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Table 1. Monthly log-attack rates of measles in Japan in cases per 100,000 population,
from September 1948 to August 1972.

Total

Year Sep. | Oct. | Nov. |Dec. | Jan. |Feb.| Mar. |Apr. | May | Jun.| Jul. |Aug. T,
1948-49 | 1.143 1.236| 1.572) 1.799] 1.938| 2.200] 2.445 2.553| 2.773| 2.659, 2.360| 2.022| 24.700
1949-50 | 1.537| 1.459] 1.626| 1.653] 1.730| 1.817| 1.979 2.006] 2.157| 2.083] 1.881| 1.524] 21.452
1950-51 | 1.158 1.288 1.522) 1.731| 1.882 2.171| 2.453| 2.598 2.797| 2.707) 2.398| 2.020| 24.725
1951-52 | 1.558 1.593] 1.659 1.786| 1.767| 1.827| 2.053| 2.079] 2.131| 2.127] 1.891| 1.490| 21.961
1952-53 | 1.134] 1.017| 1.210{ 1.439] 1.678| 1.976] 2.306| 2.424] 2.590| 2.535 2.245| 1.881| 22.435
1953-54 | 1.491) 1.494] 1.642| 1.771| 1.824] 1.940| 2.098| 2.123| 2.276| 2.211] 1.959| 1.582| 22.411
1954-55 | 1.173| 1.190, 1.332| 1.479] 1.651] 1.973] 2.048| 2.032 2.231f 2.159] 1.785| 1.338| 20.391
1955-56 | 0.892| 0.903] 1.064] 1.477| 1.592| 1.751] 1.937| 2.035 2.271| 2.251] 1.985| 1.565 19.723
1956-57 | 1.223| 1.299] 1.497| 1.697| 1.664] 1.906| 2.096| 2.227| 2.329 2.121] 1.758| 1.230| 21.047
1957-58 | 0.799| 0.833] 0.826| 1.009] 1.210| 1.307| 1.633| 1.704) 1.856| 1.832| 1.597| 1.236| 15.842
1958-59 | 0.919 0.978] 1.196| 1.348] 1.483| 1.853] 2.066| 2.146| 2.373| 2.332 1.964| 1.394| 20.052
1959-60 | 0.881| 0.978 1.061| 1.299] 1.473| 1.853] 1.941| 1.897] 2.090; 2.033] 1.739| 1.299| 18.544
1960-61 | 0.826] 0.898 1.143| 1.340| 1.328| 1.516] 1.631 1.702] 2.069 2.041] 1.697| 1.332| 17.523
1961-62 | 0.964] 0.991] 1.140| 1.303| 1.530| 1.802] 1.835| 1.982 2.250| 2.258 1.931| 1.458| 19.444
1962-63 | 0.959| 1.013] 1.301| 1.493] 1.408| 1.606; 1.654] 1.660] 1.949 1.960, 1.765| 1.380| 18.148
1963-64 | 0.949| 1.152| 1.188 1.260| 1.474] 1.835 1.846| 1.873| 2.037} 2.097] 1.860| 1.430 19.001
1964-65 | 1.041] 1.243] 1.354] 1.348] 1.450{ 1.569] 1.589 1.747] 1.871| 1.907] 1.750| 1.435 18.304
1965-66 | 1.004] 1.093] 1.185( 1.405] 1.450 1.736] 1.816| 1.853] 2.086| 2.125/ 1.867| 1.584| 19.204
1966-67 | 1.143| 1.079] 1.215 1.137| 1.373| 1.418] 1.493| 1.493| 1.707| 1.580, 1.344| 1.004| 15.986
1967-68 | 0.663| 0.591] 0.826/ 1.017| 1.117| 1.364] 1.522| 1.670] 1.929 2.035 1.920| 1.611| 16.265
1968-69 | 1.076| 1.260, 1.314| 1.389] 1.236| 1.207| 1.233| 1.290] 1.493| 1.525 1.480| 1.292| 15.795
1969-70 | 1.155/ 1.061] 1.305/ 1.455] 1.517} 1.609] 1.649 1.602| 1.726| 1.762| 1.577| 1.281| 17.699
1970-71 | 0.949 0.924| 0.959 0.982 1.033| 1.045 1.072| 1.176] 1.461| 1.612 1.540| 1.369| 14.122
1971-72 | 1.130| 1.164] 1.322 1.423] 1.576| 1.560, 1.519| 1.422] 1.577| 1.633] 1.500) 1.297| 17.123
T: 25.767/26.737, 30.459134.040| 36.384/40.841 43.914/45.294| 50.029{49.585 43.793(35.054| 461.897

y 1.074| 1.114| 1.269| 1.418, 1.516| 1.702] 1.830| 1.887| 2.085| 2.066| 1.825| 1.461
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Fig. 1. Log-attack rate per 100,000 population in each 12-month
period ending in August, from 1948 to 1972 in Japan
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Table 2. Analysis of variance of the monthly log-attack rates of measles for the
duration between September 1948 and August 1968.
Row Term DF SS MS F F’
1 Years, trend on x; 1 7.2365 7.2365 40.86
17 Years, trend on xs 1 0.3265 0.3265 1.84
17 Years, scatter 17 3.0112 0.1771
2 Effect of a; and by 2 29.7490 14.8745 101.88"
3 Effect of as and by 2 2.5291 1.2646 15.83tt
4 Scatter 7 0.4754 0.0679 12.81
5 Years X (a1 + b1) 38 3.1689 0.0834 15.74
6 Years X (as + b2) 38 0.6559 0.0173 3.26
7 Years X remainder 133 0.7039 0.0053
8 Total 239 47.8562
9 Correction Cn 1 657.2270
10 Years X amplitude; 19 2.5996 0.1368 25.81
11 Yeras X phase; 19 0.5693 0.0300 5.66
12 Yeras % amplitudeg 19 0.2677 0.0141 2.66
13 Yeras X phases 19 0.3882 0.0204 3.85
Years within periods
14 Odd-even years 3 4.4856 1.4952 43.21
15 Remainder 12 0.4154 0.0346 6.53
16 Residue for years 4 5.6732 1.4183 267.60

