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Syndromic surveillance, including prescription surveillance, offers a rapid method for the early detection of agents of bioterrorism
and emerging infectious diseases. However, it has the disadvantage of not considering definitive diagnoses. Here, we attempted to
definitively diagnose pathogens using polymerase chain reaction (PCR) immediately after the prescription surveillance system
detected an outbreak. Specimens were collected from 50 patients with respiratory infections. PCR was used to identify the
pathogens, which included 14 types of common respiratory viruses and Mycoplasma pneumoniae. Infectious agents including M.
prneumoniae, respiratory syncytial virus (RSV), thinovirus, enterovirus, and parainfluenza virus were detected in 54% of patients.
For the rapid RSV diagnosis Kit, sensitivity was 80% and specificity was 85%. For the rapid adenovirus diagnosis kit, no positive
results were obtained; therefore, sensitivity could not be calculated and specificity was 100%. Many patients were found to be
treated for upper respiratory tract infections without the diagnosis of a specific pathogen. In Japan, an outbreak of M. prneumoniae
infection began in 2011, and our results suggested that this outbreak may have included false-positive cases. By combining syndromic
surveillance and PCR, we were able to rapidly and accurately identify causative pathogens during a recent respiratory infection

outbreak.

1. Introduction

Japanese traditional surveillance is based on definitive diag-
nosis and is enforced by the infection control laws in Japan for
the early detection of agents of bioterrorism and outbreaks of
emerging infectious diseases. After the infectious disease is
diagnosed at sentinel medical institutions, at least 10 days are
required until it is announced nationwide. Therefore, a major
fault of this surveillance system is the delay in disseminating
information.

A surveillance system that can identify the early stages of
an outbreak of infectious disease is necessary. Therefore, syn-
dromic surveillance systems have been implemented in many

countries since 1995 [1]. Syndromic surveillance monitors
changes in the number of patients according to symptoms
such as fever, vomiting, diarrhea, and rash for further inves-
tigations. Information regarding the identification of local
infectious disease outbreaks, such as school absenteeism,
emergency room visits, and prescriptions of therapeutic drug
against infectious diseases, are also subjects of the survey [2].
Syndromic surveillance can offer a rapid method to detect an
outbreak of infection compared with traditional surveillance;
such surveillance systems are currently used worldwide 3, 4].

In some cases, an infectious outbreak can be detected
on the same or the following day. Although syndromic sur-
veillance provides rapid results, it has the disadvantage that
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FIGURE 1: Number of reported RSV cascs from sentinel medical
institutions in Japan. There are approximately 500 sentinel medical
institutions in Japan, which are selected from those equipped with
departments of pediatrics and internal medicine and with more than
300 beds.

definitive diagnoses are not considered. In other words, in
general, its specificity may be lower than that of traditional
surveillance systems. Laboratory testing performed on all
symptomatic patients can yield a very high specificity, but
is cost prohibitive, whereas laboratory testing on selected
patients for syndromic surveillance can detect some specific
aberrations at a lower cost, thereby overcoming the short-
comings of both systems. The current study highlights an
example to further analyze this possibility.

In the fall of 2011, the number of patients with symptoms
of upper respiratory tract infections markedly increased in
Japan. Infectious disease weekly reports (IDWRs) (http://
www.nih.go.jp/niid/ja/idwr.html in Japanese), which consti-
tute the traditional and official Japanese sentinel surveillance
system, reported a higher incidence of respiratory syncy-
tial virus (RSV) (Figurel) and M. pneumoniae infections
(Figure 2). A primary feature of M. pneumoniae respiratory
infections is the degree of the symptom worsening from
mild upper respiratory tract inflammation to pneumonia. M.
pneumoniae infection is associated with exanthem, hemolytic
anemia, gastrointestinal damage, arthritis, and various neu-
rological symptoms [5].

Outbreaks of M. pneumoniae persisted throughout June
2012, although it is unclear why this organism has continued
to be responsible for such a widespread national outbreak
in Japan since the fall of 2011 [6]. Koike et al. [7] detected
only 40 patients (14.5%) among 275 suspected cases of M.
preumoniae infection from 2006 to 2008 in Japan. A clinical
diagnosis of M. pneumoniae infection is difficult without
laboratory confirmation. In many sentinel hospitals, the M.
preumoniae-specific IgM antibody rapid detection test is
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Ficure 2: Patients per sentinel medical institution reporting M.
pneumonige infections.

used, but during screening, a positive result in the test
does not always indicate acute infection by this organism.
We suspect that the outbreak of M. pneumoniae infection
included false-positive cases {7, 8].

IDWRs are very important for clinicians, enabling them
to identify the seasonal prevalence of known diseases. How-
ever, these reports become available after a minimum of 10
days following patient examinations. Therefore, traditional
and official surveillance systems have the distinct disadvan-
tage of being slow and are limited to reporting pathogens
chosen in advance.

