
The Journal of Molecular Diagnostics, Vol. 13, No. 2, March 2011

Copyright © 2011 American Society for Investigative Pathology

and the Association for Molecular Pathology.

Published by Elsevier Inc. All rights reserved.

DOI: 10.1016/j.jmoldx.2010.09.004
Diagnosis of Influenza from Respiratory Autopsy Tissues

Detection of Virus by Real-Time Reverse Transcription-PCR in

222 Cases
Amy M. Denison,* Dianna M. Blau,*
Heather A. Jost,* Tara Jones,* Dominique Rollin,*
Rongbao Gao,† Lindy Liu,* Julu Bhatnagar,*
Marlene Deleon-Carnes,* Wun-Ju Shieh,*
Christopher D. Paddock,* Clifton Drew,*
Patricia Adem,* Shannon L. Emery,‡ Bo Shu,‡

Kai-Hui Wu,‡ Brigid Batten,* Patricia W. Greer,*
Chalanda S. Smith,* Jeanine Bartlett,*
Jeltley L. Montague,* Mitesh Patel,* Xiyan Xu,‡

Stephen Lindstrom,‡ Alexander I. Klimov,‡

and Sherif R. Zaki*
From the Infectious Diseases Pathology Branch,* and the Viral

Surveillance and Diagnostic Branch,‡ Centers for Disease Control

and Prevention, Atlanta, Georgia; and the Influenza

Department,† National Institute for Viral Disease Control and

Prevention, Center for Disease Control and Prevention, Beijing,

China

The recent influenza pandemic, caused by a novel
H1N1 influenza A virus, as well as the seasonal influ-
enza outbreaks caused by varieties of influenza A and
B viruses, are responsible for hundreds of thousands
of deaths worldwide. Few studies have evaluated the
utility of real-time reverse transcription-PCR to detect
influenza virus RNA from formalin-fixed, paraffin-
embedded tissues obtained at autopsy. In this work,
respiratory autopsy tissues from 442 suspect influ-
enza cases were tested by real-time reverse transcrip-
tion-PCR for seasonal influenza A and B and 2009
pandemic influenza A (H1N1) viruses and the results
were compared to those obtained by immunohisto-
chemistry. In total, 222 cases were positive by real-
time reverse transcription-PCR, and of 218 real-time,
reverse transcription-PCR-positive cases also tested
by immunohistochemistry, only 107 were positive.
Although formalin-fixed, paraffin-embedded tissues
can be used for diagnosis, frozen tissues offer the best
chance to make a postmortem diagnosis of influenza
because these tissues possess nucleic acids that are
less degraded and, as a consequence, provide longer
sequence information than that obtained from fixed
tissues. We also determined that testing of all avail-

able respiratory tissues is critical for optimal detec-
tion of influenza virus in postmortem tissues. (J Mol

Diagn 2011, 13:123–128; DOI: 10.1016/j.jmoldx.2010.09.004)

Influenza viruses (Orthomyxoviridae family) are negative-
sense, single-strand RNA viruses. There are three genera
of influenza viruses: A, B, and C. Influenza A and B are
more common and cause respiratory illness of increased
severity, whereas influenza C is thought to result in a
milder upper respiratory tract infection.1,2 Although there
are only two lineages of influenza B (Yamagata and Vic-
toria),3 the influenza A viruses are characterized further
by their hemagglutinin and neuraminidase into subtypes,
with 16 different hemagglutinin and 9 different neuramin-
idase subtypes.4 Seasonal influenza infections are
caused primarily by influenza A/H1N1, A/H3N2, and both
lineages of influenza B,5 and have been estimated to
cause greater than 200,000 hospitalizations and 36,000
deaths each year in the United States.6–8 Severe com-
plications often arise from influenza infection, which in-
clude secondary bacterial pneumonia, viral myocarditis,
and encephalitis.6,9–11 The recent pandemic, caused by
a novel H1N1 influenza A virus [2009 pandemic influenza
A (H1N1)],12,13 has claimed thousands of lives worldwide
and has continued to cause disease throughout the tra-
ditional influenza season. The ability to easily distinguish
the genera and subtypes of influenza infections respon-
sible for mortality is becoming increasingly important.

