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A geographic spread approach is often used to estimate the true burden
of infectious disease cases in asource population by leveraging statistical
signals generated by cases exported and reported elsewhere. Here we

estimated an upper bound on the likely burden of Bundibugyo virus disease
cases inthe Democratic Republic of Congo early in the unfolding 2026
epidemic based on the number of cases imported and confirmed in Uganda.
We expanded a geographic spread approach to account for its specific
epidemiological contexts: most cross-border movements between the
Democratic Republic of Congo and Uganda are short-duration trips, and, at
the time of this analysis, all cases imported and confirmed in Uganda were
individuals who travelled specifically to seek healthcare. Incorporating

these factors substantially affected burden estimates, highlighting both the
potential severity of the epidemic inits early phase and the critical need to
consider local epidemiological contexts when applying geographic spread
approachestoreduce and be aware of potential biases in estimates for early

epidemic responses.

Soon after the detection of an epidemic (when epidemiological dataare
limited), early epidemic responses canbe informed by estimating the
total case burdenin the affected region, leveraging statistical signals
generated by cases exported elsewhere'?. This ‘geographic spread’
approach must carefully consider the specific epidemiological con-
texts that generate these signals. Notably, when travel durations are
shortrelative to theinfection-to-detectioninterval, infected travellers
may return home before detection, unlike prior applications of this
approach that leveraged international air travel where most passen-
gers are likely to remain abroad long enough to be detected as cases
there'”. In addition, in settings where short-term cross-border travel
isrelatively easy via alternative means (for example, by foot, car or
train), infected individuals would be more likely to attempt travelling
elsewhere to seek healthcare.

These two contexts directly apply to the 2026 Bundibugyo virus
disease (BVD) epidemic in the Democratic Republic of Congo (DRC),
where the affected regions share a long and highly porous border

with Uganda. When applying a geographic spread approach to this
epidemic, it is therefore critical (1) to account for the duration and
frequency of international travel from the DRC and (2) to ensure that
the epidemiological histories of exported cases are consistent with
the modelling assumption that travel is unrelated to infection status.

First, until 21June 2026, all 15BVD cases imported and confirmed
in Uganda were “Congolese nationals who came to Uganda to seek
medical care”*. For example, the first two confirmed imported
cases were recently described as “self-referrals from the epicentre
in Ituri province seeking advanced care in Uganda™, and the third
confirmed imported case sought “care at a private hospital in the
capital Kampala™. This healthcare-seeking behaviour violates the
key assumption of the conventional geographic spread approach
thatindividualsin the source population have an equal probability of
travelling regardless of infection status’” The reality is that, excluding
travel for healthcare, there had been no confirmed imported casesin
Uganda up to 21June 2026>*.
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Fig.1|Schematic description of BVD case detection scenarios in Uganda by days sinceinfection.The percentage for each travel duration category was obtained
travel duration. a-c, BVD case detection scenarios with trip durations of 0.5 (a), by normalizing the data reported in the March 2020 Uganda-DRC Border Flow
4 (b) and 15 (c) days, respectively. The numbers in the rectangular boxes represent Monitoring Dashboard’ to exclude responses with unknown travel durations.
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Table 1| Estimates (and 95% confidence intervals, Cls) of the number of BVD cases in the DRC, assuming three or zero
imported cases from Ituri and Nord Kivu, the DRC, to Uganda, with and without accounting for travel duration in Uganda

Source populationand  The daily number of Source
travellers considered travellers to Ugandafrom population
the source population®? size®

Trip duration scenario®

Estimated number of BVD cases in DRC (95% CI)

Median infection-
to-detection
interval of 20 days

Median infection-
to-detection
interval of 15 days

Median infection-
to-detection
interval of 10 days

Assuming three imported cases in Uganda (note: upon detailed investigation, it was found that these imported cases travelled to Uganda to seek healthcare®®)

Ituri only
Baseline trip durations 3,024 (752-7,841) 2,515 (626-6,523) 2,154 (536-5,584)
Alltravellers 1871 4392200 Assumingalltripswere 683 (170-1771) 460 (114-1193) 347 (86-899)
long
Non-day-travellers 660 Baseline trip durations 3,511 (873-9,105) 2,844 (707-7,375) 2,390 (594-6,197)
Ituri + Nord Kivu
Baseline trip durations 3,975(989-10,309) 3,307 (822-8,576) 2,831(704-7,342)
Alltravellers 4,339 13392200 Assumingalltripswere  898(223-2,329) 605 (150-1,568) 456 (113-1182)
long
Non-day-travellers 1,531 Baseline trip durations 4,617 (1148-11,971)  3,739(930-9,697) 3,142 (781-8,148)

