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Abstract

:

Delayed-onset infections are rare postoperative complications of lower third molar extractions. This article presents a case of a chronic combined hard and soft tissue infection after the extraction of a third molar, where the causative organisms could only be elucidated by molecular methods. Experimental 16S-rRNA gene analysis with next-generation sequencing and bioinformatics was used to identify the bacterial spectrum of the infection. 16S-rRNA gene analysis delivered the microbiome of the abscessing inflammation while standard culture and laboratory examinations were all sterile. The microbiome showed a mixed bacterial infection with a dominance of Delftia and Alcanivorax (spp.) besides other bacteria of the normal oral flora. Using 16S-rRNA-gene analysis, next-generation sequencing, and bioinformatics, a new type of chronic wound infection after wisdom tooth extraction was found. The property of Delftia and Alcanivorax (spp.) as water-affine environmental bacteria raises suspicion of infection from contaminated water from a dental unit. Thus, osteotomies of teeth should only be done with sterile cooling water. The 16S-rRNA gene analysis should become a part of the routine diagnostics in medical microbiology.
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1. Introduction


Bacterial infections in the field of oral and maxillofacial surgery are very common. With the application of antibiotics, the implementation of incision and drainage of abscesses, and with the removal of infected teeth, most infections can usually be treated fast and successfully [1,2,3,4,5]. Nevertheless, sometimes persistent subacute and chronic infections occur, where adequate therapy can be a great challenge for practitioners and where treatment can take a long time [6]. Especially, delayed-onset wound infections after third molar extraction, which occur several weeks after suture removal and after discharge [7], can cause varying symptoms affecting hard and soft tissues [7,8,9,10,11]. Figueiredo et al. reported that those infections are normally caused by anaerobic bacteria of the oral flora, e.g., Fusobacterium, Peptostreptococcus, Porphyromonas, and Prevotella strains, which in most cases can be successfully treated with combinations of surgical revision and antibiotics [9]. Other authors have shown that specific infections like Actinomycosis, which need specific therapy, have to be considered [6,12,13]. Additionally, cases of osteomyelitis of the jaw after third molar surgery have been previously described [14]. As delayed-onset infections occur only several weeks post-intervention [7,10], other diseases of non-odontogenic origin like atypical mycobacteriosis, tuberculosis, or cat scratch disease, which can present with similar symptoms, also have to be taken into account [15,16].



The present study shows a new type of delayed-onset wound infection after third molar surgery. This infection was resistant to antibiotic therapy and surgical revision. It was not possible to clarify the cause with standard culture and laboratory examinations. The study aimed to clarify this enigmatic infection by using 16S-rRNA gene analysis with next-generation sequencing and bioinformatics.




2. Patient and Methods


A 23-year-old woman in otherwise good general condition without any pre-existing illness visited the ambulance of oral and maxillofacial surgery at the university hospital. She suffered from inflammatory swelling and pain in the area of the wisdom tooth 38, which had been extracted by her dentist in a dental practice six months ago. After a post-operative symptom-free interval of several weeks, renewed swelling in the area of the extracted tooth and the adjacent cheek appeared. Thus, the dentist decided to start an antibiotic therapy on the patient, which was unsuccessful as an oral abscess formed, which was incised and drained. Since all attempts to treat the delayed-onset infection failed, the patient was referred to the university hospital.



At the first consultation, chronic inflammatory and rough tissue could be investigated in the area of the former tooth 38 without evidence of abscessing. Panoramic radiograph (Figure 1) showed a non-ossified alveolus of tooth 38 while the other alveoli of the wisdom teeth were already ossified regularly.



With the suspicion of an inflammatory tumor, a surgical incision was first carried out and tissue samples were harvested for histopathologic analysis. Histopathologic investigation revealed chronic inflammation with the formation of histiocytic and epithelioid cell granuloma. Molecular testing with polymerase chain reaction (PCR), especially the IS6110 profile, was unable to identify mycobacterial DNA fragments and there was no hint for an actinomycosis.



Wound revision led to a temporary improvement of the patient’s complaints. However, after three weeks, the patient suffered from a renewed flare of the inflammation process with a rough extraoral swelling on the left cheek (Figure 2).



Since antibiotic therapy failed, we decided to perform shortwave radiation (10 min; 5 times a day) with the intention of a purulent melting of the inflammation. After five days of therapy, heavy inflammatory signs could be observed. So, we decided to carry out an abscess incision in general anesthesia (Figure 3).



