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Abstract

Background: In order to compare the transmissibility of the 2009 pH1N1 pandemic during successive waves of
infections in summer and fall/winter in the Northern Hemisphere, and to assess the temporal changes during the
course of the outbreak in relation to the intervention measures implemented, we analyze the epidemiological
patterns of the epidemic in Taiwan during July 2009-March 2010.

Methods: We utilize the multi-phase Richards model to fit the weekly cumulative pH1N1 epidemiological data
(numbers of confirmed cases and hospitalizations) as well as the daily number of classes suspended under a
unique “325” partial school closing policy in Taiwan, in order to pinpoint the turning points of the summer and
fall/winter waves, and to estimate the reproduction numbers R for each wave.

Results: Our analysis indicates that the summer wave had slowed down by early September when schools
reopened for fall. However, a second fall/winter wave began in late September, approximately 4 weeks after the
school reopened, peaking at about 2-3 weeks after the start of the mass immunization campaign in November. R
is estimated to be in the range of 1.04-1.27 for the first wave, and between 1.01-1.05 for the second wave.

Conclusions: Transmissibility of the summer wave in Taiwan during July-early September, as measured by R, was
lower than that of the earlier spring outbreak in North America and Europe, as well as that of the winter outbreak
in Southern Hemisphere. Furthermore, transmissibility during fall/winter in Taiwan was noticeably lower than that
of the summer, which is attributable to population-level immunity acquired from the earlier summer wave and
also to the intervention measures that were implemented prior to and during the fall/winter wave.

Background
Although the first known imported case of 2009 pan-
demic influenza (pH1N1) arrived in Taiwan on May 18
from the U.S. via Hong Kong, Serological evidence has
indicated that the pH1N1 virus had spread to central
Taiwan by April-June [1]. Local infections and labora-
tory-confirmed pH1N1 cases in Taiwan started to
mount in significant numbers in July-August when the
schools were in summer recess. By the time the schools
reopened in September, multiple intervention measures
had been implemented by the government, which

include strict border temperature screening starting in
May, a “325” class suspension policy [2,3] implemented
in September, and later a mass immunization program
[3-5] starting in November. The number of cases began
to decline by the end of the year, and continued to do
so into early next year, until the government announced
on February 23 the end of the fall/winter outbreak [6]
with over 3000 laboratory-confirmed cases reported, 910
hospitalizations, and 41 deaths [7].
Although school closing was a widely used method of

intervention around the world during the pH1N1 out-
break (see, e.g., [8-13]), its suitability, timing, and the
manner of implementation remains controversial. When
K-12 schools (kindergarten through high schools) reo-
pened on August 31 in Taiwan, the government
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implemented a unique partial school closing policy
called the “325” class suspension policy aimed toward
kindergarten through secondary schools (K-9), cram
schools, and after-school institutions. Under this policy,
if within any three (3) consecutive school days, two (2)
or more students in the same class are diagnosed with
influenza, then that class will be suspended for the next
five (5) days including weekends and holidays [2,3]. The
policy was designed to minimize the potential social
impact of full-scale school closings in the event of a
major influenza outbreak in the community; to detect
cluster infections in school settings early and swiftly;
and to contain the infections locally without disruption
for the other students in the school. At the height of the
class suspensions in late November, more than 1800
classes with more than 50,000 students from almost 800

schools in Taiwan were suspended on a single school
day (Figure 1), yet without any visible disruption in the
normal functioning of the society.
Moreover, starting November 1, a mass immunization

program was initiated in Taiwan sequentially, according
to a priority list of 12 target groups [4], with healthcare
and public health personnel having the highest priority
[5]. Subsequently, preschool children were immunized
starting on November 9; and followed by pregnant
women, K-6 schoolchildren, and people with major ill-
ness/injury being vaccinated starting on November 16;
7-12 year-olds on November 23; and the general popula-
tion on December 12. By March 16, a total of 5.66 mil-
lion doses of AdimFlu-S (unadjuvanted H1N1v from
Adimmune) or Focetria® (MF59® adjuvanted H1N1v
from Novartis) were administered, and more than 5

Figure 1 Daily number of schools (K-12, universities, cram schools, and after school institutes) with at least one class suspended
during 9/9/2009-1/1/20/2010 in Taiwan. (Source: Taiwan CDC Novel Influenza A/H1N1 website).
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million of the 23 million Taiwanese had been immu-
nized [14]. Children 12 and under were advised to
receive two doses of vaccine, although many of them
eventually received only one dose due to various
reasons.
A simple mathematical model, the Richards model, is

utilized to fit publicly accessible cumulative epidemic
data in order to obtain estimates for the turning points
(the peaks and volleys of the incidence curve) and the
reproduction number R of a particular wave of infec-
tions. Examples of applications of the Richards model to
infectious diseases include those of SARS [15,16], den-
gue [17,18], and the 2009 pH1N1 epidemic [19,20]. In
this study, we will make use of the Richards model to
pinpoint the turning points of each wave of the epi-
demic, in order to ascertain the temporal changes of the
epidemic in Taiwan in the summer months and during
the fall and winter days. The transmissibility of the
pH1N1 virus during the outbreak is determined through
its reproduction number.