In the fall of 2011, by monitoring the increase in the
number of combination cold medications (active ingredi-
ents: salicylamide, acetaminophen, anhydrous caffeine, and
promethazine methylene disalicylate) prescribed since 2009,
the prescription surveillance system detected an increase in
the number of patients with symptoms of upper respiratory
tract infections. On September 26, 2011, we noticed the
first unusual peak and began to carefully monitor the real-
time prescription surveillance system and observed a second
peak on October 3, 2011 (Figure 3). However, monitoring
prescriptions for combination cold medications does not
lead to the identification of the pathogens responsible for
the illnesses being treated. Thus, we conducted pathogen
identification using the PCR method after being alerted by
the prescription surveillance system on October 4, 2011 (the
following day).

The purpose of the present study was to evaluate whether
the PCR method triggered by the results of the prescrip-
tion surveillance system can rapidly and accurately identify
causative pathogens of local outbreaks of infection. Our
results allowed for earlier diagnoses at medical facilities
and the dissemination of this information among other
institutions to avoid inappropriate use of antibiotics and
instigate measures against the spread of infectious diseases.
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F1gure 3: Combination cold medication prescriptions recorded by the prescription surveillarice system over time. On September 26, 2011, we
noticed an unusual peak and then carefully monitored the real-time prescription surveillance and found a second peak on October 3, 2011.
We confirmed this abnormality and began this study on the following day (October 4, 2011).

2. Materials and Methods

2.1. Prescription Surveillance. Although very common in the
US and other countries, there is no nationwide syndromic
surveillance system to electronically monitor medical records
in Japan. Because of the low prevalence of electronic medical
records and a restrictive privacy policy, we perform prescrip-
tion surveillance nationwide for syndromic surveillance by
monitoring the number of prescriptions for certain types of
drugs such as anti-influenza medications.

There are approximately 45,000 pharmacies that deliver
almost half of the prescribed drugs nationwide and almost all
record prescriptions electronically. The prescription surveil-
lance system was developed by the Infectious Disease Surveil-
lance Center of the National Institute of Infectious Dis-
eases in collaboration with EM Systems Co. Ltd. (Osaka,

" Japan), a leading provider of prescription surveillance used
by pharmacies through the Application Server Provider
(ASP) system. The ASP system is very useful for syndromic
surveillance because data transfer is unnecessary. Thus, it
can dramatically decrease costs and maintain a high level
of confidentially. Its widespread use started in April 2009,
and approximately 6,300 (13%) Japanese pharmacies actively
participated in the program as of October 2011.

The ASP system tracks prescription information, but
patient symptoms and diagnoses are not recorded. Categories
of syndromic surveillance include the type of prescribed
drugs. Currently, the syndromic surveillance system moni-
tors several types of drugs, including those for relief of fever
and pain due to common colds, as well as antiviral agents,

anti-influenza medications (except amantadine), and anti-
varicella zoster virus (VZV) drugs. The surveillance of the last
two is also classified by age: <15, 16-64, and >65 years. Data
collection and analysis are automatically performed every
night, and the results are available on the home page of a
secure internet site early the next morning.

Monitoring the usage of anti-influenza and anti-VZV
drugs is particularly useful for early detection of outbreaks of
infection because these drugs are used only to treat specific
viral infections.

2.2. Clinical Samples. Between October 4 and 28, 2011, 50
patients were included in the present study who either pre-
sented at a single clinic with a chief complaint of respiratory
symptoms or fever or were suspected of having respiratory
tract infections after being identified through the syndromic
prescription surveillance system. In Japan, a rapid diagnosis
kit suitable for use at outpatient clinics is currently available,
and the costs are covered by the national health insurance
program. The tests allow for rapid detection of infections
caused by the influenza virus, RSV, and adenovirus. A total
of 18 pharyngeal swabs to screen for adenovirus infections
and 32 nasal swabs to screen for RSV and influenza viral
infections (rapid RSV) were collected [9]. Viruses were
extracted from the swabs using immunochromatography
(IC) kits with approximately 500 uL of a mucolytic agent
provided by the manufacturer. After the assay, approximately
200 uL of the agent remained in the IC-kit tubes. This’
medical waste was transferred to universal transport medium
(359C; Copan Italia S.p.A, Brescia, Italy) and analyzed using
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TasLE 1: Hyper-PCR primers.
Pathogen Primer Base sequence (5'-3' Polarity Reference
RSV-A RSA-F TGC AAG CAG AAATGG AACAAGT + (14]
106 bp RSA-R AAT AAT GATGCT TTT GGG TTGTTC A -
RSV-B RSB-F GATGGCTCTTAGCAAAGTCAAGTTAA + (15]
104 bp RSB-R TGTCAATATTATCTCCTGTACTACGTTGAA -
Parainfluenza 1 PIS1+ CCGGTAATTTCTCATACCTATG + [16]
317bp PISI- CCTTGGAGCGGAGTTGTTAAG -
Parainfluenza 3 Para3.1 CICGAGGTTGTCAGGATATAG + [16]
189 bp Para3.2 CTTTGGGAGTTGAACACAGTT -
Rhinovirus SRHI-1-NIID CGGGTAGCTTCCACCACCAGCCCTT + [16]
549 bp SRHI-2 GGGACCAACTACTTTGGGTGTCCGTGT -
Enterovirus entR1 ATTGTCACCATAAGCAGCCA + 7]
172bp entE2 CCTCCGGCCCCTGAATG -
HINI1 2009 swH1-F2 TCATGCGAACAATTCAACA +
Present study
127 bp swHI1-R2 TGGGGCTACCCCTCTTAGTTTG -

