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Abstract: Ocular lesions due to Brucella infection are uncommon and easily overlooked in clinical management, but must be
differentiated from non-infectious eye diseases and treated promptly to protect the patient’s vision. We reviewed the relevant literature
and identified 47 patients with ocular complications of Brucella infection. Among them, 28 showed ocular neuropathy, 15 presented
with uveitis, and four patients displayed other ocular symptoms. Ocular symptoms accompanying Brucella infection require prompt
diagnosis and treatment. The main methods of diagnosis are intraocular fluid tests and blood tests. Early diagnosis and treatment with
suitable antibiotics are central to protecting the patient’s vision. Notably, in terms of mechanism of injury, Brucella infection is chronic
and cannot be eliminated by phagocytes, and can cause damage to the eye by inducing autoimmune reactions, antigen-antibody
complex production, release of endogenous and exogenous toxins, and bacterial production of septic thrombi in the tissues. In this
review, we summarize the ocular symptoms, diagnosis, treatment and prognosis of Brucella infection, and discuss the mechanisms of
Brucella in ocular lesions, providing a reference for the diagnosis and treatment of Brucella ocular lesions.
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Introduction

Brucellosis is a zoonotic disease that can be transmitted from animals to humans by direct or indirect contact with
infected animals or their products, for example, through ingestion of raw milk or other unpasteurised milk products.'™
Other common routes of infection in humans include local cuts and abrasions, infection via the conjunctival sac of the
eye, or inhalation of aerosols.* Brucellosis is caused by pathogenic bacteria of the genus Brucella, classically described
as six species, four of which are recognised as zoonotic: Brucella melitensis, Brucella abortus, Brucella canis and
Brucella suis. Most cases of brucellosis are associated with B. melitensis, which is due to the presence of many
virulence-associated factors.”® In humans infected with this Gram-negative bacterium, the disease may cause a wide
range of symptoms in the nervous system, musculoskeletal system and heart, ranging from mild flu-like symptoms to
systemic manifestations with severe complications. The clinical signs and symptoms of brucellosis are not clearly
specific and the diagnosis relies on a combination of clinical manifestations such as fever, epidemiological and
serological findings.” The use of anterior chamber water to detect Brucella antibodies was used earlier, but there may
be cases where the anterior chamber water dose is not sufficient for detection.® These can be combined with ocular
symptoms, which may include ocular uveitis, optic papilloedema and keratitis.’ In this study, we reviewed patients with

Brucella infection presenting with ocular symptoms, to investigate the pathogenesis of Brucella spp. and the possible
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mechanisms of action relating to ocular infection. This review is also intended to serve as a reference for the management
of ocular lesions occurring with Brucella infection.

Literature Review

We searched PubMed for articles related to Brucella infection-caused ocular lesions. The search formula used was:
(((((((((((papilledema) OR (keratitis)) OR (neuritis)) OR (uveitis)) OR (optic neuritis)) OR (Endophthalmitis)) OR (eye))
OR (ocular)) OR (ophthal*)) OR (eyeball)) OR (optic nerve)) AND (brucell*). We included only reports from 1950—
2022, excluding those not written in English. Patients were included in the review if Brucella infection was found at the
time of diagnosis in combination with ocular symptoms. The following data were collected: age, sex, site of ocular
Brucella infection, systemic infection, treatment modality and treatment outcome.

Results and Discussion

The initial search returned 286 records, and a total of 87 articles met our inclusion criteria after screening by title, abstract
and article content. We thereby identified 47 patients with ocular lesions associated with Brucella infection (Table 1). The
average age of the patients at the time of presentation was 27.9 years. There were 28 cases of ocular neuropathy, 15 cases
of uveitis, and four cases of other ocular lesions.

B. melitensis is a Gram-negative bacillus and an intracellular bacterium that accounts for approximately 70% of
Brucella infections.”” The most common symptoms of B. melitensis infection in adults are arthralgia, fever, malaise,
sweating, lethargy, myalgia and tremor.”®>° The most frequent ocular complications associated with brucellosis are optic
neuropathy, uveitis, cataracts, vitreous lesions, ocular atrophy, macular degeneration, glaucoma, retinal neovascularisa-
tion and retinal detachment by retraction.®®®' Other, less frequent, complications include dacryocystitis and lacrimal
ductitis.*® Ocular uveitis caused by Brucella infection most often manifests as posterior uveitis, followed by total
uveitis.** In this review, by exploring the relevant literature, we will describe the infectious process and consider
possible mechanisms associated with ocular pathogenesis in brucellosis.

From the risk factors of the patients included in this study, the majority of patients had a clear history of exposure,
such as consumption of unpasteurized milk and cheese products, a history of working in animal husbandry and a history
of travel to areas with developed animal husbandry, and only a few patients had no clear history of exposure, but the
patients themselves lived in infected areas. Brucella infection is associated with exposure to diseased animals and
consumption of unpasteurized milk and cheese products, and veterinarians, laboratory workers, slaughterhouse workers
and farmers are at higher risk of developing the disease compared to the normal population.”’**> Therefore, the patient’s
past history is also an important reference for the diagnosis of Brucella infection.

