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s u m m a r y 

Objectives: Extensive floodwater damage following hurricane Harvey raised concerns of increase in inva- 

sive mould infections (IMIs), especially in immunocompromised patients. To more comprehensively char- 

acterize the IMI landscape pre- and post-Harvey, we used a modified, less restrictive clinical IMI (mcIMI) 

definition by incorporating therapeutic-intent antifungal drug prescriptions combined with an expanded 

list of host and clinical features. 

Methods: We reviewed 103 patients at MD Anderson Cancer Center (Houston, Texas), who lived in 

Harvey-affected counties and had mould-positive cultures within 12 months pre-/post-Harvey (36 and 

67 patients, respectively). Cases were classified as proven or probable IMI (EORTC/MSG criteria), mcIMI, 

or colonization/contamination. We also compared in-hospital mortality and 42- day survival outcomes of 

patients with mcIMI pre-/post-Harvey. 

Results: The number of patients with mould- positive cultures from Harvey-affected counties almost 

doubled from 36 pre- Harvey to 67 post- Harvey ( p < 0.01). In contrast, no significant changes in (mc)IMI 

incidence post-Harvey nor changes in the aetiological mould genera were noted. However, patients with 

mcIMIs from flood affected areas had significantly higher in-hospital mortality ( p = 0.01). 

Conclusions: We observed increased colonization but no excess cases of (mc)IMIs in immunosuppressed 

cancer patients from affected areas following a large flooding event such as hurricane Harvey. 

© 2022 The British Infection Association. Published by Elsevier Ltd. All rights reserved. 
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In August 2017, hurricane Harvey and historic scale of flood- 

ng devastated the Houston metropolitan area and adjacent coun- 

ies. A survey amongst immunocompromised Houston area resi- 

ents revealed that almost half of them engaged in home clean-up 

nd mould remediation activities, often with no or suboptimal per- 

onal protective equipment. 1 Although this observation raised the 

oncern of extensive mould exposure of patients at risk for inva- 

ive mould infections (IMIs), prior research by our group at the 

niversity of Texas MD Anderson Cancer Center (MDACC) found 

o institution-wide increase in culture-documented IMIs after the 
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urricane. 2 As an increased use of voriconazole and amphotericin 

 was seen at MDACC in the 12 month- period following the hur- 

icane, 2 there might have been a lower threshold for initiation of 

ould-active antifungal treatment or prophylaxis in high-risk pa- 

ients and/or an increased incidence of infection events not meet- 

ng the conventional IMI definitions. 

In order to provide a more comprehensive characterization of 

urricane Harvey’s impact on the IMI landscape, the U.S. Centers 

or Disease Control and Prevention (CDC) developed a modified 

linical IMI (mcIMI) case definition based on an expanded set of 

ost and clinical features combined with therapeutic-intent an- 

ifungal drug prescription. We herein applied this less-restrictive 

cIMI case definition specifically to MDACC patients residing in 

arvey-affected Texas counties. 
eserved. 
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Table 1 

Host and clinical criteria applied for case adjudication. 

Category Criteria 

EORTC/MSG • Recent history of neutropenia (ANC < 500/μL for > 10 d) temporally related to the onset of invasive fungal disease 

host Factors • Active hematologic malignancy 

• Receipt of an allogeneic stem cell transplant 

• Receipt of a solid organ transplant 

• Prolonged use of corticosteroids at a therapeutic dose of ≥0.3 mg/kg corticosteroids for ≥3 weeks in the past 60 d 

• Treatment with other recognized T-cell immunosuppressants (e.g., calcineurin inhibitors or immunosuppressive nucleoside 

analogues) during the past 90 d 

• Treatment with recognized B-cell immunosuppressants (e.g., ibrutinib) 

• Inherited severe immunodeficiency (such as chronic granulomatous disease, STAT3 deficiency, or severe combined immunodeficiency) 

• Acute graft-versus-host disease grade III or IV involving the gut, lungs, or liver that is refractory to first-line treatment with steroids 

Non-EORTC/MSG • Other immunosuppressive or chemotherapeutic medications in the 90 d before DOI 

Host Factors • Total body irradiation in the 90 d before DOI 

• Lymphopenia ( ≤1000/μL) in the 90 d before DOI 

• Acquired immunodeficiency syndrome (CD4 + T-helper cells < 200/μL) 

• B cell lymphoma 

• New cancer diagnosis in the 90 d before DOI, with or without therapy 

• Active cancer: cancer patient on chemotherapy at time of DOI, or diagnosed in the past 6 months, or cancer noted to be recurrent, 

metastatic or inoperable 

• Autologous stem cell transplant 

• Temporal arteritis or scleroderma 

• Chronic obstructive pulmonary disease 

• Hepatitis C, cirrhosis, and/or alcoholism 

• X-linked adrenoleukodystrophy 

• Uncontrolled diabetes mellitus (HbA1c > 8%) 

