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TIME SERIES ANALYSIS ON THE INCIDENCE OF INFLUENZA IN ELEMENTARY
SCHOOLS DURING WINTER SEASON USING TEMPERATURE AND HUMIDITY

Study on the relationship between indoor air environment and the incidence of influenza in schools
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In schools, sick leave might to be a significant index of productivity. Elementary schools are thought to be amplifiers for infections in influenza

in communities. In School Health and Safety Act, children are told to stay home in case of an epidemic of influenza. The humidity ratio had

been reported to be a critical factor for infection of influenza. However the relationship between the really measured indoor thermal factors and

the incidence of influenza is rarely investigated. Then the room temperature and relative humidity were continuously measured in twelve

classrooms in a public elementary school in Tokyo. And the period of analysis was set as 3 winter seasons from 2005/2006 to 2007/2008.

The average values of the room temperature per every winter season in all classrooms were met the School Environmental Sanitary Standard.

On the other hand. the average values of indoor relative humidity in some classrooms were lower than the standard value. The high correlation

coeflicients were not obtained in the relationship between the average values of indoor thermal factors, i.c., air temperature, relative humidity,

and humidity ratio per every winter season in each classroom, and the number of absence on account of flu. Focusing on the period when

absence on flue had occurred, the room temperature of two days before the absence had a high correlation with the number of absence on flu.
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Table 1 Measured factors and measuring period
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Year | measuring period

measured factors

2005 | Dec. 17/2005~March 8"/2006

2006 | Dec.8"/2006~March 6Y/2007

2007 | Dec.10"/2007~Feb.27"/2008

room temperature,

relative humidity

(every 30 minutes)

Fig.1

)

Plan of school S (upper:2™ floor, lower 3" floor)

Table 2 Number of pupils and absences on account of illness or flu
per each season in each class

2003 2006 2007
b illnes e E illnes AT = illnes flu

s s B
1st erade, A~ 371 62 31 31 39 ol 30| 40 T
1st grade, B 39 62 4] 32| 28 3] it 7 e 8 4
2nd grade, A 27| 46 0] 38 95 o] 29| 42 0
2nd grade. B 28] 35| 17} 40| 50 0] 30 21 6
3rd grade, A 39] 57 127 29 0] 38 356/ 17
3rd grade. B 39] 107 1] 26| 24 0l 38 33| 15
4th grade, A 85] 552 6] 39| 43 Of 27} 25 2
4th grade. B 351 37 8] 38] 80 0l 24 17 0
Sth grade, A 371 48| 10f 33| 37 0] 38] 44 0
Sth grade, B 332 6] 35| 44 0] 37| 66 4
6th grade, A 300 39 4] 36/ 40 0] 34| 36 4
6th grade, B 29y 581 =12]- 37| « 31 0f 35| 32| 16
Average  |34.3 |54.6 | 6.5[34.3 [48.3 0132.639.1| 6.3

* Class A of 1st grade
illuness: number of absence on account of illness
flu: number of absence on account of flu

number: number of pupils in each class
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Table 3 Room temperature, relative humidity and humidity ratio

2005 2006 2007

RT |RH J[ratio [RT |RH [ratic |RT |RH |ratio
. (°C) (%) |(@ke)|(°C) (%) l(eke) |(°C) (%) |(gke)
Ist grade. A119.3 [33.0 | 4.55]19.0 (349 4.77|17.1 |34.1 | 4.13
1st grade. B [20.129.2] 4.26 [19.1 [34.6 | 4.77 [19.6 [24.2 | 3.40
2nd grade. A 18.2 [32.4 ] 4.19119.0[35.0] 4.78 [18.8 [25.2] 3.32
2nd grade. B] 18.6 [32.2] 4.25[18.9[35.2] 4.78 [19.9 [22.6 | 3.17
3rd grade. A[17.5 [36.8 | 4.53[18.9135.7] 4.86 [19.0[31.9] 4.14
3rd grade. B|17.7[38.1 | 4.75[18.936.1] 4.88[18.9[30.4 | 4.05
4thgrade. A[18.5[31.9] 4.14 [18.5]37.4 | 494193 [31.2 | 4.19
4th grade, B[ 18.0 [38.3 | 4.87 18.4(37.3| 491 |18.2 1329 4.23
Sth grade, A | 19.7 [30.8 | 4.26 [ 18.4 [37.0| 4.87 |17.633.2| 4.13
Stherade. B | 18.2 [33.1] 4.14 | 18.5]36.9| 4.88 | 17.8 |35.0| 4.43
6th grade. A 15.3 [43.3 | 4.66 [ 19.1 |34.3 | 4.69 [18.8 282 | 3.77
6th grade. B[17.9 [31.7 [ 4.01]18.2[35.6 | 4.60 [21.6[25.4] 4.01
Average | 1831342 ] 439 18.835.8 | 4.81]18.9]29.5] 3.9

