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Background: Immunosuppressive therapy is being increasingly used in the management of inflammatory 
bowel disease (IBD) which comprises of ulcerative colitis (UC) and Crohn’s disease (CD). Patients on 
immunosuppressive therapy are at increased risk of developing opportunistic fungal infections. We 
conducted this analysis to describe the epidemiology of opportunistic fungal infections in this cohort.
Methods: We analyzed the National Inpatient Sample (NIS) database for all subjects with discharge 
diagnosis of IBD (UC and Crohn’s disease) & Fungal infections (Histoplasmosis, Pneumocystosis, 
Cryptococcosis, Aspergillosis, Blastomycosis, candidiasis, Coccidioidomycosis) as primary or secondary 
diagnosis via ICD 9 codes during the period from 2002–2014.
Results: In UC, the incidence of all fungal infections was more in age above 50 (except for pneumoconiosis) 
male gender (except Candidiasis) and in Caucasians. In CD, the incidence was more in age above 50 
(except Pneumocystosis, Blastomycosis & Coccidioidomycosis), female gender (except Histoplasmosis, 
Pneumocystosis & Cryptococcosis) and in Caucasians. Histoplasmosis and Blastomycosis were more 
prevalent in Midwest, Cryptococcosis and Candidiasis in South, Coccidioidomycosis in west in both UC and 
CD. Age above 50, south region, HIV, Congestive heart failure, underlying malignancies, diabetes mellitus 
with complications, chronic pulmonary disease, anemia, rheumatoid arthritis, collagen vascular disease, 
pulmonary circulation disorders, weight loss were significant predictors of fungal infections in IBD. The 
yearly trend showed a consistent small rise in incidence, and the mortality dropped till 2006 to peak again in 
2008 with a subsequent decline.
Conclusions: Our study is the first one to describe the basic demographics features and characteristics of 
opportunistic fungal infections in hospitalized patients with IBD. The yearly incidence of fungal infections 
did not show a significant rise. The mortality increased between 2006-2008 and a significant difference 
remains between IBD patients with and without fungal infections. One explanation of rise in mortality but a 
consistent incidence could be due to the use of biologics that did not increase but compromised the ability of 
IBD patients to fight opportunistic fungal infections.
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Introduction

Inflammatory bowel disease (IBD) is chronic inflammatory 
disorder comprising of Crohn’s disease and ulcerative 
colitis (UC). The pathogenesis is complex with various 
genetic, immunological and environmental factors 
playing role in the development of the disease (1). There 
is an emerging data over the last decade on the role of 
mycobiome of the gut in the pathogenesis of IBD (2,3). 
IBD itself is not considered an immunocompromised state 
however its treatment increases the risk of serious and 
opportunistic infections significantly (4,5). IBD treatment 
includes immunomodulators like steroids and azathioprine 
and biologic agents like anti-tumor necrosis factor (TNF) 
and anti-integrin monoclonal antibodies. Use of anti 
TNF agent doubles the risk of opportunistic infections in 
the IBD patients (6). Several studies have shown that the 
risk is highest with the anti TNF agents especially when 
they are combined with steroids or thiopurines (6-8). 
Studies on Vedolizumab however have shown the risk of 
opportunistic fungal infection was not higher compared to 
placebo (9). 

Opportunistic fungal infections include but are not 
limited to Histoplasmosis, Pneumocystis, Cryptococcosis, 
Aspergillosis, Blastomycosis, Mucormycosis, Candidiasis 
and Coccidiomycosis  (8) .  With prompt diagnosis 
and early administration of anti-fungal agents these 
opportunistic fungal infections can be treated successfully 
in most cases. However, opportunistic fungal infections 
in immunocompromised patients carry high mortality, 
increased health care related cost and increased days of 
hospitalizations (10). Study in IBD patients who were 
treated with anti-TNF agents showed that candidiasis 
and histoplasmosis are frequent opportunistic fungal 
infections in these patients (11). Current guidelines do not 
recommend giving primary prophylaxis for opportunistic 
fungal infections in IBD patients (5). 

