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Background To ascertain the full mortality of influenza and other
respiratory viruses, the testing of community autopsy specimens is
essential.

Methods Respiratory virus PCR and culture were performed on
2418 fresh unfrozen respiratory samples collected from 1611
coronial cases where the death was either unknown or infection was
suspected, from July 2007 to June 2011, to detect the common
respiratory viruses in children and adults, using standardized
microbiological testing.

Results The respiratory virus positive rate was 8:3% (134 cases)
with a peak of 28% (42 of 151 cases) in children under 10 years of
age. Influenza virus was the commonest respiratory virus (50 cases,
3%), followed by respiratory syncytial virus (RSV) (30 cases, 2%).

All tested respiratory viruses were found in children, most

commonly adenovirus, enterovirus and RSV, and influenza A and
RSV predominated in those over 60 years, but coinfection was
uncommon. Almost all influenza cases occurred when influenza was
widely circulating in the community but few were diagnosed pre-
mortem. Influenza and RSV detection was associated with
bronchitis or bronchiolitis in 7 (9%) of the 80 cases and caused
pneumonia in 14 (0-8%) deaths overall.

Conclusions Our prospective review of respiratory viruses using
standardized testing found a single lower respiratory tract autopsy
specimen for respiratory virus PCR would detect most community
infections at the time of death.
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virus.
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The proper investigation of deaths and testing of post-
mortem specimens is important to assess the impact of
serious infectious diseases. It captures cases that may not
have been suspected pre-mortem, which is particularly
difficult with influenza-like illnesses where the presentation
is syndromic, and cases that have not been fully investigated
prior to death. In addition, it allows a better ascertainment of
the role of any detected infectious agents in the death of that
patient.! Post-mortem diagnosis of hospitalized deaths,
however, is hindered by the falling hospital autopsy rate
and the inaccuracy of death certificate diagnoses® and may
not be representative of deaths that occur in the community.
The investigation of deaths in the community for respiratory
viruses such as influenza is therefore of potential value in

assessing the full impact of these infections." The most
appropriate means of achieving this is to access the coronial
autopsies as these cases represent community deaths with
often little medical intervention or investigation prior to
death.

Although influenza is known to be a significant cause of
mortality during winter in temperate climates, most deaths
due to influenza go undiagnosed. Recent initiatives to
address this are the US Centers for Disease Control and
Prevention (CDC) Emerging Infections Program Unex-
plained Deaths Program, established in 1995, and the
Medical Examiner Infectious Disease Death Surveillance
Program, established in 1999.2 A small number of studies
have looked at sudden unexpected deaths in infancy,” > and
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there have been limited investigations of other respiratory
viruses such as respiratory syncytial virus (RSV)® and
adenoviruses” in pediatric autopsies. Some have relied on
relatively insensitive immunofluorescence (IF) testing® rather
than the more sensitive polymerase chain reaction (PCR)
testing.® We are aware of only one limited pilot PCR-based
systematic study of coronial autopsy tissues from Hong
Kong.9

Therefore, to better understand the population at risk of
death from influenza and other respiratory viruses in
Western Australia (WA), we undertook a PCR study of all
coronial autopsy cases in WA from June 2007 until July 2011
where the cause of death was initially unknown or an
infection-related etiology was suspected. This included the
pre-pandemic, HIN1 09 influenza A pandemic, and post-
pandemic periods.

Material and methods

PathWest Laboratory Medicine WA (PWLM) performs all
the microbiological investigations for the Western Australian
State Mortuary and also provides all the respiratory serolog-
ical testing for the state. Nucleic acid detection tests for
influenza were performed exclusively by PWLM prior to
2009, after which limited testing was performed in private
sector laboratories. However, positive influenza samples are
routinely referred to PWLM for subtyping, so that all or
nearly all influenza positive patients are recorded by PWLM.
Nucleic acid detection tests for respiratory viruses other than
influenza are performed only at PWLM but antigen detection
by IF is performed more widely. Samples positive for
influenza A by IF are routinely referred to PWLM, but
samples positive for influenza B and other respiratory viruses
may not.

