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Fusobacterium nucleatum is a gram-negative an-
aerobic rod member of the oral and digestive mi-

crobiota (1). F. nucleatum is an uncommon cause of 
bacteremia; annual reported incidence is 0.22–0.34 
cases/100,000 population (1,2). Risk factors for F. nu-
cleatum bacteremia include malignancy, older age, 
alcohol abuse, immunosuppression, and dialysis; in-
fection is often hospital-acquired (1,2). Mortality rates 
for F. nucleatum bacteremia can reach 10% (1,2). 

In March and April 2020, 2 major hospitals in 
Brussels, Belgium, observed 4 cases of monomicrobi-
al F. nucleatum bacteremia, all associated with severe 
acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection among patients with coronavirus 
disease (COVID-19). In contrast, the same hospitals 
reported a total of 4 F. nucleatum cases in 2019, 3 in 
2018, 2 in 2017, 1 in 2016, and 2 in 2015. However, the 
hospital emergency plan initiated on March 14 during 
the first wave of the COVID-19 pandemic in Belgium 
prohibited all nonurgent medical care. Thus, the 2020 
F. nucleatum incidence cannot be extrapolated and 
compared with previous years because of modifica-
tions of patient characteristics.

F. nucleatum was cultured from patients’ blood 
specimens by using a BD BACTEC FX blood culture 
system (Becton Dickinson, https://www.bd.com) 

and pure isolates were successfully identified by using 
matrix-assisted laser desorption/ionization time-of-
flight mass spectrometry (Bruker Daltonics, https://
www.bruker.com). Cross-contamination was formal-
ly excluded because blood cultures became positive 
on different days and bacterial identifications were 
performed on separate sets of experiments (Table 1). 

Nasopharyngeal swab samples were collected 
from the 4 patients. Three patients tested positive 
for SARS-CoV-2 by reverse transcription PCR (RT-
PCR) using the RealStar SARS-CoV-2 RT-PCR kit 
(Altona Diagnostics, https://www.altona-diag-
nostics.com) and 1 by a COVID-19 Ag Respi-Strip 
rapid antigen test (Coris Bioconcept, https://
www.corisbio.com). All 4 patients had concomitant 
pneumonia compatible with COVID-19 on chest 
computed tomography (CT) scans. The patients 
were 34, 51, 52, and 70 years of age (median 51.5 
years); the median age was lower than in previ-
ously reported F. nucleatum bacteremia (1,2), but 
the sample size is too small for statistical analysis. 
None of the patients had any classical risk factors 
for F. nucleatum bacteriemia. The youngest patient 
had no underlying conditions. Three patients had 
abdominal symptoms and 2 underwent abdominal 
CT with contrast, but both had unremarkable re-
sults. Three patients had symptoms of bacteremia 
at the time of COVID-19 diagnosis; bacteremia was 
diagnosed in the other patient after 15 days in the 
hospital intensive care unit (ICU). The ICU patient 
received a single 800-mg intravenous dose of tocili-
zumab (TCZ) to treat COVID-19–associated hyper-
inflammatory syndrome. Increased risk for severe 
infection, including bacteremia, has been associ-
ated with long-term TCZ treatment when admin-
istered for non-COVID-19 indications (3). To our 
knowledge, no previous F. nucleatum infection has 
been reported with TCZ use in general. The patient 
died of COVID-19–related severe respiratory fail-
ure on day 21 in the ICU, but the other 3 patients 
were discharged to home without complications. 

Although SARS-CoV-2 infection initially was de-
scribed as an agent of severe pneumonia, other organ 
involvements are now well described. Other studies 
among hospitalized COVID-19 patients have shown 
that 18%–48% had digestive complaints ranging from 
anorexia to diarrhea and abdominal pain (4,5). RT-
PCR detected the virus in the feces of 48%–53% of pa-
tients with abdominal complaints and feces remained 
positive in 20%–33% of patients even after respiratory 
samples converted from RT-PCR–positive to nega-
tive (4,6). The propensity of SARS-CoV-2 to infect 
digestive organs might be explained by the fact that  
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We report 4 cases of Fusobacterium nucleatum bacte-
remia associated with coronavirus disease (COVID-19). 
Three cases occurred concomitantly with COVID-19 di-
agnosis; 1 occurred on day 15 of intensive care. None 
of the patients had known risk factors for F. nucleatum 
bacteremia. F. nucleatum infection could represent a 
possible complication of COVID-19.



angiotensin converting enzyme 2, a known recep-
tor used by the virus to enter human cells, has been 
found to be highly expressed in enterocytes (4,7). 

The reservoir of F. nucleatum is generally consid-
ered to be the oral cavity (8). Only 1 of these patients 
had oral symptoms, but no oral lesions were observed. 
The 3 other patients had abdominal symptoms, sug-
gesting that bacteremia might be the consequence of 
translocation from the digestive tract (9). F. nucleatum 
has been shown to colonize colon mucus with associ-
ated mucosal inflammation (10). 