Diagnostic assays for influenza infection are numerous
and include, among others, culture and direct fluorescent
antibody staining,14–17 conventional reverse transcription-
PCR (RT-PCR) and real-time RT-PCR (rRT-PCR),14,15,17–23

microarrays,5,15,16,19 and a large number of commercially
available rapid diagnostic tests.19,24,25 However, these as-
says have diverse ranges in sensitivity and specificity, de-
pending on the nature of the sample and duration of
illness.6 Further, specimens sampled for testing are typ-
ically sputum, swabs of the throat, and nasopharyngeal
aspirates, swabs, and washes.4
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Detection of influenza RNA in frozen postmortem spec-
imens is relatively straightforward,26 and has even been
used in the detection and sequencing of the 1918 influ-
enza virus genes from human bodies frozen in the per-
mafrost.27 Molecular analyses on formalin-fixed tissues,
particularly those that require RNA, can be quite difficult
because formalin fixation strongly cross-links nucleic ac-
ids, and the embedding process can introduce ribonu-
cleases, resulting in significant RNA degradation and
smaller amplifiable fragments.28,29 Most research that
demonstrates evidence of the influenza virus in formalin-
fixed or formalin-fixed, paraffin-embedded (FFPE) tissues
from fatal human seasonal influenza cases has used
assays such as immunohistochemistry (IHC),30 in situ
hybridization,31 or conventional RT-PCR.26,32–36 How-
ever, because of the amplicon size limitations pre-
sented by FFPE tissues, rRT-PCR methods for detec-
tion of pathogens are the most ideal. Although recent
reports containing limited details of the detection of
influenza by conventional RT-PCR37 and rRT-PCR38 – 40

in FFPE tissues have been published, there are no
detailed reports describing routine methods to extract
RNA from and performance of rRT-PCR to detect influ-
enza A, its H1 and H3 subtypes, and influenza B in
FFPE autopsy tissues. We also compared IHC assays
to rRT-PCR to routinely characterize postmortem influ-
enza infections.

Materials and Methods

Specimen Information

Respiratory tissues from 442 cases suspected for influ-
enza infection by clinical history or on histological review
at the Centers for Disease Control (CDC) were included
in this study. Clinical features of suspect seasonal in-
fluenza include high fever, cough, headache, coryza,
prostration, malaise, and pneumonic involvement in
some cases. Some histopathological features of sea-
sonal influenza include tracheobronchitis, broncho-
pneumonia, and interstitial pneumonitis.2 Clinical and
histopathological features of 2009 H1N1 have been
described previously.37,40 Autopsy reports were re-
viewed when available.

RNA Extraction and rRT-PCR

Ten-�m sections were cut from blocks containing FFPE
tissues and placed into microcentrifuge tubes using
RNase-free conditions. Control tubes lacking tissue were
included during the extraction process to ensure no re-
agent contamination occurred. The tissue sections were
deparaffinized with xylene and washed twice with abso-
lute ethanol. After allowing the residual ethanol to evap-
orate for 10 minutes, 130 �L of Buffer PKD (Qiagen,
Valencia, CA) and 10 �L of proteinase K (Qiagen) were
added to each tissue sample. The tissues were homog-
enized with a pellet pestle and allowed to digest for 15
minutes at 55°C, then at 45°C overnight. The samples
were incubated at 80°C for 15 minutes, followed by cen-

trifugation at 16,000 � g for 3 minutes to pellet any
undigested material. The supernatant was transferred to
an appropriate tube for placement onto either Qiagen’s
BioRobot EZ1 (using the EZ1 RNA Tissue Mini Kit and
EZ1 RNA card) or BioRobot M48 (using the MagAttract
RNA Tissue Mini M48 Kit and the Gene Expression Ap-
plication Package’s Total RNA Tissue Protocol), and the
RNA was eluted into a 50-�L volume.

Frozen tissue samples (about 1 mm3 to 3 mm3 in size)
were minced and placed into a microcentrifuge tube
containing 300 �L of buffer RLT (Qiagen). Tubes contain-
ing only buffer RLT were used as extraction controls to
ensure no contamination of reagents occurred. Tissues
were homogenized further using a pellet pestle, and the
lysate then was passed through a QIAshredder column
(Qiagen). The RNeasy Mini Kit (Qiagen) was used to
complete the RNA extraction as per the provided proto-
col, with the RNA eluted into a final volume of 50 �L of
RNase-free water.

