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This review highlights the main points which emerged from the
presentations and discussions at the 3rd isirv-Antiviral Group
Conference - advances in clinical management. The conference
covered emerging and potentially pandemic influenza viruses and
discussed novel/pre-licensure therapeutics and currently approved
antivirals and vaccines for the control of influenza. Current data on
approved and novel treatments for non-influenza respiratory viruses

such as MERS-CoV, respiratory syncytial virus (RSV) and
rhinoviruses and the challenges of treating immunocompromised
patients with respiratory infections was highlighted.
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Introduction

Recurrent infections by influenza and other respiratory viruses
contribute enormously to the burden of human disease and
(emergent) sporadic zoonotic infections, such as by influenza
H7N9 and H5NI1 and Middle East respiratory syndrome
(MERS) coronavirus, pose a constant threat of a new global
epidemic. Despite extensive knowledge of the viruses and their
interaction with the host, there is little in our armoury of
vaccines and therapeutics to combat this perpetual onslaught.
The 3rd isirv Antiviral Group conference on Influenza and
Other Respiratory Virus Infections: Advances in Clinical Man-
agement, convened in Tokyo, Japan on 4-6 June 2014,
attracted 188 clinicians, public health specialists and medical
scientists from 34 countries to present their recent research and
discuss various aspects of the impact of respiratory viruses in
different patient groups/settings and in different regions of the
world. The programme' focused on the latest advances in the
mitigation and clinical management of influenza and other
respiratory virus disease, and the successful use of antivirals
(and vaccines) against seasonal and pandemic influenza,
particularly in Japan, as well as the development/assessment
of novel antiviral agents. This overview highlights some of the
main points which emerged from the presentations (both oral
and poster) and associated discussion.

Influenza

Emerging and potential pandemic influenza viruses
In recent years, an increasing number of cases of novel
animal influenza A viruses infecting humans have been
reported. These include multiple avian influenza A virus
subtypes, in particular H5N1 and H7N9, and swine-origin
H3N2v. Reasons for this increase include both social
factors, for example, increased human populations living
in close proximity to animals and increased surveillance
and diagnostic testing. Risk assessment tools have been
developed by many authorities around the world (e.g. the
European CDC, US CDC, USAID and WHO) to assist in
predicting the likelihood that a particular virus will emerge
and its associated impact, as well as prioritising the
development of candidate human vaccine viruses.” These
tools allow continual reassessment as new data become
available and provide an objective, transparent process with
which to make resource allocation and pandemic planning
decisions.

H7N?9 viruses

In February 2013, China detected the first human cases of
H7N9 infection in severely ill patients with pneumonia.’ As
of May 22, 2014, there have been 446 confirmed H7N9 cases
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in China resulting in 163 deaths.* The cases have occurred
mainly during two waves (weeks 8—18, 2013 and week 40,
2013 — week 20, 2014),* of which 85% had prior exposure to
poultry or contaminated live poultry markets. The median
time from poultry exposure to disease onset was 5 days,
whereas the median time from illness onset to hospital
admission, ARDS development, antiviral therapy and death
was 5, 6:8, 7 and 14 days, respectively.” Closure of live
poultry markets has markedly reduced the risk of H7N9
infection. Across nine areas in the two most affected
provinces in China, modelling analysis estimated that the
effectiveness of market closure was 97% (95% CI: 89%,
100%).° A retrospective serological study of blood specimens
taken in January—May and October—November in 2012 from
1544 subjects who worked in live poultry markets, farms,
slaughter houses or kept backyard poultry revealed no
evidence of H7NY infection,” indicating widespread popula-
tion susceptibility and lack of prior circulation of antigen-
ically related viruses. Multiple family clusters have been
reported, but no sustained human-to-human transmission,
with studies demonstrating a very low detection of virus or
specific antibody in close contacts (0-34% and 0-2% in the
first and second waves, respectively) and healthcare workers
of positive cases.®

In both the first and the second waves, the majority of the
patients hospitalised with H7N9 infection were older men
(median age, 62 and 58 years, respectively with an overall
male/female ratio of 2-2:1) and the case fatality was similar
(32% and 39%, respectively). Pre-existing medical condi-
tions occurred in >60% of these cases. The prominent
clinical features on admission were those of a severe
influenza syndrome with fever, cough, fatigue and dyspnoea,
while the most striking laboratory findings were marked
lymphopenia and thrombocytopenia. Elevated cytokine
levels have been observed in patients and such excessive
cytokine responses may contribute to the clinical severity of
H7N9 infection.”

