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Summary: Equine recurrent uveitis (ERU) is an ocular disease characterized mainly by recurrent episodes of inflammation, alternating with
quiescent episodes of various durations. There are numerous aetiological theories for the cause of ERU, but to date, the “classic ERU” is
most commonly associated with an intraocular leptospiral infection. The pars plana vitrectomy has, so far, been the most promising treat-
ment of ERU and is thought to be more successful in eyes with detectable leptospiral antibodies in the microscopic agglutination test (MAT)
and therefore a preselection is recommended. The objective of this study was to investigate whether different laboratories have an influence
on the frequency of detection of leptospiral DNA and leptospiral antibodies from vitreal samples of horses with ERU and if these results are
in accordance with cultural testing of the vitreal samples. Vitreal samples were obtained from 93 eyes of 78 horses of various breeds and
age with a clinical history of ERU. The vitreal samples were taken at the beginning of the vitrectomy to keep the dilution of the vitreal samples
as low as possible. The samples were split and sent to three different laboratories in Germany (L1, L2 and L3). Laboratory 1 (L1) performed
a polymerase chain reaction (PCR) and a MAT, laboratory 2 (L2) carried out a PCR and laboratory 3 (L3) performed a MAT, a cultural exa-
mination and an enzyme-linked immunosorbent assay on the vitreal specimens. The amount of dilution was evaluated by comparing the
urea content of 34 vitreal samples with the urea content of the serum of each of the horses at the time of sampling. Furthermore, a serial
dilution was performed with undiluted vitreal material of two enucleated eyes and sent to L1 for MAT and PCR. The results of the PCR indi-
cated a strong conformity between L1 and L2 (Kappa 0.95), both laboratories concurrently revealed 52 positive and 31 negative results
and only two specimens showed deviating results. The MAT in L1 was positive in 51% of the vitreal samples tested, whereas only 41% of
the vitreal samples were tested positive in L3. The conformity was, moreover, serovar- and breed-dependent. The Kappa was 0.67 when
only including serovar Grippotyphosa, and was 0.82 for serovar Pomona (Tab. 5). Warmblood horses displayed a Kappa of 0.56 between
L1 and L3, whereas the Kappa for the Icelandic horses was 0.91 between L1 and L3. The cultivation of leptospires was successful in 16%
of the vitreal specimens. The dilution of vitreal samples was measured to range between 1 and 2.1 with a standard deviation of 1.68. Ove-
rall, 67 vitreal samples were tested simultaneously in all three laboratories. A positive result in at least one of the tests performed occurred
in 57% (38), whereas 43% (29) of the vitreal specimens were tested negative in all five tests performed (PCR in L1 and L2, MAT in L1 and
L3, and culture in L3). The variation of agreement of the MAT between serovar Grippotyphosa and serovar Pomona and between Warm-
blood and Icelandic horses in L1 and L3 might be accounted for by the utilisation of congeneric, but different strains from the same lep-
tospiral serotype. The dilution of vitreal specimens at the beginning of the vitrectomy might have influenced the results of this study. However,
the serial dilution showed a negligible influence of a dilution as high as 1:3. The strong conformity of the results for PCR between L1 and
L2 indicate a similar sensitivity of both PCR protocols. Results indicated a strong inter-laboratory agreement when PCR was used for the
detection of leptospiral DNA, whereas the MAT showed a variance of results that needs to be carefully regarded for interpretation. There-
fore, basing a decision against a pars plana vitrectomy only upon a negative MAT result of anterior chamber fluid from a single laboratory
could not be recommended.
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Introduction

Equine recurrent uveitis (ERU) is an ocular disease character-
ized mainly by recurrent episodes of inflammation, alternating
with quiescent episodes of various durations. The disease is
divided into different clinical subtypes. One classification dif-
ferentiated between the “classic ERU”, the “insidious ERU”
and the “posterior ERU”. The “classic ERU” was defined as
acute and painful episodes of ocular inflammation affecting
posterior and anterior parts of the eye, with recurrence after
non-inflammatory or almost non-inflammatory episodes. The
“insidious ERU” was instead characterized as a mild and
almost painless inflammation of ocular structures, regularly
seen in the Appaloosa and draught breed horses in the USA.

