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Metagenomic Next-Generation Sequencing to Investigate Infectious Endophthalmitis of Brucella: A Case Report
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Introduction: Brucellosis is a systemic disease that exists prevalently in clinical manifestations. The symptoms present in organs such as the eyes (in ocular brucellosis) can lead to misdiagnosis or even failure to diagnose. Metagenomic Next-Generation Sequencing (mNGS), a high-throughput sequencing approach, could be applied for the detection of microorganisms.

Case Presentation: A 57-year-old female with acute right-eye vision loss, treated with clindamycin and dexamethasone sodium phosphate for 1.5 months, was difficult to diagnose using regular methods. mNGS was utilized for the aqueous fluid from the patient, and Brucella melitensis was identified. The inflammation was treated with 3 months of antibiotherapy. However, even with specific medicine and surgery, the vision remained poor because severe ocular conditions last for a long time.

Conclusion: It suggests that brucella should still be a probable pathogen in endophthalmitis despite its low incidence in non-epidemic areas. Moreover, mNGS can achieve early diagnosis and timely treatment for difficult-to-diagnose ocular infections.
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INTRODUCTION

Brucellosis, a zoonotic disease that is caused by brucella, exists around the world (1). Although the cases of Brucellosis have been greatly reduced in recent decades, it is notably present in many developing countries due to a series of recognized complications (2–4). Patients get infected by direct or indirect contact with brucella, such as via infected animals or ingestion of uncooked meat. Brucella spreads over damaged skin and mucous membranes through the digestive or respiratory tract. Brucellosis is thus a systemic disease that involves organs or systems of the body. Chronic brucella can be avoided through timely diagnosis and treatment; otherwise, it can lead to conditions that are severely debilitating and disabling. Acute phase cases mainly present with fever, fatigue, hyperhidrosis, muscle and joint pain, and swelling of the liver, spleen, and lymph nodes. Chronic phase cases often present with joint damage (5–7).

Herein, we report a case of infectious endophthalmitis caused by Brucella melitensis. The diagnosis is attributed to Metagenomic Next-Generation Sequencing (mNGS) technology, which provides information on the genomic sequences of microorganisms (8, 9). This unbiased high-throughput sequencing approach could identify the total DNA or RNA content of all currently known pathogenic microorganisms by performing simultaneous and independent sequencing of thousands to billions of DNA fragments (10).



CASE DESCRIPTION

On 13 August 2020, a 57-year-old female was admitted to the hospital due to right-eye vision loss for 1.5 months. Previously, the patient had received treatment in a regional hospital on 21 June. She was diagnosed with a vitreous hemorrhage and was treated with oral medications. The patient developed a fever with red eyes and eyelid edema in the right eye 2 days later. Positive symptoms of the right eye including mixed conjunctival hyperemia, retrocorneal pigment KP, aqueous turbidity, and exudation in the pupil area, and these were recorded by the regional hospital. The structure of the posterior segment of the eye is unclear. The local ophthalmologist diagnosed panuveitis of the right eye and applied mydriatic drugs, anti-inflammatory dexamethasone eye drops, and intravenous infusion of clindamycin and dexamethasone sodium phosphate 10 mg. After these treatments, the patient felt the symptoms lessened, and the systemic dexamethasone sodium phosphate was thus gradually reduced to 5 mg. However, the eye symptoms were then aggravated. The patient was transferred to a tertiary hospital afterward. Her initial visual acuity was Hand Motion OD and 20/30 OS. Slit-lamp examination revealed slight hyperemia of the conjunctiva, transparent cornea, deep anterior chamber, turbid aqueous humor, less round pupil, posterior iris adhesion, opaque lens, and obvious vitreous opacity with invisible fundus of the right eye (Figure 1). There was no ocular pathology of the left eye. The patient was diagnosed with infectious endophthalmitis and admitted to the current hospital (Figure 2).
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FIGURE 1. Anterior segment photograph of the right eye shows slight hyperemia of the conjunctiva, transparent cornea, deep anterior chamber, turbid aqueous humor, less round pupil, posterior iris adhesion, opaque lens, obvious vitreous opacity, with fundus invisible.
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FIGURE 2. Color funds photograph shows invisible fundus of the right eye (upper left) and no fundus pathology of the left eye (upper right) (A). Ocular B-ultrasound of the right eye shows vitreous opacity, vitreous membranes, and retinal detachment in the right eye (lower left and lower right) (B).