Originating from reassortment events involving at least
three avian influenza viruses, H7N9 viruses with multiple
genotypes continue to emerge on a more frequent basis in
2014. Many viruses isolated from humans contain the
E627K amino acid substitution in the polymerase PB2
component, associated with mammalian adaptation, and the
G186V and Q226L substitutions in the haemagglutinin
(HA) that are associated with dual receptor binding to both
02,3 and o2,6-linked sialic acid receptors.'® All H7N9
viruses from the outbreak to date are antigenically similar to
the (original) candidate vaccine strain. Prototype inactivated
whole particle H7N9 vaccines have been investigated in
macaques and shown to induce good antibody responses
that significantly reduced the number of days of virus
shedding in experimentally infected animals. Treatment of
H7NO9-infected patients with neuraminidase inhibitors
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(NAIs), including intravenous (IV) peramivir or zanami-
vir,'! appears to have been beneficial even when therapy was
started late, although emergence of oseltamivir resistance
has been associated with poor clinical outcomes.'? All
H7N9 viruses are amantadine-resistant due to the S31N
substitution in the M2 ion channel protein, while viruses
containing the R292K substitution in neuraminidase (NA),
which confers resistance to both oseltamivir and peramivir
(>1000-fold rise in ICsy) and reduced susceptibility to
zanamivir and laninamivir (50- and 25-fold rises in ICs,
respectively), have been reported in six cases. Two of these
patients with severe H7N9 infection requiring extracorpo-
real membrane oxygenation (ECMO) also received systemic
corticosteroid treatment leading to treatment failure and a
poor clinical outcome.'” The replication and transmission
of H7N9 viruses containing the R292K NA mutation have
been shown to be comparable to those of wild-type H7N9
viruses in guinea pigs,”” and in ferrets following both
contact and non-contact exposure. However, the wild-type
virus did outgrow the R292K-resistant strain in some ferrets
over the course of the infection.'* Interestingly, the R292K
variant appeared to be the dominant virus in ferret lung
lobes, while in nasal turbinates, the wild-type virus was
predominant. Therefore, it appears that the R292K muta-
tion causes less fitness loss in H7N9 virus than in seasonal
H3N2 viruses."”

H5N1 viruses and other novel subtypes
A new reassortant genotype of H5N1 containing the HA and
NA genes from clade 1.1.2 and the internal genes from clade
2.3.2.1 emerged during 2013 and was associated with the
highest number of cases (n = 26) and deaths (n = 14) in
Cambodia."® Globally since 2003, there have been 650
confirmed H5N1 cases and 386 deaths reported in humans,'®
with most infections in the last 2 years being in children.
Human-to-human transmission remains extremely rare
based on virological and serological data from analysis of
close contacts of confirmed cases in Cambodia, Thailand and
Vietnam.'” A study of household transmission patterns in
Indonesia has shown that the overall household attack rate
was 18:3% and the secondary attack rate was 5-5%,
independent of household size.'®

Oseltamivir therapy appears to reduce mortality when
administered within 8 days of H5N1 illness onset, although
earlier treatment is more effective, highlighting the need for
early patient diagnosis.'” Early initiation of oseltamivir was
particularly effective in reducing mortality in H5N1 patients
without respiratory failure (odds ratio, 0-17; P = 0-04),
whereas those requiring ventilatory support at the time of
oseltamivir initiation were more likely to die.*” A study of the
risk factors for mortality related to H5N1 identified age,
country, per capita government health expenditure and delay

from symptom onset to hospitalisation as the key
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parameters, highlighting the importance of early diagnosis,
treatment and supportive care.”’ High-dose systemic corti-
costeroids (SC) are associated with worse outcomes in H5N1
patients.*?

One human case of avian H5N6 was recently detected in
China; the virus was a reassortant that contained seven
genes from H5N1 and the NA gene from an H6N6 virus
circulating in ducks.”> China has also reported the detection
of three human infections, two fatal, with avian H10NS8
viruses that contain the internal genes from HIN2, as does
H7N9.** Like the H7N9 virus, the HIONS virus has low
pathogenicity in poultry and is therefore difficult to detect
in birds.

