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Abstract: Purpose: This study aimed to describe the molecular epidemiology and seasonality of human
rhinovirus (HRV) in chronic obstructive pulmonary disease (COPD) and its association with COPD
exacerbations in Abu Dhabi, the United Arab Emirates (UAE). Methods: Sputum specimens were collected for
analysis from all COPD patients who visited a medical center from November 2021 to October 2022. The real-
time quantitative polymerase chain reaction (QPCR) test was used to detect HRV. Results: Of the 78 COPD
patients included in the study, 58 (74%) patients presented with one or more exacerbation episodes. The
incidence of COPD exacerbation peaked over the winter and substantially decreased during the summer. HRV
positivity in patients during exacerbation (E1) was 11/58 (19%) and 15/58 (26%) two weeks after the
exacerbation episode (E2). There was no significant difference in the HRV load in these patients. No statistically
significant difference was observed in the detection of HRV during exacerbation compared to patients with
stable COPD. Conclusion: This is the first study to assess the association between HRV detection by qPCR and
COPD exacerbations in the UAE. The high sensitivity of the detection technology helped collect reliable
epidemiologic data. Few studies have provided similar Middle East data. This study's pattern of COPD
exacerbations and HRV detection parallels that of temperate countries. This information can help with future,
more extensive surveillance of respiratory viruses in the UAE and the Middle East and their association with
COPD exacerbations.
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1. Introduction

Chronic obstructive pulmonary disease (COPD) ranks globally as the fourth most common
cause of death [1]. Deterioration of the respiratory symptoms beyond normal daily symptoms called
COPD exacerbation which leads to increased morbidity [2, 3] and mortality [1, 4].

In a recent study based in the United Arab Emirates (UAE) [5], the quantitative real-time
polymerase chain reaction (qQPCR) test demonstrated an overall respiratory viral detection of 37.2%
(507/1362) where influenza virus and human rhinovirus (HRV) were the most prevalent (20.0% and
10.7% respectively). The positive rate grew during the winter, peaking in December and falling to its
lowest point in September [5].

In developed countries with temperate temperatures, the epidemiology of respiratory viruses
has been thoroughly investigated [6, 7]. However, epidemiological research on respiratory virus
detection in tropical and subtropical regions is scarce, but the epidemiological variety according to
local climate and latitude has been well explored [8-10].

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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Knowledge of the regional distribution of respiratory viruses is crucial for preventing and
controlling local infection and global health decision-making [11]. The epidemiology and clinical
features of respiratory viral infections in the UAE are poorly understood.

It is unclear whether HRV infections can be associated with exacerbations in their own right or
whether they predispose to secondary bacterial infection.

Rapid molecular methods, such as qPCR, should increase the yield of microbial detection and
provide a better insight into the microbial association with COPD exacerbation [12-16].

Our study's objective was to describe the association between HRV detection and COPD
exacerbation and determine the molecular epidemiology, including the seasonality of HRV in Abu
Dhabi, UAE over one year.

2. Materials and Methods

2.1. Patients and Sputum Samples

The sputum samples used in this study were collected from COPD patients in an emergency
department in Abu Dhabi, UAE, over one year from November 2021 to October 2022. Ethical
approval was obtained from Fatima College of Health Sciences (IRB-UAE-2021-125 and IRB356), and
a consent form was obtained from every participant in this study.

Expectorated sputum samples from patients with recognized COPD were acquired for standard
evaluation, and the patients were regularly checked for pulmonary exacerbation for the duration of
this investigation. The expectorated sputum samples were taken within 24 hours from the onset of
the exacerbation (E1) and 14 days after the exacerbation episode and taking the appropriate treatment
(E2). Samples were obtained, processed, and stored in a -800C freezer for retrospective analysis at the
completion of the study. Frozen samples were transferred to the laboratory on dry ice.

2.2. Human Rhinovirus Detection

Nucleic acid extraction (RNA) from sputum samples and concentration measurements were
performed according to our recent publications [17-19].

Using the SuperScriptTM III PlatinumTM One-Step qRT-PCR Kit (Invitrogen, Thermo Fischer,
UK), a master mix solution was prepared based on previously reported qPCR assays [20, 21], with
some modifications as described in Table 1 where 11 pl aliquots of the amplification mix were
transferred into 96 white LightCycler-480 multi-well plates (Roche Diagnostics Ltd., UK). HRV
detection for the sputum specimens was carried out using specific primers [18] that targeted the HRV
genome’s highly conserved “5" non-coding region” (5'-NCR) (Invitrogen, Thermo Fischer, UK).

Table 1. Master mix preparation for HRV detection.