During surgery, microbiological swabs from pus and native wound tissue were taken and subjected to microbiological culture. A further tissue sample was taken for a histopathological examination and some pus was preserved in a cuvette in a medical freezer at −80 degrees centigrade (°C) for later experimental use.



Matching the clinical course, histopathological examination delivered the description of a chronically granulating partially purulent inflammation of the soft tissue, but there were no histopathological hints for actinomycosis. Molecular testing of the IS6110 profile for mycobacterial DNA fragments (M. tuberculosis, M. bovis, M. bovis BCG, M. microti, M. africanum) was negative again. Microbiological culture was not able to detect any aerobic or anaerobic bacteria and the culture on Actinomycetes was sterile too. Additionally, the culture on atypical mycobacteria was sterile after multiple weeks of culturing. Serological tests for Bartonella henselae and Toxoplasma gondii as well as a Quantiferon Gold for tuberculosis testing were also negative. Thus, the cause of the infection remained unclear despite the numerous examinations.



The patient was released from hospital two days after surgery. Postoperatively, we applied a calculated antibiotic therapy with Sultamicillin (750 mg BID) for 10 days. Nevertheless, healing of the inflammation could not be observed in the following weeks (Figure 4). Thus, we presented the case in the local interdisciplinary infection board about two months after surgery. Since all cultures were negative and even molecular and laboratory testing was inconspicuous, we decided to treat the infection as a soft tissue actinomycosis with Penicillin V (1.5 Mega TID) for six months.



Applying the long-term antibiotic therapy, slow recovery with fading of the inflammatory redness could be observed (Figure 4). After six months, only a small reddish scar without signs of inflammation remained (Figure 4). Thus, we decided to discontinue the antibiotic therapy and to observe the situation for the next months. We did not observe a relapse during the next six months and we were able to complete the case at about one year after the first consultation. Only a small white scar of rough consistency remained in the area of former inflammation (Figure 5). Although our therapy was successful, the triggering cause was still unknown. Only by determining the microbiome of the pus by a subsequent experimental trial, we could retrospectively clarify the cause of this extraordinary delayed-onset infection after third molar surgery.



The determination of the microbiome was carried out with 16S-rRNA amplicon sequencing and bioinformatics [17]. In prokaryotes, the 16S-rRNA gene carries the genetic information of the 16S ribosomal ribonucleic acid of the 30S subunit of the ribosome. This gene consists of variable and conserved areas. Conserved areas are not different between various bacterial genera while variable areas have high specificity for different bacterial genera. Based on the sequence of the variable areas of the gene, it is possible to assign bacterial DNA to a specific genus. Thus, 16S-rRNA amplicon sequencing works like a fingerprint, if the base sequence can be matched with a ribosomal database. It is particularly useful in identifying unusual bacteria that are difficult to identify by conventional methods, providing genus identification in >90% of cases [18]. In our case, bacterial DNA was first extracted from the initially frozen pus. Then, the variable area “V4” of the 16S-rRNA-genes was amplified by PCR using primers in the conserved flanking areas. The resulting amplicons of an approximate length of 350 to 370 bps were then equipped with indices and adapters for next-generation sequencing using the Illumina MiSeq System as described by the vendor (Illumina). After the sequencing of these amplicons, the bacteria-specific sequences were known and ready for bioinformatic analysis.



Bioinformatic analysis was carried out with the open-source software “Mothur” (mothur.org) and the SILVA ribosomal RNA gene database (www.arb-silva.de). In this way, the assignment of the amplicon sequence to the respective bacterial gene was managed, which enabled the determination of the microbiome of the pus sample. In addition to this qualitative identification, the frequencies of the identified amplicons were detected. With this quantitative approach, it was possible to conclude the frequencies of the individual bacterial genera in the pus sample.



After sequencing on the MiSeq platform using the MiSeq Reagent Kit v2, a total of 314,578 paired end reads with a length of about 250 nucleotides (nt) were obtained. As mentioned above, microbiome analysis was executed using Mothur (https://mothur.org/wiki/miseq_sop/, accessed on 20/09/2017) [19]. Paired end reads were joined, primer regions removed, and filtered for the expected amplicon length of 253 nt ± 10 nt excluding sequences that contained ambiguous nucleotides. Joined paired end reads were aligned to the SILVA ribosomal RNA gene database [20], trimmed to contain only the hypervariable regions V4, and clustered with a similarity threshold of 97%. After chimera removal using the Mothur implementation of VSEARCH [21], a total of 59 operational taxonomic units (OTUs) representing 681 paired end reads were obtained. OTUs were finally classified against the SILVA ribosomal RNA gene database and exported in csv format.



