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Osteomyelitis of the Jaw in COVID-19 Patients: A Rare Condition With a High Risk for Severe Complications
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Osteomyelitis of the jaw is an uncommon infection that arises from the flora of the oral cavity or sinuses and affects immunocompromised and polymorbid patients. Treatment includes surgical debridement and long regiments of broad-spectrum antibiotics. We present three cases of complicated jaw osteomyelitis presented with concurrent COVID-19 infection, including only two reported cases of odontogenic COVID-related osteomyelitis. The two mandibular cases were patients in their 30s with no comorbidities. The first case was an asymptomatic COVID-19-positive patient who developed an odontogenic infection after tooth extraction that was complicated by the second bout of abscess formation and localized osteomyelitis. The second case was a COVID-19-positive patient with an odontogenic infection that presented as airway compromise due to trismus and neck edema, which required an emergency tracheotomy. He developed osteomyelitis of the mandibular ramus that was reconstructed with a titanium plate. The third case was a polymorbid post-COVID-19 patient who developed a protracted infection of the maxillary sinus that resulted in the loss of an eye, destruction of the maxilla, palate, and parts of nasal cavum, and oronasal incontinence. The defect was reconstructed with a microvascular anterolateral thigh flap. We hypothesize that COVID-19-related immune dysfunction and microvascular changes contributed to osteomyelitis in our patients.
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INTRODUCTION

Osteomyelitis is an infection of the bone that arises from the bone marrow and rarely affects healthy individuals (1). It can be caused by hematogenous (mostly in the pediatric population) or contiguous spread of the infection (after trauma, joint replacement surgery, or odontogenic infection) or be associated with vascular deficiency (such as in patients with poorly regulated diabetes) (2). The jawbones are predisposed to infections because of a primary contaminated environment of the oral cavity, periodontal pockets that harbor multitudes of anaerobic bacteria, a thin mucosal lining that adheres to the periosteum, and the existence of teeth and pneumatization of the maxilla. An insult, such as infection or trauma, causes an increase in intramedullary pressure, which leads to reduced blood flow and immune response, further facilitating the spread of the infection (2). Mandibular osteomyelitis is usually odontogenic but can also be caused by trauma, certain medications (such as bisphosphonates), and radiation therapy of the neck. Maxillary osteomyelitis can also result from maxillary sinusitis (1, 3).

Severe acute respiratory syndrome coronavirus 2 (SARS CoV-2) virus quickly swept through the world and became a pandemic only months after its first isolation and identification (4). It is a respiratory virus that can cause every clinical scenario ranging from a patient who is an asymptomatic carrier to severe respiratory distress that could be fatal in an immunocompromised patient (4, 5). Hyperinflammation caused by SARS CoV-2 infection can influence and aggravate pre-existing conditions (6), but it is questionable whether an asymptomatic disease impacts the healthy (7). With millions of people becoming infected with this novel virus, the aftermath of infection on both healthy and compromised patients remains to be elucidated.

In this paper, we present three cases of osteomyelitis of the jaw complicated with SARS CoV-2 infection, including only two reported cases of odontogenic COVID-related osteomyelitis of the jaw. Cases are listed from least (1) to most severe (3). Possible implications of concomitant SARS CoV-2 on infection of the bone are discussed.



CASES


Case 1

A 28-year-old otherwise healthy female presented to the Emergency Maxillofacial Service for swelling in the left submandibular region that began a week after the extraction of tooth 38. She tested negative for SARS CoV-2 virus upon admittance and was treated with extraoral incision and drainage in general anesthesia and a course of intravenous antibiotics (Clindamycin and Gentamycin). An intraoperative swab showed that the infection caused by Prevotella denticola, a commensal oral bacterium. The recovery was uneventful, and the patient was discharged 4 days postoperatively.

