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Summary Background: Respiratory viruses are detectable in a large proportion of adults hos-
pitalised with acute respiratory illness. For influenza and other viruses there is evidence that
viral load and persistence are associated with certain clinical outcomes but it is not known if
there is an association between viral load and hospital length of stay.
Methods: 306 adults hospitalised with viral acute respiratory illness were studied. Associations
between viral load and length of stay were examined. Multiple linear regression analysis was
performed to control for age, comorbidity, influenza vaccine status, duration of illness prior
to hospitalisation, bacterial co-infection, clinical group and virus subtype.
Results: High viral load was associated with a longer duration of hospitalisation for all patients
(p < 0.0001). This remained significant across all virus types and clinical groups and when
adjusted for age, comorbidity, duration of illness prior to hospitalisation, bacterial co-
infection and other factors.
Conclusions: High viral loads are associated with prolonged hospital length of stay in adults
with viral acute respiratory illness. This further supports existing evidence demonstrating that
viral acute respiratory illness is a viral load driven process and suggests that viral load could be
used in clinical practise to predict prolonged hospitalisation and prioritise antivirals.
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Introduction

Acute respiratory tract infections are responsible for a huge
burden of disease and are the third most common cause of
death worldwide.1 Although bacteria have previously been
considered to be the principal aetiological agents of severe
respiratory infection, the global importance of respiratory
viruses in this group has been increasingly recognised in
recent years.2e8 There were around 400,000 hospital ad-
missions with acute respiratory infection in England in
2014,9 excluding exacerbations of chronic lung disease,
and recent studies have shown that respiratory viruses
are detectable in around 40e50% of hospitalised adults
with acute respiratory illness.4,10

For influenza virus, human challenge models have
demonstrated that viral load, as measured by viral culture
or polymerase chain reaction (PCR) on upper respiratory
tract samples, is correlated with symptom severity and the
magnitude of the host inflammatory response.11e13 For hos-
pitalised adults with severe and complicated seasonal influ-
enza viral load is highest at the point of hospitalisation14

and is higher, with more protracted shedding, compared
with outpatients.14 In addition, the time to viral clearance
is related to certain clinical outcomes in this group,
including length of hospital stay.14,15 In hospitalised pa-
tients with the virulent avian H5N1 influenza A, who gener-
ally have life threatening disease, the pharyngeal viral load
on admission to hospital is higher than in patients with sea-
sonal influenza16 and is higher in non-survivors versus those
who survive.17

For the other respiratory viruses there are also data in
adults to suggest a relationship between viral load and
clinical outcomes. In a human challenge model using
healthy adult volunteers, RSV nasal viral load is closely
correlated with clinical symptoms and recovery.18 Observa-
tional studies have shown that RSV viral load is higher and
viral shedding more protracted in hospitalised adults
compared to outpatients,19 and that a high viral load in hos-
pitalised adults is a risk factor for the development of com-
plications including respiratory failure and the need for
mechanical ventilation.20,21 In human challenge models of
asthma and COPD exacerbation, using challenge with rhino-
virus, viral load measured in sputum correlates with the de-
gree of host inflammatory response.22,23 In addition, a
study involving healthy university students with naturally
acquired rhinovirus infection demonstrated lower viral
loads in individuals with asymptomatic rhinovirus detection
compared to individuals with symptomatic colds.24

The most appropriate end-points for clinical trials of
respiratory virus antivirals in hospitalised adults have not
been agreed. As antiviral drugs work by inhibiting viral
replication and available evidence suggests that virological
and clinical outcomes are closely correlated, virological
end-points have been suggested and used as primary
outcome measures for antiviral trials.17 Additional studies
to further characterise the details of the relationship be-
tween clinical and virological outcomes in hospitalised
adults are therefore required.