The CDC rRT-PCR influenza assay is designed to detect
influenza A and influenza B viruses and characterizes influ-
enza A–positive samples as either seasonal H1 or H3 (unpub-
lished protocol, details are available from the CDC on request).
To detect 2009 H1N1 in samples, the CDC’s rRT-PCR Protocol
for Detection and Characterization of Swine Influenza (avail-
able from the World Health Organization, http://www.who.int/
csr/resources/publications/swineflu/CDCRealtimeRTPCR_
SwineH1Assay-2009_20090430.pdf, accessed May 14,
2010) was used, which contains cycling conditions and
primers/probes for the universal detection of influenza A,
swine influenza A, and swine-like H1. For influenza A
cases received during 2009 that could not be subtyped
by the CDC assays, primers and probes from a recently
published assay,23 which discriminates seasonal H1 from
novel H1 in a single tube, were used with modified cycling
conditions as follows: 30 minutes reverse transcription at
50°C, 2 minutes incubation at 95°C, and 45 cycles of 95°C
for 15 seconds and 60°C for 1 minute. All reactions were
performed with 5 �L of RNA extract and the Superscript III
Platinum One-Step qRT-PCR Kit (Invitrogen, Carlsbad, CA)
on the Stratagene Mx3000P or Mx3005P QPCR System.
RNase P or B2-microglobulin41 was used as an internal
control to ensure effective RNA extraction; samples hav-
ing threshold cycle values of 40 or fewer for these targets
were considered adequate for influenza testing.

Immunohistochemistry

IHC assays for influenza A (including 2009 H1N1 influ-
enza A) and influenza B, when sufficient tissues were
available, were performed on 3-�m sections of FFPE
tissues from the trachea/bronchi and peripheral lung as
previously described.31,40,42 Primary antibodies were de-
tected using the Ultra Vision LP Detection System with
Alkaline Phosphatase Polymer and Fast Red Chromogen
(Lab Vision, Fremont, CA) or the LSAB2-labeled strepta-
vidin biotin system with biotinylated link antibody, alkaline
phosphatase-labeled streptavidin (Dako, Carpinteria,
CA), and Fast Red Chromogen (Dako). Counterstaining
was performed with Mayer’s hematoxylin (Fisher Scien-
tific, Pittsburgh, PA). IHC evaluation criteria have been

described previously.31,40,43

http://www.who.int/csr/resources/publications/swineflu/CDCRealtimeRTPCR_SwineH1Assay-2009_20090430.pdf
http://www.who.int/csr/resources/publications/swineflu/CDCRealtimeRTPCR_SwineH1Assay-2009_20090430.pdf
http://www.who.int/csr/resources/publications/swineflu/CDCRealtimeRTPCR_SwineH1Assay-2009_20090430.pdf
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Results

The 442 cases tested in this study were obtained be-
tween 2000 and 2009, and the patients ranged in age
from 10 days to 84 years (median, 25 years). These
patients came from 44 different states plus 1 patient from
the District of Columbia and 9 patients from Puerto Rico.
Suspect influenza cases received between 2000 and
2008 and tested by rRT-PCR totaled 137; 70 cases were
negative, 9 were seasonal influenza A/H1, 21 were influ-
enza A/H3, 3 were influenza A/unsubtypeable, and 34
were influenza B. A total of 305 cases were received in
2009; 150 cases were negative, 10 were seasonal influ-
enza A/H1, 2 were influenza A/H3, 8 were influenza A/un-
subtypeable, 9 were influenza B, and 126 were 2009
H1N1. In total, 222 cases were positive by rRT-PCR for
influenza.

A comparison of IHC to rRT-PCR (seasonal and 2009
H1N1) is shown in Table 1, and representative photomi-
crographs of IHCs for seasonal influenza A, influenza B,
and 2009 H1N1 influenza are shown in Figure 1, A, B, and
C, respectively. Of 218 rRT-PCR–positive cases also
tested by IHC, 107 (49%) were IHC positive. Only one
case from 2009 was positive by IHC but negative by
rRT-PCR. In 138 of the 218 rRT-PCR–positive cases that
also were tested by IHC, both IHC and rRT-PCR were
performed on the same FFPE blocks. Eighty blocks were
both IHC and rRT-PCR positive, 8 blocks were IHC pos-
itive but rRT-PCR negative, 96 blocks were IHC negative
but rRT-PCR positive, and 77 blocks were negative by
both assays. Calculations using this data demonstrate
a sensitivity of 45% for IHC (confidence interval, 38% to
53% by the Newcombe-Wilson method).44 Of 176 rRT-
PCR–positive cases with a known duration of illness
and IHC results, 75 of 136 (55%) cases with a duration
of 10 days or fewer were positive by IHC and only 8 of
40 (20%) cases with a duration of more than 10 days
were IHC positive. The dependency of the IHC result
on an illness duration of 10 days or fewer was statisti-
cally significant by �2 analysis (P � 0.0001). This de-
pendency of duration of illness is stronger for IHC than
it is for rRT-PCR.40

By examination of the medical records submitted from
220 of the rRT-PCR–positive cases that had sufficient
medical history, the number of cases also tested for in-

Table 1. IHC Results Among 218 rRT-PCR–Positive Cases*

IHC result

rRT-PCR result Positive Negative

2009 H1N1 60 63
Seasonal influenza A/H1 6 13
Seasonal influenza A/H3 13 10
A/unsubtypeable 2 8
B 26 17
Total 107† 111

*Four rRT-PCR–positive cases (3 were 2009 H1N1, 1 was A/unsub-
typeable) were not tested by IHC because of insufficient amounts of
tissue for testing.

