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Abstract 

Background Digital dermatitis (DD) is a contagious hoof infection affecting cattle worldwide. The disease causes 
lameness and a reduction in animal welfare, which ultimately leads to major decreases in milk production in dairy 
cattle. The disease is most likely of polymicrobial origin with Treponema phagedenis and other Treponema spp. play-
ing a key role; however, the etiology is not fully understood. Diagnosis of the disease is based on visual assessment 
of the feet by trained hoof-trimmers and veterinarians, as a more reliable diagnostic method is lacking. The aim of this 
study was to evaluate the use of an enzyme-linked immunosorbent assay (ELISA) on bulk tank milk samples testing 
for the presence of T. phagedenis antibodies as a proxy to assess herd prevalence of DD in Swedish dairy cattle herds.

Results Bulk tank milk samples were collected in 2013 from 612 dairy herds spread across Sweden. A nationwide 
DD apparent prevalence of 11.9% (8.1–14.4% CI95%) was found, with the highest proportion of test-positive herds 
in the South Swedish regions (31.3%; 19.9–42.4% CI95%).

Conclusions This study reveals an underestimation of DD prevalence based on test results compared to hoof trim-
ming data, highlighting the critical need for a reliable and accurate diagnostic method. Such a method is essential 
for disease monitoring and the development of effective control strategies. The novelty of ELISA-based diagnostic 
methods for DD, coupled with the disease’s polymicrobial origin, suggests an avenue for improvement. Developing 
an expanded ELISA, incorporating antigens from various bacterial species implicated in the disease, could enhance 
diagnostic accuracy. The significance of this study is underscored by the extensive analysis of a substantial sample size 
(612). Notably, this investigation stands as the largest assessment to date, evaluating the application of ELISA on bulk 
tank milk for DD diagnosis at the herd level.
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Background
Digital dermatitis (DD) is a contagious hoof infection 
affecting cattle that was first described by Cheli and Mor-
tellaro in 1974 in Italy [1]. The disease is characterized 
by gradually worsening ulcers and inflammation on the 
heels of cattle [2–4]. The disease is found worldwide and 
is considered endemic in most countries housing cat-
tle [5]. It is one of the major causes of lameness in cat-
tle and is the most treated hoof disorder in the United 
States of America [2, 6, 7]. In Norway, the Netherlands, 
and Denmark, DD herd prevalence of 17%, 21%, and 
85%, respectively, have been reported [8–11]. Digital 
dermatitis was observed visually in 55% of Swedish cat-
tle herds in 2020, with DD lesions detected in 4.9% of all 
cows that underwent hoof-trimming (F. Åkerström, Växa 
Sverige personal communication April 20, 2022). Digital 
dermatitis causes reduced animal welfare with discom-
fort and pain in cattle, which can result in severe lame-
ness and economic loss [12]. In severe cases, lameness 
and reduced mobility can last more than four months 
[13]. Infection with DD leads to a decrease in productiv-
ity and milk yield due to an increase in lying time and a 
reduction in total feeding time [12, 14, 15]. In Sweden, 
this decrease in productivity has been estimated to be up 
to 5.5 kg energy-corrected milk per day per cow [16]. For 
heifers that have not yet had their first calf, infection with 
DD can lead to an even larger decrease in milk yield dur-
ing their first lactation [17]. Digital dermatitis in Swed-
ish herds could have a large impact on milk production, 
and mapping national prevalence is of significant impor-
tance in the effort to prevent and control this disease and 
thereby improve both the welfare and productivity of 
cows.

The etiology of DD is not completely understood, 
but it is thought to have a polymicrobial origin with 
Treponema phagedenis playing a key role in infection 
[18–20]. Treponema spp. are the most commonly iso-
lated bacteria from infection sites, more specifically 
T.  phagedenis, T. pedis and T.  medium/ “T.  vincentii” 
[21–23]. Treponema spp. belong to the family Trepone-
mataceae in the phylum Spirochaetota after recent 
revision by the International Committee on Systematics 
of Prokaryotes (ICSP), which decided that the names of 
phyla should be based on genera as the nomenclatural 
type [24]. Two well-known human pathogens belong 
to this family: T.  denticola, a causative agent of peri-
odontitis, and T. pallidum, the causative agent of syphi-
lis [25]. These species are fastidious and slow-growing, 
making them difficult to culture and thereby challeng-
ing to study [26]. In addition to Treponema spp., other 
species have also been identified from infection sites, 
including Mycoplasmopsis spp., Bacteroides spp., Por-
phyromonas spp., Campylobacter spp., Fusobacterium 

necrophorum, Borrelia burgdorferi, and “Candidatus 
Amoebophilus asiaticus”; however, these species have 
mainly been identified using non-culturing methods 
[18–20, 27].

