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Abstract

Background: Ambient environmentalfactors have been associated with respiratory infections in
ecological studies, but few studies have explored the impact of indoor environmental factors in
detail. This study aimed to investigate the impact of indoor environment on the risk of acute

respiratory illness (ARI) in a subtropical city.

Method: A prospective cohort study was conducted in 285 community-dwelling older adults from
December 2016 through to May 2019. Individual household indoor environment data and ARI
incidence were continuously collected. A time-stratified case-crossoveranalysis was conducted to
estimate the excessrisk (ER) of ARl associated with per unit increase of daily mean indoor

temperature, relative humidity (RH) and absolute humidity (AH).

Result: In total, 168 episodes of ARl were reported with an average risk of 36.8% per year. We
observed anegative association of ARl with indoor AH up to five lagdaysin cool season, with a 6-day
cumulative ER estimate of -9.0% (95% confidence interval:-15.9%, -1.5%). Negative associations

between household temperature or RHand ARl were less consistentacross warm and cool seasons.

Discussion: Lowerindoor AH in household was associated with a higherrisk of ARI in the community

dwelling olderadults in Hong Kong during cold season.

Word count: 3489
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Introduction

Ambienttemperature and humidity have been associated with the incidence of acute respiratory
illness (ARI) 1-3. Most ARl episodesin older populations are caused by respiratory viruses, such as
influenza, respiratory syncytial virus (RSV), rhinovirus and others 4 5. Previous studies have showed
that in temperate regions, the activities of respiratory pathogens such as influenzatend to peak
when both ambient temperature and humidity are low 6-8. However, in tropical and subtropical
regions, the role of ambient environmental factors on respiratory pathogen epidemics, such as

influenzaand RSV is less consistent and inconclusive 9-11.

One possible reason could be the lack of assessmenttoindoorenvironments where 80% of daily
time is spent 12. Previous studies have suggested indoor environment may not associate with
outdoorenvironment, especially in extremely hot and cold days 13-17. It could probably explain the
inconsistent findings of the effects of ambient environmentalfactors oninfluenza seasonal surges.
However, few studies evaluated the impacts of indoor environments on respiratory infections 18-20

and none have been conducted in the community settings of tropical and subtropical regions.

We conducted a prospective cohort study in the subtropical city of Hong Kong by recruiting 285
community dwelling people aged 65+ years, with the aim to explore the impact of household
environmentalfactors, including temperature, relative humidity (RH) and absolute humidity (AH), on
ARlincidence. We choose olderadults as our target population, because they face a higher disease
burden associated with respiratory infections and tend to spend more time inside their households

than younger populations 21.

Methods

Study population
Participants were recruited from the elderly community centers located in Hong Kong Island (HKI)

with one million population. Convenience sampling and snowballsampling were adopted to recruit
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people by following inclusion criteria: 1) aged 65 years or above, 2) living in HKI alone or with family.
Participants were excluded if 1) having mental disorder, memory loss, chronic respiratory diseases;
and 2) planning to move to another house or travelling for longerthan one month, 3) havinga
scheduled hospitalization during the study period. If there were more than one eligible persons from

a household, only one of them was recruited.

Baseline data collection

A flow chart of data collection is shown in Figure 1. The first round of participant recruitmentwas
conducted from December 2016 to April 2017 and the second round was from January to May 2018.
We scheduled the first home visits to collect the individual data of sociodemographic characteristics
and lifestyle, including age, sex, education, smoking, outside daily activity, influenzaand
pneumococcal vaccination history, and diagnosed medical conditions. We also collected the
household information, including type of house, floor level, years of living, number of rooms, room

size, usage of air-conditionerand (de)humidifier. Supermarket vouchers of HKS 300 (= USS 38)

were given to each participant as token of appreciation.

