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During 2013–2016, Ebola virus (EBOV; family Filo-
viridae, genus Ebolavirus, species Zaire ebolavirus) 

caused an unprecedented outbreak of Ebola virus dis-
ease (EVD) that began in Guinea and subsequently 
affected Liberia, Sierra Leone, and, to a much lesser 
degree, several other countries in West Africa. Due 
in part to the lack of medical infrastructure and re-
sponse preparedness in these countries, the outbreak 
ultimately involved 28,652 human infections and 
11,325 deaths (1,2).

The large number of EVD survivors enabled de-
tailed studies, such as the Partnership for Research 
on Ebola Virus (PREVAIL) III study (3), which 
aimed at characterizing potential EVD sequelae and 
EBOV persistence in a cohort of 1,144 EVD survivors 
in Liberia over the course of 5 years. An unexpected 
observation of these studies was the persistence of 
EBOV RNA and sometimes-replicating EBOV in the 
brain, eyes, and semen of survivors (4). EBOV RNA 
persistence in semen of EVD survivors, measurable 
up to 40 months (3,5), has been associated with rare 
events of sexual EBOV transmission and EVD out-
break flareups (6).

Assuming a causal relationship between EBOV 
RNA and EBOV presence in semen, we collaborat-
ed with the overseas response team to initiate an 
ongoing (and unpublished) trial, PREVAIL IV, to 
counter sexual EBOV transmission from survivors 
through reduction of viral RNA concentrations in 
semen by using the candidate medical countermea-
sure remdesivir. However, interpretation of data 
obtained in studies such as PREVAIL IV is crucially 
dependent on the sensitivity of EBOV RNA detec-
tion in semen samples.

The GeneXpert Systems (Cepheid, https://www.
cepheid.com) are diagnostic platforms that implement 
single-use cartridges to simultaneously extract and 
detect RNA by using reverse transcription PCR. Dur-
ing PREVAIL III (3), the GeneXpert IV System was ap-
plied to standard processing of EBOV survivor semen 

Ebola virus RNA can reside for months or years in semen 
of survivors of Ebola virus disease and is probably asso-
ciated with increased risk for cryptic sexual transmission 
of the virus. A modified protocol resulted in increased de-
tection of Ebola virus RNA in semen and improved dis-
ease surveillance.
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samples using EBOV nucleoprotein and glycoprotein 
RNA-specific GeneXpert cartridges Cepheid) (7): 100 
µL of semen sample was transferred directly into 2.5 
mL of lysis buffer provided in the kit and incubated 
for 10 min, followed by a second incubation of 5 min 
in presence of 100 µL  of 1 M dithiothreitol (Sigma-
Aldrich, https://www.sigmaaldrich.com). Within 
30 min of processing, 1 mL of this solution was then 
loaded into the cartridge, run according to the manu-
facturer’s instructions, and analyzed with GeneXpert 
Diagnostic Software (8).

We sought to further increase the EBOV RNA 
detection sensitivity (then 3.1% and 2.9% with whole 
samples) of this protocol for semen. For this experi-
ment, 1,661 EVD survivor samples and nonsurvivor 
controls from PREVAIL III and IV with sample vol-
umes >1.6 mL were divided into 2 cohorts and pro-
cessed either as described above (whole sample) or 
first pelleted (pellet sample) by using 2 replicate ex-
periments each (A and B).

For pelleting, we centrifuged 300 µL of each semen 
sample at 10,000 × g for 10 min. After pelleting, we dis-
carded supernatants, resuspended pellets by pipetting 
in 100 µL of kit-provided lysis buffer and incubated for 
10 min, and incubated for 5 min in presence of 100 µL 
of 1 M dithiothreitol. Then, we loaded 100 µL of each 
sample onto cartridges and processed the same way 
as the standard, unpelleted control sample. Samples 
were considered valid and positive when both the kit-
provided sample processing control and probe check 
control passed kit criteria and EBOV nucleoprotein or 
glycoprotein RNA was detected.

Overall, an average of 3.0% of the whole sam-
ple-cohort was positive, compared with an average 
of 5.0% of the pellet-sample cohort, thereby almost 
doubling the detection rate (p<0.0001) (Table). We 
observed variability among replicates A and B (0.7% 
for the pellet and 0.2% for the whole sample), but this 
difference was not significant (p = 0.35) according to 
the F-test for the equality of 2 variances.