152 = 0.1460, »’ = 25.31

Y = 1.6549—0.356124 —0.3480v1 —0.1443us
—0.0180v2
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Fig. 2. Mean log-attack rates for each month,
from September 1948 to August 1968,
in Table 1 (circles) and fitted two-term
Fourier curve(upper diagram) ; separate
plots of the first and second harmonics
(lower diagram), whose sum added to
the mean (ag) constitutes the Fourier
curve. The values for September to
April are repeated in the right side of
the figure.
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Table 3. Frequency distributions of the mean (ag) and regression coefficients (a;,
b1, as, bg)in equation Y = ag + ajuy + b1v1 + asus +bsvs for the 24
yearly two-term Fourier curves ; the frequency in each grouping interval
is listed opposite its midpoint, but the means are from ungrouped data
Frequency Frequency Frequency
Midpoint _— Midpoint Midpoint
ag ai bl agz b2
1.15 1 -0.55 3 -0.20 6
1.25 -0.45 7 5 -0.16 5 1
1.35 4 -0.35 5 4 -0.12 10
1.45 3 -0.25 9 6 -0.08 3 5
1.55 4 -0.15 1 4 -0.04 6
1.65 5 -0.05 2 2 0.00 6
1.75 2 0.04 4
1.85 3 0.08 1
1.95 0.12 1
2.05 2
Total 24 24 24 24 24
Mean 1.6038 -0.3044 -0.3146 -0.1411 -0.0201
Table 4. Analysis of variance of the monthly log-attack rates of measles for the
duration between September 1968 and August 1972.
Row Term DF SS MS F
1 Between years (ag) 3 0.6317 0.2106 150.43
2 Effect of a; and by 2 0.7981 0.3991 5.50
3 Effect of ap and be 2 0.4170 0.2085 37.23
4 Effect of ag and bg 2 0.0183 0.0092 9.20
5 Scatter 5 0.0130 0.0026 1.86
6 Years X (a1 + b1) 6 0.4355 0.0726 51.86
7 Years X (as + b2) 6 0.0335 0.0056 4.00
8 Years X (ag + b3) 6 0.0059 0.0010 0.71
9 Years X remainder 21 0.0290 0.0014
10 Total 47 2.3820
11 Correction Cn 1 87.3154
12 Years X amplitude; 3 0.1798 0.0599 42.79
13 Years X phasej 3 0.2557 0.0852 60.86
14 Years X amplitudeg 3 0.0015 0.0005 0.04
15 Years X phases 3 0.0320 0.0107 7.64
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Fig. 3. Mean log attack rates for each month,
from September 1968 to August 1972, in
Table 1 (circles) and fitted three-term
Fourier curve (solid line) and two-term
Fourier curve (broken line) (upper
diagram) ; separate plots of the first,
second and third harmonics (lower
diagram).
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Fig. 4. Mean monthly log-attack number in
Shimane prefecture from September
1958 to August 1968 fitted with a two-
term Fourier curve (upper diagram), and
that from September 1968 to August
1975 fitted with a two-term (broken
line) and a three-term (solid line)
Fourier curves (lower diagram).
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Summary

The seasonal variation in attack rates by measles in Japanese children has been
examined by the method of harmonic analysis. The monthly attack rates per 100,000
children during 20 years from September 1948 to August 1968 showed a characteristic
seasonal pattern when the rates were transformed to logarithms. It was described
effectively by a two-term Fourier curve equation, Y = 1.6549—0.5561u;—0.3488v; —
0.1443u,—0.0180v,. The average maximal incidence of measles occurred on May 25.47
+ 4.66 and its minimum on October 8.19 + 4.49. By solving the two-term Fourier
equation, the predicted log incidence was Y = 2.20268 for the average maximum and Y
= 1.07795 for the average minimum. From their antilogarithms, the maximum number
of cases per month averaged 159.47 per 100,000, and the minimum number 11.97 per
100,000, a 13.33 fold increase through the year. The rates during 4 years from
September 1968 to August 1972 was described by a three-term Fourier equation, Y =
1.3488—0.1969:; —0.1477v,—0.12601, —0.0384v, —0.0223u3+0.0158v;. The average peak
of the measles epidemic delayed about 18 days, but the minimum date was almost
similar to that of the former 20 years. The maximum number of cases per month
averaged 42.693 per 100,000, and the minimum number 11,930 per 100,000, a 3.58 fold
increase through the year. The clear decrease in attack rates and the change in the
seasonal incidence pattern were recognized, compared with those of the former 20 years.
The utility of preventive vaccination for measles in recent years is seemed to be
significant for lowering the incidence, though the elevation of economical and social
standards of people’s living may be playing important roles in this matter. Similarly
the seasonal distribution of monthly totals of measles cases in logarithms for 10 years
from September 1958 to August 1968 in Shimane prefecture was able to describe by a
two-term Fourier curve and that for 7 years from September 1968 to August 1975 was
described by a three-term Fourier curve.



