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The cross-correlation functions between the time
series of drug sales at community pharmacies have
been used for the epidemiological understanding of
influenza propagation process. The aim of this paper
is to examine the methods of smoothing for determin-
ing the maximum position (time lag) of the cross-cor-
relation function. The moving average method with a
window of seven days is taken to eliminate the hebdo-
madal frequencies originating from the life style of
people around the pharmacies, or rather, purchasers.
Based on the smoothed data of influenza anti-viral
agents for adults and children at pharmacies in Tokyo
and its vicinity, this paper tries to give an answer to
the question of which are earlier infected with influ-
enza, adults or children, in the limited areas.
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INTRODUCTION

The spatial understanding of disease propaga-
tion process in society is the goal shared by epide-
miology, medical geography and health research.1,2)

The focus of research is on person, time and space
and the analytical tools include choropleth maps and
geographic information systems.1–6) The techniques
of spectral analysis has also been used for common
purposes, e.g., power spectrum, auto-correlation
function and cross-correlation function.7–14)

The cross-correlation functions are concerned
with the time lag of similar or correlated phenom-
ena which occur in distant places or under different
situations.15) The time lag is the maximum position
of the cross-correlation function and means that the
correlation coefficient between the phenomena is the
largest, if one of the phenomena is shifted by the
time lag. As an example, the daily variations of the
sales of an influenza anti-viral agent at distant phar-
macies are observed to be similar in pattern, but one
variation lags a number of days behind the other. In
this situation, the cross-correlation function between
the daily variations is available for assessing the
propagation route and speed of influenza in the dis-
trict.13) The infection order of adults and children in
limited areas can also be estimated from the sales
pattern of influenza anti-viral agents at the same
pharmacy.14) This is feasible, because the formula-
tions are different from adults (capsule) to children
(dry syrup).

In the above-mentioned study, the interpretation
of the cross-correlation functions is straightforward.
Unfortunately, however, the determination of the
time lags can be obscured by the hebdomadal fre-
quencies which originate from the life style of people
in recent human society.13,14) For example, the pre-
scription of the influenza anti-viral agent for chil-
dren was observed to concentrate on Sundays and
Mondays at a pharmacy, even if it is open through-
out the year.12)

The purpose of the present paper is to examine a
smoothing method (moving average method) for
eliminating the hebdomadal frequencies form the
cross-correlation functions of the pharmacy data. A
case study is given including fifteen situations of
distant pharmacies and different influenza seasons.

MATERIALS AND METHODS

The information about the prescriptions of in-
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Fig. 1. Time Series, Auto-Correlation Functions (Weak Auto-Correlation) and Smoothed Data for the Sales of Neo-Amunoll® Powder
at a Pharmacy

The period of the time series ranges from January 1st in 2004 to December 31st in 2004. The pharmacy is located in 2–129–3 Miyahara, Kita,
Saitama, Saitama. The Y axes of A and B denote the weight. The meaning of figures A–E is the same as those of Fig. 4.

Table 1. Time Lag of Sales of Tamiflu R Capsules and Tamiflu R Dry Syrup Resulting from Smoothed Data

Pharmacy No. Location Time lag

Smoothing

None CFa) TSb)

Period: 11/01/2002–10/31/2003

1 Tanashi, Nishi-Tokyo, Tokyo 0 11 11

2 Tanashi, Nishi-Tokyo, Tokyo 13 16 15

Period: 11/01/2003–10/31/2004

3 Shinmachi, Hanno, Saitama 0 2 1

4 Tanashi, Nishi-Tokyo, Tokyo 7 4 6

5 Tanashi, Nishi-Tokyo, Tokyo 3 3 2

6 Kohoku, Yokohama, Kanagawa 7 6 7

7 Nakagawa, Adachi, Tokyo �7 1 0

8 Tana, Sagamihara, Kanagawa 0 1 2

9 Asakamachi, Koriyama, Fukushima 0 �2 �1

Period: 11/01/2004–10/31/2005

10 Shinmachi, Hanno, Saitama 0 �11 �11

11 Tanashi, Nishi-Tokyo, Tokyo 0 �2 �2

12 Tanashi, Nishi-Tokyo, Tokyo 5 5 4

13 Kohoku, Yokohama, Kanagawa �2 1 �2

14 Nakagawa, Adachi, Tokyo 0 �5 �6

15 Tana, Sagamihara, Kanagawa 0 �3 0

a) correlation function. b) time series.
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average over the window. A strong hebdomadal fre-
quency and its harmonics have been observed in the
power spectral densities of drug sales time series.12)

Since a wide window such as 14 and 21 days is
known to widen a peak, the window in this paper is
fixed at 7 days.