The “posterior Uveitis” was defined as an inflammation pri-
marily affecting the vitreous body, choroid and retina, mostly
present in Warmblood and draught breed horses, and horses
imported from Europe to the USA (Gilger 2010). Other
authors referred to the anatomic sites which were mainly
affected during inflammation to divide ERU into different sub-
groups. They categorized ERU into a painful “anterior
uveitis/iritis”, an almost painless “intermediate uveitis/cycli-
tis/pars planitis” and a “posterior uveitis/choroiditis” or rather
“panuveitis”, because not only the choroid, but also the ciliary
body is usually involved during inflammation (Spiess 2010,
Tömördy et al. 2010, Wollanke et al. 2009). There are
numerous aetiological theories for the causes of ERU, but to
date, the “classic ERU” is most commonly associated with an
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intraocular leptospiral infection (Alexander 1990, Brandes et
al. 2007, Brem et al. 1998, and 1999; Faber et al. 2000,
Frellstedt 2009, Gerding et al. 2015, Gilger et al. 2008,
Halliwell 1985, Heusser 1948, Niedermaier et al. 2006,
Pearce et al. 2007, Polle et al. 2014, Rimpau 1947, Schwink
et al. 1989, Sillerud et al. 1987, von Borstel et al. 2010,
Wiehen 2012, Wollanke et al. 1998, Wollanke et al. 2004,
Wollanke et al. 2000, Wollanke et al. 2001). Involvement of
Leptospira spp. in the aetiology of ERU is substantiated by
research groups through different analysing methods perfor-
med on vitreal or aqueous samples of horses with a clinical
history of ERU. Leptospiral antibodies can be detected by the
microscopic agglutination test (MAT) or the enzyme-linked
immunosorbent assay (ELISA). The polymerase chain reaction
(PCR) identifies leptospiral DNA and culturing of intraocular
material can detect living leptospires. Positive results in the
literature vary between 43 and 94% when performing the
MAT on the vitreal material of affected eyes (Brandes et al.
2007, Brem et al. 1999, Gerding et al. 2015, Gilger et al.
2008, Polle et al. 2014, von Borstel et al. 2010, Wollanke et
al. 1998, Wollanke et al. 2001). The PCR is able to detect
leptospiral DNA in 40 to 100% of the eyes tested in the lite-
rature (Brandes et al. 2007, Faber et al. 2000, Polle et al.
2014, von Borstel et al. 2010). The rate for successful lepto-
spiral culturing ranges between 21 and 53% (Brandes et al.
2007, Brem et al. 1999, Faber et al. 2000, Hartskeerl et al.
2004, Wollanke et al. 2004, Wollanke et al. 2001). Therefo-
re, a variation of the detection rate for intraocular leptospiral
DNA, antibodies and living leptospires from affected eyes
cannot be neglected. That is why it seems appropriate that the
leptospiral involvement in ERU subdivides the different clinical
forms of the disease described above into a “leptospiral-posi-
tive” and a “leptospiral-negative” form of ERU, instead of
being the only reasonable aetiology for ERU. Other aetiolo-
gical factors, such as genetic predispositions (Angelos et al.
1988, Dwyer et al. 1995, Fritz et al. 2014, Gilger 2010,
Kulbrock et al. 2013), autoimmune components (Deeg
2008, and 2009, Deeg et al. 2002, Regan et al. 2012) and
other pathogens, e.g. Onchocerca spp. (Böhm et al. 1954,
Cello 1971, Roberts 1962, Schmidt et al. 1982) and Borrelia
burgdorferi (Priest et al. 2012), are discussed in the literature,
leading to a potentially multifactorial pathogenesis in some
cases of ERU. 
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The most promising treatment of ERU is pars plana vitrectomy
(Werry et al. 1992), with success rates for non-recurrence of
uveitis between 73.6 and 100% (Frühauf 1998, Tömördy et
al. 2010, von Borstel et al. 2005, Werry H. et al. 1992, Win-
terberg 1997). Tömördy et al. (Tömördy et al. 2010) sugge-
sted a better outcome for horses with intraocular antibodies
against leptospires which were detectable by the MAT. They
recommended performing a paracentesis of the anterior
chamber prior to the vitrectomy, to select for eyes with detec-
table intraocular leptospiral antibodies. Since the MAT of the
anterior chamber fluid would have a tremendous influence on
the decision for or against the pars plana vitrectomy, it is
essential to validate how reliable and comparable these labo-
ratory results are.

The objective of this study was to investigate whether different
laboratories have an influence on the frequency of detection
of leptospiral DNA and leptospiral antibodies from vitreal
samples of horses with ERU, and if these results are in accor-
dance with the cultural testing of the samples.

Materials and Methods

A vitrectomy was carried out on 93 eyes of 78 horses with a cli-
nical history of at least two acute and painful episodes of ocular
inflammation, alternating with quiescent episodes of various
durations. All eyes, therefore, met the criteria for the “classic
ERU”. The patient population was almost entirely resident in
northern Germany and was composed of different breeds with
a mean age of 8.1 years (4.5–23.4 years) (Tab. 1).

Vitreous samples were taken in the first few seconds of the
vitrectomy to keep the dilution of the vitreal body as low as
possible. The vitreous body was flushed with up to 500ml of
BSS PLUS®1, charged with gentamicin2 (160µg/ml). Vitreous
material was transferred from the specimen collection vial of
the vitrectomy system3 to sterile specimen cups. Vitreal sam-
ples were then evenly split into additional sterile specimen
cups and sent to three different laboratories in Germany (L1,
L2 and L3). Each sample was tested in the different laborato-
ries for leptospiral antigen, leptospiral antibodies and the
bacterium Leptospira spp. itself.

 

 

Tab. 1     Breed, number of vitrectomized horses, vitrectomized eyes, mean age in years with the minimum and maximum and gender of the 
horses.  |  Rasse, Anzahl vitrektomierter Pferde, Anzahl vitrektomierter Augen, mittleres Alter und Geschlecht der Pferde. 
 
Breed  Horses Vitreal samples Mean age [years] Gender 

Warmblood horses 46 54 7.4 (2.1 - 16.7) 
21  
23  
2  

mares 
geldings 
stallions 
 

Icelandic horses 16 21 5.2 (1.8 - 19.9) 
7 
7 
2 

mares 
geldings 
stallions 
 

Ponies 6 7 11 (5 - 23.4) 
2 
3 
1 

mares 
geldings 
stallions 
 

Frisian horses 4 5 6.8 ( 3.6 - 9.3) 
1 
3 

mares 
geldings 

Quarter horses 2 2 5 and 7  2 geldings 
 

Other 4 4 13.5 (4.3 - 16.9) 
3 
1 

mares 
stallions 
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A PCR was carried out on 85 vitreal samples in L1 and L2.
The PCR performed by L1 was a nested PCR targeting the lep-
tospiral lipL32 gene. Whereas the PCR carried out by L2 was
a real-time PCR, using TaqMan probes and targeting the lep-
tospiral gltA gene.

Screening for leptospiral antibodies in vitreal samples was
performed using a MAT on 88 vitreal samples by L1 and L3.
During the MAT, different strains of live leptospires were
added to serial dilutions of the sample material. The endpoint
dilution was analysed by dark field microscopy, and defined
as the dilution with 50% agglutination of the leptospiral bac-
teria administered with potential intravitreal antibodies (OiE
2014). The total number of live leptospiral serovars used was
eleven for L1 and nine for L3, while six serovars were tested
simultaneously by both laboratories (Tab. 2). Specimens were
regarded as positive if the endpoint dilution for at least one
leptospiral serovar reached 1:100 or higher (OiE 2014).
Moreover, L3 screened 74 serous samples for leptospiral anti-
bodies by MAT. 

