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Background. Outbreaks of healthcare-associated mucormycosis (HCM), a life-threatening fungal infection, have been 
attributed to multiple sources, including contaminated healthcare linens. In 2020, staff at Hospital A in Arkansas alerted public 
health officials of a potential HCM outbreak.

Methods. We collected data on patients at Hospital A who had invasive mucormycosis during January 2017–June 2021 and 
calculated annual incidence of HCM (defined as mucormycosis diagnosed within ≥7 days after hospital admission). We 
performed targeted environmental assessments, including linen sampling at the hospital, to identify potential sources of infection.

Results. During the outbreak period (June 2019–June 2021), 16 patients had HCM; clinical features were similar between HCM 
patients and non-HCM patients. Hospital-wide HCM incidence (per 100 000 patient-days) increased from 0 in 2018 to 3 in 2019 
and 6 in 2020. For the 16 HCM patients, the most common underlying medical conditions were hematologic malignancy (56%) and 
recent traumatic injury (38%); 38% of HCM patients died in-hospital. Healthcare-associated mucormycosis cases were not 
epidemiologically linked by common procedures, products, units, or rooms. At Hospital A and its contracted offsite laundry 
provider, suboptimal handling of laundered linens and inadequate environmental controls to prevent mucormycete 
contamination were observed. We detected Rhizopus on 9 (9%) of 98 linens sampled at the hospital, including on linens that 
had just arrived from the laundry facility.

Conclusions. We describe the largest, single-center, HCM outbreak reported to date. Our findings underscore the importance 
of hospital-based monitoring for HCM and increased attention to the safe handling of laundered linens.
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Mucormycosis is an uncommon but life-threatening fungal in-
fection caused by angioinvasive molds from the order 
Mucorales [1]. Clinical presentation varies depending on the 
affected body site, but the disease is generally characterized 
by progressive tissue infarction and necrosis that often requires 
aggressive surgical debridement and prolonged antifungal ther-
apy [2]. Patient risk factors include neutropenia, prolonged 
corticosteroid use, malnutrition, uncontrolled diabetes, iron 
overload, hematologic malignancies, recent allogeneic stem 
cell or solid organ transplant receipt, severe burns, and major 
traumatic injury [3, 4]. At-risk patients may develop 

mucormycosis after exposure to spores via inhalation or trau-
matic inoculation. The spores that cause mucormycosis exist 
throughout the environment, and patients may acquire infec-
tion in community or healthcare settings [5].

Investigating healthcare-associated mucormycosis (HCM) 
outbreaks is challenging because affected patients often have 
complex medical histories and multiple healthcare exposures. 
Previous HCM outbreaks have been attributed to contaminated 
medical products (eg, bandages, tape, adhesives, medications), 
insufficient air filtration, water damage, and hospital construc-
tion or renovation [4]. In a recent study , investigators have re-
ported several HCM outbreaks linked to the contamination of 
healthcare linens in the setting of deficient environmental con-
trols or suboptimal handling of laundered linens [6–8].

In February 2020, a large, acute care hospital in Arkansas 
(Hospital A) notified the Arkansas Department of Health and 
US Centers for Disease Control and Prevention (CDC) of a 
cluster of mucormycosis cases among patients in a hematologic 
malignancy unit. We describe the findings and insights gained 
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from an investigation of a large and prolonged outbreak of 
healthcare-associated mucormycosis cases at a single health-
care facility.

METHODS

Case Definition and Ascertainment

We defined a case of invasive mucormycosis as the presence of 
either a histopathologic specimen demonstrating angioinvasive 
mold infection or a positive culture or polymerase chain reac-
tion (PCR) test result in a patient with invasive mucormycosis, 
as diagnosed by a treating infectious disease physician. We con-
sidered mucormycosis onset date to be the date of first positive 
specimen collection or mucormycosis sign or symptom (eg, de-
velopment of a necrotic skin lesion), whichever occurred earlier. 
We classified cases as healthcare-associated based on the number 
of days between hospital admission and mucormycosis onset 
date: cases were either confirmed (>14 days), probable (7–13 
days), or not healthcare-associated (<7 days). We chose these 
time intervals based on available estimates of the incubation pe-
riod for cutaneous mucormycosis [9], the predominant form of 
clinical presentation seen early during the investigation.

We ascertained potential mucormycosis cases by screening 
Hospital A laboratory records for patients who received a cul-
ture or PCR result positive for Mucorales during January 1, 
2017–June 30, 2021. Through discussions with Hospital A’s in-
fectious disease clinicians, we identified 1 additional potential 
case whose only positive diagnostic test for mucormycosis 
was histopathology; however, we did not systematically screen 
histopathology reports to ascertain potential cases.

Epidemiologic Investigation and Statistical Analysis

We abstracted clinical and laboratory data from the medical re-
cords of patients who had invasive mucormycosis during 
January 1, 2017–May 21, 2021. For cases occurring during 
2018–2020 (the time period during which hospital denomina-
tor data were available), we calculated annual hospital-wide 
and unit-level incidences of HCM in the hematologic malig-
nancy unit, medical/neurology intensive care unit, and surgical 
intensive care unit.