Reagent Volume per reaction
Invitrogen reaction mix x2 (3mM MgS04) 7.5ul
HRV 8A @ 100uM (final 0.2uM) 0.03ul
HRYV 8B @ 100uM (final 0.2uM) 0.03ul
HRV 8C @ 100uM (final 0.4uM) 0.06ul
HRYV 8P @ 100uM FAM-BHQ (final 0.2uM), probe
Superscript enzyme mix 0.03ul
MgSO: @ 50mM (final 4mM) 0.3ul
Nuclease-free water 2.75ul

The eluted nucleic acid from each sputum sample was transferred in 4 pl volumes into the wells
of the plates containing the amplification mix. LightCycler-480 sealing foil was then used to re-seal
the plates before centrifugation at 4000 rpm (2576 g). The plates were then placed in the LightCycler-
480 (Roche Diagnostics, West Sussex, UK) for amplification according to the following real-time
gPCR cycling conditions: [50 °C for 15-min, 95 °C for 2-min, 45 cycles of 95 °C for 15s then 60 °C for
30-s, and finally 60 °C for 30-s].

doi:10.20944/preprints202309.1161.v1
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The absolute quantification strategy was used to analyze the samples. A positive result was
assigned for the cycle threshold (Ct) values less than or equal to 40 cycles. On the other hand, results
were considered negative for either Ct values of greater than 40 cycles or in the absence of detectable
Ct[17,18, 22, 23].

2.3. Statistical Analysis

Data were analyzed using SPSS Statistics v.26 (IBM Corporation, New York, NY, USA). The
Shapiro-Wilk test for normality was applied. The probability value of p <0.05 was considered
statistically significant.

A comparison of the proportions of positive samples for HRV between the E1 and E2 was
conducted with the McNemar’s test for related samples.

3. Results

3.1. Study Participants

Seventy-eight COPD patients participated in the study, of which 58 (74%) patients presented
with one or more exacerbation episodes. The participants' mean age (range) was 57.3 (45-77) years.
The male gender of the participants represented 46/78 (59%). A total of 58 exacerbation events from
58 patients were included in the study. Figure 1 illustrates the flow chart of COPD patients and
sample groups included in the present study. Thirteen patients visited the department with a stable
state of COPD and were excluded from the investigation due to the insignificant comparison.

The number of pulmonary exacerbations (N=58) of COPD was recorded across the entire study
interval (Figure 2). The prevalence of COPD pulmonary exacerbation was higher throughout the
winter and autumn months, followed by the spring months, with the lowest detection level occurring
in the summer months.

52 patients (matched E1 & E2)

13 S pts

6 patients (matched S & E1)

\

78 participants L—| 58 E1 pts

2 patients (matched 5 & E1 &

58 E2 pts E2)
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Figure 1. Flow chart of COPD patients/samples groups analyzed. Seventy-eight participants
provided at least one sputum sample during the study. A total of 148 sputum samples were
included in this study, consisting of 28 sputa (from 13 patients), 58 exacerbation-related (E1) sputa
(from 58 patients), and 62 sputa (from 58 patients) two weeks after the exacerbation episode (E2).
Abbreviations: “E1: exacerbation event; E2: 14 days after the exacerbation event and the
appropriate treatment; HRV: human rhinovirus; S: stable state; SPU: sputum sample”.
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Figure 2. The prevalence of the pulmonary exacerbations of COPD patients (N=58) plotted over the
duration of the study. The prevalence of pulmonary exacerbations of COPD was recorded across the
entire study interval (November 2021 to October 2022). The prevalence of COPD exacerbation was
higher throughout the winter and autumn months followed by the spring months, with the lowest
level of detection occurring in the summer months. Abbreviations: “COPD: chronic obstructive
pulmonary disease”.

3.2. HRV Detection in COPD Patients

HRYV positivity in patients during exacerbation (E1) was 11/58 (19%) and 15/58 (26%) two weeks
after the exacerbation episode (E2) (Table 2). There was no significant difference in the HRV load in
these patients.

To compare the proportion of HRV detection between E1 and E2 on a matched basis, fifty-two
patients were investigated (Table 3). At the exacerbation events, 10/52 (19%) patients were HRV-
positive. Two weeks following the exacerbation (E2), the number of HRV-positive patients had
increased to 14/52 (27%). This change resulted from 10 HRV-negative patients at the E1 state
becoming HRV-positive at E2. Four patients were HRV-positive at E1 and E2, but six were initially
(E1) HRV-positive becoming HRV-negative two weeks following the exacerbation (E2). Indeed, 8%
more participants (compared to the total) were HRV-positive two weeks after the exacerbation (Table
3). The related samples McNemar's test with continuity correction [24] was used to conclude whether
a significant difference exists in the proportion of HRV-positive at the E1 and E2 states. The ratio of
HRV-positive increased from the E1 state value of 19% to 27% at E2 state, a statistically insignificant
difference, x2(1) = 0.562, p = 0.454 (Table 3).
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Table 2. HRV detection rates during the study period: the overall prevalence of HRV in the non-

matched samples and participants.