Epidemiology

Burden in target populations

Pregnant women and infants have an increased risk of
complications following influenza infection. Globally, signif-
icant numbers of pregnant women died during the 2009—
2010 pandemic, but no maternal mortality occurred in
Japan.”® Through education campaigns directed at pregnant
women and healthcare professionals, 67% of pregnant
women were vaccinated against HIN1pdm09 resulting in
an infection rate among pregnant women in Japan of 3-5%
compared to the overall infection rate in the population of
12%.7° Of those pregnant women who were infected with
HINI1pdm09 in Japan, 95% were treated with antivirals, and
importantly, 88% of those were treated within 2 days of
symptom onset.”> In Mongolia, a prospective cohort study
during 2013-2014 found that influenza-like illness (ILI) was
detected in 17-9% of pregnant women, of whom the majority
tested positive for influenza A, with substantially lower
influenza B and respiratory syncytial virus (RSV) infection.””
During the same period, ILI was detected in 30-9% of infants
<6 months of age, with an even spread of influenza A,
influenza B and RSV.*” The influenza burden in children in a
rural Indian community was found to be substantial with
11-6% of ILI cases being caused by influenza A or B viruses.*®
These findings underscore the importance of maternal
immunisation.”

Transmission patterns

Sequence analysis of influenza viruses isolated from students
on a Singapore University Campus provided insights into the
chain of transmission, showing that 62% of 32 viruses were
highly similar, demonstrating that the majority of transmis-
sion was occurring on the university campus rather than
from infections outside.’® The effectiveness of surgical masks,
hand hygiene and health education investigated in house-
holds in Hong Kong and Bangkok detected no significant
difference in attack rate in cohorts using one of these
interventions.” Further analysis of the data enabled some

insights into the relative importance of aerosol, large droplet
and contact transmission within the households. For influ-
enza A infections, aerosol transmission appeared to be the
most common route, whereas contact transmission caused
the highest number of influenza B infections.”"

Neuraminidase Inhibitor antivirals

Use and effectiveness

Neuraminidase inhibitors are commonly used for the
treatment of influenza in Japan, typically following a positive
result from a point-of-care (POC) test. During the 2009—
2010 pandemic, over 20 million POC test kits were shipped
to hospitals and clinics in Japan to enable rapid diagnosis,
and 89% of treated cases were administered NAIs within
48 hours of symptom onset.’* In Japan during 2013,
oseltamivir and laninamivir each represented 40% of NAIs
used, while zanamivir (15%) and peramivir (5%) use was
considerably less. NAI effectiveness has been assessed in
numerous observational studies in Japan. Oseltamivir effec-
tiveness is significantly reduced in patients with delayed
treatment, and duration of fever and viral shedding is longer
in treated patients with influenza B compared to influenza A
virus infections.”** The reduced effectiveness against influ-

33,35 and

enza B viruses was also observed in zanamivir
laninamivir> trials.

To determine whether NAIs reduced mortality during the
2009-2010 pandemic, data were compiled on 29 234 patients
hospitalised with confirmed A(HIN1)pdm09 infection.*®
Compared with no treatment, NAI treatment was associated
with significantly reduced mortality, with early treatment
also showing a reduced risk of mortality compared to late
treatment. Although there was no significant clinical effect
when comparing late treatment with no treatment in
hospitalised patients, there was a significant benefit in
treating patients who arrive late into intensive care units.*®

In a household prophylaxis study, inhaled laninamivir
given for either 2 or 3 days reduced the illness rate within
households to 3-9% and 3-7%, respectively, compared to
16-9% in households given a placebo.”” A ferret model of
oseltamivir prophylaxis has shown that while morbidity was
significantly reduced, the prophylaxis regimes did not
prevent infection nor significantly reduce virus load.”®

