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ABSTRACT

Background The common cold is the most common
infectious disease affecting humans and has a substantial
economic impact on society. Human rhinoviruses, which
cause almost two-thirds of colds, have demonstrated
temperature-dependent replication which is optimal
between 33°C and 35°C.

Methods This randomised, single-blind, parallel-group
trial completed at a single-centre in New Zealand,
recruited 170 participants aged 18-75 years (mean

age 27.5 years) who were within 48 hours of common
cold symptom onset and had a symptom score (the
Modified Jackson Score (MJS)) >7 and a negative point-
of-care test for influenza. Participants were blinded to
the intervention and randomised (1:1) to 5 days of either
nasal high flow rhinothermy (rNHF) (100% humidified air
delivered at 35 L/min and 41°C for 2 hours daily) (n=85)
or ‘sham’ rhinothermy (100% humidified air delivered

at 10 L/min and 31°C for 10 min daily) (n=85) and
completed daily symptom diaries, which included the
MJS, for 14 days, to investigate whether rNHF reduced
common cold symptom severity and duration compared
with ‘sham’ rhinothermy.

Results An intention-to-treat superiority analysis included
all randomised participants and showed no difference
between treatment groups for the primary outcome, the
day 4 MJS analysed by analysis of covariance: mean (SD)
6.33 (3.97) for rNHF vs 5.8 (3.15) for ‘sham’; estimated
difference (95% Cl) 0.37 (-0.69 to 1.42), p=0.49. There
was no difference in time until resolution of symptoms:
mean (SD) 5.96 (4.47) days for rNHF vs 6.42 (4.09) days
for ‘sham’; estimated difference (95% Cl) 1.02 (0.75 to
1.38), p=0.91. There were no serious adverse events
related to the study treatments.

Conclusions This well-powered, single-blind randomised
controlled trial does not provide evidence that 5days of
rNHF (100% humidified air heated to 41°C delivered at
35L/min for 2 hours daily) reduces common cold symptom
severity or duration. However, investigation of rNHF in the
treatment of influenza is warranted.

Trial registration number ACTRN12617001340325.

Strengths and limitations of this study

» Investigator supervised first treatment which en-
sured the first dose was received.

» Use of a sham intervention reduces any potential
device-related effect.

» Due to the nature of the intervention it was not pos-
sible to use a double-blind design.

» Limited accuracy of adherence data as only avail-
able from download of device use data. The sam-
ple population consists of predominantly university
students which reduces the overall generalisability
of the results.

INTRODUCTION

The common cold is the most common infec-
tious disease affecting humans.' It can cause
significant morbidity and is a major cause of
exacerbations of asthma and chronic obstruc-
tive pulmonary disease (COPD).*? Further-
more, it has a substantial economic impact on
society. In the USA alone, non-influenza viral
respiratory tract infections cause an estimated
20million lost workdays, 110million physi-
cian visits and 6million emergency depart-
ment visits annually,* producing an economic
burden of US$40billion each year.* There
are many cold remedies marketed, however,
the evidence for their effectiveness is incon-
clusive or, at most, demonstrates limited
symptom reduction.’

Human rhinoviruses (HRVs) cause up to
two-thirds of colds and have temperature-
dependent replication.’ In vitro replication
of most HRV strains is optimal between
33°C and 35°C,° which is the normal physi-
ological temperature of the upper airways,’
whereas temperatures of 39°C-45°C have
been demonstrated to inhibit viral replica-
tion.” " In addition, local hyperthermia may
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enhance antiviral activity,’’ ' and heated humidified
air (HHA) has been shown to reduce nasal congestion
and secretions in allergic rhinitis."”” These observations
raise the possibility that rhinothermy, a treatment which
increases upper airway temperature by delivering HHA
via the nares, may attenuate the severity and duration of
common cold symptoms.

A Cochrane systematic review identified six studies in
which participants with the common cold were treated
with HHA, and reported no evidence of harm or benefit.!
However, the evidence quality was low gralde,1 and the
studies used a variety of delivery systems which may have
been inefficient and inconsistent in their delivery of HHA
to the upper airways.” """ These limitations are poten-
tially overcome with the use of a nasal high flow (NHF)
device which can deliver gas at a consistent temperature
with minimal entrainment of ambient air.

