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In September 2012, the Centers for Disease Control and Prevention (CDC) initiated an outbreak investigation of fungal infec-
tions linked to injection of contaminated methylprednisolone acetate (MPA). Between 2 October 2012 and 14 February 2013, the
CDC laboratory received 799 fungal isolates or human specimens, including cerebrospinal fluid (CSF), synovial fluid, and ab-
scess tissue, from 469 case patients in 19 states. A novel broad-range PCR assay and DNA sequencing were used to evaluate these
specimens. Although Aspergillus fumigatus was recovered from the index case, Exserohilum rostratum was the primary patho-
gen in this outbreak and was also confirmed from unopened MPA vials. Exserohilum rostratum was detected or confirmed in 191
specimens or isolates from 150 case patients, primarily from Michigan (n � 67 patients), Tennessee (n � 26), Virginia (n � 20),
and Indiana (n � 16). Positive specimens from Michigan were primarily abscess tissues, while positive specimens from Tennes-
see, Virginia, and Indiana were primarily CSF. E. rostratum antifungal susceptibility MIC50 and MIC90 values were determined
for voriconazole (1 and 2 �g/ml, respectively), itraconazole (0.5 and 1 �g/ml), posaconazole (0.5 and 1 �g/ml), isavuconazole (4
and 4 �g/ml), and amphotericin B (0.25 and 0.5 �g/ml). Thirteen other mold species were identified among case patients, and
four other fungal genera were isolated from the implicated MPA vials. The clinical significance of these other fungal species re-
mains under investigation. The laboratory response provided significant support to case confirmation, enabled linkage between
clinical isolates and injected vials of MPA, and described significant features of the fungal agents involved in this large multistate
outbreak.

Back and joint injection of glucocorticoids for pain manage-
ment is widespread, and complications from these injections

are uncommonly reported (1, 2). Outbreaks of infection associ-
ated with epidural injections are rare, generally manifest as men-
ingitis or epidural abscesses, and are due mainly to bacterial
pathogens (1–4). Injection-associated infections due to fungal
pathogens are exceedingly rare (5–8).

In September 2012, the Centers for Disease Control and Pre-
vention (CDC) was notified of several cases of meningitis in Ten-
nessee, including one patient with cerebrospinal fluid (CSF) cul-
ture positive for Aspergillus fumigatus. Subsequent investigation
by a joint team of local, state, and federal health agencies and
health care providers revealed a multistate outbreak of fungal in-
fections, primarily Exserohilum rostratum, caused by epidural,
paraspinal, and peripheral joint injections of fungus-contami-
nated lots of methylprednisolone acetate (MPA) produced by the
New England Compounding Center (NECC), Framingham, MA
(9–14). The majority of early case patients had meningitis or
stroke, but later, cases of spinal or paraspinal focal infection at the
injection site predominated.

Reliable and well-validated diagnostic assays for these fungal
agents largely did not exist prior to this outbreak. When E. rostra-
tum was identified as the primary causative agent, a real-time PCR
assay was described (15), and fungal �-D-glucan testing was also
investigated as potentially useful for diagnostic purposes (16).
During the investigation, the CDC functioned as a reference test-
ing laboratory for patient specimens associated with the outbreak
and developed a novel PCR-based detection test with broad-range
fungal primers (17). Here, we describe laboratory findings, in-
cluding results for 150 case patients with specimens positive for E.
rostratum, identification of other molds from case patient sam-

ples, antifungal susceptibility testing on 50 E. rostratum patients
and vial isolates, culture of unopened MPA vials from the three
implicated lots, and a correlation of CSF white blood cells (WBC)
with the recovery of Exserohilum or its DNA. We also describe the
challenges and limitations associated with an outbreak investiga-
tion of this magnitude.

MATERIALS AND METHODS

Specimens received. This report includes specimens received between 2
October 2012 and 14 February 2013. Specimens could be grouped into
three broad categories: body fluids, consisting of mostly cerebrospinal
fluid (CSF), epidural fluid, and synovial fluid; tissues, primarily from
biopsy but also from autopsy; and fungal isolates received from specimens
cultured locally. Urine, blood, and serum samples were not included in
the analysis. Specimens were shipped to the CDC from state public health
laboratories. Fluids were shipped on dry ice. Specimens were processed
immediately or stored frozen at �70°C until being processed. Primary
bacterial and fungal culture was performed at the submitting institutions,
and available fungal isolates were submitted to the CDC for confirmation
of identification. Bacterial and fungal isolates recovered from unopened
vials of MPA were also submitted for confirmation by the Food and Drug
Administration and several state public health laboratories.
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Human subjects. This investigation was considered an emergent pub-
lic health response and therefore was not subject to review by the CDC’s
Institutional Review Board.