Tables and graphs were created with Microsoft Excel 2016 and Microsoft Office Professional Plus 2016 (Microsoft, Washington, WA, USA).



The investigations used in this study were approved by the ethics committee of the Faculty of Medicine at Justus-Liebig University (Giessen, Germany; approval no. 191/16).




3. Results


The result of the 16S-rRNA gene sequencing elucidated the microbiome of the abscess. Although cultures were sterile, the microbiome shows a dominance of the genera Delftia, Alcanivorax, and Porphyromonas. An infection with Actinomycetes or atypical Mycobacteria could be excluded. We could identify and prove a polymicrobial infection with a dominance of aerobic water-affine environmental bacteria as the cause of the delayed-onset infection after third molar surgery in the here discussed case (Table 1). The results are presented in a pie chart with relative frequencies (Figure 6). Figure 7 shows the metabolism of the bacterial genera in the pus sample.




4. Discussion


Wound infections after third molar surgery can be classified into early onset infections and delayed-onset infections. While early onset infections occur in the early healing phase, delayed-onset infections do not appear until a time of about four to six weeks post-surgery and are almost only seen in the lower jaw [11]. The probability of the occurrence of a delayed-onset infection after third molar surgery is calculated with a frequency of 0.49% to 2.2% [7,11]. The cause of such infections often cannot be clarified [7,11]. Possible causes of infection include food impaction into the wound [11] and the formation of a hematoma under the flap [22]. Risk factors described in the literature include the depth of inclusion of wisdom teeth [7,22,23], lack of distal space [8], a vertical or mesioangular tilt of the tooth [8], the need for intraoperative hemostasis [11], and total and tight wound closure [9]. Additionally, the changes in oral flora caused by systemic and topical antibacterial therapy could favor the development of opportunistic infections [7,24], which can result in a higher postoperative infection rate [25]. It was pointed out that in the context of abscess formation, improper use of antibiotics can even increase the risk of a chronification of inflammation [4].



As causal pathogens, Figueiredo et al. most frequently identified Fusobacterium sp., Prevotella sp., and Peptostreptococcus sp. in delayed-onset infections after lower third molar surgery [9]. Thus, typical anaerobic bacteria of the oral cavity seem to play a major role in delayed-onset infections [9]. The fact that for all patients of this study multiple bacteria could be found shows that delayed-onset infections are polymicrobial infections, in which rare bacteria like Actinomyces israelii can also be found [9]. In another work, Figuereido et al. described that about two-thirds of the patients with delayed-onset infections could be successfully treated with antibiotics alone [8]. One third, however, needed an additional surgical procedure in terms of a wound revision and this was particularly true after a prolonged period of initial postoperative antibiotic treatment [8]. The fact that also persistent chronic infections with a very difficult treatment were reported [6,14,26,27] points out that in such cases, the practitioner is occasionally confronted with a difficult diagnostic and therapeutic situation.



The here presented patient developed a delayed-onset infection in the left third molar region some weeks after an initially unremarkable course. Since antibiotic therapy and surgical revision failed, we decided to discontinue antibiotic treatment and to start shortwave radiation with the goal of a purulent melting of the process instead. After five days, an abscessing formation was seen on clinical examination, which allowed incision and acquisition of pus samples, smears, and tissue samples for microbiological and pathological examination. As described above, cultures for aerobe and anaerobe bacteria were negative and even special cultures for Actinomyces and atypical mycobacteria did not reveal any bacterial growth. Numerous authors have pointed out that diagnosing actinomycosis can be a great challenge [6,12,13,28]. Successful isolation and identification of these bacteria only occurs in a minority of cases. The rate of falsely negative cultures is high due to previous antibiotic therapy, inhibition of Actinomyces growth by concomitant microorganisms or contamination, inadequate culture conditions, or inadequate short-term incubation [12,28]. Due to the long atypical course of the chronic disease, infection with atypical mycobacteria was also considered in the differential diagnosis [15]. These infections present with non-tender unilateral lymphadenopathy in otherwise healthy patients. Initially, this disease may be mistaken for a staphylococcal or streptococcal infection leading to inappropriate incision and drainage, which can cause cosmetic complications as in the present case [16].