In a proof-of-concept feasibility randomised controlled
trial (RCT), 5days of NHF rhinothermy (rfNHF), which
delivered 100% humidified air at 35L./min and 41°C for
2hours daily to participants with common cold symptoms,
achieved a clinically significant reduction in symptom
score compared with vitamin C treatment.'®

Subsequently, we have undertaken a well-powered RCT
to investigate the effectiveness of rNHF in the treatment
of the common cold. We hypothesised that rNHF would
reduce symptom severity and duration compared with
‘sham’ rhinothermy.

METHODS

Study design and participants

This study was a randomised, single-blind, parallel-group
trial that compared 5days of rNHF with ‘sham’ rhino-
thermy in the treatment of the common cold.

The study was completed at a single site in Wellington,
New Zealand (the Medical Research Institute of New
Zealand (MRINZ)) in accordance with Good Clinical
Practice guidelines and the Declaration of Helsinki. The
protocol was prospectively registered and published.' The
study was advertised within the local hospital, universities,
general practices and the MRINZ social media feed and
website. Advertisements included contact details for the
principal investigator who then arranged a screening visit
and sent a study-specific information sheet to those who
volunteered as potential participants. All potential partic-
ipants provided informed consent prior to proceeding
with the screening visit which was conducted by study
investigators. Eligible participants were adults aged 18-75
years presenting within 48 hours of self-reported onset of
common cold symptoms, with a Modified Jackson Score
(M‘]S)20 2 >7 (figure 1). The M]S is a validated symptom
severity score for viral upper respiratory tract infection
(URTI). The study was conducted alongside a related trial
for participants with influenza which used both this study
protocol and its own separate protocol. Further details
for this trial are not included in this paper.

Absent Mild Moderate Severe
Nasal congestion 0 1 2 3
Nasal discharge 0 1 2 3
Sneezing 0 1 2 3
Sore/scratchy throat 0 1 2 3
Cough 0 1 2 3
Headache 0 1 2 3
Malaise 0 1 2 3
Fever/chills 0 1 2 3

Figure 1 The Modified Jackson Score (MJS). The MJS is

a validated symptom severity score for upper respiratory
tract infection. Individuals rate eight characteristic common
cold symptoms as either absent, mild, moderate or severe
to produce a total score out of 24. An MJS of greater than or
equal to seven was an inclusion criterion for this study.

Exclusion criteria

A history of an immunocompromising condition, noti-
fiable disease, COPD or other significant respiratory
conditions, or nasal conditions which could impair nasal
breathing (such as a deviated nasal septum or chronic
rhinosinusitis); a current diagnosis of asthma with symp-
toms or requirement of asthma medication during the
last 12 months; current use of or requirement for oral
antibiotics for respiratory tract infection, pneumonia or
infective exacerbation of underlying respiratory condi-
tion; current use of or requirement for parenteral anti-
biotics; presence of an implantable medical device; a
positive GeneXpert point-of-care test for influenza A or
B; pre-existing travel plans that require them to leave the
greater Wellington region during the first 5days of the
study.

Treatment, randomisation and masking

Following the screening process, enrolled participants
were randomised 1:1 to receive 5days of rfNHF (100%
humidified air delivered at 35 L./min and 41°C for 2 hours
daily) or ‘sham’ rhinothermy (100% humidified air deliv-
ered at 10L/min and 31°C for 10 min daily).

The ‘sham’ settings were chosen to produce a treat-
ment which would control for device effect, but also mini-
mise any potential therapeutic effect. Low airflow rates
maximise entrainment of ambient air, therefore, 31°C at
10L/min was unlikely to bring nasopharyngeal tempera-
ture outside the usual physiological range.

A permuted block randomisation method stratified
by duration of illness, <24hours vs >24hours, was used
to allocate participants to either treatment. An indepen-
dent study statistician supplied the computer-generated
sequence. The randomisation schedule was only
accessed by the study statistician and data management
team. The electronic case report form (eCRF) system
concealed the allocations and released them at the time
of randomisation.