For clinical outcome measures, admission to intensive
care units (ICU) or death are relatively rare outcomes in
adults hospitalised with acute respiratory illness and
severity scoring tools to predict ICU admission and death
have not proven to be useful in hospitalised adults with
influenza.25 Other potential outcome measures such as
time to clinical stability and symptom scoring for influenza
illness are unreliable and potentially flawed in this popula-
tion, especially in the elderly who may not display typical
clinical features and who may also have cognitive impair-
ment. Length of hospital stay is the key determinant of
cost in patients hospitalised with acute respiratory illness26

and so represents an outcome measure which is both clini-
cally and economically important. For this reason it is often
employed as a primary or secondary outcome measure in
clinical trials in hospitalised patients. Although affected
by factors other than acute illness such as patient age
and comorbidity, and variations in practice between
different centres, providing these can be adequately
controlled for hospital length of stay represents a useful
and robust clinical outcome measure. It has been suggested
that prolonged hospitalisation (e.g. >5e7 days) could be
used as a clinical end-point for future trials of influenza an-
tivirals in addition to other rarer clinical events such as ICU
admission and death.17 Defining the relationship between
viral load and length of hospital stay is therefore of signif-
icant interest and importance.

The aim of this study was to examine the associations
between viral load, as measured by real-time PCR cycle
threshold (Ct) value on upper respiratory tract samples at
the point of admission, and hospital length of stay for a
large cohort of adults hospitalised with confirmed viral
acute respiratory illness. An association between high viral
load and prolonged length of stay would support existing
evidence suggesting that viral acute respiratory illness is a
viral load driven process and could be used clinically to
identify patients at risk of prolonged hospitalisation and for
stratification of participants in clinical trials of candidate
antiviral agents.

Methods

Study design

This was a cohort study using patients recruited as part of a
prospective trial of rapid diagnostic tests for influenza and
Streptococcus pneumoniae.26 The study was approved by
the Leicestershire, Northamptonshire and Rutland Ethics
Committee prior to commencement of the study and all pa-
tients gave written informed consent.

Patients

Patients were adults hospitalised with acute respiratory
illness as identified by discharge ICD-10 (International
classification of disease, tenth edition) code classification27

and confirmed by case note review. Subjects were partici-
pants in a large prospective study of rapid near patient
testing for S. pneumoniae and influenza and met the
following inclusion criteria; adult aged over 18 years of
age, able and willing to give written informed consent (or
a relative or carer is able and willing to give informed
assent), acute exacerbation of a chronic respiratory disease
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or new onset of acute respiratory illness, of less than 7 days
duration, able to be recruited within 16 h of hospital admis-
sion. Patients were recruited during the winter months of
2005e2008, across two hospital sites with acute medical
admission units, within the University Hospitals of Leicester
NHS Trust, UK. Patients were tested for respiratory virus
infection as detailed below and those testing positive for
respiratory viruses and with viral load data available were
included in this study. Patients with dual viral detections
were excluded. Fig. 1 shows the trial profile for this study.

Clinical data

Demographic and clinical data (presenting symptoms and
signs, comorbidity, medications use, prior antibiotic use,
smoking history, and vaccination status) were collected at
enrolment and outcome data (duration of hospitalisation
measured up to 30 days following admission, admission to
high dependency and intensive care units, in-hospital mor-
tality and 30 day mortality) were collected retrospectively
and recorded on a standardised case report form. Radiolog-
ical and laboratory data were collated retrospectively using
computerised imaging and laboratory systems. All patients
had a chest radiograph performed within 24 h of admission
and all radiographs were reported by a consultant radiologist
independent from the study team. Full details of clinical
groups and their definitions have been described previously.4

Samples

Blood, urine, sputum and nasopharyngeal swab samples
were collected at enrolment. Nasopharyngeal swab sam-
ples were collected by trained research staff according to a
standard protocol. Swabs were stored in viral transport
medium and frozen at �80 �C prior to testing. Definitions of
780 adult paƟents 
hospitalised with acute 

respiratory illness 

306 paƟents with single 
virus detecƟon and viral 

load data analysed

345 paƟents posiƟve for 
respiratory viruses

435 paƟents negaƟve for 
respiratory viruses

19 paƟents with dual respiratory 
virus detecƟon excluded
20 paƟents with viral load data 
unavailable excluded