Indoor and outdoor environment data

A digital data logger (HOBO Temp/RH 3.5% Data Logger UX100-003, Onset Corporation; Bourne,
Massachusetts) was installed on the wall or furniture of the living room to continuously collect
indoor temperature and RHat 1-hr intervals during the entire follow-up period. The loggers were
fixed at 1.0 - 1.8m height, away from any window, air-conditioners, ventilation systems or heat
sources. All the data loggers were calibrated by the manufacturer, to detecttemperature from0°C
to 50°C with accuracy of £0.21°C, and RH from 25% to 95% with accuracy of + 5%. The batteries of
data loggers could last forat least one year and were replaced at the end of the first-year follow-up.
Research assistants made monthly phone calls to participants to ensure the proper functioning of

data loggers.
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Daily mean outdoortemperature, totalamount of precipitation, concentrations of ambientfine
particulate matters (PM, ) and ozone (O;) were retrieved from the weather stations and air
monitoring stations that geographically closestto each household address. Daily mean outdoor RH
was retrieved only from Wong Chuk Hang station due to data availability. Daily mean of indoorand
outdoor absolute humidity was converted from temperature and RH using the Clausius-Clayeron

equation 22.

Outcome measurement

All participants were asked toimmediately report acute respiratory symptoms during the follow-up
period via eitheran online report platform or phone calls to research assistants. The dates of
symptom onset, over-the-counter medication, outpatient visits or hospitalization for respiratory
symptoms (if any) were also collected. To increase the report rate, research assistants reminded

them or collected these data via monthly phone calls.

Respiratory virus sheddingin the upperrespiratory tract normally peak at 1-2 days afterillness onset
and decrease to undetectable levelby 6-7 days 23. When participants reported their symptoms
within seven days of disease onset, research assistants collected the nasopharyngeal and throat
specimens at their home, following standardized method 24. Specimens were transported at 4°C to
the microbiology laboratory of Queen Mary Hospital and cryopreserved at-80°C before testing.
Reverse transcription polymerase chain reaction (RT-PCR) tests of influenzavirus (type A and B) were
conducted by following the laboratory protocol 25. A supermarket coupon of HK$20 (~USS$2.6) was

given to participants upon each home visit for specimen collection to appreciate their time.

We defined an ARl episode as the onset of at least two of the following acute respiratory symptoms:
feverishness, cough, headache, sore throat and myalgia 26. We excluded episodes if participants
reported: 1) travel history within 7 days prior to the symptom onset; and 2) the second episode if
the interval of two episodes within the same participants were shorterthantwo weeks. To compare

with local ARl activity, weekly influenza-like illness (ILI) consultation rates reported by sentinel
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general outpatient clinics (GOPC) and laboratory surveillance of respiratory viruses were retrieved
from Hong Kong Centers for Health Protection (CHP) 27 and were converted to monthly scale by

date weighted calculation.

Statistical analysis

We used a case-crossover design to evaluate the association between indoorand outdoor
environments and ARl incidence. This design has been widely used to assess the short-term effects
of environment exposures 28, in which each case serves as theirown control. Environmental
exposure was compared between the periods priorto the ARl episodes (case) and the periods
without ARI episodes (referent). We used a time-stratified approach to select referent period by
matching the same days of week within the same month of each ARI episode. This approach was less

likely to give biased effect estimates and confounded by temporaltrends 29 30.

We used conditional logistic regression models to estimate the odds ratios (ORs) between daily
mean temperature, RH, AHand ARl incidence. Spearman correlation coefficients between indoor,
outdoorenvironmentalfactors and time-varying covariates during case and referent periods were
calculated to assess the collinearity between explanatory factors. Highly correlated covariates (r>0.7
or <-0.7) would be entered separately into regression models. According to the criteria, indoor and
outdoorenvironmental variables were analyzed separately (Supplementary Table S1). Underindoor
or outdoor models, daily average temperature and RHwere entered in models together, whereas

daily average AH was analyzed solely (Supplementary Table S2).

We first added only environmentalfactors into the models to estimate theirassociations with ARI
incidence. Othertime-varying variables were subsequently added to calculate the adjusted ORs.
Model 2 added precipitation to Model 1. Model 3 furtheradded the variables of outdoor PM, s and

O; concentrations. The typical models were as follows:

{logit(P) = Bo + BtempXtempt + BruXrus + BiXit (1.1)
logit(P) = By + BauXame+ BiXit (1.2)
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where tis the onsetdate or a referent date; x; is the time-varying variables, including precipitation,

PM,sand Os; [ is vectors of coefficients of variables.