Study investigators screened and enrolled participants
and were unmasked to treatment allocation. Both treat-
ments used a device that delivered HHA to the airways
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via a nasal cannula. Participants were informed that two
different rhinothermy regimens were being investigated
but did not know which regimen was the investigational
treatment, nor details of either regimen. As such, all
participants were masked to their treatment.

Procedures

All study visits took place at MRINZ. The screening visit
included calculation of symptom duration and day 1
(baseline) M]JS, and collection of nasopharyngeal speci-
mens which were tested for the presence of influenza type
A or B. Samples from enrolled participants were sent for
multiplex respiratory testing.

Immediately following screening, enrolled participants
were randomised to their treatment and received instruc-
tion in its use. On day 1, the first treatment was adminis-
tered under the supervision of investigators. On days 2-5,
participants self-administered their treatment at home.

Those randomised to rNHF were encouraged to admin-
ister their treatment in a single 2-hour session. However,
if they were unable to do so, they were advised that treat-
ment could be splitinto no more than two sessions aiming
for a total of 2hours of rhinothermy on each treatment
day. Participants were also permitted to reduce the flow
rate from 35L/min to 30L/min according to comfort.
Those randomised to ‘sham’ were encouraged to admin-
ister their treatment in a single 10 min session and were
unable to adjust the flow rate.

Participants were asked to complete a daily symptom
diary (figure 2) on day 2 until day 14 inclusive. Using
the symptom diary, participants were asked to document
the daily MJS; how they felt each day as compared with
day 1, either a lot worse, a little worse, about the same,
a little better, or a lot better; if they had returned to
their normal daily activities; and details regarding use

Jackson Score Diary

Absent Mild Moderate Severe

Nasal congestion e} e} e} e}
Nasal discharge o e} o o
Sneezing e e e e
Sore/scratchy e} e} e} e}
throat

Cough e e e} e
Headache o o o o
Malaise ) ) ) )
Fever/chills o o o o

How do you feel today compared to on Day 1?

A lot better

A little better
About the same
A little worse

O 00 0O

A lot worse

Have you returned to your normal daily activities today?

o Yes
o No

Figure 2 Daily symptom diary. An example of the daily
symptom diary completed by participants on day 2-14 of the
study.

of any medications or remedies for symptoms. Enrolled
participants were asked to refrain from using any over-
the-counter medication or remedies for symptom relief
for the duration of the study, however, their use did not
constitute a reason for withdrawal.

Participants were asked to visit the MRINZ on day 5
to return their devices and complete a tolerability ques-
tionnaire regarding their device and treatment. Any new
medications, adverse events (AEs) or device issues were
also reviewed during this visit and again during the day
14 follow-up phone call. Both treatment devices auto-
matically recorded device use data electronically which
study investigators downloaded on return from each
participant.

Nasopharyngeal specimen handling and testing
Nasopharyngeal specimens were obtained using Copan’s
flocked swabs (FLOQSwab). These specimens were tested
for the presence of influenza type A or B virus nucleic
acid using the GeneXpert Xpress influenza/respiratory
syncytial virus (RSV) point-of-care test (Cepheid, Sunny-
vale, California, USA). The sensitivity and specificity of
real-time PCR using the GeneXpert Xpress influenza/
RSV point-of-care test for the rapid diagnosis of influenza
virus has been reported as 97.8% and 100%, respectively.*®

Nasopharyngeal specimens obtained from enrolled
participants were also sent to Canterbury Health Labo-
ratories for multiplex respiratory testing using Fast Track
Diagnostic (FITD) Respiratory pathogens 21 assay, to
confirm the presence or absence of 21 different respira-
tory pathogens: influenza A virus; influenza A (HINI)
pdm 2009 virus; influenza B virus; HRV; human corona-
virus (CoV) NL63, 229E, OC43 and HKU1; human para-
influenza virus 1, 2, 3, and 4 (PIV1, PIV2, PIV3, PIV4);
human metapneumovirus A/B; human bocavirus; human
RSV A/B; human adenovirus; enterovirus; human pare-
chovirus and Mycoplasma pneumoniae.