Resistance

Although all four NAIs are sialic acid analogues, they have
subtle differences in chemical structure and binding prop-
erties. Consequently, resistance patterns vary across NAIs.
The most commonly detected NA substitution causing NAI
resistance in Nl-containing influenza viruses is H275Y,
which confers resistance to oseltamivir and peramivir, but
not to zanamivir and laninamivir. This resistance mutation
became fixed in seasonal HIN1 viruses circulating in 2008—
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2009.%° A late 2013 cluster of HIN1pdm09 viruses containing
the H275Y substitution was detected in 38 (39%) of 97
HIN1pdm09 viruses from community patients not receiving
NAIs in Sapporo, ]apan,4o reminiscent of a similar cluster of
oseltamivir-resistant HIN1pdmo09 viruses in community
patients in Australia in 2011.*"** Importantly, both sets of
viruses contained permissive NA mutations (V2411 and
N369K) that have been shown in ferret studies to offset
the destabilising and negative effect of the H275Y NA
mutation.*’

In hospitalised influenza patients being treated with
intravenous zanamivir, next-generation sequencing has been
utilised to identify minor resistant virus populations. A total
of five NA substitutions were identified in different viruses,
including E119K and E119D; however, all apart from E119D
were present in such low proportions that they could not be
detected by Sanger ‘population’ sequencing methods.**

The effects of various mutations in catalytic and frame-
work residues of influenza B NA were investigated using
reverse genetics and a range of functional assays. Four
substitutions (D198E, 1222T, H274Y and N294S) conferred
reduced susceptibility to oseltamivir, while three substitu-
tions (E119A, D198Y and R371K) caused highly reduced
inhibition by oseltamivir, zanamivir and peramivir.* Two of
these variants (H274Y, E119A) had in vitro replication fitness
comparable to the NAI-susceptible viruses. To date, these
substitutions have only been detected on rare occasions in
circulating influenza viruses.

Novel/Pre-licensure antivirals

An intravenous formulation of zanamivir showed both
virological and clinical effectiveness without safety concerns
in patients hospitalised with influenza in Japan.*® A range of
new adamantane derivatives have good antiviral activity in
vitro and in animal models against HIN1pdm09 and H3N2
viruses that contain the S3IN M2 ion channel substitution
that confers resistance to amantadine.*’

Favipiravir is a novel pyrazinamide molecule that inhibits
replication of various RNA viruses, including influenza types
A, B and C (including oseltamivir-resistant strains), and has
recently been licensed in Japan for the control of novel or re-
emerging influenza viruses. Its triphosphate metabolite is an
RNA polymerase inhibitor which disrupts virus genome
replication; synergy with oseltamivir has been demonstrated
in pre-clinical models.*® A phase II study in the US has
shown that a twice-daily regimen decreased the titre and time
to cessation of virus shedding, and had a significant benefit in
reducing clinical symptoms (NCT01068912; www.clinicaltri-
als.gov). Subsequent phase III studies are currently ongoing
(NCT02008344 and NCT02026349).

A neutralising monoclonal antibody (MHAA4549A)
which binds to the HA stalk of influenza A viruses in both
group 1 and group 2 HA subtypes has been effective when
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given up to 72 hours post-infection in mice and ferrets
infected with H5N1.*” Phase I and Ila trials in humans
showed that the antibody was well tolerated, had a mean
half-life of 21-9 days and was effective as therapy at high
doses in experimentally infected volunteers (NCT01877785).
Upcoming placebo-controlled phase IIb trials will target
hospitalised influenza patients requiring oxygen and com-
pare the combination of the monoclonal antibody with
oseltamivir to oseltamivir monotherapy (NCT01980966).
Other broadly neutralising antibodies against multiple clades
of H5N1 have been generated by glycan masking of key HA
antigenic residues to direct antibody responses to the more
conserved stem region of the HA.>® FluPep, a novel peptide
that prevents virus entry into cells, has been shown in mouse
studies to be effective in reducing virus titres in lungs,
inflammatory cytokines and mortality.’!

Fludase (DAS-181) is a host-targeted therapeutic agent
that removes sialic acid from cellular receptors in the
respiratory tract, thus preventing influenza virus binding.
Delivered topically, it is effective in animal models of lethal
H5N1 and H7N9 infection, including a NAI-resistant R292K
H7N9 variant.”> In a phase 2 RCT, inhaled DAS181 reduced
pharyngeal viral replication in uncomplicated influenza but
did not reduce nasal virus loads or improve clinical
outcomes.” Another receptor-targeted approach is the
development of multivalent sialic acid-binding proteins;** a
single administration 7 days pre-infection resulted in the
protection of 80-100% of mice from lethal H7N9 chal-
lenge.”® Apart from blocking sialic acid, the compound
appears to stimulate the expression of pro-inflammatory
mediators, thereby ‘preparing’ the immune system for
subsequent influenza infection. When delivered 24 hours
post-infection, protection was, however, only 20-40%.