Following the detection of influenza A in three pediatric
sudden deaths within several weeks in 2007, an enhanced
microbiological surveillance of autopsy cases was com-
menced. Deaths referred to the state coroner where the
cause of death was unknown or an infectious etiology was
suspected had respiratory tract samples collected for micro-
biological examination. Specimens were received by the
microbiology laboratory without delay as the mortuary and
microbiology services are colocated. Virus PCR and culture
were performed to detect the common respiratory viruses in
children and adults, using standardized microbiological
testing of autopsy cases over the study period.

Specimens for bacteriology were processed according to
standard laboratory operating procedures. Briefly, tissue
samples were macerated with a scalpel blade, then Gram stain
microscopy was performed followed by inoculation onto
non-selective (blood agar and chocolate blood agar) and
selective (MacConkey and colistin nalidixic acid agar) solid
media and incubated at 35°C in 5% CO, for 48 hour.

Growth of bacterial pathogens was identified using standard
biochemical methods. For virus studies, respiratory tissues
were homogenized in viral transport medium, centrifuged
for 20 minute at 2150 g, and the pellets discarded. The
supernatants were cultured for enterovirus, rhinovirus A and
B, influenza A and B, adenovirus, and RSV using Madin—
Darby canine kidney and human diploid fibroblast cells and
the viral nucleic acid purified using either a Qiagen QiaAmp
Viral RNA mini kit or Ambion MagMAX Viral RNA
isolation kit. Both kit protocols were modified to incorporate
heated elution.'® PCR testing for influenza A and B virus,
parainfluenza virus 1-3, human metapneumovirus, and RSV
detection during the study period included nested and real-
time methods (Table 1).'"!? Prior to August 2007, a nested
reverse-transcriptase influenza A and B virus PCR assay that
targeted the matrix gene was used,'' so that routine
subtyping of influenza A viruses was not performed, but
subsequently PCR assays targeting the hemagglutinin (HA)
genes of the circulating H1 and H3 influenza A subtypes were
added.'® All assays included checks for extraction efficiency
and PCR inhibitor removal and were validated according to
the criteria established by the National Pathology Accredi-
tation Advisory Committee and approved by the National
Association of Testing Authorities.

Influenza A and B serology was performed using a
complement fixation test (CFT) employing sheep red blood
cells and in-house produced antigen. Briefly, the patient
samples were diluted, inactivated and titrated, then incu-
bated in the presence of influenza A or B antigen and
complement at 4°C overnight, before the addition of
sensitized sheep red blood cells and incubated at 37°C on a
rotating platform (280 rpm) for 30-40 minute until full lysis
of the red blood cells in the complement control. The
samples were then centrifuged at 377 g for 3 minute at 4°C
and then inspected for red blood cell lysis. The end point
was recorded as the highest dilution with no red blood cell
lysis.

One author (DMM) reviewed the forensic pathology
reports, which included clinical history, macroscopic and
histological pathology findings, hematology, clinical chemis-
try, and microbiological results to verify the cause of death
and identify comorbidities. Permission to access the infor-
mation for research purposes was obtained from the WA
State Coroner.

Results

There were 50 404 deaths from July 2007 to June 2011
recorded in WA,"> with 7 216 (14%) undergoing coronial
autopsy. Of these, 1 611 (22%) coronial autopsies underwent
microbiological sampling due to either unknown cause of
death or a suspected infectious etiology. There was a winter
peak of cases undergoing microbiological sampling. A total
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Table 1. Primers and probes used for respiratory virus PCR

Respiratory viruses from coronial autopsies |

Respiratory
virus*

Primer/probe 5'-3'
nucleotide sequence**

Amplicon***
(base pairs)

Respiratory syncytial virus A

F CAACTTCTGTCATCCAGCAAA 77

R TGCACATCATAATTAGGAGTATCAAT
Pb CACCATCCAACGGAGC (FAM)

Respiratory syncytial virus B

F ATTCAACGTAGTACAGGAGATAATA 74

R CCACATAGTTTGTTTAGGTGTTT
Pb TGACACTCCCAATTAT (FAM)