• End stage renal disease 

• Burn 

• Recent eye surgery 

EORTC/MSG 

clinical Factors 

• Pulmonary aspergillosis: The presence of 1 of the following 4 patterns on CT: a) Dense, well-circumscribed lesions(s) with or without 

a halo sign, b) air crescent sign, c) cavity, d) wedge-shaped and segmental or lobar consolidation 

• Other pulmonary mould infections: Same criteria as for pulmonary aspergillosis but also including a reverse halo sign 

• Tracheobronchitis: Tracheobronchial ulceration, nodule, pseudomembrane, plaque, or eschar seen in bronchoscopy 

• Sino-nasal diseases: Acute localized pain (including pain radiating to the eye), nasal ulcer with black eschar, or lesions extending 

from the paranasal sinus across bony barriers (e.g., into the orbit) 

• Central nervous system infection: 1 of the following 2 signs: a) Focal lesions on imaging, b) Meningeal enhancement on magnetic 

resonance imaging or CT 

Non-EORTC/MSG 

clinical factors 

• Lower respiratory tract: Cavity on X-ray; focal opacity, tree-in-bud micronodularity/opacity, ground glass opacity, nodular opacity, 

patchy opacity, consolidation, nodule, mass lesions, pleural effusions, or other abnormal pulmonary CT findings not specifically 

included in the MSG definition; pneumothorax (lung collapse); clinical signs of pneumonia 

• Sinonasal infection: Manifestations not meeting MSG definition or including other signs, e.g., orbital cellulitis 

• Wound infections: Burns, open fracture, necrotic tissue, and/or ulcers 

Abbreviations: ANC = absolute neutrophil count, CD = cluster of differentiation, CT = computed tomography, d = days, DOI = date of incidence, EORTC/MSG = European 

Organization for Research and Treatment of Cancer & Mycosis Study Group, STAT3 = signal transducer and activator of transcription 3. 
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ethods 

thics statement 

This study was approved by the MDACC institutional review 

oard. Patient consent was waived for anonymized chart review. 

dentification of mould- positive cultures 

We used the Cerner Millennium Microbiology module of 

DACC’s laboratory information system to identify mould-positive 

ultures, including dimorphic fungi, within a 12-month period be- 

ore and after hurricane Harvey. Multiple mould-positive cultures 

rom the same patient within a 60-day period were considered a 

ingle case. 

ata filtering and chart review 

The postal codes of the patients’ place of residence were com- 

ared against the Federal Emergency Management Agency (FEMA) 

exas Hurricane Harvey map DR-4332-TX. 3 Counties designated 
702 
public assistance areas” at a minimum were considered “affected 

ounties”. Records of patients living outside these areas were ex- 

luded and the remaining cases proceeded to an in-depth chart re- 

iew, which included the following items: Demographic data (age, 

ender), place of residence (postal code, county, state), evidence of 

ossible mould infection (mould-positive cultures, pathology spec- 

mens consistent with an IMI, positive serum galactomannan or 

eta-glucan tests, other non-culture biomarkers, IMI-related ICD-10 

odes), clinical and radiological evidence of an IMI (clinical criteria 

pecified in Table 1 ), cytopenia (neutropenia < 500/μL, lymphope- 

ia < 10 0 0/μL), cancer diagnosis, transplant history (solid organ 

ransplant or hematopoietic stem cell transplant, including pres- 

nce of graft-versus-host disease [GvHD]), other predisposing con- 

itions (diabetes mellitus, autoimmune diseases, alcoholism and 

iver cirrhosis, hemochromatosis, cytomegalovirus infection, total 

arental nutrition), recent surgeries or injuries, use of corticos- 

eroids or other immunosuppressive or cytotoxic medications, use 

f mould-active antifungals, hospitalization, ICU admission, and in- 

ospital mortality. Data were entered into an electronic case report 

orm (RedCap platform) provided by the CDC, Mycotic Diseases 

ranch. In addition, 42-day mortality outcomes were recorded by 

he investigators. 
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NO (mould recovered from nonsterile site)

NO 

YES

NO

NO

Not meeting IMI definition

NO
Not meeting IMI definition

Either EORTC/MSG clinical or host factor? YES
Clinical case per CDC definition (mcIMI)

(Table 1)

pathology specimen with evidence of tissue invasion?
Proven IMI

YES

Non-EORTC/MSG clinical or host factors? YES
Clinical case per CDC definition (mcIMI)

(Table 1)

(Table 1)

specimen collection date?

