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Abstract

Objectives: To report the ocular findings, laboratory results, and 
management of patients with tubulointerstitial nephritis and uveitis 
syndrome (TINU), whose numbers increased during the 2019 coronavirus 
disease (COVID-19) pandemic.

Materials and Methods: Demographic characteristics, ophthalmic 
examination findings, laboratory results including polymerase chain 
reaction (PCR) test for severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2), serum SARS-CoV-2 immunoglobulin G (IgG) antibody, 
and treatment of patients diagnosed with TINU between March 2020 and 
March 2022 were evaluated retrospectively.

Results: The study included 19 eyes of 10 patients (6 female/4 male). 
The mean age was 13.5±2.4 years (range: 8-16 years). The mean follow-up 
duration was 13.5±6.1 months (range: 6-24 months). All patients 
presented with anterior uveitis. Anterior uveitis was bilateral in 9 patients 
(90%) and unilateral in 1 patient (10%). Posterior segment findings were 
normal in 8 patients (80%), and bilateral optic disc edema was observed in 
only 2 patients (20%). None of the patients had a previous SARS-CoV-2 
infection and/or vaccination history. The SARS-CoV-2 PCR test was 
negative in all patients at presentation. The SARS-CoV-2 IgG antibody 
test was reactive in 7 patients (70%). Recurrent uveitis developed in 8 

patients (80%) during follow-up. Systemic immunomodulatory therapy 
was required for the control of ocular inflammation in 7 patients (70%) 
with severe uveitis flare-ups.

Conclusion: TINU is a multisystemic autoimmune disease, especially 
in response to environmental triggering factors such as viral infections. 
Although TINU is a rare disease, the number of cases increased during the 
COVID-19 pandemic. SARS-CoV-2 antibodies were detected at a significant 
rate of 70% in these patients, who did not have a history of SARS-CoV-2 
infection and vaccination. Previous asymptomatic SARS-CoV-2 infection in 
children may be a triggering factor in the development of TINU.

Keywords: COVID-19, pediatric uveitis, SARS-CoV-2, TINU, 
tubulointerstitial nephritis, uveitis 

Introduction
Tubulointerstitial nephritis and uveitis syndrome (TINU), 

which was first reported in 1975 by Dobrin et al.1, is a rare 
autoimmune disease. TINU is characterized by acute kidney 
inflammation and uveitis without any underlying systemic 
disease and it appears more frequently in children.2 Uveitis in 
TINU is typically bilateral non-granulomatous anterior uveitis, 
but unilateral involvement, granulomatous uveitis, intermediate 
uveitis, and various posterior segment presentations may also 
occur.3,4 While ocular findings usually follow tubulointerstitial 
nephritis (TIN), they may also occur concurrently or before 
TIN.3 The etiopathogenesis of TINU is still unknown, but it 
is clear that TINU is an autoimmune inflammatory disease 
that develops with multifactorial environmental triggers such 
as viral, bacterial, and parasitic infections or pharmacological 
agents.2,3,4
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The 2019 coronavirus disease (COVID-19) caused by the 
severe acute respiratory distress syndrome-coronavirus 2 (SARS-
CoV-2) became a pandemic that has affected the whole world.5 
In addition to the severe pulmonary effects of COVID-19, 
the multisystemic effects of COVID-19 began to emerge over 
time.5,6,7,8 Several case reports of acute TIN and TINU that may 
be associated with SARS-CoV-2 infection have been described 
in the literature. 9,10,11,12,13,14,15,16,17 Recently, an increase in the 
incidence of acute TIN and TINU was reported in France in the 
first wave of the COVID-19 pandemic.12 Another study reported 
a significant increase in TINU cases during the COVID-19 
pandemic compared to the pre-pandemic period.13 These studies 
suggested that SARS-CoV-2 infection may be among the 
infectious agents responsible for the development of acute TIN 
and TINU in children.12,15,16,17 

TINU is known to account for less than 2% of all uveitis 
patients in ophthalmology clinics.3,18 Although TINU is a 
relatively rare disease, an increase in the number of TINU cases 
has been observed in our clinic during the COVID-19 pandemic. 
Therefore, we think that the SARS-CoV-2 virus may be a 
triggering viral infection for TINU. In this study, we aimed to 
present the ophthalmic examination findings, laboratory results, 
and treatment approaches of patients diagnosed with TINU 
during the COVID-19 pandemic.