Case definitions. A probable case was defined as development of any
of the following: meningitis of unknown etiology following epidural or
paraspinal injection after 21 May 2012; posterior circulation stroke with-
out a cardioembolic source and without documentation of a normal CSF
profile following epidural or paraspinal injection after 21 May 2012; os-
teomyelitis, abscess, or other infection (e.g., soft tissue infection) of un-
known etiology in the spinal or paraspinal structures at or near the site of
injection following epidural or paraspinal injection after 21 May 2012; or
osteomyelitis or worsening inflammatory arthritis of a peripheral joint
(e.g., knee, shoulder, or ankle) of unknown etiology diagnosed following
joint injection after 21 May 2012 in a person who received an injection
with preservative-free MPA that definitely or likely came from one of the
following three lots produced by the New England Compounding Center
(NECC): 05212012@68, 06292012@26, 08102012@51. A proven case was
defined as a probable case with evidence (by culture, histopathology, or
molecular assay) of a fungal pathogen associated with the clinical syn-
drome.

Isolate processing. Fungal isolates were identified using polyphasic
methods, including morphological analysis and DNA sequencing.
Genomic DNA was prepared and used for amplification and sequencing
of internal transcribed spacer 1 (ITS1) and ITS2 regions of ribosomal
DNA (rDNA) and the D1/D2 regions of 28S rDNA as previously described
(18, 19). A portion of the beta-tubulin gene was also used to identify
Aspergillus isolates to the species level (18). Identification of other species
was made by comparing ITS and D1/D2 identity using the BLAST
function in the GenBank and Centraalbureau voor Schimmelcultures
(CBS) medical fungi databases (http://www.cbs.knaw.nl/medical/Biolo
MICS.aspx?searchopt�1; accessed 7 October 2012). We used a 100% cut-
off for species identity and 98% for genus identity, although there are no
recognized cutoffs for fungal identification (20). Slide culture was per-
formed using Pablum cereal agar (21) or V8 juice agar (22) on dematia-
ceous isolates and Czapek’s agar on presumptive Aspergillus isolates. Mor-
phological identification was made using the methods of de Hoog et al.
(23). Morphological and DNA-based identifications were correlated to
generate the final identification for each isolate. Bacterial isolates were
identified in the CDC Clinical and Environmental Microbiology Labora-
tory using DNA sequencing and matrix-assisted laser desorption ioniza-
tion–time of flight mass spectrometry (MALDI-TOF MS) (24, 25).

Processing of body fluids. Body fluids were processed by the metho-
dology of Gade et al. (17). Briefly, cells and particulate matter were pel-
leted by centrifugation and removed. Free DNA was captured using the
QIAamp UltraSens virus kit (catalog number 53704; Qiagen, Hilden, Ger-
many) according to the manufacturer’s instructions with modifications as
described. Fungal DNA was amplified, sequenced, and identified to the
species level as described previously (17).

Processing of fresh-frozen and formalin-fixed paraffin-embedded
tissue. Both fresh-frozen and paraffin-embedded tissues were received
from a variety of sources, including brain, meninges, epidural tissue, epi-
dural abscess debridement, cyst, and bone. Several types of tissue samples
were received: (i) large samples of fresh-frozen intact tissue (�0.5 cm in
diameter), (ii) formalin-fixed paraffin-embedded (FFPE) tissue blocks,
(iii) small samples of fresh-frozen intact tissue (�0.5 cm in diameter), (iv)
tissue fragments in sterile saline, from larger tissue biopsy specimens that
had been minced in the submitting laboratory. Three different ap-
proaches were used for processing tissue specimens. For tissue sample
types i and ii, large samples of fresh-frozen tissues as well as formalin-fixed
tissues were forwarded to the CDC Infectious Disease Pathology Branch
(IDPB) for fixation and immunohistochemical staining (25a). Thin (5-
�m) sections were cut from blocks positive by immunohistochemistry
and were processed for fungal DNA detection in the CDC Fungus Refer-
ence Laboratory as previously described (26). For type iii, small samples of
fresh frozen tissues were processed as described previously (17). For type

iv, tubes containing tissue fragments sent in sterile saline were centri-
fuged, and both pellets and supernatants were processed. Pellets contain-
ing tissue fragments were processed using the protocol for extracting
DNA from fresh tissues (tissue type iii). Supernatants were processed
using the body fluid protocol described above.

