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A B S T R A C T   

Background: Rothia sp. are Gram-positive bacteria in the class of Actinobacteria that are part of the physiological 
oral flora. In rare cases, Rothia aeria and Rothia dentocariosa can cause infective endocarditis (IE). The biofilm 
potential of Rothia in endocarditis is unknown. 
Methods: Specimen from two cases of Rothia endocarditis were obtained during cardiac surgery. One of the 
patients suffered mitral valve IE from Rothia aeria. In the other case, IE of a prosthetic pulmonary valve was 
caused by Rothia dentocariosa. Fluorescence in situ hybridization (FISH) was used for visualization of microor-
ganisms within heart valve tissues in combination with PCR and sequencing (FISHseq). 
Results: The two heart valve specimens featured mature biofilms of bacteria that were identified by FISHseq as 
Rothia aeria and Rothia dentocariosa, respectively. FISH showed in situ biofilms of both microorganisms that 
feature distinct phenotypes for the first time ex vivo. Both of our reported cases were treated successfully by heart 
valve surgery and antibiotic therapy using beta-lactam antibiotics. 
Conclusion: The biofilm potential of Rothia sp. must be taken into account. The awareness of Rothia aeria and 
Rothia dentocariosa as rare but relevant pathogens for infective endocarditis must be raised. Use of biofilm- 
effective antibiotics in Rothia IE should be discussed.   

1. Introduction 

Infective endocarditis (IE) is an inflammation of the endocardium 
and has a high mortality rate as well as severe complications (Habib 
et al., 2015). In most cases, IE is caused by bacterial pathogens, rarely by 
fungi. Although the microbiological diagnosis is essentially based on 
positive blood cultures, pathogen detection is not successful in 2.5 %–31 
% of patients (Fournier et al., 2010). In cases of blood culture negative 
endocarditis, molecular biological methods such as nucleic acid ampli-
fication techniques (NAT) and fluorescence in situ hybridization (FISH) 
can help to identify the causative organism in situ (Mallmann et al., 

2010). FISH can also provide information about the activity of the 
endocarditis pathogens and the organization of microorganisms in 
possible biofilms (Yaban et al., 2020). 

In 80–90 % of endocarditis cases, the causative organism is one of the 
Gram-positive cocci Staphylococcus sp., Streptococcus sp., or Enterococcus 
sp. (Cahill and Prendergast, 2016). Two of the rather rare bacterial 
species associated with IE are Rothia aeria and Rothia dentocariosa. 
Rothia sp. are Gram-positive, non-acid-fast bacteria in the class of Acti-
nobacteria. After the genus Rothia was proposed in 1967 with Rothia 
dentocariosa being one of the already known species (Georg and Brown, 
1967), the species Rothia aeria was initially described in 2004 after 
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isolation from the air inside a Russian space station (Li et al., 2004). In 
the past nomenclature, Rothia aeria was referred to as Rothia dentocar-
iosa genomovar II (Kronvall et al., 1998). Both Rothia aeria and Rothia 
dentocariosa are part of the physiological flora of the oral cavity making 
up 0.8 % and 1.3 % of the human oral microbiome (Tsuzukibashi et al., 
2017). Rothia aeria is rarely detected in clinical material, but can be of 
etiological relevance: Bacteremia, septic arthritis, ovarian tube abscess, 
cervical abscesses, infections of the respiratory tract and endocarditis 
have been described (Michon et al., 2010; Verrall et al., 2010; Mahobia 
et al., 2013; Falcone et al., 2012; Taira and Aoki, 2019; Ramanan et al., 
2014; Collarino et al., 2016; Crowe et al., 2014; Thiyagarajan et al., 
2013; Tarumoto et al., 2012; Nicodemo et al., 2014; Kim et al., 2014; 
Hiraiwa and Izumi, 2013). IE caused by Rothia aeria is a very rare con-
dition since to date, there are only six reported cases worldwide. Most of 
these cases had severe complications such as central nervous system 
embolisms or hemorrhages (Crowe et al., 2014; Thiyagarajan et al., 
2013; Tarumoto et al., 2012; Hiraiwa and Izumi, 2013). Concerning the 
treatment of Rothia aeria endocarditis, the antibiotic regime carried out 
in the various case reports is inconsistent. IE related to Rothia dento-
cariosa, however, is a somewhat more common constellation since its 
first reported case appeared in 1978 (Pape, 1979). As of July 2020, there 
are 22 reported cases of Rothia dentocariosa endocarditis worldwide 
(Willner et al., 2019). So far, no images of in vivo grown Rothia sp. in 
tissue are available. 