real-time polymerase chain reaction (PCR) [10] and Hyper-
PCR [11], which is a faster technique compared with the
previously available PCR applications. Thus, we used Hyper-
PCR for the applicable pathogens. The CycleavePCR respi-
ratory infection-pathogenic virus detection kit (Takara Bio,
Shiga, Japan) was used to detect 11 types of viruses: human
RSV types A and B, human parainfluenza virus types 1-3,
human metapneumovirus, influenza A and B viruses, human
adenovirus, human bocavirus, and human rhinovirus. The
Thermal Cycler Dice Real Time System II MRQ (Takara Bio)
was used to detect and identify the 11 types of viruses detected
by the CycleavePCR kit [10]. Hyper-PCR [11] was performed
using the One Step SYBR High Speed RT-PCR Kit (Hyper-
PCR) (Takara) to detect RSV types A, B, human parainfluenza
virus types 1, 3, human rhinovirus, enterovirus, and influenza
A (HINT) 2009 (primers arelisted in Table 1) using the Hyper-
PCR MK IV PCR system (Trust Medical, Hyogo, Japan). The
accuracy of the Hyper-PCR methods was confirmed by com-
parison with other conventional PCR methods. Conventional
PCR was used to detect M. pneumoniae [12]. In addition, the
presence of coronavirus infection was tested in patients from
whom no infectious agents were detected [13].

3. Ethical Considerations

This study only collected anonymous information that cannot
be associated with individual patients. Patient samples were
collected during the course of medical care provided at the
participating facilities, and all examinations and testing for
pathogens occurred at the request of the medical facilities for
the purposes of diagnosis and treatment. This study used only
existing medical records and documents, and oral informed
consent was obtained from all patients.

4. Results

After testing the specimens, we provided the results to a
medical institution within 4 days including the conveyance

period. The 50 patients tested in this study included 2 infants
(1 male and 1 female, aged <1 year), 25 children (12 males and
13 females, aged 1-6 years), 10 elementary school pupils (6
males and 4 females, aged 7-12 years), 4 minors (2 males and
2 females, aged 13-18 years), 8 adults (3 males and 5 females,
aged >18 years), and 1 patient (age unavailable).

Table 2 lists the pathogens detected by the PCR analysis
stratified by age in the 27 patients. In children, enterovirus,
rhinoviruses, RSV, and parainfluenza viruses were detected,
whereas M. preumoniae was detected only in elementary
school pupils and minors. In the remaining 23 patients, no
pathogens were detected. These 23 patients were also found
to be negative for coronavirus.

PCR was used to obtain definitive viral diagnoses via
rapid RSV and adenovirus diagnosis kits, and the sensitivity
and specificity were calculated for these test kits. For the
rapid RSV diagnosis kit, sensitivity was 80% and specificity
was 85%. For the rapid adenovirus diagnosis kit, no positive
results were obtained; therefore, sensitivity could not be
calculated and specificity was 100%.

RSV infections were detected using the rapid diagnosis
kit, but rhinovirus, enterovirus, and parainfluenza virus
infections were not. The causative pathogens were unknown
in many patients, although they were nevertheless treated for
upper respiratory tract infections.

Evaluation of the incidence of various symptoms in
patients infected with different pathogens showed that rhi-
noviruses were detected in nasal swab specimens more often
than other viruses and patients with rhinovirus infections
were less likely to present with fever (Table 3).

All RSV-positive patients were children, 80% of whom
presented with coughing. All patients who were tested using
the rapid adenovirus detection kit showed negative results.
However, all these patients also tested negative for adenovirus
using sensitive PCR tests. Thus, adenovirus was not con-
sidered to be the causative organism of this suspected out-
break.
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TaBLE 2: Numbers of pathogens detected by PCR according to age.

Infants  Children  Elementary school pupil ~ Minor (junior high school student or older)  Adult
Enterovirus 0 2 1 0 1
Mycoplasma pneumoniae 0 0 1 1
Parainfluenza 1 0 2 0 0 1
Rhinovirus 2 9 0 0 1
Rhinovirus + parainfluenza 1 0 1 0 0 0
Rhinovirus + RSV-A 0 1 0 0 0
Rhinovirus + RSV-A and RSV-B 0 1 0 0 0
RSV-A 0 2 0 0 0
RSV-B 0 1 0 0 0

TaBLE 3: Incidences of symptoms detected in infections according to individual pathogens (1 = 50).

Number of infections Fever Headache Nasal discharge Pharyngeal pain Cough
Mycoplasma pneumoniae 2 0% 0% 0% 50% 100%
Enterovirus 4 67% 25% 75% 25% 25%
Parajnfluenza 1 3 33% 33% 33% 0% 67%
Rhinovirus + parainfluenza 1 1 0% 0% 0% 0% 100%
Rhinovirus 12 20% 0% 67% 0% 83%
Rhinovirus + RSV-A 1 0% 0% 100% 0% 100%
Rhinovirus + RSV-A + RSV-B 100% 0% 100% 0% 100%
RSV-A 2 100% 0% 100% 0% 100%
RSV-B 100% 0% 0% 0% 0%
None 23 21% 13% 57% 30% 35%

5. Discussion

Here, we examined a combination of syndromic surveil-
lance and PCR testing and showed the potential to identify
pathogens during the early stage of an outbreak of respiratory
infections. In the future, it would be desirable to develop an
M. pneumoniae diagnosis kit that can diagnose pathogens
from nasal or pharyngeal swabs at outpatient clinics or the
bedside of patients.

