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ABSTRACT
Tubulointerstitial nephritis and uveitis (TINU) syndrome is a disorder that was originally described in 1975. 
The syndrome, although diagnosed in all age ranges, is more frequently reported in pediatric patients. 
Diagnosis can be difficult, and its clinical spectrum is still being defined. In this article, we review the 
epidemiology, diagnosis, pathogenesis, clinical findings, prognosis, and treatment of both the ocular and 
renal disease. We comment on the current difficulties in diagnosis and study of the disease, its expanding 
clinical spectrum, and treatment strategies in pediatric patients.
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Tubulointerstitial nephritis and uveitis (TINU) is a syndrome 
first identified by Dobrin et al. in 1975, who described two 
teenage girls with renal failure due to eosinophilic interstitial 
nephritis, bone marrow granulomas, hypergammaglobulinemia, 
and bilateral anterior uveitis.1 Since this initial description, 
TINU has been increasingly recognized as a prominent etiology 
of pediatric uveitis with one larger series estimating a prevalence 
of 32% in patients under 20 with bilateral acute anterior uveitis.2 

However, despite increased recognition, there remains great 
difficulty in accurately diagnosing the syndrome, which poses 
problems in appropriately treating patients and in studying the 
disease. Ultimately, the syndrome may go unrecognized, or the 
diagnosis may be delayed. Prompt diagnosis is important as 
early recognition of occult kidney disease may improve 
outcomes.3 In this article, we review TINU in the pediatric 
population with an emphasis on the expanding manifestations 
of disease phenotype, testing and diagnosis strategies, and treat-
ment approaches.

Materials and methods

The pubmed.gov database was queried between April and 
July of 2023. Pertinent articles were chosen based on rele-
vance to the subject (with descriptions of both kidney and 
ocular disease) as well as clinical studies that included 
a proportion of children as study subjects (at least one 
patient). Keywords searched included “tubulointerstitial 
nephritis and uveitis,” “children,” and “pediatric.” Articles 
were limited to the English language, and all years were 
included. Both clinical studies and review articles were 
included; single case reports were excluded. Reference lists 
from articles were additionally reviewed to identify pertinent 
articles to the subject. Articles were initially screened by two 
authors (PHL, TMJ) and approved for final inclusion by all 
authors.

Diagnostic criteria: Evolving disease spectrum

Diagnostic criteria are necessary to standardize a clinical syn-
drome and improve recognition, however the current pro-
posed criteria for TINU, although helpful, are problematic. 
Mandeville et al. proposed the first diagnostic criteria in 2001 
based on a review of 133 cases (Table 1).4 This series’ popula-
tion was mainly pediatric patients (average age of diagnosis 15) 
with a 3:1 female predominance. The majority of cases (80%) 
were non-granulomatous anterior uveitis. Ocular disease pre-
ceded kidney disease in 20% and followed kidney disease in 
65%. The Mandeville criteria are based on this initial descrip-
tion, and although helpful, may miss disease that does not 
match this original description; furthermore, it’s classification 
of “possible”, “probable”, and “definite” TINU introduces the 
potential for ambiguity and misclassification.

The Standardization of Uveitis Nomenclature (SUN) devel-
oped new diagnostic criteria for TINU in 2021.5 The SUN 
criteria are similar, although simpler, than Mandeville et al.’s 
and eliminate the categories of “possible” and “probable” as 
well as the symptoms required for a diagnosis of TIN (Table 1). 
Ultimately, both are classifications based on a clinical pheno-
type of sudden-onset bilateral anterior uveitis in combination 
with TIN. This is problematic, as will be discussed in subse-
quent sections, as the spectrum of disease is expanding with 
many reports of posterior manifestations and asymptomatic/ 
insidious uveitis.6,7

Both classifications rely on a diagnosis of tubulointersti-
tial nephritis (TIN) either via kidney biopsy or 
a combination of clinical and laboratory investigations. 
Urine beta-2 microglobulin and serum creatinine have been 
studied specifically in the pediatric population and were 
found to have high sensitivity and positive predictive value 
(PPV) for detecting cases of TINU; however, the methodol-
ogy of the study is debatable given that the diagnosis of 
TINU in the study relied on the tests in question.8 Urine 
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beta-2 microglobulin has the advantage that it may stay 
elevated for a longer period after a kidney insult even if 
serum creatinine has returned to normal.9 These markers 
are not specific to TINU and can be elevated in the setting 
of TIN of any etiology.