RT: Average room temperature RH: Average room relative humidity
ratio: Average room humidity ratio
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Fig.2 Room temperature and
indoor relative humidity

Fig.3 Room temperature and
indoor humidity ratio

Table 4 Reported number of incidence of flu in Tokyo during
measuring period

2005 2006 2007
start |end” |com.™ [start |end com. |start |end com.
closing grades”’ 0 0 o o 109 109 13 41 28
closing classes ™ 1| 463| 462] 0 481] 481 97 359 262
absence™ 13| 10089 10076| 0| 11540| 11540] 1544 5530] 3986

*1 temporary closing grades  *2 temporary closing classes
*3 number of absence on account of flu  *4 at the start of the winter season (A)
“5 at the end of the winter season (B) *6 comutative value, (B)-(A)
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Fig.4 Daily average room temperature as a function of the number

of absence of flu or illness per every season in each class
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Fig.13 Daily average outdoor temperature as a function of the
proportion of flu in each category class

B~E 10 ICHWEABIZTB AL v I FRIBET— 4
(n=105) # %3% B @ B PSR, B ¥ GHNEERTZAS
MORESND AEHEHEE <= v F /38, M 13 12458
DFERFNZ B LicA Y I N FRERE T, lot0) 0 AFIZ,

A TN FERIEDH-T- YA O EUARIRL OMBEEELT
BY, lotl] FA IV FREDHMBOBEHARIRL
OFEM%, Tot2) 122 BHID B FHAKIB LD, lot3) 113 AATO
B PR & O Z R L TV 5 otl~ot3 @ lag BRERITHHH
BE, TFERELSRAY, HERE R RURPBIZR L - ERER
DREITIE, BFRRIZEENIT—FRICLDEL T £2T-TH

—262—

D, EEEHEFEER
T3,

[ 13 Tid ot0 OAHFHMAAE (p<0.05) THH, M8 DERED
HETIIEEFEROMPIETHY, BROERL LI/ T7AT
YERGEE ERTHEAN B o8, B 13 TIRAEBMERAEET
oz ot0 DFEBFRHMEIZATSHY, AJBEDETE & LHICRESR
BERLTWA, 13 CizlH 8 (ZH~<IREIMEL, XMt 10°CE
TEI>TWDST 8, REBLRICLEHMEEDETENIES I2H
T HIRBEOMBENARETIRARL, BEICLHMIBHRTLEN)NA
ZNEZFERBREFICENATVDHLEZOND, ARIBOTTY
B OHEIR (ot0) OHHBEREN TR ThH-720IF, A1 742y
PRMOBEFMEOES OREE2RELZHITHE L ETTL
Bbns, £72H 13128115 ot0 OEREROB X 1, E8 THEL
RAEFREOE N o7 12 DX &

X 14 (2R & T — Z T15 57 HERTO A4 U ol BE PR 51 Lo 4 8
LA TNz RS & S SR R ERER & O BB 2R T,
lorh0) MAFIE, B0 HEHATHTE L OBBEERL T
W, Torh3) I%3 HAIMD H FEIN AL & OMBAERL TV 5,
H 14 TIEAEHEAHBE 60% U T CIIEMBEDET E & bico
TN FRER ERTHHEEBR 50D D, orh0~orh3 @ ¥ M4
BRI LHEMIIAETIZA Y (p20.05),

ERE A, B, s [Z—kESROBEE2RL

DS,

2.5 . . —‘
ey, 2L 5 : . . 4
2 ) o S 9
e 15L e B ='—'—'l"‘-"r:-—"—'-_----
S —S == ﬁﬁ?
E s ¥
4 1 e
g —&—orh0, s=-0.002, R=-0.200, p=0.802
? o5 ®— orh1, s=-0.007, R=-0.620, p=0.426
& Y9 - O orh2, s=-0.009, R=-0.596, p=0.446
- %--orh3, s=-0,002, R=-0.174, p=0.827
0 i 1 1 1 1
20 30 40 50 60 70 80

Outdoor relative humidity (%)

