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Abstract

Reporting notifiable diseases is one of the keystones of modern disease surveillance and public health
policy making. The key requirements to achieve such coming from regular, accurate, and complete
reporting data. This, however, does not happen to the high rate of reporting as it should, resulting in
incomplete data and thus reducing the effectivity of disease surveillance for the purpose of public health
in the UK/England. A literature review was performed for the purpose of

a) Analyzing if other countries similar to the UK/England also under-report notifiable diseases and

b) Analyse if there are any traits which may be benchmarked in the UK/England to improve on the
completeness of reporting of notifiable diseases.

The papers returned from our searches showed that;
a) Under-reporting of notifiable diseases also occur in other countries, not only the UK,
b) Completeness of disease notification differ per disease type,

c) Electronic reporting is a preferred method of notification for the purposes of improving notification
rates, and

d) A greater effort in many countries is required to more clearly see the severity of under-reporting that
is occurring.

Introduction

Notifiable diseases are diseases or pathogens of concern which must be reported to
the relevant government authorities [1] (Appendix 1). Whilst the exact type of diseases
or pathogens may vary depending on each country, in general the diseases listed all pose
significant threat to public health to warrant surveillance. This reporting of notifiable
disease takes part of many bio- surveillance that governments undertake to ensure the
four main objectives of disease surveillance are adhered to, which are: analysis of trends of
disease, identification of persons with said disease, implementation of control measures,
and monitoring of the effectivity of control measures [1-3]. These four objectives allow for
the quick planning, response and evaluation of the evolving situation where a disease may
be spreading through the population. Since it is known that early identification and early
response can lead to a significant amount of difference in long term economic and health
outcomes, it stands to reason that the upkeep of a good quality dataset is paramount [4]. This
has been keenly demonstrated by pandemics in the past; most notably the recent ongoing
SARS-CoV-2 pandemic [5,6].
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Appendix 1: PubMed and OVID databases.

Search Engine Database
PubMed - PubMed
- Allied and Complementary Medicine (AMED)
- Embase
- Embase Classic
- OVID Medline®
OVID

- OVID Medline Daily Update®

Ovid MEDLINE® and Epub Ahead of Print, In-Process, In-Data- Review & Other Non-Indexed Citations, Daily and Versions®

Ovid MEDLINE® and Epub Ahead of Print, In-Process, In-Data-Review & Other Non-Indexed Citations and Daily

Ovid MEDLINE® and In-Process, In-Data-Review & Other Non-Indexed Citations

In many countries, these reporting measures are achieved in 2
different routes.

a) Clinician reporting of suspected disease and

b) Laboratory reporting of listed organisms. Whilst
completeness of reporting tends to be higher in laboratory
reporting of listed organisms, the same is not true for clinician
reporting [7,8].

There is a wide range of completeness of reporting especially
based on the disease type despite standing legal requirements [8].
Whilst there are many differing thoughts as to why this may be the
case, the end result poses several problems in disease surveillance
through the production of an incomplete dataset potentially
undermining the severity of a rapidly evolving situation. It is with
the above knowledge that we have undertaken this literature
review to seek if other countries other than England suffer a similar
problem.

For the purposes of this review, we have limited our searches to
three distinct countries within the listed OECD countries (Appendix
2) to allow for a comparison to be made with the current situation
in England. The three countries identified were; Germany, Republic
of Ireland and Republic of Korea. These three countries have been
well established within the OECD for multiple years implying that
they will have a similar goal towards economic development and
better lives for their citizens [9] (Appendix 2). This allows for a good
comparison of their respective completeness of reporting notifiable
diseases as the major differences between said countries will be
in health policies, specifically in disease notification. However,
the three countries listed have distinctions in terms of regional,
cultural and economic power/scale which will show if other factors
alter completeness of notification. From this, we aim to see if the
under-reporting of notifiable disease is prevalent in other similar
countries to that of the UK/England and if not, find if there are
aspects which improve reporting rate which may be benchmarked
in the UK/England.

Appendix 2: OECD countries listed on the OECD website and their Respective dates of entry [43].