Brucella infection generally occurs through either direct contact with infected animals, or contact with the secretions
of infected animals. Although some studies have shown that Brucella can invade the respiratory tract and the oral,
conjunctival, lacrimal, vaginal and foreskin mucosa, the exact mechanism of epithelial cell invasion in these tissues is
currently unknown.** Brucella infection can be divided into three stages. First, the pathogen invades the host within two
days of infection. In the second stage, known as the acute phase of the infection, the pathogen replicates in the
reticuloendothelium and in different organs of the reproductive system, usually between two days to three weeks post-
infection. In the third stage, known as the chronic phase, the pathology varies in different tissues and can last from six
months to one year or more.*>¢¢

The main pathogenic mechanism of B. melitensis is invasion of host cells, which relies on a variety of virulence
factors released by the bacterium, enabling the pathogen to evade clearance by the host’s immune defences. Thus,
B. melitensis can survive, replicate and proliferate inside host cells, then enter organs and tissues through macrophages to
form foci of infection, or migratory foci.®” For example, B. abortus is naturally resistant to killing by neutrophils,
macrophages and dendritic cells.®**° When brucellae enter the body, these are the major phagocytic cell types that engulf
and internalise the invading bacteria, and together, they constitute the primary host cells for Brucella replication.”
Internalisation results in intracellular Brucella-containing vesicles that interact with components of the endocytic and
secretory pathways, such as early endosomes and vacuoles, which intersect with bacterial replication inside the
endoplasmic reticulum. In this process, the bacteria avoid fusion with lysosomes, not only prolonging the survival of
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Table | Summary of 47 Patients with Brucella Infection Causes Eye Disease

Number Reference Sex Age Ophthalmic Contact Systemic BCVA (Pre- BCVA Laboratory Examination Therapeutic Medication Treatment
(Years) Diagnosis History Symptoms Treatment) (Post- Method Time Effect
Treatment) Brucella Blood Other
SAT Cultures Examination
Titre
| Sarmiento F 18 Papilledema, Consuming Fever, tachypnea - - - Brucella - Ceftriaxone, 5.5 months Asymptomatic
etal' Cranial nerve unpasteurized and tachycardia species rifampin and
VI palsy (OU) cheese doxycycline
2 Havali et al'' M I Papilledema Consuming Fever, arthralgia 0.02/HM 0.06/0.15 - - CSF PCR was Doxycycline, 2 months Asymptomatic
[(elV)] unpasteurized and weakness positive for Brucella rifampicin and Optic atrophy
cheese ceftriaxone
3 Turel et al'? F 6 Cranial nerve Consumption of Fever, headache, - - 1:360 Brucella - Trimethoprim, 2 months Asymptomatic
VI palsy (OU) ice cream made and pain on the species ceftriaxone,
from right leg sulfamethoxazole
unpasteurized and rifampicin
milk
4 Geng et al'? - 5 Papilledema, Consuming Fever, - - 1:25 Brucella CSF mNGS was Rifampicin, 2 months Asymptomatic
Keratitis (OU) unpasteurized drowsiness and species positive for Brucella sulfamethoxazole
goat milk irritability and ceftriaxone
5 Mergen F 25 Papilledema Living in Weakness and - - 1:360 - CSF cultures was Doxycycline, 6 months Without
etal* (OU), Cranial a brucellosis numbness in positive for Brucella rifampin,
nerve VI palsy endemic area lower limbs cotrimoxazole, and
(OD) dexamethasone
6 Bains et al'® M 50 Papilledema Consuming Fevers, headache - - 1:320 Brucella - Ceftriaxone, 3 months Asymptomatic
[(elV)] unpasteurized and body aches species doxycycline and Optic atrophy
cheese rifampin
7 Sharma M 10 Papilledema Living in Fevers, body - - 1:1280 Brucella - Doxycycline, 6 months Asymptomatic
etal'® (OL) a brucellosis ache and joint species rifampicin, and
endemic area pains trimethoprim
sulfamethoxazole
8 Dar et al'’ F 20 Papilledema Domesticated Fever, headache, - - - Negative CSF cultures was Doxycycline, | month Symptom
(0S) animal contact and weakness of positive for Brucella rifampicin, and relief
history lower limbs ceftriaxone
9 Ibrahimagic F 49 Papilledema, History of Headache, - - - - Serum ELISA test Doxycycline, 2 months Asymptomatic
etal'® Cranial nerve frequent weakness and was positive for rifampicin, and
VI palsy exposure to vomiting Brucella trimethoprim
sheep sulfamethoxazole
10 Tajdini etal'® F 25 Papilledema History of travel Chronic - - 1:2650 - Brucella (capt test) Cefteriaxone, | month Asymptomatic
(0S) in rural areas headache was positive doxycycline and
rifampin
I Akhondian F I Papilledema Consuming Fever, headache - - - Negative CSF serologic was Gentamicin, 3 months Asymptomatic
et al® (0S) unpasteurized positive for Brucella Rifampin,
cheese trimoxazole and
doxycycline
12 Tugeu et al®! F 27 Papilledema, Living in Headache CF10cm/CF30cm CF2m/CF2m - Negative Wright agglutination Rifampin, 3 months Asymptomatic
Cranial nerve a brucellosis test was positive for | doxycycline and Optic atrophy
VI palsy (OU) endemic area Brucella cotrimoxazole
13 Sinopidis M 4 Papilledema Living in Vomiting and - - - - Wright agglutination | Gentamicin, 4 months Asymptomatic
et al” (OS) a brucellosis headaches test was positive for | doxycycline,
endemic area Brucella cotrimoxazole and
rifampicin
14 Marques F I Papilledema Consumption of Headache 0.6/- Vision 1:640 - CSF PCR was Doxycycline and 6 months Asymptomatic
et al® (OD) unpasteurized recovery negative for Brucella | rifampicin
dairy products

(Continued)
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Table 1 (Continued).