In conclusion, digestive tract invasion by SARS-
CoV-2 and secondary inflammatory response might 
promote translocation of opportunistic pathogens, 
such as F. nucleatum, and further research could elu-
cidate this interaction. Nonetheless, our observations 
suggest that anaerobe bacteremia should be consid-
ered as a complication of COVID-19. 
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Table. Characteristics of 4 cases of Fusobacterium nucleatum bacteremia in patients with COVID-19, Belgium* 
Characteristic Patient 1 Patient 2 Patient 3 Patient 4 
Age, y 52 51 34 70 
COVID-19 diagnosis Day of admission Day of admission Day of admission Day of admission 
Symptoms at diagnosis Dry cough and sore 

throat for 7 d 
Cough, abdominal pain, 

and diarrhea for 7 d 
Cough, abdominal pain, 

and diarrhea for 7 d 
Fever (38.5°C), 
vomiting for 1 d 

Underlying conditions Hypertension Diabetes, hypertension, 
obesity 

None Diabetes, hypertension, 
hypothyroidism, history 

of stroke 
Radiological findings     
 Chest CT Ground glass 

opacities in all lobes 
Diffuse infiltrates in all 

lobes 
Ground glass opacities 

in 10% of lungs 
Ground glass opacities 

in 10% of lungs 
 Abdominal CT with contrast NA NA Unremarkable Unremarkable 
Blood culture collection Day 1 Day 15 Day 1 Day 1 
 Time to positivity (no. sets) 96 h (1 of 2) 55 h (1 of 2) 72 h (1 of 2) 72 h (1 of 2) 
COVID-19 therapy HCQ 400 mg oral 

2/d on day 1, then 
200 mg 2/d for 4 d 

 

HCQ 400 mg oral 2/d 
on day 1, then 200 mg 
2/d for 4 d; TCZ 800 
mg IV once; and RDV 

200 mg IV loading dose, 
then 100 mg 4/d for 4 d 

None None 

Antimicrobial drug therapy  None TZP 4 g IV 4/d for 6 d MTZ 500 mg orally 3/d 
for 7 d 

None 

F. nucleatum antimicrobial susceptibility testing    
 Amoxicillin/clavulanic S S S S 
 Clindamycine S S S S 
 Imipenem S S S S 
 Metronidazole S S S S 
 Piperacilline/tazobactam  S  S S S 
Outcome Discharged home Died Discharged home Discharged home 
*COVID-19, coronavirus disease; CT, computed tomography; HCQ, hydroxychloroquine; IV, intravenous; MTZ, metronidazole; RDV, remdesivir; S, 
susceptible; TCZ, tocilizumab; TZP, piperacilline-tazobactam. 
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Tuberculosis (TB) is an ancient disease affecting a 
plethora of domestic and wild animals, includ-

ing humans. In primates, TB can cause severe mul-
tisystemic disease. The prevalence of TB in lemurs 
within Madagascar is unknown; the most recent 
documented case occurred in 1973 (1). Reverse zoo-
notic transmission of TB can occur when nonhuman 
primates are in close contact with humans (1). We 
report a clinical case and genomic analysis of TB 
infection in a female subadult ring-tailed lemur (Le-
mur catta) held at a nongovernmental organization 
facilty in Southwestern Madagascar. The University 
of San Diego (San Diego, CA, USA) provided ethics 
authorization (no. IACUC 0619-01).

The lemur was born in the wild in September or 
October 2018 and was surrendered to the facility in 
April 2019. On July 12, the animal was emaciated, 
anorexic, and lethargic; it had a large fistulated mass 
on the left cervical region. The mass was surgically 
removed and found to be caseous and necrotic (Fig-
ure). Despite rehydration and systemic antimicrobial 
therapy, the lemur died on July 16.

We confirmed TB infection by PCR on the lymph 
node sample using GeneXpert MTB/RIF assay (Ce-
pheid, https://www.cepheid.com) (2). We cultured 
on Löwenstein-Jensen solid medium to confirm strep-
tomycin resistance using the proportions method, en-
abling phenol chloroform DNA extraction and genomic 
DNA sequencing using Oxford Nanopore Technologies 
(ONT) (https://www.nanoporetech.com) long-read se-
quencing. We basecalled raw data using ONT Guppy 
software version 3.4.5. We performed read mapping 
using minimap2 version 2.17. For decontamination, 
we used a manually curated database including viral 
nontuberculosis mycobacteria and human sequences, 
augmented with L. catta genome (GenBank accession 
no. PVHV00000000) to improve host DNA filtering. De-
contaminated reads were mapped to the M. tuberculosis 
H37Rv reference genome (accession no. NC_000962.3); 
we called single-nucleotide polymorphisms (SNPs) us-
ing bcftools version 1.10 (http://samtools.github.io/
bcftools/bcftools.html) and masked repetitive regions 
(3). We performed genotypic resistance testing using 
Mykrobe Predict version 0.8.2 (https://www.mykrobe.
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We diagnosed tuberculosis in an illegally wild-captured 
pet ring-tailed lemur manifesting lethargy, anorexia, and 
cervical lymphadenopathy. Whole-genome sequenc-
ing confirmed the Mycobacterium tuberculosis isolate 
belonged to lineage 3 and harbored streptomycin resis-
tance. We recommend reverse zoonosis prevention and 
determination of whether lemurs are able to maintain M. 
tuberculosis infection.