Three weeks later, the patient returned to Emergency Maxillofacial Service with swelling in the operated region. Again, she tested negative for the SARS CoV-2 virus. CT scan showed lamellar perimandibular purulent collection, cellulitis of soft tissue, and osteomyelitis surrounding the alveolus of the extracted tooth (Figure 1). She received another extraoral incision, drainage, and the second batch of intravenous antibiotics. On the second postoperative day, she tested positive for COVID-19 and was transferred to the Surgical COVID Unit, where her recovery was uneventful. She was discharged on the fifth postoperative day and had no SARS CoV-2-related symptoms whatsoever.


[image: Figure 1]
FIGURE 1 | Preoperative axial CT scan of the neck at the C2 level showing osteomyelitis in region 38 of the mandibular ramus. The affected side shows loss of cortical margin (arrow) and soft tissue swelling.


The follow-up included panorex scans and scintigraphy scans that showed remodellation of the angular region of the mandible and regression of the inflammation.



Case 2

The patient was a 29-year-old male patient with no previous ailments. He had a 10-day history of diffuse toothache, perimandibular, and parotid swelling before presenting to the Emergency Maxillofacial Service. His airway was compromised by trismus and edema of soft tissues of the neck. He tested positive for SARS CoV-2 virus upon hospital admittance.

CT showed massive perimandibular, parapharyngeal, parotid, temporal, and infratemporal abscess caused by an inflammation of tooth 48. He was treated by emergency tracheotomy, extraoral incision, and drainage, followed by a course of parenteral antibiotics (Penicillin B, Metronidazole, and Gentamycin). The patient needed additional oxygenation and spent one day in the COVID Respiratory Unit. He was discharged on the 10th postoperative day to house quarantine. Microbiological swab samples of the purulent collection taken during surgery were sterile.

A week later, the patient returned to the Emergency Maxillofacial Service with another bout of swelling in the parotido-masseteric region. The CT scans confirmed relapse of abscess in previously infected regions. He was treated with a reincision, drainage, and intravenous antibiotics (Clindamycin and Gentamycin). Postoperative scintigraphy showed inflammation of the ramus of the mandible, and CT confirmed sequestrum formation in the ramus (Figure 2). We performed sequestrectomy and debridement of the affected bone, followed by reconstruction and osteosynthesis with a reconstructive titanium plate.


[image: Figure 2]
FIGURE 2 | Axial CT scan of the neck at the C1 level after the relapse of the infection. (A) 3D reconstruction showing sequestrum of bone with a corrugated drain properly placed above the osteomyelitic site. (B) Cross section of the osteomyelitic mandibular ramus—bone is thin with loss of both medulla and cortex. A reconstructive plate was placed so the mandible could withstand masticatory forces.


Follow-up scintigraphy scans showed regression of the inflammatory processes of the mandible, and the patient was referred to the dental service for further treatment.



Case 3

The patient is 71-year-old male with a previous history of multiple myeloma, diabetes mellitus, arterial hypertension, and chronic renal insufficiency who was recovering from SARS CoV-2 bilateral pneumonia. He was discharged from the COVID unit 2 weeks before presenting to the Emergency Maxillofacial Service with redness and swelling around the left eye. He had a loss of sight in the affected eye, left-sided facioparesis, crusting in the left nasal cavum, and maceration of the left side of the hard palate. His lab results upon admittance are as follows: white blood cell count (WBC) 33.9×109/L, CRP 216.7 mg/L, and elevated liver and kidney function tests. The patient's glucose was elevated at 18.1 mmol/L and HbA1c was 9.9%, although the patient reported having better control of his glucose levels before this infection. His initial CT scans showed an abscess in the left maxillary sinus and ethmoids. He was treated with incision and drainage of the orbital and paranasal abscess—both incisions yielded copious amounts of pus—and put on a course of intravenous Ceftriaxone and Clindamycin. Intraoperative swabs showed Enterococcus faecium, Enterococcus fecalis VRE, and Candida lusitanie infection. After the fungal infection was confirmed, Fluconazole was added to his medications.