Both EORTC/MSG clinical and host factors? YES
Probable IMI

Mould-active antifungal treatment on or after

Positive mould culture from sterile site or histo-

Fig. 1. Flow chart for case adjudication. 
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etermination of the date of incidence (DOI) 

The DOI was defined as the earliest date of possible evidence 

f an IMI event, considering cultures and non-culture biomark- 

rs, histopathological evidence, therapeutic-intent antifungal drug 

rescription, and ICD-10 billing codes indicating an IMI event. 

ases with a DOI before September 1, 2017, were considered “pre- 

arvey” and cases with a DOI on or after September 1, 2017 were 

onsidered “post-Harvey”, respectively. Of note, no patient had a 

OI between the landfall of hurricane Harvey in Texas (August 26, 

017) and the second week of September 2017. 

ase adjudication 

The probability of an IMI event was independently determined 

y two investigators. European Organization for Research and 

reatment of Cancer & Mycosis Study Group (EORTC/MSG) con- 

ensus definitions 4 were used to identify patients with proven or 

robable IMIs. In addition, we applied the CDC’s expanded case 

efinition to classify the remaining patients as either mcIMI cases 

r “patients not meeting IMI criteria” (colonization/contamination). 

atients were classified as mcIMI cases if they received mould- 

ctive antifungal therapy after collection of a mould-positive spec- 

men and additionally met at least one EORTC/MSG or non- 

ORTC/MSG clinical or host criterion ( Table 1 ). One discordant ad- 

udication was resolved by a joint review of the investigators. 

ospital census 

The following denominators were used to calculate incidence 

ates within a 12-month period pre- and post-Harvey, respectively: 
703 
umber of inpatient hospital admissions, 28,793 pre-Harvey and 

9,118 post-Harvey; number of inpatient days, 202,411 pre-Harvey 

nd 207,071 post-Harvey. 

tatistical analyses 

Categorical variables were compared using chi-square or 

isher’s exact test. Continuous variables were compared using 

ruskal-Wallis and Wilcoxon rank-sum tests for 3- and 2-group 

omparisons, respectively. If a significant result ( p < 0.05) was de- 

ected for a 3-group comparison, pairwise comparisons were per- 

ormed with α levels adjusted using Holm’s sequential Bonfer- 

oni method. Poisson distribution and chi-square test were used to 

ompare incidence rates of mould infections. Survival curves were 

stimated using the Kaplan-Meier method and compared with the 

antel-Cox log-rank test. All tests were 2-sided with a significance 

evel of 0.05 except for pairwise comparisons with α adjustment. 

tatistical analyses and data visualization were performed using 

AS version 9.3 (SAS Institute, Inc., Cary, NC), GraphPad Prism ver- 

ion 8 (GraphPad Software Inc., San Diego, USA), and Microsoft Ex- 

el. 

esults 

Four-hundred-and-four MDACC patients with mould-positive 

ultures between September 2016 (12 months pre-Harvey) and Au- 

ust 2018 (12 months post-Harvey) were identified using the insti- 

utional microbiology laboratory information system (Supplemen- 

ary Data Set). A single mould genus was isolated from a sin- 

le material in 329 out of these 404 patients. Aspergillus was the 

ost commonly identified genus ( n = 153, including 10 patients 
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 n = 23, mcIMI per CDC definition (34%)

 n = 33, not meeting IMI definitions (49%)

counties not affected by hurricane Harvey

Considered for final analysis

103 unique patients from affected areas

DOI before hurricance Harvey (n = 36) DOI after hurricance Harvey (n = 67)

 n = 7, proven IMI (19%)

 n = 2, probable IMI (6%)

 n = 14, mcIMI per CDC definition (39%)

 n = 13, not meeting IMI definitions (36%)

 n = 9, proven IMI (13%)

3 patients with a DOI before Sep 1, 2016

In-depth review

297 out-of-state patients or patients from 

Excluded based on ZIP codes

Excluded after in-depth review

 n = 2, probable IMI (3%)

Review of laboratory results

404 patients with mould-positive cultures

107 unique patients from affected areas

1 patient with a proven yeast infection

Fig. 2. Numbers of cases identified by classification and date of incidence (DOI). 
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ith multiple Aspergillus species). Nineteen patients had a single 

enus isolated from multiple respiratory samples and 8 patients 

ad the same mould/genus isolated from multiple sites or mate- 

ials. Thirty-one patients had two or more genera isolated from a 

ingle site or material. A total of 17 patients had multiple mould 

enera recovered from multiple respiratory samples or multiple 

ampling sites (Supplementary Data Set). 

One-hundred-and-seven out of the 404 unique cases repre- 

ented patients living in Harvey-affected areas ( Fig. 2 ). Four out 

f these 107 patients were excluded from further analysis after 

hart review. Three patients had a mould-positive culture within 

he study period, but their finally determined DOI was more than 

2 months prior to hurricane Harvey. In addition, one case of “ster- 

le hyphae” recovered from a skin lesion was later identified as 

 proven yeast infection with no evidence of an IMI event and 

as excluded from analysis ( Fig. 2 ). After exclusions, 103 cases re- 

ained in the final analysis. 

