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After a pilot study, we tested 443 cadavers using Ora-
Quick Ebola rapid diagnostic tests during surveillance
after the 10th Ebola outbreak in the Democratic Republic
of the Congo. No false negative and 2% false-positive re-
sults were reported. Quickly returning results and engag-
ing the community enabled timely public health actions.

he 10th outbreak of Ebola virus (EBOV) disease

(EVD) in North Kivu, Democratic Republic of the
Congo (DRC), was the longest (August 1, 2018-July
25, 2020) and largest EVD outbreak in DRC; 2,287
persons died and 1,171 survived. A case of EVD re-
crudescence (recorded June 15, 2019) resulted in 91
additional infections in 6 health zones (1-3).

Challenges in controlling this EVD outbreak includ-
ed security threats, widespread community mistrust in
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response activities, and low acceptance of systematic
safe and dignified burials (SDBs). The difficulty with
SDBs was in part because of long turnaround times (4
h to 72 h) of required quantitative reverse transcription
PCR (RT-PCR) results for burial to bereaved families.

During the postepidemic period, enhanced sur-
veillance of EVD is critical for controlling outbreaks
because of potential flare-ups from undetected trans-
mission chains or recrudescence in survivors (4-7).
The objective of this study was to strengthen labora-
tory surveillance by quickly returning test results to
families for timely public health interventions and
to improve community engagement and acceptance
of SDBs. After a pilot study conducted during ac-
tive EVD transmission, we used OraQuick Ebola
rapid diagnostic tests (RDTs; OraSure Technologies,
Inc., https:/ /www.orasure.com) to screen for EBOV
infection in decedents within the community and
in healthcare facilities during the postepidemic en-
hanced surveillance period using real-time field data
reporting and molecular confirmation.

The Study

OraQuick Ebola is the first RDT licensed by the US
Food and Drug Administration for EVD screening us-
ing blood or cadaver fluid samples (§). The US Cen-
ters for Disease Control and Prevention and the World
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Health Organization have recommended its use for
testing cadaver fluids of suspected EVD patients (9).
Ethics approval and participant consent were not
deemed necessary because specimens were collected
for outbreak response and data were de-identified
before analysis. A consortium of laboratory, epidemi-
ology, communication, and community engagement
professionals, led by the DRC Ministry of Health,
formed an RDT technical working group to coordinate
field implementation, including SDBs, community en-
gagement, and data collection. A steering committee
composed of senior leaders from the Institut National
de Recherche Biomédicale (INRB) and international
partners advised the RDT Working Group.

The pilot study was conducted during active
EBOV transmission (October 31-December 31, 2019)
in Mambasa, Mandima, and Beni health zones.
Trained healthcare workers conducted RDTs in com-
munities and healthcare facilities. Data were collected
manually. Samples were shipped to the INRB lab for
confirmation by RT-PCR. SDBs were systematically
performed on all cadavers regardless of RDT results.
Some community reticence was encountered during

Postmortem Surveillance for Ebola Virus

Table 1. Summary results of RDT pilot study performed on
cadaver oral fluid in Mambasa, Mandima, and Beni health zones
during active transmission of Ebola virus, DRC, 2019-2020*

PCR results
RDT results Confirmed Not confirmed Total
Reactive 8 4 12
Nonreactive 0 182 182
Invalid 0 2 2
Total 8 188 196

*DRC, Democratic Republic of the Congo; RDT, rapid diagnostic test
(OraQuick, OraSure Technologies, Inc., https://www.orasure.com).

the pilot study; violence led to change of location
from Mambasa to Beni.

Of 196 cadavers tested by RDTs during the pilot
study, 12 (6%) were reactive, of which 4 were nega-
tive by RT-PCR (2% false positive) (Table 1). Positive
predictive value was 66% and negative predictive
value 100% (no false negatives). Among confirmed
cases, EBOV gene cycle thresholds ranged from 15.8
to 27.7 for nucleoprotein and 12.3 to 31.4 for glyco-
protein. Lessons learned from the pilot study in-
cluded the need for better community engagement,
improved data collection and reporting, and more in-
depth healthcare worker training.