Although drug resistance is considered less likely to occur
with host-directed therapies, escape mutants have developed
rapidly following exposure to a host-directed vacuolar
ATPase-inhibiting drug.®® Furthermore, following serial
passage of different viruses in the presence of bafilomycin
Al, two HA mutations were selected (A19T and S210N)
which resulted in reduced drug susceptibility and increased
virulence in mice.”

Vaccines

Multiple influenza vaccine effectiveness (IVE) studies have
used the control test negative design approach to estimate
IVE during early and late phases of influenza seasons, the
2009 pandemic, and by age or target groups. Typically, IVE
estimates range from 40% to 60% each season.”” Future
studies will investigate IVE with respect to the type of
influenza vaccine used, whether IVE differs between the start
and end of the season and the effect of previous vaccination.
In Japan in 2013/14, IVE for influenza A in children aged 1-
5 years averaged 72% (95% CI 64-79), dropped to 48%

© 2014 The Authors. Influenza and Other Respiratory Viruses Published by John Wiley & Sons Ltd. 23 |



[ Hurt et al.

(95% CI 31-61) in children aged 6-12 years and was not
apparent against influenza B in any age group (—1%, 95% CI
—19 to 14).®

Influenza vaccine effectiveness is known to be lower in
adults over 65 years of age, a group that accounts for >60%
of seasonal influenza-related hospitalisations and >90% of
influenza-related deaths. In an effort to improve IVE in the
elderly, recent RCTs have investigated the use of adjuvants,
intradermal injection and higher doses of antigen. While the
use of ASO3-adjuvanted influenza vaccine was only moder-
ately superior to non-adjuvanted vaccine in the elderly,>® the
use of a high-dose vaccine containing four times the standard
level of HA (60 pg per virus) did result in improved
effectiveness compared to the standard dose vaccine.*

For vaccine manufacturers, generating high-growth reas-
sortants of certain circulating viruses can be challenging. A
recent study used random mutagenesis of PR8 and selection
of high-growth clones in MDCK and Vero cells to derive a
high-growth version of PR8.®" Reassortment of the high-
growth PR8 virus with the HA/NA of either H5N1, H7N9 or
seasonal influenza viruses showed that yields significantly
exceeded equivalent reassortants that contained the internal
genes of the ‘normal’ PR8 virus.®!

Non-influenza respiratory viruses

MERS-CoV

As of July 2014, the number of confirmed cases of MERS-
CoV has exceeded 830, with at least 288 associated deaths.®*
The majority of cases have involved patients with comor-
bidities (76%) and are predominately males (63%) with a
median age of 47.°%°* Fewer than 25% of patients have
reported contact with animals including dromedary camels,
which have been shown to be one likely animal reservoir
based on sero-positivity and detection of MERS-CoV.%’
More than 25% of the infections have been in healthcare
workers, and the large number of nosocomial infections is
likely due to inadequate infection control in hospitals plus
enhanced surveillance that has detected a substantial number
of mild or asymptomatic infections.”> Outside hospital, the
burden of disease is likely to be larger than has been
reported.®® Serological analysis of several UK patients found
a rapid rise in antibodies from day 10, and that titres were
maintained for at least 300 days post-infection. Anti-S (spike
glycoprotein) antibodies are responsible for virus neutralisa-
tion. Importantly for serological analyses, patients who
experience only mild disease may mount only a modest
serological response.”” Sequential samples from three cases
involved in a chain of transmission were extensively analysed
using next-generation sequencing.’® Various minority vari-
ants were detected, of which some were transient while others
were transmitted, and there was evidence of variation in
frequency of some variants in different body compartments.