In Japan, two official pathogen surveillance methods have
been conducted under the infection control laws: sentinel
pathogen surveillance and active surveillance. The official
pathogenic surveillance has been conducted at sentinel medi-
cal institutions regardless of outbreaks. On the other hand, in
patients with serious diseases, active pathogenic surveillance
has sometimes been conducted on the basis of notifica-
tions by medical institutions. However, active surveillance
is conducted only when an infection spreads widely enough
to cause serious problems in a particular region and the
surveillance of pathogens may not be timely enough to mount
a response to control outbreaks. Pathogenic surveillance for
all patients with signs of an infection would detect agents
of bioterrorism and emerging infectious diseases; however,
the cost would be prohibitive. Therefore, system coordination
to perform pathogen surveillance based on early detection
of outbreaks is necessary. The scheme proposed by the
present study uses PCR testing triggered by detection alerts
from syndromic surveillance systems. In general, syndromic
surveillance offers earlier detection of infectious diseases than

traditional surveillance. Moreover, if the pathogen remains
unknown following bedside testing using several rapid tests
or other typical examinations, the proposed scheme requires
the collection of specimens as soon as possible and sending
them to a laboratory for definitive diagnoses. However, it
takes a few days to transfer the specimens and a few extra days
for the information of the identified pathogen to be shared
among medical facilities, public health centers, and local gov-
ernments in the involved areas. In the proposed scheme, we
can use pathogenic information to control ongoing outbreaks
and, hopefully, decrease the number of potential infections.

Thus far, syndromic surveillance with pathogenic testing
has been conducted by collecting samples from patients
receiving telephone consultations [18] and those receiv-
ing emergency department consultations {19]. Syndromic
surveillance using electronic medical records has been com-
bined with testing for the influenza virus [20]. However, these
systems have focused only on rapid testing and are mainly
used for influenza monitoring [20, 21]. Therefore, syndromic
surveillance trials for nonspecific pathogens using PCR for
undiagnosed infectious diseases, similar to the present study,
have not been performed before.

In the present study, an outbreak was detected by routine
syndromic surveillance, in which samples were regionally
collected for PCR analysis. These tests for viral infections
allowed for differentiation between bacterial and viral infec-
tions, thus facilitating treatment without the unnecessary
use of antibiotics. Although the present laboratory tests
cannot be performed for all individual clinical diagnoses, the



results were immediately made available to clinicians for the
treatment of other patients with similar symptoms.

The symptoms reported in the present study were rather
mild; therefore, no patient required hospitalization, and
no further testing was performed in undiagnosed patients.
However, if severe cases were to occur, careful identification
of pathogens would be desirable. Rhinoviruses were detected
in nasal swab specimens more frequently than other viruses.
Therefore, it is likely that children who present with nasal
discharge and mild fever may be reservoirs for rhinoviruses
[22]. Testing for respiratory viral infections in emergency
room outpatients by PCR analysis showed that the most
frequently detected viruses were picornaviruses, including
rhinoviruses [23]. When children present with coughing as
the main symptom, RSV should be considered as the most
likely pathogen.

The finding that M. pneumoniae infection was not
detected in infants and children, but rather in elementary
school pupils and minors, was consistent with reports that
M. pneumoniae may often cause asymptomatic infections
before the age of 5 years, after which immunity decreases as
children become susceptible to symptomatic M. prneumoniae
infections [5].

In Japan, nationwide outbreaks of M. pneumoriae began
in 2011 and continued as of January 2012, during which time
M. pneumonia, thinovirus, enterovirus, parainfluenza virus,
and RSV have been identified. Our results suggested that
this outbreak may include false-positive cases and subsequent
inappropriate prescriptions of antibiotics.

An increased frequency of macrolide-resistant M. pneu-
moniage became widely reported in the Japanese media in
the fall of 2011 [24]. Therefore, this news may have induced
an abnormal increase in the number of patients (Figure 2).
The rapid test available in Japan for M. pneumonige uses
sera samples [25]. Although general clinics may outsource
M. pneumoniae antibody testing and cold hemagglutinin
testing, blood testing is usually not performed in cases of mild
pediatric illnesses. ‘

In the future, it would be desirable to develop M.
prneumoniae diagnostic kits using nasal or pharyngeal swabs
at outpatient clinics or bedside. Until such kits for the
diagnoses of M. pneumoniae and other infectious diseases are
developed, syndromic surveillance with PCR testing offers
a useful countermeasure against infectious outbreaks. In
this study, we could not detect single infectious agents that
explained the outbreaks; however, our results excluded M.
pneumoniae.