Materials and Methods

The records of patients diagnosed with TINU were evaluated 
retrospectively between March 2020 and March 2022 in the 
uvea clinic of a tertiary eye hospital. The study was carried out 
according to the principles of the Helsinki Declaration, and 
the study was approved by the University of Health Sciences 
Türkiye, Ankara City Hospital Ethics Committee (number: 
E1-22-2979).

All patients were diagnosed by the same uveitis specialists 
and pediatric nephrologists according to the diagnostic criteria 
of TINU.19 Typical uveitis findings of TINU were described as 
bilateral acute anterior uveitis that started within 2 months before 
or 12 months after acute TIN, while atypical uveitis findings of 
TINU were described as unilateral anterior uveitis, intermediate 
uveitis, posterior uveitis, or a combination of these.19 TINU 
was categorized as definite (histopathologically or clinically 
diagnosed acute TIN with all criteria and typical uveitis), 
probable (histopathologically diagnosed acute TIN and atypical 
uveitis or clinically diagnosed acute TIN with incomplete 
criteria and typical uveitis), and possible (clinically diagnosed 
acute TIN with incomplete criteria and atypical uveitis).19 Since 
the clinical findings of acute TIN were considered sufficient, a 
kidney biopsy was not performed in all patients.

Patients’ demographic data, detailed ocular examination 
findings (Snellen visual acuity, tonometry, anterior and posterior 
segment slit-lamp examination), follow-up duration, and 
treatment approaches were evaluated. Best-corrected visual 
acuities (BCVA) at presentation and last visit, recurrent uveitis 
flare-up, and development of ocular complications such as 

cataracts, glaucoma, and posterior synechia were recorded. 
Ocular inflammation was defined based on the Standardization 
of Uveitis Nomenclature Working Group Guidelines.20

All patients underwent routine complete blood counts, liver 
and kidney function tests, acute phase reactants (erythrocyte 
sedimentation rate [ESR] and C-reactive protein), and urinalysis. 
Extensive laboratory workup was performed to rule out 
other diseases. Laboratory tests included serology tests for 
syphilis; ELISA tests for hepatitis viruses and HIV; serum 
angiotensin-converting enzyme (ACE) and lysozyme values; 
antinuclear antibody (ANA), anti-Sjögren’s syndrome-related 
(SS)-A antibody, antiSS-B antibody, proteinase 3-antineutrophil 
cytoplasmic antibody (ANCA), and myeloperoxidase-ANCA 
tests; and additional tests if needed. The interferon-gamma 
release assay test and tuberculin skin test were done to exclude 
tuberculosis. X-ray and/or chest computed tomography were 
performed. All patients had polymerase chain reaction (PCR) 
tests for SARS-CoV-2 from oral and nasal swabs obtained at 
presentation. To evaluate the relationship between TINU cases 
and COVID-19, these patients were retrospectively tested for 
serum SARS-CoV-2 immunoglobulin G (IgG). Patients with at 
least 6 months of regular follow-up were included.

Statistical Analysis
The data were analyzed using IBM SPSS Statistics 22.0 

(IBM Corp, Armonk, NY, USA). Qualitative data were expressed 
as number and percentages, and quantitative data as mean ± 
standard deviation and range.

Results

There were 3 patients with TINU in our clinic between 
2010 and 2020, whereas TINU was diagnosed in 10 patients 
who presented with anterior uveitis in the following two 
years (2020-2022). This study included 19 eyes of 10 patients 
diagnosed with TINU between March 2020 and March 2022. 
Nine patients (90%) had bilateral and 1 patient (10%) had 
unilateral anterior uveitis. Six patients (60%) were female and 4 
(40%) were male. The mean age of the patients at presentation 
was 13.5±2.4 years (range: 8-16 years). The mean follow-up 
duration was 13.5±6.1 months (range: 6-24 months). The 
onset of uveitis followed TIN in 2 patients (20%) and occurred 
concurrently with TIN in 8 patients (80%). The demographic 
characteristics, clinical findings, and laboratory results of the 
patients are summarized in Table 1.