We estimated single-lag day effects of environmental factors by adding daily data from the onset
date of the ARI episode to the six-preceding day (termed lag, - lags), respectively. The cumulative
effects up to six lag days (lago; - lages) were accessed by adding a moving average of daily data.
Considering Hong Kong normally experiences two peaks of respiratory infectionsin a year, we
stratified the analysis by warm (May - October) and cool seasons (November - April) to investigate
the seasonalvariation in effect estimates. We choose Model3 as our final model given precipitation,

PM, s and O; may modify the effect estimates between environmental factors and ARI 10 31-33.

We presented the results by using excess risk (ER%) of ARl incidence and theirrespective 95%
confidence intervals (Cls) associated with per unit increase of environmentalfactors, which were
calculated as ER% = (OR— 1) x100%. We conducted several sensitivity analysis by changing the
referentand the daily environment measures to evaluate the robustness of our effect estimates.

(Supplement materials)

All analyses were conducted using the package ’'survival’ in R software (version 3.5.3).

Ethical consideration

Written consent forms were obtained for all participants at recruitment. The ethics approval was

obtained from the Institutional Review Board of Hong Kong Polytechnic University.

Results

Descriptive statistics

We recruited 231 participants during December 2016 to April 2017, 60 dropped out by the end of
the first-yearfollow-up. 54 participants were recruited during January to May 2018 and a total of
225 participants were followed up in the second year (Figure 1). Five participants died from non-

respiratory diseases during the follow-up period. The average follow-up period was 608 days and the
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phone call frequency were 10.8times per year. The median age at recruitment was 77.0 years,
ranging from 65.1 to 95.2 years (Table 1). Among the total 285 participants, 81.8% were female,
73.3% with at least one chronic disease, and 36.8% living in public estates. 94.4% of households
owned at least one air-conditioners, 26.3% owned one dehumidifier, and none owned a humidifier.
All participants were living in apartments of high-rise buildings, with a median living area of 36.2
square meters per household. One-third of the participants were living alone, and the household
size ranged from 1 to 6 people. The geographiclocations of participated households were showed in

Figure 2.

Seasonal patterns

Both indoorand outdoor environmental factors showed clear seasonal variations during the study
period (Figure 3A-C). Daily average indoortemperature was higherthan outdoor temperature in cool
season, and similar with outdoortemperature in warm season. Daily average indoor RH was lower
than outdoor RH. Indoor AH was similar with outdoor AH in cool seasons, while in warm seasons,
indoor AH was lower than outdoor AH. We observed variations of daily average indoortemperature,
RH and AH across different households. The variations of each indoor parameters were largerin
warm seasons as compared to those in cool season (Figure 4). The mean and standard deviation of
indoor and outdoor environmental factors during case and referent periods of ARI episodes were
shownin Table S3.

ARl incidence

A total of 168 ARI episodes were reported from 112 participants, including 75 episodesin warm
seasons and 93 in cool seasons. There was no difference between the participants with and without
ARl at baseline, except thatthe ARI group were slightly younger (Table 1). Of 68 specimen samples
collected, six were positive forinfluenza A. Monthly numbers of ARl episodesinthe elderly cohort
and ILI consultation rates of Hong Kongare plottedin Figure 3D. The ARl episodesin the cohort

peaked ahead of the ILI consultation rate in 2017-18 butslightly lagged behind in 2019.
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Temperature

Model 1-3 gave similar effect estimates. The effect estimates from model3are presentfrom
hereafter. During the whole study period, we observed negative associations of indoortemperature
with ARlin the single-day lag model, but notin outdoortemperature. The negative associations of
indoor temperature were greatest at lag 2 day and were marginally found in cool season ratherthan
warm season (Figure 5A). Inthe cumulative-lag models, there is no association of outdoor
temperature with ARl in cool season, but weakly negative associations of indoor temperature across
differentlag days were found. In warm season, the indoor and outdoor temperature had negative

point estimates but with wide confidence intervals (Figure 6A).