Although complete gene sequencing of Rothia aeria has already been 
successful, its virulence factors remain unknown (Nambu et al., 2016). 
In general, IE can be associated with formation of microbial biofilms in 
the heart valves being recalcitrant to antibiotic treatment (Hall-Stoodley 
et al., 2012). There are no data thus far, on whether Rothia species form 
biofilms in vivo in tissue. In order to characterize a potential property as 
a biofilm builder, we analysed Rothia aeria and Rothia dentocariosa IE by 
FISHseq to identify the pathogens in sample material from two cases of 
IE. 

2. Methods 

2.1. Specimen processing and fluorescence in situ hybridization (FISH) 

Samples of valve material from two cases of IE and in vitro grown 
cultures of the Rothia dentocariosa strain were analyzed. The heart valve 
specimen and cultured strain were fixed with FISHopt® (MoKi Ana-
lytics, Berlin, Germany) at 4 ◦C for 24 h and subsequently embedded in 
cold polymerizing resin and sectioned as described before (Moter et al., 
1998). Hybridization was carried out as described before (Mallmann 
et al., 2010) with the oligonucleotide probes EUB338 and NONEUB338 
(Biomers, Ulm, Germany) and the nucleic acid stain 4′,6-dia-
midino-2-phenylindole (DAPI). The probe EUB338 is complementary to 
part of the 16S rRNA gene conserved in most microorganisms of the 
domain bacteria and was used to screen for bacterial colonization 
(Amann et al., 1990). The probe NONEUB338, which is the antisense 
probe of EUB338, was used to exclude nonspecific probe binding 
(Gescher et al., 2008a). Genus- or species-specific FISH-probes for 
identification of streptococci, enterococci, staphylococci, Staphylococcus 
aureus, Tropheryma whipplei, Bartonella quintana, Coxiella burnetii, or 
Granulicatella were used as described (Gescher et al., 2008a; Geissdörfer 
et al., 2012; Aistleitner et al., 2018; Gescher et al., 2008b). After incu-
bation for 2 h in a dark humid chamber at 50 ◦C, slides were rinsed with 
water, air-dried, and mounted with mounting medium. 

For microscopy, an epifluorescence microscope (AxioImagerZ2; Carl 
Zeiss, Jena, Germany) equipped with narrow band filter sets (AHF- 
Analysentechnik, Tübingen, Germany) was used. 

2.2. 16S rRNA gene amplification and sequencing 

DNA was extracted from sections of the embedded heart valve tis-
sues. The samples were submitted to pan-bacterial amplification of part 

of the 16S rRNA gene using the primers TPU1 and RTU3, as described 
earlier (Moter et al., 1998). Amplicons were sequenced using a com-
mercial sequencing facility (LGC Genomics, Berlin, Germany) and 
compared with all currently available sequences from the public data-
bases (EMBL and GenBank) using the commercial SmartGene program 
(SmartGene, Lausanne, Switzerland). 

2.3. Ethics statement 

The analysis was performed in accordance with the ethical guide-
lines of the 1964 Declaration of Helsinki and was approved by the Ethics 
committee of the Charité – Universitätsmedizin Berlin (E82/018/18). As 
the study was performed as part of the routine diagnostic work-up, the 
need for informed consent was waived according to the ethics com-
mittee approval. 