TINU is, by definition, a diagnosis of exclusion. There are other 
etiologies of uveitis that can cause TIN and need to be excluded; 
most notable is sarcoidosis, which can present with TIN and 
ocular involvement. Indeed, some have postulated that both sar-
coidosis and some cases of TINU are a variant of the same disease 
process.10 Even in Dobrin et al.’s initial 1975 report, the authors 
devoted a portion of their conclusions to differentiating between 
their proposed new syndrome and sarcoidosis given the granulo-
matous disease of their two patients. The prevalence of kidney 
involvement in sarcoidosis is not well understood, with a recent 
review noting a wide range (1% to 30–50%) of reported kidney 
involvement.11 Ultimately, sarcoidosis in children and isolated 
sarcoid kidney involvement without other findings of widespread 
granulomatous disease (e.g., hilar adenopathy on chest imaging) is 
rare.12 Sarcoidosis is characterized by granulomatous disease, 
whereas granulomatous uveitis and histologic evidence of granu-
lomas appears to be present in the minority of TINU patients. 
Indeed, the SUN criteria specifically excludes patients with a tissue 
diagnosis showing non-caseating granulomata—which notably 
would exclude Dobrin et al.’s original cases from the definition, 
and 13% of Mandeville et al.’s patients that had kidney biopsies 
with granulomas.4 Perhaps, some cases in the literature that are 
attributed to TINU are really due to underlying sarcoidosis and 
vice versa. Ultimately, one should have an increased suspicion for 
sarcoidosis in cases of TINU characterized by granulomatous 
disease.

The previous discussion demonstrates the difficulty in disease 
definition. Both classification schemes are helpful but are ulti-
mately based on clinical phenotype rather than a distinct entity 
with an associated specific diagnostic test. Therefore, it is impor-
tant to recognize that current literature is limited by our ability to 

definitively diagnose and detect disease. There is likely under-
reporting of disease due to a lack of detection of kidney involve-
ment when uveitis is diagnosed. There are also likely some cases of 
“possible” or “probable” TINU reported in the literature that are 
truly not part of the disease spectrum. The search for a more 
definitive marker of TINU is ongoing. One area of promising 
research includes HLA allele associations which will be discussed 
in a subsequent section.

Epidemiology

Prevalence

Although the only objective measure available, prevalence 
studies need to be considered in the context of potential under-
diagnosis discussed above. In a 2017 systematic review, Okafor 
et al. compiled survey studies of reported uveitis services and 
noted a TINU prevalence anywhere between <0.1% to 2% in 
the “all age” cohorts, and a higher range of 1.12% to 2.28% in 
four pediatric specific cohorts.13 This systemic review, how-
ever, included 13 surveys in which no cases of TINU were 
reported, which would lead to suspicion of underdiagnosis in 
these cohorts. Mackensen et al. noted a prevalence of 1.7% of 
all patients evaluated at their uveitis service from 1985 through 
2005 (33/1985 patients).2 Of patients presenting with bilateral 
sudden onset anterior uveitis, TINU was diagnosed in 10% 
(32/316). Furthermore, in patients 20 and younger, TINU 
represented 32% (20/62) of patients with bilateral sudden- 
onset anterior uveitis. However, patients with a diagnosis of 
TIN may have a significantly increased risk of uveitis develop-
ment that may be asymptomatic and thus not recognized in 
uveitis cohort studies. A Finnish study in the nephrology 
literature noted out of their cohort of 26 biopsy-proven TIN 
in children, uveitis was diagnosed in 12/26 (46%) and was 
asymptomatic in 7/12 (58%) of these patients.14 

A prospective study of the same population noted a uveitis 

Table 1. Comparison of Mandeville et al. and SUN working group clinical criteria for TINU.