*, Figure 1. Beni Health zone with
sites of Ebola virus disease
sample collection for study on
postmortem surveillance for
Ebola virus using OraQuick
(OraSure Technologies, Inc.,
https://www.orasure.com) Ebola
rapid diagnostic tests, eastern
Democratic Republic of the
Congo, 2019-2020. The numbers
and the geolocation rapid
diagnostic testing are provided in
heatmaps from blue (fewer cases)
to red (most cases). Most of the
cases were from the health care
facilities in Beni township. Inset
shows location of the Beni Health
zone in the Democratic Republic
of the Congo and in Africa.
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After the pilot study, RDT postepidemic (Au-
gust 1-October 31, 2020) surveillance was conducted
on cadavers in 19 health areas of the Beni health zone
(Figure 1), the last health zone affected during the out-
break. RDTs were administered by 32 teams of locally
trained healthcare workers, each composed of a labora-
torian or nurse, a hygienist, a community engagement
specialist, and a supervisor. The laboratorian/nurse
collected 1 swab sample with the pad of the OraQuick
device for the RDT and stored another swab sample in
viral transport medium for quantitative RT-PCR con-
firmation. The hygienist oversaw biosafety practices
and ensured that biologic waste (used RDT kits and
personal protective equipment) was properly inciner-
ated. A community engagement specialist communi-
cated with the family, provided psychosocial support,

Active surveillance

and engaged the community using media and inter-
actions with local leaders. The supervisor assumed re-
sponsibility for RDT quality control. Field teams were
provided with the testing algorithm (Figure 2), a field
training manual, and communication materials to as-
sist with community engagement. SDB teams were on
standby for safe burials as requested by families or if a
sample was reactive/invalid.

Data were collected using tablets outfitted with a
free, open-source, Kobo-based mobile data collection
tool (https://www.humanitarian response.info/fr/
applications/kobotoolbox), developed for this pur-
pose using a set of 75 questions in French. The data
collection tool operated offline. RDT data, collection
site geolocations, and photographs of RDT results
were transmitted daily to the Kobo server when inter-

Figure 2. Algorithm of
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net connection was available. A dashboard display-
ing key indicators was updated automatically twice a
day. We used R software (10) to assess the diagnostic
accuracy of the RDTs, using quantitative RT-PCR re-
sults as the standard.

After receiving permission from decedents” fami-
lies, the laboratorian/nurse hygienist performed the
test following instructions in the manual (S2). Results
were read, interpreted, and photographed at 30 min-
utes, according to the manufacturer’s instructions. If
the RDT was nonreactive, families could proceed with
traditional burial. If the RDT was reactive or invalid,
the sample in viral transport medium, packaged in
cooler boxes with ice packs, was transported imme-
diately to an INRB lab for confirmation by GeneXpert
Ebola quantitative RT-PCR (Cepheid, https://www.
cepheid.com), with result turnaround time under 24
hours. An RDT was considered invalid when, after
1 repeat, no line appeared in the C area of the test, a
purple background obscured the results, or a partial
line appeared in the C or T area after 30 minutes.

During postepidemic surveillance, 443 cadavers
were tested (3 cadavers were removed by families
before RDTs were performed): 235 (53%) were from
mortuaries, 111 (25%) from the community, and 97
(22%) from hospitals. Swab specimens were collected
from 272 (61%) male and 171 (39%) female cadavers;
27% were children <5 years. Of the 443 samples, 425
(96%) had nonreactive RDTs, 11 (2%) were invalid,
and 7 (2%) were reactive. Reactive, invalid and non-
reactive samples tested by quantitative RT-PCR (363)
were all negative, yielding 6 false-positive and no
false-negative results (Table 2). One reactive RDT was
not confirmed by quantitative RT-PCR. Although
no EVD cases were confirmed among decedents, 32
SDBs were requested by families.