We compared the demographic features, clinical characteris-
tics, and outcomes of patients who had a HCM case during the 
outbreak period (defined as June 2019–May 2021 based on the 
timeframe during which HCM case clustering was observed) 
with patients who had non-healthcare-associated mucormyco-
sis (NHCM) cases during January 2017–October 2020. Other 
tertiary hospitals near Hospital A were contacted to ascertain 
whether they had detected an increase in invasive mucormyco-
sis cases during the outbreak period. We compared categorical 
variables using χ2 or Fisher’s exact tests for proportions 
and continuous variables using Wilcoxon signed-rank test 
(α = 0.05).

Environmental Assessments

Using a standardized environmental assessment tool, we evaluat-
ed conditions at Hospital A that might increase the risk of patient 
exposures to Mucorales spores [10]. Hospital A hired an industrial 
hygienist to support environmental assessments. Environmental 
assessment included the following: visual inspection of the hema-
tologic malignancy and bone marrow procurement units; obser-
vation of linen intake and processing procedures; review of unit 
maintenance orders; measurement of air pressure relationships 
in patient rooms and linen storage rooms; evaluation of environ-
mental cleaning practices; and visual inspection for areas of poten-
tial water intrusion. Hospital A infection prevention personnel 
performed an in-person environmental assessment of the offsite 
laundry facility that was contracted to reprocess Hospital A’s 
healthcare linens (Laundry Facility A).

Environmental Sampling

During March 9–10, 2021, we sampled linens (including blan-
kets, gowns, pillowcases, sheets, and towels) at Hospital A to as-
certain the presence of Mucorales spores at various stages of the 
linen lifecycle (ie, newly arrived linens from Laundry Facility A, 
linens stored in the receiving area, linens in the storage closet of 
the hematologic malignancy unit, and linens in rooms staged for 
patient use on the hematologic malignancy unit) at Hospital A 
(Supplementary Methods). We also performed convenience 
sampling of certain nonlinen items (eg, tape) and surfaces. We 
measured room temperatures and used MMD7NP moisture me-
ters to obtain moisture readings from sampled linens.

Fungal Species Identification

Clinical laboratories serving Hospital A conducted initial pa-
tient specimen testing, identifying isolates to the genus level. 
Hospital A also sent available specimens to the CDC, where iso-
lates from patient and environmental samples underwent inter-
nal transcribed spacer (ITS) sequencing using previously 
published methodology [11, 12]. Because of the genetic diver-
sity of Mucorales strains found in the environment [13, 14], 
and because an environmental source of infection was suspect-
ed, we did not perform molecular typing of clinical isolates.

Ethics Statement

Collection of human subject data was determined by the CDC 
to be routine public health outbreak investigation and was not 
subject to CDC institutional review board approval. This activ-
ity was reviewed by the CDC and was conducted consistent 
with applicable federal law and CDC policy (see eg, 45 C.F.R. 
part 46, 21 C.F.R. part 56; 42 U.S.C. §241(d); 5 U.S.C. §552a; 
44 U.S.C. §3501 et seq.).

Patient Consent Statement

Collection of patient data was part of routine public health out-
break investigation and patient consent was not required.
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RESULTS

Epidemiologic Investigation

During January 2017–June 2021, 50 patients had a positive cul-
ture, PCR, or histopathology test result for Mucorales; 30 (60%) 
patients had infections that fit the criteria for invasive mucor-
mycosis, 17 (57%) of which were HCM (11 confirmed, 6 prob-
able). Sixteen HCM cases occurred during the outbreak period 
(Figure 1). An additional HCM case, which was diagnosed be-
fore the outbreak period (May 2017), was excluded from fur-
ther analyses.

The hospital-wide HCM incidence (per 100 000 patient- 
days) was 0 in 2018, 3 in 2019, and 6 in 2020; unit-level inci-
dence also increased during this time period (Figure 2). 
Patients who had HCM during the outbreak period did not dif-
fer significantly from NHCM patients in terms of demographic 
features, underlying medical conditions, or outcomes (Table 1). 
Among the 16 patients with HCM, the median age was 54 
(range 23–77); 8 (50%) patients were women; 11 (69%) were 
non-Hispanic White. The most common infection sites were 
cutaneous (n = 8, 50%), deep tissue (n = 3, 19%), and pulmo-
nary (n = 3, 19%). Most HCM patients had a hematologic ma-
lignancy (n = 9, 56%), including 6 with leukemia. Eight (53%) 
HCM patients had neutropenia, and 11 (79%) had lymphope-
nia during the 30 days before mucormycosis diagnosis. Major 
traumatic injury during the 90 days before mucormycosis diag-
nosis was also common (38%). One HCM patient was diag-
nosed with COVID-19 2 months before mucormycosis onset. 
In-hospital mortality for patients with HCM was 38%; another 
25% of HCM patients were discharged to hospice.