73 paƟents with 
Influenzaa

149 paƟents with 
Rhino/enterovirusb

84 paƟents with 
other virusesc

Figure 1 Flow chart of patients enrolled and included in the
analysis.
viral and bacterial infection and the diagnostic methods for
bacteria have been described previously.4

PCR methods

Briefly, viral nucleic acid was extracted using the Xtractor-
Gene nucleic acid extraction procedure (Corbett Life Sci-
ences, Sydney, Australia) according to the manufacturer’s
instructions. A starting volume of 200 mL was used to elute
60 mL of viral RNA/DNA and 5 mL of this eluate was used for
each PCR reaction, with a 25 mL final reaction volume.

Four quadriplex real-time (TaqMan�) PCR assays were
employed to detect the following respiratory viruses; influ-
enza A and B, respiratory syncytial virus (RSV) A and B, par-
ainfluenza (PIV) types 1e4, adenovirus, enterovirus,
rhinovirus, human metapneumovirus (hMPV), group 1 coro-
naviruses (HCoV-229E and HCoV-NL63), group 2 coronavi-
ruses (HCoV-OC43 and HCoV-HKU1), and SARS associated
coronavirus. Full details of the PCR methods including
primer and probe sequences, controls and cycling condi-
tions have been previously described.4 All respiratory virus
testing was performed by the same staff using the Rotor-
Gene 3000 PCR machine (Corbett Life Sciences, Sydney,
Australia) with standard laboratory protocols. Laboratory
staff were blinded to clinical data.

Comparison of Ct values

The real-time PCR Cycle threshold (Ct) value represents the
first PCR cycle in which the fluorescent signal for the target
(i.e. viral RNA) is greater than the minimal detection level.
Ct values are inversely proportional to the quantity of
target, offering a semi-quantitative assessment of viral
load,28 so that a low Ct value represents a high viral load
and vice versa.

Statistical analysis

Statistical analysis was performed by an independent stat-
istician using PRISM Version 6 (Graphpad Software, La Jolla,
CA) and Stata v13.1 (StataCorp, 2013). Baseline character-
istics are presented using appropriate summary measures.
Initially, Ct value (viral load) was categorised into 4 groups
(�20, 21e25, 26e30 and >30) and the KruskaleWallis test
was used to explore differences between baseline charac-
teristics across these groups. The primary analysis was a
zero-truncated negative binomial regression used to assess
the association between the outcome variable duration of
hospitalisation (measured in days) and Ct value (viral load).
The multivariable model controlled for age, sex, comorbid-
ity, influenza vaccine status, duration of illness prior to
hospitalisation, presence of bacteria, clinical group (exac-
erbation of asthma, exacerbation of COPD, community
acquired pneumonia and influenza-like illness/bronchitis)
and virus subtype (Influenza A and B, Rhino/enterovirus
and other viruses); these covariates were identified a priori.
A zero-truncated model was chosen due to the fact that
duration of hospitalisation could not be less than one day;
negative binomial regression was chosen due to over-
dispersion of the outcome, suggesting Poisson regression
was not appropriate.
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Results

A total of 306 patients were studied; 73 with influenza (46
influenza A and 27 influenza B), 149 with rhino/enterovirus
(136 rhinovirus and 13 enterovirus) and 84 with other
viruses (12 RSV, 18 parainfluenza virus 1e4, 24 human
metapneumovirus, 24 coronavirus and 6 adenovirus). No
patients were treated with neuraminidase inhibitors or any
other antiviral agents prior to or during their inpatient stay.
56 patients had pneumonia, 108 had exacerbation of COPD,
95 had exacerbation of asthma and 47 had Influenza-like
illness/bronchitis combined. Baseline characteristics
including demographic, clinical, laboratory and outcome
data for all patients and by viral load (Ct value) category
are shown in Table 1.

