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Background

During the very early stage of the 2009 pandemic, mass chemoprophylaxis was implemented
as part of containment measure. The purposes of the present study were to systematically
review the retrospective studies that investigated the effectiveness of antiviral prophylaxis
during the 2009 pandemic, and to explicitly estimate the effectiveness by employing a
mathematical model.

Methods

A systematic review identified 17 articles that clearly defined the cases and identified exposed
individuals based on contact tracing. Analyzing a specific school-driven outbreak, we
estimated the effectiveness of antiviral prophylaxis using a renewal equation model. Other
parameters, including the reproduction number and the effectiveness of antiviral treatment
and school closure, were jointly estimated.

c. =D AC., (1) ¢ =R 0.0, )
s=1 s=1
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Results

Based on the systematic review, median secondary infection risks (SIRs) among exposed
individuals with and without prophylaxis were estimated at 2.1% (quartile: 0, 12.2) and
16.6% (quartile: 8.4, 32.4), respectively. A very high heterogeneity in the SIR was identified
with an estimated 12 statistic at 71.8%. From the outbreak data in Madagascar, the
effectiveness of mass chemoprophylaxis in reducing secondary transmissions was estimated
to range from 92.8% to 95.4% according to different model assumptions and likelihood
functions, not varying substantially as compared to other parameters.



Result (1)
-Systematic review- (cont)

Median secondary infection risks (SIRs)

Among exposed individuals SIR % (quarile)
Without prophylaxis ————— 16.6 (8.4, 32.4)
With prophylaxis — 2.1 (0,12.2)
1] 10 20 30 40
SIR (%)
* A wvery hizh heterozeneity in the SIE was RR= 16621 =100 =873
identified with an estimated I* statistic at 71.8%. 16.6

Result (2)
-Mathematical modeling- (cont)
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Table 4 Transmission dynamics of influenza A

in a primary school in Madagascar, 2009

Result (2)
-Mathematical modeling- (cont)
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Figure 3 - Epidemic dynamics of influaenza A (HIN1-2009)
in a primary school, Madagascar

Conclusions

Only based on the meta-analysis of retrospective studies with different study designs and
exposure settings, it was not feasible to estimate the effectiveness of antiviral prophylaxis in
reducing transmission. However, modelling analysis of a single outbreak successfully yielded
an estimate of the effectiveness that appeared to be robust to model assumptions. Future
studies should fill the data gap that has existed in observational studies and allow
mathematical models to be used for the analysis of meta-data.



Mathematical Modeling of Disease Transmission

Dynamics with Data Generating Processes
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In history, fight against infectious diseases has never ended since the
dawn of human being, and infectious diseases acted as the leading cause of
death. To overcome the diseases, pharmaceutical approaches have been
invented. However, even at the present moment emerging infectious diseases
such as HIV/AIDS, Middle East respiratory syndrome coronavirus
(MERS-CoV), Severe Acute Respiratory Syndrome (SARS), influenza
continuously cause epidemics across the world. Accordingly, we confront with
the needs to evaluate the efficacy and effectiveness of pharmaceutical or
non-pharmaceutical interventions (e.g. school closure during influenza
epidemic) in quantitative and qualitative manners. Despite the importance
of modeling approaches to infectious disease control, the methodology has
not been straightforward. The most popular and classical model that
describes an infectious disease epidemic was developed by Kermac and
McKendrick (hereafter I call the model as SIR
(Susceptible-Infectious-Recovered) model), and the SIR model has been
extended to practical problems in many ways. Apart from these progresses, a
lot of quantitative questions have remained in public health. To answer the
questions, this thesis has focused on the data generating process of
epidemics in order to fit models to limited data that is empirically observed.

Moreover, the infectious disease modelling framework has been further



extended to other health related problems that are known to be contagious.

The main contributions of this thesis are summarized as follows; (1) I
constructed a transmission model of influenza during the early phase of an
epidemic, investigating the required length of time to reliably estimate case
fatality ratio (CFR) of influenza. The study suggested that 2-3 month would
be required to reliably compare the estimated CFR with the pre-specified
CFR value such as those defined by US Pandemic Severity Index. (2) I
proposed a modeling method to estimate the vaccine efficacy against measles,
jointly quantifying parameters governing the temporal dynamics of measles
(e.g. Ro). The study suggested that population aged from 5-19 year should be
(re-) vaccinated to prevent further epidemic in Japan. (3) I discussed the use
of chance-adjusted agreement coefficients to measure the assortativity of
both contact and transmission of an infectious disease. I have demonstrated
that the proportion of contacts that are reserved for within group mixing, p
in the preferential mixing assumption has excellently corresponded to the
Newman's assortativity coefficient (or the so-called Cohen's kappa).
Subsequently, I have explicitly distinguished the transmission assortativity
from contact assortativity, because the former captures not only the contact
heterogeneity but also many other intrinsic and extrinsic factors
characterizing the frequency of within- and between- group transmission. (4)
I have emphasized that an appropriate model would be essential to answer
public health question including vaccination problems. Examining the
validity of incorporation of vaccine effect against clinical disease in epidemic
models, I have shown that an explicit formulation would also help to clarify
underlying assumptions that tend to be hidden in common model structures.
(5) I investigated epidemiological model that describes an obesity epidemic
which 1s known to spread via social contact and can also be acquired in a
non-contagious manner. I compared the effectiveness of different types of
intervention programs against obesity, identifying associated data gaps in
empirical observation.