During the 30 days before mucormycosis onset date, the 16 
HCM patients had spent time in 7 distinct hospital units 
throughout Hospital A and 7 patients had spent time in more 
than one unit; less than half (n = 6, 38%) had been admitted 
to the hematologic malignancy unit where the initial case 

cluster was detected (Figure 3). Patients lacked commonalities 
in terms of patient rooms, medical products, or relevant med-
ical procedures.

The most common genera of Mucorales isolated for HCM 
patients were Rhizopus (n = 8, 50%), Mucor (n = 3, 19%), and 
Rhizomucor (n = 2, 13%). Specimens from four HCM patients 
were identified as Rhizopus spp by the Hospital A laboratory 
and confirmed as Rhizopus microsporus at CDC by sequencing 
D1/D2 of 28S and the ITS regions of rDNA locus. No other hos-
pitals in Hospital A’s vicinity reported any increase in invasive 
mucormycosis cases during the outbreak period.

Environmental Assessments

Environmental assessments of the hematologic malignancy 
unit identified visible dust on ceiling tiles, light fixtures, bath-
room air vents, shower exhaust vents, and ledges in patient 
rooms. We observed nonsterile patient care supplies left open 
to the environment in supply storage, medication, and patient 
rooms on the unit. We observed moisture and debris under a 
sink cabinet in a staff lounge but found no associated water 
leaks. Nursing staff reported multiple leaks in the hallways in 
previous years, all of which had been repaired by the time of 
the investigation. The heating, ventilation, and air conditioning 
(HVAC) system supplying the hematologic malignancy unit 
patient and supply rooms was under appropriate pressuriza-
tion, and filtration was as expected without unintentional by-
pass of the filter.

During observations of healthcare linen management at 
Hospital A, we noted that the plastic used to cover linen carts ar-
riving from Laundry Facility A was frequently torn. Hospital 
staff reported that newly arrived linens from Laundry Facility 
A were sometimes left on the loading dock for several hours 
due to inadequate space in the linen storage rooms. We noted 
visible bird droppings, dust, and used laundry carts on the mul-
tiuse loading dock where laundered healthcare linens arrived. 

Figure 1. Timeline of mucormycosis cases at Hospital A by quarter-year—Arkansas, January 2017–September 2021.
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Unit staff also reported that clean linens sometimes arrived with 
visible debris and staining. Hospital A linen storage and staging 
rooms were kept under appropriate positive pressure, and the air 
exchange rate exceeded the clean linen storage room standard of 
two air changes per hour [15].

Hospital A’s onsite environmental assessment of Laundry 
Facility A identified substantial dust and lint accumulation on 
washing and drying equipment and on floors. Separation be-
tween the soiled and clean sides of the facility was maintained 
by air curtains. No environmental controls (eg, HVAC system 
with a single filter bed) were present. To maintain a tolerable in-
door temperature for workers, personnel left window louvers and 
loading dock doors open to the outdoor environment and used 
oscillating and ceiling fans to increase air flow, including across 
the area in which laundered linens were dried, folded, and stored.

Environmental Sampling

We focused environmental sampling primarily on linens, because 
they were one of the few environmental exposures that could have 
affected all HCM patients, and because of the concerns identified 

regarding the reprocessing and handling of laundered linens. We 
performed convenience sampling of 98 linens, 12 rolls of tape or 
gauze, and 3 other surfaces from the hematologic malignancy unit, 
including a shower vent in a patient bathroom, a grate on a patient 
bathroom door, and a used blood pressure cuff (Table 2). Of the 
113 total samples obtained, 12 (11%) grew Mucorales spp, all of 
which were Rhizopus oryzae. Of the 98 linens sampled, 9 (9%) test-
ed positive for Mucorales, including 4 (18%) of 22 samples taken 
from laundered linens immediately after their arrival from 
Laundry Facility A and 4 (10%) of 40 samples from linens that 
had been in storage at Hospital A for 24–48 hours before sam-
pling. Of samples from 31 unused linens on the hematologic ma-
lignancy unit, 1 (3%) tested positive for Mucorales. Of the 12 linen 
carts from which linens were sampled, 6 (50%) contained at least 1 
linen with a positive result for Mucorales. Of the 4 sampled linen 
carts newly arrived at Hospital A, 3 (75%) contained at least 1 linen 
positive for Mucorales. No moisture was detected in any of the 
sampled linens.

Nonlinen items positive for Mucorales included paper tape 
left open on a mobile workstation in the hallway on the 

Figure 2. Incidence of healthcare-associated mucormycosis at Hospital A (A) and on select hospital units (B)—Arkansas 2018–2020.
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hematologic malignancy unit, gauze that was open to the air in 
the hematologic cancer unit medication room, and a shower 
vent in a patient room on the hematologic cancer unit. 
Temperature in sampled rooms ranged from 21°C to 26°C, 
and relative humidity ranged from 36% to 45%.