Age and hospital length of stay were associated with a Ct
values of �20 (i.e. a high viral load), p Z 0.031 and
p < 0.0001 respectively. For all patients combined, Ct value
was inversely correlated with hospital length of stay, i.e.
length of stay increased as Ct value decreased (viral load
increased), r Z �0.17 [95% CI �0.28 to �0.06], p Z 0.002
(Spearman’s rank correlation). Length of stay was longer
for patients with Ct � 20 (high viral load) for all patients
combined (p < 0.0001) and for patients with influenza
(p Z 0.005), rhino/enterovirus (p Z 0.004) and other
viruses (p Z 0.044), and also by clinical groups; for
pneumonia (p Z 0.012), exacerbation of asthma
(p Z 0.016), exacerbation of COPD (p Z 0.02) and ILI/
bronchitis (p Z 0.025). Examining individual clinical groups
by virus subtype, the association between hospital length of
stay and Ct value (viral load) was strongest for influenza in
patients with exacerbation of COPD (p Z 0.007) and
pneumonia (p Z 0.028), and for rhino/enterovirus in
patients with asthma exacerbation (p Z 0.006) although
the small numbers of patients infected with certain viral
subtypes in some clinical groups meant that meaningful
comparisons were not possible for all subgroups (Table 2
and Fig. 2).

Examining other markers of severity, in patients with
pneumonia, CURB65 score was higher in patients with
influenza and Ct � 20 (high viral load), p Z 0.038, but
not in patients with other viruses detected (shown in
Supplementary Appendix, Table S1). Fig. 3 demonstrates
KaplaneMeier survival curves for hospital length of stay
by Ct value (viral load) for all patients combined. Multiple
logistic regression analysis demonstrated that Ct value
(viral load) was associated with hospital length of stay inde-
pendently of age, sex, comorbidity, influenza vaccine sta-
tus, duration of illness prior to hospitalisation, bacterial
co-infection, clinical group and virus subtype (p < 0.001).
For every unit decrease in Ct value (i.e. increase in viral
load) there was a 6% increase in hospital length of stay.
Age, comorbidity (other than respiratory disease), bacterial
infection and clinical group were also independently associ-
ated with duration of hospitalisation (Table 3).

Discussion

This large cohort study of adults hospitalised with viral
acute respiratory illness demonstrates that viral load, as
measured on nasopharyngeal samples at the point of
admission to hospital, is associated with hospital length of
stay and that a high viral load is strongly associated with a
longer duration of hospitalisation. This was a consistent
finding across all clinical groups and all virus subtypes and
was maintained when adjusting for age, comorbidity,
duration of illness, bacterial co-infection and other poten-
tially confounding factors. Our results support the existing
body of evidence suggesting that respiratory viruses may
cause severe acute respiratory illness and that the resulting
clinical illness is a viral load driven process with clinical
outcomes predicted by viral load magnitude, kinetics and
persistence. Whilst there is already a substantial body of
evidence suggesting a relationship between certain clinical
outcomes and viral load for influenza and some other
respiratory viruses, this is the first study to demonstrate
an association between viral load and hospital length of
stay and to show a relationship for multiple clinical groups
and across multiple viral subtypes within the same study.
Our findings suggest that the detection of a high nasopha-
ryngeal viral load in an adult patient hospitalised with
acute respiratory illness could be used clinically to identify
patients at high risk of prolonged hospitalisation. Although
currently most laboratories test for influenza using real-
time PCR and so generate Ct values routinely, these are not
generally available to clinicians or used for clinical decision
making. This study suggest that these results could be
passed on to clinicians and used to inform clinical decision
making including the priority use of neuraminidase in-
hibitors for influenza and antivirals for other viruses when
they become available.

The median duration of illness prior to hospitalisation
was 4 days (inter-quartile range 2e7 days) in our cohort and
there was no detectable association between the duration
of illnesses prior to hospitalisation and viral load at pre-
sentation. This suggests that in contrast to healthy adults
with uncomplicated viral infection (where viral load peaks
quickly and declines rapidly) for hospitalised adults with
complicated respiratory viral illness, the viral load remains
an important determinant of clinical outcome at this later
time point and is therefore potentially modifiable with
effective antiviral therapy. This is consistent with a number
of observational studies of hospitalised adults with influ-
enza showing reduction in viral loads and clinical benefits
from neuraminidase inhibitors even when started beyond
48 h of symptom duration.14,29,30 Although not explored in
this study a high viral load is also suggestive of increased
infectiousness and an increased risk of nosocomial spread
and so patients with a high viral load detected on admission
to hospital would represent a priority group for side room
isolation and enhanced infection control practices.