The incidence and prevalence of opportunistic 
fungal  infect ions  i s  lacking due to  lack of  large 
population data and rarity of the infections and thus 
obviating the need for large population-based study. 
We conducted this study to identify the epidemiologic 
factors in the development of opportunistic fungal 
infections in hospitalized patients having IBD. We also 
wanted to study the mortality trends and the factors 
which predicts  the development of  opportunist ic 
fungal infections in IBD. 

Methods

Database

We did retrospective analysis of National Inpatient Sample 
database. We used NIS data sets from 2002 to 2014 for 
our study. The NIS data set is a part of Healthcare Cost 
and Utilization Project (HCUP) which belongs to health 
care databases established by the Agency for Healthcare 
Research and Quality and each year contains >7 million 
hospitalizations. HCUP databases are based on data 
collected and composed by state level organizations, 
government, and private organizations. From 2012 NIS 
data has been restructured to represent 20% of stratified 
sample of all discharges from US community hospitals. 
Rehabilitation and long-term acute care hospitals have been 
excluded from the database. State Inpatient Databases (SIDs) 
provide all in-patient data to HCUP national database (12).

Study participants

We s tud ied  a l l  the  sub jec t s  w i th  the  d i s charge 
diagnosis of IBD (UC and Crohn’s disease) and fungal 
infections as primary or secondary diagnosis via ICD 
code 9. ICD-9 is the 9th revision of the International 
Statistical Classification of Diseases and Related Health 
Problems, a medical classification list by the World 
Health Organization. Fungal infections included were 
histoplasmosis, pneumocystis, cryptococcosis, aspergillosis, 
blastomycosis, candidiasis and Coccidiomycosis. The study 
period included from January 2002 to December 2014. 

Study analyses

All analyses were performed with the use of PROC 
SURVEY MEANS,  SURVEYFREQUENCY and 
SURVEYLOGISTIC procedures of SAS statistical 
software, version 9.4 (SAS institute). Where appropriate, 
we used χ2 for categorical data frequency and t test for 
comparing means. P value of <0.05 was regarded as 
statistically significant. As per HCUP data-use agreement 
all observations ≤10 were not reported.

Results

Mortality trends

Among discharged patients with diagnosis of IBD the 
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proportion of patients with fungal infections was small with 
range varying from 1.84% to 3.11% over the course of 
studied period. There was no significant difference between 
the 12 years of study. The overall mortality of patients with 
IBD showed increasing trend from 1.19% to 1.52%. The 
mortality data showed that there was increased mortality 
among IBD patients with Fungal infections as compared to 
those without IBD. The trend of mortality was decreasing 
from 4.27% to 2.15% in 2006 and started to increase in 
2007 and peaked in 2008 to 5.6%. Since then Mortality 
steadily started to trend down as shown in the Figure 1A,B.

Demographics in UC

Table 1 shows the detailed demographics features in 
patients with UC for the studied fungal infections. The 
prevalence of aspergillosis, Blastomycosis, Candidiasis and 
Coccidiomycosis was higher among patient’s aged above 50. 
Except Candidiasis all other fungal infections were more 
common in male patients. All fungal infections were more 
common in whites.   

Demographics Crohn’s disease

Table 2 shows the demographic features in patients 
with Crohn’s disease for the studied fungal infections. 
Blastomycosis and Coccidiomycosis were more common 
in younger patients between 18–50 years of age while 
cryptococcosis and aspergillosis were more common in 
people with age above 50. Aspergillosis was more common 
in males while candidiasis and coccidiomycosis was more 
common in Female. All studied fungal infections were more 
prevalent in whites. 

Geographic distribution

Histoplasmosis was more common in Midwest in both UC 
and Crohn’s disease. Coccidiomycosis was predominantly 
in West 88.8% in CD and 88% in UC. Other diseases were 
distributed in other states as well as shown in the Tables 1,2.

