
Fungal DNA Detected in Blood Samples of Patients Who Received
Contaminated Methylprednisolone Injections Reveals Increased
Complexity of Causative Agents

Yanan Zhao,a,b Emilian Armeanu,c Richard DiVerniero,d Terri A. Lewis,e Richard C. Dobson,f Dimitrios P. Kontoyiannis,b,g

Emmanuel Roilides,b,h Thomas J. Walsh,b,i David S. Perlina,b

Public Health Research Institute Center, New Jersey Medical School, Rutgers, The State University of New Jersey, Newark, New Jersey, USAa; Exserohilum Meningitis
Research Consortium, New York, New York, USAb; SICC LLC, Evansville, Indiana, USAc; Premier Orthopaedic Associates, Mullica Hill, New Jersey, USAd; Graduate Institute of
Rehabilitation Counseling, National Changhua University of Education, Changhua, Taiwan, Chinae; 2117 Buffalo Rd., Suite 124, Rochester, New York, USAf; Department of
Infectious Diseases, University of Texas MD Anderson Cancer Center, Houston, Texas, USAg; 3rd Department of Pediatrics, Faculty of Medicine, Aristotle University School
of Health Sciences, Hippokration General Hospital, Salonika, Greeceh; Transplantation-Oncology Infectious Diseases Program, Department of Pediatrics, Microbiology &
Immunology, Weill Cornell Medical Center, New York, New York, USAi

Using Exserohilum rostratum-specific and panfungal real-time PCR, we studied 24 blood samples and 2 synovial fluid specimens
from 20 patients with persistent or worsening pain following injections of contaminated methylprednisolone. Seven blood speci-
mens from 6 patients were significantly positive for fungal DNA by panfungal PCR, with multiple fungal species identified.

To date, the tragic outbreak in the United States of fungal men-
ingitis and other infections associated with injections of con-

taminated methylprednisolone has reached 20 states, causing 751
fungal infections with 64 deaths. Exserohilum rostratum has been
identified as the principal causative agent of most of infections,
although other fungi also have been implicated (1). With progres-
sion of the outbreak, there are many patients experiencing persis-
tent or worsening symptoms yet without positive magnetic reso-
nance imaging (MRI) or fungal culture results. Earlier during this
outbreak, we developed a rapid E. rostratum-specific real-time
PCR assay, which allows the rapid primary detection of the infect-
ing pathogen in patients with suspected infection (2). Therefore,
these patients requested that they be tested by our novel real-time
PCR assay for the signature of E. rostratum or other fungal DNA in
their blood. Through a research protocol approved by the Rutgers
University institutional review board (IRB), blood samples from
these patients were drawn at their primary care physicians’ local
clinics or hospitals, deidentified, blind coded, and sent to the Pub-
lic Health Research Institute (PHRI), New Jersey Medical School,
Rutgers, The State University of New Jersey, for real-time PCR
testing following IRB approval. Herein, we summarize the molec-
ular testing results for these patients.

Between 22 February and 11 December 2013, we received 24
blood samples and 2 synovial fluid samples from 20 patients in 8
states (Indiana, 4; Kentucky, 3; West Virginia, 3; Tennessee, 3;
Florida, 3; New Jersey, 2; Texas, 1; Pennsylvania, 1) (Table 1).
Basic demographic information was available for only 11 patients
due to the limited accessibility. All patients received contaminated
methylprednisolone solution by injection once or multiple times
during August and September in 2012 and developed a variety of
clinical manifestations, including meningitis, arachnoiditis, back/
neck pain or other persistent pain around the injection site, and
fatigue. Blood samples from 6 healthy adult volunteers were also
collected and tested as normal controls. All healthy volunteers
gave written informed consent, and the study protocol and
amendments were approved by the Rutgers IRB.

EDTA blood (3 to 5 ml) was collected at local clinic or hospital,
and shipped immediately on ice to the PHRI. Blood was processed

for DNA extraction using a MolYsis Basic5 kit (Molzym GmbH &
Co.) in combination with a MasterPure yeast DNA purification kit
(Epicentre Biotechnologies, Madison, WI). A 100-�l cell suspen-
sion from the last step of MolYsis treatment was mixed with 500 �l
of yeast lysis solution from the MasterPure kit and processed as
previously described (2). One nanogram of E. rostratum DNA
used to spike 5 ml of defibrinated sheep blood (Remel) was ex-
tracted as a positive extraction control. Five milliliters of blood
from each healthy volunteer was treated in parallel as a negative
control.