Number Reference Sex Age Ophthalmic Contact Systemic BCVA (Pre- BCVA Laboratory Examination Therapeutic Medication Treatment
(Years) Diagnosis History Symptoms Treatment) (Post- Method Time Effect
Treatment) Brucella Blood Other
SAT Cultures Examination
Titre

15 Sahin et al** F 28 Papilledema Living in Headache, fever, 0.05/0.4 1.0/1.0 1:320 Negative CSF agglutination Rifampicin and 6 months Asymptomatic
(OU), Cranial a brucellosis sweating and titer was positive doxycycline
nerve VI palsy endemic area neck stiffness for brucella
(OD)

16 Sahin et al*® F 23 Papilledema Living in Headache, - CFlm/ 1:160 - CSF Coombs Rifampicin, 6 months Asymptomatic
(OU), Cranial a brucellosis nausea and CFl.5m agglutination test doxycycline and Optic atrophy
nerve VI palsy endemic area vomiting was positive for cotrimoxazole
(0S) brucella

17 Tonekaboni M 13 Normal (Optic Consumption of Fever, loss of NLP/- CF0.5m /- - - Wright agglutination Doxycycline, 12 months Asymptomatic

etal® chiasma unpasteurized hearing and leg test was positive for | rifampin, No
compression) dairy products pain Brucella trimethoprim- improvement
sulfamethoxazole of hearing
and ciprofloxacin

18 Vinod et al”’ M 45 Normal History of Dry cough, NLP/NLP CF2foot/ 1:40 Brucella CSF was negative Doxycycline, 1.5 months Asymptomatic
(Cerebral contact with headache, and CF2foot species for Brucella rifampicin and
infarction) infected animals fever streptomycin

19 Miyares M 35 Papilledema Living in Headache 1:640 Negative CSF was positive for | Doxycycline, 1.5 months Optic atrophy

et al?® (OU), Cranial a brucellosis Brucella streptomycin and
nerve VI palsy endemic area rifampicin
(©9)
20 Karakurum M 38 Papilledema Living in - 0.1/1.0 0.5/1.0 1:1280 - CSF 1gG and IgM Ceftriaxone, | month Asymptomatic
etal® (OS), Cranial a brucellosis was positive for rifampicin and
nerve VI palsy endemic area Brucella doxycycline
(©9)

21 Levy et al*® F 6 Papilledema Consuming Headache, fever - 1.0/1.0 1:160 Brucella CSF was positive for | Trimethoprim- | month Asymptomatic
(OL) unpasteurized and vomiting species Brucella sulfamethoxazole,

goat milk rifampin and
doxycycline

22 Karapinar F 15 Normal Living in Fever NLP/NLP Normal 1:40 Brucella - Rifampicin, 3 months Asymptomatic

etal®! a brucellosis species doxycycline and
endemic area streptomycin

23 Tunc et al*? M 19 Papilledema, Medical history Fever, fatigue, LP/LP HM/HM 1:640 Negative Rose-Bengal test Doxycycline, - Asymptomatic
Serous retinal of brucellosis headache was positive for rifampin Optic atrophy
detachment Brucella, CSF
(OL) culture was negative

24 biftci et al*? F 25 - Medical history Headache, - - 1:320 Negative CSF was positive for | Tetracycline and 2.5 months Asymptomatic

of brucellosis generalized Brucella trimethoprim-
weakness, sulfamethoxazole
amenorrhoea
and
galactorrhoea

25 Esteavo M 8 Cranial nerve VI His parents were | Headaches and - - - Brucella CSF was positive for | Rifampicin and 1.5 months Asymptomatic