All patients had abnormal kidney function at presentation 
and the mean serum creatinine level was 1.4±1.4 mg/dL (range: 
0.98-3.38 mg/dL). Urine β2 microglobulin level was elevated 
in 8 patients (80%), and the mean urine β2 microglobulin 
level was 3.5±1.1 mg/L (range: 1.76-5.42 mg/L). Liver function 
tests were within normal limits in all patients. ESR was high 
in 8 patients (80%), and the mean ESR was 40.6±26.3 mm/h 
(range: 10.0-98.0 mm/h). C-reactive protein was elevated in all 
patients (100%) and the median C-reactive protein level was 9.2 
g/L (range: 3.0-78.7 g/L). ANA autoantibody was positive in 
3 patients (30%), but no systemic disease was detected in any 
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patient. Kidney biopsy was performed in only 3 patients (30%), 
and the results were consistent with TIN (Table 1). 

None of the patients had a previous SARS-CoV-2 infection 
or vaccination history. Only 2 patients (20%) had family contact 
with SARS-CoV-2 infection within the last month. The SARS-
CoV-2 PCR test was negative in all patients. The SARS-CoV-2 
IgG antibody test was reactive in 7 patients (70%), and the 
mean SARS-CoV-2 IgG antibody level was 9.3±7.3 S/co (range: 
1.26-22.79) (Table 1). Furthermore, the patients did not have a 
history of any medication use.

The ocular findings at presentation and treatment 
approaches are summarized in Table 2. All patients presented 
with symptoms of acute anterior uveitis; 8 patients (80%) 
had redness and 3 patients (30%) had blurred vision. BCVA 
at presentation was 20/100 in 2 eyes (10.5%), 20/40 in 1 eye 
(5.3%), and 20/25 or better in the remaining eyes (84.2%). 
Nine patients (90%) had non-granulomatous anterior uveitis 
and only 1 patient (10%) had granulomatous anterior uveitis 
(Figure 1). While fundus examination was normal in 8 
patients (80%), bilateral optic disc edema was observed in 2 
patients (20%). Fluorescein angiography (FA) was performed 
only in 2 patients (20%) with optic disc edema and showed 
bilateral optic disc hyperfluorescence and no vascular leakage. 
Considering all the above findings, 7 patients (70%) were 

categorized as definite TINU and 3 patients (30%) as probable 
TINU syndrome.

Topical 1% prednisolone acetate (Allergan, Dublin, 
Ireland) (4 to 8 times daily), 1% cyclopentolate HCl (Abdi 
İbrahim, İstanbul, Türkiye) (1 to 3 times daily) and oral 
prednisolone (Gensenta, İstanbul, Türkiye) (0.5-1 mg/kg/
day) treatment was given to all patients (100%). Topical and 
oral corticosteroid treatments were tapered weekly according 
to the patient’s clinical response. Recurrent bilateral anterior 
uveitis was observed in 8 patients (80%) when topical 

Table 1. Demographic characteristics, clinical findings, and laboratory work-up of the patients

Case no 1 2 3 4 5 6 7 8 9 10

Age/gender 13/F 15/F 14/F 14/F 8/F 15/M 12/F 12/M 16/M 16/M

Follow-up duration 
(months)

10 11 24 9 6 12 12 6 6 6

Clinical findings

AAU, 
muscle 
pain and 
malaise

AAU AAU AAU

AAU, 
muscle 
pain and 
malaise

Fever and 
body rash

AAU, 
weight 
loss

AAU
Muscle 
pain and 
malaise

AAU

Laboratory work-up

Serum creatinine 
(mg/dL)

1.21 1.10 1.05 0.98 0.94 3.38 1.54 1.01 1.98 1.04

Urine β2 
microglobulin 
(mg/L) 