Mandeville et al.4 SUN Working Group5

Clinical Criteria Definitive: TIN diagnosed on biopsy OR clinically and typical uveitis 1. Anterior uveitis with or without intermediate/ 
posterior involvement  

AND  
2. TIN

Probable: 
1. TIN diagnosed on biopsy and atypical uveitis 

OR 
2. TIN diagnosed clinically (incomplete criteria) and typical uveitis

Possible: TIN diagnosed clinically (incomplete criteria) and atypical uveitis
Exclusion Criteria Any other known systemic disease that can cause either TIN or uveitis 1. Positive syphilis serology  

2. Evidence of sarcoidosis (either bilateral hilar 
adenopathy or tissue biopsy demonstrating non- 
caseating granulomata)

TIN Criteria 1. Diagnosed via biopsy  
OR  

2. Diagnosed via clinical criteria (3 factors). Considered complete if all three 
factors are present.   
a. Abnormal renal function   
b. Abnormal urinalysis   
c. Systemic symptoms lasting >2 weeks

Diagnosed via biopsy OR elevated urine beta-2 
microglobulin and abnormal urinalysis or elevated 
creatinine

Uveitis Characteristics 1. Typical   
a. Bilateral anterior uveitis   
b. Onset of uveitis <2 months before or <12 months after TIN  

2. Atypical   
a. Unilateral anterior uveitis or intermediate uveitis or posterior uveitis 

or a combination of these   
b. Onset of uveitis >2 months before or >12 months after TIN

Evidence of anterior uveitis:  
1. Anterior chamber cells  
2. If vitritis, choroiditis or retinal vascular changes are 

present, anterior chamber inflammation should also 
be present.
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diagnosis rate of 84% (16/19) among TIN patients when 
screened at the onset of TIN, 3-months, and 6-months after 
diagnosis.6

No racial predilection has been identified. Ohguro et al. 
noted a prevalence of 0.4% in a Japanese population (15 
out of 3,830 patients); Jones noted a prevalence of 0.2% in 
a United Kingdom population (7 out of 3,0000 
patients).15,16

Lastly, it should be noted as there are few recent cases and 
series published linking the SARS-CoV-2 virus pandemic to 
a diagnosis of TINU.17 Although there may be a viral trigger 
for the disease, this association may be due to an increased 
recognition of the disorder rather than an actual surge in the 
disease.17,18

Age

The disease is more common in children. Most studies are 
heavily weighted to pediatric patients; however, TINU has 
been reported in all ages. Even Mandeville et al.’s initial 
review had adult patients with an age range of 9–74 years 
(median age 15 at diagnosis).4 Mackensen et al.’s 2007 review 
also had a median age of 15 at diagnosis (range 6–64 years).2 

Goda et al. noted that TINU was the second most common 
uveitis diagnosis in children in their cohort and noted 
a bimodal age distribution with one peak at ages 11 to 20  
years and a second at 31 to 35 years of age.19 Other studies 
have noted a similar bimodal age distribution.20 Cao et al. 
noted an older bimodal distribution among 10 patients who 
presented with posterior segment manifestations (10–46  
years and 77–83 years).21 Some more recent cohorts have 
a significantly older mean age of presentation. Yang et al.’s 
mean age of onset was 41.1 years (range 10 to 66 years).20 

A recent 2022 cohort of Spanish and Portuguese patients 
noted a slightly older mean age of diagnosis of 25 with 
a range of 14.8 to 49.5 years.22 Pichi et al.’s cohort had 
a median age at diagnosis of 16 (range 9 to 50), more con-
sistent with previous earlier studies.23

Gender

Mandeville et al.’s original series noted a female predomi-
nance, but subsequent studies show varying gender composi-
tions. Mackensen et al.’s series noted a male predominance 
with males representing 60% of all patients and 70% of patients 
under 20.2 Since then, gender within cohorts has been 
mixed.6,22–24 A recent large systematic review published in 
the nephrology literature compiled 233 articles including 592 
TINU cases and demonstrated a female predominance of 
65%.25 Furthermore, there may be an association between 
age of onset and gender with females presenting later than 
males. Mackensen et al. noted the median age for male patients 
to be 15 years versus 40 years in females.2,20 Pichi et al. and 
Yang et al. also noted a higher median age at diagnosis among 
female patients (34 years and 49 years, respectively). Paroli 
et al. had similar findings but with a smaller difference with 
a median age at diagnosis of 17.5 years in females versus 12.5  
years in males.24