Parainfluenza virus 1

F GCAAAGAGARAATGCRGATCTAG 67

R AGCTCCGAGACATGCAGGAT
Pb TCCATATGTCTGAAGCAA (FAM)

Parainfluenza virus 2

F ATTCCAGATGCTCGATCAACTATG 65

R TCYTCAGCTAATGCT TCRAARGC
Pb AGC ACY TCT CCT CTG (FAM)

Parainfluenza virus 3

F CGCGCTCCWTTYATCTGTATC 59

R TTGCCTGGTGCGAACTCA
Pb TCAGAGATCCYATACATG (FAM)

Human metapneumovirus

F ATCATCAGGYAAYATYCCACAAA 81

R TATTAARGCACCTACACATAATAA
Pb CAGCACCAGACACACC (FAM)

*For influenza A and B primers and probes, see references 10-12.
**R = AG, W=AT,Y=CT.
***All primers and probes target the nucleoprotein gene.

of 3870 samples, 2418 from respiratory sites, were received
from these cases. The commonest age-group represented was
60-69 years (Figure 1A), with a male predominance (999
cases, 62%) for all age-groups to 89 years.

Of the 1611 deaths, 1578 had both virus culture and PCR
performed, 28 cases had only PCR performed and five cases
had only culture performed. The respiratory sites sampled
were lung (2079 samples), trachea (219 samples), bronchus
(54 samples), nose and throat swabs (66 samples), and
sputum (one sample). A total of 134 cases (8:3%) had a
respiratory virus detected, either by PCR only (93 cases,
5-8%), culture only (22 cases, 1-4%), or both (19 cases,
1-2%), with the highest detection rate of 28% (42 of 151
cases) in the 0-9-year age-group (Figure 1B).

All of the respiratory viruses tested for were detected in
children aged 0-9 years, whereas influenza A virus and
RSV predominated in adults, accounting for 26 (60%) and
6 (14%) of the virus detections, respectively, in the 43
adults aged 20-59 years, and 12 (32%) and 18 (49%) in
the 37 adults over 60 years (Figure 1C). Coinfections were
uncommon and found almost exclusively in young chil-
dren; there was one case each of dual infection (adenovirus
and rhinovirus), triple infection (adenovirus, rhinovirus,
and RSV), and quadruple infection (adenovirus, RSV,
enterovirus, and parainfluenza 1 virus) in the 0-9-year
age—group, and one adult had a dual human metapneu-
movirus and influenza A virus infection. The commonest

viruses overall were influenza A and RSV (Figure 1D). All
but one case of influenza and all cases of RSV were
detected by PCR alone. Influenza virus was detected from
all sites in 22 (85%) of the 26 cases with multiple samples
collected.

The forensic pathology reports from the 50 influenza and
30 RSV cases were reviewed together with the bacteriology
findings to ascertain the cause of death and better define the
role of these viruses in each case. The mean age for influenza
detection was 47 years, peaking in the 50-59-year age-group
(Figure 2A) with a male predominance (Table 2). Interest-
ingly, the mean age and male predominance varied with the
influenza type and subtype with a younger mean age and
male predominance for HIN1pdmO09 (44 years) and A/
untyped (38 years) compared with seasonal H3N2
(60 years). There were too few cases of other influenza
viruses to interpret. The influenza type and subtype detected
from autopsy specimens were similar to the proportion
found from routine diagnostic testing for the same period
(Figure 3) with no obvious predilection for certain types or
subtypes. The overall mean age for RSV detection was older
at 55 years (Table 2) with a peak in the 6069 age-group
(Figure 2B), and it also displayed a male predominance. Of
the 50 influenza cases, bacterial pneumonia and diffuse
alveolar damage were present in 26 (52%) and 9 (18%) cases,
respectively, and bronchitis or bronchiolitis was found in a
further 5 (10%) cases. The remaining 15 (30%) cases died of
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Figure 1. Case numbers and respiratory virus detections. (A) Cases sampled by age group. (B) Respiratory virus% case positivity (PCR and/or culture) by
age. (C) Respiratory virus detections by age. (D) Total respiratory virus detections by PCR and/or culture. RSV, respiratory syncytial virus; HMV, human
metapneumovirus; PF, parainfluenza virus.
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non-infective causes. In contrast, 8 (27%) of the 30 RSV
cases had bacterial pneumonia, 5 (17%) had diffuse alveolar
damage, 2 (1%) had bronchitis, and 15 (50%) died without
evidence of infection.