Assuming zero imported cases in Uganda, excluding imported cases who travelled for healthcare

Ituri only
Baseline trip durations 0 (0-1,936) 0 (0-1,610) 0(0-1,379)
All travellers 1871 4,392,200 Alternative trip durations 0 (0-1,613) 0 (0-1,428) 0(0-1,282)
Assuming all trips were 0 (0-437) 0 (0-294) 0(0-222)
long
Non-day-travellers 660 Baseline trip durations 0(0-2,248) 0(0-1,821) 0 (0-1,530)
Ituri + Nord Kivu
Baseline trip durations 0(0-2,545) 0 (0-2117) 0(0-1,813)
All travellers 4339 13,392,200 Alternative trip durations 0 (0-2,121) 0 (0-1,878) 0 (0-1,685)
Assuming all trips were 0 (0-575) 0(0-387) 0(0-292)
long
Non-day-travellers 1,531 Baseline trip durations 0 (0-2,956) 0(0-2,394) 0(0-2,012)

*The numbers of daily travellers and the source population sizes were as published by McCabe et al.’. PThe numbers of non-day-travellers were obtained by multiplying the proportion of
travellers visiting Uganda longer than 1 day among those who reported travel duration in the March 2020 Uganda-DRC Border Flow Monitoring Dashboard’. °Baseline trip duration: ‘less than
1day’ =64.7%, ‘1 day to 1 week’ = 25.9%, ‘longer than 1 week’ = 9.4% (following the March 2020 report’); alternative trip duration: ‘less than 1 day’ = 47.4%, ‘1 day to 1 week’ = 45.4%, ‘longer than 1

week’ =7.2% (following the April 2019 report®).

Second, according to the March 2020 Uganda-DRC Border Flow
Monitoring Dashboard by the International Organization for Migration
(I0OM), 90.6% of trips to Uganda from Ituri and Nord Kivu, the DRC,
lasted a week or less, with 64.7% comprising day trips’. Similar trends
were observedinthe April2019 Uganda-DRC Border Flow Monitoring
Dashboard data, with 92.8% of trips lasting a week or less®. While trip-
duration data were not available for the period when early imported
cases were confirmed inUganda, short-durationtrips are considered to
“have dominated the cross-border movements along the DRC-Uganda
border duringthis period” (H. Kyobe Bosa, personal communication)
with communities along the border operating as dynamic and shared
socioeconomic entities. This unique border context underscores the
possibility that infected individuals may remain undetected while
travelling, as demonstrated by a case having been confirmed only after
returning to the DRC?, clearly distinguishing the current epidemic
fromthose that were previously analysed using the geographic spread
approach assuming thatinternational air travel passengers remained
abroad long enough to be detected™’.

Figure 1illustrates these scenarios across different travel dura-
tions, assuming a fixed 15-day infection-to-detection interval (in the
actual analysis, we obtained the overall probability of detection while
travelling as aweighted average over different durations of travel and
different infection-to-detection intervals; Methods). Infected indi-
viduals travelling to Uganda ‘for less than a day’ can only be detected

in Uganda if they travel just before detection (that is, on the day of
detection) (Fig.1a).Similarly, those travelling to Uganda ‘for 4 days’ will
notbe detectedin Ugandaaslongas they return to the DRCbefore day
15 (Fig. 1b). By contrast, infected individuals travelling to Uganda for
aduration ‘equal to or longer than 15 days’ will be detected in Uganda
regardless of when they begin their travel relative to the time of infec-
tion (Fig. 1c).

Accounting for different scenarios of trip durations and excluding
healthcare-seeking travellers substantially impact the estimates for
the BVD case burdeninthe DRC (see Table1for results by the scenarios
explored and the Methods for methodological details). With three
imported cases, accounting for the observed pattern of trip durations
from Ituri and Nord Kivu, the DRC, to Uganda’® substantially increased
the central estimates and widened the 95% confidence intervals com-
pared to not accounting for travel durations within our framework and
to those reported recently®®, With zero imported cases (that s, after
excluding the three imported cases given their healthcare-seeking
travel behaviour) and accounting for trip durations, the central esti-
mates and the lower confidence limits were uninformative (zero by
definition); however, the upper confidence limits provided informa-
tive likely upper bounds for the early BVD burden in the DRC, which
canbeusedtoinformepidemicresponses;ifthe true BVD casesinthe
DRC were higher than these upper limits, non-zero imported cases
would have been expected among individuals travelling to Uganda

Nature Health


http://www.nature.com/NatHealth

Brief Communication

https://doi.org/10.1038/s44360-026-00178-y

for general purposes, including healthcare not specifically related
to Bundibugyo virus infection (visits for healthcare represented less
than 1% in the March 2020 Uganda-DRC Border Flow Monitoring
Dashboard data’).