Both enterovirus and HRV are from the picornaviridae
family and there is high sequence homology between the
two. This can result in the detection of both HRV and
enterovirus using the respiratory 21 assay. Due to this
cross-reactivity, enterovirus and HRV cannot be reliably
differentiated and may mimic coinfection.

Data collection
Study data were collected and managed using Research
Electronic Data Capture (REDCap) tools hosted at
MRINZ.* REDCap is a secure, web-based software plat-
form designed to support data capture for research
studies, providing an intuitive interface for validated data
capture; audit trails for tracking data manipulation and
export procedures; automated export procedures for
seamless data downloads to common statistical packages;
and procedures for data integration and interoperability
with external sources.

Study visits took place on day 1 and day 5, with a
follow-up phone call on day 14. The MJS on day 1 was
collected by the investigator as part of the screening visit.
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After this, participants completed a daily symptom diary
(figure 2) remotely and entered this data directly into
either an eCRF on REDCap, or on paper.

All enrolled participants reported having home internet
and email access. The links to the daily symptom diary
were generated by REDCap and sent to the participants
via automated email. Participants entered their online
symptom diary data directly into REDCap. All participants
were provided with paper versions of the daily symptom
diary for use if they lost computer or internet access.

Outcomes

In the recent RCT of rNHF compared with vitamin C,
the greatest difference in MJS between treatment groups
was on day 4."® The day 4 MJS was therefore chosen as
the primary outcome for this study. Secondary outcomes
were daily MJS from day 2 up to day 14 inclusive; the
number of days until feeling ‘a little better’ and ‘a lot
better’ compared with day 1; the number of days until
resolution of symptoms; and the number of days until
‘return to normal daily activities’. Time until resolution
of symptoms was used to assess the effect of treatment on
duration of the common cold. Resolution of symptoms
was defined as the start of a 24-hour period in which the
M]JS was less than or equal to oneand remained so for
24hours. Prespecified potential effect modifying vari-
ables were HRV positive status, and duration of symptoms
before randomisation: treatment <24hours vs =24 hours
but <48 hours from symptom onset.

Other outcomes were the number of participants with
each pathogen type identified by PCR analysis of naso-
pharyngeal specimens; patterns of device use; adherence
to treatment; and treatment tolerability including ease of
use, overall comfort, and likelihood of future use (online
supplemental appendix 1.1). Finally, in view of the current
SARS-CoV-2 (COVID-19) pandemic, we performed a post
hoc analysis to test for an interaction between human
CoV status and the primary outcome.

Device use and adherence

Patterns of use of the rNHF and ‘sham’ rhinothermy
devices, including number of minutes and treatment
sessions used per day, were determined by the stored
device data downloaded on day 5. Adherence to rNHF
was defined as a minimum of 90 min of use per day, deliv-
ered in no more than two sessions per day. Adherence to
‘sham’ rhinothermy was defined as a minimum of 6 min
of use per day, delivered in no more than a single session.

Statistical analysis

The statistical analysis was an intention-to-treat superi-
ority analysis and included all randomised participants.
Full analysis details in online supplemental appendix 1.2.

Sample size

A sample size of 85 in each treatment group had 90%
power, alpha 5% to detect a difference in MJS of 3.5 units
allowing for 10% drop-out (explanation in online supple-
mental appendix 1.3).

Table 1 Baseline characteristics for continuous and
categorical variables
Mean (SD)
rNHF* N=85 Shamt N=85
Age (years) 25.8 (6.7) 29.3 (11.5)
Symptom duration at time 31.1 (11.3) 31.5(9.8)
of randomisation (hours)
Day 1 (baseline) MJSt 12.26 (3.43) 11.71 (3.30)
N/85 (%)
rNHF Sham
Sex (female) 60 (70.6) 62 (72.9)
Ethnicity
Asian 8(9.4) 4 (4.7)
European 69 (81.2) 69 (81.2)
Maori 6 (7.1) 7 (8.2)
Other 1(1.2) 0 (0)
Pacific 1(1.2) 5 (5.9)
Smoking status
Current 7 (8.2) 2 (2.4
Ex-smoker 10 (11.8) 16 (18.8)
Never-smoker 68 (80.0) 67 (78.8)

*Nasal high flow rhinothermy treatment group.

tSham rhinothermy group.