Methods
Data
The data was accessed from the Central Epidemic Com-
mand Center website of the Taiwan Centers for Disease
Control (TCDC). Samples were collected from hospitals
and clinics participating in the Taiwan Influenza surveil-
lance system under the Taiwan National Influenza Cen-
ter (Taiwan NIC), which was established in 2006 to
integrate all existing efforts of influenza surveillance and
notification with laboratory analysis systems throughout
Taiwan in order to enhance the epidemic data collection
capacity in Taiwan [21]. The weekly laboratory con-
firmed pH1N1 case data (by the week when the samples
were collected and sent to the TCDC-contracted labora-
tories) and the weekly hospitalization data (by the week
the lab-confirmed cases were hospitalized) from June 28,
2009 (epidemiological week or e-week 27 of 2009) to
March 27, 2010 (e-week 12 of 2010) was accessed from
the weekly Influenza Express made publicly available on
the internet by the TCDC [22] during the epidemic.
The surveillance protocols in Taiwan remained essen-
tially the same throughout the data period since, by the
time the data were collected, clinical characteristics of
the pH1N1 infection had already been well understood
from the spring outbreaks around the world.
We also accessed the daily record of numbers of

classes suspended and number of schools with at least
one class suspended during the fall school semester
(September 9, 2009 to January 20, 2010) from the
TCDC daily pH1N1 updates [23] during the epidemic.
The time series of class suspension data is given in Fig-
ure 1. Since this data is for school days only, the days

are specified in the horizontal axis of Figure 1 in weekly
increments of 5 school days, except for weeks with less
than 5 school days at the beginning and the end of the
school semester as well as the week containing the New
Year holiday (January 1).

The Richards Model
The Richards model [24] is of the form:

C′(t) = rC(t)[1 − (
C
K

)a] , where the prime symbol “’”

denotes the rate of change over time which is in e-
weeks. C(t) is the cumulative number of cases at time t
(in weeks), K is the cumulative case number over a sin-
gle wave or phase of outbreak, r is the per capita growth
rate of the infected population, and a is the exponent of
deviation. The explicit solution of the equation is

C(t) = K[1 + e−ra(t−tm)]−1/a . Here the parameter tm is
related to the turning point ti of a wave (or the inflec-
tion point of the cumulative case curve) by the simple
formula tm = ti + lna/(ra), where ln denotes the natural
logarithm function.
Moreover, R0 = exp(rT) where T is the generation

interval of the disease, or the average time interval from
the onset of one infected person to the time when the
onset of his or her contacts occurs. It has been shown
mathematically [25] that, given the growth rate r, the
expression R0 = exp(rT) provides an upper bound of the
basic reproduction number regardless of the distribution
of the generation interval that is being used. In this
work, we will use the term effective reproduction num-
ber R instead, due to the community-level immunity
likely achieved by July and the interventions implemen-
ted during the two waves.
The Richards model is a phenomenological model

which can be used to describe the phenomenon of a
biological growth (of cumulative number in this case)
without requiring detailed information on the actual
process of disease transmission. The basic premise of
the Richards model is that the incidence curve of a sin-
gle wave of infections contains a single peak of high
incidence, resulting in an S-shaped cumulative epidemic
curve and a single turning point (or peak incidence) of
the outbreak. The turning point, defined as the point in
time at which the rate of accumulation changes from
increasing to decreasing, or vice versa in the event of a
multi-wave outbreak, can be easily pinpointed by locat-
ing the inflection point of the cumulative case curve, i.
e., the moment at which the trajectory begins to decline,
as demonstrated in previous applications (see, e.g.,
[15-20]. This quantity has important epidemiologic
implications, indicating either the valley (i.e., moment of
acceleration after deceleration) or peak (i.e., moment of
deceleration after acceleration) of a disease incidence
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curve. Multi-wave outbreaks also can be modeled by
using the multi-phase Richards model [16,18]. Simulta-
neous estimates of the model parameters r, a, ti, and K,
based on fitting the explicit solution of the Richards
model for C(t) to the epidemic data used in the study,
can be obtained easily and efficiently using any standard
software with a nonlinear least-squares approximation
tool, such as SAS or Matlab. The procedure for locating
multiple turning points for multi-wave outbreak, which
required the use of the multistage Richards model, is
detailed in [16] and hence is omitted here.

Results
We first fit the weekly laboratory confirmed pH1N1
case data by sample receiving week in Taiwan from e-
week 27 (6/28-7/4) of 2009 to e-week 12 (3/21-3/27) of
2010. The data fit converges to a two-phase Richard
model with the first summer wave spanning e-weeks 29-
39 (6/28-9/26) of 2009 and the second fall/winter wave
spanning e-week 39 of 2009 to e-week 12 of 2010 (9/20/
2009-3/27/2010). The estimation results are given in
Table 1 with the model fit shown in Figure 2.
The turning points for the two waves are estimated at