AUSTRALIA ESTONIA ITALY
7 June 1971 9 December 2010 29 March 1962
AUSTRIA FINLAND JAPAN
29 September 1961 28 January 1969 28 April 1964
BELGIUM FRANCE KOREA
13 September 1961 7 August 1961 12 December 1996
CANADA GERMANY LATVIA
10 April 1961 27 September 1961 1July 2016
CHILE GREECE LITHUANIA
7 May 2010 27 September 1961 5July 2018
COLOMBIA HUNGARY LUXEMBOURG
28 April 2020 7 May 1996 7 December 1961
COSTA RICA ICELAND MEXICO
25 May 2021 5June 1961 18 May 1994
CZECH REPUBLIC IRELAND NETHERLANDS
21 December 1995 17 August 1961 13 November 1961
DENMARK ISRAEL NEW ZEALAND
30 May 1961 7 September 2010 29 May 1973
NORWAY SLOVAK REPUBLIC SWITZERLAND
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4 July 1961 14 December 2000 28 September 1961
POLAND SLOVENIA TURKEY
22 November 1996 21 July 2010 2 August 1961
PORTUGAL SPAIN UNITED KINGDOM
4 August 1961 3 August 1961 2 May 1961
SWEDEN UNITED STATES
28 September 1961 12 April 1961
Method subsequently abstract and main body information. Papers were
Search strategy removed based on the lack of mentioning of any of the key words in

A search was undertaken in PubMed and OVID under their
databases (Appendix 1) with the aim of searching for papers
relating to notifiable disease notification in the last two decades.
This resulted in the following search criteria (Figure 1a & 1b).

(norifiable disease OR infectious disease) AND
{disease surveillance OR disease notification) AND
(repo* AND system AND compl*) AND
Filters: from 2001 — 2022

Figure la: PubMed search criteria.

(notifiable disease OR infectious disease) AND
(disease surveillance OR disease notification) AND
(repo8 AND system AND compl§) AND
2001 - current

Figure 1b: OVID search criteria.
Exclusion criteria

From the onset, several exclusion criteria could be thought of
considering the scope of the project. Any papers that pertained
to countries outside of the OECD as of the search date (Nov 2021)
(Appendix 2) were removed. Furthermore, any papers that were
notreported in English was removed as well. Any papers pertaining
to countries within the OECD were Kkept even if it was not part of
the three main countries we were targeting. These were kept
for reference purposes but were not counted for the purposes of
analysis. Furthermore, all papers that pertained to ‘non-human’
subjects i.e. papers whose main focus was veterinary were removed
as well as research papers (randomised control trials, case studies,
novel qualitative or quantitative laboratory data reporting,
governmental papers).

Filtering/screening

The papers which were obtained from the OVID and PubMed
databases were extracted using the online tools available onto a
csv file and then manually screened for; initially based on title then

the title: notifiable disease, disease notification, disease reporting,
evaluation of, and notification system. Surviving papers were then
screened for relevant information pertaining to actual notification
rate of diseases and data on completeness of notification.

Result
Papers identified

On initial search, a total of 3,401 results were returned from
the OVID and PubMed databases. From these, 419 papers were
removed for various reasons, the most common being that the
main subject of the results returned were ‘non-human’ (n=285) i.e,,
concerning reporting of notifiable diseases for animal infections.
A further 119 results were removed from the onset for not being
in English and 15 results were removed for being duplicates either
within or between databases.

Filtering on title

Of the surviving 2,982 results, a further 2,115 results were
filtered out based on their title as per the exclusion criteria
mentioned in the methods section as well as 39 results which were
not part of the OECD. The vast majority of the results which were
removed from the n=2,115 group was that of papers reporting
novel experiments and datasets generated in laboratories.

Filtering on abstract

It should be noted that a number of results (n=9) referred to
‘completeness of reporting’ as that of completeness of the dataset
that was reported e.g., patient identifiable detail (Date of Birth,
Address, Demographics) or disease code/diagnosis [10-18]. A
further 775 results failed to mention completeness of reporting
notifiable disease within their abstract or main body or turned
out to be papers reporting novel experiments and datasets. There
were also instances of conference abstracts or poster presentations
showing up in the databases (n=1 respectively). It was also at this
stage that all OECD countries which were not part of the target 3+1
(Germany, Republic of Ireland, Republic of Korea, England) were
removed (n=33).

