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Summary

Background: Electronic reporting of Influenza-like illness (elLl) from primary care was imple-
mented and evaluated in three general medical practices in New Zealand during May to September
2015.

Objective: To measure the uptake of elLl and to identify the system’s strength and limitations.
Methods: Analysis of transactional data from the elLl system; comparative study of influenza-like
illness cases reported using manual methods and elLl; questionnaire administered to clinical and
operational stakeholders.

Results: Over the study period 66% of total ILI cases were reported using elLl. Reporting timeliness
improved significantly compared to manual reporting with an average of 24 minutes from sub-
mission by the clinician to processing in the national database. Users found the system to be user-
friendly.

Conclusion: elll assists clinicians to report ILI cases to public health authorities within a stipulated
time period and is associated with faster, more reliable and improved information transfer.
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1. Introduction and Background

The general practitioner (GP)-based sentinel surveillance system for influenza-like illness (ILI) in
New Zealand was established in 1989 as part of the World Health Organization’s (WHO) Global In-
fluenza Surveillance Network [1]. The Institute for Environmental Science and Research (ESR)
undertakes national surveillance from May to September each year in conjunction with local public
health services (PHSs) [2]. Surveillance coordinators in each PHS recruit general practices within
their region to participate on a voluntary basis in ILI surveillance. This requires GPs to record each
week on a standardized form the number of ILI consultations, the age group for each suspected case
and the number of specimens taken [3]. Traditionally, GPs or nurses in participating general prac-
tices fill out forms manually and fax them to the ILI surveillance coordinators at the PHS. The ILI
coordinators manually collate the information on the number of ILI consultations and specimens
collected from each general practice and the aggregated information is faxed each week to a national
ILI coordinator at ESR. This system has been operating for many years [2]. However, manual data
collection is time consuming [2, 4], putting additional pressure on the GP practice and PHS staff
during winter, and generates only a limited amount of data i.e. ILI counts for each practice by age
group.

New Zealand has one of the world’s highest rates of the use of Practice Management Systems
among primary care physicians [5]. These systems are used primarily to maintain electronic health
records, support integrated patient care through electronic referral of patients to secondary care and
to obtain electronic laboratory results [6]. The widespread use of Practice Management Systems pro-
vides an opportunity to automate the process of ILI reporting from primary care. For a system to be
described as ‘supporting electronic sentinel surveillance’ the reporting process needs to be supported
by information technology for at least part of the workflow. Electronic systems for supporting senti-
nel surveillance are becoming increasingly commonplace. Liljeqvist et al. applied automatic data
extraction techniques from GP records in order to collect data for ILI sentinel surveillance in Aus-
tralia [7]. In Denmark, where the information technology is accessible to essentially all GPs, experi-
ence from implementation of an electronic ILI (eILI) during an influenza pandemic in 2009 demon-
strates its timeliness in reporting compared with manual data collection [8]. A United States-based
comparative study of eILI and manual sentinel surveillance found that the electronic system reduced
the burden on clinical staff of disease reporting, and provided consistent and timely reporting [9].
Turbelin et al. [10] implemented a system which allowed GPs to report ILI cases to a central server
using a Java based desktop client application. An evaluation of this system showed better integration
with the GP’s workflow, more timely data and improved data quality.

ESR, aiming to modernize New Zealand’s ILI sentinel surveillance system, has thus developed an
eILI system. This system allows GPs to complete an electronic form at the time of patient consul-
tation within their Practice Management System and send it to ESR using an HL7 message [11].
HL?7 refers to a set of international standards for the transfer of clinical and administrative data be-
tween information systems and is used in New Zealand and worldwide [13, 14]. A pilot study of the
elLI system was conducted in three General Practices in the Capital and Coast Region from May to
September 2015. The objective of this pilot study was to assess the timeliness and user acceptance of
the system. Timeliness was assessed by a comparison of ILI case reports received using the eILI sys-
tem and ILI cases reported by the manual method, within the same region. User acceptance was as-
sessed by quantitative and qualitative analysis of a survey of end users after the pilot. Here we pres-
ent the findings of the study.

2. Methods

2.1 Settings

In New Zealand, PHSs focus on environmental health, communicable disease control, tobacco con-
trol and health promotion programs. Many of these services include a regulatory component per-
formed by statutory officers appointed under various statutes, though principally under the Health
Act 1956. The pilot was conducted by recruiting three general practices in the Capital and Coast re-
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gion in conjunction with the local PHS. These practices are often overbooked making system
adaptability and efficiency a critical factor for reporting ILI cases. The practices participated in the
pilot study voluntarily. During the pilot study they reported ILI cases using the electronic system
only. Two of the practices had been participating in manual ILI sentinel surveillance for nine years
and the third practice for one year. The system users were provided with participation information
sheets containing the study protocol and instructions for using the system. A training session was
conducted in each practice prior to the pilot where the GPs and nurses learnt how to complete the
ILI form and discussed the eILI evaluation protocol.