Pathogenesis

TINU may be preceded by an infectious or pharmacologic 
trigger.4 For instance, the syndrome has been diagnosed in 
patients following infection with Epstein-Barr virus, herpes 
zoster, toxoplasmosis, and even following insect bites.4 

Pharmacologic triggers have been proposed as well and 
include antibiotics, diuretics, and nonsteroidal anti- 
inflammatory drugs.12 However, these are all associations 
and proving causality may be impossible as pharmacologic 
agents are often used for the systemic symptoms of TIN. 
Furthermore, systemic symptoms of TIN may be confused 
for a preceding infection. However, it is logical that a foreign 
antigen may trigger an over-reactive immune response given 
the relationship between certain class II HLA molecules and 
TINU, which is discussed below.

Likely there is a genetic component as evidenced by reports 
of TINU occurring in siblings, twins, and within families.26–29 

HLA allele associations have been studied in multiple cohort 
studies. However, most studies are small and do not have 
a comparison or control group. Therefore, it is hard to draw 
any true conclusions. We identified four studies with samples 
greater than 10 patients with a comparison group.30–33

Levinson et al. in 2003 reported a very high rate of HLA- 
DQA1 × 01, HLADQB1 × 05 and HLA-DRB1 × 01 in 18 (72%) 
of their TINU patients. In particular, HLA-DRB1 × 0102 had 
a relative risk of 167.1 for TINU when compared to a control 
population of North American Caucasians.30 Of note, this 
original study had a higher rate of chronic, intermediate, 
posterior, or panuveitis TINU patients. This group further 
studied these alleles in three patient groups: TINU syndrome 
patients, patients without TIN but with bilateral, sudden-onset 
anterior uveitis, and patients with interstitial nephritis alone, 
and showed that HLA-DRB1 × 0102 was still significantly 
associated with the TINU group and the sudden-onset bilateral 
anterior uveitis alone group, but not TIN alone.31 There are 
two interpretations of this study. The first being that HLA- 
DRB1 × 0102 is specific to TINU in that it was found in both 
TINU patients and uveitis patients matching a TINU pheno-
type, but perhaps the kidney disease was mild or missed 
entirely. Alternatively, a second interpretation is that HLA- 
DRB1 × 0102 is not specific to TINU but rather to a broader 
uveitis phenotype that may present without TIN.

Reddy et al. further studied HLA-DRB1 × 01 in pediatric 
TINU patients with panuveitis and in pediatric panuveitis with-
out kidney disease.32 Their population phenotype was primarily 
characterized by chorioretinal lesions; 14/15 panuveitis without 
TIN and 3/6 TINU patients had such findings. They noted 
a high percentage of both HLA-DRB1 × 01 and HLA- 
DQB1 × 05, which they termed “TINU alleles,” in both of 
these populations. Again, this suggests that the HLA- 
DRB1 × 01 allele in particular may be associated with 
a broader uveitis phenotype in which the kidney is not involved, 
or that potentially kidney involvement was missed, and cases 
were inappropriately labeled as idiopathic panuveitis.

It is also important to note that both of the above studies 
were conducted in North American patients, and HLA asso-
ciations may have significant geographic variations. A Finnish 
study of TINU patients found a significant association between 
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HLA-DQA1 × 0104 (RR 6.1) and HLA-DRB1 × 14 (RR 8.2) 
but not HLA-DRB1 × 01 when compared with a European 
control group.33 Other HLA associations of unknown signifi-
cance appear in smaller studies that often lack control groups 
and include HLA-A2 and HLA-A24 in a Japanese population, 
and HLA-DR14 among Spanish subjects.4,19,34 We mention 
these because they are often cited, however studies of this 
nature can be misleading; the HLA-A2 and HLA-A24 alleles 
are present in a high percentage in Japan and in a larger series 
of TINU patients were not statistically greater than the control 
population.35 Furthermore, the study associating HLA-DR14 
among Spanish patients was based on a cohort of three 
patients, and other studies have not found this association.36

Therefore, the strongest evidence appears to associate HLA- 
DRB1 × 01 to a uveitis phenotype consistent with TINU at 
least in North American Caucasian patients and may be 
a helpful marker in workup of uveitis patients suspected of 
having TINU. However, it is still to be determined whether this 
is a specific marker for TINU or rather some broader disease 
phenotype.