FThe MJS is a validated symptom severity score for viral upper
respiratory tract infection. Participants score eight symptoms from
0-absent, 1-mild, 2-moderate, 3-severe, to produce a symptom
score out of 24. The eight symptoms are nasal congestion, nasal
discharge, sneezing, sore/scratchy throat, cough, headache,
malaise and fever/chills.

MJS, Modified Jackson Score; rNHF, nasal high flow rhinothermy.

RESULTS

Study results have been reported in line with Consoli-
dated Standards of Reporting Trials guidelines for parallel
group randomised trials.** All results are available in the
online supplemental materials.

There were 170 participants recruited between February
2018 and July 2019. Table 1 describes the baseline char-
acteristics of these participants in relation to randomised
treatment.

Figure 3 shows the flow of participants through the trial.
There were 208 potential participants who were screened
for eligibility, 38 of whom were ineligible for enrolment
in the study (online supplemental table 1). One partic-
ipant in the rNHF group withdrew, and another in this
group had their treatment discontinued on day 3 due to
safety concerns.

There were 112 (66%) participants PCR positive for
a common cold virus, among whom the most frequent
viruses were HRV (61%) and coronaviruses (29%)
(online supplemental table 2).

The mean (SD) day 1, baseline, MJS was 12.26 (3.43)
for rNHF, and 11.71 (3.30) for ‘sham’ (online supple-
mental table 3). The mean (SD) symptom duration at
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Assessed for eligibility (n=208)

Excluded (n=38)

+ Not meeting inclusion criteria (n=18)
+ Declined to participate (n=0)

+ Other reasons (n=20)

Randomized (n=170)

l 1 Allocation | l
Allocated to rNHF (n=85) Allocated to ‘sham'’ rhinothermy (n=85)
+ Received allocated intervention (n=84) + Received allocated intervention (n=85)
+ Did not receive allocated intervention (n=1) + Did not receive allocated intervention (n=0)

(withdrew)
l Follow-Up l
)

Lost to follow-up (n=1) (unable to contact) Lost to follow-up (n= 1) (unable to contact)
Discontinued intervention (n=1) (investigator Discontinued intervention (n=0)
decision due to safety concerns)

l L Analysis | l
Analysed (n=85) Analysed (n=85)
+ Excluded from analysis (n=0) + Excluded from analysis (n=0)

Figure 3 A flow diagram outlining participant study
progress. rNHF, nasal high flow rhinothermy.

randomisation was 31.1 (11.3) hours for rNHF and 31.5
(9.8) hours for ‘sham’ (online supplemental table 3). All
participants were within 48 hours of symptom onset at
the point of randomisation, and 31 (18%) were within 24
hours (online supplemental table 4).

Primary outcome

There was no difference between treatment groups for
the primary outcome: mean (SD) day 4 MJS 6.33 (3.97)
for rNHF vs 5.8 (3.15) for ‘sham’; estimated difference
(95%CI) 0.37 (-0.69 to 1.42), p=0.49 (online supple-
mental figure 1 and online supplemental table 5).

Secondary outcomes

There was no difference between treatment groups for
MJS on any individual day (online supplemental figure
2 and online supplemental table 6). An interaction
term ‘time-by-treatment’ was not statistically significant
(p=0.72), therefore, there was no evidence that the
difference between treatments changed at specific times
(online supplemental table 6).

For the time-until-event outcome variables, there was
no difference in time to feeling ‘a little better’ or ‘a lot
better’, or time until ‘return to normal daily activities’
(online supplemental figure 3 to 5, and online supple-
mental table 7a). There was no difference in time until
resolution of symptoms: mean (SD) 5.96 (4.47) days for
rNHF vs 6.42 (4.09) days for ‘sham’; estimated difference
(95%CI) 1.02 (0.75 to 1.38), p=0.91 (online supple-
mental figure 6 and online supplemental table 7a).