8.50 weeks after e-week 29 and 7.96 weeks e-week 39,
respectively. Subsequently, the weeks in which the turn-
ing points for temporal changes in the weekly confirmed
pH1N1 case number took place on e-week 36 (8/30-9/5)
for the first wave with a 95% CI range of (36.62, 37.38),
and on e-week 47 (11/15-11/21) with a 95% CI range of
(46.42, 47.50) for the second wave. We note that the
above results were obtained by rounding off the esti-
mates to the next largest integer, e.g., e-week 27+8.50 =
35.50 and hence e-week 36 is the week during which
the turning point for the first wave occurred, and simi-
larly for the second wave.
To compute the effective reproduction number R, we

use the generation time T = 1.91 days (95% CI: 1.30-
2.71) for the 2009 pH1N1 in Mexico estimated by Fraser
et al. [26]. We note that the given CI’s for R0 reflect the
uncertainty in the generation time T as well as in the
uncertainty in the least-squared estimates for r, and

does not reflect the error due to the model itself, which
is always difficult to measure.
We also fit the weekly confirmed pH1N1 hospitaliza-

tion data by hospitalization week in Taiwan from e-
week 29 (7/12-7/18) of 2009 to e-week 12 (3/21-3/27) of
2010 to the Richards model. The results are given in
Table 2. The data also fit a two-phase Richards model
with the first wave spanning e-weeks 27-39 (7/12/09-9/
26/09) of 2009 and the second wave from e-week 39 (9/
20-9/26) of 2009 to e-week-12 (9/27/09-3/27/10) of
2010 (Figure 3).
The turning points for the weekly confirmed pH1N1

hospitalizations occurred on e-week 37 (9/6-9/12) for
the first wave with a 95% CI range of (36.12, 36.82) and
on e-week 46 (11/8-11/14) with a 95% CI range of
(44.64, 46.62) for the second wave, which were the same
weeks as the case number data turning points. The esti-
mate for R using an estimated generation time T for
pH1N1 in Mexico [26] is again provided.
To further analyze and compare our previous results,

we also make use of the daily class suspension data in
Taiwan from September 9, 2009 to January 20, 2010,
which allows us to ascertain the temporal changes in
this intervention measure during the time period. Since
this dataset started near the end of the first wave,
according to our previous results, only one wave was
modeled via the Richards model. The estimation results
for model fit using the daily class suspension number
data as well as the daily number of schools with at least
one class suspended are given in Table 3 and Figures 4,
5.
The turning point ti is 50.71 (95% CI: 49.96, 51.46) for

the daily class suspension number data and 48.81 (95%
CI: 47.73, 49.88) for the daily number of schools with at
least one class suspended. Since the datasets cover only
the school days, we account for the holidays to conclude
that 50.71 school days after September 9 corresponds to
November 19 (95% CI: November 18-20) as the turning
point for the daily class suspension data, while ti = 48.81
for the schools with suspension data corresponds to
November 17 (95% CI: November 16-18) as the turning

Table 1 Model parameter estimates for the Richards model using weekly confirmed pH1N1 case data by sample
receiving week in Taiwan from e-week 27 (6/28-7/4) of 2009 to e-week 12 (3/21-3/27) of 2010.

Time Period Turning point ti
(95% C.I.)

Growth rate r
(95% C.I.)

Max case number K3

(95% C.I.)
Reproduction number R

e-weeks 27-39 8.50
(7.62, 9.38)

0.50
(0.37, 0.62)

1836
(1676, 1996)

1.14
(1.04, 1.25)

e-weeks 39-122 7.96
(7.42, 8.50)

0.06
(0.05, 0.06)

32141

(3194, 3233)
1.02

(1.01, 1.02)

The first summer wave spanning e-weeks 27-39 of 2009 (6/28-9/26); the second fall/winter wave spanning e-week 39 of 2009 to e-week 12 of 2010 (9/20/2009-3/
27/2010); the estimate of effective reproduction number R are obtained by using estimate of T from pH1N1 data of Mexico: T = 1.91 (95% CI: 1.30-2.71) [25].
1Estimated max case number for both waves.
2e-week 12 of 2010.
3The actual confirmed case number (approximated by K in our model) is 1742 during the first wave and 3238 for the two waves.
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point. A graphical illustration of the temporal timelines
of the epidemic, as illustrated by the three model fits, is
given in Figure 6. Moreover, an illustrative comparison
of the estimates for R as obtained by the model fits is

also provided in Figure 7. In both Figures 6 and 7, the
results from fitting the number of schools with class
suspended are omitted for brevity, since they are similar
to that of the fitting with class suspension data.

Figure 2 Model fit for the 2-wave Richards model using weekly confirmed pH1N1 case data by sample receiving week in Taiwan. The
dots are the real cumulative data, the blue curve denotes the first wave, and the red curve denotes the second wave. The arrows indicate the
weeks in which turning points had occurred.

Table 2 Model parameter estimates for the Richards model using weekly confirmed pH1N1 hospitalization data in
Taiwan from e-week 29 (7/12-7/18) of 2009 to e-week 12 (3/21-3/27) of 2010.

Time Period Turning point ti
(95% C.I.)

Growth rate r
(95% C.I.)