Throughout the outbreak investigation, the infection pre-
vention and control staff at Hospital A took numerous actions 
to remediate potential sources of mold exposures within the 
hospital healthcare environment. Remediation efforts included 
the following: adjusting linen intake workflow to minimize the 
amount of time that laundered healthcare linens spent on the 
loading dock; doubling the layer of plastic used to cover linen 
carts during transportation; educating laundry personnel about 
the need to inspect carts and reject those containing visibly 

Table 1. Demographic Features, Clinical Characteristics, and Outcomes 
of Patients With Invasive Mucormycosis (N = 29): Hospital A, January 
2017–May 2021

Characteristica

Healthcare-Associated 
Invasive 

Mucormycosis: June 
2019–May 2021

Non-HCM: 
January 2017– 

Oct 2020 P 
Valuebn = 16 (%) n = 13 (%)

Demographics

Age in years, median 
(range)

54 (23–77) 49 (21–67) >0.99

Female sex 8 (50) 5 (39) .71

Race/Ethnicity

Non-Hispanic White 11 (69) 7 (54) .31

Non-Hispanic Black 2 (13) 5 (39)

Hispanic or Latino 3 (19) 1 (8)

Type of Infection

Cutaneousc 8 (50) 3 (23) .56

Deep tissued 3 (19) 2 (15)

Pulmonary 3 (19) 4 (31)

Rhinocerebral 1 (6) 3 (23)

Disseminated 1 (6) 1 (8)

Mucorales Genus

Rhizopus 8 (50) 7 (54) .90

Mucor 3 (19) 3 (23)

Rhizomucor 2 (13) 0 (0)

Lichtheimia 1 (6) 0 (0)

Syncephalastrum 1 (6) 1 (8)

Cunninghamella 0 (0) 1 (8)

Unspecified 1 (6) 1 (8)

Time from admission to 
onset, median (IQR)

17 (10.5–26.5) —

Underlying Medical 
Conditions

Hematologic malignancye 9 (56) 5 (38) .46

Leukemia (% 
hematologic malignancy)

6 (67) 5 (100) .26

Relapsed or refractory 
disease (%leukemia)

5 (83) 4 (80) >.99

Lymphoma (% 
hematologic malignancy)

0 (0) 0 (0) —

Multiple myeloma (% 
hematologic malignancy)

3 (33) 0 (0) .26

Other hematologic 
malignancy (% 
hematologic malignancy)

1 (11) 1 (20) >.99

Hematopoietic stem cell 
transplant (% 
hematologic malignancy)

3 (33) 4 (80) .27

Solid organ malignancy 0 (0) 1 (8) .44

Diabetes mellitus 5 (31) 7 (54) .27

Traumatic injury in 90 days 
before onset

6 (38) 2 (15) .24

Pulmonary diseasef 2 (13) 3 (23) .63

Neutropenia (within 30 
days before 
mucormycosis 
diagnosis)g

8 (53) 4 (36) .45

Lymphopenia (within 30 
days before 
mucormycosis 
diagnosis)h

11 (79) 5 (45) .11

Table 1. Continued  

Characteristica

Healthcare-Associated 
Invasive 

Mucormycosis: June 
2019–May 2021

Non-HCM: 
January 2017– 

Oct 2020 P 
Valuebn = 16 (%) n = 13 (%)

Treatments Received 
During 90 Days Before 
Illness Onset

Systemic antibacterial 
drugs

16 (100) 10 (77) .08

Prolonged 
corticosteroids usei

8 (53) 3 (25) .24

Noncorticosteroid 
immunosuppressive 
drugs

9 (56) 5 (38) .46

Chemotherapy (% 
hematologic 
malignancy)j

7 (88) 4 (100) >.99

Outcome on Date of Chart 
Abstraction

Died During Hospitalization 6 (38) 2 (15) .24

Discharged to Hospice 4 (25) 3 (23)

Discharged Nonhospice 3 (19) 7 (54)

Hospitalized 3 (19) 1 (8)

Abbreviations: HCM, healthcare-associated mucormycosis; IQR, interquartile range.  
aData are presented as n (%) unless otherwise specified.  
bP values were used to compare features of patients with hospital- versus 
nonhospital-associated cases of invasive mucormycosis; χ2 or Fisher tests for proportions 
were used to compare categorical variables, and the Wilcoxon signed-rank test was used 
to compare continuous variables.  
cAll 8 HCM patients with cutaneous infection had hematologic malignancy; 1 HCM patient 
with cutaneous infection had experienced traumatic injury in the 90 days before infection 
onset.  
dAll 3 HCM patients with deep tissue infection had experienced traumatic injury in the 90 
days before infection onset.  
eSome patients had more than 1 type of hematologic malignancy.  
fUnderlying pulmonary conditions included multifocal pneumonia (1 non-HCM), lung 
abscess (1 non-HCM), Goodpasture syndrome (1 HCM), asthma (1 non-HCM), and 
coronavirus disease 2019 (1 HCM).  
gTwo patients were missing data on neutropenia.  
hThree patients were missing data on lymphopenia.  
iProlonged corticosteroid use was defined as a dose of ≥20 mg of prednisone (or the 
bioequivalent dose of another corticosteroid drug) for ≥7 days. One HCM case and 1 
non-HCM case were missing data on the duration of corticosteroid treatment.  
jTwo patients missing data on chemotherapy.
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Figure 3. Location of patients with healthcare-associated mucormycosis cases before disease onset, Hospital A—Arkansas, June 2019–May 2021.