Various therapeutic options have been investigated for the
treatment of MERS-CoV, but no therapy of proven value
currently exists. The use of SC was associated with adverse
outcome in SARS® and is not recommended for MERS-
CoV. Many agents have shown inhibitory effects against
MERS-CoV in cell culture including interferon +/— ribavirin,
cyclosporine A, mycophenolic acid, chloroquine and lopin-
avir.”° Interferons, lopinavir, mycophenolate, possibly alis-
porivir and combinations are reasonable choices for testing
in controlled clinical trials. Exploratory post hoc meta-
analysis of studies related to SARS and severe influenza has
shown a significant reduction in mortality following conva-
lescent plasma treatment compared to placebo or no therapy
(odds ratio 0-25; 95% CI 0-14—0-45).”! Thus, the early use of
virus-specific neutralising antibodies in the form of conva-
lescent plasma and monoclonal or polyclonal neutralising
antibodies for treatment of MERS-CoV has the highest
likelihood of clinical benefit.®* Modalities with risks likely to
exceed benefits include SC, ribavirin monotherapy and
IVIG.”?

Other respiratory viruses

Respiratory syncytial virus (RSV)
Respiratory syncytial virus disproportionately impacts chil-
dren in low-income countries.”> Almost all children will have
been infected with RSV by their 2nd birthday, and it is the
number one cause of hospitalisation of infants in the US,
causing 10 times more infant deaths than influenza.”* In
addition, RSV infects 3-10% of adults annually and accounts
for 5-15% of community acquired pneumonia (CAP) and 9—
10% of hospitalisations,75 a burden of disease that
approaches that caused by influenza. In a study, conducted
in Hong Kong, of 607 hospitalised adults with RSV, 40% had
pneumonia and 70% required supplementary oxygen; mor-
tality rates and duration of hospital stay were similar to those
observed for influenza patients.”” Approximately, 15% of
hospitalised RSV patients had bacterial superinfections.
Although corticosteroids were used to treat 38% of patients,
treatment had no benefit on clinical outcome, and instead
increased bacterial secondary infections and caused a longer
duration of illness.”” RSV replication appears prolonged in
patients with comorbidities and LRT complications.
Palivizumab prophylaxis of premature infants of
<6 months of age has been shown to reduce hospitalisation
due to RSV by 55%.”° Preventing RSV during infancy has
been associated with reduction of wheezing later in life.””
Trials of other monoclonal antibodies have typically shown
that they do not achieve superiority compared to pali-
vizumab and therefore do achieve licensure. Furthermore,
treatment with neutralising monoclonal antibodies does not
appear to reduce virus load or disease severity in hospitalised
infants.”® Alternative options for RSV therapy to be assessed
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in future clinical trials include inhaled nanobodies, aeroso-
lised peptides, nucleoside analogues and RNA-interference
molecules.

Rhinoviruses
Human rhinoviruses (HRV) usually cause mild acute respi-
ratory infections, but on occasions can also cause more
severe respiratory infections, including exacerbations of
asthma and COPD. Of 115 Japanese children with asthma,
a respiratory virus was detected in 86%, of which HRV
(n=36) or RSV (n = 47) were most common.”’ Ex vivo
bronchial epithelial cells from people with asthma are more
susceptible to HRV infection, due to deficient induction of
IFN-B and IFN-lambda. In a study of 147 asthmatics on
inhaled corticosteroid therapy, with a history of virus-
associated exacerbations, patients were randomised to 14-day
treatment with inhaled IFN-f or placebo within 24 hours of
developing cold symptoms. Patients who received IFN-f had
enhanced morning peak expiratory flow recovery, reduced
need for additional treatment and boosted innate immunity
as assessed by blood and sputum biomarkers. In an
exploratory analysis of a subset of more difficult-to-treat
asthma (n =27 IEN-B; n =31 placebo), worsening of
symptoms increased significantly in the placebo group, but
was prevented by IFN-B (P = 0-004).%°

A picornavirus-specific antiviral, vapendavir, was found to
reduce symptom scores, lower bronchodilator puffer use and
reduce viral load in asthma patients with an URTI due to
HRV.*!

