Statistics (www.cdc.gov/nchs/products/elec_prods/subject/mortmcd.htm). CI, confidence interval; CWP, coal worker 
pneumoconiosis; NA, not applicable.  
†Proportion of decedents with each selected pneumoconiosis who had mycosis coded as the underlying cause of death or as a contributing cause of 
death on the entity axis compared with the analogous proportion of pulmonary mycosis decedents without any mention of a selected pneumoconiosis as 
underlying cause of death or a contributing cause of death on the entity axis (all other deaths). 
‡When International Classification of Diseases (ICD) 9th or 10th revision codes for opportunistic mycoses and ICD-10 codes for unspecified types of 
mycoses were excluded, the prevalence rate ratio and 95% CI for deaths with any mention of silicosis became 10.4 (7.5–14.4); asbestosis 3.3 (2.4–4.4); 
and CWP 1.5 (1.1–2.1). 
§No. persons who died for which the selected pneumoconiosis was coded as the underlying cause of death or as a contributing cause of death on the 
entity axis, excluding decedents with multiple pneumoconioses. 
¶Excludes deaths with any mention (underlying or contributing cause) of silicosis, asbestosis, and/or CWP. 

Table 2. Cause of death for decedents with any death certificate mention of selected pneumoconioses (underlying or contributing
cause) and any mention of the most common types of pulmonary mycosis, US residents 45 y of age, 1979–2004* 

Pulmonary mycosis, prevalence rate ratio (95% CI) 
Cause Coccidioidomycosis† Histoplasmosis‡ Aspergillosis§ Cryptococcosis¶ 
Silicosis 17.9 (8.0–39.9) 2.9 (0.4–20.7) 13.9 (9.2 – 21.1) 6.9 (3.3 –14.5) 
Asbestosis 4.2 (1.8–10.1) 3.3 (1.2–8.8) 5.5 (3.9– 7.8) 0.8 (0.3–2.6) 
CWP 0 0.4 (0.1–3.0) 1.8 (1.2–2.9) 0.9 (0.4–1.9) 
*Compared with persons who died without any mention of selected pneumoconioses. Data from National Center for Health Statistics
(www.cdc.gov/nchs/products/elec_prods/subject/mortmcd.htm). CI, confidence interval; CWP, coal worker pneumoconiosis.  
†Six with coccidiodomycosis among 6,723 decedents with silicosis; 5 among 23,899 decedents with asbestosis; zero among 46,088 with CWP; 2,576 
among 51,677,216 without silicosis, asbestosis, and/or CWP. 
‡One with histoplasmosis among 6,723 decedents with silicosis; 4 among 23,899 with asbestosis; 1 among 46,088 with CWP; 2,633 among 51,677,216 
without silicosis, asbestosis, and/or CWP. 
§Twenty-two with aspergillosis among 6,723 decedents with silicosis; 31 among 23,899 with asbestosis; 20 among 46,088 with CWP; 12,165 among 
51,677,216 without silicosis, asbestosis, and/or CWP. 
¶Seven with cryptococcosis among 6,723 decedents with silicosis; 3 among 23,899 with asbestosis; 6 among 46,088 with CWP; 7,786 among 51,677,216 
without silicosis, asbestosis, and/or CWP. 



patients with silicosis or substantial past exposure to silica 
dust may require prolonged treatment and possibly chronic 
suppressive antifungal therapy, as is used for patients with 
immunocompromised conditions (8).

Lacking population-based surveillance data for sili-
cosis and mycosis illness and silica exposures, we relied 
on death certifi cate data, which have limitations; e.g., only 
≈1 of 6 persons who had silicosis had silicosis recorded as 
a cause of death on the death certifi cate (9). Also, many 
persons with substantial exposure to silica dust never re-
ceive a diagnosis of silicosis. We were unable to address 
the question of possible increased risk for mycosis among 
silica-exposed persons, and our analysis may underrep-
resent the actual extent of concurrent silicosis and my-
cosis. Another limitation was use of ICD-9 and ICD-10 
coding for fungal infections and for fungal infection caus-
ing death. Sensitivity of this method can vary at different 
institutions and over time, especially if fungal infections 
are underdiagnosed. In addition, the ICD-9 classifi cation 
codes for many mycoses do not differentiate pulmonary 
from other types of mycoses.