After the initial incision and drainage, the patient's lab results remained elevated (WBC 30.5 × 109/L, CRP 167.9 mg/L), and his overall status deteriorated. Repeated CT and MRI scans (Figure 3) showed progression of the inflammation that was treated surgically with debridement of necrotic tissue, irrigation, and iodoform gauze packing. A total of six operations in general anesthesia amounted to exenteration of the orbit, partial ethmoidectomy, debridement of the hard and soft palate, the vomer, and sequestrectomy of the maxillae. Histopathological analysis of the excised tissue showed inflammation, necrosis, and copious amounts of hyphae formation.


[image: Figure 3]
FIGURE 3 | Coronal MRI of the orbits and sinuses taken on the fourth day after hospital admittance: cellulitis of the left orbit with hyperintense signal in preseptal and postseptal areas. Inflammatory thickening of the mucosal lining of the left frontal sinus, ethmoid cells, and maxillary sinus.


He was discharged after 29 days of hospital stay with an acrylic obturator plate that served to close the defect left in the hard palate. Part of the necrotic maxilla remained visible through the cutaneous fistula.

He was readmitted after 2.5 months for reconstruction. His main complaints were oronasal incontinence when drinking or eating soft food and foul odor. Due to multiple comorbidities, we choose not to reconstruct the bony aspect of the maxilla. Instead, he received a microvascular anterolateral tight flap that served to line the orbital, nasal, and palatal defect and separate the nasal cavum from the mouth (Figure 4). The goal was to achieve a better quality of life and oronasal continence. He was discharged on the ninth postoperative day, and his recovery was uncomplicated by infection or dehiscence.


[image: Figure 4]
FIGURE 4 | Reconstruction of the defect. (A) Preoperative planning with modified Weber–Ferguson incision. (B) Exposed necrotic bone. (C) 9-month follow-up. The orbital and facial defect is closed, and maxillary dead space is obliterated with the bulk of the ALT flap. The nasal pyramid is leaning toward the operated side because the bone and cartilage support has been removed. (D) ALT flap lining the palatal defect.


At a 6-month follow-up, he had no complaints in the donor or receiving region.




DISCUSSION

Osteomyelitis of the jaw is becoming a relatively rare entity due to better oral hygiene, dental care, and the widespread use of antibiotics. Nevertheless, during the COVID-19 pandemic, there has been an increasing number of reports of osteomyelitis of facial bones (8) as well as an increased number of deep neck infections (9).

The particularity of jaw bones is their relationship with teeth and pneumatized spaces of maxillary sinuses. Both teeth and sinuses can harbor a subclinical infection that becomes acute in the case of a drop in the immune status of the host or emergence of a more virulent strain of pathogen (3, 10). As such, jawbones are at constant risk for contiguous spread of the infection from surrounding foci.

Osteomyelitis begins with inflammation of the cancellous bone. After the initial bacterial nidus establishes itself in the bone, leucocytes begin excreting inflammatory factors that cause increased blood flow in the acute phase of osteomyelitis (10). The bone cannot expand, so minuscule blood vessels in the bone become congested. This contributes to relative hypoperfusion in the center of infection and reactive hyperemia in the outskirts. Hypoxic areas become inaccessible to the body's immune system as well as antibiotics, so segments of bone become necrotic and form sequestrums (2).

Local hypoperfusion causes lower bioavailability of antibiotics in inflamed bone, while the penetrance of antibiotics inside the purulent collection is limited (3). Pus formed around the necrotic bone cannot be cleared without incision, drainage, and debridement. A study on animal models showed that surgical drains and irrigation of the osteomyelitic site improve bone healing compared with just debridement (11). Even in cases where no pus can be obtained upon incision, some surgeons argue that early incision and drainage diminishes tissue pressure and improves circulation, thus speeding the recovery (12, 13).