In the here described case, neither microbiological nor histopathological nor serological examinations led to a diagnosis of a specific infection. Thus, antibiotic therapy was finally carried out in a calculated manner, which resulted in a cure after several months. However, the correct diagnosis could only be found afterwards using an experimental 16S-rRNA gene analysis with next-generation sequencing and bioinformatics as an additional tool. In this way, the microbiome of the pus sample from the abscessing inflammation was determined. As shown in Table 1 and Figure 6, the disease of the present case was not caused by one specific bacterium. As described in the work of Figueiredo et al., we found a polymicrobial infection as the reason for the delayed-onset infection after third molar surgery [9]. Apart from the typical bacterial spectrum of odontogenic infections like Peptostreptococcus (spp.), Porphyromonas (spp.), or Prevotella (spp.), we observed that almost 56% of the DNA originated from the genera Alcanivorax, Delftia [9,29,30], and Porphyromonas. According to our research, no human pathogenicity has yet been demonstrated for Alcanivorax while numerous diseases have been linked to Delftia, especially to Delftia acidovorans. Even if no cultural evidence for such a polymicrobial infection can be provided and the abundance of bacteria in the microbiome of the pus alone does not provide any evidence of pathogenicity of individual bacteria, the findings of the here described case suggest that the patient did not have a typical odontogenic infection. The following three points should indicate that we have found a separate disease entity:




	
The infection of the patient was completely atypical from the clinical point of view. A typical odontogenic infection can usually be managed well with surgery and antibiotic therapy. In the present case, it took more than a year to cure the patient.



	
In the case of a normal odontogenic infection, bacteria can usually be cultured from the pus. However, the culture, in this case, was negative, which is probably because the cultural conditions were not optimal or sufficient for the later detected atypical bacterial genera.



	
The determined microbiome was completely different from the one we would expect in a normal odontogenic abscess. As described by Figueiredo et al. [9], odontogenic infections show a polymicrobial spectrum with mostly obligate anaerobic bacteria. In the microbiome of the abscess of the present case, we mostly found aerobic environmental bacteria in combination with anaerobic bacteria of the oral cavity. Taking into account that the pus sample was taken from an extra-oral incision, we assume that the infection can be caused by a combination of these bacteria.








Delftia acidovorans is an aerobic, non-fermentative, Gram-negative rod that is classified in the Pseudomonas rRNA homology group III [31]. It is usually a non-pathogenic environmental organism that rarely is clinically significant [32]. Although Delftia acidovorans infections most commonly occur in hospitalized or immunocompromised patients, there are several reports documenting the infection in immunocompetent patients [32]. In this context, diseases like pneumonia, intravascular catheter-associated bacteremia, endocarditis, peritonitis, ocular infections, and urinary tract infections have been reported in the literature [31,32,33,34,35,36]. Due to its attribute as an environmental organism with a great affinity to water and damp surroundings [37], its occurrence was also described for water distribution systems in medical institutions [38]. It was also proven that Delftia acidovorans and other species of the Pseudomonadaceae family are often found in biofilms of dental unit waterlines and that they are prone to be transmitted with aerosols and splatters, generated by working unit handpieces [39].



The species of Alcanivorax was first described by Yakimov et al., who described Alcanivorax borkumensis as a hydrocarbon-degrading and surfactant-producing marine environmental bacterium [40]. It became known as an oil-degrading bacterium in oil spills [41,42,43].