Health professionals should consider enhanced risk 
for mycosis with regard to preventive interventions, differ-
ential diagnosis, and mycosis treatment of silica-exposed 
workers. Measures to protect silica-exposed workers with 
coexposure to fungi include reducing silica exposure; wet-
ting soil and bird droppings to suppress fungal-contaminat-
ed dust; maintaining good personal hygiene; and, in areas 
with endemic inhaled fungi, using enclosed operator cabs 
with high-effi ciency particulate air fi ltration or personal re-
spiratory protection for particulates (10).

Acknowledgments
We thank Tom Chiller, Ben Park, and Germania Pinheiro for 

providing comments.

At the time of the study, Dr Iossifova was an Epidemic 
Intelligence Service Offi cer at the Centers for Disease Control 
and Prevention’s National Institute for Occupational Safety and 
Health. She is now an epidemiologist for the Centers’ Division 
of Toxicology and Environmental Medicine, Agency for Toxic 

Substances and Disease Registry.  One area of her research is 
occupational respiratory diseases.

References

  1.  Chen GX, Burnett CA, Cameron LL, Alterman T, Lalich NR, Tanaka 
S, et al. Tuberculosis mortality and silica exposure: a case-control 
study based on a national mortality database for the years 1983–
1992. Int J Occup Environ Health. 1997;3:163–70.

  2.  Kato T, Usami I, Morita H, Goto M, Hosoda M, Nakamura A, et 
al. Chronic necrotizing pulmonary aspergillosis in pneumoconiosis. 
Clinical and radiologic fi ndings in 10 patients. Chest. 2002;121:118–
27. DOI: 10.1378/chest.121.1.118

  3.  Segal BH. Role of macrophages in host defense against aspergillosis 
and strategies for immune augmentation. Oncologist. 2007;12(Suppl 
2):7–13.

  4.  Castranova V, Vallyathan V. Silicosis and coal workers’ pneumo-
coniosis. Environ Health Perspect. 2000;108(S4):675–84. DOI: 
10.2307/3454404

  5. Otsuki T, Maeda M, Murakami S, Hayashi H, Miura Y, Kusaka M, et 
al. Immunological effects of silica and asbestos. Cell Mol Immunol. 
2007;4:261–8.

  6.  Hong Kong Chest Service/Tuberculosis Research Centre, Madras/
British Medical Research Council. A controlled clinical comparison 
of 6 and 8 months of antituberculosis chemotherapy in the treatment 
of patients with silicotuberculosis in Hong Kong. Am Rev Respir 
Dis. 1991;143:262–7.

  7.  Blumberg HM, Burman WJ, Chaisson RE, Daley CL, Etkind 
SC, Friedman LN, et al. American Thoracic Society/Centers for 
Disease Control and Prevention/Infectious Diseases Society of 
America: treatment of tuberculosis. Am J Respir Crit Care Med. 
2003;167:603–62. DOI: 10.1164/rccm.167.4.603

  8.  Wheat LJ, Goldman M, Sarosi G. State-of-the-art review of pulmo-
nary fungal infections. Semin Respir Infect. 2002;17:158–81. DOI: 
10.1053/srin.2002.33685

  9.  Rosenman KD, Reilly MJ, Henneberger PK. Estimating the total 
number of newly recognized silicosis cases in the United States. Am 
J Ind Med. 2003;44:141–7. DOI: 10.1002/ajim.10243

10.  Centers for Disease Control and Prevention. Histoplasmosis—
protecting workers at risk. Cincinnati (OH): Department of Health 
and Human Services, National Institute for Occupational Safety and 
Health; 2004. Publication no. 2005–109 [cited 2009 Jul 4]. http://
www.cdc.gov/niosh/docs/2005-109

Address for correspondence: Kathleen Kreiss, CDC/NIOSH, 1095 
Willowdale Rd, Mailstop H2800, Morgantown, WV 26505, USA; email: 
kkreiss@cdc.gov

DISPATCHES

320 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 16, No. 2, February 2010




