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Abstract 19	

Supernumerary nipples or teats (polythelia) are congenital accessory structures that may develop at 20	

any location along the milk line and have been implicated in the pathogenesis of mastitis. We describe 21	

the anatomy and histology of 27 spontaneously occurring supernumerary teats from 16 sheep, 22	

delineating two groups of teats – simple and anatomically complex – according to the complexity of 23	

the anatomy and microenvironment. Anatomically complex supernumerary teats exhibited 24	

significantly increased length and barrel diameter compared to simple supernumerary teats. A teat 25	

canal and/or teat cistern was present in anatomically complex teats, with smooth muscle fibres 26	

forming a variably well-organised encircling teat sphincter. Complex supernumerary teats also 27	

exhibited immune cell infiltrates similar to those of normal teats, including lymphoid follicle-like 28	

structures at the folds of the teat cistern – teat canal junction, and macrophages that infiltrated the 29	

peri-cisternal glandular tissue. One complex supernumerary teat exhibited teat end hyperkeratosis. 30	

These anatomical and histological features allow inference that supernumerary teats may be 31	

susceptible to bacterial ingress through the teat canal and we hypothesise that this may be more likely 32	

in those teats with less well-organised encircling smooth muscle. The teat cistern of anatomically 33	

complex teats may also constitute a focus of milk accumulation and thus a potential nidus for bacterial 34	

infection, potentially predisposing to mastitis. We suggest that size of the supernumerary teat, and 35	

relationship to the main teats, particularly in the case of ‘cluster teats’, should be considerations if 36	

surgical removal is contemplated. 37	

 38	
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Introduction 44	

Sheep and goats typically have one pair of inguinal mammae, each with one ductal system and one 45	

teat (Hughes and Watson, 2018a). Supernumerary nipples or teats (polythelia) are congenital 46	

accessory structures which may develop at any location along the milk line (Stone and Wheeler, 47	

2015). In goats, the presence of supernumerary teats is considered to be a heritable characteristic that 48	

is likely polygenic (Martin et al., 2016). Similarly, in sheep, teat number is a highly heritable 49	

characteristic (Rowson et al., 2012), and development of supernumerary teats is a complex polygenic 50	

trait (Peng et al., 2017).  Over the centuries, selective sheep breeding programmes have, from time to 51	

time, been instigated to attempt to capitalise on the heritability of this trait to increase functional teat 52	

number (Bell, 1904; Phillips et al., 1946).  53	

 54	

Paradoxically, in dairy cows, supernumerary teats are thought to have the potential to interfere with 55	

milking and to represent a mastitis risk, and therefore removal may be considered clinically 56	

appropriate in some cases (Roberts and Fishwick, 2010). Indeed, supernumerary teat removal 57	

correlates with a reduced incidence of subclinical mastitis in Dutch dairy heifers, although this 58	

observation could point to wider management differences between farms implementing different 59	

removal policies, rather than necessarily reflecting a direct effect (Santman-Berends et al., 2012). In 60	

small ruminants, as in cattle, bacterial mastitis is a major health issue with welfare implications 61	

(Hughes and Watson, 2018a), both in dairy sheep (Bramis et al., 2016) and those used for meat 62	

production (Phythian et al., 2011; Crump et al., 2019; Phythian et al., 2019). It has been suggested 63	

that poor udder conformation, including the presence of supernumerary teats, may also constitute a 64	

minor, but notable, risk factor for acquisition of new intramammary infections (Vasileiou et al., 2019), 65	

potentially as an indirect effect due to impairment of lamb sucking and consequent inefficient removal 66	

of milk (Menzies and Ramanoon, 2001). Whilst removal of supernumerary teats is less frequently 67	

performed than in dairy cows, the procedure may be undertaken from time to time (Sargison et al., 68	

2018). On one Spanish farm, comparison of milk yield between dairy sheep in which supernumerary 69	

teats were removed, and those in which they were not, suggested that the procedure could be avoided 70	

(Palacios and Abecia, 2014).  71	
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 72	

There is a relative paucity of knowledge regarding the anatomy and histology of ovine supernumerary 73	

teats in spite of the dual interest in additional teats both as a target for selective breeding programmes, 74	

and conversely as a potential mastitis risk factor requiring removal, with the attendant welfare 75	

implications of such a procedure. The purpose of this study was therefore to investigate the anatomy 76	

and microenvironment of ovine supernumerary teats, with a particular focus on describing anatomical 77	

variations in these structures. We wished to assess whether there was any anatomical evidence to 78	

support the notion that these structures may form a risk factor for mastitis, for example, by evaluation 79	

of teats for the presence of teat sinuses in which milk could accumulate.  80	

 81	

Materials and methods 82	

Animals 83	

Ewes from three separate sources were examined to assemble a panel of supernumerary teats for this 84	

study. Udders from adult ewes that were examined by the diagnostic veterinary anatomic pathology 85	

service of the Department of Veterinary Medicine, University of Cambridge or the Section for Small 86	