Notably, these 103 cases were not distributed evenly between 

he pre- and post-Harvey period. Instead, the number of patients 

ith mould-positive cultures from Harvey-affected counties almost 

oubled from 36 pre-Harvey to 67 post-Harvey ( Fig. 2 ), result- 

ng in a significantly increased incidence of positive cultures af- 

er the hurricane ( Fig. 3 A, p < 0.01). Thirty-four out of the 67 pa-

ients with mould-positive cultures post-Harvey (51%) were adjudi- 

ated as having probable/proven IMIs ( n = 11) or mcIMI ( n = 23),

ompared to 23 (mc)IMI cases pre-Harvey (9 probable/proven IMIs 

nd 14 mcIMI cases). The difference in incidence rates of proba- 

le/proven IMIs or mcIMI cases pre- and post-Harvey did not reach 

ignificance ( Fig. 3 B, p = 0.15- 0.18), whereas the incidence rate of

atients with mould-positive cultures not meeting the IMI criteria 

ignificantly increased post-Harvey ( Fig. 3 C, p < 0.01). Of note, 76% 

f mould-positive cultures in patients not meeting the IMI crite- 

ia were obtained from respiratory samples, suggesting increased 

symptomatic colonization of respiratory epithelia. 

Patients with probable/proven IMIs were more likely to have 

ctive leukaemia/myelodysplastic syndrome ( p < 0.001) and/or se- 

ere neutropenia < 50 0/μL ( p < 0.0 01) and to receive corticos- 

eroids ( p < 0.01) or other immunosuppressive therapies ( p < 

.001) compared with mcIMI cases and patients not meeting the 
704 
MI definitions ( Table 2 ). Patients with proven/probable IMIs had 

igher rates of extrapulmonary or disseminated mycoses and had 

 higher proportion of Mucorales or Fusarium spp. recovered as 

he causative agent than patients with mcIMIs ( Table 2 ). Com- 

ared to patients not meeting the IMI definitions, a higher pro- 

ortion of patients with probable/proven IMIs or mcIMIs received 

ystemic antifungal therapy, such as liposomal amphotericin B or 

road-spectrum triazoles ( p < 0.001) ( Table 2 ). Similarly, patients 

eeting at least the mcIMI definition more often required hospi- 

alization ( p < 0.001) or ICU admission ( p = 0.03) and had higher

n-hospital mortality ( p = 0.05) than patients with mould-positive 

ultures but no clinical correlate ( Table 2 ). 

Comparing all patients from Harvey-affected counties with 

ould-positive cultures before and after the hurricane, no signif- 

cant differences in demographics, predisposing factors, and out- 

omes were seen, except for a higher percentage of patients with 

 history of lymphopenia in the post-Harvey cohort (Table S1, 

 < 0.01). Restricting the comparison to patients with IMI or 

cIMI events, no significant differences in baseline characteris- 

ics and predisposing factors were found between the pre- and 

ost-Harvey cohorts ( Table 3 ). Nonetheless, the percentage of hos- 

italized patients requiring ICU admission in the course of their 

mc)IMI treatment increased from 30% pre-Harvey to 56% post- 

arvey ( Table 3 , p = 0.06). Likewise, the percentage of patients 

ith (mc)IMI dying in-hospital rose from 17% pre- Harvey to 50% 

 p = 0.01), whereas 42-day mortality (30% pre-Harvey versus 45% 

ost-Harvey, p = 0.26) and survival curves (log-rank test, p = 0.18) 

id not significantly differ depending on the DOI ( Fig. 4 ). 

iscussion 

Considering all patients regardless of their place of residence, 

ur previous study, using the conventional and rather restrictive 

ORTC/MSG diagnostic criteria, revealed no significant changes to 

he institutional mould infection landscape after hurricane Har- 

ey. 2 However, institution-wide data, including patients from non- 

ffected areas, may “dilute” the trends and lack the granularity to 

dentify subtle changes in IMI epidemiology in patient from ar- 

as impacted by floodwater damage. Therefore, the present study 



S. Wurster, T. Paraskevopoulos, M. Toda et al. Journal of Infection 84 (2022) 701–709 

Other Unknown

Clinical cases (mcIMI)