Proposed pathogenesis

The cell-mediated immune response is believed to be the 
primary driver of inflammation in TINU. Kidney biopsies 
show a primarily T-lymphocytic and monocytic interstitial 
infiltrate that spares the glomerulus.37 Regulatory T-cells, 
cells that are involved in dampening the immune response, 
were found in a significantly lower volume in TINU patient 
kidney biopsies among those who developed chronic uveitis 
suggesting that chronic uveitis patients may have an imbalance 
that tips towards a proinflammatory immune state.38 Patients 
with both TIN and TINU were further shown to have signifi-
cant genetic variation in the frequency of IL-10 alleles com-
pared with control patients.39

HLA gene associations also support a cell-mediated 
immune response as Class II HLA molecules are involved in 
antigen presentation to prime T-cells. This suggests molecular 
mimicry as a potential driver of inflammation, in which 
a foreign antigen primes T-cells against both ocular and kidney 
tissue. This is further supported by the potential infectious 
preceding trigger that is associated with TINU cases.

Although kidney biopsies usually do not show immune 
complex deposition, there is evidence to suggest that humoral 
immunity likely also plays a role.40 Shimazaki et al. found that 
serum from patients with TINU reacted against healthy kid-
ney, retinal, and ciliary tissue.41 Abed et al. found autoantibo-
dies in a 15-year-old male with TINU that were reactive 
against human renal tubular epithelium tissue and murine 
iris and ciliary body.42 Anti-monomeric C-reactive protein 
(anti-mCRP) was found in 9/9 TINU patients in one study, 
a significantly higher proportion than found in a uveitis con-
trol group and in patients with other autoimmune disorders.26 

Additionally, mCRP was found in kidney biopsies and in 
human iris/ciliary body tissue. The presence of the anti- 
mCRP antibody was found to be a risk factor for the develop-
ment of chronic uveitis in a cohort of Chinese adult TINU 
patients (OR 14.7).43 However, it is unclear if this antibody is 
a driver of disease or merely a marker of disease activity.

Taken together, it is reasonable to hypothesize that a foreign 
antigen, such as an infectious agent, may prime T-cells against 
ocular and kidney tissues with subsequent development of 
autoantibodies leading to continued chronic inflammation 
(Figure 1).

Clinical findings

Mandeville et al.’s original series defined a clinical phenotype 
of sudden-onset bilateral anterior uveitis, which was noted in 
80% of their cases; however, this series did have several 
patients with posterior findings such as chorioretinitis (3 
patients), neovascularization of the optic disc (1 patient), and 
retinal vasculitis (2 patients).4 Since then, there have been 
several reports documenting posterior findings, an insidious 
onset of uveitis, and granulomatous findings. Although the 
majority of cases published still heavily favor bilateral sudden- 
onset anterior uveitis, this should be interpreted in the context 
of the current diagnostic criteria that requires bilateral anterior 
uveitis for a definite diagnosis. As discussed above, these 
diagnostic criteria are problematic and may not capture the 
full spectrum of disease.

Koreishi et al. noted 11/17 (65%) of their TINU cohort (12/17 
pediatric patients) developed posterior segment findings includ-
ing multifocal choroidal lesions (3/11), optic disc edema (7/11), 
macular edema (4/11), choroidal neovascular membrane (3/11), 
retinal vasculitis (2/11), optic disc neovascularization (1/11), and 
posterior scleritis (1/11).7 Takemoto et al. also reported two 
children with TINU who developed choroidal neovasculariza-
tion—although both of their patients were diagnosed as “prob-
able” TINU based on elevated urine beta-2 microglobulin, but no 
other workup was reported.44 Paroli et al. noted 40% of their 
cohort of 21 patients (60% pediatric) had posterior, intermediate 
or panuveitis, although there was limited description of specific 
findings.24 Sobolewska et al. noted 3/9 patients with intermediate 
uveitis and 1/9 with panuveitis.45 Examples of choroidal inflam-
mation, retinal vascular inflammation, and inflammatory neovas-
cularization in TINU are demonstrated in Figures 2–4.