The present study was limited to a single clinic. There-
fore, further studies involving more facilities should be
undertaken. It is also necessary to develop a network and
sample transportation system among the facilities partaking
in the syndromic surveillance system and to adequately staff
laboratories with experienced technicians.

Syndromic surveillance data has been mathematically or
statistically analyzed in many studies. However, when an
abnormal value is reported by syndromic surveillance, there
are many cases in which the pathogens cannot be identified
by the calculations introduced in these articles.

BioMed Research International

6. Conclusion

When M. prneumoniae and RSV infections were prevalent
nationwide during the fall of 2011, we observed an abnormal
increase in common cold prescriptions through the Japanese
surveillance system and were able to evaluate the incidence of
various pathogens via PCR testing.
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Abstract

Background: Real-time surveillance is fundamental for effective control of disease outbreaks, but the official sentinel surveillance
in Japan collects information related to disease activity only weekly and updates it with a 1-week time lag.

Objective: To report on a prescription surveillance system using electronic records related to prescription drugs that was started
in 2008 in Japan, and to evaluate the surveillance system for monitoring influenza activity during the 2009-2010 and 2010-2011
influenza seasons.

Methods: We developed an automatic surveillance system using electronic records of prescription drug purchases collected
from 5275 pharmacies through the application service provider’s medical claims service. We then applied the system to monitoring
influenza activity during the 20092010 and 2010-2011 influenza seasons. The surveillance system collected information related
to drugs and patients directly and automatically from the electronic prescription record system, and estimated the number of
influenza cases based on the number of prescriptions of anti-influenza virus medication. Then it shared the information related
to influenza activity through the Internet with the public on a daily basis.

Results: During the 2009-2010 influenza season, the number of influenza patients estimated by the prescription surveillance
system between the 28th week 0of 2009 and the 12th week 0£2010 was 9,234,289. In the 2010-2011 influenza season, the number
of influenza patients between the 36th week 0o£ 2010 and the 12th week 0f 2011 was 7,153,437. The estimated number of influenza
cases was highly correlated with that predicted by the official sentinel surveillance (r = .992, P <.001 for 2009-2010; r = .972,
P <.001 for 2010-2011), indicating that the prescription surveillance system produced a good approximation of activity patterns.

Conclusions: Our prescription surveillance system presents great potential for monitoring influenza activity and for providing
early detection of infectious disease outbreaks.

(J Med Internet Res 2012;14(1):el4) doi:10.2196/jmir.1881

KEYWORDS

Surveillance; influenza; real-time surveillance; prescriptions; pharmacy; anti-influenza virus; automatic surveillance; early
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Introduction

In Japan, the official sentinel surveillance reports the number
of influenza patients per health care provider after collecting
information from approximately 5000 clinics and hospitals. The
intensity of influenza activity is assessed according to the
number of influenza patients per clinic or hospital. Influenza is
regarded as highly active if the ratio exceeds 1. In 2009, the
number of patients per clinic or hospital approached 1 in the
32nd week, earlier than in any of the preceding 10 years, mainly
because of the influenza pandemic A (HIN1), which started in
April 2009 [1]. Accordingly, the vast majority of the reported
cases were HI1N1 novel influenza [1]. The number of influenza
patients per health care provider declined below 1 in the 13th
week of 2010. The total number of weeks during which
influenza was highly active was 29, a longer active period than
in any of the prior 10 years. In 2010, the reported number of
influenza patients per clinic or hospital exceeded 1 in the 50th
week [2]; a second peak week was detected in March 2011.
Because of these irregular patterns of influenza activity, it is
necessary that both policy makers and clinicians follow
influenza activity closely to implement effective control of an
influenza outbreak throughout the year.

Syndromic surveillance is a useful tool for seasonal influenza
monitoring [3]. In Japan, the official sentinel surveillance of
infectious diseases is implemented by the National Institute of
Infectious Diseases. It reports the estimated number of influenza
patients weekly as the Infectious Diseases Weekly Report [2].
The official sentinel surveillance collects the number of
influenza cases from approximately 5000 hospitals and clinics
all over the country and then estimates the number of influenza
patients based on the reported cases [4]. The entire process of
collecting information from health care providers, estimating
the number of clinical influenza cases, and reporting them to
the public usually takes 7-10 days. Furthermore, the cases are
reported by health care providers as a weekly aggregate number.
Some diseases spread rapidly, and the weekly aggregates might
not provide sufficiently detailed information reflecting the
complete character of disease activity. In addition, the official
sentinel surveillance updates influenza activity less frequently
during major holidays. In Japan, seasonal influenza activity
usually starts to become active during the New Year holidays.
Constant monitoring and reporting of activity during that period
is necessary.

Syndromic surveillance is in widespread use for monitoring
diseases, but usage of prescription drug sales as a source of
information is fairly limited. In the United States, the most
common source of syndromic surveillance reported by health
officials is emergency department visits (84%), followed by
outpatient clinic visits (49%) and over-the-counter medication
sales (44%); less than 10% of health departments reported
prescription medications as a source [3]. In the context of
mmfluenza, emergency department surveillance is used to monitor
the impact of influenza by age [S]. For more rapid feedback,
the Web recently has become a powerful tool for syndromic
surveillance [6]. For example, health surveillance using a
Web-based self-reporting daily questionnaire is applied to
monitor influenza activities [7]. Google Flu Trends, a
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Web-based surveillance, tracks the rate of influenza using query
logs [8]. In addition to monitoring disease activities, syndromic
surveillance helps monitor bioterrorism-related disease [9] or
health consequences of natural events [10].