Diagnosis and treatment of respiratory
infections

Diagnostics

Point-of-care tests that can deliver a result in 15 minutes
have been available in many countries for the last decade, but
while having good specificity, the sensitivity has typically
been poor, ranging from 10% to 80% compared to PCR or
culture. Their use in emergency departments of hospitals can
result in reduced unnecessary antibiotic use and an increased
likelihood of discharge. Newer immunofluorescence-based
POC tests with improved sensitivity are being developed. In
addition, the Quidel Sofia POC test may be linked via the
internet such that results can be reported in real-time to
central databases. Other POC tests are using photographic
silver amplification immunochromatography technology to
increase sensitivity.®*

PCR remains the gold standard for virus diagnostics with
an ability to be rapid, sensitive, specific and to identify a wide
range of pathogens via different assays. The ability to
multiplex multiple pathogen targets allows costs to be
reduced in a diagnostic setting. New closed-system technol-
ogies which involve only minimal hands-on time (a few

Overview of 3rd isirv-Antiviral Group Conference

minutes) and that conduct both automated nucleic acid
extraction and PCR for multiple pathogens are now available,
but are currently limited for clinical diagnostic purposes due
to low-throughput capabilities.®> Next-generation sequenc-
ing technologies and PCR-based analyses with increasing
sensitivity both offer considerable scope in diagnosis,
although our current understanding of the clinical impact
of pathogens at low levels or the presence of variants as
minor virus populations is limited. Providing low-cost,
sensitive assays for diagnosing respiratory virus infections in
low/middle-income countries is challenging, but has the
potential to improve treatment and avoid unnecessary
antibiotic use in these regions.

Treatment

Repurposed drugs for respiratory viral infections

Nitazoxanide (NTX) is an antiparasitic agent approved for
Giardia and Cryptosporidium infections that also inhibits
replication in wvitro of influenza and other respiratory
8 Treatment with NTX 600 mg twice daily for
5 days was associated with a reduction in the duration of
symptoms in participants with acute uncomplicated influ-

viruses.

enza.®” In a subset analysis of 238 patients with no confirmed
virus infection, treatment with NTX 600 mg also led to a
shorter time to alleviation of symptoms in comparison to
placebo (88-4 versus 105-7 hours, P = 0-02).8

Systemic corticosteroids for respiratory virus infections

A review of prospective observational studies has shown that
SC increased the risks of mortality and morbidity (e.g.
secondary infections, hospital-acquired pneumonia) in
severe infection due to influenza A(HIN1)pdmO09 especially
with delayed antiviral therapy.®” During SARS infections, a
higher risk of avascular necrosis and prolonged virus
shedding were observed in patients who had received high-
dose SC therapy.®® It is therefore important to avoid the use
of high-dose SC in severe respiratory viral infections outside
the context of clinical trials. Larger trials are needed to
resolve the uncertainty regarding the effect of early SC
therapy in ARDS. Low-dose SC is indicated for management
of refractory septic shock,” and a short course of SC is
indicated for acute exacerbations of obstructive airway
diseases (asthma, COPD)®° Current evidence does not
support a clinically relevant effect of systemic or inhaled
glucocorticoids on admission or length of hospitalisation for
acute viral bronchiolitis in infants and young children.®*

Immunocompromised patients

Respiratory syncytial virus, influenza viruses, parainfluenza
(PIV) viruses and adenoviruses (AdVs) cause the most
serious disease in immunocompromised hosts, but other
respiratory viruses are becoming increasingly appreciated as a
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cause of both upper and lower respiratory tract disease. The
potential for these viruses to cause lower respiratory tract
infections (LRTI) after transplantation varies. Human meta-
pneumovirus infections have similar outcomes to RSV
infection in hematopoietic stem cell transplant (HSCT)
recipients, including potentially severe and fatal pneumonia.
HRV and coronavirus infections are very frequent in
transplant recipients, but severe lower respiratory tract
disease is uncommon.

In a prospective study of 112 lung transplant recipients, the
virus infection rates upon screening, routine and emergency
visits were 14%, 15% and 34%, respectively. Picornaviruses
were identified most frequently in nasopharyngeal (85/140;
61%) and BAL specimens (20/34; 59%). Asymptomatic virus
carriage, mainly of picornaviruses, was found at 10% of
screening visits. Infections were associated with transient
lung function loss and high calcineurin inhibitor blood levels.
The hospitalisation rate was 50% for influenza and PIV and
16-9% for other viruses. Acute rejection was not associated
with virus infection.”® The risk factors for severe LRTI among
transplant recipients include early onset post-transplant
(<3 m), steroid boluses, young children (<I year), chronic
GVHD, lymphopenia/lymphodepletion and allogeneic HSCT
patients.”?