3. Patient description 

The first patient was an 18-year-old woman who was admitted to the 
Charité - Universitätsmedizin Berlin for surgical treatment of a severe 
mitral regurgitation due to IE. In addition to dietary managed phenyl-
ketonuria, there was no other known medical condition. The initial 
consultation was made via emergency unit for flu symptoms, tempera-
ture of 39.0 ◦C and limited physical resilience that had been present for 
4 weeks. Indurations on the hands and feet had previously been diag-
nosed by the family doctor as hand-foot-and-mouth disease, but were 
probably Janeway-Lesions from a retrospective point of view. A 
computed tomography (CT) scan of the thorax showed ground glass 
opacity in the right lower lobe as well as thickened inter- and intra-
lobular septa compatible with interstitial viral pneumonia. Because the 
patient presented during the pandemic of coronavirus disease 2019 
(Covid-19), a combined oro-nasopharyngeal swab was obtained to be 
tested for SARS-CoV-2 RNA which returned negative. Nevertheless, a 
superinfection based on viral pneumonia would be a conceivable entry 
point for endocarditis. Expert examination from the department for oral 
and maxillofacial surgery excluded a possible dental focus. On exami-
nation, the patient showed a tachycardia up to 110 bpm and a 4/6 
holosystolic murmur. Echocardiography revealed a 6 × 6 mm floating 
structure on the anterior mitral leaflet, as well as severe mitral regur-
gitation due to a substance defect close to the posteromedial commis-
sure. After three pairs of peripheral blood cultures were obtained, a 
guideline-based empiric antibiotic therapy with ampicillin, fluclox-
acillin and gentamicin was initiated. 

Minimally invasive mitral valve reconstruction was performed using 
a right anterolateral minithoracotomy. Intraoperative findings showed 
ruptured A3 and P3 tendinous cords causing the posteromedial 
commissure to prolapse. Vegetations about 5 mm in size at the end of the 
torn cords were preserved for microbiological examination. Implanta-
tion of four adjustable neochords (Gore-Tex™, GORE-TEX; W. L. Gore & 
Associates Inc., Newark, DE, USA) in the A3/P3 segments, poster-
omedial commissural plasty and implantation of a 30 mm annuloplasty 
ring (CG Future™ Ring, Medtronic Inc., Minneapolis, MN, USA) was 
performed. Postprocedural echocardiography demonstrated a compe-
tent mitral valve without residual regurgitation. The postoperative 
course was uncomplicated. 

After 33 h of incubation, all three preoperative blood cultures 
showed growth of Gram-positive coryneform rods that were identified as 
Rothia aeria. The result of the susceptibility testing is shown in Table 1. 
Due to resistance to gentamicin, antibiotic therapy was switched to high 
dose intravenous ampicillin (2 g, 6x/day). The FISHseq diagnostics 
performed on the intraoperative samples confirmed a highly active 
endocarditis with extensive biofilm components by Rothia aeria (as seen 
in Fig. 1). In the intraoperative material, Rothia aeria was still detectable 
in microbiological culture despite 4 days of intravenous antibiotic 
treatment. Therefore, a duration of antibiotic therapy of 6 weeks starting 
from the date of the operation was suggested. After three weeks of 
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treatment, antibiotic therapy was switched to ceftriaxone (2 g per day) 
and a peripherally inserted central catheter (PICC line) was implanted to 
allow antibiotic treatment to be continued on an outpatient basis within 
a specialized outpatient parenteral antimicrobial therapy (OPAT) pro-
gram. After a total antibiotic therapy duration of 6 weeks, the antibiotic 
therapy was completed. The patient no longer showed any clinical signs 
of infection. Leukocytes were preoperatively measured at a level of 
13.1/nL, rose to a maximum of 20.5/nL postoperatively and were 5.0/ 

nL one week after the end of antibiotic therapy. C-reactive protein test 
was at a level of 2.1 mg/l at the same follow-up. Successful eradication 
of the pathogen, which caused IE, is therefore assumed. 

The second patient was a 46-year-old man who underwent Ross- 
procedure due to severe aortic valve insufficiency. The pulmonary 
valve replacement was carried out using the Matrix P Plus® prosthesis 
(AutoTissue GmbH, Berlin, Germany), which is a decellularized porcine 
xenograft. Three years after the surgery, the patient presented to his 

Table 1 
Susceptibility testing for Rothia aeria and Rothia dentocariosa detected in the presented cases.   