Table 2. Results from Environmental Samplinga Performed During an Outbreak of Healthcare-Associated Mucormycosis at a Single Acute Care Hospital

Room/Area
Material 
Sampled

Total No. Linen 
Carts Sampled

Total No. of 
Samples Collected

No. Positive for 
Mucorales (%)

No. Carts With 
Linen Positive (%)

Mucorales 
Species Identified

Newly Arrived Linens

On delivery truck Linens 1 5 1 (20) 1 (100) Rhizopus oryzae

Linen storage roomb Linens 3 17 3 (18) 2 (67) R oryzae

Linens and Items in Central Linen 
Storage (for 24–48 hours)

Linen storage room Linens 4 20 2 (10) 1 (25) R oryzae

Linen staging room Linens 4 20 2 (10) 2 (50) R oryzae

Utility closet in linen storage Tape/Gauze — 2 0 (0) — —

Linens and Items in Storage on 
Hematologic Malignancy Unit

Large clean utility closet Linens — 12 0 (0) — —

Tape/Gauze — 5 0 (0) — —

Small clean utility closet Linens — 14 1 (7) — R oryzae

Tape/Gauze — 1 0 (0) — —

Medication storage room Tape/Gauze — 1 0 (0) — —

Medication storage room Tape/Gauze — 1 1 (100) — R oryzae

Linens and Items in Patient Rooms 
on Hematologic Malignancy Unit

Cleaned patient room Linens — 5 0 (0) — —

Uncleaned patient room Linens — 5 0 (0) — —

Tape/Gauze — 1 0 (0) — —

Otherc — 3 1 (33) — R oryzae

Hallway Tape/Gauze 1 1 (100) — R oryzae

Total — — 113 12 10.6%
aAll environmental samples were collected during March 9–10, 2021.  
bThese linens were sampled immediately after arrival in linen storage from the linen delivery truck.  
cOther material sampled includes a shower vent, grate on the bathroom door, and a blood pressure cuff.
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soiled or damp linens or with torn covering; and reinforcing the 
importance of keeping linen carts covered when not in use. 
Other actions taken to decrease patient risk for exposure to 
Mucorales included enhancement of environmental cleaning 
efforts of patient rooms in the hematologic malignancy unit 
and training for healthcare staff on the importance of rejecting 
or discarding linens with visible soilage. In addition, Hospital A 
renovated its laundry storage room and its hematologic malig-
nancy wing.

DISCUSSION

We report findings from the largest, single-center, 
healthcare-associated outbreak of mucormycosis published to 
date in the United States, involving 16 patients at an Arkansas 
acute care hospital during June 2019–May 2021. Hospital A con-
tinues to perform prospective monitoring for cases and has iden-
tified no further HCM cases as of March 2022. Although the 
HCM outbreak was initially identified among patients in the he-
matologic malignancy unit, review of laboratory data and med-
ical records found that affected patients spanned multiple 
hospital units, had a broad range of underlying conditions, 
and experienced a variety of mucormycosis presentations. The 
initial focus on HCM cases in the hematologic malignancy 
unit may reflect a greater degree of suspicion for HCM clusters 
on hospital units caring for patient populations historically con-
sidered to be at higher risk of mucormycosis. Epidemiologic and 
laboratory investigations did not pinpoint a definitive infectious 
source among patients with HCM cases, nor did they definitively 
prove that each case defined as HCM was acquired in the hospi-
tal, but we identified multiple sources of potential Mucorales ex-
posure that required remediation, particularly with regards to 
the handling and storage of laundered healthcare linens.

Similar to other published reports, many HCM patients de-
scribed in this outbreak had preexisting immunocompromising 
conditions, had received immunosuppressive medications, and 
had poor outcomes. In addition, although cutaneous presenta-
tions may be responsible for ∼20% of all mucormycosis infec-
tions in general [16], half of the HCM patients in this 
investigation had cutaneous infections. The greater proportion 
of cutaneous infections is consistent with previous linen- 
associated HCM outbreaks [6–8]. We did not detect statistically 
significant differences in patient characteristics or potential ex-
posures when comparing HCM cases with non-HCM cases dur-
ing and before the outbreak period (data not shown). Our 
findings may reflect an underpowered statistical analysis rather 
than a true lack of differences between the patient groups.