Predictors of fungal infections in IBD

Different demographic variables were studied for prediction 
of Fungal infections in IBD (Table 3). Age above 50 
showed increased risk. The highest risk of developing 
fungal infection was associated with concomitant AIDS 
HR 5.99 (CI, 4.99–7.21). Other risk factors which showed 
significantly increased risk were congestive heart failure, 
anemia, diabetes mellitus COPD, pulmonary circulation 
disorders, rheumatoid arthritis/collagen vascular disease. 
solid organ malignancy, metastatic malignancy, lymphoma 
and weight loss were also found to increase the risk of 
opportunistic fungal infections in IBD patients.

Discussion

Our study is one of the largest population-based study 
to study the epidemiology of the fungal infections in 
hospitalized patients with the IBD. We found out that the 
overall prevalence of the opportunistic fungal infections in 
hospitalized patients with IBD is low around 2 %. Mortality 
due to opportunistic fungal infections in patients with IBD 
is higher than without them. There was an interesting 
mortality trend noted where there was a sudden increase in 
mortality in 2008 followed by steady downward trend. We 
believe the initial rise was due to increased used of the anti-
TNF agents. In April 2008, FDA issued warning about the 

Figure 1 (A) Yearly and (B) mortality trend of fungal infections in patients with inflammatory bowel diseases.
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Table 1 Demographics and basic characteristics of ulcerative colitis patients with fungal infection

Variable
Histoplasmosis 

(n=263)
Pneumocystosis 

(n=459)
Cryptococcosis 

(n=188)
Aspergillosis 

(n=654)
Blastomycosis 

(n=57)
Candidiasis 
(n=31,675)

Coccidiomycosis 
(n=257)

Age, n (%)

18–50 years 123 (46.8) 230 (50.1) 84 (44.9) 147 (22.5) – 11,322 (35.7) 106 (41.2)

Above 50 years 140 (53.2) 229 (49.9) 104 (55.1) 507 (77.5) 53 (93) 20,353 (64.3) 150 (58.8)

Gender, n (%)

Male 163 (62.0) 310 (67.5) 178 (94.8) 379 (57.9) 32 (56.6) 12,645 (39.9) 158 (61.6)

Female 100 (38.0) 149 (32.5) 10 (5.2) 275 (42.1) 25 (43.4) 19,020 (60.1) 99 (38.4)

Race, n (%)

White 136 (70.1) 258 (64.7) 134 (75.2) 511 (82.3) 52 (92) 21,674 (79.2) 209 (84.5)

Black 29 (14.8) 53 (13.1) 35 (19.6) 30 (4.8) – 2,692 (9.8) –

Hispanic 14 (7.2) 47 (11.8) – 41 (6.5) – 1,853 (6.7) 38 (15.5)

Asian/Pacific – – – 15 (2.3) – 361 (1.3) –

Native American – 15 (3.7) – – – 54 (0.1) –

Other – 20 (5.1) – 15 (2.3) – 701 (2.5) –

Admission type, n (%)

Elective 43 (16.3) 53 (11.5) 34 (18.2) 61 (9.4) – 4,244 (13.5) 48 (18.7)

Non-elective 220 (83.7) 406 (88.5) 154 (81.8) 593 (90.6) 52 (92) 27,362 (86.5) 209 (81.3)

Patient disposition, n (%)

Routine discharge 166 (63.1) 299 (65.1) 83 (44.1) 211 (32.5) 24 (41.4) 15,156 (47.8) 159 (61.9)

Short term hospital 13 (4.9) – 10 (5.4) 19 (2.9) – 1,078 (3.4) –

Skilled nursing facility 30 (11.4) 44 (9.5) 33 (17.7) 195 (29.9) – 7,714 (24.3) 38 (14.7)

Home health care 39 (14.8) 62 (13.5) 41 (22) 112 (17.2) 24 (41.4) 5,594 (17.6) 36 (14.0)