Influenza
Immunocompromised patients with influenza exhibit more
complications, longer virus shedding and more antiviral
resistance, while often demonstrating milder clinical symp-
toms and signs on initial clinical assessment.” Influenza A
(HIN1)pdmO09 viruses have the potential for rapid emer-
gence of oseltamivir resistance and causing severe morbidity,
particularly in immunocompromised patients with lymp-
hopenia and delayed antiviral therapy.”* Influenza viraemia
may serve as a marker for overall poor outcome with
increased risk of progression to LRTI, hypoxaemia, respira-
tory failure and death. Influenza RNA in blood (viraemia)
was detected in nine of 79 (11-4%) HSCT recipients with
influenza. Among patients with LRTI, viraemia was associ-
ated with increased hazards of overall as well as influenza-
associated death (hazard ratio 35, 1-1-12).%°

In 143 HSCT recipients with documented seasonal influ-
enza infection, treatment with high-dose corticosteroids was
associated with a trend towards prolonged virus shedding
[(OR), 3-3; 95% CI 1-0-11; P = 0-05], whereas antiviral
therapy initiated to treat upper respiratory tract infection
(URTI) was associated with fewer cases of LRTI (OR, 0-04;
95% CI, 0-0-2; P < 0-01) and fewer hypoxaemia episodes
(OR, 0-3; 95% CI, 0-1-0-9; P = 0-03).” In view of the risks of
prolonged replication and drug resistance emergence,”’ a
longer duration and a higher NAI dose may be beneficial.
Early therapy was consistently demonstrated to have
improved outcomes.”®'®" Other treatment options under

study are the use of triple combination therapy with
amantadine, oseltamivir and ribavirin,'®> or intravenous
peramivir'® or zanamivir.'™* Therapy of influenza in lung
transplant recipients is associated with a reduced risk of
developing bronchiolitis obliterans syndrome.'%®

Parainfluenza

DASI1381 is inhibitory for PIV and influenza viruses, including
those resistant to the amantadine and NAIs'°® and may be
effective in treating immunocompromised patients with
severe PIV lung disease.'”” In a study of four severely
immunocompromised children with PIV disease treatment
with DAS181 for 5-10 days, by dry powder inhalation or
nebulisation, was well tolerated. Transient increase in serum
alkaline phosphatase, liver function and coagulation tests
were observed, but nasal wash virus loads were reduced in all
patients within 1 week with improved clinical features.'*®

RSV

In a RCT of lung transplant recipients with RSV infection,
the incidence of new or progressive bronchiolitis obliterans
syndrome at day 90 was significantly reduced in 16 patients
who received a small interfering RNA against the RSV N-
gene (ALN-RSVO01) compared with placebo (n = 8) (6-3%
versus 50%, P = 0-027).'" In a larger follow-up multicentre
phase IIb study, treatment with ALN-RSVO1 showed a
greater than eightfold reduced risk in developing bronchio-
litis obliterans syndrome at day 180.""°

Adenovirus (AdV)

Adenovirus is a serious, often fatal infection in immuno-
compromised patients, especially in HSCT recipients. The
control of AdV is mostly T-cell mediated, and therefore,
patients who have received T-cell suppressive regimens are
at an increased risk for AdV infection. The annual incidence
of AdV infections in HSCT recipients ranges from 5% to
50%, and is increasing, likely due to increased use of T-cell-
depleted allografts and cord blood as source. The mortality
rate is up to 80%.""" Brincidofovir (BCV; formerly CMX-
001) is an orally bioavailable lipid-conjugate of cidofovir
(CDV) that provides high intracellular concentrations of
CDV diphosphate with a long intracellular half-life (up to
4-6-5 days). BCV is 65-fold more potent against AdV than
CDV in vitro with a low risk of myeloid — or nephro-
toxicity, but gastrointestinal side effects are more com-
mon.'"? In a retrospective study of 13 immunocompro-
mised patients given BCV for AdV disease after failing or
intolerance to i.v. cidofovire nine patients (69-2%) demon-
strated a virological response (VR), which was defined as a
99% drop from baseline or undetectable AdV DNA in
serum by week 8. Patients with VR had longer survival than
those without VR (median 196 days versus 54-5 days;
P =0-04).""
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