Environmental sampling identified R. oryzae at multiple 
points in the linen lifecycle and on several nonlinen items in 
Hospital A. This pathogenic Mucorales species has been impli-
cated in previous HCM outbreaks [2]. Our finding of 
Mucorales on linens that had just arrived from an offsite 

laundry facility, indicating contamination before arrival at 
Hospital A, is consistent with a previous study that identified 
Mucorales contamination of freshly laundered linens received 
by transplant and cancer centers across the United States 
[17]. Because much of the remediation of the linen storage 
area at Hospital A occurred before the environmental sampling 
was performed, our environmental sampling results could not 
be used to assess the degree to which remediation efforts at the 
healthcare facility might have decreased contamination. Still, 
our results indicate the potential for linens to have served as 
a vehicle for Mucorales exposure during the outbreak. The sub-
optimal laundry management practices observed, the lack of 
adequate environmental controls at the laundry facility, and 
the fact that all HCM patients would have been exposed to lin-
ens during their hospitalization support epidemiologic data (ie, 
preponderance of cutaneous and deep tissue cases, lack of other 
shared exposures) suggested that healthcare linens could have 
played a substantial role in this outbreak. However, given the 
cross-sectional, nonrepresentative sampling scheme used and 
the identification of a Mucorales species that differed from 
those speciated from HCM patients, our results did not defin-
itively link linens with HCM cases.

The finding of multiple hospital units and patient populations 
affected by HCM and the severity of HCM outcomes during this 
investigation reinforce the importance of comprehensive 
hospital-based surveillance for HCM cases at tertiary care cen-
ters. Surveillance for mold infections in healthcare settings is 
needed to understand baseline case rates, detect potential upticks 
in HCM, and guide efforts to remediate conditions that might 
put patients at risk for mold exposures. Guidelines from 
Infectious Disease Society of America (IDSA) state that leukemia 
and transplant centers should perform regular surveillance of 
cases of invasive mold infection [18], but routine surveillance 
practices for invasive mold infections vary widely across US hos-
pitals [19]. In our investigation, approximately half of HCM pa-
tients lacked hematologic malignancy or history of recent 
transplant, suggesting that hospitals need to consider surveil-
lance for invasive mold infections in a broader population of pa-
tients than suggested by IDSA. In response to the outbreak, 
Hospital A remediated numerous potential sources of 
Mucorales exposure and implemented routine reporting of any 
positive mucormycosis laboratory result to the hospital’s infec-
tion prevention and control team and Arkansas Department of 
Health to enhance surveillance for rapid detection and investiga-
tion of additional mucormycosis cases. In addition, infectious 
diseases physicians prescribed Mucorales-active antifungal pro-
phylaxis to select patients with hematologic malignancies, a 
practice that might partially explain the decline in HCM cases 
by the end of the investigation period.

At Laundry Facility A, the absence of an HVAC system and 
the presence of doors and louvers left open to the outdoor air 
were concerning. These findings indicated that the laundry 
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facility was unable to properly condition the indoor air or main-
tain appropriate humidity or pressure differentials between the 
clean and soiled sides of the facility. Consequently, laundered 
healthcare linens could have been exposed at the facility if spores 
entered from unfiltered outdoor air or from the soiled section of 
the facility. Laundry Facility A management declined remedia-
tion of their facility, citing that their facility had been accredited 
by the Healthcare Laundry Accreditation Council (HLAC), a 
nonprofit organization that inspects and accredits laundries 
that process reusable textiles for healthcare facilities. Hospital 
Governing Boards and infection preventionists should be aware 
that organizations that accredit or certify healthcare laundries 
may not promote industry standards fully aligned with CDC 
guidelines [20] and do not supplant the healthcare facility’s over-
sight of contracted services. Of note, accreditation or certifica-
tion of laundry facilities by HLAC and the TRSA were not 
found to be associated with decreased detection of fungal path-
ogens on healthcare linens in one study [17]. To ensure the safe 
provision of healthcare linens to patients, healthcare facility in-
fection preventionist and facility engineer or plant operations 
manager should evaluate the laundry facility in accordance 
with established evidence-based guidelines [21, 22].

CONCLUSIONS

As illustrated by this prolonged outbreak, HCM can cause se-
vere mortality, and investigations may not definitively pinpoint 
a source of infection. Nonetheless, our investigation identified 
multiple opportunities to improve patient safety by remediat-
ing possible sources of Mucorales exposure in the healthcare 
setting. The population of patients susceptible to HCM in the 
United States may be expanding due to the increasing number 
of persons living with immunosuppression from medical con-
ditions, disease, or immunosuppressive medications [23]. 
Reports of mucormycosis cases are increasing nationwide 
and globally, particularly among patients with COVID-19 
[24, 25]. Therefore, healthcare facilities should consider prior-
itizing surveillance for HCM and enhanced efforts to protect 
at-risk patients from this disease.

Supplementary Data
Supplementary materials are available at Open Forum Infectious Diseases 
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authors, so questions or comments should be addressed to the correspond-
ing author.

Acknowledgments
We thank the staff of Hospital A for facilitating this investigation, and 

Ginger Chew (Centers for Disease Control and Prevention) for providing 
expertise in moisture monitoring.

Disclaimer. The findings and conclusions of this paper are those of the 
authors and do not necessarily represent the official position of the US 
Centers for Disease Control and Prevention. The views expressed in this 
paper are not necessarily those of the Arkansas Department of Health.