A cultural examination was carried out on 75 vitreal samples
in L3. These samples were embedded in bovine albumin
tween transport medium, provided by the laboratory itself,
immediately after they were obtained during vitrectomy and
sent without cooling.

Furthermore, L3 conducted an enzyme-linked immunosorbent
assay (ELISA) on 83 vitreal samples. The vitreal ELISA tested
for leptospiral IgM, IgG and IgA antibodies. Possible results
were: negative, marginal, weak positive, positive and strong
positive. A specimen was considered to be positive if at least
one antibody reached a positive or very strong positive result.
In order to evaluate the approximate amount of dilution, 34
of the vitreal samples and a plasma or serum sample from
each of the 34 horses were taken during the vitrectomy and
measured for the urea content. In order to further determine
the impact of sample-dilution on the different methods, two
enucleated eyes with a history of ERU were available to obtain
undiluted vitreal material to perform a serial dilution. Three
specimens with different dilutions were prepared. The first
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specimen was about 2ml of undiluted vitreal material, the
second was 1ml of undiluted vitreal material mixed with 1ml
of the flushing solution used during the vitrectomy4, and the
third specimen was 1ml of undiluted vitreal material mixed
with 3ml of the flushing solutionD. These specimens were sent
to L1 for PCR and MAT analysis.

Descriptive statistics were used to summarize the results for
PCR, MAT and the cultural examination for each laboratory.
Agreement between the different laboratories was assessed by
using the kappa statistic (Landis et al. 1977) with 95% confi-
dence intervals (CI). The calculations were performed with
SAS Enterprise Guide 7.1 (SAS Institute Inc., Cary, NC, USA).
A kappa of 0.41–0.60 was interpreted as a moderate agree-
ment, a kappa of 0.61–0.80 as a substantial agreement and
a kappa of 0.81–1.00 was interpreted as an almost perfect
agreement (Landis et al. 1977). Quantitative conformity of
leptospiral titres from L1 and L2 was illustrated by bubble
charts (Fig. 1). Additionally, results were stratified for breed,

 

 

Tab. 3      Overall results of laboratory 1 (L1), laboratory 2 (L2) and laboratory 3 (L3), and in comparison to each other.  |  Zusammengefasste 
und vergleichende Ergebnisse des Labor 1 (L1), Labor 2 (L2) und Labor 3 (L3). 

 Laboratory Test n At least one positive result All results positive 
L1 + L2 + L3 PCR + MAT + Culture 67 57 % (38) 9 % (6) 

L1 PCR + MAT 89 54 % (48) 34 % (30) 
L2 PCR 86 38 % (33) 38 % (33) 
L3 MAT + Culture 72 44 % (32) 13 % (9) 

!

!

!

Tab. 2     Leptospiral serovars tested in laboratory 1 (L1) and laboratory 3 (L3).  |  Leptospirenserovare, auf die nur im Labor 1 (L1), nur im Labor 3 
(L3) und in beiden Laboren getestet wurde. 

 
Leptospiral serovars   

L1 only L1 and L3 L3 only 

Australis Bratislava Javanica 

Autumnalis Canicola Pyrogenes 

Copenhageni Grippotyphosa Syxkoebing 

Sejroe Icterohaemorrhagiae  

Tarassovi Pomona  

 Hardjo  

Fig. 1 Reciprocal titres for serovar Grippotyphosa measured in
laboratory 1 (L1) and laboratory 3 (L3), compared in a bubble plot
diagram.  |  Blasendiagramm zum Vergleich der reziproken Antikör-
pertiter des Serovars Grippotyphosa gemessen in Labor 1 (L1) und
Labor 3 (L3).
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and the MAT results were stratified for the leptospiral serovar
detected.

Results

Detection of leptospiral DNA with PCR in L1 and L2 was per-
formed concurrently on 85 vitreal samples. Identical findings
from both laboratories were obtained for 98% (52 positive
and 31 negative) of the samples tested. Only two specimens
(2%) showed contradictory results in both laboratories, i.e.
the results of one specimen was positive in L1 and negative in
L2, whereas the results of the other specimen was negative in
L1 and positive in L2. Statistical analysis revealed a Kappa of
0.95 with a 95% confidence interval between 0.88 and 1.00
(Tab. 4a). Distinguishing the two main breeds from each other
(Warmblood and Icelandic horses), the Kappa for Warm-
blood horses was 1.00 (95% CI 1.00–1.00) and the Kappa
for Icelandic horses was 0.89 (95% CI 0.68–1.00).

A total of 88 vitreal specimens were tested concurrently via
MAT in L1 and L3. In L1, the MAT was positive in 51% (45) of
the samples, whereas only 41% (36) of the samples tested
positive in L3 (Tab. 3). A Kappa of 0.71 was calculated, inclu-
ding all serovars, comparing the MAT from L1 and L3 (Tab.

Detection of intraocular leptospiral DNA, antibodies and Leptospira spp. in horses with ERU E. I. A. Baake et al.

5). The Kappa was 0.67 when only serovar Grippotyphosa
was included, and was 0.82 for serovar Pomona (Tab. 5).
Warmblood horses displayed a Kappa of 0.56 between L1
and L3, whereas the Kappa for the Icelandic horses was 0.91
between L1 and L3 (Tab. 4b). 

Due to a lack of laboratories able to perform a cultivation of
leptospires from vitreal material in Germany, only L3 perfor-
med a cultural examination of the samples. Cultivation was
performed on a total of 75 vitreal samples, and isolation of
live leptospires was possible in 12 of these samples (16%). An
ELISA was carried out on 83 vitreal samples. At least one anti-
body reached a positive or very strong positive result in 44 of
these samples (53%), while no antibody reached a positive
result in 39 vitreal samples (47%). 

Overall, pooling the results for all tests performed (PCR in L1
and L2, MAT in L1 and L3 and cultivation in L3), 67 samples
were simultaneously sent to all three laboratories. In 43%
(29) of the eyes, all five tests performed revealed a negative
result, whereas at least one positive test result was found in
57% (38) of the vitreal specimens (Tab. 3).