2.2 elLl System Overview

The eILI system was designed to assist GPs in reporting ILI cases at the time of patient consultation
and to send the information on these cases to ESR in a secure manner. The system consists of an on-
line ILI form, HL7 messaging framework and an ILI database. The ILI form captures information
from the Practice Management System and includes pre-populated patient and provider demo-
graphic information from the Practice Management System, consistency checks and an intuitive
layout. The user completes the ILI form for a patient presenting with ILI symptoms and sends it via a
secure pathway using an HL7 message. The completed form is received electronically and the infor-
mation is stored within the ILI database which is accessed by the national ILI coordinator at ESR for
analysis and reporting. The eILI system has been developed using a standards-based solution that is
aligned with national strategy advocated by the Health Information Standard Organization, New
Zealand [15]. In addition, this system is based on the available and proven electronic form solution,
technology and infrastructure; for example electronic referral from community to secondary care
implementation [6]. A detailed description of system development is included in [11].

2.3 Data Sources and Analytical Methods

Transactional data with records of all ILI cases for July to August 2015 were extracted from the eILI
database. The record also included the date and time that the message was sent from the Practice
Management System, the date and time the message information was entered into the eILI database
at ESR and information about the specimen associated with the record, if one was collected. We also
collected ILI data during the study time period for other practices in the same geographic region
using the manual method. The data allowed the analysis of eILI uptake i.e. the number of eILI cases
per day and the proportion of ILI reports that were electronic versus manual each week. The data
also allowed us to measure the timeliness of the eILI system. Timeliness does not have a well-estab-
lished definition represented by a mathematical equation [16]. However, for evaluating a surveil-
lance system, the timeliness can be defined in terms of the time taken for the information to become
available for disease control [17]. We thus measured timeliness in terms of ‘report latency time’ as
the time taken from submission of the ILI form in the Practice Management System until it was sent
to the message broker and processed in the ILI database at ESR.

An anonymous questionnaire was designed to collect both qualitative and quantitative data on
the acceptability of the technology from the clinical user’s perspective. At the completion of the pilot
study, users were asked to complete a hard copy of the questionnaire. The first question asked the
user to rate the ease of use of the system with the following options: ‘very difficult, ‘somewhat diffi-
cult or ‘not difficult at all’ The other questions evaluated the system using yes/no options for the fol-
lowing key items: time saving, efficiency and cost effectiveness. Responses were treated as unknown
if the user did not mark yes or no or if they wrote ‘n/a’ Free text fields were provided to allow users
to explain the reason for their answer. Users were also asked to provide comments on any challenges,
possible system modifications or any other issues or concern they had about the system. The
national ILI coordinator provided feedback on whether or not the system was beneficial for surveil-
lance, improved the quality of data, saved time, or reduced operating cost. In addition, the ILI coor-
dinator was asked to provide comments about any further modification needed in the system. The
aim was to identify the strengths and limitations of the system.

Data was stored and analyzed using Microsoft Excel version 2013. The time difference between
when the ILI report was created in the Practice Management System and the message received and
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processed at ESR was calculated. Cumulative frequency counts were made for cases reported by the
eILI process and for the cases reported by the manual process. Forced choice questions were ana-
lyzed via descriptive statistical analyses. Open-ended comments for each question were combined to
create one note per question and analyzed using data driven thematic content coding [18]. The free
text comments and feedback from the national ILI coordinator were segmented into sentences or
clauses, with each segment representing one idea which was assigned to a descriptive label. When-
ever possible, the label was selected from those already existing; otherwise, a new label was created.
Then labels were arranged into a two-level hierarchical scheme with three branches: Application,
System and Business. For example ‘business’ had a sub hierarchy of: extra work, test order, cost sav-
ing, beneficial for surveillance, reduced operating cost, and system enhancement. The two-level
hierarchy allowed us to interpret data at a deeper level and provide actionable recommendations for
future implementation of the system.

3. Results

3.1 Analysis of transactional data
Uptake

> Table 1 shows the total patients enrolled in the practices, the total cases reported and the number
of specimens taken for practices that participated in eILI and in manual sentinel surveillance. Three
practices participated in each of the eILI and manual systems with a total of 12691 and 13317 pa-
tients respectively. The results show that a total of 206 ILI cases were reported, of which 66% (136
cases) were reported using the eILI system and 34% (70 cases) by the manual method. More speci-
mens were taken in eILI practices (34 specimens, 62.9 %,) than practices using the manual method
(20 specimens, 37.0%).