Potential conflicts of interest. All authors: No reported conflicts of inter-
est. All authors have submitted the ICMJE Form for Disclosure of Potential 
Conflicts of Interest.

References
1. Cornely OA, Alastruey-Izquierdo A, Arenz D, et al. Global guideline for the diag-

nosis and management of mucormycosis: an initiative of the European 
Confederation of Medical Mycology in cooperation with the Mycoses Study 
Group Education and Research Consortium. Lancet Infect Dis 2019; 19: 
e405–21. doi: 10.1016/S1473-3099(19)30312-3.

2. Ibrahim AS, Spellberg B, Walsh TJ, Kontoyiannis DP. Pathogenesis of mucormy-
cosis. Clin Infect Dis 2012; 54(Suppl 1):S16–22. doi: 10.1093/cid/cir865.

3. Roden MM, Zaoutis TE, Buchanan WL, et al. Epidemiology and outcome of zy-
gomycosis: a review of 929 reported cases. Clin Infect Dis 2005; 41:634–53. doi: 
10.1086/432579.

4. Hartnett KP, Jackson BR, Perkins KM, et al. A guide to investigating suspected 
outbreaks of mucormycosis in healthcare. J Fungi (Basel) 2019; 5:69. doi: 10. 
3390/jof5030069.

5. Rammaert B, Lanternier F, Zahar JR, et al. Healthcare-associated mucormycosis. 
Clin Infect Dis 2012; 54(Suppl 1):S44–54. doi: 10.1093/cid/cir867.

6. Duffy J, Harris J, Gade L, et al. Mucormycosis outbreak associated with hospital 
linens. Pediatr Infect Dis J 2014; 33:472–6. doi: 10.1097/INF.0000000000000261.

7. Teal LJ, Schultz KM, Weber DJ, et al. Invasive cutaneous rhizopus infections in an 
immunocompromised patient population associated with hospital laundry carts. 
Infect Control Hosp Epidemiol 2016; 37:1251–3. doi: 10.1017/ice.2016.157.

8. Cheng VCC, Chen JHK, Wong SCY, et al. Hospital outbreak of pulmonary and 
cutaneous zygomycosis due to contaminated linen items from substandard laun-
dry. Clin Infect Dis 2016; 62:714–21. doi: 10.1093/cid/civ1006.

9. Smith RM, Lee J, Mody RK. Determining the incubation time of mucormycosis: a 
systematic review. Open Forum Infect Dis 2015; 2(Suppl 1):461. doi: 10.1093/ 
ofid/ofv133.336.

10. Centers for Disease Control and Prevention. For Public Health and Healthcare 
Professionals: Investigating Fungal Disease Outbreaks. Available at: https://www. 
cdc.gov/fungal/outbreaks/health-professionals.html. Accessed 3 November 2021.

11. Balajee SA, Kano R, Baddley JW, et al. Molecular identification of Aspergillus spe-
cies collected for the transplant-associated infection surveillance network. J Clin 
Microbiol 2009; 47:3138–41. doi: 10.1128/JCM.01070-09.

12. Lysen C, Silva-Flannery L, Zaki SR, Gary JM, Lockhart SR. Performance evalua-
tion of fungal DNA PCR amplification from formalin-fixed paraffin-embedded 
tissue for diagnosis: experience of a tertiary reference laboratory. Mycoses 
2021; 64:603–11. doi: 10.1111/myc.13249.

13. Nguyen MH, Kaul D, Muto C, et al. Genetic diversity of clinical and environmen-
tal mucorales isolates obtained from an investigation of mucormycosis cases 
among solid organ transplant recipients. Microb Genom 2020; 6:mgen000473. 
doi: 10.1099/mgen.0.000473.

14. Bowers JR, Monroy-Nieto J, Gade L, et al. Rhizopus microsporus infections asso-
ciated with surgical procedures, Argentina, 2006–2014. Emerg Infect Dis 2020; 26: 
937–44. doi: 10.3201/eid2605.191045.

15. American Society of Heating, Refrigerating, and Air-Conditioning Engineers. 
ANSI/ASHRAE/ASHE Standard 170-2021. Ventilation of Health Care 
Facilities; 2021. Available at: https://www.ashe.org/system/files/media/file/2021/ 
09/170_2021_c_20210730.pdf. Accessed June 2021.

16. Petrikkos G, Skiada A, Lortholary O, Roilides E, Walsh TJ, Kontoyiannis DP. 
Epidemiology and clinical manifestations of mucormycosis. Clin Infect Dis 
2012; 54(Suppl 1):S23–34. doi: 10.1093/cid/cir866.

17. Sundermann AJ, Clancy CJ, Pasculle AW, et al. How clean is the linen at my hos-
pital? The mucorales on unclean linen discovery study of large United States 
transplant and cancer centers. Clin Infect Dis 2019; 68:850–3. doi: 10.1093/cid/ 
ciy669.