Imaging plays an important role in diagnosing posterior uveitis 
and following response to treatment. Cao et al. noted a high 
proportion of posterior segment findings in their review of 10 
patients (3 pediatric) with TINU who received ultra-widefield 
fluorescein angiography (UWF-FA) and optical coherence tomo-
graphy (OCT). Specifically, 19/20 eyes had exam abnormalities 
including vitreous cell (55%), snowballs or snowbanks (25%), 
vascular sheathing (10%), and optic disc edema (15%). The eye 
that did not have posterior segment findings on exam had disc 
leakage on UWF-FA.21,46 On UWF-FA, there was a noted 50% 
prevalence of vascular leakage and 35% prevalence of macular 
edema on OCT. Interestingly, on follow-up FA, 4 eyes (22.2%) 
developed vascular leakage and 2 eyes (11.1%) developed periph-
eral nonperfusion.21 Yang et al. noted peripheral vascular leakage 
on UWF-FA in 22/26 eyes of which only 13/26 eyes had findings 
of active inflammation on clinical exam.20 Of note, this study had 
a much older patient population (average age 41.1 years with 6/13 
patients being pediatric). These two cohorts, although retrospec-
tive and mainly only studying patients with posterior segment 
abnormalities, demonstrate the potential need for imaging to 
follow posterior segment inflammation in TINU patients.
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Uveitis is generally thought to develop two months prior to 
and up to 14 months after kidney disease.2,4 However, this is 
based on the ophthalmology literature and is only as accurate as 
our ability to detect both manifestations. When studying 
patients prospectively with TIN who were screened for uveitis, 
some 84% of TIN patients (16/19) developed uveitis, with 50% 
(8/16) having no ocular symptoms.6 Patients were treated for 
TIN with oral corticosteroids. This raises the possibility that 
there may be a group of TINU patients whose uveitis is masked 
by treatment for TIN or who present later after the kidney 
disease has resolved. Alternatively, systemic treatment of symp-
tomatic uveitis may mask the development of kidney disease.

Lastly, an interesting phenotype of small chorioretinal lesions 
in TINU patients has been reported.7,32,47 Reddy et al. also 
associated this phenotype with HLA-DRB1 × 01 in patients 
both with and without TIN.32 Furthermore, a recent study on 
TINU looked at indocyanine green angiography (ICGA) in 
three TINU patients (ages 9, 10, and 33 years) and found sub-
clinical hypofluorescent lesions on imaging.48 However, it 
should be noted that only one patient in this study had 
a kidney biopsy, and one patient had elevated angiotensin con-
verting enzyme and lysozyme on workup. This phenotype of 
small chorioretinal lesions, its relation to kidney disease, the use 
of ICGA to follow patients, and the association with HLA- 
DRB1 × 01 deserves further study.

Prognosis and treatment

The ocular disease is predominantly chronic and characterized 
by recurrences and relapses.6 Saarela et al. noted 88% (14/16) 

of their patients had a chronic course of uveitis. Mackensen 
et al. noted that 28 out of 33 patients still had active disease on 
last follow-up with inflammation lasting greater than one year 
in six patients, and lasting greater than two years in four 
patients.2 Goda et al. reported that 50% of their 12 patients 
had recurrence or exacerbation of uveitis during follow-up.19 

When corticosteroids were discontinued, Sanchez-Burson 
et al. noted that 50% of patients recurred.36 All of these studies, 
and most older series, treated TINU patients solely with 
courses of topical and oral corticosteroids, which may not be 
an ideal treatment for patients with chronic disease.