Comorbidities were identified in over half of influenza
cases and almost all RSV cases. Coronary heart disease was
the most common, often in combination with diabetes,
chronic obstructive pulmonary disease, or renal failure, and
acute myocardial infarction was found in 7 (8-8%) cases.
Histological evidence of a primary viral pneumonia was
found in 9 (18%) influenza cases, most of which were
HIN1pdm09 cases and 5 (17%) RSV cases. Histological and
microbiological evidence of bacterial pneumonia was found
in 26 (52%) influenza cases, most commonly due to
Staphylococcus aureus, and 8 (27%) RSV cases, mainly due
to Haemophilus influenzae.

A review of the state public pathology laboratory infor-
mation system found that six of the 50 influenza cases had
undergone influenza virus testing prior to death. Of the five
cases undergoing PCR testing, four cases were positive 2—
15 days before death, one of which was also culture positive,
and one case was PCR negative on upper respiratory tract
sampling 11 days before death. Interestingly, this case had a
CFT titer of 1:80 3 days before death and influenza A(HIN1)
pdmO09 was detected from lung and tracheal tissue by PCR
at autopsy 4 days after death. The sixth case was tested

serologically and produced a CFT titer of >1:320 4 days
before death.

Discussion

This prospective study of routine PCR testing of selected
coronial autopsy specimens greatly increases our under-
standing of the contribution of respiratory viruses to deaths
in hospitals and the community. This has previously been
proposed as being particularly valuable for deaths in younger
and/or previously healthy patients,” but we have shown that
it has an important role in all age-groups. Routine testing of
autopsy tissues could also help detect novel outbreaks and
new serious disease threats.”®

Our prospective study of respiratory viruses using PCR
from all coronial cases in WA where an infectious etiology
was suspected or cause of death was unknown over 4 years
including the influenza pre-pandemic, pandemic, and post-
pandemic periods is the largest such study to date.
Previously, respiratory virus autopsy studies have concen-
trated on childhood deaths and been performed retrospec-
tively on frozen or formalin-fixed paraffin-embedded tissues
or nose and throat swabs.>*®*'*!*> We used fresh unfrozen
respiratory samples and included all age-groups to better
assess the prevalence of these viruses at the time of death and
to overcome some of the factors that reduce detection rates.

© 2013 John Wiley & Sons Ltd

1117 |



[ Speers et al.

Table 2. Characteristics and clinical outcomes of influenza virus and RSV autopsy cases

Influenza A
Characteristics and H1N1 Seasonal Influenza Influenza
pathological findings Untyped pdm 09 H1N1 H3N2 B total RSV
Cases
Age, years, 38 (2-67) 44 (6-92) 61 (58-65) 60 (8-91) 42 (0-5-60) 47 (0-5-91) 55 (0-4-96)
mean (range)
Gender (M:F) 9:2 16:5 11 6:5 3:2 35:15 18:12
Total 11 21 11 5 50 30
Clinical outcome
Pneumonia
Diffuse alveolar damage 1 6 1 1 9 5
Bacterial 6 1 5 3 26 8
Bronchitis/bronchiolitis
Viral 1 1 1 3 2
Bacterial 1 1 2 0
Acute myocardial infarction 1 2 4 3*
Acute cardiac failure 2%
Other** 1 1 12*
Unknown 3 1 1 5 4
Comorbidities
Coronary heart disease 3 5 5 2 17 15
Diabetes mellitus 1 1 1 2 6 2
Chronic obstructive pulmonary disease 1 4 5 3
Obesity 2 1 3 1
Asthma 1 1
Renal failure 4
Cirrhosis 3
Bacteriology
Staphylococcus aureus 2 7 2 3 15 2
Streptococcus pneumoniae 4 1 2 7 3
B-hemolytic streptococci*** 3 3 1 7 5
Haemophilus influenzae 1 2 2 5 6
Other Gram-negative rods**** 2 1 3 3

*Six cases had respiratory and non-respiratory contributors to death.