Relative humidity

The single- and cumulative-lag effect estimates of indoorand outdoor RH on ARlincidence are
shown in Figure 5B and 6B. Forthe whole study period, most point estimates were negative, but
none were statistically significant. In cool season, the ERs of indoor and outdoor RH had similar
estimates, and both peaked atlag 3 day and the cumulative effects were only observed for outdoor
RH at lag 0-5 days (ER: -3.9%, 95%Cl: -7.4%, -0.2%). In warm season, the effects diverged at lag 3,
with a positive point estimate forindoor RH and null for outdoor RH. The cumulative effectstended
to be null beyond lag 0-2 days forindoor RH, but the outdoor estimates were consistently negative

across differentlag days.

Absolute humidity

Negative associations betweenindoorand outdoor AHand ARl incidence were found fromlag 2 to
lag 5 day in all seasons (Figure 5C). Similar patterns were observed in cool season and the estimates
of indoorand outdoor AH both peaked at lag 3 day. In warm season, the point estimates of indoor
AH were positive at lag 3 day and the rest were close to null, whereas all the estimates of outdoor
AH remained negative. The cumulative effects of indoor and outdoor AH were similar (Figure 6C). In

cool season, both two effect estimates were peaked at lag 0-5 days. Indoor AH (ER: -9.0%, 95%Cl: -
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15.9%, -1.5%) had a larger estimate than outdoor AH (ER: -6.8%, 95%Cl: -13.5%, 0.4%). In warm
season, the cumulative effects of indoor AH tended to be null beyond lag 0-2 days, but the effect

estimates of outdoor AH were consistently negative.

Discussion

Most previous studies on environmentalfactors and respiratory infections adopted an ecological
study design, which suffered from an unavoidable ecologicalfallacy. Nearly all of them were focused
on outdoor climate factors. However, most people spent more time indoors and the lack of evidence
fromindoor environments made the previous findings less conclusive. To our knowledge, our study
is the first prospective cohort study to investigate indoor and outdoor environment exposure and
the risk of ARI at individual level. In our study, participants spent on average 80% of their daily time
in their apartments, which was consistent with an early investigation in the US 12. By using the case-
crossoverdesign, we were able to adjust for time independent factors, including time trends,
season, demographics, health status, household size etc. We found significantly negative
associations between indoor AHand ARI, particularly in cool season. Although the associations
betweenindoortemperature/RH and ARl seldom reached significance, the negative effect estimates
were consistently observed across different single - and cumulative-lag days models. Our findings fill
in an important research gap on the impact of indoor environmentalfactors on ARl risks in

community and household settings.

It remains a great challenge to elucidate the impacts of environmentalfactors on survivaland
transmission of respiratory viruses given their multiple transmission routes and nonspecific
symptoms 34 35. Since lower virus titers in older people make diagnosis challenging 36, we adopted
ARl as ourcase definition. Previous studies reported influenza (21%) and rhinovirus/enteroviruses
(21%) were most frequently detected among ARI outpatients 35. The seasonal pattern of ARl was

found consistent with those of influenza activities in community worldwide 37 38. There are other

10
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definitions available, such as ILI adopted in clinical surveillance, butit showed low sensitivity in older

people 5.

We observed large differencesinindoorenvironments across households particularin warm season,
which were likely due to the usage of air-conditioners or (de)humidifiers. It may lead to a stable
environmentand the impact of short-term environmental factors was less likely observed. The
findings were consistent with anotherindoor study about influenza transmission in a tropical region
in summer season 18. In contrast, during mild winterin Hong Kong, indoor heating devices are
uncommon used. We found indoor AH had small variance across households and was highly
correlated with outdoor AH (r=0.96). The correlations between indoorand outdoor environmentsin
cool seasons was higher than theirs in warm seasons. It was different from temperate regionsd ue to

the wide use of indoor heating devices in winter 17.

We observed negative associations betweenindoor AHand ARI, which significant fromlag 2 to lag 5
daysin cool season and peaked onthe lag 3 day. These findings coincided with the incubation
periods of many acute respiratory virus infections 39. The negative associations of indoor AH were
comparable to those of outdoor AH in cool season, but only the associations of indoor AH were
statistically significant. The findings were inline with previous studies that suggested ambient AH

could be an optimal predictor of influenzaincidence if indoor data was absent 7 9 20.