Susceptibility testing. Susceptibility testing was performed according
to the guidelines of the Clinical and Laboratory Standards Institute doc-
ument M38-A2 (27). Itraconazole, voriconazole, and posaconazole were
part of a custom frozen panel (TREK Diagnostics, Cleveland, OH). Isavu-
conazole was kindly provided by Astellas Pharma. Isavuconazole powder
was diluted in dimethyl sulfoxide (DMSO) and prepared according to
M38-A2 (27). The concentration range for each antifungal agent was
0.008 �g/ml to 16 �g/ml. Exserohilum rostratum isolates were grown for 8
to 10 days on V8 juice agar (22) to induce conidial growth. On the sixth
day of growth, 0.5 ml of sterile water was added to the tube. The increased
humidity increased conidium production, and the water helped dislodge
conidia. Prior to inoculation to susceptibility testing plates, the titers of
conidia were determined to an optical density at 530 nm (OD530) of 0.25
to 0.3, as suggested for the closely related genera Bipolaris and Alternaria.
Plates were incubated at 30°C for 48 h. Endpoints were determined visu-
ally, and MICs were read as the lowest drug concentration that prevented
any discernible growth for itraconazole, voriconazole, posaconazole, and
isavuconazole. Amphotericin B MIC values were determined using Etest
strips according to the manufacturer’s instructions for testing yeast, since
this method has not been approved by the U.S. Food and Drug Adminis-
tration for testing molds (bioMérieux, Durham, NC). Because of the slow
growth of the organism, the Etest could not be read until 72 to 96 h after
plating. The MIC value was read at the point of complete inhibition of
fungal growth. MIC50, MIC90, and modal (most common) MIC values
were calculated. Quality control isolates Candida parapsilosis ATCC
22019, Candida krusei ATCC 6258, Aspergillus fumigatus ATCC MYA
3626, and Paecilomyces variotii ATCC MYA 3630 were tested with each
batch of isolates.

Data collection and analysis. Case patient demographic and clinical
data were collected using a standardized case report form developed for
the outbreak, and data were entered into a Microsoft Access 2010 data-
base. All analyses were performed using SAS version 9.3 (SAS Institute,
Cary, NC). A P value of �0.05 was considered statistically significant. We
used a Student t test to examine the association between white blood cell
count at initial lumbar puncture and the presence of E. rostratum by either
PCR, culture, or histopathology.

RESULTS

By 14 February 2013, 704 proven or probable cases of fungal in-
fection associated with contaminated steroid injections had been
reported to the CDC. Between 2 October and 14 February, 799
specimens from 469 case patients (67% of reported case patients)
were received by the CDC Fungus Reference Laboratory (Table 1;
Fig. 1). Specimens included 547 CSF samples (68% of specimens
received) from 350 case patients, 67 fungal isolates (8% of speci-
mens received) from 64 patients, 120 fresh-frozen tissue samples
(15% of specimens received) from 91 patients, 27 FFPE tissue
samples (3% of specimens received) from 25 patients, and 38
other body fluid samples, including synovial fluid and epidural
fluid samples (5% of specimens received) from 29 patients (Table
1). The types of specimens received changed over the course of the
outbreak: during the first 36 days of the investigation, 85% of the
samples were CSF samples, 7% were isolates, and 6% were tissue
samples. During the next 99 days, the CSF proportion decreased to
47%, while tissue samples increased 6-fold to 33%.

Of the case patients with submitted specimens, 220 (47%) met
the case definition for meningitis, 116 (25%) for meningitis and
spinal or paraspinal infection, 110 (23%) for spinal or paraspinal
infection only, 21 (4%) for peripheral joint infection only, one for
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abscess and peripheral joint infection, and one for stroke. The
median age of case patients was 64 years (range, 16 to 97 years),
59% were female, and 41% were male. Specimens were received
from 19 of the 20 states (95%) that reported cases. Michigan,
Tennessee, Indiana, and Virginia reported 72% of the total cases
and submitted 75% of total CDC specimens, representing 64% of
their case patients.