etal®* palsy (OU) shepherds vomiting species Brucella doxycycline

26 Elrazak F 13 Papilledema Consuming Fever and 1.0/NLP 1.0/1.0 1:640 - - Tetracycline 2 months Asymptomatic

etal®® (0S) unpasteurized headaches hydrochloride,
goat milk Prednisone
(2weeks)
27 Guvenc M 4 Papilledema Living in Weakness, fever, - - 1:320 Negative CSF was negative Tetracycline and 3 weeks Asymptomatic
et al*® (0S) a brucellosis nausea and for Brucella streptomycin
endemic area vomiting,
headache
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28 Diaz Espejo 47 Papilledema, Consuming Headache - - 1:400 Negative - Doxycyclin and 3 months Asymptomatic
etal’’ Cranial nerve VI unpasteurized streptomycin
palsy (OU) goat milk
29 Xi et al*® 57 Uveitis (OU) She is the Knee and waist LP/ 2/3 HM/ 2/3 1:25 - mNGS was positive Doxycycline and 3 months Asymptomatic
shepherd pain for Brucella rifampicin
30 AlMutairi 31 Uveitis (OU) Consuming Bilateral knee 0.2/0.05 0.5/0.125 1:80 Negative - Doxycycline and 1.5 months Asymptomatic
et al®’ unpasteurized pain, fever, and rifampicin
goat milk upper
respiratory
infection
31 Adusumilli 71 Serous He is the Fever with chills, 0.25/0.25 1.0/1.0 - - Brucella IgM Rifampicin and 1.5 months Asymptomatic
et al* choroidal shepherd malaise, and antibody was doxycycline
detachment nausea positive
(S)]
32 Oray et al*! 26 Uveitis (OS), Consuming Weight loss and 1.0/0.6 1.0/0.1 - Positive - Doxycycline, 6 months Asymptomatic
Exudative retinal unpasteurized fatigue trimethoprim-
detachment goat milk sulfamethoxazol
(0S) and rifampicin
33 Al-Kharashi 18 Endogenous Living in Fever and 1.0/CF 1.0/0.13 - - Vitreous sample was Doxycycline and 3 months Asymptomatic
et al”? endophthalmitis a brucellosis weakness positive for Brucella rifampicin
(0S) endemic area
34 Akyol et al® 28 Uveitis Consuming Backache and hip - - 1:640 Rifampicin and 2 months Asymptomatic
unpasteurized pain doxycycline
goat milk
35 Mohammadi 7 Uveitis (OS) Consuming Werist pain, fever 1.0/0.05 1.0/1.0 - - 2-ME brucella test Rifampin and 2 months Asymptomatic
et al* unpasteurized and anorexia (1/160), Wright test | sulfadiazine
cheese (1/160) and Combs trimethoprim
Wright (1/320)
36 Rabinowitz 39 Uveitis (OU), Consuming - 0.025/1.0 0.6/0.6 1:160 Negative - Streptomycin 1.5 months Asymptomatic
etal® Exudative retinal | unpasteurized sulfate and
detachment goat milk doxycycline
(V)
37 Hatipoglu 56 Uveitis Living in Fever, knee and - - 1:640 - - Streptomycin, 6 months Asymptomatic
etal* a brucellosis back pain rifampicin and
Case | endemic area doxycycline
37 Hatipoglu 30 Ubveitis Living in - - - 1:2560 - - Streptomycin and 3 months Asymptomatic
et al* a brucellosis tetracycline
Case 2 endemic area
38 Akduman 16 Uveitis (OU) Consuming Fever, sweating, HM/HM FC2m/FC 1:20 - Agglutination titer Doxycycline and - Optic nerve
etal”’ unpasteurized malaise, joint and 2m for aqueous humor Rifampicin damage
milk muscle pain was 1:40 and for
vitreous was |:640
39 Walker 56 Uveitis (OU) Travel to many Fevers, night 0.4/0.5 - 1:640 - - Tetracycline 2 weeks Asymptomatic
et al*® rural areas sweats, and right
upper quadrant
pain
40 Gasser 52 Uveitis (OD) Living in Suspected tumor 0.3/- 0.7/- 1:320 - Brucella found in Doxycycline and 1.5 months Asymptomatic
et al* a brucellosis sited left breast. necrotic material streptomycin
endemic area culture
41 Tabbara 34 Uveitis (OS Consumin; Headache, 1.0/0.2 1.0/0.3 1:1644 Negative Culture of Streptomycin, 3 months Asymptomatic
g 8 ptomy ymp
et al*® unpasteurized Paravertebral paravertebral doxycycline and Posterior
milk abscess abscess showed rifamycin lenticular
Brucella subcapsular
opacities
(Continued)
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Table 1 (Continued).

Number Reference Sex Age Ophthalmic Contact Systemic BCVA (Pre- BCVA Laboratory Examination Therapeutic Medication Treatment
(Years) Diagnosis History Symptoms Treatment) (Post- Method Time Effect
Treatment) Brucella Blood Other
SAT Cultures Examination
Titre
42 Rolando F 59 Uveitis (OS), Living in Pain in lumbar 0.5/FC - 1:1256 - - Rifampin 2 months -
etal® Exudative retinal | a brucellosis spine, arthralgia, doxycycline and
detachment endemic area and fever prednisone
(©5)
43 Lidgett M 24 Uveitis (OD) He is poultry Fever 0.5/- 1.0/- 1:160 - - Tetracycline - Asymptomatic
et al*? farmer hydrochloride and
streptomycin
44 Bhasin M 33 Cystoid macular Living in Fever with chills, 0.08/0.5 0.5/0.3 - - Brucella antigen Plasma exchange - Asymptomatic
etal® edema (OU) a brucellosis itching all over (IgG) was positive
endemic area body
45 Vempuluru M 58 Canaliculitis He is a farmer - - - - - Brucella was found Chloramphenicol 1.5 months Asymptomati
etal™* (OD) in lacrimal duct pus
and stone culture
46 Imamura M 35 Blepharoptosis Travel history to Fever - - - Negative 1gG serum titer was Doxycycline - Asymptomatic
et al*® (0S) Vietnam elevated for Brucella
at 0.91 mg/dL
47 Bekir et al*® M 16 Dacryoadenitis Medical history Fever, malaise, 1.0/1.0 - 1:640 Negative Brucella can be seen Rifampin and 3 months Asymptomatic
(OD) of brucellosis generalized in lacrimal gland doxycyclin
arthralgia, secretion culture
sweating and low
back pain
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macrophages but also promoting dendritic cell maturation.”"”® Brucella ends its intracellular cycle by recruiting
components of the autophagic apparatus to the vacuole, to complete the replication process via bacterial egress and
enable infection of neutrophils and other cells.”*”*

Once Brucella enters neutrophils, it survives in the phagosome and persists for a period of time, resisting the
bactericidal activity of these leukocytes.”” After infecting immune cells, the pathogen will next move to the regional
lymph nodes, but the infected host will not yet show signs of disease.’® Finally, Brucella spreads through the systemic
lymphatic circulation to different organs of the reticuloendothelial system, including the lungs, spleen, liver, bone
marrow, and even the eyes.”’

In summary, pathogenic brucellae enter host cells, exert self-protective mechanisms to avoid being broken down by
lysosomes, and then enter the next phase to infect the target organs after replication is completed. The host’s immune
system cannot effectively eliminate the pathogen and block the infection process (Figure 1). Brucella infections exhibit
a range of non-characteristic symptoms such as fever, arthralgia, myalgia, headache and neurological deficits, making

~Mucosafmembranes

Neutrophil Macrophage Dendritic cells
\ J

R Y
(//*i\{)

Lymph nodes
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|/ Eye
Lung ' ’
4
< Liver
) A
Spleen
g - Z

Bone marrow

Figure | Route of Brucella infection. Infection first occurs through the mucous membranes; once inside the body it is engulfed by phagocytes, such as macrophages,
neutrophils and dendritic cells. The bacteria replicate within these cells before moving to regional lymph nodes and then spreading to different organs such as the eye, lung,
spleen, liver and bone marrow.
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them difficult to diagnose. However, if diagnosis or therapeutic intervention is not properly managed, the bacteria may
invade and replicate inside vital organs—such as the bone marrow, heart and brain—leading to severe systemic reactions,
and perhaps even the death of the patient.”® Therefore, early and definitive diagnosis of brucellosis, along with targeted
pharmacological treatment, is of considerable clinical significance and can reduce the occurrence of serious complica-
tions in affected patients.