Currently, the diagnosis of DD is performed 
through  visual assessment by professional hoof-trim-
mers [11, 28]. During these trimming sessions, hooves 
are inspected for irregularities, cleaned and trimmed, 
and if any disorders are found the cows undergo treat-
ment [11, 28]. In 2022, a total of 2,108 dairy herds, 
comprising 214,000 cows were part of Växa’s ‘Kokon-
trollen’ program, an initiative that handles all data 
related to cattle of associated cattle herds in addition to 
acting as an advisory service in Sweden (F. Åkerström, 
Växa Sverige personal communication May 15, 2023). 
As part of ‘Kokontrollen’, a total of 534,000 hoof trim-
mings were recorded, and in 69.4% of the trimmings, 
no hoof disorders were registered (F. Åkerström, Växa 
Sverige personal communication May 15, 2023). These 
evaluations are subjective, time consuming, expensive 
and solely based on the abilities of the hoof-trimmer. 
A more accurate method to diagnose DD is therefore 
needed, and several promising methods are gaining 
ground. Several of these methods are enzyme-linked 
immunosorbent assays (ELISAs) that detect antibodies 
against Treponema spp. antigens, either in the form of 
whole-cell preparations [29–35] or as specific proteins 
produced using recombinant DNA techniques [36, 37]. 
One of these ELISAs is now being used in the Neth-
erlands as part of a hoof health monitoring program 
[32]. The T. phagedenis PrrA antigen has been used in 
an ELISA with bulk tank milk samples to estimate the 
herd prevalence of DD with promising results [37]. Fur-
thermore, a PrrA-based ELISA and a Treponema spp. 
whole-cell ELISA were compared against hoof-trim-
ming data to estimate sensitivity and specificity, how-
ever both tests failed to produce acceptable sensitivity 
(maximum of 0.4 [0.19 – 0.86]) for the detection of 
DD at the herd level without compromising specificity 
(maximum of 0.99 [0.95 – 1.0]) [11] when Norwegian 
bulk tank milk samples were investigated. Although 
these methods are still far from perfect they are much 
faster and cheaper than the visual inspection of the 
hooves, and show potential as a screening tool for DD.

Despite the fact that DD is endemic in Sweden as well 
as in other European countries [2, 6–8], effective and reli-
able monitoring programs and knowledge on nationwide 
prevalence are lacking, which is key to develop effective 
disease prevention and control strategies. Therefore, this 
study aimed to investigate the use of an ELISA identify-
ing antibodies against T. phagedenis in bulk tank milk to 
assess the apparent prevalence of DD in Swedish dairy 
herds.
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Methods
Study herds
Bulk tank milk samples were collected from 612 Swed-
ish dairy herds in all eight statistical Nomenclature of 
Territorial Units for Statistics level 2 (NUTS2) regions 
of Sweden (Table 1). The selection of herds was done in 
two-steps. First a random selection was made based on 
all milk-producing herds in Sweden (4669 at the time). 
This random selection was plotted on a map, and some 
minor changes were made manually to make sure all 
regions with dairy cattle in Sweden were represented. 
All samples were collected between April and May 2013, 
originally with the purpose of monitoring Schmallenberg 
virus infection in cattle, and stored frozen at -20 °C at the 
Swedish Veterinary Agency (SVA) in Uppsala, Sweden. 
Data analysis was done retrospectively on the collected 

samples. Sample size was originally calculated for the 
Schmallenberg study and was done using the ‘sample size 
to achieve specified population-level sensitivity’ by Aus-
vet Epitools [38], where with a perfect test specificity and 
a disease prevalence of 0.5%, 588 samples will give a sur-
vey sensitivity of 95%.

Enzyme‑linked immunosorbent assay
Before sample analysis in November 2015, the samples 
were removed from the freezer and kept at room tem-
perature until completely thawed. All bulk milk samples 
were analyzed for the presence of anti-Treponema anti-
bodies using the prototype Digital Dermatitis ELISA Kit 
A (Medicago AB, Uppsala, Sweden).