3.10 5.42 N/A 2.64 3.72 4.34 4.76 N/A 3.50 3.90

Urine analysis Proteinuria
Proteinuria, 
pyuria

Proteinuria Pyuria Glucosuria Proteinuria Normal Pyuria Normal Normal

CBC Normal Anemia Anemia Normal Anemia Anemia Anemia Normal Normal Normal

Erythrocyte 
sedimentation rate 
(mm/h)

29 40 98 48 12 69 29 39 32 10

C reactive protein (g/L) 20 8.5 39.9 25.2 3.0 78.7 3.0 10.0 6.0 3.0

ANA Positive Positive Negative Negative Negative Negative Negative Negative Negative Negative

Kidney biopsy N/A TIN TIN N/A N/A TIN N/A N/A N/A N/A

SARS-CoV-2 PCR Negative Negative Negative Negative Negative Negative Negative Negative Negative Negative

SARS-CoV-2 IgG 
antibody (S/co)

Non-
reactive

Reactive 
22.79

Reactive 
1.26

Non-
reactive

Reactive 
12.97

Non-
reactive

Reactive 
10.59

Reactive 
3.69

Reactive 
9.98

Reactive 
4.05

F: Female, M: Male, AAU: Acute anterior uveitis, CBC: Complete blood count, ANA: Antinuclear antibodies, TIN: Tubulointerstitial nephritis, SARS-CoV-2: Severe acute respiratory syndrome 
coronavirus 2, PCR: Polymerase chain reaction, IgG: Immunoglobulin G

Figure 1. Anterior segment images of two different patients with TINU. Anterior 
segment imaging showed diffuse non-granulomatous keratic precipitates (a) and 
several paracentrally located granulomatous keratic precipitates (b)
TINU: Tubulointerstitial nephritis and uveitis syndrome
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and systemic corticosteroid therapy was reduced. Systemic 
immunomodulatory therapy was given to 7 patients (70%). 
In 2 patients (20%) (case 6, case 10), immunomodulatory 
therapy was also recommended for renal disease. Six patients 
(60%) used methotrexate (MTX, Koçak Farma, Ankara, 
Türkiye) (7.5-15 mg/week) and 1 patient (10%) used 
azathioprine (Aspen Pharmacare, Durban, South Africa) (100 
mg/day). MTX therapy was switched to mycophenolate 
mofetil (Roche, Basel, Switzerland) in 1 patient (10%) (case 
6) due to an elevation of liver function tests. The anti-tumor 
necrosis factor-a (TNF-a) agent adalimumab (Abbvie, Chicago, 
Illinois, USA) (40 mg every 2 weeks), was added to systemic 
immunosuppressive therapy in 5 patients (50%) to control 
intraocular inflammation. Triple topical agents (brimonidine 
[Bilim İlaç, İstanbul, Türkiye] with a combination of non-
selective beta-blocker and topical carbonic anhydrase inhibitor) 
were used for a mean of 2.3±0.5 months (range: 2-3 months) 
in 3 patients (30%) with steroid-induced intraocular pressure 
(IOP) elevation. IOP could be controlled, and no patient had 
glaucoma.

BCVA at the last visit was 20/25 or better in all eyes except 
1 eye (5.3%) with 20/100 vision due to cataracts. Intraocular 
inflammation was controlled, and all patients had normal renal 
function at the last visit. The patients remain under follow-
up, and systemic immunomodulatory treatment has not been 
discontinued in any patient yet.

Discussion

This study evaluated the increased cases of TINU in a tertiary 
uvea clinic during the COVID-19 pandemic and detected reactive 

SARS-CoV2 IgG antibodies in 70% of these patients. TINU 
syndrome, an oculorenal disease, is more commonly diagnosed 
in children aged 10-15 years, especially in female patients, but 
may also occur in adults.2,3,19,21,22 All of our patients were in the 
pediatric age group and the majority were females. Although the 
etiopathogenesis of TINU is still unknown, studies have provided 
evidence for the involvement of cellular and humoral immunity 
in susceptible individuals.3,4 Pharmacological and infectious 
agents have been suggested as two important triggering factors 
in the etiopathogenesis of TINU, yet active infection at the 
tissue level has not been demonstrated.2,3,4,12 It is clear that 
TINU is an autoimmune inflammatory disease that develops 
with multifactorial environmental triggers. In our series, none of 
the patients had a history of drug use or previous infection, and 
ANA positivity was detected at a rate of 30%.