18. Patterson TF, Thompson GR III, Denning DW, et al. Practice Guidelines for the 
Diagnosis and Management of Aspergillosis: 2016 Update by the Infectious 
Diseases Society of America. Clin Infect Dis 2016; 63: e1–60. doi: 10.1093/cid/ciw326.

19. Gold JAW, Jackson BR, Glowicz J, Mead KR, Beer KD. Surveillance practices and 
air-sampling strategies to address healthcare-associated invasive mold infections 
in Society for Healthcare Epidemiology of America (SHEA) Research Network 
hospitals-United States, 2020. Infect Control Hosp Epidemiol 2021:1–4. doi: 10. 
1017/ice.2021.285.

20. Sehulster L, Chinn RY. Guidelines for environmental infection control in 
health-care facilities. Recommendations of CDC and the healthcare infection con-
trol practices advisory committee (HICPAC). MMWR Recomm Rep 2003; 52:1–42.

21. Glowicz J, Benowitz I, Arduino MJ, et al. Keeping health care linens clean: 
underrecognized hazards and critical control points to avoid contamination of 

8 • OFID • Jordan et al

D
ow

nloaded from
 https://academ

ic.oup.com
/ofid/article/9/10/ofac510/6761764 by London School of H

ygiene & Tropical M
edicine user on 25 July 2023

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac510#supplementary-data
https://doi.org/10.1016/S1473-3099(19)30312-3
https://doi.org/10.1093/cid/cir865
https://doi.org/10.1086/432579
https://doi.org/10.3390/jof5030069
https://doi.org/10.3390/jof5030069
https://doi.org/10.1093/cid/cir867
https://doi.org/10.1097/INF.0000000000000261
https://doi.org/10.1017/ice.2016.157
https://doi.org/10.1093/cid/civ1006
https://doi.org/10.1093/ofid/ofv133.336
https://doi.org/10.1093/ofid/ofv133.336
https://www.cdc.gov/fungal/outbreaks/health-professionals.html
https://www.cdc.gov/fungal/outbreaks/health-professionals.html
https://doi.org/10.1128/JCM.01070-09
https://doi.org/10.1111/myc.13249
https://doi.org/10.1099/mgen.0.000473
https://doi.org/10.3201/eid2605.191045
https://www.ashe.org/system/files/media/file/2021/09/170_2021_c_20210730.pdf
https://www.ashe.org/system/files/media/file/2021/09/170_2021_c_20210730.pdf
10.1093/cid/cir866
10.1093/cid/ciy669
10.1093/cid/ciy669
10.1093/cid/ciw326
https://doi.org/10.1017/ice.2021.285
https://doi.org/10.1017/ice.2021.285


laundered health care textiles. Am J Infect Control 2022; 50:1178–81. doi: 10. 
1016/j.ajic.2022.06.026.

22. Sanders L, Giannopoulos G, Mikolajczak A, et al. Incorporating structured linen 
oversight into an Infection Prevention program. Am J Infect Control 2022:S0196- 
6553(22)00573-9. doi: 10.1016/j.ajic.2022.07.017. 

23. Harpaz R, Dahl RM, Dooling KL. Prevalence of immunosuppression among US 
adults, 2013. JAMA 2016; 316:2547–8. doi: 10.1001/jama.2016.16477.

24. Pal R, Singh B, Bhadada SK, et al. COVID-19-associated mucormycosis: an 
updated systematic review of literature. Mycoses 2021; 64:1452–9. doi: 10.1111/ 
myc.13338.

25. Gold JAW, Ahmad FB, Cisewski JA, et al. Increased deaths from fungal infections 
during the COVID-19 pandemic-National Vital Statistics System, United States, 
January 2020-December 2021. Clin Infect Dis 2022:ciac489. doi: 10.1093/cid/ 
ciac489.

Mucormycosis Outbreak Investigation • OFID • 9

D
ow

nloaded from
 https://academ

ic.oup.com
/ofid/article/9/10/ofac510/6761764 by London School of H

ygiene & Tropical M
edicine user on 25 July 2023

https://doi.org/10.1016/j.ajic.2022.06.026
https://doi.org/10.1016/j.ajic.2022.06.026
https://doi.org/10.1016/j.ajic.2022.07.017
https://doi.org/10.1001/jama.2016.16477
https://doi.org/10.1111/myc.13338
https://doi.org/10.1111/myc.13338
https://doi.org/10.1093/cid/ciac489
https://doi.org/10.1093/cid/ciac489

	Investigation of a Prolonged and Large Outbreak of Healthcare-Associated Mucormycosis Cases in an Acute Care Hospital—Arkansas, June 2019–May 2021
	METHODS
	Case Definition and Ascertainment
	Epidemiologic Investigation and Statistical Analysis
	Environmental Assessments
	Environmental Sampling
	Fungal Species Identification
	Ethics Statement
	Patient Consent Statement

	RESULTS
	Epidemiologic Investigation
	Environmental Assessments
	Environmental Sampling

	DISCUSSION
	CONCLUSIONS
	Supplementary Data
	Acknowledgments
	References