Systemic steroids were suspended after admitting a series of examinations performed to identify the pathogen. General checkups were conducted: brain MRI, abdominal ultrasound, erythrocyte sedimentation rate (ESR), rheumatoid factor, antinuclear antibody spectrum. Tuberculosis bacilli, HIV, syphilis, and hepatitis pathogen detection. Meanwhile, a B-ultrasound was performed for the right eye and so was an anterior chamber punctured to extract aqueous humor for routine pathogen detection. The blood test showed elevated ESR and C-reactive protein, and the eosinophils decreased. The brain MRI showed multiple cerebral infractions, white matter demyelination changes, and brain atrophy. The abdominal ultrasound showed dense light spots in the liver and an enlarged spleen. The ocular B-scan ultrasonography showed vitreous opacity, vitreous membranes, and retinal detachment in the right eye. Meanwhile, routine pathogenic detection did not show a positive result. As there was a high degree of suspicion of infectious endophthalmitis, the aqueous humor was sent to Beijing Glantmed Medical diagnostics Lab for mNGS and cytokine detection. Brucella melitensis was identified by mNGS (Figure 3), and the result of cytokine detection showed a severe inflammatory reaction in the right eye. The blood titer of Brucella standard tube agglutination was 1:25, which was not too high.
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FIGURE 3. The mNGS result of the aqueous humor shows Brucella melitensis nucleotide reads account for the vast majority, identifying that the pathogen of the patient is Brucella melitensis.


From the results, a history of close contact with animals was suspected. The patient had a history of frequent exposure through raising goats, though denying consuming unpasteurized milk products or uncooked lamb. It is noticeable that the patient developed knee and waist pain 1 month after the vision loss in the right eye, and such pains passed spontaneously without treatments. Besides, 1 week before the metagenomic test results were released, her husband visited the regional hospital due to the symptoms of hip joint pain, high fever, and splenomegaly. Soon after, her husband went to the lazaretto and was diagnosed with brucellosis. Combined with the mNGS result and medical history, the patient could be diagnosed with infective endophthalmitis in the right eye, and the pathogen was Brucella melitensis.

At the same time as the diagnosis, the patient took an oral doxycycline 10mg Bid and rifampicin 900 mg once a day, Atropine sulfate eye Gel twice a day, and Tobradex eyedrops four times a day. Due to the serious long-lasting conditions, and also for better clarification of the posterior segment, the patient underwent a lensectomy and pars plana vitrectomy (PPV) with an endolaser and silicone oil placement after 6 days of oral medication. An anterior membrane of the ciliary body in 360-degrees and extensive retinal detachment along with stiffness of the retina were noted during the surgery. The vitreous proliferating membrane adhered to the retina tightly, and these were hard to separate. Besides the extraction of the lens combined with the vitrectomy, the patient underwent 360-degree retinotomy, endolaser treatment, and silicone oil placement. While the infection of the right eye was under control, the patient was discharged from the hospital and treated with continued oral medicine (doxycycline 10 mg BID and rifampicin 900 mg a day) for 3 months (Figure 4).
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FIGURE 4. Color funds photograph after the right eye PPV surgery shows the retina contraction (A). The anterior segment photograph shows cornea band-shaped degeneration 3 months later (B). Color funds photograph shows there are no significant changes of the ocular fundus after 3 months (C).


The visual acuity was light perception OD and 20/30 OS at the end of oral medicine treatment, and the titer of brucella standard tube agglutination was negative. The ophthalmologic examination showed a clear cornea, quiet anterior chamber, and retina contraction. A total of 3 months after discontinuation of drugs, the cornea appeared to show band-shaped degeneration because of the effect of aqueous humor silicone oil, and there were no significant changes of the ocular fundus (Figure 4).