A total of 89 vitreal specimens were tested concurrently by
PCR and MAT in L1. A positive result either by PCR, MAT or

Tab. 4b     Number of vitreous samples tested positive or negative by MAT stratified by breed. Samples were tested in laboratory 1 (L1) and 
laboratory 3 (L3). Bold numbers enhance inter-laboratory consensus.  /  Anzahl der im MAT positiv und negativ getesteten Glaskörperproben, 
unterteilt in unterschiedliche Rassen. Getestet wurden die Proben im Labor 1 (L1) und Labor 3 (L3). Übereinstimmungen der Labore sind 
fettgedruckt. 
 
MAT 

     Negative Positive Kappa (CI 95 %) 

     All breeds L3 

Negative L1 41 2 
0.71 (0.56 – 0.85) 

Positive  11 34 

     Warmblood L3 

Negative L1 23 2 
0.56 (0.34 – 0.78) 

Positive  9 16 

     Icelandic Horses L3 

Negative L1 9 0 0.91 (0.72 – 1.00) 

Positive  1 11  

!

Tab. 4a      Number of vitreous samples tested positive or negative by PCR, stratified by breed. Samples were tested in laboratory 1 (L1) and 
laboratory 2 (L2). Bold numbers enhance inter-laboratory consensus   /   Anzahl der im PCR positiv und negativ getesteten Glaskörperproben, 
unterteilt in unterschiedliche Rassen. Getestet wurden die Proben im Labor 1 (L1) und Labor 2 (L2). Übereinstimmungen der Labore sind 
fettgedruckt. 
 
PCR  

   Negative Positive Kappa (CI 95 %) 

     All breeds L2 

Negative L1 52 1 
0.95 (0.88 – 1.00) 

Positive  1 31 

     Warmblood L2 

Negative L1 29 0 
1.00 (1.00) 

Positive 
 

0 19 

     Icelandic Horses L2 

Negative L1 11 1 0.89 (0.68 – 1.00) 

Positive 
 

0 7  

!
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both tests combined was obtained in 54% (48) of the vitreal
specimens examined in L1. Looking at the single tests, lepto-
spiral DNA was detected in 38% (33) of the vitreal speci-
mens. Fifty-two per cent (45) of the vitreal samples were posi-
tive in MAT for leptospiral antibodies against one or multiple
leptospiral serovars. The antibodies detected most commonly
were directed against serovar Grippotyphosa (39/45) and
against serovar Pomona (6/45). 

Vitreal samples examined for leptospiral DNA by L2 had a
positive result in 38% (33/89) of the eyes sampled.

Overall, 72 vitreal samples were available for MAT, ELISA
and culture simultaneously in L3. The MAT was positive in
40% (29) of the eyes tested. Whereas, using the ELISA, 56%
(40) of the vitreal samples were positive. Live leptospiral bac-
teria were cultured in 15% (11) of the vitreal specimens.
Combining these examinations, leptospiral antibodies or Lep-
tospira spp. was detectable in a total of 60% (43) of the vitre-
al specimens in L3. 

The isolate detected mainly via culture in 12 of the 75 vitreal
samples was serovar Grippotyphosa (10). In correlation with
this, the MAT revealed antibodies most commonly against
serovar Grippotyphosa (31/39) and serovar Pomona (8/31).
Although results from the MAT were negative in L3, a success-
ful cultivation occurred in three samples. Two of these three
samples revealed a positive MAT in L1 for the same serovar
as that detected by culture in L3. One of these samples was
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negative in MATs from both laboratories (L1 and L3). The
PCRs in L1 and L2 were able to detect leptospiral antigen in
each of these three specimens. 

Calculation of dilution was carried out by supposing a ratio
of vitreous to serum urea concentrations of 0.91 (McLaughlin
B. G., 1988). The dilution of 34 samples taken at the begin-
ning of vitrectomy ranged between 1 and 2.1, with a stan-
dard deviation of 1.68. The serial dilution analysis of the two
enucleated globes showed a consistent decrease of the anti-
body titre in horse B, whereas the antibody titre for serovar
Grippotyphosa stayed as high as 1:3.200. The laboratory
performed a dilution of 1:6.400, but it did not reveal an
agglutination of 50%. The PCR stayed positive in all samples
except in the second sample (dilution 1:1) of horse A (Tab. 6).

Discussion

All horses included in this study met the criteria for the “classic
ERU” outlined by Gilger et al. (2010) and were, therefore,
potential candidates for an ERU induced by leptospires (Wol-
lanke et al. 2004). All horses had a clinical history of at least
two painful episodes of ocular inflammation, including the
anterior and/or posterior part of the eye. Since almost all
patients were resident in northern Germany, this study provi-
des a valuable local survey about the classic form of ERU
potentially induced by leptospires, on the one hand, and the
classic form of ERU without leptospiral involvement, on the

!

!

Tab. 6      Serial dilution of two enucleated globes.  |  Verdünnungsreihe zwei enukleierter Augen. 
 Horse Dilution PCR L1 MAT L1 Serovar 

A Undiluted + + 
Grippotyphosa (1:3200) 
Icterohaemorrhagiae (1:100) 

 1:1 - + 
Grippotyphosa (1:3200) 
Icterohaemorrhagiae (<1:100) 

 1:3 + + 
Grippotyphosa (1:3200) 
Icterohaemorrhagiae (<1:100) 

B Undiluted + + 
Australis (1:800) 
Bratislava (1:200) 

 1:1 + + 
Australis (1:400) 
Bratislava (1:200) 

 1:3 + + 
Australis (1:200) 
Bratislava (1:200) 

 

 

Tab. 5      Number of vitreal samples tested by Laboratory 1 (L1) and Laboratory 3 (L3). Bold numbers enhance inter-laboratory consensus.  |  
Anzahl der Glaskörperproben untersucht von Labor 1 (L1) und Labor 3 (L3). Übereinstimmungen der Labore sind fettgedruckt. 
 