**Two cases each of trauma, drug overdose, uncontrolled bleeding; single cases of diabetic ketoacidosis, choking, systemic amyloidosis, seizures,

subdural hematoma, multi-organ failure.

***Streptococcus pyogenes (four cases), Streptococcus agalactiae (seven cases), Streptococcus dysgalactiae (one case).
**%*Klebsiella sp. (two cases), Pseudomonas aeruginosa (one case), Serratia marcescens (one case), Aeromonas sp. (one case).

For example, the use of upper respiratory tract samples has
been shown to underestimate the presence of influenza virus
in primary influenza pneumonia'® and formalin fixation is
known to lead to a loss of PCR sensitivity due to the cross-
linking of the nucleic acids and significant RNA degradation
due to ribonucleases.®>'” This may account for the low virus
yield in some previous studies that have led the authors to
conclude that routine autopsy sampling for viruses is not
warranted.’ Furthermore, the colocation of our laboratory
with the state mortuary meant that there was minimal delay
in specimen processing. Therefore, we believe that we
optimized the processes for detection of respiratory viruses
in this series. We detected a respiratory virus in 134 (8-3%)
of 1611 cases and in 42 (28%) of 151 cases <10 years of age.

As expected, we found PCR to be more sensitive than virus
culture, such that testing for influenza by PCR on a single
lung tissue specimen detected 47 (94%) of 50 influenza cases.
The minority (22 cases, 16%) of cases that were culture
positive but PCR negative may have been due to sampling
error due to heterogeneous distribution of virus in the
respiratory specimens or viral RNA degradation prior to
extraction, because extraction and inhibitor controls were
included with each PCR assay.

All viruses tested for were found in the 0-9-year age-group
with narrowing of the virus spectrum to mainly influenza
virus and RSV in adulthood. We found adenovirus, entero-
virus, and parainfluenza viruses exclusively in those less than
10 years of age, whereas influenza virus, RSV, human
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Figure 3. Detection of influenza types and subtypes from (A), autopsy tissues and (B), routine specimens.

metapneumovirus, and rhinoviruses were present in the
children and adults. Coinfection of influenza A virus and
other respiratory viruses has been associated with increased
disease severity'® but we found this to be uncommon, being
present in only one adult and in three young children. Two
of these children had a combination of RSV and adenovirus,
both of which have been previously found to be important
contributors to severe pediatric pneumonia®’ and the
combination of the two has been associated with more
severe disease.'”

Thompson et al.?° have estimated over 40 000 influenza-
associated deaths and almost 10 000 RSV-associated deaths
annually in those over 65 years in the United States but
there is little PCR autopsy data on the contribution of
seasonal influenza and RSV to adult deaths.?' > Few (five
cases) of our influenza cases were diagnosed prior to death
even though the study period encompassed an influenza
pandemic. The CDC recommends influenza diagnostic
testing to aid clinical judgment and help guide treatment
decisions.** An increase in influenza diagnoses has

occurred in Australia following the 2009 pandemic,
potentially preventing some deaths. In 2008, there were
9223 laboratory-confirmed influenza cases notified in
Australia, which jumped to 59 090 cases in 2009, then
settled to 13 419 in 2010.”> We found influenza virus the
most common virus detected in adults less than 60 years
of age;
substantially more common than influenza in adults over
60 years. This may reflect the relative sparing of the elderly
during the 2009 pandemic®® and the high influenza
vaccination rates of the elderly in Australia.”” The relative