Rothia aeria Rothia dentocariosa  

antibiotics susceptibility MIC susceptibility MIC breakpoint 

Penicillin S 0.008/0.016* S 0.003 0.25 
Ampicillin S 0.016 – – 2 
Amoxicillin + clavulanic acid S 0.016 – – 2 
Piperacillin + Tazobactam S 0.047 – – 4 
Cefotaxime – – S 0.032 1 
Meropenem S 0.500 – – 2 
Gentamicin R 1.500 R 2 0.5 
Moxifloxacin S 0.25 – – 0.25 
Clindamycin S 0.25 – – – 
Vancomycin S 1. S 1 – 
Rifampicin S 0.016 S 0.004 – 
Linezolid S 0.5 – – 2 
Tigecycline S 0.125 – – 0.5 

Note. There are no specific EUCAST limits for interpreting sensitivity for this species. Assumed cut offs are based on Corynebacterium spp. Values are given in mg/L. * =
tested in blood culture and sample from surgery, S = susceptible, R = resistant, Breakpoint = EUCAST PK-PD limits, MIC = minimum inhibitory concentration. 

Fig. 1. Detection of biofilms by FISHseq in the heart valve samples by Rothia aeria and Rothia dentocariosa. 
FISH revealed extensive bacterial biofilms in the heart valve tissues from Rothia aeria IE (A–D) and Rothia dentocariosa IE (E–H). Sections were hybridized with the 
probes EUB338 (Cy3-labeled, orange) and NONEUB (Cy5-labeled, no signals visible), and stained with the nucleic acid stain DAPI (blue). Tissue background appears 
in green. We found impressive bacterial biofilms that were to a large part FISH-positive (orange) besides cells visible with the nucleic acid stain DAPI only (blue). The 
strong FISH signal corresponds to a high ribosome content and indicates bacterial activity at the time of surgery. A and E: Overview of the heart valve tissue specimen 
from patient 1 and 2, respectively, showing impressive bacterial biofilms (DAPI, blue) versus the tissue background (green). While the majority of the sample in 
patient 1 (A) consisted of bacteria in an undulating biofilm, patient 2 (E) showed extensive biofilm fields within a largely destroyed heart valve. B and F: Magni-
fication of the insets marked in A and E, respectively, show distinct cells positive for the probe EUB338 (orange) in the overlay with the DAPI channel (blue). C and G: 
Magnification of the insets marked in B and F, respectively, show the separate DAPI channel in black and white. D and H: The same field of view as C and G, 
respectively, show the separate channel of the probe EUB338 (orange). Note the discriminative appearance of Rothia aeria as more rod-like as compared to Rothia 
dentocariosa, which is more coccoid. 
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cardiologist with symptoms of a cold that had existed for 8 weeks, as 
well as limited physical resilience and stress dyspnoea. Echocardiogra-
phy revealed a combined lesion of the pulmonary valve prosthesis with 
severe stenosis and moderate insufficiency, as well as a 14 × 9 mm 
adherent floating structure. The patient was admitted to the Charité - 
Universitätsmedizin Berlin for redo surgical treatment. An empiric 
antibiotic therapy with vancomycin, rifampicin and gentamicin was 
initiated. During redo surgery, suspected endocarditis was confirmed by 
the presence of two adhering vegetations. The infected pulmonary valve 
prosthesis was replaced by a new 25 mm Matrix P Plus® and preserved 
for microbiological examination. The postoperative clinical course was 
uncomplicated. 

Blood cultures obtained before the initiation of antibiotic therapy 
showed growth of coccoid/rod-shaped Gram-positive bacteria in the 
aerobic bottles after two days of incubation that were identified as 
Rothia dentocariosa. The associated result of the susceptibility pattern is 
shown in Table 1. The FISHseq diagnostics performed on the valve 
material confirmed the pathogen to be Rothia dentocariosa causing a 
highly active endocarditis with extensive biofilms (as seen in Fig. 1). 
After only two weeks of intravenous antibiotic therapy, the regimen was 
switched to oral administration of Penicillin V. The patient was dis-
charged home under careful monitoring and did not show any clinical 
signs of infection. The antibiotic therapy was completed after a total 
duration of four weeks. All follow-up blood cultures obtained after the 
initiation of antibiotic therapy showed no growth in the long-term in-
cubation. The valve material obtained intraoperatively after two days of 
empiric antibiotic treatment also showed no bacterial growth after 14 
days of incubation. Leukocytes were 16.4/nL before the start of treat-
ment, rose to a postoperative maximum of 27.2/nL and were 6.2/nL 
when discharged. C-reactive protein test was at a level of 5.4 mg/l at 
discharge. However, the patient was lost to follow-up and there is no 
information on the clinical course after completion of antibiotic therapy. 