Analysis of surviving results

In total, 6 papers were deemed acceptable and meeting all
conditions as laid out in the methods [19-24] (Table 1). In all,
each paper reports for different pathologies and the methods
of analyzing the rate of reporting/completeness of reporting in
different methods, with capture recapture being the most common
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(n=3) making any significant quantifiable data analysis difficult.
However, on a broad view, it becomes apparent that from this
dataset, which was generated through searches, under-reporting of
diseases is also prevalent in other countries in the OECD.

Analysis on papers reporting on Tuberculosis (TB)

There were three papers reporting on the completeness of
reporting of TB [19,21,23]. Of these three, two of the papers were
from the UK/England and one from Germany. For these papers,
one was a literature review, one utilised Capture Recapture (CR)
to identify completeness of reporting [19] and one utilised record
linkage [23]. The CR method utilised in the 2020 Domaszewska
paper saw two data sources acquired; one containing ICD-10
diagnosis for TB, the other containing Prescriptions of Pyrazinamide
(PZA) which is normally reserved for treating TB as a first line
medication.

On seeing the rate of reporting for TB in these papers, itbecomes
apparent that in terms of TB, the UK/England underreports TB far
more than Germany. Judging by how the UK papers with different

Table 1: Included final papers for review.

methodologies have similar underreporting ranges for TB, we
cannot assume that different methodologies are to fault for the
reporting discrepancies.

AnalysisonpapersreportingonInfectiousMeningococcal
Disease (IMD)

There were two papers reporting on the completeness
of reporting IMD [20,24]. These two papers reported on the
completeness of reporting in England and the Republic of Ireland
respectively stating that the rate of underreporting was -15.9% and
-12.8% (Table 1). The England paper utilised capture-recapture
analysis on two distinct datasets (Thames Valley Health Protection
Unit, Health Protection Agency Meningococcal Reference Unit). The
Ireland paper however, utilised record-linkage between Ireland’s
Computerised Infectious Disease Reporting (CIDR) system and the
Irish Meningitis & Sepsis Reference Laboratory (IMSRL) records
to find their respective results. It becomes apparent that in the
case of IMD reporting as well, UK/England shows indications of
underreporting more than other countries in the OECD.

*Paper reported on the qualitative results of a questionnaire sent to physicians who were given a choice of describing
how often they would notify chickenpox as per governmental regulations. 1=never reporting, 5=always reporting.

Title Authors Disease Reported Method Rate of Reporting N.B
An evaluation of completeness of tuberculosis Pillaye | et al. N . .
notification in the United Kingdom [21] B 7~-27% Literature review

Invasive meningococcal Disease: completeness

and timeliness of reporting of confirmed cases in Par:tn:]hzirznoa]n K IMD Riigtlélrlie -9.5%
Thames Valley, 2006-2007 : p

Recorfi-lmkage .jgmd. capture-recapture analysis Van Hest N et .

to estimate the incidence and completeness of al. [7] TB Record linkage -15.9%

reporting of tuberculosis in England 1999-2002. ’

1= never,
Comparing physicians’ reporting propensity with Kane H et al Questionnaire 2= sometimes,
active and passive surveillance systems in South ’%22] ’ Chickenpox + Multiple AS=19*PS=2.7* 3= occasionally,
Korea. regression 4= generally,
5= always
Completeness of tuberculosis case notifications Domaszewska Capture
in Germany in 2013- 2017: first results of an TB P avg. -4.66%
. Tetal. [19] Recapture
inventory study.
A retrospective assessment of the completeness
and timeliness of meningococcal disease O’Lorcain P et IMD Record linkage 12.8%
notifications in the Republic of Ireland over a 16- al. [24] 5 e
year period, 1999-2015.