B

Proven IMI Probable IMI 

C

A

Aspergillus Mucorales Fusarium

0.0

0.5

1.0

1.5

2.0

2.5

Pre-Harvey Post-Harvey

dl
u

o
M

-p
ser

utl
uc evitis

o
p

er
 

s
noissi

m
da lati

ps
o

h 000,1

p < 0.01

0.0

0.2

0.4

0.6

0.8

1.0

1.2

Pre-Harvey Post-Harvey

sesac I
MI

p
er

s
noissi

m
da lati

ps
o

h 000,1

All IMI events: p = 0.16
mcIMI: p = 0.15

0

3

6

9

12

15

18

Pre-Harvey Post-Harvey

IM
I c

as
es

p
er

10
0,

00
0 

in
p

at
ie

nt
 d

ay
s

All IMI events: p = 0.17
mcIMI: p = 0.16

0

5

10

15

20

25

30

35

Pre-Harvey Post-Harvey

M
o

u
ld

-p
o

si
tiv

e 
cu

lt
u

re
s

p
er

10
0,

00
0 

in
p

at
ie

nt
 d

ay
s

p < 0.01

0.0

0.2

0.4

0.6

0.8

1.0

1.2

Pre-Harvey Post-Harvey

t
u

o
hti

w ser
utl

uc evitis
o

P
laci

nilc a
re

p etalerr
oc

s
noissi

m
da lati

ps
o

h 000,1

p < 0.01

0

3

6

9

12

15

18

Pre-Harvey Post-Harvey

P
o

si
ti

ve
 c

u
lt

u
re

s 
w

it
h

o
u

t
a 

cl
in

ic
al

 c
o

rr
el

at
e 

p
er

10
0,

00
0 

in
p

at
ie

nt
 d

ay
s

p < 0.01

Fig. 3. Incidence rates of mould-positive cultures and IMI events pre- and post-Harvey. (A) Breakdown of incidence rates of mould positive cultures in patients from Harvey- 

affected areas per 10 0 0 hospital admissions and per 10 0,0 0 0 inpatient days before ( n = 36) and after ( n = 67) hurricane Harvey by causative genus/order. (B) Comparison 

of IMI incidence rates before and after hurricane Harvey. (C) Incidence rates of mould-positive cultures without a clinical correlate, i.e. cases not meeting the IMI definitions, 

before and after hurricane Harvey. Chi-square test. 

w

t

h

p

w

p

r

o

c

t

m

t

i

t

as uniquely restricted to patients from Harvey-affected coun- 

ies, that is, counties qualifying for disaster assistance. 3 In this co- 

ort, we indeed found a significantly increased number of mould- 

ositive cultures in the year following the hurricane compared 

ith pre-Harvey data. However, although the incidence rates of 

roven/probable IMIs and mcIMIs slightly increased after the hur- 

icane, this trend did not reach statistical significance. Instead, 49% 
705 
f the mould-positive cultures in patients from Harvey-affected 

ounties were not associated with clinical correlates meeting either 

he conventional EORTC/MSG definition or the mcIMI definition. As 

ost mould-positive cultures without a clinical correlate were ob- 

ained from respiratory materials (76%), we hypothesize that the 

ncrease in mould-positive cultures post-Harvey is primarily due 

o asymptomatic colonization of respiratory epithelia. 
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Table 2 

Comparison of patient demographics, predisposing factors, treatment, and outcomes by final case determination. Unless specified otherwise in the “characteristics”

column, numbers of patients and percentages (%) are provided. Significant p-values for 3-group comparisons are highlighted in bold. Significant p-values for pairwise post 

tests are indicated by the following symbols: # proven/probable IMI (EORTC/MSG definition) versus mcIMI, $ proven/probable IMI versus patients not meeting IMI criteria, 

§ mcIMI versus patients not meeting IMI criteria. 

Characteristics Proven/probable IMI mcIMI (CDC definition) Not meeting IMI criteria P- 

value 

Pairwise 

comp. N = 20 N = 37 N = 46 

Age Median (range) 58 (23-84) 61 (33-89) 68 (26-90) < 0.01 $ 

Gender Male 14 (70) 23 (62) 24 (52) 0.36 

Female 6 (30) 14 (38) 22 (48) 

Cancer diagnoses a Active cancer within the last 2 years 20 (100) 37 (100) 44 (96) 0.68 

Leukaemia/MDS 16 (80) 17 (46) 4 (9) < 0.001 #, $, §

Lymphoma/myeloma 2 (10) 11 (30) 7 (15) 0.12 

Solid tumour 3 (15) 10 (27) 36 (78) < 0.001 $, §

HSCT Any HSCT 4 (20) 7 (19) 2 (4) 0.06 

Allogenic 4/4 (100) 3/7 (43) 0/2 (0) 

Autologous 0/4 (0) 4/7 (57) 2/2 (100) 

GvHD (% amongst allo-HSCT recipients) 1/4 (25) 1/3 (33) n/a 

Neutropenia < 500/μL for > 10 d within the last 30 d 3 (15) 1 (3) 0 (0) < 0.001 #, $ 

< 500/ μL within the last 30 d 10 (50) 6 (16) 4 (9) 

History of neutropenia 3 (15) 4 (11) 2 (4) 

No neutropenia 4 (20) 26 (70) 40 (87) 