MAT (n=88) 

  Negative Positive Kappa (95% CI) 

All serovars L3  

Negative L1 41 2 
0.71 (0.56 - 0.85) 

Positive  11 34 

Grippotyphosa    

Negative L1 47 2 
0.67 (0.52 - 0.82) 

Positive  12 27 

Pomona    

Negative L1 81 1 
0.82 (0.58 - 1.00) 

Positive  1 5 
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other hand. All breeds of vitrectomized horses were included
and the patient population seemed appropriately described
with a mean age of 8.1 years (4.5 to 23.4 years).

In the present study, vitreal material was used to detect intra-
ocular leptospiral DNA, antibodies and Leptospira. But it was
shown that these intraocular leptospiral traces can be detected
in aqueous humor, too (Faber et al. 2000, Polle et al. 2014,
Schwink et al. 1989, Tömördy et al. 2010). A steady-state pas-
sive diffusion between the vitreous body and the aqueous
humor has been described in rabbits. The rate of diffusion was
depending on the size of molecules and on the rate of diffusion
in the vitreous itself (Johnson et al. 1984, Maurice 1987). Sin-
ce a steady diffusion between the aqueous and vitreous humor
can be assumed for the equine eye as well, a comparable
detection rate of leptospiral DNA, antibodies and Leptospira
can be presumed. Still, a possible difference of the detection-
rate between the aqueous humor and the vitreous body has
not been evaluated yet. The MAT on paired serum samples is
one of the tests most frequently used to verify a leptospiral
infection in humans (OiE 2014). The prevalence of leptospiral
antibodies usually measured via the MAT varies greatly in hor-
ses in a multitude of serological surveys. The seroprevalence of
leptospiral antibodies ranged between 5 and 95% in horses,
depending on the age and the geographic location of the resi-
dence of the horse (Kitson-Piggot et al. 1987, Lees et al. 1994,
Rocha et al. 2004, Ye et al. 2014). Usually titers ≥ 1:100 were
rated as positive, only Kitson-Piggot et al. (1987) rated a titer
≥1:80 as positive, but only 5% of the three year old horses
showed a positive result. No significant difference in the sero-
logical results between unaffected horses from a control group
and those affected with ERU could be ascertained (Faber et al.
2000). A serological evaluation of the horses, therefore, was
not performed in the present study.

A wide range of studies investigated the utilisation of the MAT
on vitreal or aqueous humor samples in horses to validate a
correlation between intraocular antibodies against Leptospira
spp. and ERU (Brandes et al. 2007, Brem et al. 1998, and
1999, Bryans 1955, Davidson et al. 1987, Polle et al. 2014,
von Borstel et al. 2010, Wollanke et al. 1998, Wollanke et al.
2004, Wollanke et al. 2000, Wollanke et al. 2001). In these
studies, the amount of positive results for intraocular leptospi-
ral antibodies ranged between 35 and 94% (Brandes et al.
2007, Brem et al. 1999, Dorrego-Keiter 2016, Gerding et al.
2015, Gilger et al. 2008, Polle et al. 2014, von Borstel et al.
2010, Wollanke et al. 1998, Wollanke et al. 2001) of the
eyes tested. In the present study the positive MAT-results ran-
ged between 41 and 51% in L1 and L3. One reason for this
variation in results might have been the use of different labo-
ratories. In the present study, the conformity of the MAT bet-
ween L1 and L3 was dependent upon the breed of the horse
sampled, and also upon the serovars detected. The inter-
laboratory agreement was almost perfect for serovar Pomona
and only substantial for serovar Grippotyphosa (Tab. 5). In
addition, the titres for serovar Grippotyphosa from L1 were
almost consistently higher than those from L3 (Fig. 1). This
substantial variation of agreement between laboratories might
be accounted for by the utilisation of different strains from the
same leptospiral serotype (Combiescu et al. 1958). Distinc-
tion of leptospires was first carried out by defining two diffe-
rent species based upon different phenotypes and nutritional
requirements (Johnson et al. 1964). Leptospires were classi-
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fied later serologically on the basis of different agglutination
patterns (Kmety et al. 1993). Throughout the years it became
apparent that serologic typing can be imprecise. The reason
for this was supposed to be cross-agglutination between con-
generic strains (Kmety et al. 1993, Turner 1968). The identifi-
cation of serovars via the MAT was based upon using locally
specific serovars for agglutination (OiE 2014) and results
were determined by the quality of matching between the pos-
sible antibodies and leptospiral strains utilised (Kmety et al.
1993). The higher agglutination titres for serovar Grippoty-
phosa in L1 compared to L3 were assumed to be a conse-
quence of different strains of the same serovar used in the
laboratories. The strain for serovar Grippotyphosa used in L1
seemed to be more appropriate for the horses sampled in this
study. This finding was in accordance with recent studies also
investigating the differences between MAT results in different
laboratories. One study was able to show a serovar-depen-
dent Kappa between laboratories (Fang et al. 2014). Another
study performing worldwide inter-laboratory trials showed that
laboratories which attended in the first round revealed higher
titres of the same serovars in the second round than labora-
tories which solely attended in the second round (Chappel et
al. 2004). If findings from MAT were stratified by breed in the
present study, Warmblood horses appeared to have only a
moderate inter-laboratory agreement of MAT results, while
Icelandic horses exhibited an almost perfect agreement bet-
ween laboratories (Tab. 4b). The differing degrees of agree-
ment in the MAT between L1 and L3 for Warmblood and Icel-
andic horses might have been an indicator of dissimilar strains
of leptospires inducing antibody production in these breeds.
Intraocular leptospiral antibodies from the Icelandic horses
with ERU appeared to be a better match for the live leptospiral
strain utilised in L3 than the leptospiral antibodies gained
from vitreal samples of Warmblood horses with ERU. The anti-
bodies detected most frequently agglutinated with serovar
Grippotyphosa in both breeds. A study from 2012 indicated
a higher risk for Icelandic horses to have intraocular leptospi-
ral antibodies, when compared to Warmblood horses (Wie-
hen 2012). A higher prevalence of Icelandic horses to positive
test results for intraocular leptospiral antibodies or for intra-
ocular leptospiral DNA was not evident in the current study. 