4. Results 

Both heart valve specimen were fixated intraoperatively and 
analyzed by FISHseq. For FISH, we screened with the pan-bacterial 
probe EUB338 for bacterial colonization including yet uncultivated or 
fastidious bacterial species. We found extensive structured biofilms, 
which were to a large part FISH-positive, in both cases. None of the 
specific FISH probes for the species most commonly associated with IE 
identified the EUB338-positive bacteria. Therefore, Staphylococcus spp., 
Streptococcus spp., Enterococcus spp., and the rare IE pathogens Gran-
ulicatella, Tropheryma whipplei, Coxiella burnetii and Bartonella quintana 
were excluded as infectious agents. 

For sequencing, DNA was isolated from consecutive sections of 
embedded heart valve tissue and submitted to pan-bacterial PCR 
amplification. Sequencing of the PCR products resulted for the first 
patient in a 433-base pair fragment with the highest homology (100 % 
identity) to the Rothia aeria 16S rRNA gene (centroid database of 
SmartGene, Basel, Switzerland, accession number AB753461). Simi-
larly, for the second patient, a 480-base pair fragment was obtained with 
the highest homology (100 % identity) to the Rothia dentocariosa ATCC 
19731 16S rRNA gene (centroid database of SmartGene, accession 
number CP002280). Both obtained sequences differed with seven mis-
matches from each other. 

Fig. 1 shows the results of the microscopy performed on both heart 
valve samples after processing via FISHseq. The microscopic analysis 
revealed extensive biofilms in both cases. Biofilms are structured bac-
terial communities, which can be visualized by FISH: the fluorescence 
signal intensity of FISH correlates with the bacterial ribosome content 
and therefore visualizes the spatial organization of the bacterial activity 
(Stewart et al., 2016; Sutrave et al., 2019). In the Rothia aeria case, the 
sample consists of parts of the mitral subvalvular apparatus. As can be 
seen in Fig. 1A, the entire organic matter of the sample was formed by 
garland-like structures, which consisted almost entirely of bacteria. In 

contrast, a largely destroyed heart valve is visible in patient 2, which is 
infiltrated by extensive biofilms (Fig. 1E). Both cases presented here 
display areas with a higher ribosome content correlated to more active 
areas, and areas, which are mainly DAPI-positive and FISH-negative, 
correlated to less active regions within the biofilm. Whereas Rothia 
aeria appeared mainly as long rods (Fig. 1D), Rothia dentocariosa pre-
dominantly presented as coccoid rods (Fig. 1H). Fig. 1 shows the first in 
vivo grown biofilms from Rothia aeria and Rothia dentocariosa. 

To analyse the morphology and biofilm potential of Rothia dento-
cariosa in vitro, we fixated the strain grown in liquid culture (Fig. 2B and 
C), a colony from an agar plate (Fig. 2A, C–F), a nascent 2-days old 
biofilm (Fig. 2H–K) and a mature 7-days old biofilm (Fig. 2M–P) grown 
on a polyurethane chip in a shaking culture to FISH analysis. The 7-days 
old biofilm culture showed indeed a mature biofilm, which was quite 
similar to those in the ex vivo heart valve. Most bacteria had a coccoid 
morphotype whereas in the liquid culture and young biofilm also long 
rods were visible (Fig. 2C, K, L). 