Avramescu et al.12 recently evaluated 48 patients aged 9.4-
17.6 years who were diagnosed with acute TIN (25 cases) and 
TINU (23 cases) during the COVID-19 pandemic. In addition 
to the increase in the incidence of acute TIN and TINU during 
the pandemic, the authors reported that the obtained positive 
serological and histopathological findings support a causal 
association between SARS-CoV-2 infection and the development 
of acute TIN/TINU in children.12 SARS-CoV-2 uses ACE2 
receptors to infect the cells, and these receptors are commonly 
in the renal tubules and the eye.5,8 Studies suggest that SARS-
CoV-2 damages kidney cells using this receptor pathway and 
initiates the inflammatory response.10,16 García-Fernández et 
al.16 reported an adolescent patient diagnosed with TINU in 
whom SARS-CoV-2 spike protein was detected in kidney tissue. 
The authors argued that SARS-CoV-2 played a potential role, 

Table 2. Ocular findings at presentation and treatment approaches

Case no 1 2 3 4 5 6 7 8 9 10

Ocular involvement
Bilateral 
AU

Bilateral 
AU

Bilateral 
AU

Bilateral 
AU

Bilateral 
AU

Bilateral 
AU

Bilateral 
AU

Bilateral AU
Unilateral 
AU (left)

Bilateral 
AU

Anterior segment (right/
left)

3+/4+ 
cells PS

1+/2+ 
cells

1+/2+ 
cells

2+/3+ 
cells

1+/2+ 
cells

2+/1+ 
cells

1+/2+ 
cells, PS

2+/3+ cells 
granulomatous KP

/4+ cells, 
PS

2+/2+ 
cells

Posterior segment
Bilateral 
OD edema

Normal Normal Normal
Bilateral 
OD edema

Normal Normal Normal Normal Normal

Recurrence + + + + - + + + - +

Treatment approach

Topical and systemic
corticosteroid

+ + + + + + + + + +

Immunosuppressive MTX MTX MTX - -
MTX, 
MMF

MTX MTX - AZA

Biological agent ADA ADA ADA - - ADA ADA - - -

Ocular complications

Steroid-
induced 
IOP 
elevation, 
persistent 
PS

Steroid-
induced 
IOP 
elevation, 
PSC

PSC

Steroid-
induced 
IOP 
elevation

Persistent 
PS

AU: Anterior uveitis, PS: Posterior synechia, KP: Keratic precipitates, OD: Optic disc, MTX: Methotrexate, MMF: Mycophenolate mofetil, AZA: Azothioprine, ADA: Adalimumab, IOP: 
Intraocular pressure, PSC: Posterior subcapsular cataract
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both directly and indirectly, in the development of TINU in 
these patients. There is currently no conclusive evidence in the 
literature on how acute TINU occurs after COVID-19, but it is 
hypothesized that the humoral and cellular autoimmune response 
triggered after SARS-CoV-2 infection may be the cause.8,10,12 In 
our study, the increase in the number of pediatric patients with 
TINU during the COVID-19 pandemic and the detection of 
SARS-CoV-2 IgG antibodies in most of these patients suggest 
that previous asymptomatic SARS-CoV-2 infection in children 
may be a trigger in the development of TINU. Publications 
and reported cases on this subject are increasing day by day, 
and future multicenter studies with large sample sizes may help 
elucidate the pathogenesis.