DISCUSSION

Brucellosis is a systemic disease with a wide range of clinical manifestations, and it can be diagnosed by clinical criteria and serological or culture tests. When symptoms present in organs such as the eyes (in ocular brucellosis), the condition can be misdiagnosed and patients can even remain undiagnosed (11). The first case of ocular brucellosis in human bodies was reported by Lamaire in 1924 (12). The publications that discuss the ocular involvement of brucellosis are mostly case reports from endemic regions. Uveitis (anterior, middle, and posterior) is the most common ocular manifestation, and it is usually chronic (12). Uveitis caused by brucellosis can be manifested as granulomatous or non-granulomatous, which can affect a single eye and both eyes (13). The initial corticosteroid treatment can ease the symptoms, though relapses do happen. Choroiditis can also be induced by brucella, which is usually manifested as multifocal lesions or nodular or geographic changes (14). In addition, optic neuropathy has also been found in some brucella patients, which can be manifested as optic nipple hyperemia, retrobulbar optic neuritis, papilledema, and so on (15). Other manifestations of ocular brucellosis include endophthalmitis, lacrimal gland inflammation, episcleritis, keratitis, conjunctivitis, intracranial nerve palsy, and so on (16, 17). Interestingly, in most previous reports, the manifestations of ocular brucella usually appear during the chronic phase of systemic infection (12, 14, 18). There are few cases found in the initial phases.

In this case, the symptoms of ocular panuveitis are manifested at the early stage of the patient’s disease course, and they cause serious complications such as retinal detachment and cataracts in the later stage. Currently, conventional culture methods and molecular detecting technology are popularly applied to the detection of microorganisms in endophthalmitis cases (19, 20). Nevertheless, conventional culture methods are usually ineffective, especially for slow-growing and uncommon microorganisms like brucella (21). In non-epidemic areas, it could take much time to culture and identify such microorganisms. Consequently, patients could be diagnosed late or even incorrectly. For molecular detecting technology like qPCR technology and gene chips, a limited number of pathogens can be detected merely because specific primer sets are necessary (22, 23). Compared to the methods above, mNGS is superior because it is an unbiased high-throughput sequencing approach that can theoretically detect all pathogens in a clinical sample in a short space of time (10, 24). Furthermore, mNGS can provide antibiotic resistance information by comparing genes in the organisms with those in an antibiotic resistance database (9, 24, 25). In clinic, a small amount of extracted aqueous humor from puncture under slit lamp is sufficient for mNGS, which is a low-risk and convenient method compared to extracting the vitreous humor (26). Hence, mNGS is a promising diagnostic tool for patients with difficult-to-diagnose endophthalmitis, and it provides information on antibiotic resistance and visual prognosis (24, 27).

Brucella, as an intracellular gram-negative coccobacilli, usually resides in phagocytes. Therefore, drug treatments should be implemented to avoid relapses. The current recommended dosage regimen of brucellosis involves two or more antibiotics, including doxycycline, rifampin, streptomycin, gentamicin, or trimethoprimsulfamethoxazole (28). In this case, the patient received a combination of doxycycline and rifampin, lasting for 3 months. Regrettably, the patient did not receive effective antibiotic therapy because of the negative culture result. In addition to this, the early application of corticosteroids covered up the ocular condition. Therefore, although the patient was eventually diagnosed with Brucella infection, her full vision was not preserved.

In conclusion, brucella infection of the eye as the primary manifestation is rare. Moreover, this case was diagnosed by mNGS of the aqueous humor. Both systemic and topical corticosteroids should be used cautiously when intraocular infections cannot be ruled out. Besides, while brucella has a low incidence in non-epidemic areas, it should still be considered as a probable pathogen in endophthalmitis. Most of all, the advancement of the application of mNGS in difficult-to-diagnose ocular infections can achieve early diagnosis and timely treatment to obtain a better vision outcome.



DATA AVAILABILITY STATEMENT

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



ETHICS STATEMENT

This study was approved by the review board of Xuzhou First People’s Hospital.



AUTHOR CONTRIBUTIONS

HX and LZ drafted the manuscript and collected patient information. BX edited the photographs. HL and SL critically revised the manuscript for intellectual content and supervised the project. All authors read and approved the final manuscript.



FUNDING

This case research was supported by the Qingmiao Project of Xuzhou First People’s Hospital (funding number: QMHB2021026) and Xuzhou Medical Outstanding Personnel Plan (XWJC001).