†One IHC-positive case included in the study was rRT-PCR negative.
fluenza by techniques other than rRT-PCR of autopsy
tissues was assessed. A diagnosis had been made using
other specimens (ie, rRT-PCR of RNA from a nasopha-
ryngeal swab, culture, rapid antigen test, etc) from 136
cases, and testing of the autopsy tissues served to con-
firm the diagnosis of influenza by detection of influenza
RNA in the tissues. In 84 cases a diagnosis of influenza
infection as a contributor to the death of the patient was
obtained solely by testing of autopsy tissues with rRT-
PCR because other tests were either negative or had
not been performed. If IHC of the autopsy tissues had
been used solely, only 42 cases would have received a
diagnosis.

Figure 1. Representative immunohistochemistry staining for seasonal (A
and B) and 2009 H1N1 influenza (C). Viral antigens are seen in respiratory
epithelial cells and in submucosal glands in seasonal influenza A/H1 (original
magnification, 10�) (A) and influenza B–positive cases (original magnifica-
tion, 20�) (B). C: In 2009 H1N1 influenza A cases, viral antigens are observed

in alveolar lining cells, including type I and II pneumocytes (original mag-
nification, 20�).
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Both frozen and FFPE tissues were used to obtain RNA
extracts for testing. All tissues tested from 2000 to 2008,
except from a single case, were from FFPE tissues. The
number of cases from 2009 tested using frozen tissues
only, FFPE tissues only, or both frozen and FFPE tissues
are summarized in Table 2 along with their rRT-PCR re-
sults. When possible, rRT-PCR testing for 2009 H1N1 was
performed using frozen tissues because of the ease and
speed with which the tissues could be extracted and
tested. In this study, 52 cases were positive for 2009
H1N1 based on results from FFPE tissues alone, 74
cases were positive based on results from frozen tissues,
and 24 of those cases also had corresponding FFPE
tissues that were tested. Of those 24, the FFPE tissues
from 18 cases also were positive, whereas the FFPE
tissues were negative in the remaining 6 cases.

Tissues from either trachea/bronchi, peripheral lung, or
both (in both frozen and FFPE forms) routinely were
tested by rRT-PCR for influenza when provided by the
submitter. In 15 cases of seasonal influenza, both tra-
chea/bronchi and peripheral lung were available on dif-
ferent blocks of FFPE tissues such that comparisons
could be made to determine the best tissue type for
future rRT-PCR analyses. In seven cases, rRT-PCR pos-
itives were found in the trachea and bronchi whereas
peripheral lung was negative. Five cases were rRT-PCR
positive in the peripheral lung only, whereas the remain-
ing three cases were positive in both portions of the
airway. With respect to 2009 H1N1, a similar analysis was
performed on 30 cases from throughout the pandemic.
Twelve cases were positive only in the trachea/bronchi, 6
were positive only in the peripheral lung, and 12 cases
were positive in trachea/bronchi and peripheral lung.

Discussion

The detection of influenza viruses by RT-PCR in formalin-
fixed tissues has been explored with limited detail,35–38

and has potential for great utility in diagnostic pathology.
In this work, we demonstrate that both human seasonal
influenza and 2009 H1N1 influenza viruses can be de-
tected in FFPE tissues using the CDC’s TaqMan assays,

Table 2. Number of Cases Tested by rRT-PCR Using FFPE and
Frozen Autopsy Tissues in 2009

rRT-PCR result

FFPE
only

tested

Frozen
only

tested

Both FFPE
and

frozen tested

Seasonal influenza
A/H1

10 0 0

Seasonal influenza
A/H3

2 0 0

2009 H1N1 52 50 24*
A/unsubtypeable 8 0 0
B 9 0 0
Negative 108 38 4
Total 189 88 28

*Although 24 cases ultimately were tested using frozen and FFPE
tissues, 18 were positive in both frozen and FFPE tissues, whereas 6
cases were positive in the frozen tissue but negative in the FFPE tissue.
both of which have been widely distributed to state and
local entities for seasonal and 2009 H1N1 influenza test-
ing.13,45 In 35 cases in which subtyping could not be
accomplished using the CDC assay, addition of a sub-
typing rRT-PCR assay that detects both seasonal H1 and
2009 H1N1 in a single tube aided in making definitive
diagnoses in 26 of those cases. It is possible that sub-
typing could not be accomplished with the CDC assay in
the 35 cases obtained during the 2009 H1N1 pandemic
because of mismatches in the H1 hemagglutinin se-
quence in which the reverse primer anneals.23 For the
eight cases that still could not be subtyped, in most
instances the influenza A threshold cycle values were
close to the cut-off of 40, implying that the viral titer in the
sample was quite low and near the limit of detection.