Respiratory virus nasopharyngeal viral load has been
used as a primary endpoint in clinical trials of novel
antivirals on the basis of the association between viral
load, clinical symptoms and outcome. This study
strengthens this position and extends it to patients with
other respiratory viruses such as rhinovirus and to patients
in specific, less well studied clinical groups such as
exacerbation of asthma and COPD. Furthermore this study
suggests that high viral load could be used as a method to
stratify patients in future trials of novel candidate antivi-
rals agents where duration of hospitalisation is used as an
outcome measure.



Table 1 Baseline characteristics, laboratory and outcome data for all patients combined (n Z 306) and by Ct value (viral
load).

All patients
n Z 306

Ct value (viral load) p Valuea p Valueb

�20
n Z 42

21e25
n Z 87

26e30
n Z 94

>30
n Z 83

Demographics

Age, years 61 [41e74] 73 [36e85] 61 [41e71] 63 [43e73] 59 [40e73] 0.146 0.031

Female sex (%) 174 (57) 28 (67) 43 (49) 61 (65) 42 (51) 0.060 0.183
White ethnicity (%) 271 (89) 37 (88) 74 (85) 82 (87) 78 (94) 0.304 1.000
Current smoker (%) 92 (30) 9 (21) 28 (32) 30 (34) 25 (30) 0.608 0.209
Influenza vaccinec 171 (56) 24 (57) 43 (49) 60 (67) 44 (53) 0.242 1.000
Comorbidity

Cardiovascular (%) 128 (43) 22 (54) 39 (45) 39 (42) 32 (40) 0.486 0.180
Respiratory (%) 232 (77) 30 (73) 65 (76) 76 (82) 57 (70) 0.357 0.701
Renal (%) 7 (2) 1 (2) 0 (0) 3 (3) 3 (4) 0.382 1.000
Liver (%) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) NA NA
Diabetes mellitus (%) 35 (12) 6 (15) 9 (10) 8 (8) 12 (15) 0.551 0.598
Cancer (%) 6 (2) 1 (2) 1 (1) 3 (3) 0 (0) 0.385 0.522
Clinical group

Asthma (%) 95 (31) 10 (24) 33 (38) 34 (36) 18 (22) 0.058 0.369
IECOPD (%) 108 (35) 13 (31) 37 (43) 29 (31) 29 (35) 0.368 0.604
CAP (%) 56 (18) 8 (19) 5 (6) 15 (16) 28 (34) <0.0001 0.833
ILI/bronchitis (%) 47 (15) 11 (26) 12 (14) 16 (17) 8 (10) 0.100 0.062
Virus type

Influenza (%) 73 (24) 13 (31) 20 (23) 20 (21) 20 (24) 0.671 0.247
Rhino/enterovirus (%) 149 (49) 16 (38) 42 (48) 46 (49) 45 (54) 0.303 0.183
Other virusesd (%) 84 (27) 13 (31) 25 (29) 28 (30) 18 (22) 0.578 0.580
Clinical features

Duration of illness
priore, days

4 [2e7] 4 [2e7] 4 [2e7] 4 [2e6.4] 4 [2e7] 0.879 0.643

Antibiotics priore (%) 73 (24) 9 (21) 21 (24) 26 (28) 17 (20) 0.723 0.846
Antibiotics during (%) 243 (82) 37 (88) 67 (81) 76 (82) 63 (79) 0.655 0.386
IV Antibiotics during (%) 88 (30) 16 (38) 26 (31) 19 (20) 27 (34) 0.112 0.204
Pulse rate, bpm 98.5 [85e112] 95 [84e111] 100 [90e115] 98 [84e114] 96 [84e110] 0.347 0.514
Respiratory rate, bpm 22 [20e26] 23 [19e24] 23 [20e26] 22 [20e25] 23 [20e26] 0.567 0.988
Systolic blood
pressure, mmHg