Fig.14 Daily average outdoor relative humidity as a function of the
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Fig.15 Daily average outdoor humidity ratio as a function of the
proportion of flu in each category class
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Fig.5 Daily average room relative humidity as a function of the
number of absence of flu or iliness per every season in each class
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Fig.6 Daily average room humidity ratio as a function of the
number of absence of flu or iliness per every season in each class
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Table 5 Number of absentees for flu in each class

o T1alis[2el3alselsals]salsel6al68luny  T1al18[2B[3a]38]4A5E[6A]6E
1/10/08 1 12/12/07) 1
1/11/05 1 12/19/07) 1
1/12/05 1 1 12/20/070 1] 1
1/13/05 1 12/21/07 1
1/16/05 2] 1 1 1 1/8/08 1 1
1/17/05 31 1 1 1/9/08 1 1
1/18/05 3 1 1 1/10/08 1 1
1/18/05 3l 2 1 1/11/08 1 1
[1/20/05 8| 1 1li/15/08 2
1/27/05 1 1/16/08 1
2/2/05 y|1LEy 3li/22/08 | 1] 1 4] 1
2/3/05 11 4|1/23/08 | 1] 1 4| 4
2/6/05 2] 1 1] 1]1/24/08 | 1 3l a3 1
2/7/05 11 1 |1/25/08 | 1 1] al 3| 1 1
2/8/05 1 2 [ 1] [1/28/08 1 i 1
2/9/05 1 1 a[ 1] 1] 1]1/29/08 1
2/10/05 1l 3 1/30/08 1
2/13/05 1 1/31/08 1
2/16/05 1]2/1/08 1
2/17/05 1]2/4/08 3
12/20/05 | 1 2/5/08 )
2/21/05 |1 2/6/08 1 3
2/22/05 | 1 2/7/08 2
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TIME SERIES ANALYSIS ON THE INCIDENCE OF INFLUENZA IN ELEMENTARY
SCHOOLS DURING WINTER SEASON USING TEMPERATURE AND HUMIDITY

Study on the relationship between indoor air environment and the incidence of influenza in schools

Go IWASHITA™

® Prof., Dept. of Architecture, Tokyo City University, Dr.Eng.

A deteriorated indoor climate is commonly related to increases in sick building syndrome  symptoms, respiratory  illnesses, sick leave,
reduced comfort and losses in productivity. In schools, sick leave might to be a significant index of productivity. Elementary schools are thought to
be amplifiers for infections in influenza in communities. In School Health and Safety Act, children are told to stay home in case of an epidemic of
influenza. Therefore the indoor air environment should be controlled for avoiding an epidemic of influenza. The humidity ratio had been reported to
be a critical factor for infection of influenza. However the relationship between the really measured indoor thermal factors and the incidence of
influenza is rarely investigated. Then the room temperature and relative humidity are continuously measured in twelve classrooms in a public
elementary school in Tokyo. And the period of analysis was set as 3 winter seasons from 2005/2006 to 2007/2008.

The average values of the room temperature per every winter season in all classrooms were met the School Environmental Sanitary Standard. On
the other hand, the average values of indoor relative humidity were not met the standard in some classrooms and lower than the standard value.

The high correlation coefficients were not obtained in the relationship between the average values of indoor thermal factors, i.e., air temperature,
relative humidity, and humidity ratio per every winter season in each classroom, and the number of absence on account of flu. Although the
tendency was found that the lower the humidity, the greater the number of absence on account of flu, the correlation coefficient was low and not
significant,

Focusing on the indoor climatic data when the absence of flu was occurred, the highest correlation coefficient was observed at 0.984 in the
relationship between the daily average indoor temperature of two days before the absence and the probability of flu. The second highest correlation
coeflicient was observed in the relationship between the daily average indoor room relative humidity of one day before the absence and the
probability of flu.

The significant high corrclation was seen in the relationship between the probability of flu and the daily average outdoor air temperature of the
absence day obtained from the meteorological data. The significant high correlation was also found in the relationship between the probability of flu
and the daily average outdoor humidity ratio of one day before the absence.

A multiple regression analysis was conducted with the probability of flu as a objective variable. The explanatory variables were indoor and outdoor
climatic factors. As a result of the analysis, the room temperature of two days before the absence was merely a significant factor (p<0.05). A

time-series analysis for indoor/outdoor climate especially a few days before the absence could be useful for understanding the infection of flu.

(2016 £ 7 A 7 HEBRSEA, 2016 47 11 A 22 BIEAlLa)
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