Conclusions

Trained local healthcare workers successfully used
OraQuick Ebola RDTs for enhanced postmortem
surveillance after the 10th EVD outbreak in DRC.
Molecular testing revealed no false-negative RDT re-
sults, suggesting that quick public health actions can
be based on RDT results alone. The low cycle thresh-
olds observed in positive samples during the pilot
study (Appendix Table, https://wwwnc.cdc.gov/
EID/article/28/2/21-0981-Appl.pdf) support using
RDTs in cadavers, in which viral loads are expected
to be high (11-13). Our study shows that RDTs can
detect EVD-related deaths and reduce the risk for
community transmission. The utility of this tool in
EVD surveillance is supported by recent observations
that SDBs were not conducted during early stages of
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Table 2. Summary results of RDTs performed on cadaver
oral fluids in the Beni health zone during the 90-day enhanced
surveillance period after 10th EVD outbreak in DRC,
2019-2020*

PCR results
RDT results Positive  Negative  Not done  RDT totals
Reactive 0 6 1 7
Nonreactive 0 348 77 425
Invalid 0 9 2 11
PCR total 0 363 80 443

*Fifteen RDTs performed to retest invalid and nonreactive initial RDTs are
not included. DRC, Democratic Republic of the Congo; EVD, Ebola virus
disease; RDT, rapid diagnostic test (OraQuick, OraSure Technologies,
Inc., https://www.orasure.com).

recent EVD resurgences in North Kivu and Guinea
(CDC 2021 Ebola Response, unpub. data).

In conclusion, postmortem OraQuick Ebola RDTs
effectively complemented outbreak-response efforts,
improved community trust, and decreased the num-
ber of SDBs. However, the reported 2% false-positive
tests required further confirmation and were not im-
mediately actionable. SDBs requested by families de-
spite nonreactive RDT further highlight the need for
further community engagement.

Members of the RDT Working Group who contributed
data: Gnakub Norbert Soke, Peter N. Fonjungo, John
Neatherlin, Michael Beach, Athalia Christie, Amanda
MacGurn, Stuart T. Nichol, Trevor Shoemaker (Atlanta,
GA, USA); Silga Eloi (Ouagadougou, Burkina Faso);
Michel Kasereka-Tosalisana, Jean-Paul Kapitula, Nelson
Kambeale-Sivihwa, Joseph Kambale-Makundi (Beni, DRC);
John Kombe, Mathias Mossoko, Fabrice Mambu-Mbika,
Antoine Nkuba-Ndaye, Francois Edidi-Atani (Kinshasa,
DRC); Jean-Marie Ntampera, Raymond Pallawo, Abou
Salam Gueye (Brazzaville, Republic of the Congo); Hubert
Dedegbe, Emmanuel Saint Juste (Goma, DRC); Germain
Bukassa-Kazadi (Alpharetta, GA, USA).

Acknowledgments

We thank the DRC Ministry of Health and the Ebola
Response Coordination for their support with this project.
Many thanks to Jon Carver, Mehtab Khan, Héritier Bhayo,
Gédéon Banswe, Bilal Al Omari, and Ayat Al-Qarala for
support during the development of the iMMAP Kobo data
collection tool. We thank the country office of the Centers
for Disease Control and Prevention and its staff for logistical
support and access to training materials, and Jamie Dawson,
Mary Reynolds, and Reinhard Kaiser for their valuable
feedback on the manuscript. We thank Mark Perkins for
initial work on the RDT protocol and John Lee for his help
with acquiring the RDTs. Our thanks also to Victoria Carter
for help with developing the training materials, and to Jim
Gathany for photography. We thank Tatyana Klimova for
professionally editing the manuscript.

423



DISPATCHES

About the Authors

Dr. Sanogo is a microbiologist and epidemiologist in the
Emergency Response and Recovery Branch (Global Rapid
Response Team), Division of Global Health Protection,
Center for Global Health, Centers for Disease Control and
Prevention. His research interests encompass laboratory
diagnostics of emerging pathogens, including vectorborne
diseases, hemorrhagic fever viruses, next-generation
sequencing, and strengthening laboratory capacity in
resource-limited countries. Dr. Mukadi is a physician and
medical virologist at the Institut National de Recherche
Biomédicale in Kinshasa, DRC. His expertise includes
setup and coordination of field laboratories in response to
Ebola outbreaks and evaluation of rapid diagnostic tests.