We found a weak association between indoortemperature and ARI. The effect estimates were
comparable to otherstudiesin tropical and subtropical regions, which reported marginally negative
associations between outdoortemperature and laboratory-confirmed influenza 40 41. Regional
heterogeneity in the impacts of outdoor climates on respiratory virus activities have long been
noticed. In high latitude regions, temperature had greater effects on respiratory virus compared to

low latitude regions 10. In our study, indoor temperature (mean: 25.4°C) was warmer than other
studies in tropical regions with outdoortemperature (mean: 22.8- 25.0°C), and studies in temperate

regions (mean:9.2 —14.3°C) 42 43.

11
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The impact of indoor RH was less evidentin our study. RH is a relative measurement of humidity that
considering the association between temperature and watervapor, inadequate adjustment of
temperature may exist. Some study suggested an interactive effect of influenzaincidence between
temperature and RH 9. Due to our small sample size, we did not observe suchinteractive effect (data
not shown). We stratified the analysis in cool and warm seasons to explore any potential seasonal
difference onthe associations of environmentalfactors. The results showed non-significantly
negative association betweenindoor RH and ARl in cool seasons and less consistent patternin warm
seasons. We noted greatintra- and inter-day variations of indoor RH, which may have potential
impact on the effect estimations. Future studies may consider the variability of RH on the association

with influenza activities.

The negative associations betweenindoorenvironments and ARl incidence echo the findings of
previous experimental studies. Studies in animals and in vitro culture systems found the survival of
lipid enveloped virus, such as influenza, RSV, parainfluenza and coronaviruses were greatestindry
environment (i.e. RH20% or 30%) & 34 44. Lower humidity could also exacerbate the progress of
droplet evaporation, thereby facilitating the airborne transmission of pathogen-laden droplet nuclei
45. Temperature can affect the state of pathogens proteinand genome (RNA or DNA). Pathogens
can live longer at low temperature (i.e. 5°C) & 34. In addition, dry and cold environment could slow
down mucaociliary clearance impair innate antiviral defence and delay repair of respiratory epithelial
tissues 46. However, environmental conditions tested in these experimental studies barely represent
the variation of true environmental condition in subtropical and tropical regions. Future studies shall
considera widerrange of environmentalfactors to elucidate the optimal ranges of pathogens

survival and transmission.

Some limitations of our study shall be noted. First, linearity assumption in our models may not hold
for all environmentalfactors. Some studies reported a U-shape relationship between temperature

(or AH) and laboratory-confirmed influenzain temperate regions 10-47, while others found linear

12
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associations in tropical and subtropicalregions 2 7. Nevertheless, we investigated seasonal variation
of the effects, and negative associations were consistently observed across seasons. Second, ARI
incidences might be underreported, and it remains challenges to obtain specimens at the right
timing. We only found six laboratory-confirmed influenza cases (annualrate: 1.3% and test positive
rate: 8.8%), which were comparable to otherstudies in community. Studies in British and Peru
reported the rates of l[aboratory-confirmed influenzawere 1.4%-2.9% per-season and influenza
positive rates were 6%-9% 48 49. Third, despite the case-crossover design being able to control
time-independent confounding factors, other time varying confounders remain uncontrolled, such
as household ventilation and daily activities patterns of participants. These unmeasured factors shall
not vary too much between the onsetand referent periods. Last, our findings may notbe
generalizable to younger people orother higherrisk groups of ARI because they spend substantial

time in working environments and have different contact patterns.

Conclusions

Our study is among the first to explore the effects of indoor environmentalfactors on ARl incidence.
Lowerindoor AH was found associated with ARl incidence, particularly in cool season. The findings
could provide important evidence on the mechanism of influenza or otherrespiratory infections
seasonal outbreaks in tropical and subtropical regions. Large-scale studies are warranted to
comprehensively understand the impacts of indoor combined with outdoor environmentsonthe
risk of influenzainfections and may lead to novelinterventions to minimize the transmission of

respiratory pathogens.
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426  Table 1. Descriptive characteristics of participating households at the first home visit.

