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Supplemental information for ‘The geography of imported malaria to non-endemic countries: a
meta-analysis of nationally-reported statistics’

Additional details on the assembly and analysis of a database of publicly-available imported
malaria data to non-endemic countries

An assembly of publicly available national imported malaria data from 48 non-endemic countries
over the past 55 years (1960-2015) was undertaken from a combination of national agency reports
and academic papers. Here, an overview of the process, as well as data sources and additional
methodological details are described. Tables summarising the extracted data are provided in
Supplemental file 1, which contains multiple tabs documenting the data in alphabetical order by
non-endemic country, and a readme/metadata tab that provides data descriptor information. Figure
S1 shows a flowchart outlining the steps taken to obtain the imported malaria data, process it and
produce the analyses presented in this paper.



Figure S1. Flowchart documenting data gathering, processing and analysis steps undertaken



National agency reports

The majority of non-endemic countries compile their notified cases of malaria into annual summary
reports. All publicly available reports were assembled from the national laboratories and agencies of
non-endemic countries that compile imported malaria statistics for as many years as available. This
was undertaken through initially searching the websites of reporting agencies in each non-endemic
country to obtain publicly available summary statistics on imported malaria cases, including, where
possible, numbers by month and year, origin countries and/or regions of cases and the species
breakdown of cases. The help of native language speakers was enlisted for translations where
required. Moreover, for any countries where these data were difficult to find, the national agencies
were contacted to obtain any publicly available datasets, reports or data summaries. Despite efforts,
data were unavailable for some countries and years, while in some cases only high level data
summaries were publicly available, lacking sufficient geographical disaggregation for inclusion in the
analyses presented in the main paper. Table S1 documents the national agency report sources used
per-country, while figure S1 plots the years of data covered by the reports, figure S2 maps the
countries covered for each time period, and supplemental file 1 provides the full range of summary
numbers extracted from the reports.

Academic papers

The data compiled from national agency reports were complemented by web searches on PubMed,
Web of Science, Google Scholar and standard Google search for ‘imported malaria’ and the name of
the country in question, in both English and the primary language of the country where this was not
English. These searches identified a set of additional academic papers and reports documenting
summaries of imported cases. Those papers that reported imported malaria cases from a specific
hospital, facility or subnational region of a country were discarded, so that only national-level
numbers remained. For each country, where available, data were extracted on the numbers of
confirmed cases reported, the year, their likely origin regions and/or countries, the species of
parasite and the method of diagnosis. Often these papers documented and analysed the same data
that were covered by national agency reports, and therefore, comparisons were initially made to
ensure that double-counting of cases did not occur. Where duplication was evident through
numbers in academic papers being obtained from national reporting systems, the national agency
report statistics were prioritised over the academic paper summaries. Data were unavailable for
some countries and years in both academic publications, while in some cases only high level data
summaries were published in the academic papers, lacking sufficient geographical disaggregation for
inclusion in the analyses presented in the main paper. Table S1 documents the academic paper
sources used per-country, while figure S1 plots the years of data covered by them, figure S2 maps
the countries covered for each time period, and supplemental file 1 provides summary numbers
extracted from the reports.
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Table S1. The publicly available data sources used for each country in the analyses presented.

Figure S2. Datasets assembled for each non-endemic malaria country. Sources and data extractions are provided
in table S1 and supplemental file 1.






Figure S3. Maps showing assignment of endemic countries and numbers of national agency
reports and academic papers from which imported malaria case statistics were extracted for
each country across four time periods covering 1960-2015.

Data processing

The reports, papers and resulting datasets assembled covered a wide range of levels of detail,
temporal coverage, diagnostic capabilities and sample sizes (Table S1, figures S2-4, supplemental file
1). In the majority of cases, the data required transcribing from PDF documents. To reduce the
possibility of error in undertaking this, the initial transcription undertaken was checked
independently by a second researcher.