With Delftia and Alcanivorax (spp.), two water-affine environmental bacteria were identified as dominant rods in the pus sample of the delayed-onset infection after third molar surgery in the present case. It could be argued that this was a result of the contamination of the pus sample. However, since the sample was taken under strictly aseptic conditions in the operating room and without the use of cooling water (Figure 3), we suspect that contamination with environmental bacteria is very unlikely. Numerous authors have reported that Delftia (spp.) can be found in dental unit waterlines [39,44]. With the lubricant oil of working unit handpieces, the main nutrient for Alcanivorax was also present. It can be suspected that these environmental bacteria were transferred during the initial removal of the wisdom tooth or in the context of a surgical revision and that these bacteria developed a symbiosis with other bacteria of the microbiome of the oral cavity. To our knowledge, this is the first case of such an odontogenic polymicrobial infection with a dominance of the environmental bacteria Delftia (spp.) and Alcanivorax (spp.). Since no human pathogenicity has yet been reported for Alcanivorax (spp.) and as Delftia (spp.) has often been associated with infections in immunosuppressed individuals, we want to emphasize that in the present case the infection was observed in a young and otherwise healthy woman without any pre-existing diseases [32,34,37]. It cannot be excluded that there is a real risk for an opportunistic bacterial infection from dental unit waterlines even in young and healthy patients if possibly harmless environmental bacteria are transferred to an open wound. This results in the recommendation to perform invasive procedures, like the osteotomy of an impacted wisdom tooth, only with sterile cooling water and not with the water of a normal dental unit. Even if the risk of infection from a dental unit seems to be very low, the present case shows that in some cases perioperative wound infections with normally harmless environmental bacteria are possible, even in immunocompetent patients. If such a wound infection occurs, it can be difficult to find the correct diagnosis and to find a suitable therapy. In the present case, it finally took six months to heal the patient.



In the future, 16S-rRNA gene analysis could be integrated into the normal clinical routine. This could facilitate the diagnosis of atypical odontogenic infections when the disease-causing bacteria are difficult to cultivate. Furthermore, 16S-rRNA gene analysis seems to provide a more comprehensive and complete picture of the involved bacteria than previously possible with the use of cultural methods only. Further studies on the analysis of odontogenic abscess microbiomes could increase our knowledge and facilitate diagnosis and advance treatment options.




5. Conclusions


The cause of a persistent delayed-onset infection after third molar surgery could in the present case only be clarified by experimental use of 16S-rRNA gene analysis with next-generation sequencing and bioinformatics. A new type of chronic wound infection with a predominance of the environmental bacteria Delftia and Alcanivorax (spp.) in combination with an odontogenic polymicrobial flora was found. Since there is reasonable suspicion that the environmental bacteria were transferred from a dental unit waterline, we recommend to always perform invasive oral surgical procedures with sterile cooling water. The 16S-rRNA gene analysis should become a part of the routine diagnostics in medical microbiology.
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Figure 1. Panoramic radiograph at the first consultation. Alveolus of tooth 48 shows complete healing while ossification is missing in the area of tooth 38. 
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Figure 2. Development of an extra-oral swelling and redness despite surgical therapy. 
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Figure 3. Red swelling of the left low mandible after five days of shortwave radiation therapy (left) and an interoperative picture of abscess incision (right). 
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Figure 4. Patient profile depicting the clinical picture of the infection before long-term antibiotic therapy (left), after three months of long-term penicillin application (middle), and after the termination of therapy after six months (right). 
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Figure 5. Final result: situation after 2.5 years after the first consultation. 
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Figure 6. The microbiome of the pus sample. Relative frequencies show a predominance of Alcanivorax, Delftia, and Porphyromonas (spp.). 
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Figure 7. Metabolism of the bacterial genera in the pus sample. The identified bacteria predominantly have aerobic metabolism. 
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Table 1. Relative frequency of DNA reads in the pus sample.
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	Bacterial Genus
	DNA-Reads (Relative in %)
	Metabolism





	Alcanivorax
	22.40
	aerobic



	Delftia
	22.40
	aerobic



	Porphyromonas
	11.20
	anaerobic



	Methylophilus
	5.60
	aerobic



	Staphylococcus
	4.27
	facultative anaerobic



	Oxalobacter
	4.27
	anaerobic



	Ralstonia
	4.27
	aerobic



	Prevotella
	4.00
	anaerobic



	Bacillus
	3.47
	aerobic



	Veillonella
	3.47
	anaerobic



	Bradyrhizobium
	2.40
	aerobic



	Haemophilus
	2.40
	facultative anaerobic



	Sphingomonas
	1.60
	aerobic



	Brevibacterium
	1.33
	aerobic



	Corynebacterium
	1.33
	facultative anaerobic



	Slackia
	1.07
	anaerobic



	Stenotrophomonas
	1.07
	aerobic



	Intrasporangium
	0.80
	aerobic



	Peptostreptococcus
	0.53
	anaerobic



	Rickettsia
	0.53
	aerobic



	Streptococcus
	0.53
	facultative anaerobic



	Atopobium
	0.27
	facultative anaerobic
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