It is widely reported that SARS CoV-2 causes an immune system dysfunction that could swing the course of the disease from asymptomatic or mild to severe (7, 14). Clinical studies show that SARS CoV-2 infection can cause a depletion of certain strains of leucocytes, which reduce the hosts’ ability to fight off an infection, although there are no studies proving the direct link (15). A retrospective study on ICU patients in Wuhan showed a decrease in CD4 and CD8 lymphocytes, which are responsible for coordinating the immune response in the fight against viral and bacterial infection, as well as cancer, in much the same way as HIV infection does (16). This mechanism could be responsible for atypical clinical features of osteomyelitis in our patients.

Besides damaging the immune system, COVID-19 causes vasculopathy that could contribute to the clinical features of our patients. Procoagulative status in COVID-19 is mediated by endothelial lesions with fibrinogen and complement deposits (17–19). These sites could promote occlusive thrombi, which lead to tissue ischemia and inadequate perfusion (19), which is already stunted in areas of chronic jaw bone infection (20). Decreased blood flow caused by COVID-19 vasculopathy with increased vascular permeability and perivascular tissue edema could be an aggravating factor for the development of osteomyelitis.

“Happy hypoxemia” is one of the presentations of COVID-19 disease where a patient is profoundly hypoxemic but does not show signs of respiratory distress (14, 21). Areas of hypoperfusion and systemic hypoxia favor anaerobic bacteria, which are usually abundant in oral microbiota (22, 23). Also, the mandible is physiologically more susceptible to the infection because its blood supply is lower compared to other facial bones (3).

Fauci et al. have reported an estimation that 80% of infection remains undocumented (5), either because the patient is asymptomatic and does not know he is infected or the symptoms are so mild that they do not require medical assistance. It is not surprising that there is currently no study on the immune response of asymptomatic or mild COVID-19 patients. Some subclinical immune system dysfunctions may predispose asymptomatic COVID-19 patients to bacterial superinfections or concomitant infection.

The COVID-19 pandemic has resulted in unforeseen medical consequences that cannot all be traced back to the COVID-19 disease. As patients are advised to avoid nonessential medical visits, it is sometimes difficult to determine when a medical issue is becoming “essential.” A study on orthodontic patients in treatment found a 9-week delay in appointments during the pandemic, with one-third of patients experiencing orthodontic emergencies (24). Our department saw a decrease in outpatient visits to only one-third compared with prepandemic time (25). Similar effects are published across medical specialties (26–29). As medical practitioners, we must strive to provide the same level of care to our patients as we did before the pandemic.



CONCLUSION

In this case series, we presented three patients with an unusual course of head and neck infection that resulted in osteomyelitis of the jaw. All patients tested positive for the SARS CoV-2 virus shortly before or during the infection. In these cases, immune dysfunction and tissue hypoxia caused by COVID-19 disease could be aggravating factors for concomitant infection. Early surgical intervention (incision, drainage, debridement) and targeted antibiotic treatment are crucial in resolving acute osteomyelitis.

We hope this case series will raise questions about the impact of mild COVID-19 on concomitant infections and the immunological system of infected patients that will be answered in future studies.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article, further inquiries can be directed to the corresponding author.



ETHICS STATEMENT

Ethical review and approval was not required for the study on human participants in accordance with the local legislation and institutional requirements. The patients/participants provided their written informed consent to participate in this study. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.



AUTHOR CONTRIBUTIONS

AKP and VZ designed this case series. AKP collected the data and wrote the first draft. VZ revised the draft and supervised the editing. All authors contributed to the article and approved the submitted version.



REFERENCES

1. Prasad KC, Prasad SC, Mouli N, Agarwal S. Osteomyelitis in the head and neck. Acta Otolaryngol. (2007) 127(2):194–205. doi: 10.1080/00016480600818054.

2. Lew DP, Waldvogel FA. Osteomyelitis. Lancet. (2004) 364(9431):369–79. doi: 10.1016/S0140-6736(04)16727-5.

3. Hupp JR, Ferneini EM. Head, Neck, and Orofacial Infections: An Interdisciplinary Approach. St. Louis: Elsevier (2016).