Another potential trouble spot of cross-agglutination had to
be considered when MAT results were interpreted with regard
to serovars. Several studies indicated that the MAT was epi-
demiologically unreliable for the detection of the causative
leptospiral serovar (Kusum et al. 2005, Levett 2003, Smythe
et al. 2009). The cultivation was assumed to be the gold stan-
dard for identifying the serovar responsible (Gochenour Jr et
al. 1953). The main serovar detected in the present study via
cultivation in L3 was serovar Grippotyphosa, which was in
accordance with the serovar mostly detected by MAT. There-
fore, a better reliability of the MAT with regard to serovar
detection was assumed for this study. 

The ELISA is an indirect test to screen for leptospiral antibo-
dies. The MAT was normally used to validate an ELISA (OiE
2014). Since the MAT results need to be regarded carefully
for interpretation, as outlined above, the ELISA is an improper
test to safely identify leptospiral infection in equine patients. A
higher sensitivity of the ELISA can be achieved by combining
multiple recombinant proteins of a specific serovar in one test
(Ye et al. 2014).
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During the last two decades, major achievements in the field
of detecting leptospiral DNA from different tissues were made
to improve the rapidity and to lower the costs of diagnosing
an early leptospiral infection in humans before antibodies
were traceable (Bal et al. 1994, Brown et al. 1995, Grave-
kamp et al. 1993, Kee et al. 1994, Merien et al. 1992). Inter-
estingly, the current study indicated a strong conformity bet-
ween L1 and L2, although different techniques were used and
different genes were targeted. One reason for this strong con-
formity may have been a similar sensitivity regardless of which
technique was used. The sensitivity of distinct PCR protocols
for detecting leptospiral DNA in different sample materials
was tested in various studies by the use of dilution series. One
study, amplifying the Leptospira rrs (16S) gene, demonstrated
that a minimum of two to ten bacteria per millilitre of sample
material revealed a positive PCR result (Merien et al. 1992).
Another study, using a real-time PCR to amplify the lfb1, secY
and lipL32 gene, reported a limit of detection of one bacte-
rium or five genome equivalents per microlitre of sample
material per PCR (Bourhy et al. 2011). Hence, the PCR was
a very sensitive method and only a high sample dilution com-
bined with very low amounts of leptospiral DNA seemed to
minimise this sensitivity. The MAT, on the other hand, had a
sensitivity of about 30–76%, referring to a prospective study
on human serous samples from Barbados (Cumberland et al.
1999). The sensitivity increased from samples taken in the
acute phase to the samples taken during convalescence
(median 28 days after the first symptoms). Since it was shown
that the onset of ERU after a potential infection with leptospi-
res takes months to years (Williams et al. 1971), it could be
assumed that the sensitivity of convalescent samples had the
highest relevance for vitreal specimens from horses with ERU.

Cultivation of leptospires was shown to require weeks to
months of incubation time (Levett 2001), and offered only a
poor sensitivity (Adler et al. 2010). If leptospires were suc-
cessfully cultivated, their identification was performed by
molecular techniques or serological methods, such as the
cross-agglutinin absorption (Dikken et al. 1978, Fletcher
1928). Successful cultivation in the current study was possible
in 16% (12/75) of the vitreal specimens. This is in accordan-
ce with a recent study that analysed 212 undiluted vitreal spe-
cimens (Dorrego-Keiter 2016). Interestingly, a cultivation of
leptospires was possible in three vitreal specimens, although
no antibodies were detected in L3 in the MAT. The MAT per-
formed in L1 identified leptospiral antibodies in two of these
three samples, whereas L1 and L2 detected leptospiral DNA
in all of the three specimens. This supports the theory that the
MAT in L3 might have missed a few leptospiral antibodies due
to usage of a different leptospiral strain. However, in one
sample, neither L3 nor L2 detected leptospiral antibodies
during the MAT. An unlikely reason for this might be an early
stage of infection, thus, leptospiral antibodies were not yet
detectable. This seemed rather unlikely, due to the clinical
history of a “classic ERU”. Leptospiral antibodies are produ-
ced during the first 10–14 days after infection with leptospires
(Adler et al. 2010). A more likely explanation might be that
leptospiral strains from both laboratories (L1 and L3) were a
poor fit for possible antibodies in this case. The low number
of leptospires cultivated in this study might have been due to
a lack of living leptospires in the vitreal body at the time of
the vitrectomy. An additional reason for a low rate of cultiva-
tion could have been the dilution of samples during vitrecto-
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my with flushing medium containing gentamicin. This might
have interfered with cultivation attempts, because Gentamicin
seems to have bactericidal effects on leptospires (Kobayashi
2001, Kobayashi 2005) and might have led to false negative
results in the present study. Wollanke et al. (2000) compared
diluted with undiluted vitreal specimens. They diluted appro-
ximately 25ml of vitreal body with 250ml (1:10) of balanced
salt solution with 20mg of gentamicin during vitrectomy
(80µg/ml gentamicin). They were able to cultivate living lep-
tospires in 7% (6/92) of the diluted samples and in 39%
(41/104) of the undiluted vitreal samples. This increase in
successful cultivations might either be due to the lower quan-
titative dilution of vitreal samples, or it was due to the absen-
ce of gentamicin in the vitreal samples. Nevertheless, an
intravenous treatment with enrofloxacin prior to vitrectomy did
not alter the cultivation of leptospires from vitreal samples sig-
nificantly (Popp et al. 2013). Besides the influence of genta-
micin on cultivation attempts, its retinal toxicity needs to be
considered (D'amico et al. 1984, Hancock et al. 2005,
Mochizuki et al. 1988). Not only the gentamicin-concentra-
tion, but also the ocular pigmentation and the manner of
application can influence the toxic effects of gentamicin on
the retina (Peyman et al. 1974, Zemel et al. 1995). Even very
low amounts of undiluted gentamicin (30µg) injected into the
vitreous body with the tip of the needle pointing to the retina
can cause damage to the retina, whereas an amount of
200µg of gentamicin did not cause any damage, if the need-
le was pointed to the anterior segment (Peyman et al. 1974).
Gentamicin is a strong acid and its toxic effects on the retina
may be due to a direct pH-effect on the retinal vasculature
and neurons (Hancock et al. 2005, Snider et al. 1985). The
gentamicin-concentration of flushing solution used for vitrec-
tomy of horses varies in the literature between 80µg/ml and
200µg/ml as far as noted, and no toxic side effects of the
gentamicin in the flushing solution were described so far. This
might be due to the high volume of flushing solution (250 to
500ml) used during vitrectomy (Frühauf 1998, Gerhards et
al. 1999, von Borstel et al. 2005, Wollanke et al. 2000). 