Laboratory
ARl vs
Total (n=285) Non-ARI (n=173) ARI(n=112) confirmed
non-ARI
influenza (n=6)
Variables Median (IQR) Median (IQR) Median (IQR) Median (IQR)
P values
or N (%) or N (%) or N (%) or N (%)
Age, years 77.0(71.7,82.5) 78.5(72.3,83.3) 75.9(70.4,80.5)  0.002*  75.2(72.6, 76.8)
Female 233 (81.8%) 144 (83.2%) 89 (79.5%) 0.517 5 (83.3%)
BMI 0.771
<23 129 (45.3%) 77 (44.5%) 52 (46.4%) 3 (50.0%)
23-25 60 (21.1% 35 (20.2%) 25 (22.3%) 1(16.7%)
>25 96 (33.7%) 61 (35.3%) 35 (31.3%) 2(33.3%)
Education 0.257
No Education received/Kindergarten 67 (23.5%) 47 (27.2%) 20 (17.9%) 1(16.7%)
Primary School 103 (36.1%) 62 (35.8%) 41 (36.6%) 1(16.7%)
Secondary School 47 (16.5%) 23 (13.3%) 24 (21.4%) 1(16.7%)
High School 34 (11.9%) 20 (11.6%) 14 (12.5%) 2 (33.3%)
Tertiary Education 34 (11.9%) 21 (12.1%) 13 (11.6%) 1(16.7%)
District 0.834
Central and Western 66 (23.2%) 39 (22.5%) 27 (24.1%) 2 (33.3%)
Southern 71 (24.9%) 45 (26.0%) 26 (23.2%) 0 (0.0%)
Eastern 132 (46.3%) 78 (45.1%) 54 (48.2%) 3 (50.0%)
Wan Chai 16 (5.6%) 11 (6.4%) 5 (4.5%) 1(16.7%)
Family Income ($SHKD per month) 0.807
Low (<5000) 158 (55.4%) 99 (57.2%) 59 (52.7%) 3 (50.0%)
Medium (5000-14999) 85 (29.8%) 48 (27.7%) 37 (33.0%) 1(16.7%)
High (>15000) 22 (7.7%) 14 (8.1%) 8 (7.1%) 2 (33.3%)
Unknown 20 (7.0%) 12 (6.9%) 8(7.1%) 0 (0.0%)
Type of Housing 0.695
Public Estate 105 (36.8%) 66 (38.2%) 39 (34.8%) 1(16.7%)
Home Ownership Scheme Flats 31 (10.9%) 20 (11.6%) 11 (9.8%) 2 (33.3%)
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427

428

429

430

431

Private flat or renting house
Medical condition (at least one)
Smoking history
Influenza vaccination for current season
Pneumonia vaccination 2
Owning of air-conditioners in home
Owning of dehumidifier in home
Owning of humidifierin home

Household size

2-3

4-7

Years of living in house

Total house area (m2)

Area of living room + dining room (m?)
Area of master bedroom (m?2)

Daily average hours in home in the past

7 days (h)

149 (52.3%)
209 (73.3%)
29 (10.2%)

199 (69.8%)
132 (46.3%)
269 (94.4%)
75 (26.3%)

0 (0.0%)

99 (34.7%)

170 (59.6%)

16 (5.6%)

25.0 (14.0, 34.0)
36.2 (27.9, 50.2)
15.9 (12.8, 18.6)
7.4(5.6,11.1)

20.0 (18.0, 21.0)

87 (50.3%)
126 (72.8%)
18 (10.4%)
125 (72.3%)
83 (47.9%)
161 (93.1%)
43 (24.9%)

0 (0.0%)

58 (33.5%)

106 (61.3%)
9(5.2%)

24.5 (15.0, 32.3)
36.5 (27.9, 50.4)
17.2 (13.0, 20.4)
7.4(5.6,10.3)

20.0 (18.0, 21.0)

62 (55.4%)
83 (74.1%)
11 (9.8%)
74 (66.1%)
49 (43.8%)
108 (96.4%)
32 (28.6%)

0 (0.0%)

41 (36.6%)

64 (57.1%)

7 (6.3%)