Against medical 
advice

– – – – – 146 (0.4) –

Died in hospital 15 (5.7) 47 (10.2) 15 (7.9) 112 (17.2) – 1,956 (6.1) –

Destination unknown – – – – – 14 (0.04) –

Health insurance, n (%)

Medicare 87 (33.1) 153 (33.3) 90 (48.2) 338 (51.7) 39 (68) 14,601 (46.1) 103 (40.2)

Medicaid 25 (9.5) 57 (12.4) 28 (15.1) 40 (6.1) – 3,230 (10.2) 25 (9.7)

Private insurance 132 (50.2) 187 (40.7) 54 (28.6) 241 (36.8) 14 (24) 11,628 (36.7) 114 (44.2)

Self-pay 15 (5.7) 34 (7.4) – 20 (3) – 1,128 (3.5) –

No charge – – – – – 146 (0.4) –

Other – 19 (4.1) – 15 (2.2) – 878 (2.7) 15 (5.6)

Admission day, n (%)

Saturday–Sunday 34 (12.9) 97 (21.1) 29 (15.6) 97 (14.8) 19 (33.7) 6,665 (21) 63 (24.5)

Monday–Friday 229 (87.1) 362 (78.9) 158 (84.4) 557 (85.2) 38 (66.3) 25,010 (79) 194 (75.5)

Table 1 (continued)
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Table 1 (continued)

Variable
Histoplasmosis 

(n=263)
Pneumocystosis 

(n=459)
Cryptococcosis 

(n=188)
Aspergillosis 

(n=654)
Blastomycosis 

(n=57)
Candidiasis 
(n=31675)

Coccidiomycosis 
(n=257)

Hospital region, n (%)

Northeast – 152 (33.1) 43 (22.8) 206 (31.5) – 6,829 (21.5) –

Midwest 140 (53.2) 77 (16.8) 25 (13.1) 67 (10.2) 25 (43.1) 7,166 (22.6) –

South 93 (35.4) 147 (32.0) 78 (41.3) 201 (30.7) – 11,445 (36.1) 18 (7)

West 24 (9.1) 83 (18.1) 42 (22.5) 180 (27.4) 19 (32.5) 6,235 (19.6) 226 (88)

Bed size of hospital, n (%)

Small 14 (5.3) 52 (11.3) 19 (10.1) 70 (10.7) – 3,465 (10.9) 14 (5.5)

Medium 47 (17.9) 117 (25.5) 53 (28.2) 132 (20.2) – 7,542 (23.5) 91 (35.4)

Large 201 (76.4) 284 (61.9) 115 (61.2) 452 (69.1) 44 (76) 20,661 (65.4) 151 (58.9)

Hospital location & teaching status, n (%)

Rural 20 (7.6) 14 (3.1) 20 (10.6) 26 (3.9) – 2,721 (8.6) 13 (4.9)

Urban-Nonteaching 90 (34.2) 115 (25.1) 67 (35.6) 180 (27.5) 24 (42.1) 12,188 (38.5) 118 (45.8)

Urban Teaching 152 (57.8) 324 (70.6) 100 (53.2) 449 (68.5) 28 (49.4) 16,668 (52.7) 126 (58.9)

Charlson Comorbidity Index, n (%)

0–1 211 (80.2) 306 (66.7) 90 (47.9) 383 (58.6) 28 (49.7) 22,388 (70.7) 200 (77.9)

2 or above 52 (19.8) 153 (33.3) 98 (52.1) 271 (41.4) 29 (50.3) 9,287 (29.3) 57 (22.1)

Table 2 Demographics and basic characteristics of Crohn’s disease patients with fungal infection

Variable
Histoplasmosis 

(n=1,012)
Pneumocystosis 

(n=557)
Cryptococcosis 

(n=266)
Aspergillosis 

(n=959)
Blastomycosis 

(n=118)
Candidiasis 
(n=49,111)