The ELISA was based on the T. phagedenis protein 
PrrA, one of three T. phagedenis immunogenic proteins 

Table 1 Regional distribution of cattle herds screened for presence of Treponema phagedenis antibodies in bulk tank milk in Sweden

National areas Counties within the area Total No. of sampled 
herds

No. of sampled herds by 
region

Total number 
of herds in the 
region

SE11: Stockholm 6 60
Stockholm 6 60

SE12: East Middle Sweden 100 727
Uppsala 19 165

Södermanland 22 133

Östergötland 37 294

Örebro 16 87

Västmanland 6 48

SE21: Småland and Öland 163 1301
Jönköping 56 454

Kronoberg 28 190

Kalmar 52 438

Gotland 27 219

SE22: South Sweden 84 490
Blekinge 12 71

Skåne 72 419

SE23: West Sweden 142 1093
Halland 41 265

Västra Götaland 101 828

SE31: North Middle Sweden 55 369
Värmland 13 114

Dalarna 14 97

Gävleborg 28 158

SE32: Middle Norrland 54 274
Västernorrland 26 124

Jämtland 26 150

SE33: Upper Norrland 69 354
Västerbotten 53 250

Norrbotten 16 104

Total 612 4669
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used in ELISA test versions evaluated in Frössling et  al. 
[36], which found a sensitivity of 80% (CI95% 52–91%) 
and a specificity of 100% (CI95% 66–100%) when com-
pared to hoof trimming records, respectively. For all wells 
on a coated ELISA plate containing control samples 90 μl 
phosphate-buffered saline containing 0.5% Tween-20 
(Sigma–Aldrich, St Louis, MO, USA) (PBST) and 10  μl 
diluted controls were added. Bulk tank milk samples were 
diluted 1:2 in PBST and 100 μl was added to the remain-
ing wells. The plates then were sealed and incubated for 
2 h at 37℃. After incubation plates were washed six times 
with 350 μl PBST. After washing plates were inoculated 
with 100 μl diluted horseradish peroxidase (HRP) conju-
gate, sealed and incubated for 1  h at 37℃. Plates were 
washed again six times with 350 μl PBST. After washing 
plates were inoculated with 100  μl EC Blue Enhanced 
tetramethylbenzidine (TMB) solution. Plates were then 
incubated for ten minutes at room temperature away 
from direct sunlight, before 50  μl of stop solution was 
added. Lastly optical density (OD) was measured at 
450 nm within 15 min of finishing the assay. The whole 
ELISA process was done according to manufacturer’s 
instructions. A percent positive (PP) value was calculated 
according to the formula: PP =

100×A450(Test Sample)
A450(Positive Sample)

 
where  A450 is the mean OD value of the tested samples. 
All ELISA tests were performed at SVA.

A cut-off value of PP > 27 was considered positive for 
presence of T. phagedenis antibodies in bulk tank milk 
samples according to manufacturer’s instructions. Fur-
thermore we looked at cut-off values for individual milk 
samples which were considered positive for presence 
of T. phagedenis antibodies with a PP > 20, and a cut-off 
value of PP > 15 which according to a study conducted by 
Holmøy et al. [11] increased sensitivity of the Medicago 
test without sacrificing on specificity.

Statistical analysis
Statistical analyses were performed in Excel, GraphPad 
Prism version 9.5.1 for Windows (GraphPad Software, 
San Diego, CA, USA) and R Statistical Software (v4.3.0; 
R Core Team 2023). For calculation of 95% confidence 
intervals (CI95%) a normal approximation with the for-
mula: P ± Z

√

P(1− P)/n was used, where P stands 
for the probability a herd was test-positive and n for 
the number of herds tested. The Z-value was set to 1.96 
which corresponds to the Z-value for an α of 0.05 to cal-
culate 95% confidence intervals. Chi-Squared tests for 
independence were performed in R.

A chi-squared test of independence was performed to 
see if there was a significant difference between seroprev-
alence of T. phagedenis antibodies in the different regions 
compared to the total seroprevalence.