Max case number K3

(95% C.I.)
Reproduction number R

e-weeks 29-39 7.47
(7.12, 7.82)

1.38
(0.92, 1.83)

304
(290, 319)

1.19
(1.11, 1.27)

e-weeks 39-122 6.63
(5.64, 7.62)

0.38
(0.32, 0.45)

9081

(900, 916)
1.03

(1.02, 1.05)

The first wave spans e-weeks 29-39 (7/12/09-9/26/09) of 2009; and the second wave from e-week 39 of 2009 to e-week-12 (9/27/09-3/27/10) of 2010; the
estimate of effective reproduction number R are obtained by using estimate of T from pH1N1 data of Mexico: T = 1.91 (95% CI: 1.30-2.71) [25].
1Estimated max case number for both waves.
2e-week 12 of 2010.
3The actual number of confirmed hospitalizations is 297 for the first wave and 910 for the two waves.
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Discussion
The estimates for effective reproduction number R
obtained from the confirmed case and hospitalization
data are in good agreement, with R in the range of 1.04-
1.27 for the first summer wave during July-September,

and 1.01-1.05 for the second wave in fall/winter, using
the generation time estimated by [26] for the spring out-
break in Mexico. Serological evidence has indicated that
approximately one in every ten persons was infected
with the 2009 pH1N1 virus in central Taiwan by April-

Figure 3 Model fit for the 2-wave Richards model using weekly pH1N1 hospitalization data in Taiwan; from e-week 27 (6/28-7/4) of
2009 to e-week 12 (3/21-3/27) of 2010. The dots are the real cumulative data, the blue curve denotes the first wave, and the red curve
denotes the second wave. The arrows indicate the weeks in which turning points had occurred.

Table 3 Model parameter estimates for the Richards model using (I) the daily number of classes suspended and (II)
the daily number of schools with at least one class suspended due to the 325 policy in Taiwan during September 9,
2009 to January 20, 2010; the estimate of effective reproduction number R are obtained by using estimate of T from
pH1N1 data of Mexico: T = 1.91 (95% CI: 1.30-2.71) [25].

Time Period Turning point ti
(95% C.I.)

Growth rate r
(95% C.I.)

Max case number K
(95% C.I.)

Reproduction number R

(I) 50.711

(49.96, 51.46)
0.05

(0.053, 0.057)
46104

(45797, 46410)
1.11

(1.108, 1.112)

(II) 48.812

(47.73, 49.88)
0.05

(0.050, 0.055)
25968

(25755, 26182)
1.11

(1.103, 1.108)

*Max (0, lower bound).
150.71 school days after September 9 corresponds to November 19 as the turning point.
248.81 school days after September 9 corresponds to November 17 as the turning point.
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June [1,27]; hence the estimates using data after July
does not yield, and can reasonably be expected to be
lower than, the more commonly known basic reproduc-
tion number R0.
A recent modeling study [28] of the 2009 pH1N1 epi-

demic by geographic region in Mexico reveals a three-
wave pandemic, with an initial wave in April-May (Mex-
ico City area), a second wave in June-July (southeastern
states), and a geographically widespread third wave in
August-December. The estimates for the regional repro-
duction numbers R were 1.8-2.1, 1.6-1.9, and 1.2-1.3 for
the spring, summer, and fall waves, respectively. The
second and third waves in Mexico occurred, respec-
tively, one month earlier than the summer (July-early
September) and fall/winter (late September-March 2010)
waves in Taiwan under study here and exhibit similar
decreasing trend, although with higher R.
Transmissibility of the fist pH1N1 wave in Taiwan

during the summer in July-September, as measured by

R, was lower than that of the earlier spring outbreak in
North America [20,26,29,30] and Europe [31], most
likely, at least in part, due to decreased social contacts
among the population triggered by public awareness of
the earlier, well-publicized outbreaks in Mexico and
North America as well as the subsequent preemptive
government campaign to reduce transmissions. It was
also lower than that of the winter outbreak in the
Southern Hemisphere around the same time [19,32,33],
perhaps attributable to the fact that it was the winter
influenza season in the Southern Hemisphere. More-
over, It is lower than the final size estimate of R0 (1.87;
95% CI: 1.68-2.06) obtained from serological study of a
cohort household population in central Taiwan during
the same period of time [1]. However, we note that this
disparity is reasonable since the serologic data used for
this estimate accounts for the asymptomatic cases
among the cohort group. The decreased transmissibility
(smaller R) during fall/winter can be reasonably

Figure 4 Model fit for the 2-wave Richards model using daily number of classes suspended due to “325” class suspension policy in
Taiwan. The dots are the real cumulative data and the blue curve denotes the model fit. The arrows indicate the weeks in which turning points
had occurred.
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attributed to increased community-wide immunity from
the first wave, and perhaps to the 325 class suspension
policy initiated in early September before the start of
the fall/winter wave.
Significantly higher estimate of R (focused on school-

children) in the range of 2.0-2.6 was found for the initial
pandemic wave in Japan [34]. Using updated epidemic
data and an age-structured model, the same authors
also estimated R for the subsequent community-wide
wave in Japan in early summer to be much lower (1.21-
1.35) [35], although different population and modeling
methodology also may have played a role in the decrease
in R in subsequent waves. Similar decreases in estimates
of reproduction number of 2009 H1N1 when more than
one pandemic wave had occurred have been reported in
many countries, including Mexico [28], Argentina and
Brazil [19], Canada [20], and Japan [34,35]. Furthermore,
these studies show that it is not uncommon for multi-
wave outbreaks to be more transmissible in a first wave
but less widespread with a smaller number of infections