E. rostratum PCR was performed as previously described (2).
Primers and molecular beacon probe for panfungal detection
were adapted from a previously established nucleic acid sequence-
based amplification assay (3), with the small modification of clip-
ping the T7 promoter sequence off the reverse primer. E. rostra-
tum DNA was used as a positive control. Human genomic DNA
was tested as a negative control in parallel. Nuclease-free water
was used as a no-template control (NTC). PCR testing was re-
peated three times on three separate days. Comparison of cycle
threshold (CT) values from three different sample groups was per-
formed by one-way analysis of variance. The level of statistical
significance was set at a P value of �0.05.

The E. rostratum-positive PCR product was purified using a
QIAquick PCR purification kit (Qiagen) and sequenced (Macro-
gen). For panfungal PCR-positive but E. rostratum-negative sam-
ples, the primers ITS1F (5=-GAACCTGCGGAAGGATCATT-3=)
and ITS1R (5=-GGAACCAAGAGATCCGTTGT-3=) were used to
amplify internal transcribed spacer 1 (ITS1) region, and the re-
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dundant sets of primers ITS2F (5=-CATGCCTGTCCGAGCGTCA
T-3=) and ITS2R (5=-GTAACCCTACCTGATCCGA-3=) and prim-
ers ACITS2F (5=-GATGAAGAACGCAGCGAAAT-3=) and ITS4A
(5=-ATGCTTAAGTTCAGCGGGTA-3=) were used to amplify the
ITS2 region. PCR was performed on a Bio-Rad iCycler (Bio-Rad) in
a 50-�l PCR mixture containing 2 �l of DNA, a 0.2 �M concen-
tration of each primer, and 25 �l of EmeraldAmp master mix
(TaKaRa Bio Inc.). The thermal cycling conditions included an
initial denaturation step at 98°C for 2 min, 45 cycles of 98°C for 20
s (denaturation), 55°C for 30 s (annealing), and 72°C for 30 s
(extension), followed by an extra extension step at 72°C for 2 min.
PCR product purification and sequencing were conducted as de-
scribed above. Finally, the BLAST program was run for molecular
identification of the sequenced sample (4). We used a 100% cutoff
for species identity.

Negative PCR results were observed for all 6 healthy volun-
teers, with no CT values in E. rostratum detection and panfungal
CT (threshold cycle) values averaging 35.6 (range, 34.9 to 37.0).
While no CT cutoff was needed for E. rostratum PCR, we did es-
tablish a CT cutoff of 35 for the panfungal detection, which cor-
rectly recognized 95% (17/18 replicates) of negative samples from
healthy volunteers. Although only one patient blood sample was
E. rostratum real-time PCR positive, with a CT of 37.7, 12 samples
from 10 patients (50%) were panfungal PCR positive, with a mean
CT of 33.4, which was significantly lower than that of healthy con-

trols (P � 0.0001) (Fig. 1). Even when a more rigid CT cutoff of 34
was applied, 7 samples from 6 patients (30% by patient) were still
fungal-DNA positive.

ITS sequencing was performed for all panfungal PCR-positive
samples (CT � 35) (Table 1). The E. rostratum PCR-positive sam-
ple was confirmed by sequencing. Multiple fungal DNA signatures
were identified from other panfungal PCR-positive samples, in-
cluding Alternaria sp., Aspergillus fumigatus, and other plant- and
soil-based fungi (5–8) (Table 1). Mixed fungal signatures (fungal
identity of ITS1 different from that of ITS2) were found in three
blood samples.

To our knowledge, this is the first report with positive detec-
tion of fungal DNA in blood since the outbreak began �18
months ago. Surprisingly, as much as 29% of blood samples were
significantly fungal-DNA positive even when a rigid CT cutoff of
34 was applied, comparable to 24% fungal-DNA positivity in ce-
rebrospinal fluid (CSF) and 33% in tissue reported previously (9).

Two intriguing observations surfaced in this study. First, a
wide fungal spectrum (E. rostratum and 10 non-Exserohilum fun-
gal species) was identified. Most species were reported to be in-
volved in opportunistic fungal infections in humans (5–8), and of
these, A. fumigatus and an Alternaria sp. were detected in clinical
samples from a few patients in this outbreak (9). Mixed fungal
organisms identified from three blood samples indicate the possi-
bility that at least a subset of the affected patient population has

TABLE 1 Summary of characteristics of patients and panfungal detection results

Patient Gender/agea Location

Sample
Panfungal real-
time PCR

Sequencing IDeTypeb Collection datec Resultd CT

1 Male/59 Evansville, IN Blood 2/20/13 � 33.4 E. rostratum
Blood 5/28/13 � 34.6 Alternaria sp.
Blood 11/6/13 � 35.6 NT

2 NA/NA Webster, TX Blood 3/11/13 � 33.5 Pichia sp.; Aureobasidium sp.
3 Male/NA Paducah, KY Blood 5/20/13 � 34.8 Chaetothyriales sp.
4 Female/41 Evansville, IN Blood 7/14/13 � 36.2 NT
5 Male/46 Evansville, IN Blood 7/23/13 � 34.5 A. fumigatus
6 NA/NA Parkersburg, WV Blood 8/5/13 � 28.5 A. fumigatus; Capnodium sp.