» Figure 1 shows the frequency of eILI messages received per day. The results show that a mini-
mum of 0 to a maximum of 14 messages were received per day. The trend line shows a linear in-
crease in messages over time.

» Figure 2 shows the number each week of ILI reports created using the eILI system and the
number reported manually. The results show that a minimum of 1 and a maximum of 14 ILI cases
were reported manually each week, compared to a minimum of 6 and a maximum of 26 ILI cases re-
ported electronically each week. The number of ILI cases reported using the electronic method was
greater than the number reported manually in eight out of the nine weeks of the study period.

» Figure 3 shows the weekly number of specimens collected for cases reported using the eILI sys-
tem and cases reported using the manual system. The results show that a minimum of 1 and a maxi-
mum of 4 specimens were collected per week in practices using the manual system, while a mini-
mum of 2 and a maximum of 8 specimens were collected per week in practices using the eILI sys-
tem. The number of specimens collected in practices using the eILI system was greater than or equal
to the number collected in practices using the manual system in seven out of the nine weeks.

Report Latency Time

The report latency time (P> Figure 4) shows that 71% of messages were received within 30 minutes,
and 98% within 60 minutes. Only 2% of messages took longer than 60 minutes to come through
from the Practice Management System to ILI data base. The average time for electronic reports to be
received was found to be 24 minutes.

3.2 Questionnaire Analysis

Quantitative Analysis

Eleven GPs used the eILI system to report ILI cases at the time of patient consultation and were in-
vited to complete the questionnaire, and 10 of the 11 filled it in. The responses to the quantitative
questions are shown in »-Figure 5. All users responded to the question about ‘ease of use’ with “not
difficult at all”, so we normalized this response to ‘yes’ and combined this question with the other
questions having yes/no options. Five of the 10 respondents considered that the system saved time; 9
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considered the system to be efficient; 4 considered that the system would reduce the cost; and 5 con-
sidered that the system did not impose any challenges to reporting ILI cases. On the other hand, 5 of
the 10 respondents found that the system did pose some challenges and did not save time in report-
ing ILI cases, while 5 were unsure whether the system would reduce the cost. The national ILI sur-
veillance coordinator provided positive feedback for all measures: that the system was beneficial for
surveillance, improved the quality of data, and reduced operating cost and time.

Thematic Analysis

The results of thematic analysis of open ended comments are summarized in »Table 2 and include:
positive comments on the ease of use, data quality, beneficial for surveillance and reduction of oper-
ating cost and time; mixed views about system response time and improved workflow through elec-
tronic reporting; and some complaints about the process of ordering laboratory tests. Users' recom-
mendations included providing a mechanism for linking the report form to the laboratory test or-
dering system. The national surveillance coordinator recommended implementing automatic sum-
maries and reports.

4. Discussion

The widespread use of Practice Management Systems in general practice provides an opportunity to
implement an eILI system to improve ILI sentinel surveillance, a process that is currently paper-
based, slow and collects limited information. The pilot trial of the eILI system resulted in a signifi-
cant improvement in timeliness of reporting, from weekly reporting to an average of 24 minutes.
The results confirm sustained use of the eILI system, with 66% of ILI cases reported using it. The
system was in fact designed to facilitate data entry by the end user of the system [11] which can po-
tentially reduce the time and effort required to complete the form.

In the questionnaire study, all users found the system easy to use, a majority found it to be effi-
cient, and half of the users found it saved time and did not impose any challenges. The commonest
response from users who didn’t find the system to be time-saving was that ‘a manual tally can be
quick as well. However, the system provides detailed information such as sex, ethnicity, age, geo-
graphical location, use of anti-virals and the vaccination status of ILI patients which was not rec-
orded in the manual system. This additional information can be useful for a detailed situational
analysis on a daily basis in case of an outbreak. For GPs, the use of online forms for ILI reporting was
a mixed experience. Some felt that eILI reporting led to less double handling of data, but others con-
sidered it to be an extra piece of work during the limited patient consultation time. In future, a data
mining approach which can potentially identify ILI patients from electronic medical records in a
Practice Management System could potentially save GP’s time [19]. However, the data mining ap-
proach would lack the case evaluation by medical staff. The procedure for attaching the laboratory
order form was found to be cumbersome, mainly because the specimens for ILI sentinel surveillance
were sent to a different laboratory (i.e. ESR laboratories) compared to their usual regional laboratory
for other clinical specimens. The national ILI coordinator identified a number of positive aspects in-
cluding improvements in data collection and data quality, time efficiency, workflow, and operating
costs.