(or perhaps limited to a small subpopulation as was in
the case of pH1N1 in Japan), when compared to subse-
quent waves. Moreover, the second wave in Taiwan
started shortly after the school opened in September,
when additional infections occurring in school settings
(as demonstrated by substantial number of class suspen-
sions) contributed to a large number of cases, but per-
haps with relatively less per contact transmissibility
when compared to household contacts, as it has been
reported that sitting next to a case or being the play-
mate of a case did not significantly increase the risk of
H1N1 infection [36].
The estimates for R using laboratory-confirmed case

data by sample receiving weeks are slightly lower than
those obtained by using confirmed hospitalization data.
Although both the confirmed case and hospitalization
datasets identify week 39 as the cutoff week for the two
waves, the estimates of turning points for each wave dif-
fer by about one week when using the two datasets.
Since only the more severe confirmed cases were

Figure 5 Model fit for the 2-wave Richards model using number of schools with at least one class suspended in Taiwan; from e-week
29 (7/12-7/18) of 2009 to e-week 12 (3/21-3/27) of 2010. The dots are the real cumulative data and the blue curve denotes the model fit.
The arrows indicate the weeks in which turning points had occurred.
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hospitalized, the individuals in the resulting hospitaliza-
tion time series is a selected subset of those in the con-
firmed case time series. Subsequently, the temporal
trends of the two time series might not be closely com-
parable. However, the cumulative curves in Figures 2, 3,
4, 5 indicate some similarity in the temporal trends of
the cumulative data, mainly in the form of the turning
points. The reproduction numbers of the two datasets,
on the other hand, are indeed comparable since they
mostly are generated from the initial growth rates and
hence less affected by any selection bias.
The confirmed case data is generated by sampling

week, which could be different from the week of symp-
tom onset and hence pose a potential source of some
bias in data. However, samples were typically taken
when the physicians diagnosed and reported H1N1
cases. We refer to 2003 SARS outbreak in Taiwan, when
it was estimated that the onset-to-diagnosis interval is
1.20 days for previously quarantined persons and 2.89
days for non-quarantined persons [37]. Given the simi-
larity in symptoms of SARS and influenza as well as the

heightened public awareness due to the world-wide
alarm over the seriousness of the pH1N1 pandemic by
September, it is more than likely that the time delay
from symptom onset to diagnosis (and sample collec-
tion) of pH1N1 cases in Taiwan would be no more, if
not less, than that of 2003 SARS. Moreover, one would
expect that the lesson of SARS and the subsequent
efforts by the government to educate has taught the
general public in Taiwan to avoid delays in seeking
medical care. Subsequently, this delay of one or two
days in the weekly data can be expected to be most
likely not significant. The use of hospitalization data is
mainly for the purpose of estimation of reproduction
number and comparison with the resulting estimates
using the confirmed case data, which is not affected by
this delay that might be present in both data.
Estimates of R obtained by using other (larger) esti-

mated generation time in literature result in larger
values for R, but generally are well within the ranges of
the other studies (see, e.g., [19,20,26,29-32] and Table 2
[33]) and hence is omitted for brevity. Note also that

Figure 6 Chronological timelines of the 2009 pH1N1 epidemic in Taiwan from e-week 27 (6/28-7/14) of 2009 to e-week 12 (3/21-3/27)
of 2010, as modeled by the 2-wave Richards model. The time scales are in e-weeks (top two timelines) or days (bottom timeline). The
dotted area denotes the second wave and the shaded areas denote the weeks on which turning points occurred.
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the formula for R used here yields an upper bound over
all possible distributions for T given the growth rate r,
and hence might result in an overestimate of its true
value.
In Taiwan, the fall session for kindergarten to high

school started on August 31, while the universities
started the fall semester two weeks later, around mid-
September. Our analysis using the weekly confirmed
case and confirmed hospitalization data shows that the
initial summer wave of pH1N1 epidemic in Taiwan had
peaked by e-week 36-37 (8/30-9/12), around the time
schools from kindergarten to grade 12 reopened on
August 31. However, a second fall/winter wave of cases
started to emerge near the end of September around e-
week 39 (9/27-10/3), approximately 4 weeks after the
schools reopened, which did not reach its peak until
mid-November (e-week 46-47 or 11/8-11/21) and lasted
until the turn of the year. It is interesting to note that
the state-specific fall pandemic waves in Mexico began
2-5 weeks after school reopened [28], which is

consistent with our results on the start of the fall wave
in Taiwan. Note that both turning points of the two
waves in Taiwan fell on neighboring week using either
the lab-confirmed case or hospitalization data. This is
reasonable since the hospitalization of confirmed cases
and the time that the samples were received by labora-
tories are closely related, although not necessarily in any
particular order.
The class suspension data started on September 9 near

the end of the first wave when the earliest class suspension
occurred, according to our 2-wave fitting in Tables 1 and
2, hence only one wave was modeled via the Richards
model (Table 3). Moreover, November 19 (95% CI:
November 18-20) was determined to be the turning point
for the daily class suspension data, while November 17
(95% CI: November 16-18) is the turning point for the
daily number of schools with class suspended. Both days
fall on e-week 47, which coincides with the week where
the turning point had occurred as pinpointed by using the
confirmed case data and one week after the turning point