4. Sharma A, Ahmad Farouk I, Lal SK. COVID-19: a review on the novel coronavirus disease evolution, transmission, detection, control and prevention. Viruses. (2021) 13(2):202. doi: 10.3390/v13020202.

5. Fauci AS, Lane HC, Redfield RR. COVID-19—navigating the uncharted. N Engl J Med. (2020) 382(13):1268–9. doi: 10.1056/NEJMe2002387.

6. Guan WJ, Liang WH, Zhao Y, Liang HR, Chen ZS, Li YM, et al. Comorbidity and its impact on 1590 patients with COVID-19 in China: a nationwide analysis. Eur Respir J. (2020) 55(5):2000547. doi: 10.1183/13993003.00547-2020.

7. Callender LA, Curran M, Bates SM, Mairesse M, Weigandt J, Betts CJ. The impact of pre-existing comorbidities and therapeutic interventions on COVID-19. Front Immunol. (2020) 11(11):1991. doi: 10.3389/fimmu.2020.01991.

8. Baltensperger MM, Eyrich GKH. Osteomyelitis of the Jaws. Berlin: Springer (2009).

9. Shires CB, Klug T, Dryden S, Ford J. Unusual cause of acute sinusitis and orbital abscess in COVID-19 positive patient: case report. Int J Surg Case Rep. (2021) 79:164–8. doi: 10.1016/j.ijscr.2021.01.043.

10. Enrique G-L, Margarita B-B, Ángel M-J, Saturnino S-S, María Jesús D-GdR. COVID-19 and severe ENT infections in pediatric patients. Is there a relationship? Int J Pediatr Otorhinolaryngol. (2021) 145:110714. doi: 10.1016/j.ijporl.2021.110714.

11. Sodnom-Ish B, Eo MY, Oh JH, Seo MH, Yang HJ, Lee JH, et al. Decompression effects on bone healing in rat mandible osteomyelitis. Sci Rep. (2021) 11(1):11673. doi: 10.1038/s41598-021-91104-7.

12. Flynn TR, Shanti RM, Levi MH, Adamo AK, Kraut RA, Trieger N. Severe odontogenic infections, part 1: prospective report. J Oral Maxillofac Surg. (2006) 64(7):1093–103. doi: 10.1016/j-joms-2006-03-015.

13. Flynn TR, Shanti RM, Hayes C. Severe odontogenic infections, part 2: prospective outcomes study. J Oral Maxillofac Surg. (2006) 64(7):1104–13. doi: 10.1016/j-joms-2006-03-031.

14. Muralidar S, Ambi SV, Sekaran S, Krishnan UM. The emergence of COVID-19 as a global pandemic: understanding the epidemiology, immune response and potential therapeutic targets of SARS-CoV-2. Biochimie. (2020) 179:85–100. doi: 10.1016/j.biochi.2020.09.018.

15. Choudhury I, Han H, Manthani K, Gandhi S, Dabhi R. COVID-19 as a possible cause of functional exhaustion of CD4 and CD8 T-cells and persistent cause of methicillin-sensitive Staphylococcus aureus bacteremia. Cureus. (2020) 12(7):e9000–e9000. doi: 10.7759/cureus.9000.

16. Diao B, Wang C, Tan Y, Chen X, Liu Y, Ning L, et al. Reduction and functional exhaustion of T cells in patients with coronavirus disease 2019 (COVID-19). Front Immunol. (2020) 1(11):827. doi: 10.3389/fimmu.2020.00827.

17. Magro C, Nuovo G, Mulvey JJ, Laurence J, Harp J, Crowson AN. The skin as a critical window in unveiling the pathophysiologic principles of COVID-19. Clin Dermatol. (2021) 39(6):934–65. doi: 10.1111/bjd.19415.