130 [118e145] 134 [121e157] 130 [115e145] 134 [120e147] 125 [115e140] 0.165 0.361

Temperature, �C 37 [36.5e37.5] 37 [36.6e37.5] 37 [36.5e37.7] 37 [36.5e37.4] 37 [36.4e37.5] 0.728 0.821
O2 Saturations, % 96 [93e98] 96 [93e98] 96 [94e98] 96 [93e98] 95 [92e97] 0.437 0.801
Laboratory

WCC �109/L 10.5 [7.8e13.8] 9.9 [7.1e12.8] 10.2 [7.7e13] 10.8 [7.9e14] 11.2 [8.3e14.5] 0.133 0.134
CRP, mg/L 28 [13e71] 31 [14e77] 26 [10e56] 27 [8e63] 36 [14e127] 0.205 0.523
Ct value 27 [23e31] 18 [17e20] 23 [22e24] 28 [27e29] 33 [32e34] NA NA
Pneumococcal
detection (%)

37 (12) 5 (12) 9 (10) 10 (11) 13 (16) 0.691 1.000

Any bacteria
detected (%)

57 (19) 7 (17) 12 (14) 15 (16) 23 (28) 0.093 0.833

Outcome

Length of stay, days 2 [1e6] 6 [2e10.3] 2 [1e5] 2 [1e4] 2 [1e5] 0.0002 <0.0001

ICU admission (%) 1 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0.441 1.000
Death (%) 9 (3) 1 (2) 0 (0) 6 (7) 2 (2) 0.083 1.000

Data are presented as number (%) and median [Inter-quartile range].
Abbreviations are: Ct, real-time PCR cycle threshold (a low Ct value represents a high viral load and vice versa); IECOPD, infective exac-
erbation of COPD; CAP, community acquired pneumonia; ILI, Influenza-like illness; IV, intravenous; WCC, white cell count; CRP, C reac-
tive protein; ICU, intensive care unit; NA, not applicable.
p values highlighted in bold are statistically significant (i.e., p <0.05).
a Across all Ct value groups (KruskaleWallis test).
b Between high viral load group (Ct � 20) and other groups combined (Chi squared test).
c Receipt this influenza season.
d Includes; Respiratory Syncytial Virus, parainfluenza 1e4, human metapneumovirus, coronavirus and adenovirus.
e Prior to hospitalisation.

602 T.W. Clark et al.



Table 2 Duration of hospitalisation (in days) by Ct value (viral load) for all patient and individual clinical groups, by virus
subtype.

Ct value (viral load) p Valuea p Valueb

�20 21e25 26e30 >30

All patients (n)

All viruses (306) 6 [2e10] 2 [1e5] 2 [1e4] 2 [1e5] 0.0002 <0.0001

Influenza (73) 7 [2.5e13.5] 2 [1e3.8] 2 [1e4] 2.5 [1e6] 0.019 0.005

Rhino/entero (149) 4 [2e7.8] 2 [1e4.3] 2 [1e4] 2 [1e4] 0.052 0.004

Other virusesc (84) 6 [2.5e13] 4 [1.5e8] 3 [1e6] 3.5 [1e5.5] 0.236 0.044

Asthma

All viruses (95) 4 [1.8e7] 2 [1e3] 2 [1e4] 1 [1e2.3] 0.086 0.016

Influenza (19) 2 [2e2] 2 [1e3] 3 [1e4.3] 2 [1e3.5] NA NA
Rhino/entero (58) 4 [1.3e7] 1 [1e2] 1 [1e3.3] 1 [1e2] 0.071 0.006