This study has number of limitations. First, the HL7 messaging standard used in our eILI system
is not simple to implement and maintain. However, it has widely been used for health data exchange
and to implement interoperable health solutions in New Zealand, for example, for direct reporting
of notifiable diseases from laboratories to the national surveillance system [12], and for electronic
referrals of patients from primary to secondary care [6]. Moreover, we are planning to test the imple-
mentation of Fast Healthcare Interoperability Resources (FHIR) in the future which will allow the
use of data models and XML for information capture and transmission [20]. Second, the evaluation
study reported here did not directly measure the completeness and quality of eILI reports, or make a
cost-benefit assessment based on staff time savings and operating costs. While the precise interac-
tion of the technology and work practice changes is difficult to separate as an effect of eILI imple-
mentation, the reduction in reporting time for ILI cases from weekly reporting to an average of 24
minutes should be seen as a major improvement with the potential to impact public health outcomes
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(e.g. real time reporting in case of an outbreak). Similar improvements have been reported from Da-
nish [8] and French [10] implementations of electronic sentinel ILI surveillance systems. The Da-
nish system was found to be timely and facilitated a detailed situational analysis in a 2009 influenza
pandemic [8]. In a French Sentinel Influenza Network experience, GPs reported time savings from
using a desktop client for case reporting at the time of consultation [10]. As with the French setting,
it is important to note that our findings relate to a situation where general practice is the sentinel ILI
information gateway, and where there is essentially universal uptake of Practice Management Sys-
tems. In addition, the study was limited to a relatively simple regional setting with just three prac-
tices using the electronic system and three the manual system, and with one brand of Practice Man-
agement System. Further research would be needed to determine what the effects on uptake, effi-
ciency and content would be if the eILI solution evolved to one with a much larger number of par-
ticipating practices and implemented within all the brands of proprietary Practice Management Sys-
tems being used in the country, and also how the system would perform in the event of an outbreak.

5. Conclusion

The eILI solution resulted in much more rapid transfer of data for use at a national level for ILI sur-
veillance compared with manual data collection. Users perceived elLI to provide an easier to use and
efficient service. These finding should be confirmed in future implementations and efforts made to
link these to broader benefits in public health delivery. The implemented system using a HL7 mess-
aging system integrated with Practice Management Systems, along with the results of the pilot study,
provide a platform (both technically and in terms of experience and expectations from the user
community) that would be useful in rolling out the system at national level for sentinel ILI surveil-
lance in future. The improvements have the potential to add new capability to the surveillance sys-
tems by increasing the amount of data received from practices in real time and making the ILI senti-
nel surveillance process more useful and efficient in a pandemic setting, hence improving the
national surveillance capabilities.

Multiple Choice Questions

When implementing an Electronic Surveillance System, which of the following mostly allow control
and prevention activities to be initiated earlier by public health authorities.

a. Timeliness of reporting

b. Quality of data collected

c. Cost effectiveness

d. Integration with clinical systems

When implementing an Electronic Reporting System for GPs, which of the following must have
close attention to avoid severe interruption to clinical work.

a. Intuitive layout

b. Minimum data entry from clinicians

c. Cost effectiveness

d. Healthcare messaging standards

Clinical Relevance Statement

In an environment with the established use of computing in general practice, uptake of an elec-
tronic system for ILI sentinel surveillance can see this system overtake the current manual system.
Introduction of eILI surveillance into general practice is associated with faster reporting from pri-
mary care to public health authorities. eILI may enhance public health surveillance capabilities
through timeliness of reporting, reliability and improved data quality.
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Table 1 Statistics of ILI cases reported

elLl Manual

No of Total Patients Total Total No of Total Patients Total Total
Practices Enrolled Cases Specimen Practices Enrolled Cases Specimen
3 12691 136 34 3 13317 70 20

Table 2 Themes Emerging from Questionnaires/Feedback

Themes Key Points

Application Ease of use: “simple process”, straight forward, quick, “inserting duration of illness — should
inform us not to say so many days (8 days) instead to put number only (8)
“Data Quality: better than recording manually, improved quality of data: no double handling.
The data as entered by the practice nurse/GPs is sent to ESR.

System Response time: faster, PMS slowness

" on

Business Extra work: “less double handling”, "It was an extra piece of admin to do over and above
usual clinical notes”
Test Order: “Printing a copy of the lab form to accompany the specimen was tricky”, “Linking
up forms with swabs at ESR end”
Cost Saving: “saves on faxing cost,” Unsure as haven't participated in other methods”
Time saving: no manual data entry, no contact the PHU.
Beneficial for surveillance: real time information, no double data entry required, “avoids po-
tential data entry mistakes”, scalable, time efficient
Reduced operating cost: “saves data entry time"”, saves following up time of PHU staff, sur-
veillance coordinator and practices nurses.
System Enhancement: “ create reports to summarize the data”.
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