It has been described anecdotally that intravitreal genatmicin-
injections (400µg) may decrease or prevent further recurren-
ces in eyes with ERU (Gilger 2010). Therefore, it is conceiva-
ble that not only the exchange of the vitreal body with the
inflammatory debris in it, but also the concentration of gen-
tamicin in the flushing solution may have an influence on pre-
venting further inflammatory recurrences.

One limitation of this study was that only diluted vitreal sam-
ples were available. Some authors described obtaining undi-
luted vitreal material during vitrectomy of horses with ERU by
aspiration of the vitreal material at the beginning of the pars
plana vitrectomy, before opening the infusion line with bal-
anced salt solution (Loibl 2009, Popp 2011, Wiehen 2012).
Complications, such as retinal bleeding, pupil constriction
and choroidal haemorrhages, were described in human
patients for sampling the vitreous without immediate volume
replacement (Quiroz-Mercado et al. 2005). Complications
recorded during pars plana vitrectomy in equine patients are
retinal detachment and vitreal and/or retinal haemorrhage
(Frühauf 1998, von Borstel et al. 2005, Werry and Gerhards
1991, Werry et al. 1992). Therefore, this approach was not
used on patients in the present study with respect to possible
complications. To minimise these intraoperative complica-
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tions, different techniques to obtain undiluted vitreal biopsies
from human patients without losing intravitreal volume were
described in the literature. One of them used air instead of
a liquid solution at the beginning of the vitrectomy to collect
between 1.5 and 4 ml of undiluted vitreal material (Tsui et al.
2010). In other studies, authors used perfluorocarbon
liquids instead of balanced salt solution (Quiroz-Mercado et
al.2005, Yu et al. 2014). Perfluorocarbon liquids are synthe-
tic compositions with physical characteristics that make it a
very useful aid in ocular surgery (Kramer et al. 1995). They
are transparent liquids with a high specific gravity, a low
viscosity and a surface tension that is good in aqueous solu-
tions (Berrocal 1994). Thus, filling the eye from posterior to
anterior (Kramer et al. 1995) and making it an ideal tool to
gain undiluted vitreal material without risking a sudden
decrease in intraocular pressure. Even if perfluorocarbon
liquids get mixed with the vitreal specimen, postoperative
separation by different gravities or by freezing the specimen
can be carried out (Quiroz-Mercado et al. 2005). Since the-
re was no information about any utilisation of perfluorocar-
bon liquids or air instead of flushing solution in equine ocu-
lar surgery and adverse effects in equine patients are
unknown, this tool was not used on the equine patients
undergoing vitrectomy in this study. Instead of risking com-
plications during or after vitrectomy while gaining undiluted
vitreal samples for scientific purposes from each horse, the
compromise of a minimal sample dilution was accepted in
the present study.

This dilution might not only have influenced the results of cul-
tivation due to the gentamicin-concentration in the speci-
mens, but also the results of antibody and antigen detection
by PCR and MAT, because of a quantitative dilution. Detec-
tion of leptospiral antibodies could have been improved by
testing undiluted specimens. Wollanke et al. (2000) were
able to detect leptospiral antibodies in 67% of the 1:10 dilu-
ted specimens via MAT, while the undiluted vitreal body reve-
aled detectable antibodies in 79% of the samples in the same
study. This amount of increase in detection could not be
expected in the present study, because the maximum dilution
measured during the dilution testing was 1:3.8. Furthermore,
results from the serial dilution (Tab. 6) indicated a negligible
influence of a dilution as high as 1:3 on the test results. It was
shown in horse A that the antibody titre for serovar Grippoty-
phosa was not altered by dilution (Tab. 6). Although it is likely
that the dilution altered the amount of antibodies in the spe-
cimen, this happened within the range for the titer of
1:3.200. However, it has to be kept in mind that a few cases
of intraocular leptospiral traces might still be disregarded if
vitreous was diluted. Nevertheless, even with respect to dilu-
tion of the samples, no leptospiral involvement was provable
in more than one third of the vitreal specimens. A total of
43% (29/67) of the vitreal samples tested were negative in all
tests performed in all three laboratories (Tab. 3). Compared
to the results of L1, 46% (41/89) of the eyes revealed a nega-
tive result for leptospiral DNA and no agglutination of the
leptospiral MAT. Alternatively, 54% (48/89) of the eyes tested
in L1 evinced a positive result either in PCR or in MAT. Con-
sequently, this showed that most of the positive specimens
could be obtained by combining PCR and MAT results only
from L1. This is supported by a study comparing serological
tests with the PCR in human leptospirosis. De Abreu Fonseca
et al. (de Abreu Fonseca et al. 2006) used 124 serum sam-
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ples of validated leptospirosis cases, 20 specimens from
humans with other febrile diseases and 44 specimens from
healthy individuals. The combination of leptospiral PCR and
MAT showed a sensitivity of 100% in specimens taken at day
9 post infection or later. Since most of the leptospirosis cases
validated in this study also seemed to be discovered by the
combination of the MAT with the PCR in L1, a necessity for the
use of more than one laboratory could, thus, be denied with
regard to the tests performed. 