however, we were surprised that RSV was

frequency of detection of influenza A and RSV in our
study, especially in those 60 years and above, reflects the
ubiquity of these viruses circulating in the community and
the increased propensity to cause deaths in the elderly,
especially in those residing in long-term care facilities.”®
The rise in all-cause mortality over the winter months in
temperate climates, thought predominantly due to influ-
enza and RSV,*"%% correlates with our peaks in detection

of these viruses through the winter months.
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We looked at the two most common respiratory viruses
detected, influenza and RSV, to ascertain any differences
between case demographics, the causes of death, comorbid-
ities, or secondary bacterial infections. We reviewed the
bacteriology and forensic pathology reports to ascertain
whether influenza and RSV directly attributed to the death,
potentially contributed to death through secondary bacterial
infection or exacerbation of another serious disease, or
represented coincidental infection. Although bacterial pneu-
monia was the commonest cause of death in those with
influenza or RSV, 14 (17-5%) deaths, due mainly to influenza
A HIN1pdm09 and RSV, had acute viral lung injury. This
equates to 0-8% of the overall cohort (1611 cases).

The association of influenza with bacterial pneumonia is
well known,**>! being described for S. pneumoniae,32
S. aureus,”>** B-hemolytic streptococci,” and H. influen-
zae"® but we also found this with RSV. Tamme et al.’’
found that influenza A(HIN1)pdm09 was the sole cause of
death for a third of their 21 cases, and it was the direct cause
of death in 14% of influenza A(HIN1)pdmO09 cases in the
CDC Unexplained Deaths Program,” similar to our figure of
18%, while a higher figure of 66% of influenza A(HIN1)
pdm09 deaths was reported in England." Autopsy studies of
both seasonal®® and influenza A(HIN1)pdm09 cases*%*®
have shown necrotizing bronchiolitis and diffuse alveolar
damage with or without hemorrhage. There have been fewer
autopsy studies involving influenza B but one case series
found similar changes of bronchiolitis and alveolitis with
hemorrhage.”® The histopathology of RSV deaths has shown
airway obstruction due to inflammatory cell debris and
pneumonic consolidation with syncytial giant cells.'**°

Of interest, influenza and RSV infection were detected in a
number of cases who died of non-infective causes. Coronary
heart disease was the commonest comorbidity in our
influenza and RSV cases, comprising over half of those
identified, with acute myocardial infarction identified in 4
(24%) of 17 influenza cases and 3 (20%) of 15 RSV cases
with coronary heart disease. Influenza may trigger cardio-
vascular events by causing an acute inflammatory state
leading to rupture of atherosclerotic plaques,*” and an
autopsy study of nearly 35 000 subjects found that influenza
increased the risk of death due to acute myocardial infarction
by a factor of 1-30.>” More often we found severe athero-
sclerotic coronary arterial disease without acute thrombosis.
Coronary heart disease, diabetes, obesity, and chronic
pulmonary disorders are recognized comorbidities of influ-
enza deaths."?® However, we cannot conclude that these
deaths were contributed to by influenza and RSV. The
detection of influenza and RSV at autopsy following the
traumatic deaths is likely to represent asymptomatic or
clinically mild coincidental infection, as medical review was
not sought prior to death and almost all cases occurred
during the expected winter epidemic periods.

A limitation of this study is our inability to ascertain the
contribution of the respiratory viruses to the non-infective
causes of death. Other limitations include the spectrum of
viruses assessed, although the most significant lower
respiratory tract viruses were included; the unknown
influenza vaccination status of the cohort, although a
vaccine was not available for influenza A(HIN1)pdm09
during the 2009 season; and lack of information on
neuraminidase inhibitor therapy, but due to the few cases
tested for influenza in life, it is unlikely many received such
therapy.

This study demonstrates that routine respiratory virus
testing by PCR at autopsy can contribute to the assessment of
the overall impact of influenza and other respiratory viruses.
In addition, coronial autopsy studies can help define the role
of respiratory viruses in the deaths of those from the
community without pre-existing medical illnesses compared
with hospitalized cohorts. This can be achieved with minimal
additional testing, as illustrated by the fact that only a single
respiratory specimen at autopsy for influenza PCR during the
yearly influenza season will detect most of these infections at
death.
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