Lymphopenia < 1000/μL within the last 30 d 10 (50) 18 (49) 11(24) 0.11 

History of lymphopenia 4 (20) 8 (22) 11 (24) 

No lymphopenia 6 (30) 11 (30) 24 (52) 

Diabetes mellitus Any type 3 (15) 9 (24) 5 (11) 0.25 

Type 1 0/3 (0) 2/9 (22) 0/5 (0) 

Type 2 3/3 (100) 6/9 (67) 5/5 (100) 

Other 0/3 (0) 1/9 (11) 0/5 (0) 

HbA1c > 8% 1/3 (33) 2/9 (22) 1/5 (20) > 0.99 

GCS Systemic GCS within the last 90 d 16 (80) 24 (65) 19 (41) < 0.01 $ 

> 200 mg prednisolone eq. per day 13/16 (81) 19/24 (79) 14/19 (74) 0.85 

Other immunosuppressive or cytotoxic therapies (last 90 d) 8 (40) 17 (46) 4 (9) < 0.01 $, §

Pathogen Aspergillus spp. 4/19 (21) 24/32 (75) 29/45 (64) < 0.001 #, $, §

Fusarium spp. 8/19 (42) 1/32 (3) 1/45 (2) 

Mucorales 5/19 (26) 3/32 (9) 0/45 (0) 

Other 2/19 (11) 4/32 (13) 15/45 (33) 

Unknown 1 5 1 

Site of infection Lung 4 (20) 34 (92) n/a < 0.001 # 

Nasal/sinus 5 (25) 0 (0) n/a 

Skin/soft tissue/wound 8 (40) 1 (3) n/a 

Disseminated 3 (15) 2 (5) n/a 

Mould-active 

antifungal therapy b 
At least 1 antifungal drug 19 (95) c 37 (100) 12 (26) < 0.001 $, §

Liposomal amphotericin B 13 (65) 13 (35) 2 (4) < 0.001 #, $, §

Fluconazole d 3 (15) 2 (5) 2 (4) 0.26 

Itraconazole 0 (0) 0 (0) 1 (2) > 0.99 

Posaconazole 15 (75) 23 (62) 2 (4) < 0.001 $, §

Voriconazole 6 (30) 26 (70) 4 (9) < 0.001 #, §

Isavuconazole 8 (40) 9 (24) 1 (2) < 0.001 $, §

Echinocandins 14 (70) 16 (43) 4 (9) < 0.001 $, §

Outcomes Hospitalization 20 (100) 32 (86) 25 (54) < 0.001 $, §

ICU admission 6 (30) 20 (54) 12 (26) 0.03 §

Died in hospital 7 (35) 14 (38) 7 (15) 0.05 

Footnotes: . 
a five patients had two cancer diagnoses. 
b does not include drugs that were initiated prior to the date of incidence and were given in prophylactic intention. 
c (proven) IMI of one patient not receiving antifungal therapy was established post-mortem based on autopsy findings. 
d fluconazole alone was only considered “mould-active antifungal therapy” when given for putative dimorphic fungal infections. 

Abbreviations: CDC = United States Centers for Disease Control and Prevention, comp. = comparison, d = days, eq = equivalent, GCS = glucocorticosteroids, GvHD = graft 

versus host disease, (allo-) HSCT = (allogenic) hematopoietic stem cell transplant, ICU = intensive care unit, IMI = invasive mould infection, mcIMI = modified clinical IMI 

definition, MDS = myelodysplastic syndrome, mg = milligrams. 

e

e

m

h

p

w

fl

f

a

c

c

m

s

i

d

w

p

t

a

o

u

i

Historic data providing a clear link between residential mould 

xposure in post-disaster settings, airway colonization, and IMI 

vents are scarce. Despite high levels of mould infestation im- 

ediately following hurricanes Katrina and Rita in 2005, 5–6 there 

as been no evidence of elevated IMI incidence rates in ex- 

osed patient cohorts; 6–7 however, transient asymptomatic air- 

ay colonization with Mucorales was seen in some residents of 

oodwater-damaged buildings. 8 A related observation was made 

or Aspergillus - and Basidiomycetes-positive sputum cultures after 

 tsunami in East Japan. 9 In contrast, our breakdown of positive 

ultures did not reveal major shifts or a selective predominance of 

ausative genera post-Harvey ( Fig. 3 A), which might be due to the 
706 
uch larger catchment area of our patients compared to the cited 

tudies. 