Effect of Neurobrucellosis on the Ocular Nerves

The incidence of neurobrucellosis in Brucella infection is 0.5-25%, and its clinical manifestations include meningitis,
meningeal vascular involvement, parenchymal brain dysfunction, peripheral neuropathy, and behavioural abnormalities
of varying severity.””*° Previous studies on Brucella brain infections have shown that pathogenic bacteria reaching the
reticuloendothelial system can enter the circulation and spread to the meninges, causing meningitis or
meningoencephalitis.®’ The toxins released cause endothelial damage leading to arteritis and cerebral ischemia, and
which can also result in vascular occlusion causing cerebral infarction.?’

Pathogenesis and Clinical Manifestations of Neurobrucellosis

Brucella can provoke an inflammatory response at the site of the lesion by direct action, but also by secreting cytokines
and endotoxins that affect the structure and function of the peripheral nerves, spinal cord, meninges or blood vessels.****
Thus, the pathogenesis of Brucella infection leading to neuropathy is thought to be mediated by the action of cytokines or
bacterial endotoxins on neuronal tissue, cytotoxic T lymphocytes, and immune mechanisms that cause demyelinating
lesions in the brain and spinal cord white matter.***> The above mechanisms of injury may lead to perivascular
infiltration of monocytes, lymphocytes and macrophages. In turn, cellular infiltration can contribute to intimal oedema
and proliferative neuropathy, resulting in segmental demyelination, remyelination, axonal degeneration and proliferative
neuropathy.®> Brucella infection causes an immune-mediated response in the central nervous system, resulting in
vasculopathy not only associated with cranial neuropathy, but also closely related to optic nerve-related diseases.'*

Thus, Brucella can cause damage not only to the brain and peripheral nervous system, but also to the optic nerve,
usually manifesting as optic nerve oedema.'® Optic neuritis, abducens nerve palsy and other cranial nerve involvement
may therefore be part of the neuropathy of brucellosis. Cranial nerve involvement in brucellosis mainly includes the
trigeminal, facial, abducens, actinic or optic nerves. Neurobrucellosis can involve any one of these nerves, either alone or
in combination.?**® Optic disc oedema may occur due to axoplasmic congestion of unmyelinated axons of the optic
nerve papillae, secondary to inflammation associated with demyelination behind the optic nerve bulb. In terms of ocular
neuropathies, the most susceptible ocular nerves are the optic and abducens nerves.®” Thus, brucellosis complications can
include optic neuritis and abducens nerve palsy/paralysis, but the mechanisms are not understood.

In the event of optic nerve oedema due to Brucella infection, one of the possible pathogeneses is vasculitis,
a characteristic manifestation of brucellosis.® The prognosis for patients with optic nerve papilloedema secondary to
vasculitis is relatively poor, and most will eventually develop optic nerve atrophy.>> In addition to optic nerve injury due
to vasculitis, increased intracranial pressure due to Brucella infection can also lead to optic nerve papillary oedema and
elevated cerebrospinal fluid (CSF) pressure. This generally has less effect on visual acuity and pupillary reflexes, unlike
optic neuritis due to vasculitis, which exhibits relatively more afferent pupillary disturbance and significant vision
loss.®**? Thus, unlike optic nerve oedema due to vasculitis, patients with optic papilloedema due to increased intracranial
pressure can be more effectively treated.

One previous report concerned a 14-year-old female patient presenting with increased intracranial pressure and
strabismus, with bilateral abducens nerve involvement and bilateral papilloedema, who had normalised vision and
reduced papilloedema when followed up after six months of treatment.”® Akhondian showed that increased intracranial
pressure in an 11-year-old child, accompanied by optic papilloedema and blurred vision, was due to brucellosis and that
visual acuity recovered and optic papilloedema subsided after one month of treatment.”® Therefore, the treatment
outcomes for optic neuritis and optic nerve oedema caused by Brucella infection differ considerably, and the presence
of combined vascular inflammation may be an important indicator when evaluating visual prognosis.
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As well as vision loss due to optic nerve oedema, another important neurological symptom of Brucella infection of
the eye is ocular abducens nerve palsy. The abducens nerve is one of the cranial nerves, and cranial nerve palsy may be
due to endotoxin-induced spasm involving the central auditory pathway, or ischemia of the nerve tissue. The abducens
nerve (also known as the sixth cranial nerve, or cranial nerve VI) has the longest intracranial course and is susceptible to
direct or indirect injury, for example, through microvascular infarction or direct compression.'"*! Furthermore, abducens
nerve palsy may have a similar pathogenesis to optic neuritis—including intracranial meningeal inflammation leading to
meningeal infection—given the fact that Brucella can attack Schwann cells after reaching the neuraxis via the circulatory
system or lymphatic system, leading to demyelination.”® Since the abducens and optic nerves are among the cranial
nerves, the mechanism of occurrence may be similar to that of optic neuritis, and we believe that vascular inflammation
may also be involved in the pathology of abducens nerve palsy.