Figure 7 Effective reproduction numbers R for 2009 pH1N1 during summer of 2009 to early winter of 2010 in Taiwan estimated from
the 2-wave Richards model using weekly lab-confirmed case data (unshaded), the weekly confirmed hospitalization data (shaded
horizontally), and the daily class suspension data (shaded vertically). The upper lightly darkened segments denote the 95% confidence
interval of the estimates.
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obtained by using the hospitalization data. It is reasonable
to expect the class suspension to take place following the
occurrence of case reporting and hospitalization. More-
over, the use of daily data allows a more precise estimation
of the turning point.
Also of interest is the possible impact of major inter-

vention measures implemented by the Taiwan govern-
ment during this time period, which including the
aforementioned “325 class suspension” policy and the
mass immunization program. The daily number of class
suspensions started to increase in early September and
continued until late November after the implementation
of mass immunization campaign (Figure 1). In particu-
lar, the 325 policy, which was designed to minimize the
potential social impact of full-scale school closings in
the event of a major influenza outbreak in the commu-
nity; deserve special attention to ascertain its actual
effectiveness. In fact, the lower estimates of R for the
second wave and for the school closings data might
indeed be attributable to the possible effects of school
closings after September. However, more detailed class
suspension data as well as age-specific epidemic data is
needed to further quantify the actual impact or effec-
tiveness of this very unique approach of partial school
closure and localized class suspensions on the infections
in the school and in the community in a qualitative
modeling analysis (see, e.g., [12,13,38]).

Conclusion
Using routine influenza surveillance data, we modeled
the temporal changes of the two waves of pH1N1 epi-
demic in Taiwan in summer and in fall/winter. The mass
H1N1 vaccination program was first initiated sequentially
on November 1, where a typical delay of at least two
weeks from immunization is needed for protection from
the vaccine to take effect in human bodies. Our results
suggest that the turning point for the second wave of
infections in the fall had occurred around mid-November
(e-week 46-47 or 11/8-11/21). Moreover, the class sus-
pension data indicate that the number of class suspen-
sions had peaked by November 20, less than three weeks
after the start of mass immunization and most likely
before the impact of mass immunizations started to
become significant. However, the mass immunization,
and perhaps the voluntarily decreased social contacts by
the general public in response to the well-publicized
mass immunization campaign by the government, could
have contributed to the overall mitigation of the disease
in the community, as indicated by the early saturation of
the winter epidemic by early February. However, this
cannot be modeled without detailed vaccination data.
The Richards model considers only the cumulative

infected population size with saturation in growth as the
outbreak progresses, which can be caused by other factors

such as implementation of control measures. Although
data by reporting date is often and typically scrambled by
artificial factors such as health system alertness, public
response, and government responsiveness, the Richards
model is able to capture the turning points of outbreaks
because they are often results of these artificial factors. We
note, however, that the skewness in an epidemic curve, as
quantified by the exponent of deviation “a” in the Richards
model which describes the curvature of a given cumulative
case data, also could conceivably arise from various other
intrinsic factors such as spatial heterogeneity and indivi-
dual heterogeneity in contact (see [39], pp. 281 for exam-
ple) which is not captured by this simple model.
This type of modeling, although somewhat simplistic

and subsequently limited in its quantification of com-
plex factors, nevertheless enables us to ascertain the
impact of these artificial factors through the temporal
changes of an outbreak, especially in the events when
detailed epidemic data describing disease transmissions
and other relevant data (such as that of intervention
measures in this case) are not readily available for the
construction of a complete disease transmission model
and the reliable estimation of model parameters, as in
this study Moreover, the use of cumulative numbers
could often, or at least partially, smooth out stochastic
variations that typically occur in epidemic data, and
hence the Richards model could be a valuable tool in
providing clues to the challenging task of public health
policy evaluation and planning.

Acknowledgements
YHH and MHL are supported by NSC grant 97-2314-B-039-013-MY3. The
authors are supported by grants from NSC 97-2118-M-039-004 and CMU 97
323. Jen-Yu Lee assisted in the analysis. The authors are grateful to the
reviewers for their insightful comments and suggestions which improved
this manuscript.

Author details
1Department of Public Health, China Medical University, Taichung 40402,
Taiwan. 2Biostatistics Center, China Medical University, Taichung 40402,
Taiwan. 3Graduate Institute of Biostatistics, China Medical University,
Taichung 40402, Taiwan. 4Center for Infectious Disease Education and
Research, China Medical University, Taichung 40402, Taiwan.

Authors’ contributions
YHH conceived and organized the study, carried out the analysis, and wrote
the first draft. YHH, KFC, TCL, TNW, CYC, and JWC participated in the study
and the interpretation of study findings. KFC participated in the writing of
the manuscript. MHL participated in the data collection and analysis. All
authors have read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 30 May 2011 Accepted: 2 December 2011
Published: 2 December 2011

References
1. Chao DY, Cheng KF, Li TC, Wu TN, Chen CY, Tsai CA, Chen JH, Chiu HT,

Lu JJ, Su MC, Liao YH, Chan WC, Hsieh YH: Serological Evidence of

Hsieh et al. BMC Infectious Diseases 2011, 11:332
http://www.biomedcentral.com/1471-2334/11/332

Page 11 of 12



Subclinical Transmission of the 2009 Pandemic H1N1 Influenza Virus
Outside of Mexico. PLoS ONE 2011, 6(1):e14555.