Analysis on papers reporting on Varicella Zoster
(Chickenpox)

There was only one paper reporting on the completeness
of reporting chickenpox [22]. Whilst the other papers were
a quantitative study, this paper was achieved in the form of a
questionnaire utilising a Likert scale. The scale ranging from 1-5
(1=never reporting, 5=reporting always) was used for both active
and passive surveillance systems. Here, the authors referred to the
Passive Surveillance system (PS) as the system that tends to be in

place in many countries already, where clinicians and laboratories
are mandated to report notifiable diseases. In an Active Surveillance
system (AS), selective groups of clinicians and laboratories report
for targeted diseases/pathologies. AS is also referred to as sentinels
systems [22]. Here, the important aspect is not whether the AS is an
improvement to the status quo of reporting and the completeness
of reporting, but rather that in both AS and PS, physicians who
have responded to the questionnaire (AS; n=62, PS; n=231) have
responded as either sometimes reporting (AS) or occasionally
reporting (PS) (Figure 2).

Trends Telemed E-Health

Copyright © Bongkyu Shin



TTEH.000593. 4(4).2023

Papers Identified from;
PubMed (n = 3015)

Papers Removed prior to filtening
Duplicates (n = 15)

OVID (a = 386)

IDENTIFICATION

Papers to filter on title
n=12082

SCREENING / FILTERING

Papers to filter on abstract

‘Non-human’ (n = 285)
Non-English (n=119)

Papers Removed on Title
Not include keywords (n = 2115)
Non OECD (n=39)

>

Papers Removed on Abstract
Conference abstract (n=1)
Poster prezentation (n = 1)
Insufficient information given (o= 3)

n=828

Included final papers
n=6

INCLUDED

Refer to completeness of information
given(n=9)

Not relevant to disease notification or
surveillance (n=775)

Not within target countries (a = 33)

Figure 2: PRISMA flow diagram of the screening process.

Discussion

Comparing Differences in Reporting to Cultural/Systematic
Differences between Countries as mentioned in the method section
overall, there are two distinct differences between the completeness
of reporting for the countries searched. One is the general under-
reporting of notifiable diseases in the UK/England, the second is

nEngland W Germany
BRal SReK
89
67 s 66 66 63
60
39
35 35

18

Individualism

Power Distance

Mascwlanit:

the under-reporting of notifiable diseases in different countries
which have varying levels of distinctness of cultures as set forth by
Hofstede [25] (Appendix 3). From here, we can posit that there may
be cultural and systematic differences between these countries
which cause differences in the rate of reporting, despite all three
under-reporting diseases.

100
8
69
65
51
40
29
24

Lqug term Indulgence

85

Uncertainty
L void

Appendix 3: Cultural differences as applied by Hofstede’s cultural dimension theory; RoI=Republic of Ireland, RoK =
Republic of Korea [25].
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The reporting system within the UK/England is that of clinician
or laboratory reporting of notifiable diseases to the proper local
health authority or the UK Health Security Agency (UKHSA)
(Previously known as Public Health England) respectively. This
is a common system of reporting which is seen in other parts of
the world such as that of Australia and the US as well as the three
countries in question; Germany, Ireland, and Korea [26-30]. There
are differences however, in the method of notification between the
three countries and the UK/England. Within the UK/England and
the Republic of Ireland, clinician reporting is still achieved by paper
form or by telephone call if urgent to the local health protection
team [31,32].

In other countries such as that of Germany and the Republic of
Korea, an electronic reporting system is utilised for the purposes of
both assessment and notification of diseases [29,33]. Unfortunately,
despite the clear differences in procedure of reporting notifiable
diseases in these four countries, due to the qualitative nature of the
Korean study, and the lack of overall papers returned, we cannot
state confidently from these datasets that one particular system
leads to a better completeness of reporting. However, there are
other studies which have already shown that electronic reporting
systems result in an overall timelier and more complete reporting
of notifiable disease [34-36].

In that regard, it is difficult to state that any cultural differences
are the cause of different completeness of notification. To take
an extreme example, whilst the Republic of Korea is indeed a
far-removed nation to leave no uncertainty as to its cultural
distinctness, considering how physicians conduct themselves
to patient orientated care and are governed under procedural
guidelines much like the UK/England, it is this authors opinion
that cultural distinctness/differences do not hold as much weight
as to the differences in the completeness of notification between
different countries and cultures.