Although any meningitis can cause abducens nerve palsy through direct inflammation, increased intracranial pressure,
or both, one study found that brucellosis patients can develop abducens nerve palsy before the onset of meningitis
symptoms. This suggests that cranial nerve involvement and symptom onset may precede meningeal infection.'’
Furthermore, abducens nerve palsy can also occur during neurobrucellosis drug treatment.”” Sahin et al additionally
showed that Brucella infection may negatively affect multiple cranial nerves, including the optic, vestibulocochlear and
abducens nerves.””> Therefore, patients with acute abducens nerve palsy should undergo a thorough neurological and
medical evaluation. Myasthenia gravis, paraneoplastic diseases, trauma, and tumours should be prioritised; and syphilis,
nodal disease, and Lyme disease may be rare etiologies.”* Neuroimaging and CSF analysis are recommended when other
neurological symptoms are present. When the diagnosis is unclear, the possibility of Brucella infection must be
considered in patients from endemic areas and with a history of possible exposure.

In summary, the possible pathogeneses of ocular neuropathy caused by Brucella may be briefly explained as

follows.323%:60

1. Optic nerve and abducens nerve infection may be an extension of meningeal infection secondary to inflammation
of the meninges.

2. Brucella can reach the nervous system early in sepsis through the bloodstream, or during the chronic phase
through the bloodstream or lymphatic system. The pathogen attacks and destroys Schwann cells, leading to
demyelination. The damaged Schwann cells release antigens which in turn trigger an autoimmune response,
causing the body’s immune system to attack Schwann cells directly.

3. Nerve infection is a vascular inflammatory process in which bacterial antigens, antibodies and complement
complexes accumulate in the vascular nerves. This induces vascular and perivascular infiltration of monocytes,
lymphocytes and macrophages.

4. Brucella infection directly releases large amounts of endogenous and exogenous toxins. Brucella endotoxin acts
mainly on the cell membrane of Schwann cells, or on the capillary endothelium of vascular nerves, provoking
vascular and perivascular inflammatory responses. Furthermore, antibodies produced against endogenous and
exogenous toxins can reach Schwann cells through the blood—nerve barrier, and may act in concert with
endotoxins to deposit immune complexes and cause direct damage to the neurovasculature.

Detection Method of Neurobrucellosis

Brucella detection relies mainly on biochemical tests, including microbiological culture, serological tests (Coombs test,
immunocapture agglutination, Brucellacapt, enzyme-linked immunosorbent assay and indirect fluorescent antibody test) and
molecular tests (real-time PCR).”> Neurobrucellosis is difficult to diagnose definitively in clinical care, because it is based on
positive CSF bacterial cultures or elevated titres of any Brucella antibodies, and abnormal CSF measurements: CSF cell count
>10%/L, decreased glucose and increased protein.”®®’ In addition, In the detection of Brucella abortus, the accounting
amplification test assay is also one of the commonly used methods. These include conventional PCR methods, in-house
PCR, nested PCR, PCR enzyme immunoassay in microplate format, real-time PCR, quantitative RT-PCR and multiplex real-
time PCR.”*'°! Recently, a new method based on loop-mediated isothermal amplification was used for Brucella detection.'**

Besides, although in vitro bacterial culture is the gold standard for diagnosis of neurobrucellosis, the culture positivity rate is
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193 Moreover, brucellae take a long

quite low (<15%) and can easily result in false-negative results in clinical management.
time to culture, and this may delay patient treatment while waiting for the results. Particularly in countries where Brucella
infection is endemic, diagnosis therefore needs to be based on screening for a history of ingestion of unpasteurised cow’s or
goat’s milk, or other dairy products, or exposure to raw lamb, excluding other clinically important etiologies.

In neurobrucellosis, detection of Brucella requires screening for the bacterium in blood, bone marrow or CSF. Serum
and CSF titres above 1:160 and 1:80, respectively, and CSF abnormalities manifesting as increased protein and
lymphocytosis, strengthen the sensitivity of laboratory diagnosis.”®'**'%> At present, neurobrucellosis has neither
a typical clinical presentation nor a specific CSF presentation by which to make a clear clinical diagnosis,'® and
treatment with doxycycline prior to lumbar puncture may also result in a negative CSF culture.'® Therefore, the timing of
the test is crucial for diagnosis. Since it is difficult to isolate and culture Brucella from blood and CSF, serological tests
for IgG and IgM are also important.'®’

In areas of brucellosis outbreaks, greater caution is needed in the treatment of optic neuritis, requiring associated
imaging and exclusion of those with clinical suspicion of neuromyelitis optica. It is important to bear in mind that
neurobrucellosis may cause similar signs and symptoms of increased intracranial pressure, and thus, optic neuritis.**'%®
Therefore, determination of CSF pressure by lumbar puncture is necessary for a definitive diagnosis in patients suspected
of having increased intracranial pressure leading to optic nerve oedema. In addition, PCR diagnostic methods are
considered to be as sensitive and accurate as the blood culture technique.'® In recent years, metagenomic next-
generation sequencing (mNGS), a new detection technology, has also been applied. It requires only a small amount of
intraocular fluid for high-throughput analysis, and detection is fast and sensitive with the results obtained within three
days.'® Thus, the test may serve as a new and effective method for the diagnosis of neurobrucellosis, and ongoing
advances in testing methods may offer improved assistance for the diagnosis and treatment of patients with Brucella

infection.

Treatment of Neurobrucellosis

In neurobrucellosis, intracranial hypertension secondary to optic nerve atrophy rarely leads to persistent vision loss,
although it has been reported in more than 50% of cases. With appropriate antibiotic treatment, however, there is usually
complete regression without loss of vision.''” If patients are not diagnosed and treated promptly, optic nerve atrophy
secondary to optic nerve papilloedema can lead to severe visual impairment that cannot be recovered, and permanent
vision loss.?® This may be related to blockage of the fast and slow phase of axial blood flow associated with optic nerve
papilloedema, which in turn leads to impairment of normal physiological activity of the nerve, inducing optic atrophy.
Therefore, prompt initiation of medication is required for neurological symptoms of brucellosis.