2. Taiwan Centers for Disease Control: National standards for implementing
school closure passed at twenty-first meeting held by the Central
Epidemic Command Center, press release date: 2009-08-18 (in Chinese).
Central Epidemic Command Center Novel Influenza A/H1N1 [http://flu.cdc.gov.
tw/ct.asp?xItem=10557&ctNode=813&mp=150], [Accessed 2011 October
28].

3. Hsueh PR, Lee PI, Chiu AWH, Yen MY: Pandemic (H1N1) 2009 vaccination
and class suspensions after outbreaks, Taipei City, Taiwan. Emerg Infect
Dis 2010, 16(8):1309-11.

4. Huang WT, Chuang JH, Kuo SHS: Monitoring the safety of pandemic
H1N1 vaccine. Lancet 2010, 375(9721):1164.

5. Taiwan Centers for Disease Control: Central Epidemic Command Center
announces influenza A (H1N1) vaccine priority list, press release date:
2009-08-27 (in Chinese). Central Epidemic Command Center Novel Influenza
A/H1N1 [http://flu.cdc.gov.tw/ct.asp?xItem=11007&ctNode=813&mp=150],
[Accessed October 28 2011].

6. Taiwan Centers for Disease Control: Second wave of H1N1 virus activity in
Taiwan comes to an end, press release date: 2010-02-23 (in Chinese).
Central Epidemic Command Center Novel Influenza A/H1N1 [http://flu.cdc.gov.
tw/ct.asp?xItem=14834&ctNode=813&mp=150], [Accessed October 28
2010].

7. Taiwan Centers for Disease Control: Influenza Express, Week 8, 2010.
[http://flu.cdc.gov.tw/public/Data/03214413671.pdf], [Accessed 2011 May
30].

8. Echevarría-Zuno S, Mejía-Aranguré JM, Mar-Obeso AJ, Grajales-Muñiz C,
Robles-Pérez E, González-León M, Ortega-Alvarez MC, Gonzalez-Bonilla C,
Rascón-Pacheco RA, Borja-Aburto VH: Infection and death from influenza
A H1N1 virus in Mexico: a retrospective analysis. Lancet 2009,
374(9707):2072-2079.

9. Calatayud L, Kurkela S, Neave PE, Brock A, Perkins S, Zuckerman M,
Sudhanva M, Bermingham A, Ellis J, Pebody R, Catchpole M, Heathcock R,
Maguire H: Pandemic (H1N1) 2009 virus outbreak in a school in London,
April-May 2009: an observational study. Epidemiol Infect 2010,
138(2):183-191.

10. Sasaki A, Gatewood Hoen A, Ozonoff A, Suzuki H, Tanabe N, Seki N, Saito R,
Brownstein JS: Evidenced-based tool for triggering school closures
during influenza outbreaks, Japan. Emerg Infect Dis 2009, 15(11):1841-3.

11. Chieochansin T, Makkoch J, Suwannakarn K, Payungporn S, Poovorawan Y:
Novel H1N1 2009 influenza virus infection in Bangkok, Thailand: effects
of school closures. Asian Biomedicine (Research Reviews and News) 2009,
3(5):469-475.

12. Wu JT, Cowling BJ, Lau EHY, Ip DKM, Ho L-M, Tsang T, Chuang SK,
Leung PY, Lo SV, Liu SH, Riley S: School closure and mitigation of
pandemic (H1N1) 2009, Hong Kong. Emerg Infect Dis 2010, 16(3):538-541.

13. Cauchemez S, Ferguson N, Wachtel C, Tegnell A, Saour G, Duncan B,
Nicoll A: Closure of schools during an influenza pandemic. The Lancet
Infectious Diseases 2009, 9(8):473-481.

14. Taiwan Centers for Disease Control: Summary of 2009 Monovalent H1N1
Vaccine Safety Surveillance (Data through 10 AM March 16, 2010).
Central Epidemic Command Center Novel Influenza A/H1N1 [http://www.
h1n1.gov.tw/public/Data/0316141171.pdf], [Accessed 2010 March 16].

15. Hsieh YH, Lee JY, Chang HL: SARS epidemiology modeling. Emerg Infect
Dis 2004, 10(6):1165-1167.

16. Hsieh YH, Cheng YS: Real-time forecast of multi-wave epidemic
outbreaks. Emerg Infect Dis 2006, 12(1):122-127.

17. Hsieh YH, Ma S: Intervention Measures, Turning Point, and Reproduction
Number for Dengue, Singapore, 2005. Am J Trop Med Hyg 2009,
80(1):66-71.

18. Hsieh YH, Chen CWS: Turning Points, reproduction number, and Impact
of Climatological events on Multi-Wave Dengue Outbreaks. Trop Med
International Health 2009, 14(6):628-638.

19. Hsieh YH: Pandemic Influenza A (H1N1) during Winter Influenza Season
in the Southern Hemisphere. Influenza and other Respiratory Viruses 2010,
4(4):187-97.