REFERENCES

1. Pappas G, Papadimitriou P, Akritidis N, Christou L, Tsianos EV. The new global map of human brucellosis. Lancet Infect Dis. (2006) 6:91–9. doi: 10.1016/s1473-3099(06)70382-6

2. Musallam II, Abo-Shehada MN, Hegazy YM, Holt HR, Guitian FJ. Systematic review of brucellosis in the middle East: disease frequency in ruminants and humans and risk factors for human infection. Epidemiol Infect. (2016) 144:671–85. doi: 10.1017/S0950268815002575

3. Jiang H, O’Callaghan D, Ding JB. Brucellosis in China: history, progress and challenge. Infect Dis Poverty. (2020) 9:55. doi: 10.1186/s40249-020-00673-8

4. Rubach MP, Halliday JE, Cleaveland S, Crump JA. Brucellosis in low-income and middle-income countries. Curr Opin Infect Dis. (2013) 26:404–12. doi: 10.1097/QCO.0b013e3283638104

5. O’Callaghan D. Human brucellosis: recent advances and future challenges. Infect Dis Poverty. (2020) 9:101. doi: 10.1186/s40249-020-00715-1

6. Corbel MJ. Brucellosis: an overview. Emerg Infect Dis. (1997) 3:213–21. doi: 10.3201/eid0302.970219

7. Ulu-Kilic A, Metan G, Alp E. Clinical presentations and diagnosis of brucellosis. Recent Pat Antiinfect Drug Discov. (2013) 8:34–41. doi: 10.2174/1574891x11308010007

8. Borroni D, Romano V, Kaye SB, Somerville T, Napoli L, Fasolo A, et al. Metagenomics in ophthalmology: current findings and future prospectives. BMJ Open Ophthalmol. (2019) 4:e000248. doi: 10.1136/bmjophth-2018-000248

9. Gu W, Miller S, Chiu CY. Clinical metagenomic next-generation sequencing for pathogen detection. Annu Rev Pathol. (2019) 14:319–38. doi: 10.1146/annurev-pathmechdis-012418-012751

10. Chiu CY, Miller SA. Clinical metagenomics. Nat Rev Genet. (2019) 20:341–55. doi: 10.1038/s41576-019-0113-7

11. Hatipoglu CA, Yetkin A, Ertem GT, Tulek N. Unusual clinical presentations of brucellosis. Scand J Infect Dis. (2004) 36:694–7. doi: 10.1080/00365540410017554

12. Rolando I, Olarte L, Vilchez G, Lluncor M, Otero L, Paris M, et al. Ocular manifestations associated with brucellosis: a 26-year experience in Peru. Clin Infect Dis. (2008) 46:1338–45. doi: 10.1086/529442

13. al-Kaff AS. Ocular brucellosis. Int Ophthalmol Clin. (1995) 35:139–45. doi: 10.1097/00004397-199503530-00011

14. Rabinowitz R, Schneck M, Levy J, Lifshitz T. Bilateral multifocal choroiditis with serous retinal detachment in a patient with brucella infection: case report and review of the literature. Arch Ophthalmol. (2005) 123:116–8. doi: 10.1001/archopht.123.1.116

15. Karakurum Goksel B, Yerdelen D, Karatas M, Pelit A, Demiroglu YZ, Kizilkilic O, et al. Abducens nerve palsy and optic neuritis as initial manifestation in brucellosis. Scand J Infect Dis. (2006) 38:721–5. doi: 10.1080/00365540500466614

16. Bekir NA, Güngör K. Bilateral dacryoadenitis associated with brucellosis. Acta Ophthalmol Scand. (1999) 77:357–8.

17. Oray M, Cebeci Z, Kir N, Turgut Ozturk B, Oksuz L, Tugal-Tutkun I. Endogenous brucella endophthalmitis: a case report. Saudi J Ophthalmol. (2017) 31:106–8. doi: 10.1016/j.sjopt.2017.03.002

18. Tunç M, Durukan H. Bilateral severe visual loss in brucellosis. Ocul Immunol Inflamm. (2004) 12:233–6. doi: 10.1080/092739490500183

19. Oahalou A, Schellekens PA, de Groot-Mijnes JD, Rothova A. Diagnostic pars plana vitrectomy and aqueous analyses in patients with uveitis of unknown cause. Retina. (2014) 34:108–14. doi: 10.1097/IAE.0b013e31828e6985