HRV-positivity in the HRV-positivity in the study

doi:10.20944/preprints202309.1161.v1

State samples (n=120) participants (n=58)
VIE1 3/15 (19%)
V2E1 1/18 (5%)
V3E1 5/18 (31%)
V4E1 2/7 (29%)
E1 (total) 11/58 (19%) 11/58 (19%)
V2E2 4/14 (45%)
V3E2 4/21 (19%)
V4E2 4/19 (20%)
V5E2 3/8 (38%)
E2 (total) 15/62 (24%) 15/58 (26%)

Abbreviations: “E1: exacerbation event; E2: 14 days after the exacerbation event and the appropriate
treatment; V: visit”.

Table 3. The difference in the proportion of HRV-positivity at the E1 and E2 states (N = 52 paired

COPD patients).
E2
HRV-negative HRYV-positive Total (%)
E1 HRV-negative 32 10 42 (81%)
HRV-positive 6 4 10 (19%)
Total (%) 38 (73%) 14 (27%) 52 (100%)

Four patients experienced HRV detection during both E1 and E2. Ten patients experienced HRV detection only
during the E2. 15 HRV-positive patients at the E1 state becoming HRV-negative at E2 state. The related
samples McNemar's test with continuity correction was used to conclude whether a difference exists in the
proportion of HRV-positive at the E1 and E2 states. The proportion of HRV-positive increased from the E1
state value of 19% to 27% at E2, a statistically insignificant difference, x2(1) = 0.562, p = 0.454. Abbreviations:
“E1: exacerbation event; E2: 14 days after the exacerbation event and the appropriate treatment”.

Based on a review of HRV detection during this study, it was evident that HRV was detected
throughout the winter and spring, with the lowest detection level occurring in the summer months
(Figure 3). Four patients experienced HRV dual detection during the study (Table 4).

Table 4. Summary of cases showing twice HRV detection during the study period (n=5 patients).

Patient ID V1E1 V3E1 V2E2 V4E2 V5E2
Pos Pos
Pati 1 - - -
atient_ Feb Feb
Pos Pos
Patient_2 - - -
atent_ Oct Oct
Patient_3 - Pos - - Pos
Apr May
) Pos Pos
Patient_4 - Feb - Feb -

This table shows five patients who experienced dual detection of HRV during the study, concerning the time
(month) of the HRV detection. The symbol (-) indicates no visit/event happened (no sample). Abbreviations:
Pos: positive; Neg: negative.
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Figure 3. The numbers of HRV detection throughout the study. The prevalence of HRV-positive
samples was recorded across the entire study interval (November 2021 to October 2022). HRV was
detected throughout winter and spring, with the lowest level of detection occurring in the summer

months. Abbreviations: “E1: exacerbation event; E2: 14 days after the exacerbation event and the

appropriate treatment; HRV: human rhinovirus”.

Table 4. Summary of cases showing twice HRV detection during the study period (n=5 patients).

Patient ID V1E1 V3E1l V2E2 V4E2 V5E2
) Pos Pos
Patient_1 - Feb - Feb -
Pos Pos
Pati 2 - - -
atient_ Oct Oct
Patient_3 - Pos - - Pos
Apr May
Pos Pos
Patient 4 - - -
anent Feb Feb

This table shows five patients who experienced dual detection of HRV during the study, concerning the time
(month) of the HRV detection. The symbol (-) indicates no visit/event happened (no sample). Abbreviations:
Pos: positive; Neg: negative.
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Figure 3. The prevalence of HRV detection throughout the study. The prevalence of HRV-positive
samples was recorded across the entire study interval (November 2021 to October 2022). HRV was
detected throughout winter and spring, with the lowest level of detection occurring in the summer
months. Abbreviations: “E1: exacerbation event; E2: 14 days after the exacerbation event and the
appropriate treatment; HRV: human rhinovirus; S: stable”.

4. Discussion

This study aimed to determine the rate of HRV detection and seasonality in COPD patients in
Abu Dhabi, UAE, and to assess the association of HRV with COPD exacerbations.