Other virusesc (18) 7 [7e7] 3 [1.5e7.5] 2 [1e6.3] 3 [2e4] NA NA
IECOPD

All viruses (108) 6 [3e13.5] 4 [1e7] 3 [1e6] 2 [1e5.5] 0.089 0.020

Influenza (20) 8.5 [6e17.5] 2 [1e5.5] 2 [1e6] 3 [1.5e6.5] 0.078 0.007

Rhino/entero (47) 4.5 [3e6] 4 [1e8] 2.5 [1e6] 2 [1e6] 0.386 0.574
Other virusesc (41) 4 [2e17] 4 [1.5e8] 4.5 [1.5e5.8] 4 [1e6] 0.919 0.542
CAP

All viruses (56) 14.5 [3.8e20] 5 [2.5e11] 3 [2e11] 3 [1e6] 0.077 0.012

Influenza (23) 17 [3e21] 6.5 [1e12] 1.5 [1e2] 7.5 [3e9] 0.073 0.028

Rhino/entero (30) 14 [2e30] 4.5 [4e5] 3.5 [2.3e14] 3 [1e5.5] 0.415 0.249
Other virusesc (13) 10.5 [6e15] 10 [10e10] 11 [3e23] 2 [1e12] NA 0.423
ILI/bronchitis

All viruses (47) 3 [2e8] 1.5 [1e5.5] 1 [1e3] 1.5 [1e5.5 0.098 0.025

Influenza (21) 3 [1e8] 1 [1e8.5] 1 [1e3.5] 2.5 [1e6.3] 0.807 0.493
Rhino/entero (14) 3 [2e8] 1 [1e1] 1 [1e2.8] 1.5 [1e2] NA NA
Other virusesc (12) 8 [2e11] 3 [1e7] 1 [1e4] NA NA 0.155

Data are presented as median [Inter-quartile range].
Abbreviations: Ct; real-time PCR cycle threshold (a low Ct value represents a high viral load and vice versa); CAP, community acquired
pneumonia; IECOPD, infective exacerbation of COPD; ILI, influenza-like illness; NA, not applicable.
p values highlighted in bold are statistically significant (i.e., p.<0.05).
a Across all groups (KruskaleWallis test).
b Between high viral load group (Ct � 20) and other groups combined (Chi squared).
c Includes; Respiratory Syncytial Virus, parainfluenza 1e4, human metapneumovirus, coronavirus and adenovirus.

AbbreviaƟons; Ct; real Ɵme PCR cycle threshold (a low Ct value represents a high viral load and vice 
versa), CAP; community acquired pneumonia, IECOPD; infecƟve exacerbaƟon of COPD, ILI; influenza-
like illness and bronchiƟs. 
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Figure 2 Median hospital length of stay by Ct value (viral
load) for all viruses combined (n Z 306), by individual clinical
groups.
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The strengths of our study include the large numbers of
patients with confirmed viral acute respiratory illness, the
consistency of the PCR methods for all patients and the
use of multiple logistic regression analysis to adjust for
confounding variables such as age, comorbidity, duration
of illness prior to hospitalisation and bacterial co-
infection. In addition no patients with influenza were
treated with neuraminidase inhibitors in our cohort which
is consistent with UK prescribing practice at the time of
the study and prior to the H1N1 influenza pandemic of
2009, and allows a unique opportunity to examine the
associations between viral load and clinical outcomes in
untreated patients with influenza without confounding
from antiviral treatment.

Although this is a large ‘real world’ clinical study, and as
such is generalizable to typical adult patients hospitalised
with acute respiratory illness, it does have several limita-
tions. Retrospective observational studies are prone to bias
and although this has been well controlled for using our
multivariate model, including variables known to



Figure 3 KaplaneMeier survival curve showing duration of
hospitalisation by Ct value (viral load) for all patients
(n Z 306).
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potentially influence hospital length of stay, we cannot
exclude the possibility of other unpredicted and unmea-
sured variables influencing the results. The findings of this
study are however biologically plausible and are consistent
with previously published studies demonstrating a relation-
ship between viral load and clinical outcomes. Furthermore
the association seen in our study between high viral load
and increased severity of influenza pneumonia using the
Table 3 Multiple logistic regression analysis showing association
ables, for all patients (n Z 306).