Real-time information related to influenza activity is
fundamentally important for better preparation of
countermeasures against a sudden increase of influenza activity.
Therefore, daily updates of influenza activity are indispensable
for improved understanding and control of an influenza
epidemic. We developed an automatic real-time prescription
surveillance system with the collaboration of EM Systems Co.
Ltd. (Tokyo, Japan) to provide timely information related to a
disease outbreak. We applied the surveillance system to monitor
influenza activity during the 2009-2010 and 2010-2011
influenza seasons to examine the magnitude and trajectory of
an outbreak more closely and to share that information with
public health authorities, as well as participating pharmacies.

We used prescription drug purchase data for surveillance of
influenza activity for three reasons. First, prescribing
anti-influenza drugs such as oseltamivir or zanamivir is a
common clinical practice for diagnosed influenza cases in Japan.
Japan has the highest annual level of oseltamivir usage in the
world [11]. Therefore, prescription drugs can serve as a good
indicator of the overall number of influenza patients. Physicians
often perform rapid influenza diagnostic tests on patients who
have a fever or report other influenza-like symptoms. If the test
result is positive or, alternatively, if the physician clinically
diagnoses influenza even when the test result is negative, then

‘anti-influenza drugs are often prescribed. This contrasts to

practices in some other developed countries, where

anti-influenza drugs are recommended for those who are at high

risk [12-14] or who have severe conditions from influenza
infections [13,14]. In such circumstances, surveillance of

prescriptions of anti-influenza drugs would trace influenza

patients with severe symptoms [15].

Second, many pharmacies have adopted the electronic
prescription record system (EPRS), which enables automatic,
continuous, and constant information collection, and real-time
analysis of prescriptions and patients. In Japan, the utilization
rate of the EPRS among pharmacies was 99.0% in 2009 [16].
Japan also has a high rate of outpatient or office-based clinician
visits in cases where people feel ill [17], partly because of the
universal health insurance system. Therefore, one might infer
that the number of influenza patients collected through the EPRS
would closely approximate the number of symptomatic influenza
patients.

Third, in contrast to the United States or Taiwan [18], in Japan
electronic medical record (EMR) systems are not yet well
established. In the United States, surveillance for influenza
activity is based on data on outpatient visits along with data
related to sales of over-the-counter drugs, school absenteeism,
and ambulatory care encounters [3,9,19-21]. Surveillance for
influenza activity using the EMR has been intensively discussed
and widely applied [22-24]. By contrast, the Survey of Medical
Institutions by the Ministry of Health, Labour and Welfare in
Japan showed that the share of health care providers using EMRs
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was just over 10% in 2008, or 948 hospitals (10.8% of all
hospitals) and 12,939 clinics (13.1% of all clinics) [25].

We developed the surveillance system to collect the number of
prescriptions together with patients’ characteristics from the
EPRS automatically, to analyze the data simultaneously to
estimate the number of influenza cases, and then to provide
real-time information of influenza activity to health care
providers and policy makers. The system was tested for a limited
time at the G8 Summit meeting in Toyako, Hokkaido in July
2008 for 1 month [26]. The present report summarizes details
of our prescription surveillance system and presents an
evaluation of its performance in the first two influenza seasons,
those of 2009-2010 and 2010-2011, since the start of the
nationwide operation of the system. The evaluation of
surveillance performance, particularly outbreak detection
performance, is challenging and few studies conduct such
analyses [27]. A study showed that weekly variation in visits
for lower respiratory tract infections approximated the national
mortality data for pneumonia and influenza [28]. Similarly, our
retrospective evaluation analyzed how closely the estimates of
influenza cases followed the trajectory of influenza epidemics
reported by two other sources.

Methods

Prescription Surveillance

We started collecting and analyzing data related to prescriptions
automatically through the application service provider of the
EPRS in April 2009 (Figure 1 [29]). As of March 2011, the
number of participating pharmacies was 5275. In the application
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service provider, data related to prescriptions from all
participating pharmacies were collected and deposited in a single
server, making the data collection secure, efficient, and nearly
cost-free. Medications covered by the surveillance system
included drugs for relief of fever and pain, drugs for common
colds, antibiotics, and antiviral drugs including anti-influenza
virus drugs and antivaricella-zoster virus drugs. The current
study specifically addressed prescriptions for anti-influenza
virus medication. The neuraminidase inhibitors oseltamivir,
zanamivir, and laninamivir were included, but amantadine was
excluded because it is not commonly prescribed for influenza
in Japan.