To ensure a degree of comparability across countries, a set of broad rules were constructed to
facilitate data summarization, exclusion and processing. These were based on achieving a balance
between maintaining a wide representation of data from multiple countries, time periods and
sources, and implementing some quality control to ensure comparability between datasets and
avoid double-counting. Different hierarchies of analysis were undertaken to enable presentations of
outputs where (i) data inclusion criteria were relatively relaxed to enable comparisons across many
countries, and (ii) criteria were tightened or data were aggregated to facilitate the production of
more robust, but less detailed, conclusions. The data were processed to obtain information on
specific features of imported malaria geography, namely origins, destinations, numbers of cases,
species type and diagnostic capabilities (in non-endemic countries). Supplemental file 1 presents the
data extracted under these different headings.

Though the datasets assembled extended from 1960 to the present day (figure S1), to obtain a
contemporary picture while still including a large number of countries/regions, analyses were
undertaken only on the most recent ten years of data. The data analyses were therefore restricted
to the 2005-15 period, using an annual mean of cases across the full ten-year period where available,
though for some countries, data were only available for less than five years of this time period. In a
few cases where 2005-2015 data were lacking for a country (table S1, figure S1), 2000-05 data were
considered. For each endemic ‘exporting’ country, all reported annual mean case numbers exported
to non-endemic reporting countries were aggregated to obtain estimates of the proportions of each
parasite species (or mixed infections, where documented as such) exported (figure 4, table 1 in main
paper). While this averaging masked temporal trends existing in the data, for most countries clear
trends over time were not apparent, with species compositions generally remaining stable across
the period. Moreover, given the gaps existing in publicly available data (table S1), this time window
facilitated the inclusion of many more countries than a more constrained one.

The data were processed to obtain origin-destination matrices for average numbers of cases per
year imported from endemic to non-endemic countries (figure 1 in main paper). Many data sources
reported the sources of cases only by large regions, therefore a regional version of this matrix was
also constructed to enable the inclusion of more data and thus identify geographical patterns more
robustly. The data were also analysed to obtain estimates of the aggregate malaria species
compositions being exported from endemic countries and imported to non-endemic countries.
Where species breakdowns of imported cases were reported, these were aggregated and
summarized across the reporting period. Similarly to the origin-destination matrices, for many
countries data on species composition were only reported by origin region, thus data were also
aggregated by region to provide larger sample sizes and thus more confidence in estimates of
differences between regions by composition (Figure 3 in the main paper).



Diagnostic capacities

To provide context to the datasets assembled and analyses undertaken, where available,
information of diagnostic methods used to obtain the imported malaria data presented were
gathered. The large percentages of ‘unknown’ malaria types for some countries (Figures 3 and 4,
table 1 in main paper) are likely to be indicative of a lack of diagnostic capacity, while differences in
diagnostic methods may mean that some data are more reliable in terms of their speciation than
others. Figure S4 presents a summary of available data on diagnostic approaches used in European
countries for the imported malaria datasets analysed, and highlights the mixed picture that exists.
Those countries that receive higher numbers of imported malaria cases (e.g. France, Italy, UK,
Germany, Spain) generally use PCR more often than the smaller countries that typically receive
lower numbers of cases, and rely on microscopy for malaria confirmation and speciation.



Figure S4. Methods used for diagnosis of imported malaria cases in European countries 1990-2013, where reported, in the publicly available data sources
used in the analyses presented.



Network community detection

Communities in a network reflect a partition of nodes that are densely connected and separated
from the other nodes in the network, and thus they share common properties and play similar roles
within the graph. By mapping communities on the imported malaria network defined here, we
aimed to identify groups of countries that show strong links in terms of movements of infected
travellers. Newman and Girvan %*” define a modularity score, which measures the quality of network
partitions as:

1 kik;
Q —%IZJ‘, ij _%H(CUCQ

In which, Wj represents the weight of the edge between country i and country j (here this is the
number of cases moving from i to j), k; = Z;W; is the sum of the weights of the connections attached

to country i, ¢; is the community to which country i is assigned, o(u,v) is 1 if u = v, otherwise m =3

2Wj. The analyses utilized a multilevel algorithm for community detection.?® This method utilizes an
iterative approach that merges communities to maximize the modularity score: Firstly modularity
was optimized by allowing only local changes of communities, secondly the established communities
were combined together to construct a new network. These two passes were repeated iteratively
until no increase of modularity was possible. The number of communities returned by this algorithm
yields the maximum modularity score.
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