There are no randomized studies on treatment strategies in 
TINU; however, general principles in treating chronic inflamma-
tory disease should apply. Several studies have utilized immuno-
modulatory treatment with good outcomes. Gion et al. in 2000 
treated six patients (four pediatric) with antimetabolites in com-
bination with cyclosporine and achieved quiescence.49 Recently, 
Pichi et al. treated 12 patients who recurred after discontinuation 
of corticosteroids with either methotrexate (5 patients), mycophe-
nolate mofetil (2 patients) or adalimumab after failing an anti-
metabolite (5 patients) and achieved quiescence in all patients with 
excellent visual acuity (mean 0.04 logMAR) and resolution of 
retinal vasculitis on FA.23 In Koreishi et al.’s series, 6/17 (35%) 
of patients received immunomodulatory therapy for ocular dis-
ease, and one was placed on immunomodulatory therapy for renal 
disease. The initial agent used was methotrexate in 5/7 patients 
and mycophenolate mofetil in 2/7 patients. Three of these patients 
required escalation to biologic therapy with adalimumab. 
Adalimumab failed to control inflammation in 2/3 patients. One 
patient was switched to infliximab and one further failed 

Figure 1. Proposed pathogenesis of TINU. A foreign antigen, such as an infectious agent, may prime T-cells against ocular and kidney tissues with subsequent 
development of autoantibodies leading to continued chronic inflammation. Image created in BioRender.
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infliximab and golimumab with eventual disease control on intra-
venous tocilizumab therapy. Giralt et al. treated all of their 48 
TINU patients initially with topical or oral corticosteroids, but 27 
patients ultimately required immunomodulatory therapy includ-
ing methotrexate, azathioprine, mycophenolate mofetil, or 
adalimumab.22 All patients on last follow-up had excellent visual 
acuity (mean 0.00 logMAR); however, there were still a fair num-
ber of structural complications noted, including 13 patients with 
posterior synechiae, 10 with cataract, 5 with ocular hypertension, 
and 5 with macular edema. Early initiation of immunomodulatory 

therapy prior to failure of corticosteroids should be considered to 
avoid structural complications.

Renal disease is thought to be self-limiting, especially in 
pediatric patients; Takemura et al. noted kidney recovery 
within 1 month without systemic therapy.50 Indeed, it is cur-
rently debated whether acute TIN in isolation needs to be 
treated given spontaneous recovery, although the mainstay of 
treatment is corticosteroids. One study initially randomized 
TIN patients (with or without uveitis), and subsequently 
recruited additional nonrandomized patients, in order to 

Figure 2. Choroidal inflammation in TINU. A 16-year-old male was referred after three months of bilateral anterior uveitis following a febrile illness. On first visit to the 
uveitis clinic, he had 2+ anterior chamber (AC) and 2+ vitreous cell with few snowballs in the right eye. Posterior examination showed areas of subtle small choroidal 
lesions throughout both eyes (A) with few small pigmented atrophic choroidal lesions inferiorly. ICGA demonstrated many small hypofluorescent spots throughout 
both eyes more prominent than seen clinically. Workup was only notable for elevated urine beta-2 microglobulin; sarcoidosis workup was unrevealing. In addition to 
topical prednisolone, the patient was treated with a course of oral prednisone and transitioned to adalimumab with quiescence of disease. Follow-up ICGA (B) nine 
months after starting adalimumab showed resolution of hypofluorescent lesions.
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study prednisone treatment versus placebo/no treatment. The 
treated group had a faster kidney recovery, although there was 
no significant difference between creatinine, glomerular filtra-
tion rate, or low molecular weight (LMW) proteinuria between 
the two study groups at 6-month follow-up. Additionally, 
a significant proportion in both groups still had persistent 
LMW proteinuria at last follow-up suggesting continued 
renal dysfunction regardless of prednisone treatment.6,51

Longer-term studies have also noted persistent kidney dys-
function in children. A study of three pediatric TINU patients 
who were treated with oral prednisone and received sequential 
kidney biopsies noted a transition from a lymphocytic infiltra-
tion to areas of atrophy, fibrosis, and scar formation.40 The 
authors concluded that even if the kidney dysfunction is initi-
ally transient, there is a need for continued kidney monitoring, 
and patients may benefit from immunomodulatory therapy 
early to prevent long-term damage. Mycophenolate is often 
preferred by nephrologists over methotrexate in patients with 
kidney dysfunction due to the risk of methotrexate accumula-
tion and toxicity.