Interaction analyses

There was no evidence that the difference between treat-
ments for the primary outcome was altered by symptom
duration at the time of randomisation, p interaction=0.87
(table 2; online supplemental table 8a,b). There was some
evidence that the difference between treatment groups
varied depending on HRV status, p interaction=0.001.
Participants in the rNHF group with a nasopharyngeal
specimen PCR positive for HRV, did worse than those in
the ‘sham’ group. The estimated difference (95% CI) for
the primary outcome was 2.07 (0.41 to 3.73), p=0.015 for
HRV positive participants compared with -0.76 (-2.10
to 0.58), p=0.26, for HRV negative participants (table 2;
online supplemental tables 9a,b and online supplemental
figure 7).

Other outcomes

For all seven tolerability questions, the ORs indicate that
‘sham’ was more likely to have a higher (more favour-
able) score than rNHF (online supplemental table 10i
to vii). Using ‘overall comfort in using the treatment
device’ as an indicator for tolerability, there was strong
evidence that ‘sham’ had greater tolerability than rNHF,
OR (95% CI) 7.05 (3.66 to 13.6) (p<0.001). Device data
and patterns for device use for each treatment group
including mean device flow rate, daily treatment use (in
hours), and number of treatment sessions are given in
online supplemental table 3.

There was no difference in adherence to treatment
between groups, with mean (SD) adherence at4.59 (0.93)
days for rNHF, and 4.54 (0.85) days for ‘sham’ (online
supplemental tables 3, 11a, and 11b).

Table 2 Estimates of treatment differences in primary outcome by symptom duration, HRV status and CoV status

Estimated difference 95% Cl P value

Day 4 MJS (primary outcome) 0.37 -0.69 to 1.42 0.49
Symptom duration >24 hours <48 hours 0.31 -0.86 to0 1.48 0.60
Symptom duration <24 hours 0.53 -1.92 t0 2.99 0.67
HRV positive 2.07 0.41t0 3.73 0.015
HRV negative -0.76 -2.10t0 0.58 0.26
HCoV* positive 1.68 -0.74 to 4.11 0.17
HCoV negative -0.83 -1.97 t0 0.33 0.16
*Human coronavirus (includes HCoV-0C43, HCoV-HKU1, HCoV-229E and HCoV-NL63).
HRV, human rhinoviruses; MJS, Modified Jackson Score.
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Post hoc analysis

There was weak evidence that the difference in the primary
outcome between treatment groups varied depending on
CoV status, p interaction=0.067. Participants in the INHF
group with a nasopharyngeal specimen PCR positive for a
CoV, did worse than those in the ‘sham’ group (table 2).

Adverse events

AEs are listed in online supplemental tables 12 and 13.
There was one hospital admission due to appendicitis in
the rNHF group. There were no serious AEs related to
the study treatments.

DISCUSSION
This RCT found no evidence that 100% humidified air
heated to 41°C delivered at 35L./min to the upper airway
via nasal prongs (rNHF), reduces common cold symptom
severity or duration compared with ‘sham’ rhinothermy.

Study strengths include the investigator supervised first
treatment which ensured the first dose was received, and
the use of a sham intervention. The sham intervention
reduced any potential device-related effect, as medical
devices may have an enhanced placebo effect.” *°

There are a number of potential explanations for the
lack of efficacy of rNHF. The first is that the nasopha-
ryngeal temperature achieved during rNHF treatment
was not high enough to inhibit viral replication, either
because the temperature of the inspired gas in the naso-
pharynx was cooler than the 41°C delivered by the device,
or a temperature higher than 41°C is required to inhibit
viral replication. The majority of temperature sensitivity
(ts) data for common cold viruses relate to HRV and have
demonstrated fs in vitro at 37°C-45°C,*"'? although some
HRYV strains have been shown to replicate equally well or
better at 37°C.2* The variability among HRYV strains and
limited /s data for other common cold viruses, created a
challenge when selecting an optimal temperature for
the rhinothermy regimen. For example, SARS-CoV and
MERS-CoV, members of the genus B-coronaviruses of the
coronaviridae family, lose infectivity following exposure to
temperatures exceeding 56"C,?’1 i however, there is little
is data for coronaviruses that cause the common cold.