20. Hsieh YH, Fisman D, Wu J: Epidemic Modeling in Real Time: 2009 Novel A
(H1N1) Influenza Outbreak in Canada. BMC Research Notes 2010, 3:283.

21. Taiwan Centers for Disease Control: TCDC Annual Report 2010 Taipei: Taiwan
Centers for Disease Control; 2010.

22. Taiwan Centers for Disease Control: Influenza Express, Week 12, 2010.
[http://flu.cdc.gov.tw/public/Data/0330141602.pdf], [Accessed 2011 May 30].

23. Taiwan Centers for Disease Control: Central Epidemic Command Center
2009 Novel Influenza A/H1N1 school closing updates..

24. Richards FJ: A flexible growth function for empirical use. J of Experi
Botany 1959, 10:290-300.

25. Wallinga J, Lipsitch M: How generation intervals shape the relationship
between growth rates and reproductive numbers. Proc Biol Sci 2007,
274:599-604.

26. Fraser C, Donnelly CA, Cauchemez S, Hanage WP, Van Kerkhove MD,
Hollingsworth TD, Griffin J, Baggaley RF, Jenkins HE, Lyons EJ: Pandemic
Potential of a Strain of Influenza A (H1N1): Early Findings. Science 2009,
324(5934):1557-1561.

27. Chao DY, Cheng KF, Hsieh YH, Li TC, Wu TN, Chen CY, Tsai CA, Chen JH,
Chiu HT, Lu JJ, Su MC, Liao YH, Chan WC: Serological Response and
Persistence in Schoolchildren with High Baseline Seropositive Rate after
Receiving 2009 Pandemic Influenza A(H1N1) Vaccine. Vaccine 2010,
29(4):617-623.

28. Chowell G, Echevarrıa-Zuno S, Viboud C, Simonsen L, Tamerius J, Miller MA,
Borja-Aburto VH: Characterizing the Epidemiology of the 2009 Influenza
A/H1N1 Pandemic in Mexico. PLoS Med 2011, 8(5):e1000436.

29. White LF, Wallinga J, Finelli L, Reed C, Riley S, Lipsitch M, Pagano M:
Estimation of the reproductive number and the serial interval in early
phase of the 2009 influenza A/H1N1 pandemic in the USA. Influenza
Other Respi Viruses 2009, 3:267-276.

30. Yang Y, Sugimoto JD, Halloran ME, Basta NE, Chao DL, Matrajt L, Potter G,
Kenah E, Longini IM: The transmissibility and control of pandemic
influenza A (H1N1) virus. Science 2009, 326:729-733.

31. Hahné S, Donker T, Meijer A, Timen A, van Steenbergen J, Osterhaus A, van
der Sande M, Koopmans M, Wallinga J, Coutinho R, Dutch New Influenza A
(H1N1)v Investigation Team: Epidemiology and control of influenza A
(H1N1)v in the Netherlands: the first 115 cases. Euro Surveill 2009,
4(27):19267.

32. Nishiura H, Wilson N, Baker MG: Estimating the reproduction number of
the novel influenza A virus (H1N1) in a Southern Hemisphere setting:
preliminary estimate in New Zealand. N Z Med J 2009, 122(1299):73-77.

33. World Health Organization: Transmission dynamics and impact of
pandemic influenza A (H1N1) 2009 virus. Weekly Epidemiol Record 2009,
84(46):481-484.

34. Nishiura H, Castillo-Chavez C, Safan M, Chowell G: Transmission potential
of the new influenza A(H1N1) virus and its age-specificity in Japan. Euro
Surveill 2009, 14(19), pii: 19205.

35. Nishiura H, Chowell G, Safan M, Castillo-Chavez C: Pros and cons of
estimating the reproduction number from early epidemic growth rate of
influenza A (H1N1) 2009. Theoretical Biology and Medical Modelling 2010,
7:1.

36. Cauchemez S, Bhattarai A, Marchbanks TL, Fagan RP, Ostroff S,
Ferguson NM, Swerdlow D: Role of social networks in shaping disease
transmission during a community outbreak of 2009 H1N1 pandemic
influenza. Proc Natl Acad Sci USA 2011, 108(7):2825-2830.

37. Hsieh YH, King CC, Ho MS, Chen CWS, Lee JY, Liu FC, Wu YC, Wu JS:
Quarantine for SARS, Taiwan. Emerg Infect Dis 2005, 11(2):278-282.

38. Gojovic MZ, Sander B, Fisman David, Krahn MD, Bauch CT: Modelling
mitigation strategies for pandemic (H1N1) 2009. CMAJ 2009,
181(10):673-680.

39. Keeling M, Rohani P: Modeling Infectious Diseases in Humans and Animals
Princeton NJ: Princeton University Press; 2008.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2334/11/332/prepub

doi:10.1186/1471-2334-11-332
Cite this article as: Hsieh et al.: Transmissibility and temporal changes
of 2009 pH1N1 pandemic during summer and fall/winter waves. BMC
Infectious Diseases 2011 11:332.

Hsieh et al. BMC Infectious Diseases 2011, 11:332
http://www.biomedcentral.com/1471-2334/11/332

Page 12 of 12


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Data
	The Richards Model

	Results
	Discussion
	Conclusion
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References
	Pre-publication history