When compared to IHC, rRT-PCR is better able to
detect influenza; of the 218 positive cases detected by
rRT-PCR that also were tested by IHC, only 107 were
positive by IHC. Only one case was positive by IHC but
negative by rRT-PCR, likely because there was insuffi-
cient tissue remaining when processed for rRT-PCR. This
enhanced detection by rRT-PCR may be owing to the
results presented here that suggest that positive IHC
results are more dependent on the duration of illness
because the viral antigens in the tissues may be cleared
by the host immune response after 10 days, whereas
rRT-PCR can detect small amounts of nucleic acids re-
maining in tissues after 10 days.40

In general, detection of influenza nucleic acid in FFPE
tissues can be accomplished but is optimal when fixation
time is kept to a minimum. However, we have seen one
positive case, which tested positive for influenza A but
could not be subtyped further, for which tissues were
stored in formalin for 11 months. More often than not,
overfixation results in an inability to obtain viable RNA
from tissue specimens, as determined by positive house-
keeping gene control rRT-PCR. Further, samples fixed in
formalin at concentrations greater than 10%, which may
occur under unusual circumstances, or where extensive
tissue degradation has occurred, often do not provide
rRT-PCR–positive results with the housekeeping gene
control (data not shown), indicating the RNA is of insuf-
ficient quality for analysis. Studies examining tissue fixa-
tion times and processing after collection suggest that
fixation should commence as soon as possible but pro-
ceed no longer than 48 hours after collection.46,47 With
these data in mind, standardized protocols for efficient
and effective tissue fixation and processing should be
made available to pathologists and other public health
professionals worldwide so as to provide high-quality
tissue specimens that are ideal for use in both IHC and
rRT-PCR assays.

Of the cases that tested positive in this study by rRT-
PCR, 38% had no other testing performed as discerned
by analysis of accompanying medical records. Without
testing of the autopsy tissues by rRT-PCR, a definitive
diagnosis may not have been made on these cases; if
IHC testing of the autopsy tissues had been performed
alone, only 19% of the cases identified in this series
would have received a positive diagnosis. Furthermore,
additional analyses of autopsy tissues by PCR and IHC

for secondary bacterial infections can help to ascertain
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whether influenza was the primary cause of death or if
other contributing factors were likely, thereby more pre-
cisely determining the cause of death. As witnessed by
the 2009 H1N1 influenza outbreak, active surveillance
and testing is critical in detecting novel infectious dis-
eases early.48 Routine testing and evaluation of autopsy
tissues could help identify novel outbreaks of dis-
ease.43,49,50 Several excellent programs have created
surveillance systems to examine fatal cases with possible
infectious etiologies.51,52

This study also demonstrates that, although testing of
FFPE tissues is useful, testing of frozen autopsy tissues
provides the best chance for establishing a diagnosis. In
this study, of the 24 rRT-PCR–positive cases in which
both frozen and FFPE tissues were tested, 6 cases would
have been deemed negative if only FFPE tissues had
been available for analysis. Although the sample set is
small, this suggests that a possible 25% of cases could
be missed if analyzing FFPE tissues alone. Furthermore,
frozen tissues are beneficial for sequencing of influenza
RNA because much longer sequences can be obtained
from frozen tissues with less effort than those from FFPE
tissues. In addition, especially when using FFPE tissues
for analysis, there is a necessity for testing both trachea/
bronchi and lung parenchyma, when available, by rRT-
PCR to optimize the chances of detecting influenza. In
the absence of pronounced gross pathology or when the
degree of pathology cannot be assessed, as was some-
times the case in this study because these samples were
submitted to the CDC for evaluation by state and local
entities, there is a need to test all available respiratory
tissues.

Although 93% of the FFPE tissue specimens used for
this study were obtained between the years of 2007
and 2009, there are instances of older cases in which
suspicion of influenza remains although a diagnosis
has been elusive. This work and other studies have
demonstrated that RNA can be obtained from archived
FFPE tissues, and evidence has been presented on the
identification of influenza viral RNA using RT-PCR and
sequencing of small products.35,36,53 With the large
number of FFPE blocks available for retrospective
studies, this opens a greater opportunity for research
into influenza pathogenesis and other host–pathogen
relationship studies.
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