As of 14 February 2013, fungus had been detected, confirmed,

or isolated in 213 specimens from 166 patients from 12 states,
which represented 35% of patients from whom specimens were
submitted. Exserohilum rostratum was confirmed in one or more
specimens from 150 case patients (23% of all case patients), in-
cluding 90 CSF samples, 48 isolates, 37 fresh-frozen tissue sam-
ples, 10 FFPE tissue samples, four synovial fluid samples, one ab-
scess fluid sample, and one epidural fluid sample (Table 2).
Nineteen case patients had samples positive for another fungus:
these were all isolated from culture, except in the case of two CSF
samples in which Cladosporium sp. DNA and Epicoccum sp. DNA
were detected by PCR. Several case patient samples showed dis-
cordant results, including one where E. rostratum DNA was de-
tected in CSF but Alternaria alternata was isolated from culture of
the same CSF, another where E. rostratum DNA was detected in
CSF but Cladosporium cladosporioides was isolated in culture of
CSF collected on a different date, two patients who each had two
different fungal species cultured from CSF on different days, and
one patient who had two different fungi cultured from a single
sample.

CSF. There were 547 CSF samples submitted from 350 case

TABLE 1 Samples received by state and sample type

State

No. of case
patients
with
specimens

No. of
specimens

No. of specimens by type

CSF Tissue Isolate Othera

Florida 23 30 26 2 1 1
Georgia 1 1 1
Idaho 1 1 1
Illinois 2 3 3
Indiana 58 80 62 3 8 7
Maryland 22 37 33 1 3
Michigan 142 207 53 109 29 16
Minnesota 11 18 12 2 2 2
North Carolina 6 12 7 5
New Hampshire 13 20 12 8
New Jersey 42 47 45 2
New York 0
Ohio 19 22 19 3
Pennsylvania 1 1 1
Rhode Island 3 4 3 1
South Carolina 1 1 1
Tennessee 72 110 78 15 14 3
Texas 2 3 3
Virginia 49 201 186 5 10
West Virginia 1 1 1

Total 469 799 547 147 67 38
a Other specimens included synovial fluids, epidural fluids, and abscess fluids.

FIG 1 Flow chart of isolate and specimen testing results at the CDC. This flow chart documents the isolate testing at the CDC and includes all of the fungal
results.

TABLE 2 Isolates and specimens positive for E. rostratum

Sample type

Total no. of
specimens
submitted

No. of specimens
positive for E.
rostratum

No. of patients
with E.
rostratum-
positive
specimensb

Total 799 191 150
CSF 547 90 82
Fresh tissue 120 37 36
FFPE 27 10 9
Isolates 67 48 48
Other specimensa 38 6 6
a Other specimens included three synovial fluids, one epidural fluid, and one abscess
fluid.
b Some case patients had more than one specimen type that was positive.
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patients. Fungal DNA was detected in 92 CSF samples from 84
case patients. E. rostratum DNA was detected in 90 CSF samples
from 82 case patients (23% of the case patients from whom a CSF
sample was submitted), Cladosporium DNA in one CSF sample
from one case patient, and Epicoccum DNA in one CSF sample
from one case patient. These positive CSF samples represented
47% of total positive specimens. E. rostratum DNA was detected in
specimens submitted from 12 different states, mostly Virginia,
Tennessee, and Michigan, which submitted 22, 21, and 18 positive
CSF samples from 18, 20, and 17 case patients, respectively (Table
3). No CSF collected after 13 November was positive for E. rostra-
tum. As a negative control, CSF from 136 patients initially sus-
pected to have fungal meningitis but later shown to have no white
cells in their CSF were tested and were all negative by PCR (17).

Other body fluids. There were 38 other body fluid samples
submitted from 29 patients in seven states, including 25 synovial
fluid samples, 11 spinal or paraspinal aspirate samples, and two
epidural fluid samples. E. rostratum DNA was detected in 6 fluid
samples from six patients in five states, including four synovial
fluid samples, one epidural fluid sample, and one spinal or para-
spinal aspirate sample.