Of note, floodwater-damaged buildings can remain a source of 

ncreased exposure to pathogenic moulds even after mould reme- 

iation activities. 10 Therefore, long-term surveillance programs are 

arranted in Harvey-affected areas for both, IMIs in immunocom- 

romised populations and non-infectious respiratory hypersensi- 

ivity syndromes (e. g., mould-associated asthma) that were seen 

fter previous geo-meteorological disasters. 7 As discussed previ- 

usly, 2 there might also be a risk for delayed emergence of un- 

sual mould pathogens such as the dimorphic fungus Coccidioides 

mmitis in flooded areas. 11 
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Table 3 

Demographics, predisposing factors, and treatment by date of incidence, considering patients meeting either the proven or proba- 

ble IMI definition (EORTC/MSG) or the mcIMI definition (CDC). Unless specified otherwise in the “characteristics” column, numbers of 

patients and percentages (%) are provided. Significant p-values are highlighted in bold. 

Pre-Harvey Post-Harvey P- 

value N = 23 N = 34 

Age Median (range) 60 (23–78) 61 (25–89) 0.78 

Gender Male 17 (74) 20 (59) 0.24 

Female 6 (26) 14 (41) 

Cancer diagnoses a Active cancer within the last 2 years 23 (100) 34 (100) 

Leukaemia/MDS 14 (61) 19 (56) 0.71 

Lymphoma/myeloma 3 (13) 10 (29) 0.15 

Solid tumour 6 (26) 7 (21) 0.63 

HSCT Any HSCTAllogenicAutologous 2 (9) 9 (26) 0.17 

Allogenic 2/2 (100) 5/9 (56) 

Autologous 0/2 (0) 4/9 (44) 

GvHD (% amongst allo-HSCT recipients) 1/2 (50) 1/5 (20) 

Neutropenia < 500/μL for > 10 d within the last 30 d 3 (13) 1 (3) 0.49 

< 500/ μL within the last 30 d 7 (30) 9 (26) 

History of neutropenia 3 (13) 4 (12) 

No neutropenia 10 (43) 20 (59) 

Lymphopenia < 1000/ μL within the last 30 d 13 (57) 15 (44) 0.17 

History of lymphopenia 2 (9) 10 (29) 

No lymphopenia 8 (35) 9 (26) 

Diabetes mellitus Any type 5 (22) 7 (21) > 0.99 

Type 1 1/5 (20) 1/7 (14) 

Type 2 4/5 (80) 5/7 (71) 

Other 0/5 (0) 1/7 (14) 

HbA1c > 8% 2/5 (40) 1/7 (14) 0.52 

GCS Systemic GCS within the last 90 d 19 (83) 21 (62) 0.09 

> 200 mg prednisolone eq. per day 17/19 (89) 15/21 (71) 0.24 

Other immunosuppressive or cytotoxic therapies (last 90d) 11 (48) 14 (41) 0.62 

Pathogen Aspergillus spp. 11/21 (52) 17/30 (57) 0.85 

Fusarium spp. 3/21 (14) 6/30 (20) 

Mucorales 4/21 (19) 4/30 (13) 

Other 3/21 (14) 3/30 (10) 

Unknown 2 4 

Site of infection Lung 16 (70) 22 (65) 0.26 

Nasal/sinus 2 (9) 3 (9) 

Skin/soft tissue/wound 5 (22) 4 (12) 

Disseminated 0 (0) 5 (15) 

Mould-active 

antifungal therapy b 
At least 1 antifungal drug 23 (100) 33 (97) > 0.99 

Liposomal amphotericin B 9 (39) 17 (50) 0.42 

Fluconazole c 1 (4) 4 (12) 0.64 

Posaconazole 16 (70) 22 (65) 0.70 

Voriconazole 13 (57) 19 (56) 0.96 

Echinocandins 11 (48) 19 (56) 0.55 

Outcomes Hospitalization 22 (96) 30 (88) 0.64 

ICU admission 7 (30) 19 (56) 0.06 

Died in hospital 4 (17) 17 (50) 0.01 

Died within 42 days 7 (30) 15/33 (45) d 0.26 

Footnotes: . 
a two patients had two cancer diagnoses. 
b does not include drugs that were initiated prior to the date of incidence and were given in prophylactic intention. 
c fluconazole alone was only considered “mould-active antifungal therapy” when given for putative dimorphic fungal infections. 
d follow-up was lost for one patient before day 42. 

Abbreviations: d = days, def = definition, eq = equivalent, GCS = glucocorticosteroids, GvHD = graft versus host disease, (allo-) HSCT = (al- 

logenic) hematopoietic stem cell transplant, ICU = intensive care unit, IMI = invasive mould infection, MDS = myelodysplastic syndrome, 

mg = milligrams. 
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to be established. 
In addition to increased numbers of mould-positive cultures, 