Blood 10/1/13 � 33.3 A. fumigatus
7 Female/48 Mullica Hill, NJ Blood 8/8/13 � 35.6 NT

Blood 11/14/13 � 36.9 NT
SF 11/14/13 � 36.7 NT
SF 11/14/13 � 35.1 NT

8 NA/NA Paducah, KY Blood 9/17/13 � 36.1 NT
9 Female/51 Elkhart, IN Blood 9/23/13 � 33.5 Cryptococcus neoformans
10 NA/NA Parkersburg, WV Blood 9/6/13 � 36.6 NT
11 NA/NA Parkersburg, WV Blood 9/10/13 � 36.2 NT
12 Female/NA Woodstown, NJ Blood 10/8/13 � 33.4 A. fumigatus
13 Male/54 Pennsylvania, PA Blood 10/15/13 � 35.7 NT
14 NA/NA Crossville, TN Blood 10/22/13 � 36.4 NT
15 NA/NA Crossville, TN Blood 10/28/13 � 33.3 Hortaea werneckii
16 Male/NA Russellville, KY Blood 10/28/13 � 36.0 NT
17 Female/41 Ocala, FL Blood 10/30/13 � 35.7 NT
18 Female/52 Ocala, FL Blood 11/3/13 � 36.3 NT
19 NA/NA Nashville, TN Blood 11/14/13 � 34.3 Filobasidium uniguttulatum; Phleibia sp.
20 NA/NA Murdock, FL Blood 12/10/13 � 34.0 A. fumigatus
a NA, not available.
b SF, synovial fluid.
c Month/day/year.
d The � sign indicates that the samples was positive when the CT cutoff was set at 35 but negative when the CT cutoff was set at 34.
e NT, not tested.
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experienced mixed fungal infections with non-Exserohilum spe-
cies. Nevertheless, it remains difficult to interpret these results due
to the absence of blood cultures and the very limited access to
detailed clinical information or diagnostic testing results. Second,
A. fumigatus may have played a role in some prolonged infections
in this outbreak. Although A. fumigatus was isolated and believed
to be the cause of the index case of this outbreak, it had not been
detected in any of the subsequent 700-plus cases before our study
started. In contrast, our test detected this pathogen independently
in 5 blood samples from 4 patients residing in Indiana, West Vir-
ginia, New Jersey, and Florida. As A. fumigatus is notorious for its
low culturability from infection sites, especially blood (10–12), it
is reasonable to deduce that this organism may have eluded cul-
ture isolation while causing chronically progressive symptoms.

We are not yet able to estimate the value of finding fungal DNA
from patient blood in this outbreak, given the small sample size
and the fact that there is little knowledge of the natural history of
the infection, the fungal pathogenesis and innate host defense, or
the therapeutic response and prognosis. However, detecting fun-
gal DNA from blood is valuable in assisting rapid and accurate
diagnosis for some types of invasive fungal infections, such as
invasive candidiasis and invasive aspergillosis (13–16). Regardless
of sample size, 29 to 50% (depending on the cutoff) of tested blood
being fungus positive indicated that having an insidious fungal
infection may not be just an incidental event in this vulnerable
population.

Our study has several limitations. First, the patient group was
small in proportion to the large number of patients exposed and
suffered from selection referral bias. These patients requested
blood tests because they were having severe or worsening symp-
toms that remained unaccounted for. However, the contamina-
tion of the methylprednisolone vials with non-Exserohilum fungi
provides a foundation for concern that these signals in patients
with localized symptoms reflect a more complex pattern than
heretofore appreciated. Second, due to its broad coverage, the
panfungal real-time PCR is vulnerable to trace contamination at
any step from sample collection to PCR amplification (17, 18).

However, bearing in mind the possibility of contamination amid
blood testing, we carefully applied extreme precautions to prevent
airborne and carryover contaminations, used sufficient negative
controls, and applied a rigorous CT cutoff to the analysis of pan-
fungal real-time PCR results. Such efforts sufficiently justified the
reliability of our novel finding.

In summary, our finding of fungal DNA in blood from patients
exposed to contaminated steroids provides another dimension to
our understanding of this outbreak. We further demonstrate the
applicability of our recently developed diagnostic PCR assays on
clinical samples and provide a proactive generalized screening tool
to assist in the early diagnosis of infections associated with this
tragic event.
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