Tissue. There were 147 tissue samples, including 27 FFPE tis-
sue samples (type ii), 31 fresh tissue samples that did not arrive in
saline (type iii), and 89 tissue fragments received in sterile saline
(type iv), from 108 case patients in 10 states (Tables 2 and 3). The
majority of tissue samples were received from 84 Michigan case
patients. E. rostratum DNA was detected in 47 tissue samples
(33%), including 10 FFPE tissue samples, 8 type iii fresh tissue
samples, and 29 type iv tissue fragment samples, from 45 case
patients in seven states. Fungal elements were identified using his-
topathology and immunohistochemistry in 21 of the 27 FFPE tis-
sue samples received (Ritter et al., unpublished); PCR testing was
performed on all 21, but fungal DNA could not be amplified in 11.
In the 29 type iv samples, 26 supernatants and 9 tissue pellets
contained detectable Exserohilum DNA, but only six samples had
both a positive supernatant and a positive tissue pellet. Alternaria
DNA was detected in one saline tissue supernatant and one FFPE
specimen from different patients. The FFPE sample was negative

for fungus by immunohistochemistry, suggesting possible con-
tamination.

Fungal isolates. Forty-eight isolates submitted from 48 cases
in five states were confirmed as E. rostratum. All of these isolates
demonstrated 100% sequence identity at the ITS1 and ITS2 loci
and displayed a 100% match to 13 E. rostratum sequences in
the GenBank database across the 601 nucleotides sequenced at the
ITS1 and ITS2 loci. The D1/D2 locus was less informative. The
D1/D2 isolate sequences had 100% identity with the single E. ro-
stratum isolate sequence in the GenBank database; however, in the
validated CBS medical fungi database, 11 different species of
fungi, including E. rostratum, demonstrated 100% D1/D2 se-
quence identity to the outbreak E. rostratum sequences. All of the
E. rostratum isolates grew well at 37°C and produced conidia
within 8 to 12 days on V8 juice agar and within 2 weeks on Pablum
agar. Conidia had 6 to 12 distosepta, with an average of 10, and
displayed a prominent hilum, making these isolates most similar
morphologically to Exserohilum longirostratum, a species that has
recently been placed into conspecificity with E. rostratum (28).

Nineteen non-E. rostratum isolates were also received from
CSF samples that were cultured in the state of origin (Table 4).
Cladosporium cladosporioides was recovered from four case pa-
tients in two states. The ITS1 and ITS2 sequences for the four
isolates were identical to one another and differed at ITS2 by a
single nucleotide from the Cladosporium DNA amplified from the
single CSF sample described above. The C. cladosporioides isolates
did not grow above 30°C in vitro. The only other species recovered
multiple times was Aspergillus terreus, which was recovered from
three patients in Indiana, and Alternaria alternata, recovered from
two patients in Michigan. Isolates of 10 additional fungal species
were submitted from various body sites, each as singlets from a
single state. With the exception of the A. alternata and the C.
cladosporioides isolates mentioned above, all of the patients with
non-E. rostratum isolates had one or more CSF specimens from
which fungal DNA was not detected by PCR.

For those patients with an E. rostratum isolate and at least one
specimen positive by PCR, the most common combination was an
E. rostratum isolate and a positive CSF PCR (n � 16 patients).
Eleven of these case patients had an isolate from the same CSF that

TABLE 3 Isolates and specimens positive for E. rostratum by state and
sample type

State

No. of case
patients
with
specimens

No. of positive
case patients
(%)

Positive specimens by typea

CSF Tissue Isolate Otherb

Florida 23 2 (9) 2
Indiana 58 16 (28) 14 1 5 1
Maryland 22 6 (27) 5 3
Michigan 142 67 (47) 18 36 25 2
Minnesota 11 1 (9) 1
North Carolina 6 2 (33) 2
New Hampshire 13 1 (8) 1
New Jersey 42 4 (10) 3 1
Ohio 19 4 (21) 3 3
Rhode Island 3 2 (66) 1 1
Tennessee 72 26 (36) 21 3 10 1
Virginia 49 20 (41) 22 1 5

Total 468c 151 (32) 90 47 48 6
a Some case patients had more than one specimen type that was positive.
b Other specimens included three synovial fluids, one epidural fluid, and one abscess
fluid.
c States with no positive case patients were not included in this table.