e observed a signal of worse outcomes in patients from Harvey- 

ffected counties developing (mc)IMIs after the hurricane. While 

2-day all-cause mortality did not significantly differ depending 

n the DOI, patients developing (mc)IMIs post-Harvey had signifi- 

antly higher in-hospital mortality and tended to have higher ICU 

dmission rates than patients with IMIs pre-Harvey. Although uni- 

ariate analyses ruled out a significant impact of many important 

onfounders (e. g., causative pathogens, sites of infection, cytope- 

ia, underlying cancer diagnoses, and immunosuppressive thera- 

ies), the power of these analyses was limited, and meaningful 

ultivariate analysis was not feasible due to the small sample 

ize. Nonetheless, the observed trend toward worse outcomes in 

atients developing IMIs after hurricane Harvey is intriguing and 
707 
he many dynamic and interrelated factors that could contribute 

o this observation deserve further study. One the one hand, it 

ould be conceivable that increased colonization driven by exten- 

ive exposures increases the risk for severe IMI manifestations due 

o the high fungal burden. 12 On the other hand, residential expo- 

ure to moulds commonly found after water intrusion can trig- 

er alterations in mould-reactive immune responses, especially ele- 

ated type −2 T-helper cell responses 13–14 that are considered non- 

rotective and might contribute to immune pathology. 15 Further- 

ore, floodwater-damaged housing can be a reservoir of moulds 

roducing mycotoxins 10 that have immunosuppressive properties 

nd were shown to modulate host responses to invasive infec- 

ion; 16 however, the clinical significance of this hypothesis remains 
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Fig. 4. 42-day Kaplan-Meier survival curves of patients with proven/probable IMI 

(EORTC/MSG definition) or mcIMI (CDC definition) before and after hurricane Har- 

vey. Black ticks indicate censored data. Mantel-Cox log-rank test. (For interpretation 

of the references to color in this figure legend, the reader is referred to the web 

version of this article.) 
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Our retrospective monocentric study has several limitations. 

hile the FEMA assistance level 3 provides an at-large surrogate 

f a county’s devastation by the hurricane and subsequent flood- 

ng, our study design did not facilitate correlation of the patients’ 

ndividual risk for mould exposure (e.g., participation in mould 

emediation or home reconstruction activities) and the incidence 

f mould-positive cultures or IMIs. Furthermore, the denominators 

sed for incidence density calculations ( Fig. 2 ) were based on the 

nstitution-wide patient census since data restricted to patients liv- 

ng in Harvey-affected counties were not available. However, as 

here was no evidence for a significant shift in institutional pa- 

ient catchment areas during the 2-year study period, this limi- 

ation likely has a minor impact on the validity of our analyses 

nd conclusions. Similarly, the institutional laboratory information 

ystem did not facilitate a determination of the total number of 

ould cultures ordered from patients residing in Harvey-affected 

ounties. We have previously reported that neither the number of 

ould cultures ordered institution-wide nor their positivity rate 

ere significantly different before and after the hurricane. 2 How- 

ver, in the absence of a culture census for patients from affected 

ounties, our data do not allow us to determine whether the sig- 

ificantly higher post-Harvey incidence of positive cultures in pa- 

ients from affected areas is driven by an increased number of cul- 

ures ordered, an increased culture positivity rate, or a combina- 

ion of both. Furthermore, the relevance of individual pathogens 

s colonizers versus contaminants can be difficult to distinguish in 

he absence of a clinical correlate. For example, Aspergillus niger is 

nown as a common colonizer of respiratory epithelia 17 and it is 

lso a common contaminant at the MDACC Microbiology Labora- 

ory. In addition, the uncommon saprophytic moulds are common 

olonizers and rarely true pathogens, even in high-risk cancer pa- 

ients. 18 In order to examine these potential confounders in a suffi- 

iently powered analysis and to evaluate the generalizability of our 

ndings to other patient populations including patients with non- 

ancer-related predisposing factors for IMIs (e. g., patients with 

etabolic disorders such as diabetes mellitus), multi-centre data 

ould be needed. Similarly, the mcIMI definition itself remains to 

e studied in multi-centre settings. 

In summary, despite limitations, our unique study provides sig- 

ificant insights into the epidemiology of mould-positive cultures 

nd IMI events after a devastating hurricane causing widespread 

ooding. Employing both, conventional EORTC/MSG definitions and 

 broader mcIMI case definition that considers therapeutic-intent 
708 
ntifungal drug prescription, our results corroborate the previously 

ublished observation that hurricane Harvey did not cause signif- 

cant changes in IMI incidence and aetiological mould genera at 

DACC. 2 The increased recovery of moulds from – predominantly 

espiratory – cultures in patients living in Harvey-affected coun- 

ies likely reflects increased airway colonization and points to a 

eed for long-term surveillance effort s, including non-infectious 

ould-associated diseases. 19 Lastly, we found that increased de- 

ection of moulds was a marker of poor outcomes of IMI events 

n patients from Harvey-affected counties. Altogether, these results 

mphasize the importance of risk awareness, enhanced mould pre- 

ention strategies, 20 and improved clinical management of IMIs in 

igh-risk patients after geo-meteorological disasters. 
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