25.0 (13.0, 35.0)
36.2 (27.9, 48.8)
15.9 (12.8, 18.6)
7.6 (6.0,11.1)

20.0 (18.0, 21.0)

0.823

1.000

0.373

0.564

0.346

0.624

1.000

0.773

0.765

0.708

0.260

0.623

0.447

3(50.0%)
6 (100.0%)
2 (33.3%)
2(33.3%)
2(33.3%)
6 (100.0%)
2 (33.3%)

0 (0.0%)

1(16.7%)

5 (83.3%)

0 (0.0%)
23.5(20.5, 28.8)
47.6 (33.7, 61.4)
18.6 (17.5, 18.6)
9.8 (6.4,12.8)

21.2 (19.5, 21.9)

Abbreviations: ARI, acute respiratory illness; IQR, interquartile range; BMI, body mass index.

* Denotes statistically significant (p<0.05) difference between ARl cases and no-ARI cases in two sample

Mann—Whitney U test or Chi-square tests.

3 Acceptance pneumonia vaccination in the past 10 years at baseline.
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Figure titlesand legends

Figure 1. Flow chart of data collection and outcomes.

Figure 2. Geographicdistribution of participating households, weather monitoring stations and air
pollution monitoring stations. Weather monitoring stations: Happy Valley (HV), Hong Kong Park
(HKP), Shau Kei Wan (SKW) and Wong Chuk Hang (HKS); Weather monitoring stations for
precipitation: Happy Valley (HV), Quarry Bay (QB) and Shau Kei Wan (SKW); Air pollution monitoring
stations: Central/Western (CW), Central (CN), Causeway Bay (CB), Eastern(EN). The map s the

composite of imageries from ArcGIS 10.4.

Figure 3. Daily average indoorand outdoor (A) temperature, (B) relative humidity, (C) absolute
humidity, (D) monthly ARI counts of ARl of the cohort (bar) and ILI consultation rate (per 1,000
consultations) reported by sentinel general outpatient clinics in Hong Kong (line), January 2017 -

May 2019.

Figure 4. The distribution of daily average indoor (A) temperature, (B) relative humidity and (C)
absolute humidity across households. The filled contours indicate the 0.5th — 99.5th (light blue),
10th —90th (blue) and 25th — 75th (dark blue) percentiles of daily indoor mean value among the

participated households in each day. Warm seasons are highlighted in grey.

Figure 5. Plots of single-lag day effect estimates. Excess risks (95% confidence interval) of ARI
incidences associated with perunit increase up to lag six day (0 to 6) are compared for indoor and
outdoor (A) temperature, (B) relative humidity and (C) absolute humidity. * Denotes statistically
significant (p<0.05) difference of the environment exposure between case and referent periods in

conditional logistic regression.

Figure 6. Plots of cumulative-lag day effect estimates. Excess risks (95% confidence interval) of AR
incidences associated with perunit increase up to six preceding days (lag01 — lag06), for indoor and

outdoor (A) temperature, (B) relative humidity and (C) absolute humidity. * Denotes statistically
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significant (p<0.05) difference of the environment exposure between case and referent periods in

conditional logistic regression.
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Recruitment at the community centersin Hong
Konglsland

Year 1 recruitment: December 2016 — April 2017;
Year 2 recruitment: January 2018 —May 2018

Contact 42 community centers and
reached about 1000 elderly individuals.

|

Assessed for eligibility

—

A

Home visit for baseline investigation

[
v v

Excluded

e Loss contact

e Not living in HKI

e Having mental disorder or memory loss
e May leave house over one month

Face-to-face Installation of data loggers
interview for temperature and RH

[ [
v

Follow up: a total of 231 participants in the first
year, and 225 in the second year.

e Telephone contactevery 3-4 weeks

e Active reportacute respiratory symptoms

e Nasal and throat sample collection

e Household temperature and RH collection

A 4

e 332 acute respiratory symptoms
episodes reported, 68 specimen samples
collected;

e 67 participants dropped out;

e 5 participants died for non-respiratory
related disease or accident.

l

¢ 168 episodes met ARI definition;
e Six participants were positive forinfluenzaA.
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