TABLE 4 Non-Exserohilum fungal isolates from case patients submitted
for confirmation

Species No. of isolates
State of origin
for isolates

Alternaria alternataa 2 MI
Aspergillus fumigatus 1 TN
Aspergillus terreus 3 IN
Aspergillus tubingensis 1 TN
Chaetomium sp. 1 MI
Cladosporium cladosporioidesb 4 VA, MN
Cladosporium sp. 1 TN
Epicoccum nigrum 1 VA
Paecilomyces niveus 1 MI
Penicillium paneum 1 VA
Scopulariopsis brevicaulisc 1 MN
Stachybotrys chartarumd 1 MD
Nonspeciated ascomycete 1 FL
a CSF with the same collection date was positive for E. rostratum DNA by PCR.
b One of these isolates came from a patient with a positive E. rostratum PCR result from
a different CSF sample.
c This isolate was one colony on a culture plate that also grew C. cladosporioides.
d This isolate was recovered as a single colony on one culture plate.
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was positive by PCR, while five had the positive PCR and the
positive isolate from different CSF specimens. For tissues, nine
patients had both an E. rostratum isolate and a positive PCR from
the corresponding tissue. It is unknown whether local cultures
from other tissue specimens were negative or whether culture was
not attempted.

MPA vials. Isolates from unopened MPA vials cultured at the
Food and Drug Administration or other local institutions were
received for culture confirmation (Table 5). Exserohilum rostra-
tum and the basidiomycetous yeast Rhodotorula laryngis were con-
firmed from lot numbers 08102012@51 and 06292012@26. Rhi-
zopus stolonifer was confirmed in one vial of lot number
08102012@51. E. rostratum, Bacillus subtilis, and Bacillus pumilus
were confirmed from one vial of lot number 08122012@51 that
was cultured locally in Idaho and submitted for confirmation
from the Idaho state public health laboratory. In addition to E.
rostratum, the CDC cultured and recovered Cladosporium
cladosporioides from one unopened vial of lot number
08122012@51 sent from the Tennessee public health labora-
tory. Paecilomyces formosus was reconfirmed at the CDC from
lot number 05212012@68; 20 vials were cultured and identified at
the Wadsworth Center, New York state public health laboratory.
The Wadsworth Center also reported to the CDC that Exserohilum
DNA was detected in one vial of this lot using a real-time PCR
assay (S. Chaturvedi, unpublished data).

For the five patients from whom Cladosporium cladosporioides
was recovered or detected, an attempt was made to correlate the
lot number(s) of the vial(s) used for patient injection with the lot
number of the culture-positive vial. Three of the patients received
an injection from a lot other than the 08122012@51 lot, from
which viable Cladosporium was recovered. In the other two cases,
the MPA lot number injected was not available. One of these pa-
tients received two injections.

Susceptibility testing. A total of 40 nonduplicative case patient
isolates of E. rostratum and 10 additional E. rostratum isolates
recovered from MPA vials were tested for antifungal susceptibility
to amphotericin B, itraconazole, voriconazole, posaconazole, and
isavuconazole (Table 6). Voriconazole had an MIC50 value of 1
�g/ml and an MIC90 value of 2 �g/ml and was bimodal, with
modes of 1 to 2 �g/ml. Itraconazole and posaconazole both had an
MIC50 value of 0.5 �g/ml, an MIC90 value of 1 �g/ml, and a mode
of 0.5 �g/ml. All isolates showed the same result for isavucona-
zole, with an MIC50, an MIC90, and a mode of 4 �g/ml, except for
two, which had an MIC of 2 �g/ml.

E. rostratum CSF positivity correlated with CSF white blood
cell count. The CSF samples with E. rostratum DNA detected by
PCR or isolated in culture had significantly higher WBC counts
(median, 970 WBCs) than samples from which fungi could not be
detected or isolated (median, 25 WBCs). This difference was sta-

tistically significant (P � 0.001) (Fig. 2). Some case patients with
specimens negative for fungal DNA had elevated WBC counts;
however, 14 of the 18 CSF samples with WBC counts of �1,000
and negative for E. rostratum were collected prior to the date when
CDC recommended that CSF to be tested by PCR should be frozen
prior to and during shipment. Following the preexisting general
laboratory practice, these samples may have been stored and
shipped at 4°C or warmer, and fungal DNA may have been de-
graded.