5. Discussion 

In rare cases, IE can be caused by Rothia aeria or Rothia dentocariosa. 
To our knowledge, our reported case of Rothia aeria IE is the seventh 
reported case worldwide and the first one in Germany. The case of Rothia 
dentocariosa IE represents the 23rd reported case worldwide. Both cases 
had a fortunate clinical course without thromboembolic complications. 
In the Rothia aeria case, the entry point for the bacteria ultimately re-
mains unclear, since according to the dental examination, there was no 
sign of an odontogenic infection. In addition to the oral flora, Rothia 
aeria is also present in the flora of the upper respiratory tract (Ramanan 
et al., 2014). As suggested by the findings of the CT, a pre-existing viral 
pneumonia might have predisposed for a bacterial superinfection. In the 
Rothia dentocariosa case, an odontogenic source of infection is likely and 
the patient was advised to undergo prompt restorative care by dental 
professionals. 

In our Rothia aeria case, microbiological culture of the sample ob-
tained intraoperatively still showed bacterial growth after four days of 
antibiotic treatment. The strong FISH signal also indicated active bac-
terial growth at the time of surgery although antibiotic treatment had 
already started. In both Rothia sp. cases, FISHseq revealed impressive in 
vivo grown biofilms in the heart samples confirming their biofilm 
building capacity. As far as we know, these are first cases showing the 
biofilm potential of Rothia aeria and Rothia dentocariosa in vivo. How-
ever, the biofilm architecture differed between patients. The Rothia aeria 
case imposed by garland-like structures consisting of highly active 
bacteria, which is compatible with a highly active, rapidly developed 
endocarditis. In the Rothia dentocariosa case, the largely destroyed heart 
valve was infiltrated by biofilms, again with highly active bacteria. The 
demonstrated biofilm-forming potential indicates the relevance of sur-
gical treatment for control of infection and successful bacterial 
eradication. 

Since images of Rothia spp. are scarce, we provide with Fig. 2 a 
comprehensive overview of the morphology of Rothia dentocariosa from 
different growth forms and stages. We found that the morphology of the 
bacterium may vary substantially depending on the culture conditions. 
Therefore, the Gram-stain of Rothia spp. may be difficult to interpret in 
the clinical setting where the growth condition of the bacteria must be 
unknown. 

In our Rothia aeria case, antibiotic treatment was carried out using 
high dose intravenous penicillin for three weeks, changing to further 
three weeks of intravenous ceftriaxone. While beta-lactam antibiotics 
were administered in all previously reported cases, the exact treatment 
regimens differ significantly. In three of the reported cases, treatment 
was switched to a monotherapy using an amino-penicillin or ceftriaxone 
after initial empiric therapy (Collarino et al., 2016; Nicodemo et al., 
2014; Kim et al., 2014). In the case reported by Thiyagarajan et al., a 
combination of ceftriaxone and rifampicin was administered 
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Fig. 2. In vitro morphology of Rothia dentocariosa. 
We assessed the in vitro morphology of Rothia dentocariosa macroscopically on an Agar plate, in liquid culture, and in in vitro grown biofilms. Our aim was to address 
the question whether the morphology of the bacteria (rods or cocci) might help the clinical microbiologists with the identification of this pathogen from blood or 
tissue culture. 
The upper panel (A–C) shows on the left the growth of Rothia dentocariosa colonies on a blood Agar plate (A). Note the characteristic concentric terrace shaped 
appearance in particular in larger colonies. B and C show Rothia dentocariosa from liquid culture by Fluorescence in situ hybridization (FISH). Note the varying 
appearance of the bacteria as coccoid and rod-like. B shows an overlay of the DAPI-channel (blue) staining the nucleic acids, and the Cy3-channel (orange, EUB338 
probe). C shows the separate Cy3-channel (orange, EUB338 probe). 
The upper middle panel (D–G) shows a Rothia dentocariosa colony on agar embedded in methacrylate, sectioned and visualized by FISH. In the overview (D), the 
colony appears blueish by the nucleic acid stain DAPI, whereas the erythrocytes in the blood agar appear as green dots. E shows the enlarged overlay of the DAPI 
(blue) and EUB338 (orange) signals from the marked region in the colony. Note the differential activity of the bacteria in the colony and on the colony surface as 
indicated by the different EUB338 signal intensity. F shows in black and white the region boxed in E (separate DAPI channel). The inset (G) shows in orange the 
EUB338 signal at this particular position. Note again the different morphologies of the single bacteria ranging from coccoid to pleomorphic. 
The lower middle panel (H–L) shows an in vitro grown biofilm of Rothia dentocariosa. The bacteria were grown for 48 h on a Polyurethane (PU) chip in a shaking 
culture with TSB medium. The chip with attached biofilm was embedded in methacrylate and analyzed by FISH. H shows an overview of the biofilm with the DAPI 
(blue) and the EUB338 (orange) signals overlaid. The region boxed is enlarged (J) again with an overlay of both channels. The indicated region (K) is shown with the 
EUB338 channel (orange) for this particular position in the biofilm. Even more pronounced note here the pleomorphic morphology of the bacteria in the young 
biofilm (L). 
The lower panel (M–P) shows an in vitro grown biofilm that was left to mature for 7 days on a PU chip in a shaking culture with TSB medium. The panels show 
identical channels as described for the 48 h biofilm (see above, lower middle panel). Interestingly, note the more coccoid appearance of the bacteria as compared to 
the younger biofilm (O, P). 
Taken together, we conclude that the morphology of Rothia dentocariosa may vary substantially depending on the culture conditions. Therefore, the Gram-stain of 
Rothia dentocariosa may be difficult to interpret in the clinical setting where the growth condition of the bacteria must be unknown. Based on the limited number of 
experiments performed here, it is tempting to speculate if the rod-shape of the bacteria might be associated with younger cultures, whereas older cultures tend to 
feature more coccoid forms. 
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(Thiyagarajan et al., 2013). To address possible biofilms and concerns of 
ongoing infection, in one case, treatment was extended to additional 12 
weeks of oral rifampicin and ciprofloxacin after 10 weeks of intravenous 
antibiotic therapy (Crowe et al., 2014). In our Rothia dentocariosa case, 
the empiric antibiotic therapy for prosthetic IE was administered 
intravenously for two weeks and was then switched to oral Penicillin V 
for a further two weeks. The recommended treatment in the reported 
cases includes four to six weeks of parenteral penicillin, with or without 
gentamicin, or monotherapy with ceftriaxone (Willner et al., 2019). 