Coccidiomycosis 
(n=582)

Age, n (%)

18–50 years 505 (49.9) 305 (54.7) 93 (35) 254 (26.5) 73 (61.8) 23,852 (48.5) 246 (59.5)

Above 50 years 507 (50.1) 252 (45.3) 173 (65) 705 (73.5) 45 (38.2) 25,259 (51.5) 236 (40.5)

Gender, n (%)

Male 524 (51.8) 314 (56.4) 197 (74.1) 474 (49.4) 57 (48.6) 15,434 (31.4) 234 (40.2)

Female 488 (48.2) 243 (43.6) 69 (24.9) 485 (50.6) 61 (51.4) 33,678 (68.6) 348 (59.8)

Race, n (%)

White 657 (85.7) 350 (69.9) 196 (83.9) 687 (88.3) 84 (89.4) 33,896 (82) 472 (87.4)

Black 43 (5.6) 91 (18.2) 18 (7.6) 63 (8.1) – 4,951 (12) 39 (7.1)

Hispanic 45 (5.8) 29 (5.8) – – – 1,374 (3.3) 24 (4.5)

Asian/Pacific – – – – – 246 (0.5) –

Native American – – – – – 177 (0.4) –

Other 20 (2.6) 20 (3.9) – – – 740 (1.7) –

Table 2 (continued)
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Table 2 (continued)

Variable
Histoplasmosis 

(n=1,012)
Pneumocystosis 

(n=557)
Cryptococcosis 

(n=266)
Aspergillosis 

(n=959)
Blastomycosis 

(n=118)
Candidiasis 
(n=49,111)

Coccidiomycosis 
(n=582)

Admission type, n (%)

Elective 177 (17.5) 39 (7.1) 38 (14.5) 146 (15.3) 35 (30.9) 6,687 (13.6) 85 (14.6)

Non-elective 835 (82.5) 518 (92.9) 228 (85.5) 813 (84.7) 78 (69.1) 42,302 (86.4) 497 (85.4)

Patient disposition, n (%)

Routine discharge 649 (64) 290 (51.9) 151 (56.6) 339 (35.3) 93 (78.7) 27,911 (56.8) 394 (67.7)

Short-term hospital 24 (2.4) 15 (2.6) 15 (5.4) 49 (5) – 1,573 (3.2) –

Skilled nursing facility 83 (8.1) 75 (13.5) 33 (12.5) 188 (19.6) 15 (13) 7,851 (15.9) 28 (4.8)

Home health care 222 (21.9) 96 (17.1) 57 (21.5) 199 (20.7) – 9,872 (20.1) 135 (23.2)

Against medical advice – – – – – 381 (0.77) 10 (1.7)

Died in hospital 29 (2.8) 72 (12.9) - 178 (18.6) – 1,465 (2.9) 14 (2.3)

Destination unknown – – – – – 29 (0.06) –

Health insurance, n (%)

Medicare 301 (29.8) 145 (26) 80 (30.2) 522 (54.6) 35 (29.7) 20,805 (42.2) 153 (26.3)

Medicaid 39 (3.9) 68 (12) 25 (9.4) 92 (9.6) – 6,930 (14.1) 101 (17.3)

Private insurance 636 (63) 296 (53) 146 (54.7) 330 (34.6) 59 (49.7) 17,833 (36.4) 241 (41.3)

Self-pay 15 (1.5) 33 (6) – – 14 (12) 1,955 (4) 30 (4.9)

No charge – – – – – 208 (0.4) –

Other 15 (1.5) – – – – 1,245 (2.5) 58 (9.9)

Admission day, n (%)

Saturday–Sunday 183 (18.0) 133 (24) 44 (16.5) 211 (21.9) – 10,386 (21.1) 121 (20.7)

Monday–Friday 829 (81.9) 423 (76) 223 (83.5) 748 (78.1) 113 (95.7) 38,726 (78.9) 461 (79.3)