A cluster analysis was performed to uncover hidden 
patterns (groups) within the population. First only the 
PP-value was used as a measurement for analysis with-
out assigning labels (‘1’ for positive and ‘0’ for negative) to 
the classification algorithms. This was done to verify the 
optimal number of clusters for this dataset. Subsequently, 
the labeled clusters were tabulated alongside their classi-
fication as positive or negative to validate the accuracy of 
the classification and the specified threshold parameters. 
For this cluster analysis the R package NbClust was used 
[39]. The NbClust package provides 30 indices to deter-
mine the optimal number of clusters and suggests the 
best clustering scheme from the data provided by varying 
all combinations of number of clusters, distance meas-
ures and clustering methods.

Results
The apparent herd seroprevalence (defined as the pro-
portion of herds that have detectable antibody levels in 
bulk tank milk) for the presence of T. phagedenis anti-
bodies in bulk tank milk was 73 out of 612 (11.9%; 95% CI 
9.1–14.4%), as shown in Table 2. The highest herd sero-
prevalence was found in South Sweden, NUTS2 statisti-
cal region SE22, where samples from 20 out of 64 (31.3%; 
CI95% 19.9–42.6%) herds tested positive (Table  2). In 
contrast, the regions with the lowest number of positive 
tests were SE11 (Stockholm) with 0 out of 6 samples (0%) 
and SE32 (Middle Norrland) with 2 out of 52 milk sam-
ples (3.2%; CI95% 0–9.1%) testing positive (Table  2). A 
visual representation of the distribution of positive-test-
ing herds is shown in Fig. 1. The apparent prevalence in 
region SE22 (South Sweden) was significantly higher than 
the total seroprevalence (Fig. 2) (p < 0.0005).

Table 2 Regional distribution of Treponema phagedenis antibodies 
in bulk tank milk: Proportion of positive herds across Swedish 
NUTS2 regions

1 Percent positive

Region No. of 
herds

Median 
 PP1‑
value

Seropositive % 
Positive

CI95%

SE11 6 10 0 0% NA

SE12 89 13 11 12.4% 5.5–19.2

SE21 150 12 13 8.7% 4.2–13.2

SE22 64 19 20 31.3% 19.9–42.6

SE23 130 12 12 9.2% 4.3–14.2

SE31 51 13 4 7.8% 0.5–15.2

SE32 52 13 2 3.9% 0–9.1

SE33 69 17 11 15.9% 7.3–24.6

Total 612 13 73 11.9% 8.1–14.4
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We observed an increase in apparent seroprevalence of 
T. phagedenis antibodies in bulk tank milk for all regions 
when analyzing lower PP cut-off values (Figs.  2, 3 and 
Table 3).

The NbClust algorithm identified two as the optimal 
number of hidden groups, based on several different 
clustering measures. The first cluster contained 525 dairy 
herds (85.8%), while the second cluster included 87 dairy 
herds (14.2%) (Fig. 4).

Discussion
The significance of this study is underscored by the 
comprehensive sample analysis, involving a total of 
612 dairy herds. As the largest investigation of its kind, 
this study evaluates the application of ELISA for detec-
tion of T. phagedenis antibodies in bulk tank milk and 
examination of apparent prevalence of DD at the herd 

level [32]. Notably, while the data reflects the year 2013, 
it stands as the sole available dataset for Sweden, mak-
ing this study a foundational baseline for future investi-
gation into T. phagedenis in dairy cattle. Based on our 
findings, the seroprevalence of T. phagedenis antibodies 
in bulk tank milk in Swedish dairy herds in 2013 was 
11.9%. Considering expected limitations in diagnostic 
test sensitivity [36], we anticipate that part of the true 
positive cases may have been incorrectly identified as 
negative, this is further supported by the results from 
our cluster analysis (Fig.  4) which showed that 14.2% 
of our test results cluster together instead of the 11.9% 
that was found. This would lead to an underestimation 
of the actual number of herds affected by DD in Swe-
den. This is further supported when looking at hoof 
trimming data, which suggests DD herd prevalence was 
as high as 38.6% in 2014 (F. Åkerström, Växa Sverige, 
personal communication, August 21st, 2023). Limita-
tions in test sensitivity were also demonstrated in Hol-
møy et  al. (2021) when the same test as in this study 
was used with bulk tank milk samples from Norwe-
gian dairy herds. In the study by Holmøy et al. (2021), 
the authors investigated lowering the PP cut-off value 
to increase sensitivity of the ELISA [11]. In our study 
we looked at two additional cut-off values, namely 20 
which is used for individual milk samples according to 
the manufacturer’s instructions of the kit and 15, which 
was shown by Holmøy et al. (2021) to be the lowest cut-
off value that increased sensitivity without compromis-
ing on specificity [11]. When we analyze a PP cut-off 
value of > 20 we see a slight increase in seroprevalence 
(from 11.9% to 17.2%), however it does not get close 
to the reported 38.6% from hoof-trimming records. 
In contrast when looking at a PP cut-off value of > 15 
we get much closer to the reported prevalence of DD 
according to hoof trimming records (35.7% compared 
to 38.6%). Unfortunately, due to a lack of herd specific 
hoof-trimming data we are unable to confirm if this 
estimation is due to an increase in sensitivity or an 
increase in false positive test results. Judging from our 
cluster analysis (Fig.  4) lowering the PP cut-off value 
for the test to 23 should be considered, as there are two 
distinct groups identified separated at a PP value of 
23. This will slightly increase the seroprevalence of T. 
phagedenis antibodies in bulk tank milk to 14.2%.