Figure 3 shows two types of smoothing exam-
ined here. The difference is in the data to which the
smoothing is applied: time series or cross-correla-
tion function. The smoothing of the time series is
common, but that of the cross-correlation function
might seem to be unreasonable. As is mentioned
below, a problem is found with the former, and the
alternative is also taken.

The influences of the moving average method
are examined first on auto-correlation functions and
second on cross-correlation functions. Finally, a case
study is presented. The daily variation in the amount
of drug sale at a pharmacy can be classified into three
groups according to the strength of auto-correlation;
strong, weak and none.12) Figures 1, 2 and 4 give the

fluenza drugs was collected from the pharmacies
listed in Table 1. Pharmacy (No. 1, 4, 11) is located
near an emergency hospital, the pharmacy for Figs. 1
and 2 is near a hospital of geriatrics (but not emer-
gency one) and the other pharmacies are near gen-
eral clinics (but not emergency ones).

The cross-correlation function, R(τ), between
time series, A(t) and B(t), describes the correlation
coefficients between A(t) and B(t + τ) as a function
of τ:15)

R(�) =
E [A(t)B(t+ �)]

p
E [A(t)2]E [B(t+ �)2]

(1)

where E[.] denotes the mean over time, t, of the ran-
dom variables inside the square brackets and param-
eter τ is called lag. In this paper, if B(t) lags behind
A(t), R(τ) has the maximum where τ > 0. If not, R(τ)
has the maximum where τ ≤ 0.

The moving average method16) used here has a
window of seven days and the value at the central
point of the window is replaced by the calculated

Fig. 2. Time Series, Auto-Correlation Functions (No Auto-Correlation) and Smoothed Data for the Sales of Daonil® at a Pharmacy
The period of the time series ranges from January 1st in 2004 to December 31st in 2004. The location of the pharmacy is described in the legend of

Fig. 1. The Y axes of A and B denote the number of tablets. The meaning of figures A–E is the same as those of Fig. 4.



439No. 4

Fig. 3. Schematic Diagram of Two Smoothing Methods
The final data used for the analysis are indicated by the gray

background.

Fig. 4. Time Series, Auto-Correlation Functions (Strong Atuo-Correlation) and Smoothed Data for the Sales of Tamiflu® Capsule 75 at
a Pharmacy

For the location and period, see No. 8 of Table 1. A: the daily variation in the number of capsules supplied; B: the smoothed data of A; C: the auto-
correlation function of the smoothed time series (B); D: the auto-correlation function of the original time series (A); E: the smoothed data of the intact
auto-correlation function (D).

time series of weak, none and strong correlation, re-
spectively.

RESULTS AND DISCUSSION

Figure 4A shows the daily variation in the sales
of an influenza anti-viral agent (Tamiflu® Capsule
75, Chugai Pharmaceutical) at a community phar-
macy and Fig. 4C and 4E show its auto-correlation
functions made through the smoothing. The smooth-
ing itself is applied to either the time series or auto-
correlation function (for the smoothed data, see B
and E, respectively). The original auto-correlation
function without smoothing is shown in Fig. 4D. The
arrangement of the figures is the same as that of
Fig. 3.

In general, the auto-correlation function takes
unity when τ = 0 and approaches to zero when τ =
∞.15) The intact auto-correlation function (D) has
these general properties. The smoothing (E) of the
correlation function breaks the first property (unity
when τ = 0), but provides the reliable values when τ
≠ 0 (compare D with E). On the other hand, the first
property is kept by the auto-correlation function (C)
of the smoothed time series, but the correlation co-
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Fig. 5. Time Series, Cross-Correlation Functions and Smoothed Data for the Sales of Tamiflu® Capsules and Tamiflu® Dry Syrup at a
Pharmacy

For the location and period, see No. 4 of Table 1. A: the daily variation in the number of capsules supplied; A′: the daily variation in the weight of dry
syrup supplied; B: the smoothed data of A; B′: the smoothed data of A′; C: the cross-correlation function of the smoothed time series (B and B′); D: the
cross-correlation function of the original time series (A and A′); E: the smoothed data of the intact cross-correlation function (D).

efficients are highly enhanced especially around τ =
0 (compare C with D).