HRYV positivity in patients during exacerbation (E1) and two weeks after the exacerbation
episode (E2) were 11/58 (19%) and 15/58 (26%), respectively. The consequences of respiratory HRV
infections on the progression of COPD require a study with a larger matched sample size. We could
therefore speculate that the impact of HRV on exacerbation is probably underestimated in patients
with COPD in this study. Nevertheless, the fact that the role of HRV infection in COPD has not been
duly acknowledged should not be overlooked which stems from how patients undergo assessment
at the point when they present (i.e,, normally after the emergence of the exacerbation, thereby
meaning that observation of the HRV could be unlikely).

The proportion of HRV detection increased from the E1 state value of 10/52 (19%) to 14/52 (27%)
at E2 state when fifty-two COPD patients were investigated on a matched basis, p = 0.454.
Nevertheless, it has not been possible to identify the nature of the relationship between HRV
detection and COPD pulmonary exacerbation. HRV infection may result in COPD exacerbation and
elevated airway inflammation. Still, the plausibility of a reversed relationship must also be
entertained (namely, that individuals who suffer from COPD exacerbation could be more likely to
have HRYV infections). To figure out the precise relationship, a close longitudinal follow-up with
repeated respiratory samples assessment is required. This will also assist in revealing whether HRV
infection in COPD tends to be a re-infection or persistent in nature, especially since four patients
experienced HRV twice detection during our study period.

Furthermore, the pattern of HRV detection seasonality observed in this study, where the rate
peaked during winter and bottomed in the summer, might be attributed to the higher rate of
observation of pulmonary exacerbations during the winter either in this study or previous researche
[25]. The increasing incidence of pulmonary exacerbations during winter may result in detrimental
consequences such as increased morbidity in addition to the substantial burden on healthcare
services. The precise cause of the seasonality exacerbations is not well known but thought to be
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partially due to the increased prevalence of respiratory viral infections during the cold and damp
whether [26]. The exact mechanism by which cold weather increases the susceptibility of viral
infection is not well understood but could be attributed to the inhibition of respiratory defensive
mechanisms by the cold air. A cold environment might favor the survival of HRV, which may
facilitate transmission and cross-infection [27]. Increased susceptibility to HRV infection may also be
mediated by high airway inflammation. The possibility that the winter peak may, in part, relate to
patients using less controller medication immediately before the period when they may be at the
greatest risk of HRV-related COPD exacerbations. The seasonality of pulmonary exacerbations
informs us about the triggers of these exacerbations and suggests possible strategies to reduce their
number. Understanding the seasonal pattern of HRV infection may help determine how best to
employ the investigated anti-rhinoviral agents or vaccines in patients presenting with symptoms of
HRV respiratory infection in COPD patients.

It is not clear whether HRV infections can be associated with COPD exacerbations or whether
they predispose to secondary bacterial infection. Moreover, it remains unclear what are the exact
impacts of HRV infection on the bacterial communities and the clinical outcome of COPD patients.

In a recent study in the UAE [5]., the positive respiratory viral rate grew during the winter,
peaking in December and falling to its lowest point in September. In our study focusing on COPD,
the highest HRV detection was in February, and the lowest was in September.

The increased frequency of HRV in the UAE may be attributable to the ease with which patients
with a common cold can visit the emergency room. However, the prevalence of HRV may have been
exaggerated. Many patients who tested positive for HRV at the emergency department may have
bacterial coinfections or concomitant comorbidities.

The UAE is situated in a subtropical region and has no rainy season. The majority of the
population of the UAE is exposed to a dry, airconditioned atmosphere for the bulk of the day,
particularly during the summer months when temperatures vary from 39 to 45°C.

Despite this relatively controlled environment, the summer peak of influenza in the UAE could
be explained by prolonged effective contact rates as a result of increased indoor activity and
decreased relative humidity, both of which have been linked to the incidence of viral illnesses [28,
29].

The main limitations of this study were the relatively small sample size for the matched patients
and including only a single sampling time point during each event. As such, the statistical
comparison results may not represent a larger population. However, the findings should add
valuable information and have many advantages over the previous studies in this field.

5. Conclusions

According to our knowledge, this is the first study to characterize the relationship between HRV
detection using qPCR and COPD exacerbations and the HRV seasonal trend in the UAE. In addition,
the detection method's high sensitivity facilitated the collection of more accurate epidemiologic data.
Very few research have supplied similar information for the Middle East to date. The seasonality of
HRYV detection and COPD exacerbation was comparable to that observed in temperate countries. This
information can serve as a foundation for future, more comprehensive surveillance investigations of
respiratory viruses in the UAE and the Middle East and their association with COPD exacerbations.
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