Ocular involvement of TINU is typically bilateral anterior 
uveitis, but inflammatory manifestations of the posterior segment, 
such as optic disc edema, vascular sheathing, and chorioretinal 
lesions, may also occur.22,23,24,25 There are currently few reports 
in the literature reporting uveitis findings in patients diagnosed 
with TINU during COVID-19.11,13,14,15,16,17 In some of these, 
ocular involvement was reported as bilateral anterior uveitis in 
cases of TINU associated with SARS-CoV2 infection.14,16,17 
Although various posterior segment findings such as disc 
edema, chorioretinal scar, disc leakage, and peripheral vascular 
leakage were reported more frequently in TINU patients (87%) 
during the pandemic period than in pre-pandemic patients 
(67%), no significant difference was found.13 Eser-Ozturk et al.11 
reported 4 patients with TINU aged 8-17 years with bilateral 
granulomatous panuveitis and choroidal inflammation possibly 
associated with COVID-19. In our series, 90% of the patients 
presented with bilateral anterior uveitis, and only 1 patient 
(10%) had granulomatous uveitis. Moreover, optic disc edema 
(20%) was the only posterior segment finding detected; no 
clinical signs of choroidal inflammation were observed in any 
patient. As we did not perform indocyanine green angiography 
and/or FA in patients without posterior segment findings, 
we cannot comment on the subclinical choroidal and retinal 
involvement.

In addition to SARS-CoV-2 infection, cases of uveitis or 
nephritis developing after COVID-19 vaccination have been 
reported in the literature.26,27,28 Chen et al.26 recently reported a 
case of TINU with bilateral anterior uveitis after receiving the 
COVID-19 mRNA vaccine. In a report of TINU cases during 
the COVID-19 pandemic, 2 out of 18 patients were reported to 
have received the COVID-19 vaccine before the onset of ocular 
symptoms.13 Therefore, not only infection itself but also COVID-
19 vaccines may cause autoimmune diseases such as TINU.26,29 
However, none of the cases in our series had a history of COVID-
19 vaccination.

Renal involvement of TINU is usually self-limited, but 
uveitis may be chronic and recurrent, especially in children.3,4 
Topical and systemic corticosteroids are the first-line treatment 
for uveitis in TINU. However, steroid-sparing systemic 
immunomodulatory therapy is generally required to control 
intraocular inflammation.25,30,31,32 A study evaluating the long-

term treatment results in TINU showed that early systemic 
immunomodulatory treatment was effective in achieving 
permanent remission.31 Tirelli et al.32 reported that anti-TNF 
agents are effective in the treatment of TINU cases with uveitis 
resistant to conventional immunomodulatory therapy. Good 
outcomes have been recently reported with antimetabolites and 
adalimumab therapy in patients with TINU associated with 
SARS-CoV2.11,13,15 Even though Huang et al.13 used TNF-α 
inhibitors only in TINU patients during the COVID-19 
pandemic, they found no significant difference in the number 
of patients requiring biologic therapy before and during the 
COVID-19 pandemic. Maggio et al.15 achieved complete uveitis 
remission after adalimumab treatment in a 7-year-old girl with 
recurrent uveitis who developed TINU after SARS-CoV-2 
infection. Recurrent uveitis occurred in 80% of our patients 
when corticosteroid therapy was tapered. Therefore, 70% of 
patients required systemic immunomodulatory therapy, and 
adalimumab was used in 71% of these patients.

Mandeville et al.19 reported an ocular complication rate of 
21% in TINU, and the most common ocular complications were 
posterior synechia and optic disc edema. Furthermore, steroid-
induced IOP elevation was found in 5% of patients aged 9-74 
years.19 In our series, ocular complications developed in 50% of 
the patients, and the most common complication was steroid-
induced IOP elevation, followed by cataracts and posterior 
synechia. Steroid-induced IOP elevation is more common in 
pediatric uveitis patients compared to adults.33 The high rate of 
steroid-induced IOP elevation in our series can be explained by 
the fact that all cases were in the pediatric age group.

Study Limitations
The study’s main limitations are the retrospective design and 

the small sample size. Another limitation is that SARS-CoV-2 
serological testing was performed only on patients diagnosed 
with TINU during the pandemic, and a control group of other 
uveitis could not be established, which may indicate a potential 
bias in the sample. However, the present study may be useful 
to draw attention to patients with TINU during the COVID-
19 pandemic and to share experiences in the management of 
intraocular inflammation in TINU. 

Conclusion

TINU should be considered in the differential diagnosis 
of bilateral anterior uveitis, especially in pediatric patients. 
SARS-CoV-2 infection may be among the environmental factors 
triggering TINU. Steroid-sparing treatments may be needed to 
control recurrent uveitis and prevent ocular complications in 
TINU.
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