Hospital region, n (%)

Northeast 51 (5) 151 (27) 51 (19.2) 214 (22.3) 10 (8.8) 8,884 (18) 20 (3.4)

Midwest 618 (61) 92 (16.4) 69 (26) 326 (33.9) 58 (49.5) 12,383 (25.2) 30 (5.1)

South 274 (27.1) 200 (35.9) 122 (45.7) 256 (26.7) 44 (37.4) 20,700 (42.1) 14 (2.4)

West 69 (6.8) 114 (20.4) 24 (8.9) 162 (16.9) – 7,144 (14.5) 517 (88.8)

Bed size of hospital, n (%)

Small 82 (8.2) 63 (11.3) 15 (5.5) 97 (10.1) 24 (20.5) 5,190 (10.6) 34 (5.8)

Medium 233 (23.3) 109 (19.6) 40 (14.9) 138 (14.4) 16 (13.2) 12,148 (24.8) 143 (24.5)

Large 683 (68.4) 381 (68.9) 212 (79.5) 724 (75.4) 78 (66.1) 31,585 (64.5) 405 (69.6)

Hospital location & teaching status, n (%)

Rural 35 (3.5) 43 (7.8) 31 (11.5) 33 (3.4) 15 (12.6) 4,682 (9.5) 10 (1.7)

Urban-nonteaching 256 (25.6) 168 (30.3) 83 (31) 292 (30.4) 39 (33.1) 18,552 (37.9) 298 (51.2)

Urban teaching 707 (70.8) 342 (61.8) 153 (57.3) 634 (66.1) 64 (54.1) 25,689 (52.5) 273 (47)

Charlson Comorbidity index, n (%)

0–1 761 (75.2) 372 (66.7) 212 (79.8) 622 (64.8) 93 (78.6) 37,151 (75.6) 451 (77.5)

2 or above 251 (24.8) 185 (33.3) 54 (20.2) 337 (35.2) 25 (21.4) 11,960 (24.4) 131 (22.5)
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increased risk of opportunistic infections with the use of 
ant-TNF agents and the delays in diagnosis which resulted 
in mortality especially in cases with histoplasmosis. 

 Anti TNF agents are one of the main therapeutic 
options for patients with IBD. Anti TNF agents block TNF 
alpha and hence block the cell mediated response required 
for the generation of granulomatous inflammation (13). 
The increased risk of tuberculosis and opportunistic fungal 
infections due to use of these agents has been supported 
by several studies (6,11). The downward trend of mortality 
from 2008 afterwards may be due to FDA warning that 
may have raised awareness among physicians to detect the 
opportunistic infections early. In a systematic review on 
opportunistic fungal infections in patients with IBD which 
was recently published the authors found only two major 
studies to study the incidence and characteristics of fungal 
infections (6,14,15). There is lack of data on mortality due 
to opportunistic fungal infections in IBD patients with 
scattered case reports of fatal cases. 

In UC, the prevalence of all fungal infections was 
higher in whites which is consistent with the fact that IBD 
is more prevalent in whites in USA. Age is known to be 
an independent risk factors for developing opportunistic 
infections and our study showed that the patients with 
age above 50 had higher prevalence of aspergillosis, 
blastomycosis, candidiasis, coccidiomycosis in UC and 
cryptococcosis and aspergillosis were more common in 
Crohn’s disease. Only aspergillosis was common in aged 
above 50 in both UC and Crohn’s disease. In Crohn’s 
disease however infections were more common in younger 
patients. It may be because younger patients are the main 
population affected with the disease.  

Certain Fungal infections are endemic in different region 
of the United States (16). The geographic distribution of 
endemic fungal infections in our study was consistent with 
the previous well-established territories. In IBD patients 
who were hospitalized Histoplasmosis was most common 
in Midwest region, Cryptococcosis in South region, 
Coccidiomycosis in West region and Blastomycosis in 
Midwest region.