Due to the small number of reported invasive Rothia infections and 
lack of MIC cut-off values, antibiotic therapy is chosen according to in- 
vitro-susceptibility testing and PK/PD-data of the tested substances. 
Current treatment guidelines recommend the use of a penicillin- 
derivative in penicillin-susceptible, Gram-positive IE, combined with 
an aminoglycoside in cases of Enterococcus faecalis or penicillin-resistant 
streptococci. So far, addition of biofilm-active antibiotics (i.e. rifam-
picin) has been advised in S. aureus associated prosthetic valve only, but 
not in native valve IE (Habib et al., 2015; Baddour et al., 2015). Rieg 
et al. recently showed, that combination of a beta-lactam antibiotic with 
either rifampicin or fosfomycin was not associated with improved sur-
vival or reduction of late complications in 129 cases of S. aureus native 
valve IE. Interestingly, mortality was significantly decreased with 
combination therapy when an implanted foreign body was present in a 
large cohort of S. aureus bloodstream infections with high risk for 
complications (Rieg et al., 2020). A recent study demonstrated non-
inferiority of switching to oral antibiotics after 10 days of antibiotic 
treatment to continued intravenous administration (Iversen et al., 
2019). Since the study was only performed on IE by streptococci, 
Enterococcus faecalis, S. aureus, or coagulase-negative staphylococci, it 
remains unclear whether these observations can also be applied to 
Rothia species. 

Various mechanisms are known to be involved in the antibiotic 
tolerance of biofilm building pathogens. Due to the biofilm-forming 
properties of Rothia aeria and Rothia dentocariosa, the use of biofilm- 
effective antibiotics should be discussed. Here, however, further 
studies are needed confirming the efficacy of anticipated anti-biofilm 
antibiotic substances in vivo. 

5.1. Limitations 

Since the constellation examined is rare, our results are based on 
samples from two patients only. 

5.2. Conclusions 

In rare cases, IE can be caused by Rothia aeria or Rothia dentocariosa. 
The biofilm potential of Rothia sp. must be taken into account. In cases of 
upper airway infections or odontogenic lesions, the awareness of Rothia 
aeria or Rothia dentocariosa as relevant pathogens for IE must be raised. 
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