Furthermore, Brucella infection can cause multisystemic lesions and has a prolonged disease course, so treatment
requires long-term drug therapy. Although there are no clinical trials to guide optimal treatment, the combination of
doxycycline and rifampin is effective.''""''? Use of ciprofloxacin in addition to doxycycline and rifampicin was found to
be more successful in clinical treatment of neurobrucellosis.''* However, there is a special consideration in the treatment
of central nervous system complications of brucellosis; namely, how to achieve high drug concentrations in the CSF
following administration. It was recently reported that treatment success is significantly higher with intravenous
ceftriaxone-based regimens than with oral regimens. It has been suggested that ceftriaxone is more efficacious in
brucellosis, possibly due to the high rate of free diffusion of the drug in the humoral circulation.''* Therefore, whether
a regimen of ceftriaxone combined with ciprofloxacin and rifampicin might be more effective for patients with combined
neuroleptic brucellosis is an open question, and a direction that needs further investigation. In addition, future studies
should address how ceftriaxone, doxycycline, ciprofloxacin and rifampicin can be best used in combination for optimal
treatment of Brucella infection.

Brucella Infection in Uveitis

Uveitis is one of the most prevalent inflammatory eye diseases and ocular infections also play an important role in the
development of uveitis.''> Accounting for approximately 10% of all global cases of blindness—and another common
ocular symptom after Brucella infection, in addition to nerve damage in the eye. Depending on the inflammatory process
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and anatomical location, uveitis can be classified into four main subtypes: anterior uveitis, intermediate uveitis, posterior
uveitis and total uveitis.''® According to one source, posterior uveitis is the most common manifestation in Brucella
infection, followed by total uveitis.** However, it has also been suggested that anterior uveitis is the predominant form of
ocular uveitis in brucellosis, followed by chorioretinitis (a type of posterior uveitis) and total uveitis.''” Brucella-
associated uveitis usually occurs after the acute phase of a systemic infection, and is currently regarded as either
a noninfectious immune response, or a form of infectious chorioretinitis with low-virulence bacteria found in the
choroid.*® Uveitis in brucellosis can present as granulomatous or non-granulomatous inflammation, and it can develop
in one or both eyes.''® Early treatment with corticosteroids may provide relief, but uveitis will frequently recur when

these agents are used alone.'"”

Pathogenesis and Clinical Manifestations of Uveitis
Previous studies related to ocular pathology have shown that host—pathogen interactions between humans and Brucella
species can cause damage by two mechanisms: first, direct invasion of bacteria into ocular tissue and production of septic
emboli on uveal tissue; and second, production of immunoglobulins and circulating immune complexes following
infection.®>'?° This supports the idea that systemic steroid use improves vision in brucellosis patients because corticos-
teroid hormone administration modulates the immune component of the body.** Brucella can cause chorioretinitis in the
eye, which usually presents as multifocal lesions or nodular or topographical changes with retinal oedema and
haemorrhage, and these symptoms are often observed in conjunction with the manifestations of uveitis.'?!
Development of Brucella uveitis can seriously affect a patient’s vision, so further exploration of the pathogenesis and
possible treatment are necessary to try to save the patient’s sight.

Thus, host—pathogen interactions in brucellosis that lead to the development of ocular uveitis can currently be

explained by the following two postulated mechanisms.'?*!??

1. Brucellae directly invade ocular tissue, via blood or lymphatic tissue circulation, and produce septic emboli in the
uveal tissue, resulting in focal chorioretinitis.

2. Immune responses to Brucella infection lead to deposition of immunoglobulins and circulating immune com-
plexes in the uveal tissue, producing an exaggerated autoimmune response.

In severe infections, these immune complexes—combined with direct microbial invasion of the uveal tissue—lead to
increased transmural pressure in the choroidal vessels, causing plasma accumulation and plasmacytic choroidal detach-
ment. This could explain how Brucella infection results in uveitis combined with choroidal detachment.

In patients with Brucella-associated uveitis, the eye may show sclerosis, fine keratoconjunctival deposits in the
corneal endothelium (KP), yellowish-white corneal stromal deposits, anterior chamber flash, cells floating in the anterior
chamber fluid, normal iris without nodules, cloudy vitreous, or normal optic disc and posterior pole but with chorioretinal
plaques around the retina. In severe cases, exudative retinal detachment and choroidal detachment may occur.*’
Combined chorioretinitis usually presents as multifocal, nodular or geographic nodular chorioretinitis with retinal

oedema and haemorrhage.'**

Detection Method of Uveitis

In terms of diagnosis, ocular symptoms can provide support for the diagnosis of uveitis, but laboratory analysis is also
required to diagnose uveitis due to Brucella infection.'?> As discussed above, routine clinical blood cultures, CSF culture
methods and molecular detection techniques are widely used for microbiological testing of systemic and localised
infections.'?® However, traditional culture methods have a low positive detection rate—especially for B. abortus, a slow-

127 Moreover,

growing and uncommon microorganism—which limit their use in guiding clinical diagnosis and treatment.
outside brucellosis endemic areas, physicians do not routinely consider this organism and many health care facilities are
not equipped to culture it. As a result, patients may be delayed in diagnosis, or even misdiagnosed.