18. Kyriakoudi A, Pontikis K, Tsaraklis A, Soura E, Vourlakou C, Kossyvakis A, et al. Cutaneous vasculopathy in a COVID-19 critically ill patient: a histologic, immunohistochemical, and electron microscopy study. Case Rep Crit Care. (2021) 2021(3):6644853. doi: 10.1155/2021/6644853.

19. Levi M, Thachil J, Iba T, Levy JH. Coagulation abnormalities and thrombosis in patients with COVID-19. Lancet Haematol. (2020) 7(6):e438–40. doi: 10.1016/S2352-3026(20)30145-9.

20. Wannfors K, Gazelius B. Blood flow in jaw bones affected by chronic osteomyelitis. Br J Oral Maxillofac Surg. (1991) 29(3):147–53. doi: 10.1016/0266-4356(91)90026-2.

21. Dhont S, Derom E, Van Braeckel E, Depuydt P, Lambrecht BN. The pathophysiology of “happy” hypoxemia in COVID-19. Respir Res. (2020) 21(1):198. doi: 10.1186/s12931-020-01462-5.

22. Bryant AE. Biology and pathogenesis of thrombosis and procoagulant activity in invasive infections caused by group A streptococci and Clostridium perfringens. Clin Microbiol Rev. (2003) 16(3):451–62. doi: 10.1128/CMR.16.3.451-462.2003.

23. André AC, Debande L, Marteyn BS. The selective advantage of facultative anaerobes relies on their unique ability to cope with changing oxygen levels during infection. Cell Microbiol. (2021) 23(8):e13338. doi: 10.1111/cmi.13338.

24. Xiang J, Xin Y, Wang R, Zhou H, Zou Y, Shim S, et al. Appointment impact and orthodontic emergency occurrence during the coronavirus disease 2019 pandemic: a retrospective study. Am J Orthod Dentofacial Orthop. (2021) 6(21):e12–9. doi: 10.1016/j.ajodo.2020.12.016.

25. Kvolik Pavić A, Zubčić V, Kvolik S. Workload changes during the COVID-19 pandemic and effects on the flow of cancer patients in the Maxillofacial Surgery Department. Med Glas. (2021) 18(1):133–7. doi: 10.17392/1308-21.

26. Harky A, Chor CYT, Khare Y. COVID-19 and its impact on cardiology service. Acta Biomed. (2020) 91(4):e2020125. doi: 10.23750/abm.v91i4.9828.

27. Maclean A, Ashton JJ, Garrick V, Beattie RM, Hansen R. Impact of COVID-19 on the diagnosis, assessment and management of children with inflammatory bowel disease in the UK: implications for practice. BMJ Paediatr Open. (2020) 4(1):e000786. doi: 10.1136/bmjpo-2020-000786.

28. Tapper EB, Asrani SK. The COVID-19 pandemic will have a long-lasting impact on the quality of cirrhosis care. J Hepatol. (2020) 73(2):441–5. doi: 10.1016/j.jhep.2020.04.005.

29. Goyal M, Singh P, Melana N. Review of care and management of pregnant women during COVID-19 pandemic. Taiwan J Obstet Gynecol. (2020) 59(6):791–4. doi: 10.1016/j.tjog.2020.09.001.


Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Kvolik Pavić and Zubčić. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OPS/xhtml/Nav.xhtml




Contents





		Cover



		Osteomyelitis of the Jaw in COVID-19 Patients: A Rare Condition With a High Risk for Severe Complications

		Introduction



		Cases



		Case 1



		Case 2



		Case 3











		Discussion



		Conclusion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		References



















OPS/images/cover.jpg
’ frontiers
in Nutrition

Osteomyelitis of the Jaw in COVID-19
Patients: A Rare Condition With a
High Risk for Severe Complications





OPS/images/fsurg-09-867088-g001.jpg
L.






OPS/images/fsurg-09-867088-g002.jpg





OPS/images/fsurg-09-867088-g003.jpg






OPS/images/fsurg-09-867088-g004.jpg








OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Nutrition