The original prescriptions contain information related to
patients’ sociodemographic and social security information, as
well as the health care providers’ information. The automatic
surveillance system aggregated the number of prescriptions for
each type of drug and provided tabulations by age and by
geography at both national and prefectural levels. The number
of influenza patients was then estimated from the aggregated
number of prescriptions for anti-influenza drugs by adjusting
the number of prescriptions for anti-influenza drugs with the
proportion of participating pharmacies and of prescriptions
purchased through pharmacies. The analysis and estimation
were conducted overnight and the report of the analysis was
sent automatically at 7:00 AM on the next day to the registered
recipients, including participating pharmacies and public health
authorities. In addition, figures showing the number of
prescriptions for each type of drug and of the estimated number
of patients were created and posted on the website for public
access.
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Figure 1. Prescription surveillance. Pharmacies A-D use the application service provider’s (ASP) medical claims service. All data are stored in a
central database. The surveillance system automatically counts oseltamivir, zanamivir, and laninamivir prescriptions at the data center. The information
is analyzed using multiple regression models. The results are presented as figures and tables and feedback to participating pharmacies as well as public

health authorities.
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Performance Evaluation

We evaluated our surveillance system from two perspectives
for the 2009-2010 and 2010-2011 influenza seasons. First, we
compared the estimated number of influenza patients with the
estimates provided by the official sentinel surveillance [2]. The
official sentinel surveillance estimates the number of influenza
patients based on the number of influenza patients reported by
5000 health care providers, including 3000 pediatricians, in
Japan. We chose the evaluation period to include the period
when influenza activity was high for the 2009-2010 influenza
season. The epidemiological threshold of seasonal influenza
activity is determined by the number of influenza patients per
hospital or clinic. If the ratio is equal to or greater than 1 based
on the official sentinel surveillance, activity is kigh by the
definition that is accepted and widely used throughout Japan
[2]. This corresponds to the period between the 28th week of
2009 (the week starting on July 6, 2009) and the 12th week of
2010 (the week starting on March 21, 2010) for the 2009-2010
influenza season. For the 2010-2011 season, the performance
was evaluated between the 36th week of 2010 (the week starting
on September 6, 2010) and the 12th week of 2011 (the week
starting on March 21, 2011). Second, for the 2009-2010
influenza season, we also compared our. estimates with the
number of influenza patients estimated by the Gifu Medical
Association, where the total number of influenza patients in the
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prefecture was calculated and reported publicly [29]. The
number of influenza patients in Gifu Prefecture was surveyed
during November 16-22, 2009 by the local public health
authority as a response to the A/HIN1 influenza pandemic. A
survey questionnaire asking for the number of influenza patients
who visited health care providers was sent to all hospitals and
clinics located within the prefecture (total of 1677 health
providers); 1033 providers responded to the survey (response
rate 61.6%) [29].

The Internal Review Board at the National Institute of Infectious
Diseases approved the current study (approval number 57,
“Development and application of real-time surveillance system
to monitor syndromic and symptomatic cases using electronic
record system”).

Results

For the 2009-2010 influenza season, the total number of
influenza patients estimated by the prescription surveillance
system between the 28th week of 2009 and the 12th week of
2010 was 9,234,289 (Table 1). The largest number of influenza
patients, 234,519, was reported on November 24, 2009. For the
2010-2011 influenza season, the number of influenza patients
between the 36th week of 2010 and the 12th week 0f 2011 was
7,153,437 (Table 1). The largest number of influenza patients,
230,288, was reported on January 24, 2011. The official sentinel
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surveillance estimated the total number of patients for the same
periods as 20,660,000 (95% confidence interval
20,460,000-20,860,000) for the 2009-2010 and 13,680,000

Sugawara et al

(95% confidence interval 13,350,000-14,010,000) for the
2010-2011 influenza seasons [2], indicating that the sentinel
estimates were approximately double our estimates.

Table 1. Number of influenza cases estimated by the prescription surveillance, the official sentinel surveillance, and the Gifu Medical Association in

Gifu Prefecture, 2009-2010 and 2010-2011 influenza seasons®

2009-2010 influenza season:
July 6, 2009-March 28, 2010
(28th week 2009—-12th week 2010)

2010-2011 influenza season:
September 6, 2010-March 27, 2011
(36th week 2010-12th week 2011)

Estimate by the prescription surveillance 9,234,289
Estimate by the official sentinel surveillance 20,660,000
Adjusted estimation by the survey in Gifu Prefecture 9,931,200

7,153,437
13,680,000

Not applicableb

2 Sources: the official sentinel surveillance [2]; Kawai et al [29].

b Adjusted estimation by the survey in Gifu Prefecture is shown only for the 20092010 influenza season because the data are available only for that

year.

Pearson correlation coefficient (r) of time-series data on
influenza patients between our estimates and the official sentinel
estimate was .992 (P < .001) for the 20092010 influenza
season, and .972 (P <.001) for the 2010-2011 influenza season
(see Figure 2). A similar analysis was conducted at the
prefecture level. The correlation was.950 or greater in 33
prefectures, .900-.949 in 5 prefectures, and .770-.899 in 8
prefectures. The correlation was the lowest in Akita Prefecture
(r=.689). '

The estimated number of influenza cases in the 2009-2010
influenza season was also compared with that ascertained from
the survey of the number of influenza patients at all clinics and
hospitals conducted in Gifu Prefecture. The estimated number
from the survey collection in the prefecture based on the
prescription surveillance was 127,568, whereas the number of
influenza cases reported by the survey conducted by Gifu
Medical Association was 132,474. The official sentinel
surveillance estimated the number as 277,890.