20. Taravati P, Lam D, Van Gelder RN. Role of molecular diagnostics in ocular microbiology. Curr Ophthalmol Rep. (2013) 1:10. doi: 10.1007/s40135-013-0025-1

21. Memish Z, Mah MW, Al Mahmoud S, Al Shaalan M, Khan MY. Brucella bacteraemia: clinical and laboratory observations in 160 patients. J Infect. (2000) 40:59–63. doi: 10.1053/jinf.1999.0586

22. Anand AR, Madhavan HN, Therese KL. Use of polymerase chain reaction (PCR) and DNA probe hybridization to determine the Gram reaction of the infecting bacterium in the intraocular fluids of patients with endophthalmitis. J Infect. (2000) 41:221–6. doi: 10.1053/jinf.2000.0731

23. Brunetto GS, Massoud R, Leibovitch EC, Caruso B, Johnson K, Ohayon J, et al. Digital droplet PCR (ddPCR) for the precise quantification of human T-lymphotropic virus 1 proviral loads in peripheral blood and cerebrospinal fluid of HAM/TSP patients and identification of viral mutations. J Neurovirol. (2014) 20:341–51. doi: 10.1007/s13365-014-0249-3

24. Zhu J, Xia H, Tang R, Ng TK, Yao F, Liao X, et al. Metagenomic next-generation sequencing detects pathogens in endophthalmitis patients. Retina. (2022). doi: 10.1097/IAE.0000000000003406 [Epub ahead of print].

25. Doan T, Pinsky BA. Current and future molecular diagnostics for ocular infectious diseases. Curr Opin Ophthalmol. (2016) 27:561–7. doi: 10.1097/ICU.0000000000000311

26. Gonzales J, Doan T, Shantha JG, Bloomer M, Wilson MR, DeRisi JL, et al. Metagenomic deep sequencing of aqueous fluid detects intraocular lymphomas. Br J Ophthalmol. (2018) 102:6–8. doi: 10.1136/bjophthalmol-2017-311151

27. Valdes L, Bispo P, Sobrin L. Application of metagenomic sequencing in the diagnosis of infectious Uveitis. Semin Ophthalmol. (2020) 35:276–9. doi: 10.1080/08820538.2020.1818795

28. Franco MP, Mulder M, Gilman RH, Smits HL. Human brucellosis. Lancet Infect Dis. (2007) 7:775–86. doi: 10.1016/S1473-3099(07)70286-4


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 Xi, Zhang, Xu, Liu and Li. 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/images/fmed-09-847143-g001.jpg





OPS/images/fmed-09-847143-g003.jpg
Reads number

Brucella melitensis 25.8798% coverage

60 -

H
o
'

20 -

0 100 200 300
Nucleotide position along Brucella melitensis (10K)

microbe (n=13762 reads)
Brucella_melitensis (n=13660, 89.26%)
SR Propicnibacterium_acnes (n=27, 0.2%)
| Delftia_acidovorans (n=14, 0.1%)

. Others (n=61, 0.44%)





OPS/images/fmed-09-847143-g002.jpg
Gain:105dB Gain:105dB JOD/Right

S B EEE s 3V NN o B ian 3 r T T LY """"T'Y’Y'V_?‘ | B B S AL T 2 v e nEE rn s BRR G S50 SR QI B Sou Smw e | r e g Y AR Y. V"T‘Y—Y_r_"_T‘Y—'_ T"1_T_'_T"V‘T-Yﬁ" LE V‘Y_Y_'_Y‘V'T-Y—f e g i





OPS/images/cross.jpg
3,

i





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Metagenomic Next-Generation Sequencing to Investigate Infectious Endophthalmitis of Brucella: A Case Report



		INTRODUCTION



		CASE DESCRIPTION



		DISCUSSION



		DATA AVAILABILITY STATEMENT



		ETHICS STATEMENT



		AUTHOR CONTRIBUTIONS



		FUNDING



		REFERENCES

















OPS/images/fmed-09-847143-g004.jpg





OPS/images/cover.jpg
, frontiers
in Medicine

Metagenomic Next-Generation
Sequencing to Investigate
Infectious Endophthalmitis
of Brucella: A Case Report









OPS/images/logo.jpg
’ frontiers
in Medicine