We note that our estimates are expected to change proportionally
to the assumed source population size and could thus be biased if the
assumed source populationsizes did not accurately reflect the catch-
ment population of those travelling to Uganda. For example, those
residing near the DRC-Uganda border probably have a substantially
different probability of travelling to Uganda compared with thoseliving
further away from the border. Thisis particularly relevant considering
the operation of border communities as dynamic and shared economic
entities”®. Furthermore, individuals who can afford to travel to seek
healthcare abroad may also have different baseline infection risks com-
pared with the general population. This knowledge gap suggeststhata
better understanding of the complex cross-border crossing dynamics
will help obtain more robust estimates of the true case burden using
thisgeographic spread approach. This necessity, inturn, underscores
theimportance of incorporating epidemiological perspectivesinto the
design of border surveillance activities (for example, flow monitoring
by theIOM”®) inregions where the risk of high-consequence infectious
disease outbreaks is considered high.

Our analysis demonstrates the importance of allowing for key
epidemiological contexts when using ageographic spread approach to
avoid potentially biasing estimates that are critical to inform early epi-
demicresponses. While the method is appealingly simple and intuitive,
its reliability and generalizability depend on a careful consideration of
these real-world contexts.

Methods

Travel duration

The geographic spread approach was previously applied to estimate
HINI pandemicinfluenza casesin Mexicoin2009'and early COVID-19
casesin Wuhanin 2019%, as well as McCabe et al.”* for the current BVD
epidemic. However, the baseline assumptions of these applications were
that infected or symptomatic individuals would be detected in their
destinations during travelling regardless of their travel duration, which
may not apply to the DRC-Uganda border context. The methodologi-
cal generalization of the geographic spread approach to account for
travel duration was derived recently to estimate the burden of clinically
significant hantavirus casesin Argentinabased ona case detectedona
cruise ship, leveraging the average duration of cruise trips™.

When travel durations are shortrelative to theinterval frominfec-
tion to detection, it is possible that infected travellers return to the
DRC (the epidemic source region) and therefore are not detected in
Uganda. Inreality, the time frominfection-to-detection varies between
individuals depending onbiologicaland behaviour factors aswell asthe
availability of healthcare for clinical assessment and diagnostic testing.
Therefore, we generalized the method further to obtain the overall
probability of detection while travelling as a weighted average over
different durations of travel and different infection-to-detection inter-
vals (see ‘Estimation of true burden of BVD cases in the DRC’ section).

Zero exported cases from DRC to Uganda

Until21June 2026, all15BVD casesimported and confirmed in Uganda
were “Congolese nationals who came to Uganda to seek medical care”*.
In particular, the first two confirmed imported cases were recently
described as “self-referrals from the epicentre in Ituri province seek-
ing advanced carein Uganda™, and the third confirmedimported case
sought “care at a private hospital in the capital Kampala™.

This healthcare-seeking travel behaviour violates the key
assumption of the usual geographic spread approach that individu-
als in the source population have an equal probability of travelling
regardless of infection status and indicates that, excluding travel for
healthcare, there had been no exported cases from DRC to Uganda by

9]June 2026, when McCabe et al.”® estimates were published based on
the first three confirmed imported cases and up until 21 June 2026,
as of this writing.

Data

Travel duration from Ituri and Nord Kivu to Uganda. For the baseline
scenario, data on the distribution of travel durations from Ituri and
NordKivuto Ugandawere obtained from the March 2020 Uganda-DRC
Border Flow Monitoring Dashboard (Baseline scenario)’. We reclassi-
fied travel duration categories into three categories and calculated
the proportion of each category by normalizing the reported data to
exclude unknowntravel durations: (a) lessthan1day (64.7%), (b) 1day
to1week (25.9%) and (c) longer than1week (9.4%). For the alternative
scenario, datawere obtained from the April 2019 Uganda-DRC Border
Flow Monitoring Dashboard (Alternative scenario)®: (a) less than1day
(47.4%), (b) 1day to 1week (45.4%) and (c) longer than 1 week (7.2%).