DISCUSSION

The largest health care-associated outbreak of fungal infections
reported in the United States involved the nationwide distribution
and administration of three lots of a contaminated steroid medi-
cation. The manuscript describes the laboratory investigations as-
sociated with this large multistate outbreak. The laboratory re-
sponse was important in order to confirm fungal infection, to
identify the species of fungi involved, to link clinical samples to
isolates recovered from unopened medication vials, and to exam-
ine characteristics of the implicated fungal organisms, such as an-
tifungal susceptibility. The prominent fungal organism identified
in patients was the mold Exserohilum rostratum, detected in or
recovered in culture from specimens from 150 case patients (32%
of case patients with submitted specimens), all associated with
injections of the contaminated steroid medication. This organism
was also recovered in cultures from unopened vials of two of the
three implicated medication lots (13) (Table 5). The second most
common fungal species was another environmental mold, Cla-
dosporium cladosporioides, cultured from four patient isolates, de-
tected in one CSF sample, and recovered from one unopened vial
of one implicated MPA lot, although not the same lot as those
received by some of the patients from whom C. cladosporioides was
recovered.

One of the more challenging laboratory questions associated
with this outbreak has been attempting to determine whether the
non-Exserohilum organisms were also causative agents of injec-
tion-associated infections. Thirteen mold species other than Exse-
rohilum were either recovered in culture or detected by PCR from
patient samples (Table 4). Furthermore, several nonpathogenic
fungi were cultured from a small portion of the approximately
14,000 contaminated vials that were distributed from May to Au-
gust 2012 (Table 5). It is likely that a variety of fungal organisms
may have been injected into patients but not recovered in the
culturing of remnant vials that occurred after the outbreak was
detected. For example, the outbreak index case died from a stroke,
with Aspergillus fumigatus recovered in cultures of CSF and brain
tissue (11); however, this organism was never recovered from any
vials. It is also possible that “nonpathogenic” fungi may have pro-

TABLE 5 Viable bacteria and fungi recovered from unopened MPA
vials

Lot no. Organisms

05212012@68 Paecilomyces formosus, Exserohilum rostratuma

06292012@26 Exserohilum rostratum, Rhodotorula laryngis
08102012@51 Exserohilum rostratum, Cladosporium cladosporioides,

Bacillus subtilis, Bacillus pumilus, Rhodotorula
larynges, Rhizopus stolonifer

a E. rostratum DNA was detected in one vial from this lot.

TABLE 6 MICs for E. rostratum isolates from patients and MPA drug
vials

Antifungal agent
(no. of isolates tested)

MIC (�g/ml) at 48 to 72 h

Range 50% 90% Mode

Voriconazole (50) 1–2 1 2 1–2
Itraconazole (50) 0.25–4 0.5 1 0.5
Posaconazole (50) 0.25–1 0.5 1 0.5
Isavuconazole (48) 2–4 4 4 4
Amphotericin B (49) 0.032–2 0.25 0.5 0.38
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voked an inflammatory response when injected into human tis-
sue, thus fulfilling the case definition of MPA injection, consistent
symptoms, and CSF pleocytosis (29). On the other hand, environ-
mental molds are well known as a source of laboratory contami-
nation associated with specimen collection or plating. Their re-
covery from patient samples could have been coincidental and
unrelated to this outbreak. It remains difficult to distinguish
among these possibilities in interpreting the results related to non-
Exserohilum molds. We did find a strong correlation between high
numbers of CSF white cells (WBC counts of �5 cells) and detec-
tion of Exserohilum either by PCR or in culture (Fig. 2).

The decision early in the investigation to develop a broad-
range PCR assay followed by sequencing allowed us to detect and
identify any fungal agents present rather than focusing on a single
agent. This was important in the early outbreak response, where
the finding of Aspergillus fumigatus in the index case suggested that
this may have been an outbreak of aspergillosis. Our results also
suggest that in this outbreak, much of the fungal DNA was present
in a free state unassociated with an intact fungal cell. Prompt
freezing of clinical samples and a protocol designed to concentrate
viral DNA from fluids allowed us to take advantage of this feature.
Many of the clinical samples collected at the beginning of the
outbreak response were convenience samples that had been stored
for some time and not frozen, which might have contributed to
false-negative results due to less-than-optimal specimen handling.