Variable

Ct valuea

Agea

Duration of illness prior to admission, days
Sex (reference group: female)
Influenza vaccine (reference group: no)
Comorbidity (reference group: none)
Antibiotics prior to admission (reference group: none)
Current smoker (reference group: no)
Bacterial detection (reference group: no)
Clinical group

Asthma (reference group)
IECOPD
Pneumonia
ILI/bronchitis
Virus type

Influenza (reference group)
Rhino/enterovirus
Other virusesb

Abbreviations: Ct, real-time PCR Cycle threshold (a low Ct value repre
bation of COPD; CAP, community acquired pneumonia; ILI, Influenza-
Note: For each unit decrease in Ct value (i.e. increase in viral load),
each additional year of age, length of stay increases by 2%. The prese
renal or liver disease, malignancy or diabetes) increases length of stay
detection of bacteria was associated with a 78% increase in length of
than those with asthma.
p values highlighted in bold are statistically significant (i.e., p <0.05
a Variables are mean-centred.
b Includes; Respiratory Syncytial Virus, parainfluenza 1e4, human m
CURB65 score suggests that high viral load is indeed a
marker of severity in patients hospitalised with acute viral
respiratory illness.

We did not use a formal quantitative PCR (qPCR) assay in
this study and instead relied on the semi-quantitative Ct
value from our real-time PCR assays. Real-time PCR Ct
values are now considered by many to be a robust surrogate
for quantified viral load and are increasingly reported in
published studies of acute viral illness including those
examining respiratory viruses6,31 and also in the recent
Ebola virus pandemic.32,33 Furthermore, the use of proto-
colised sampling techniques, processing by dedicated
research staff and the removal of inter-operator variability
of results interpretation (as all samples were analysed by
the same scientists in the same laboratory) gives reassur-
ance as to the robustness of the Ct result in this study.
Although all patients had respiratory swabs taken from
the nasopharynx, as is standard clinical practise when
testing for respiratory viruses in the UK, this site may be
insensitive for the detection of respiratory viruses in some
patients with lower respiratory tract infection.34 Some
studies have found increased rates of respiratory virus
detection from sputum compared to upper respiratory tract
samples34,35 and so it is possible that some of our patients
that were excluded due to negative PCR on nasopharyngeal
samples may have actually had detectable viruses in their
lower respiratory tract. It is also possible that when viruses
are detected from both upper and lower respiratory sam-
ples that the viral load might be different between the
s between duration of hospitalisation (in days) and other vari-

Ratio 95% CI p Value

0.94 0.92 0.97 <0.001

1.02 1.01 1.04 <0.001

0.99 0.93 1.07 0.965
0.80 0.58 1.11 0.181
0.94 0.67 1.31 0.700
1.47 1.05 2.07 0.025

1.12 0.78 1.60 0.544
1.11 0.78 1.58 0.563
1.78 1.18 2.67 0.006

e e e e

1.16 0.72 1.85 0.538
1.44 0.79 2.63 0.236
0.46 0.21 0.98 0.044

e e e e

0.92 0.62 1.38 0.692
1.12 0.74 1.70 0.588

sents a high viral load and vice versa); IECOPD, infective exacer-
like illness; CI, confidence interval.
there is a 6% increase in expected days in hospital. Likewise, for
nce of at least one of any recorded comorbidity (cardiovascular,
by 47% relative to people without any of these comorbidities. The
stay. Patients with ILI/bronchitis had a length of stay 46% shorter

).

etapneumovirus, human coronavirus and adenovirus.
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two. We would suggest that the findings of this study are
validated in a large prospective cohort incorporating sam-
pling from the upper and lower respiratory tract and exam-
ining viral kinetics and persistence over the course of
hospitalisation.

In summary this study demonstrates that a high viral
load measured on nasopharyngeal samples at the point of
hospitalisation is associated with longer length of stay in
adult patients with viral acute respiratory illness, for all
virus subtypes and across all clinical groups. If confirmed in
further studies this could be used in clinical practice to
identify patients at risk of prolonged hospital stay and to
prioritise for antiviral treatment and enhanced infection
control practises.
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