Mixed-effects logistic regression models ap-
propriate to the study design (with random effects 
for specimens and random effects for replicates 
nested within specimens) yielded an estimated rela-
tive sensitivity of 2.24 (95% CI 1.51–2.98; p<0.0001) 
in favor of the pellet-based procedure. Thus, when  

semen sample volumes from EVD survivors are 
>300 µL, we recommend pelleting 300 µL to increase 
the EBOV RNA detection rate and using the GeneX-
pert IV System.
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Table. Number of positive samples detected in whole semen samples versus pelleted semen samples for detection of Ebola virus 
RNA* 
Method: replicate No. samples No. invalid samples No. (%) Ebola virus RNA positive samples 
Whole sample: A 1,661 66 50 (3.1) 
Whole sample: B 1,661 112 45 (2.9) 
Pellet sample: A 1,661 85 84 (5.3) 
Pellet sample: B 1,661 69 73 (4.6) 
*Also included are no. invalid samples (i.e., those that did not pass 1 or both of the controls (sample processing control and probe check control). 
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The main etiologic agent of tuberculosis (TB) in 
livestock and wildlife is Mycobacterium bovis. This 

species also infects humans through inhalation or in-
gestion and causes TB that is clinically indistinguish-
able from that caused by M. tuberculosis. 

In 2017, a case of pulmonary TB caused by M. 
bovis in a human was detected in the Vall d’Hebron 
Hospital in Barcelona, Spain. Bacteriological culture 
of clinical specimens in Löwenstein-Jensen and 7H9 
media (BD Diagnostics, https://bd.com), followed 
by antimicrobial resistance testing (BACTEC MGIT 
960; BD Diagnostics), revealed a strain resistant to 
2 first-line anti-TB drugs: pyrazinamide (100 µg/
mL) and isoniazid (0.1 µg/mL). A complementary 
analysis, performed by using the proportion method, 
confirmed resistance to isoniazid (0.2 µg/mL), elu-
cidating a polyresistant case of TB (resistance to >1 
first-line anti-TB drug other than both isoniazid and 
rifampin); the strain was also resistant to ethionamide 
(30 µg/mL), an antimicrobial drug specifically used 
to treat active multidrug-resistant TB (resistance to at 
least both isoniazid and rifampicin). Molecular char-
acterization by direct variable repeat (DVR)-spoligo-
typing identified the isolates as M. bovis spoligopat-
tern SB0124 (http://www.mbovis.org).

The patient worked as a farmer on cattle and 
small ruminant farms in his county. Therefore, the 
epidemiologic investigation included the livestock 
he was in contact with, particularly the herd of sheep 
and goats he was currently managing. In 2018, a to-
tal of 34 (25%) ewes and 3 (18%) goats had positive 
results to a single intradermal tuberculin test, inter-
feron gamma release assay (IDvet, https://www.id-
vet.com), or both. Animals with positive test results 
were slaughtered, and tissues from 23 (21 sheep and 
2 goats) were examined postmortem. TB-compatible 
lesions were found in the lungs and thoracic, mes-
enteric, or ileocecal lymph nodes of 13 animals (12 
sheep, 1 goat). Tissues with lesions were cultured in 
Löwenstein-Jensen with pyruvate and Coletsos and 
in 7H9 media by using BACTEC MGIT 320 (all BD Di-
agnostics). Culture indicated growth of M. tuberculo-
sis complex in 9 sheep samples, and M. avium subspe-
cies avium was isolated from another sheep and the 
goat. DVR-spoligotyping was performed for the 9 M. 
tuberculosis complex isolates, and M. bovis SB0124 was 
identified in all. This unusual spoligopattern had also 
been identified in a cattle herd in the same county in 
2005 (Spanish Database of Animal Mycobacteriosis; 
https://www.visavet.es/mycodb); the patient had 
no known connection to that herd.

Genome sequence analysis based on assess-
ment of single-nucleotide polymorphisms (SNPs) 

The main etiologic agent of tuberculosis (TB) in livestock 
is Mycobacterium bovis; human TB cases caused by 
M. bovis are rare. Analysis of a TB outbreak caused by 
polyresistant M. bovis involving a human and sympatric 
sheep in Spain suggests local circulation of drug-resis-
tant M. bovis strains among livestock.