Through these five original studies, I have shown that appropriate
model building approaches that explicitly account for data generating
process would be essential not only for modeling researchers but also for
public health practitioners. The needs for sound model building approaches

have been emphasized.
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Understanding for mechanisms of flexible-phase locking in bipedal locomotion
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1 Introduction

Based on neurophysiological evidences, studies for models of human locomotion system
have demonstrated that a bipedal walking is generated by a mutual entrainment of oscillatory
activities of a central pattern generator (CPG) and a musculoskeletal system (Body) [1]. The
model has well reproduced human walking. However, the model has also shown that even a
short time delay (70ms) in a sensorimotor loop between the CPG and Body causes the failure
to walk [2].

Rencently, Ohgane et al. [3] have discovered that a system structure, i.e., the mutual
entrainment between the CPG and Body [1] can overcome loop time delays by an emergent
adaptive phenomenon. It was called “flexible-phase locking” in [3], in which the phase of
CPG activities shifts forward according to the magnitude of loop time delay. Then, Ohgane et
al. have hypothesized that one of the essential mechanisms to yield of flexible-phase locking
is a stable limit cycle of CPG activity. This study demonstrates the hypothesis in walking
models through computer simulation by replacing the oscillator of CPG model with different
oscillation properties.

On the other hand, because the walking model is too complex to theoretically analyze,
in this paper, I introduce two simplified models that can structurally correspond with the
walking model in terms of oscillation properties. By analyzing the simplified models, I give
a theoretically understanding of the mechanisms for causing flexible-phase locking.

2 flexible-phase locking

In this Chapter, I introduce a walking model [3] in which flexible-phase locking can occur. In
the walking model, the CPG composed of 12 neurons is represented by the following coupled
BVP (Bonhoffer van del Pol) differential equations. The motion of Body is represtented by
using the Newton-Euler method [1].

The simulation results of the walking model [3] show that the phase of CPG activity could
shift forward on that of the Body motion according to the loop time delay. The phase of
the CPG shifts quarter preiod ahead of the Body motion; besides, this phase shift increases
monotonically with respect to the increase of the loop time delay.

3 The walking systems with other CPG models

The purpose of this Chapter is to demonstrate that the existence of stable limit cycle in the
CPG activity is an essential mechanism for causing flexible-phase locking in walking systems.
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In order to confirm the mechanism, by replacing the neuron model for constructing the CPG
with the other oscillators, I observe phase behaviors of the CPGs in the revised walking
models. As other oscillators, a A — u system [4] and a Van der Pol oscillator [5] are employed.

As aresult, in both cases, the revised models can overcome the loop time delay and cause
flexible-phase locking.

4 simplified models

In Chapter 2, I showed a proper phase relationship between the CPG activity and the Body
motion. In this Chapter, I give a theoretical understanding of the phase behaviors according
to time delays by introducing the A — u system [4] as simplified models and analyzing them
to confirm another essential menchanism for causing flexible-phase locking.

As aresult, I confirmed that another essential mechanism for causing flexible-phase lock-
ing is a sign differs between coupling coefficients of the connection from Body to CPG and
from CPG to Body, i.e., the afferent and efferent connection.

5 conclusions

A close look at the essential mechanisms for causing flexible-phase locking in walking model
will reveal the following conditions: 1). a stable limit cycle of CPG activity; 2). a sign differs
between coupling coefficients of the connection from Body to CPG and from CPG to Body,
i.e., the afferent and efferent connection.

In this paper, I confirmed the validity of the conjecture that one of the essential mechanism
for the yield of flexible-phase locking is a stable limit cycle of CPG activity. This mechanism
1s suggested to have an universality in bipedal walking models.

This work also reads to physical understanding of the condition 2), a sign differs between
coupling coefficients of the connection from Body to CPG and from CPG to Body, i.e., the
afferent and efferent connection. Our analysis simply assumed the excitation and inhibition
at connections to be a force of the forward and backward phase shift, respectively. Further
investigations on the mechanisms causing flexible-phase locking are in progress.
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Age—size structured models with stochastic growth and optimal life history
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