Figure 2. Number of influenza cases, 2009-2011, estimated by the prescription surveillance and reported by the official sentinel surveillance. The
estimated number of influenza cases by prescription surveillance was calculated based on the number of oseltamivir, zanamivir, and laninamivir
prescriptions adjusted by the proportion of participating pharmacies and extramural dispensing percentage. See text for details. The reported number
by the official sentinel surveillance shows the number of influenza patients per clinic or hospital, calculated with the reported number of influenza

patients from 5000 sentinel clinics and hospitals.
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Discussion

Our analyses showed that the time-series pattern of influenza
activity reported by the prescription surveillance system in the
first two influenza seasons was highly correlated with the pattern
reported by the official sentinel surveillance, showing that
pharmacy surveillance can be a good indicator of influenza
activity in Japan. Although the estimated number of influenza
patients was double that of the official sentinel surveillance, it
was close to the estimate by Gifu Prefecture, where the total
number of influenza patients was collected in a survey.

The significance of our prescription surveillance is threefold.
First, the syndromic surveillance system collected, analyzed,
and reported data related to influenza patients simultaneously.
Therefore, clinicians and policy makers were able to obtain the
estimated number of influenza patients of the previous day. This
meant that the estimates were available 1 week ahead of those
reported by the official sentinel surveillance, enabling
predictions of influenza activity for the immediately following
week. This was particularly important at the outset of a seasonal
epidemic, when the trajectory of a quickly spreading disease
would have changed. Though the Google Flu Trends tool,
another real-time surveillance, has been shown to perform well
in the United States [8] and European countries [30], the results
may be sensitive to variations in patients’ behavior across
countries.

Second, our prescription surveillance was national and observed
regional variations in influenza activity at the prefecture level,
although the precision of surveillance varied somewhat between
prefectures. This provided helpful information to public health
services to plan for the allocation of medical, pharmaceutical,
and human resources for influenza control, shifting limited
resources to the most affected regions.

Third, our surveillance runs constantly, maintaining the method
of counting and estimating influenza cases at all times, and thus
we were able to obtain the complete trajectory of the influenza
pandemic in the 2009-2010 season. Initially during the
pandemic, the law required hospitals and clinics to report all
influenza cases, but that practice was terminated on July 24,
2009, after which activity was tracked only by the official
sentinel surveillance.

Our surveillance system also promises great potential for future
application to the early detection of an infectious disease
outbreak or bioterrorism attack, which could happen potentially
anywhere at any time. When we started operating a prescription
surveillance system in 2009, all other surveillance systems
running in Japan covered only specific regions of the country
for practical reasons [31]. Furthermore, because influenza
outbreaks do not necessarily occur during winter, the time that

Sugawara et al

is covered by the sentinel surveillance, continuous monitoring
of influenza activity is necessary to detect outbreaks early in
their course. Our automatic prescription surveillance system
uses the same standard for detection of a disease outbreak and
runs continuously, providing an important complementary role
in support of existing surveillance systems in Japan.

If EMRs were widely kept, then information related to influenza
patients could be collected even faster and possibly more
accurately. However, the share of health care providers that
have adopted the EMR system was slightly above 10%. Under
such circumstances, purchases of anti-influenza drugs can serve
as an alternative indicator of influenza activity.

Limitations to this study exist. First, the total number of
influenza cases was estimated as almost half of the estimate
based on the official sentinel surveillance, although it
approximated estimates based on a survey collecting the total
number of influenza cases in Gifu Prefecture. One reason for
this gap might lie in the choice of health care providers
participating in the official sentinel surveillance. The sentinel
health care providers have, on average, a larger number of
patients than others, potentially resulting in an overestimation
of the overall number of influenza patients. Second,
anti-influenza drugs are also prescribed for prophylaxis in
addition to treatment, which might engender overestimation of
the total number of influenza cases. However, in Japan the
preventive usage of oseltamivir is limited to household members
of influenza patients who are 65 years or older or who are
high-risk individuals [32]. Third, the prophylactic usage of
anti-influenza drugs for health care providers and for the public
was most intensive at the beginning of the HIN1 pandemic
outbreak. We did not include those prescriptions in our
surveillance data because they were not prescribed through
health care providers. Fourth, 60% of the prescriptions were
purchased through pharmacies in 2008. The other prescriptions
were purchased directly through health care providers and were
not included in our surveillance [33]. This is still much higher
than the rate of adoption of the EMR system in hospitals and
clinics. Fifth, the participation rate of pharmacies is low,
particularly in certain areas. If the number of participating
pharmacies were increased, then estimating influenza cases
would be possible even for smaller geographical units.

Despite these limitations, pharmacy surveillance provided an
approximation of the trend of influenza activity in the first two
influenza seasons after the start of its nationwide operation. It
provided both clinicians and policy makers with helpful
real-time information related to influenza activity. Our pharmacy
surveillance system has great potential for detection as well as
for monitoring of infectious disease outbreaks in the population

- and in cases of significant political or cultural events.
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