Daily number of travellers from Ituri and Nord Kivu to Uganda and
source population size. Data on the daily number of travellers from
Ituri (n =1,871) and both Ituri and Nord Kivu (n = 4,339) to Uganda were
obtained from McCabe et al.’. Using the same data allowed the direct
assessment ontheimpact of accounting travel durationand the num-
ber of exported cases analysed. For the analyses focusing on non-day
travellers, we scaled the daily number of travellers by the proportion of
non-day travellers (35.3%) obtained from the March2020 Uganda-DRC
Border Flow Monitoring Dashboard March 2020: Ituri (n = 660) and
bothIturiand Nord Kivu (n =1,531). The corresponding source popula-
tion sizes were also obtained from McCabe et al.”: Ituri (n = 4,392,200)
and both Ituriand Nord Kivu (n=13,392,200).

Estimation of true burden of BVD cases in the DRC. For agiven source
population (Ituri, or Ituriand Nord Kivu), the daily probability of travel-
ling to Uganda, P, was calculated by dividing the daily number of
travellers by the source population size’. The delay from infection to
detection was modelled using a Gammadistribution for theincubation
period™ (shape 2.52, rate 0.40), shifted by an assumed delay from
symptom onset to clinical detection to give median times from infec-
tion to detection of 10, 15 and 20 days, following McCabe et al.’, and
discretized at the day level.

For each category of travel duration i, the probability that an
infected individual was detected in Uganda while travelling, Pyetection,i»
was calculated over agrid of possible travel days and infection-to-detec-
tionintervals. Forthe ‘lessthan1day’and ‘1day to1week’ travel duration
categories, we assigned the fixed median travel durations of 0.5 and
4 days, respectively. For the ‘longer than1week’ category, we assumed
anindefinite stay, indicating that infected travellers remained in Uganda
longenoughtobedetected there. Finally, we obtained the overall prob-
ability that aninfected individual was detected in Uganda while travel-
1ing, Pyetection.overa DY Weighting each duration-specific probability,
Pyetection,i» Dy the proportion of each travel duration category. Individuals
were assumed not to travel between detection and recovery.

Finally, the number of exported cases was divided by the overall
probability of detection to estimate the cases in the DRC, with the 95%
confidenceinterval being obtained fromdividing the confidence limits
fortherate of exported cases by the overall probability of detection. For
example, the 95% Poisson-likelihood-based confidence interval for the
rate of exported cases based on observing zero exported casesis (0,1.92).

Ifinfected individuals wereless likely to travel for non-healthcare-
seeking purposes, for example due to feeling poorly, the burden esti-
mate would scale up (according to the inverse of the factor by which
individualsinfected with the Bundibugyo virus were less likely to travel).

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.
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Data availability
The study was conducted using publicly available data. Alldata sources
arereferenced and detailed in the Methods.

Code availability

The underlying code is available as an R package, EpiSOURCE (Epi-
demiological Surveillance of OUtbreaks via Reported Case Exports),
available via GitHub at https://github.com/KimYounjung/EpiSOURCE.
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Reporting on sex and gender We do not report any data stratified by sex or gender.

Reporting on race, ethnicity, or We do not report any data stratified by race, ethnicity or other groupings.
other socially relevant

groupings

Population characteristics We used publicly available data on cross-border travel.

Recruitment We did not recruit any participants.

Ethics oversight No ethical approval was required as we did not collect data or recruit participants.
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Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

|:| Life sciences |X| Behavioural & social sciences |:| Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Behavioural & social sciences study design

All studies must disclose on these points even when the disclosure is negative.

Study description We used quantitative data on Bundibugyo virus disease (BVD) cases confirmed in Uganda, population sizes for Democratic Republic
of Congo regions in which BVD is transmitting and data on cross-border travel (trip numbers and durations). All of these were publicly
available.

Research sample We did not sample any populations.

Sampling strategy We did not sample any populations.

Data collection All of the data were publicly available, identified through assessment of relevant published papers and online reports on migration

from the International Organization for Migration.

Timing We did not collect data.

Data exclusions This is not applicable to this study used observed, but not sampled, data.
Non-participation There were no study participants. This study used observed, but not sampled, data.
Randomization There was no randomization.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.




Materials & experimental systems
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