References

1. Christie A, Neatherlin JC, Nichol ST, Beach M, Redfield RR.
Ebola response priorities in the time of covid-19.
N Engl ] Med. 2020;383:1202-4. https:/ /doi.org/10.1056/
NEJMp2025512

2. World Health Organization. Ebola virus disease — Democratic
Republic of the Congo: disease outbreak news: update 23
January 2020 [cited 2021 Apr 4]. https:/ /wwwwhoint/csr/
don/23-january-2020-ebola-drc

3. Mbala-Kingebeni P, Pratt C, Mutafali-Ruffin M,
Pauthner MG Bile F, Nkuba-Ndaye A, et al. Ebola virus
transmission initiated by relapse of systemic Ebola vi-
rus disease. N Engl ] Med. 2021;384:1240-7. https:/ / doi.
org/10.1056/ NEJMo0a2024670

4. Den Boon S, Marston BJ, Nyenswah TG, Jambai A, Barry M,
Keita S, et al. Ebola virus infection associated with
transmission from survivors. Emerg Infect Dis. 2019;25:249-
55. https:/ /doi.org/10.3201/eid2502.181011

5. Vetter P, Fischer WA 1I, Schibler M, Jacobs M, Bausch DG,
Kaiser L. Ebola virus shedding and transmission: review
of current evidence. ] Infect Dis. 2016;214(suppl 3):5177-84.
https://doi.org/10.1093/infdis/jiw254

6. Sissoko D, Keita M, Diallo B, Aliabadi N, Fitter DL, Dahl BA,
et al. Ebola virus persistence in breast milk after no reported

illness: a likely source of virus transmission from mother to
child. Clin Infect Dis. 2017;64:513-6.
7. Diallo B, Sissoko D, Loman NJ, Bah HA, Bah H,
Worrell MC, et al. Resurgence of Ebola virus disease in
guinea linked to a survivor with virus persistence in seminal
fluid for more than 500 days. Clin Infect Dis. 2016;63:1353-6.
https:/ /doi.org/10.1093/ cid/ ciw601
8. Food and Drug Administration. FDA allows marketing of
first rapid diagnostic test for detecting Ebola virus antigens
[cited 2021 Apr 4]. https:/ /wwwfdagov/news-events/
press-announcements/ fda-allows-marketing-first-rapid-
diagnostic-test-detecting-ebola-virus-antigens
9. Centers for Disease Control and Prevention . Guidance
for using rapid diagnostic tests for Ebola in the United
States. CDC Health Alert Network [cited 2021 Apr 4].
https:/ /emergencycdcgov/han/han00423asp?delivery
Name=USCDC_511-DM15631
10. R Core Team. R: a language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna,
Austria [cited 2021 Apr 4]. https:/ /www.R-project.org
11. Jean Louis F, Huang JY, Nebie YK, Koivogui L,
Jayaraman G, Abiola N, et al. Implementation of broad
screening with Ebola rapid diagnostic tests in
Forécariah, Guinea. Afr ] Lab Med. 2017;6:484.
https:/ /doi.org/10.4102/ajlm.v6il.484
12. VanSteelandt A, Aho J, Franklin K, Likofata ], Kamgang JB,
Keita S, et al. Operational evaluation of rapid diagnostic
testing for Ebola virus disease in Guinean laboratories.
PLo0S One. 2017;12:0188047. https:/ /doi.org/10.1371/
journal.pone.0188047
13. Coarsey CT, Esiobu N, Narayanan R, Pavlovic M, Shafiee H,
Asghar W. Strategies in Ebola virus disease (EVD)
diagnostics at the point of care. Crit Rev Microbiol. 2017;
43:779-98. https:/ / doi.org/10.1080/1040841X.2017.1313814

Address for correspondence: Yibayiri Osee Sanogo, Centers for
Disease Control and Prevention, 1600 Clifton Rd NE, Mailstop
H24-3, Atlanta, GA 30329-4027, USA; email: nkw2@cdc.gov;
Daniel Mukadi-Bamuleka, Institut National de Recherche
Biomédicale, 5345 Avenue de la Démocratie (Ex Des Huileries),
Kinshasa-Gombe, Democratic Republic of the Congo; email:
drmukadi@gmail.com

424 Emerging Infectious Diseases * www.cdc.gov/eid ¢ Vol. 28, No. 2, February 2022