Problems with estimating under-reporting utilising
Capture-Recapture (CR)

Capture-recapture is a common method utilised in ecology to
estimate population sizes of hard to count species [37]. However,
this methodology has also been applied in medicine to disease
incidence [38]. In order for CR to be utilised in estimating disease
incidence, two data sources are required and from there two
assumptions need to be made.

1.  The data sources are independent and

2. The individuals have the same probability of being
captured by either/both sources. As Tilling states,
assumptions are difficult to make in epidemiology as the ‘more
severe cases will be likely to be admitted to hospital and correctly
identified".

these

This may explain what may be happening to some of the
difference in the completeness of notifying diseases as listed on the
UK government website where there is a difference in reporting
for food poisoning and cholera, in comparison to some of the other
disease listed e.g. rabies, tuberculosis, Sever Acute Respiratory

Syndrome (SARS) as people are generally less likely to report to the
hospital for the former [39]. That said, in the absence of a protocol
to measure completeness to a similar standard without resorting to
cross-referencing notification forms to individual patient records,
CR remains to be in our opinion to be most efficient method of
estimating population size of reported/non-reported individuals.

Difference in search criteria between PubMed and OVID

The search criteria specified a truncation for the terms ‘repo-
" and ‘compl-’ so that any suffices that would follow would also
have been included in the search results provided by PubMed
and OVID. However, the truncation method for the two databases
are different, with OVID utilising ‘¢’ and PubMed utilising.
This difference, however, should not alter any searches or cause
significant deviations in the search parameters.

Number of Results Returned

As discussed in the results section, a total of six papers were
returned from both databases. Given the self-imposed limitations of
searching for OECD countries and specifically the three countries in
question, the return of 39 papers and 6 papers for OECD countries
and the three countries + UK/England seems to be an acceptable
number. There are other databases such as the Cochrane library
available but considering how the vast majority of medical papers
are based on PubMed and Embase, we are fairly confident that
the vast majority of papers have been searched for. That said, any
significant comparison or analysis to the completeness of reporting
cannot be reached from the number of papers returned. We are also
confident that other countries in the OECD also suffer from under-
reporting of notifiable diseases [40,41] and also from countries
outside the OECD [42,43].

To that extent, we can posit the following; a) under-reporting
of notifiable diseases occurs not just within the UK/England but
other countries in general, b) systematic differences, especially
in electronic assessment and notification have a greater weight
in under-reporting differences, c¢) more research is required in
individual countries as to ascertain the degree of under-reporting
that is occurring in order to draw any meaningful quantitative
comparison between countries and pose a method of improvement.

Bias

Due to the nature of how the study was conducted, it cannot
be denied that a form of selection and reporting bias could have
been introduced. Whilst the master list of results generated by both
databases were checked through by both the primary researcher
and his clinical academic supervisor, the actual selection of
the papers was undertaken solely by the primary researcher
alone potentially generating reporting bias through incomplete
identification of all data. Furthermore, due to the low number of
papers that were eligible in the end, any conclusions that were
drawn from the resulting papers were not made by the process of
statistical analysis but rather postulations than concrete data.

Despite this, we feel that the potential biases have been well
managed by the act of; a) running the search multiple times
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throughout the research period, and b) the final list of eligible
papers being checked by the clinical academic supervisor
(consultant microbiologist). It should also be noted that whilst the
primary researcher is indeed a Korean national, the three countries
to compare the UK/England to were chosen due to highest results
number returned during a preliminary search as well as their
diversity in their systematic and cultural sides.

Conclusion

In conclusion, under-reporting of notifiable diseases is a well-
known occurrence that occurs not only in countries similar in
policies and cultures to the UK, but also culturally distinct countries
with more advanced methods of reporting as well. However, to
quantify the amount of under-reporting that occurs in different
systems, a greater effort is required to analyse the amount by which
under-reporting occurs.

Only then would we be able to see if there exists a difference
of a statistically significant amount and from there would we be
able to analyse and benchmark improvements to be made in the
UK. Despite this, there are some clear conclusions that can be made
at this stage.

a) electronic reporting is a method which is necessary
and will improve rates of reporting regardless of cultural
differences,

b) under-reporting differences per disease type and
electronic assessment and reporting will improve on under-
reporting of specific diseases.
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