There is clinical evidence that temperatures >41°C may
be required to elicit a benefit in vivo, based on studies
which have shown improvement in common cold symp-
toms with delivery of HHA at 42°C-44°C for cumulative
durations of 20-90 min.'* 1 However, there is report of
minor nasal mucosal burns occurring at 43°C.7

Face mask delivery of HHA at 37°C has been shown
to reduce allergen-induced congestion and nasal secre-
tions.”” Regulatory guidance for heated humidifiers
recommends an upper temperature limit of 42°C for
inspired air.”® As such we selected 41°C to ensure that
airway temperature did not exceed 42°C, but was still
high enough to potentially inhibit replication of the most
frequent causative virus HRV, and might also improve
nasal symptoms.

A second potential explanation is that treatment was
commenced too late after symptom onset to obtain an
effect, although the results of this study found no differ-
ence in the primary outcome for those who started treat-
ment within 24 hours and those who started >24hours
but <48hours from symptom onset. Nevertheless, this
concern remains based on the in vitro study by Conti
et al which noted that HRV replication was inhibited by
20min exposure to a temperature of 45°C, and that the
greatest effect occurred at 6hours postinfection, with a
99% reduction in virus yield compared with the control.?
In contrast, this temperature did not change viral protein
synthesis at nine and 11 hours post infection, leading to
the hypothesis that the antiviral effect of high tempera-
ture was a posttranslational event.® These results high-
light the potential importance of treatment start time,
and suggest that earlier start times could be required for
optimal impact on viral replication, although the narrow
time-window poses practical challenges.

This study was completed prior to the emergence of
B-coronavirus SARS-CoV-2 (COVID-19). However, 18%
of enrolled participants in this study were positive for
other coronaviruses (48% of which were B-coronaviruses,
HCoV-HKU1 and HCoV-OC43). Therefore, a post hoc
analysis testing for an interaction between CoV status and
the primary outcome was considered relevant. This anal-
ysis provided weak evidence that the rNHF group with
a nasopharyngeal specimen PCR positive for a CoV did
worse than those in the ‘sham’ regimen. As such, these
findings would not support the use of rhinothermy in
reducing symptom severity in SARS-CoV-2. Moreover,
as yet there is no available ts data for SARS-CoV-2, but
if similar to the temperatures of least 56°C required to
reduce infectivity in SARS-CoV and MERS—COV,31 %2 it
would not be safe to deliver as rhinothermy. Conversely,
there is scope to investigate TNHF in the treatment of
influenza. A positive point-of-care test for influenza was an
exclusion criterion for this study and therefore the results
cannot be assumed to be generalisable to patients with
influenza. Influenza often produces symptoms similar to
other viral URTIs but is one of the most important public
health problems around the world, accounting for up to
five million severe illnesses and 500 000 deaths each year.*
Viral replication and the subsequent host inflammatory
response play key roles in the pathogenesis of influenza
infection™ and many in vitro studies have demonstrated a
reduction in virus replication with exposure to tempera-
tures of 39°C-41°C for a number of strains of influenza
A and C virus.** Furthermore, disease severity and
mortality associated with avian influenza A (H5N1) virus,
have been linked to high pharyngeal viral loads.”

Limitations

There are several study limitations. First, due to recruit-
ment measures the sample population consisted predom-
inantly of university students, which reduces the overall
generalisability of the results to younger adults. Second,
due to the nature of the intervention it was not possible

6

Bird G, et al. BMJ Open 2021;11:2047760. doi:10.1136/bmjopen-2020-047760


https://dx.doi.org/10.1136/bmjopen-2020-047760

to use a double-blind design; however, the single-blind
design with a sham intervention arm reduces participant
bias. Third, although there was no evidence of a differ-
ence in adherence between treatments, the accuracy of
adherence data is limited. It was determined by review of
downloaded device data which shows when and for how
long the device was turned on and delivering HHA, but
cannot confirm delivery to the participant. Resultantly,
undetected variation in adherence may have influenced
the study outcome.

CONCLUSION

This well-powered, single-blind RCT does not provide
evidence that bdays of rfNHF (100% humidified air
heated to 41°C delivered at 35L/min for 2hours daily)
reduces common cold symptom severity or duration.
However, investigation of rNHF in the treatment of influ-
enza is warranted.
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