The strongest predictor of having fungal infections in our 
study was having AIDS. AIDS is an immunocompromised 
state and a well-known risk factor for the development of 
opportunistic infection due to impaired T cell mediated 
immunity (17,18). Having AIDS with IBD together 
increased the risk of having opportunistic fungal infection 
by six-fold. There is no previous data to suggest such an 
increased risk. There is lack of good studies but available 

case report and series have shown that anti-TNF agents 
and azathioprine can be used safely in HIV patients (18,19). 
The increased risk can be possibly explained by inability 
to mount significant host T cell response by HIV infected 
cells along with use of immunosuppressive drugs for IBD 
treatment. Due to lack of information on the treatment 
details in these patients the exact reason of such increased 
risk of opportunistic fungal infections is not clear.

IBD patients with Congestive heart failure patient had 
higher prevalence of Fungal infections with OR of 1.9 
(CI, 1.81–2.02). There is no obvious explanation for this 
as heart failure itself does not lower the T cell immunity. 
Leake et al. also found in their case control study that Heart 
failure was independent risk factors for Coccidiomycosis 
in elderly patient above 65 with increased risk of infections 
on both univariate and multivariate analysis (20). Other 
significant risk factors include metastatic cancers, 
lymphoma and autoimmune conditions. Diabetes mellitus 
(DM) is considered as a risk factor for development of 
opportunistic fungal infections with the best association 
with mucormycosis (21,22). However, some investigators 
did not find DM to be a significant risk factor for the 
development of cryptococcosis. They found that AIDS, 
Malignancy and autoimmune diseases were independent 
risk factors for development of cryptococcosis (23). 

Iron deficiency anemia (IDA) is common in patients 
with IBD (24). IDA in IBD commonly occurs due to 
chronic blood loss from the ulcerated surface of the 
bowel, malnutrition with reduced iron intake, or impaired 
iron absorption through the intestinal mucosa (25). 
European consensus guidelines on the management of 
iron deficiency and anemia recommends that all patients 
with IBD be assessed for presence of anemia (26). IDA 
is known to affect the cell mediated immunity through 
various mechanisms as described by Oppenheimer and 
predisposing to granulomatous infections (27). We found 
that presence of anemia increased the risk of infection by 
1.8-fold. Anemia itself has not been previously described 
as risk factor for opportunistic fungal infection in IBD. 
However Hemoglobin less than 9 g/dL was found to be an 
independent predictor of severe outcomes in patients with 
Clostridium difficile infection in IBD patients (28).

The main strength of our study is that it is one of the first 
and largest population-based data providing the insights 
into the epidemiology of the opportunistic fungal infections 
in patients with IBD. It is also the first study providing 
the mortality trends for a duration of more than 10 year in 
patients having IBD. There are several limitations to our 
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study. The data was taken from the data base and relied 
on the reporting of the diagnosis on discharge and hence 
is subject to reporting bias. We also limited our study to 
the seven common fungal infections. Our study lacked the 
details of the severity of the IBD and the exact nature of 
therapy patient was at the time of fungal infection. Hence 
the need for developing an active surveillance database 
for IBD patients for development of opportunistic fungal 
infection is needed. 

Conclusions

Patients with IBD who are hospitalized have a steady 
incidence of opportunistic fungal infections around 2%. 
The mortality increased between 2006 and 2008 and a 
significant difference remains between IBD patients with 
and without fungal infections. One explanation of rise in 
mortality but a consistent incidence could be due to the 
use of biologics that did not increase but compromised 
the ability of IBD patients to fight opportunistic fungal 
infections. Reduced mortality after 2008 suggests the 
increased awareness and early recognition of the infections 
after FDA warning regarding opportunistic fungal 
infections in users of anti-TNF agents. We described the 
various factors predictive of opportunistic fungal in IBD 
patients with AIDS being the strongest. The prevalence of 
opportunistic fungal infections in different US regions is 
consistent with previously published reports.
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