Figure 1 shows the time series (A) of a common
cold drug (Neo-Amunoll® Powder, Sanwa Kagaku
Kenkyusho) and its auto-correlation functions with
the smoothing carried out before and after the auto-
correlation (C and E). Although the shape of the auto-
correlation function (D) is different from that of
Fig. 4, the effects of the smoothing are similar.

Figure 2 takes an antidiabetic agent (Daonil®,
Aventis Pharma) as an example of no auto-correla-
tion. As a whole, the smoothing effects are similar
to the above examples. However, the hebdomadal
frequencies look more conspicuous than necessary
(C).

Figure 5 shows the application of the moving
average method to the infection order of influenza
between adults and children in the limited area. The
intact cross-correlation function of the time series
of influenza anti-viral agents for adults (Tamiflu®

Capsule 75) and children (Tamiflu® Dry Syrup 3%,
Chugai Pharmaceutical) at a pharmacy provides a
time lag of 7 days (D). As for the drug supply, the
children lag 7 days behind the adults there. How-
ever, this time lag can be obscured by the hebdo-

madal frequencies occurring in the time series (A
and A′). If the cross-correlation function is calcu-
lated from the smoothed time series, the time lag is
observed to be 6 days (C). On the other hand, if the
smoothing is applied to the cross-correlation func-
tion (D), the smoothed function (E) gives the time
lag of 4 days (also see No. 4 of Table 1).

The above methods of smoothing are compared
further at different pharmacies and in different in-
fluenza seasons (Table 1). Seven community phar-
macies and three seasons are included in the analy-
sis. The time lags obtained from the smoothing ap-
plied to the time series or cross-correlation function
are in good agreement with each other in every situ-
ation. They are almost consistent with the results
from the cross-correlation functions without smooth-
ing, although three are four exceptions (No. 1, 7, 10
and 14).

The exceptions are helpful to examine the ef-
fects of the smoothing (see Fig. 6). In the intact cross-
correlation functions, the largest correlation coeffi-
cients (at τ = 0 for A, –7 for B, 0 for C and 0 for D)
can be considered to come from the hebdomadal
cycles. These accidentally largest coefficients seem
to be successfully corrected by the moving average
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for the smoothed cross-correlation function (see
Fig. 6C). This value (= 0.25) is too small to be sig-
nificant and the result of the pharmacy will be ig-
nored in the discussion below.

As for the above pharmacy at Hanno (Fig. 6C),
the largest correlation coefficient obtained from the
smoothing of the time series is found at the same
lag (τ = –11 days, see Table 1), but its value is much
larger (= 0.79, not shown) than that of the other
smoothing (≈ 0.25, see Fig. 6C). Therefore, the only
use of the smoothing of the time series is not ad-
equate, and the smoothing of the correlation func-
tion should also be referred to.

Most cases examined here indicate the earlier
infection of adults than children. However, the or-
der of influenza infection is not an easy question. At
the pharmacies at Hanno and Tanashi, the earlier
infection of the adults is observed in the season of
2003–2004 (No. 3 and 4 of Table 1), but the reverse
results are obtained in the other season of 2004–2005
(No. 10 and 11). The nearby pharmacies which are
about 100-meter away do not necessarily yield the
same order of infection (No. 4, 5, 11 and 12).

In conclusion, the different methods of smooth-
ing have been examined for determining the time
lag (the position of the maximum) of the cross-cor-
relation function of the time series of drug sales at
community pharmacies. If the smoothing is applied
to the cross-correlation function itself, the result is
satisfactory as a whole. However, the smoothing of
the time series before the cross-correlation function
gives an enhanced correlation coefficient. Either
method is useful for the determination of the time
lag. However, if the value of the correlation coeffi-
cient is important, the smoothing of the correlation
function is preferable.

At many pharmacies located in Tokyo and its
vicinity, the earlier infection of adults than that of
children was observed for different seasons of in-
fection, although there are exceptions. The longer
action radius of the adults will be one of the reasons
for this result. The infection order of influenza be-
tween the adults or children is not an easy question,
but the amount of pharmacy information used in this
study is not sufficient. A large-scale network of com-
munity and hospital pharmacies is essential for the
further study on the time-and-space pattern of influ-
enza propagation in human society.
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Fig. 6. Intact and Smoothed Cross-Correlation Functions for the
Sales of Tamiflu® Capsules and Tamiflu® Dry Syrup at
Pharmacies

Fine lines: intact cross-correlation functions; thick lines: smoothed
cross-correlation functions. The pharmacies and periods are described
in Table 1: A: No. 1; B: No. 7; C: No. 10; D: No. 14. The smoothing is
applied to the intact correlation functions.
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