In contrast, despite their improved detection efficiency, molecular diagnostic techniques such as quantitative poly-

merase chain reaction(qPCR) and gene chips are not suitable for ocular sample analysis because they require specific
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primer sets, can only target a limited number of pathogens, and have a high demand for sample volume.'**'?* Compared
to the above methods, metagenomic next-generation sequencing(mNGS) is an unbiased high-throughput sequencing
technique that can, in principle, detect all pathogens in clinical samples in a short period of time.'* It can also provide
information on antibiotic resistance by comparing sequenced genes in microorganisms against antibiotic resistance
databases.”*! In clinical management of patients who do not require vitrectomy, a slit lamp puncture of approximately
0.2 mL of atrial fluid is sufficient for mNGS. This is a more convenient procedure, with lower risk and fewer
complications, than extracting vitreous fluid.'** However, if a patient has developed an exudative retinal detachment
requiring surgical treatment, vitreous fluid testing is also recommended. The reason for this is that in patients with ocular
Brucella infections, the vitreous, as a non-circulating fluid, contains higher antibody titres against brucellae compared to
serum and atrial fluid.*’ Therefore, vitreous specimens, where available, are important in the diagnosis of ocular
brucellosis. Clinically, ocular symptoms can suggest that patients have uveitis, but systemic serologic testing, along
with atrial fluid and vitreous cavity fluid testing, can all help clarify the underlying cause. The combined use of multiple
tests can increase the accuracy of diagnosis, and direct the selection of therapeutic agents.

Treatment of Uveitis

Current drug regimens for the treatment of brucellosis combined with uveitis employ two or more antibiotics, including
doxycycline, rifampicin, streptomycin, or gentamicin.'** In patients with a clear diagnosis and receiving antibiotics,
systemic and topical glucocorticoid therapy may alleviate ocular symptoms. As for the duration of treatment, Brucella
infections are difficult to clear and generally require at least two or three months of regular medication to achieve
a therapeutic effect.*” Early discontinuation of treatment may lead to disease recurrence and the development of drug-
resistant bacteria. It is therefore crucial to appreciate the importance of initiating medication after a clear diagnosis.
Furthermore, as with all infectious uveitis, direct treatment with immunosuppressive agents due to initial misdiagnosis
may lead to a worsening of the patient’s condition, in which case an extended period of treatment may be necessary.*’
Therefore, immunosuppressive agents should be used with caution when the aetiology of uveitis is not clear.

Other Ocular Lesions in Brucella Infection
As well as causing optic nerve-related diseases and uveitis, Brucella infections can also affect the ocular appendages.
Lacrimal ductitis can occur, perhaps through direct invasion of the ocular structures, suggesting that Brucella species are
capable of colonising the epidermis directly.’* Nevertheless, the condition manifests as damage to the lacrimal duct and
lacrimal gland tissue. Patients present with excessive protrusion of the eye, increased lacrimal secretions and unilateral
lacrimal gland inflammation. Association with brucellosis is confirmed by serology, lacrimal gland secretion culture and
histopathology.”® Systemic infections can cause mastitis and pancreatitis, and infection of these secretory glands may
have the same pathogenesis as lacrimal gland infections, lending support to the idea that Brucella affects the exocrine
glands.**'** Subcutaneous abscesses caused by brucellae are relatively rare, but can be associated with the development
of conjunctivitis and lacrimal gland infections, which are soft tissue infections usually associated with penetrating
injuries.'*>'*® The Brucella vaccine bottle was accidentally dropped and some of its contents entered the veterinarian’s
conjunctival sac, resulting in the development of bilateral keratoconjunctivitis. After two months of infection, the
Brucella titer reached 1/320. The treatment was not effective and eventually the patient’s uncontrolled infection caused
total ophthalmia resulting in eye removal.'>’ Therefore, localized infection caused by Brucella can also lead to
uncontrolled infection and blindness, which needs to be taken into account by physicians and patients in clinical practice.
In our opinion, it is possible that lacrimal gland infections and conjunctivitis caused by Brucella are direct infections
caused by patient exposure to these bacteria in the eye. Another plausible explanation is that Brucella accesses the lesion
site from the lymph nodes, bone and blood circulation. Because there is no history of penetrating injury or other clinically
relevant manifestations in the vast majority of patients, and because abscesses at different sites may be the result of
bacterial infections, serologic data from patients may also suggest chronic limited brucellosis.*® Further pathological and
histological studies are required in the future to reveal the underlying mechanisms of abscess occurrence. Brucella
invasion of the lacrimal gland is extremely rare, but the mechanism of glandular injury causing abscess may be similar to
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Figure 2 Ocular pathogenesis of Brucella.

endophthalmitis, as involvement of brucellosis-associated lacrimal gland inflammation appears to be a new extraocular
infectious reaction.

Conclusions

In conclusion, we have reviewed the general and ocular pathogenesis of virulent Brucella species (Figure 2). Brucella
infection is uncommon in non-endemic regions, and misdiagnosis or underdiagnosis may occur; therefore, ophthalmic
clinicians should consider ocular pathology due to brucellosis as part of the diagnostic process. In patients with a known
history of epidemiological risk or contact, brucellosis should certainly be included as a possible cause of optic neuritis,
abducens nerve palsy, uveitis and lacrimal sacculitis. In such cases, systemic and intraocular fluid testing will be an
important adjunct to other diagnostic procedures. Prevention strategies include, among others, avoidance of unpas-
teurised dairy products (milk or cheese) and animal contact (farm animals, or raw beef and lamb) in endemic areas.
Although it is difficult to draw firm conclusions regarding optimal treatment, combination therapy with antibiotics is
appropriate, when tolerated, in systemic brucellosis. For ocular lesions associated with Brucella infection, early
pharmacological intervention may be an important factor in restoring and protecting the patient’s vision.
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