Results indicated a strong inter-laboratory agreement when
PCR was used for the detection of leptospiral DNA, whereas
the MAT showed a variance of results that needs to be care-
fully regarded for interpretation. Therefore, basing a decision
against a pars plana vitrectomy only upon a negative MAT
result of anterior chamber fluid from a single laboratory could
not be recommended.

Manufacturer’s addresses

1 BSS PLUS®, Alcon Laboratories, Inc., Texas, USA (balanced
salt solution enriched with bicarbonate, dextrose and glu-
tathione)

2 Gentamicin-ratiopharm® 80mg/2ml SF, Ratiopharm
GmbH, Ulm, Germany

3 VersaVITTM Vitrectomy System, Synergetics Inc., Missouri,
USA

4 Flushing solution: 500 ml BSS PLUS® charged with 80mg
gentamicin (160µg/ml)
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Erweiterte Zusammenfassung

Intraokularer Leptospirennachweis mittels PCR, MAT,
ELISA und Kultur von Pferden mit equiner rezidivieren-
der Uveitis (ERU) in verschiedenen Laboren

Die equine rezidivierende Uveitis (ERU) ist eine Augenerkran-
kung, die vor allem durch wiederkehrende Entzündungsschü-
be verschiedener Augenabschnitte und unterschiedlich lan-
gen, entzündungsfreien Phasen geprägt ist. Unterschiedliche
ätologische Theorien werden bis heute diskutiert, doch am
häufigsten wird die „klassiche ERU“ mit einer intraokularen
Leptospireninfektion in Verbindung gebracht. Die pars plana
Vitrektomie ist eine der erfolgreichsten operativen Therapie-
optionen der ERU und die Erfolgsrate im Sinne einer Rezidiv-
freiheit scheint in Augen mit nachweisbaren leptospiralen
Antikörpern besser zu sein. Ziel dieser Studie war es den Ein-
fluss unterschiedlicher Labore auf Untersuchungsergebnisse
und Nachweisraten leptospiraler DNS und Antikörper identi-
scher Glaskörperproben zu untersuchen. Darüber hinaus
wurde der Einfluss unterschiedlicher Methoden, wie zum Bei-
spiel der kulturellen Anzucht, auf die Nachweisrate evaluiert.

Glaskörperproben von 93 Augen mit ERU wurden von 78
Pferden verschiedener Rassen und verschiedenen Alters wäh-
rend der Vitrektomie entnommen, geteilt und an verschiedene
Labore in Deutschland versandt (L1, L2 und L3). L1 führte
eine Polymerasekettenreaktion (PCR) und einen Mikroaggluti-
nationstest (MAT) durch, L2 führte eine PCR durch und L3
führte einen MAT, eine kulturelle Anzucht und einen Enzyme
Linked Immunosorbent Assay (ELISA) durch. Die Höhe der
Glaskörperverdünnung wurde anhand des Harnstoffverhält-
nisses zwischen 34 Serum und Glaskörperproben ermittelt.
Außerdem wurde eine Verdünnungsreihe mit unverdünntem
Glaskörpermaterial erstellt, welches aus zwei enukleierten
und an ERU erkrankten Augen stammte und zur PCR und zum
MAT im L1 versandt wurde.
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Die Ergebnisse der PCR zeigten eine deutliche Übereinstim-
mung zwischen L1 und L2 (Kappa 0,95), 52 Proben waren
gleichzeitig positiv und 31 Proben gleichzeitig negativ in bei-
den Laboren. Lediglich zwei Proben zeigten voneinander
abweichende Resultate. Der MAT im L1 erbrachte in 51% und
im L3 in 41% der Glaskörperproben ein positives Ergebnis.
Die Übereinstimmung der MATs in L1 und L3 war sowohl
serovar-, als auch rasseabhängig. Der Kappa für Serovar
Grippotyphosa war 0,67 und für Serovar Pomona 0,82 
(Tab. 5). Der Kappa für Warmblutpferde betrug 0,56, wohin-
gegen der Kappa für Islandpferde 0,91 betrug. Eine erfolg-
reiche Anzucht gelang in 16 % der Glaskörperproben. Die
Verdünnung der Glaskörperproben schwankte sich zwischen
1 und 2,1 (±1,68).

Zusammenfassend wurden 67 Glaskörperproben parallel in
allen drei Laboren getestet. Wenigsten ein positives Ergebnis
in einem der durchgeführten Tests erreichten 57% (38),
wohingegen 43% (29) in allen Tests ein negatives Ergebnis
erzielten (PCR in L1 und L2, MAT in L1 und L3, Kultur in L3).
Die schwankenden Übereinstimmungen des MATs zwischen
Serovar Grippotyphosa und Serovar Pomona, sowie zwi-
schen Warmblutpferden und Islandpferden in L1 und L3
könnten durch den Gebrauch unterschiedlicher Stämme
identischer Serovare erklärt werden. Die Verdünnung der
Glaskörperproben muss für die Interpretation dieser Studie
berücksichtigt werden, jedoch zeigte die Verdünnungsreihe
einen untergeordneten Einfluss von einer Verdünnung bis zu
1:3. Die starke Übereinstimmung der PCR-Ergebnisse in L1
und L2 deuten auf eine ähnliche Sensitivität beider PCR-Pro-
tokolle hin.

Die PCR zeigte eine starke Übereinstimmung zwischen L1 und
L2, wohingegen serovar- und rasseabhängige Unterschiede
zwischen den Ergebnissen des MAT in L1 und L3 bestanden,
die für die Interpretation solcher Ergebnisse berücksichtigt
werden muss. Somit kann eine auf einer einzigen MAT-Unter-
suchung von Kammerwasser basierende Entscheidung gegen
eine Vitrektomie auf Grundlage der vorliegenden Studie nicht
empfohlen werden. 

Schlüsselwörter: Leptospiren, ERU, Uveitis,/ PCR, MAT 7,
Ophthalmologie