Adult patients may have more severe kidney dysfunction, 
with one survey of adult patients with TINU revealing that 
32% of patients still had moderate to severe kidney dysfunction 
one year after diagnosis.52 Initial creatinine, serum bicarbonate 
and phosphate levels and age were significantly associated with 
kidney dysfunction at one year. Indeed, the largest review of 
kidney disease in TINU, which included 122 nephrology arti-
cles, demonstrated that kidney outcomes were statistically 
worse in adult patients compared with pediatric.53 This is 
likely due to adults having a lower kidney “reserve.” The great-
est predictor of long-term renal dysfunction was the initial 
severity of renal insult.53

Differences between pediatric and adult cases— 
implications for diagnosis, prognosis, and treatment

It should be noted that most of the literature on TINU contains 
both pediatric and adult patients, and therefore specific con-
clusions unique to the pediatric population are difficult to 
make. Further pediatric specific studies would be useful in 

Figure 3. Retinal vascular inflammation in TINU. A 15-year-old male was referred for anterior and intermediate uveitis for six months, treated with topical prednisolone 
and intravitreal triamcinolone. The patient noted upper respiratory tract infection one month prior to ocular symptoms. On first visit at the uveitis clinic, the patient had 
3+ anterior chamber cell and 2+ anterior vitreous cell, 1+ haze, and snowballs in both eyes. The posterior examination was notable for hyperemic optic nerves and few 
pigmented small choroidal lesions. Fluorescein angiography demonstrated diffuse small vessel vasculitis, angiographic cystoid macular edema, and disc leakage (A). 
Workup was notable for elevated urine beta-2 microglobulin. Work up for sarcoidosis (ACE, lysozyme, chest x-ray) was unremarkable. The patient was treated with 
a course of prednisone and transitioned to adalimumab with quiescence of inflammation and resolution of vasculitis (B).
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this regard. However, several differences can be identified. 
TINU is more prevalent in children, with up to 32% of all 
pediatric cases with bilateral sudden-onset anterior uveitis 
diagnosed with TINU.2 However, as discussed, the disease 
spectrum is expanding with more reports of posterior findings, 
granulomatous findings, and an insidious/asymptomatic 
onset.7,14,47 Therefore, we advocate for routine screening for 
kidney disease with urine beta-2 microglobulin and creatinine 
in any new uveitis patient, as these have good sensitivity and 
PPV in detecting TIN.8

Furthermore, even in cases with normal kidney function 
on presentation, one must consider the possibility of tran-
sient kidney disease that may have resolved prior to pre-
sentation, especially in asymptomatic pediatric patients 
who present with chronic complications of uveitis. The 
utility of HLA-DRB1 × 01 testing in these instances is still 
being investigated and may prove to be useful—although 
the significant geographic variation in HLA alleles needs to 
be considered. Furthermore, HLA-DRB1 × 0102 was seen 
in higher frequency in pediatric patients over adults and 
may turn out to be more useful in the pediatric 
population.31

Patients with kidney dysfunction detected by the 
ophthalmologist should be referred to a nephrologist for 
long-term monitoring. Even though kidney function may 
return to normal more frequently in the pediatric popula-
tion, and is typically not the driver of treatment manage-
ment, there may be long-term kidney damage that could 
manifest even years after the initial insult.40,51

The eye disease is predominantly chronic and should be 
treated as such. Even in Mandeville et al.’s original series, 

patients under 20 years more frequently had a chronic 
course of uveitis than older patients (23% versus 4%, 
respectively) and recent series show a much higher rate 
of chronic disease.4,22,23 Immunomodulatory therapy for 
chronic disease, especially in pediatric patients, should be 
considered early to prevent long-term sequelae.22,23 Visual 
outcomes can be good with treatment, and several series 
have shown benefit from antimetabolites and TNF alpha 
inhibitors.22,23 Ultimately, a high degree of suspicion for 
TINU and a low threshold for kidney function testing 
should be employed given the implications for prognosis 
and treatment in both ocular and kidney disease.
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