Our rate of positive results increased as the outbreak progressed
(data not shown), possibly due in part to better quality samples
and better attention to shipping and handling conditions.

The receipt of specimens followed the biphasic clinical course
reported for this outbreak (T. M. Chiller, M. Roy, D. Nguyen, A.
Guh, A. N. Malani, R. Latham, S. Peglow, T. Kerkering, D. Kauf-
man, J. McFadden, J. Collins, M. Kainer, J. Duwve, D. Trump, C.
Blackmore, C. Tan, A. A. Cleveland, T. MacCannell, A.
Muehlenbachs, S. Zaki, M. E. Brandt, and J. Jernigan, submit-
ted for publication). At the onset of the outbreak (September
2012), the primary reported syndrome was meningitis (13) and
the predominant positive sample was CSF. However, as the out-
break progressed, syndromes such as joint infections, phlegmon,
and abscesses became more common and the number of positive
tissues had risen dramatically. This result is consistent with the
prediction of the decision analysis model developed for this inves-
tigation (30), which suggested that the period of greatest risk for
developing meningitis was during the first 6 weeks (42 days) after
receiving an injection of contaminated MPA. The laboratory find-
ings also track the different patterns of infection that were dem-
onstrated in different states. Most of the samples were submitted
from four states (Virginia, Michigan, Tennessee, and Indiana).
Most of the tissue samples came from Michigan, while the other
three states submitted primarily CSF and other fluid samples.

The azole MIC values for these outbreak isolates are higher

FIG 2 Box and whisker plot representing the white blood cell count distribution in CSF specimens of meningitis case patients at initial lumbar puncture, with
and without E. rostratum. The box represents the 25th and 75th percentiles of WBC, the bars represent the maximum and minimum observations, the line within
the box is the median, and the circles are outliers from the expected mean.
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than those recently reported for E. rostratum (28), but these drugs
were still considered to demonstrate good activity by clinical ex-
perts (30). The itraconazole and posaconazole range reported by
da Cunha and colleagues (28) was �0.03 to 0.125 �g/ml, while for
voriconazole it was slightly higher at �0.03 to 1 �g/ml. Although
there are no reported results for isavuconazole against E. rostra-
tum, there are results for the closely related species Curvularia
lunata (range, 1 to 4 �g/ml) and Alternaria alternata (range, 0.5 to
2 �g/ml) (31), which are very close to our sole value of 4 �g/ml for
E. rostratum for case patient isolates and this drug. Without either
susceptibility breakpoints or outcome data, the MIC values are
difficult to interpret. Another challenge in this response was the
need for conidia to conduct CLSI-standardized susceptibility test-
ing. In the laboratory, Exserohilum sporulated slowly, taking 5 to 8
days to produce conidia, even on plant-based media such as Pab-
lum and V8 juice agars.

There are several limitations to this investigation. As is typical
in an urgent outbreak response, some supporting data and speci-
mens are missing or were not collected locally. It is difficult to
correlate MIC values with treatment outcome, in part because
outcome data are still being collected, patients are still being
treated, and the duration of continuing therapy is unknown (30).
Because we received samples only from patients who met the out-
break case definition, we did not collect CSF samples from pa-
tients not involved in the outbreak to calculate the occurrence of
false-positive PCRs. We did, however, find negative PCR results in
CSF from 136 patients initially investigated as cases but later
found not to be associated with the outbreak (17).

During this complex investigation with over 13,000 potentially
infected individuals, the CDC laboratory served as a central refer-
ence for molecular detection, confirmation, and susceptibility
testing of the primary etiological agent of infection as well as other
fungi epidemiologically linked to symptomatic patients. With the
assistance of state and local public health laboratories, we were
able to correlate the presence of viable Exserohilum rostratum
fungi or DNA in unopened MPA vials with 48 patients who met
the outbreak case definition and had viable Exserohilum isolated in
culture from a compatible body site, 129 patients who met the
outbreak case definition and had PCR-based evidence for Exsero-
hilum from a compatible body site, and 27 patients who met the
outbreak case definition and showed both a positive culture and
positive DNA findings from a compatible body site. Other viable
fungi were recovered from contaminated vials, and we assume
that they were injected into at least some patients, with unknown
results. The outbreak has stimulated discussion of lessons and
directions for future research related to these infections (29, 32).
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