The ELISA used only measures the presence of anti-
bodies against the bacterium T. phagedenis. As the 
origin of the disease is polymicrobial [18–20], not 
including other species-specific antigens in the ELISA 
could be one of the reasons this suspected underestima-
tion in DD prevalence was observed. It would therefore 
be of great benefit to repeat this study with an expanded 
ELISA containing antigens to several bacterial species 

Fig. 1 Geographical distribution of digital dermatitis in different 
Swedish statistical regions. Herds were classified as DD-positive based 
on presence of Treponema phagedenis antibodies in bulk tank milk
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involved in the infection to be able to assess trends in 
prevalence and geographical distribution.

Digital dermatitis was found in every statistical region 
in Sweden except SE11 (Stockholm); however, the num-
ber of herds tested and the number of herds in general 
are low in this region since it is a more urban area. The 
apparent prevalence of DD observed in Sweden (11.9%) 
was considerably lower than in Denmark (85%) but 

Fig. 2 Distribution of ELISA values for presence of Treponema phagedenis antibodies in bulk tank milk in different Swedish statistical regions, using 
different percent positive cut-off values. Horizontal bars represent median values. Dotted horizontal lines represent the different percent positive 
cut-off values analyzed. **** p < 0.0005

Fig. 3 Distribution of ELISA values for presence of Treponema phagedenis in bulk tank milk using different percent positive cut-off values. Dotted 
horizontal lines represent the different percent positive cut-off values analyzed

Table 3 Apparent seroprevalence of Treponema phagedenis 
antibodies in bulk tank milk using different percent positive cut-
off values

a Percent positive

PPa cut‑off Apparent seroprevalence CI95%

 > 27 11.9% 8.12 – 14.4

 > 20 17.2% 8.13 – 19.6

 > 15 35.7% 8.12 – 38.1
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similar to that in neighboring Norway (17%), where 
in both cases prevalence was based on hoof trimming 
observations [8, 10, 11]. In Norway, a steep increase 
in the number of DD cases was observed from 2013 
onwards; which could be attributed to the introduction 
of an electronic recording of hoof diseases [40]. This 
same phenomenon was observed in Sweden, where the 
proportion of infected herds increased from 38.6% to 
58.5% between 2014 and 2021 (F. Åkerström, Växa Sver-
ige, personal communication, August 21st, 2023). The 
increase in DD cases around Europe could partially be 
explained by the increase in free-stall systems, which 
has shown to be one of the risk factors for development 
of DD [41, 42]. The increase in free-stall systems is also 
true for Sweden. In 2020 it was reported that around 
76% of Swedish dairy herds use a free stall system com-
pared to approximately one-quarter in 2003 [43, 44].

In this study, the highest number of T. phagadenis anti-
body seropositive cases in Sweden was found in South 
Sweden, which includes the counties of Skåne and Ble-
kinge. Increasing herd size has been shown to be a risk 
factor for the development of DD [12], as the number of 
cows per herd in Skåne is one of the highest in Sweden 
this could be a potential explanation for the steep sero-
prevalence found in this region [45]. In addition these 
counties are located near Denmark, where a very high 
prevalence has been documented [10]. The similarities in 
climate and latitude (e.g., rain, sun hours, and tempera-
ture) between the two regions could be one factor why 

the seroprevalence is much higher in South Sweden than 
in the other Swedish regions [9, 10]. There is no proof of 
live-animal trade between the two countries, however 
trade of equipment between the two regions is not ruled 
out. As Treponema spp. have been shown to survive on 
hoof knives under aerobic conditions, trade of equipment 
could potentially also play a role in the seroprevalence in 
this region [46].

Although the knowledge surrounding DD has 
increased, a reliable diagnostic method for the disease is 
lacking. Currently, the diagnosis of DD relies on the sub-
jective observations of hoof-trimmers and veterinarians. 
Unfortunately, the early stages of the disease are often 
misdiagnosed or overlooked [30, 47, 48], which is prob-
lematic as studies have shown that treatment success is 
improved in the early stages of the disease [48, 49]. This 
problem persists when using ELISA, as it has been shown 
that early infection stages don’t give a strong immune 
response against DD-associated Treponema spp. [30, 
31]. The importance of an objective-based methodology 
to diagnose DD cannot be overstated. Moreover, having 
an efficient monitoring system is crucial. Diagnosing the 
disease in its early stages not only increases treatment 
success but also enhances the likelihood of a fast transi-
tion from an acute to a healing lesion [48, 49].

In Sweden, the recommended treatment for DD is by 
directly applying bandages containing salicylic acid to the 
infection site. After three to five days, the bandages are 
removed. The cow should be symptom-free after just a few 

Fig. 4 Cluster analysis showing distribution of Treponema phagedenis positive and negative herds based on Percent Positive value
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days, and the infection site should be completely healed 
within a week [50, 51]. In other countries, DD is more 
commonly treated by having the animals walk through 
footbaths containing antibacterial substances such as 
copper sulfate, formaldehyde or antibiotics [12, 52]. The 
major disadvantage of using footbaths for DD treatment 
is the risk of spreading disease to other animals in the 
herd; when incorrectly used, the concentration of anti-
microbial substances decreases, and footbaths become 
contaminated by pathogens, feces, and mud. In addition, 
footbaths containing antibiotics pose a risk for the spread 
of antimicrobial resistance [53, 54]. This procedure could 
be avoided with proper monitoring of DD and using a reli-
able diagnostic method that could diagnose DD at the herd 
and individual animal levels. A proper diagnostic method 
would make it easier to effectively treat individual ani-
mals at the early stages of the disease, thereby increasing 
chances of treatment success. In addition, an ELISA with 
the capacity to detect DD in the herd by analyzing bulk 
tank milk would be a useful and effective tool for disease 
monitoring on a population level, as well as for identifying 
trends in DD development such as changes in prevalence, 
geographical distribution, and herd type, which could be 
of immense value in developing disease control strategies.

In addition to diagnostic methods, further research 
on the etiology of DD is needed. Infection with DD is 
thought to have a polymicrobial origin, where multiple 
species play a role in establishing infection [19, 20]. The 
gut has been shown to be a reservoir for pathogenic bac-
teria, and contamination of barn floors by these bacteria 
has been suggested to play a part in disease transmission 
[12, 55]. Although many species involved in DD infection 
have been identified, the characteristics of these bacte-
rial species make them difficult to detect by conventional 
culture methods [26]. This creates further challenges in 
truly understanding the progression of the disease and in 
elucidating which species are important at which stages.

It would be particularly beneficial to repeat this study, 
with an improved ELISA including additional pathogen 
specific antigens to analyze how the prevalence of DD 
has changed over time, as well as to compare the current 
and past status of individual herds and assess the func-
tionality of the bulk tank milk analysis described herein.

Conclusion
In conclusion, this study found the apparent prevalence 
of DD in Swedish dairy herds to be 11.9% assessed by 
presence of T. phagedenis antibodies in bulk tank milk, 
with the highest occurrence in the southern part of 
Sweden, where almost one-third of the herds tested 
positive for the presence of T. phagedenis antibodies. 
Based on available hoof trimming data, we suspect that 
our results underestimate the true prevalence of DD.

Abbreviations
DD  Digital Dermatitis
ELISA  Enzyme-Linked Immunosorbent Assay
PP  Percent Positive
PBST  Phosphate-buffered saline containing 0.5% Tween-20
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