Ruminant Research, Norwegian University of Life Sciences, were assessed for the presence of 87	

supernumerary teats and those with such structures were included in the study. Additionally, udders 88	

were also collected post mortem from adult and immature ewes studied experimentally for other 89	

purposes (Vaughan et al., 2018) and euthanased under the Animals (Scientific Procedures) Act 1986. 90	

The Ethics and Welfare Committee of the Department of Veterinary Medicine, University of 91	

Cambridge, reviewed the study plan relating to the use of ovine post mortem material for the study of 92	

mammary gland biology (reference: CR223). An application for non-regulated use of animals in 93	

scientific procedures was granted for the post mortem collection of mammary tissue from the 94	

experimental ewes. Ewes with supernumerary teats were selected from the larger population of 95	

animals being examined in each of the contexts described above for the three tissue sources.  96	

 97	

Animals with a history of mastitis, or with macroscopic evidence of mastitis, were excluded. With the 98	

exception of one case, macroscopic post mortem examination of each udder was conducted by a 99	
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single board-certified veterinary pathologist. In the exceptional case, macroscopic post mortem 100	

examination of the udder was carried out by a specialist from the European College of Small 101	

Ruminant Health Management, with images of the udder evaluated by the same veterinary pathologist 102	

as above. A total of 27 supernumerary teats from 16 ewes were examined. Statistics relating to the 103	

sample population were recorded to the nearest one decimal place. 104	

 105	

Anatomic assessment 106	

Udders were fixed in 10% neutral-buffered formalin. Following approximately 72 hours of fixation, 107	

the supernumerary teat was then incised in a sagittal or transverse plane, and the length of the teat, 108	

and the diameter of the teat at the barrel (middle part of the teat) were measured, a technique adapted 109	

from that described previously for bovine teats (Guarin and Ruegg, 2016). Supernumerary teats were 110	

inspected for internal anatomy and those exhibiting either a teat canal (ductus papillaris), teat cistern 111	

(pars papillaris sinus lactifer), or both, were classified as anatomically complex. Those exhibiting no 112	

such structure were considered simple. Teat length and barrel diameter were compared between the 113	

simple and anatomically complex groups using the two-tailed unpaired student’s T-test.  114	

 115	

Histology 116	

Supernumerary teats from one immature ewe and 14 mature ewes, together with control non-117	

supernumerary teats and udder skin from three mature ewes, were collected in 10% neutral-buffered 118	

formalin. Tissues were processed and subsequently cut at five microns to produce histological 119	

sections that were stained with haematoxylin and eosin (H&E).  120	

 121	

Immunohistochemistry 122	

Immunohistochemical (IHC) staining for CD3 (dilution 1:150; mouse monoclonal, clone F7.2.38, 123	

catalogue number M7254), (both Agilent/Dako Technologies LDA UK, Cheadle, Cheshire, UK) and 124	

ionized calcium-binding adapter molecule 1 (Iba-1; dilution 1:800; mouse monoclonal, clone 125	

20A12.1, catalogue number MABN92, Millipore UK, Croxley Green Business Park, Watford, 126	

Hertfordshire, UK), followed routine protocols using an automated IHC system (Dako 127	
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Pathology/Agilent Technologies). Dual staining for smooth muscle actin (SMA; dilution 1:400; 128	

mouse monoclonal, clone 1A4, catalogue number M0851, Agilent/Dako Technologies LDA UK as 129	

above) and E-cadherin (dilution 1:500; rabbit monoclonal, clone 24E10, catalogue number 3195, Cell 130	

Signaling Technology Europe, Leiden, The Netherlands) was conducted using an ImmPRESSTM Duet 131	

Double Staining Polymer Kit (Vector laboratories, Peterborough, UK). Negative control slides were 132	

prepared using species-matched immunoglobulins. 133	

 134	

Results 135	

The size of supernumerary teats correlates with anatomical complexity 136	

Twenty seven supernumerary teats from 16 ewes were included in the study. Eleven (68.8%) of the 137	

ewes exhibited bilateral supernumerary teats (Fig. S1). Animals at varying stages of the mammary 138	

postnatal developmental cycle were examined: five animals (31.3%) were pregnant, three (18.8%) 139	

were dry but previously parous, four ewes (25%) were sampled during post-lactational regression 140	

(mammary gland involution) and one ewe each (6.3%) was immature, mature but nulliparous, 141	

lactating, or had no stage of mammary postnatal development recorded. Several different breeds of 142	

suckler ewes were represented in the study population, with an overrepresentation of Welsh mountain 143	

ewes (11 ewes; 68.8%), and one (6.3%) each of Lleyn, Hebridean, Texel, and Norsk Kvit Sau. For 144	

one sheep, no breed information was available. Of the 27 supernumerary teats examined, one was 145	

from an immature ewe and was therefore analysed grossly and microscopically but excluded from teat 146	

measurements. One supernumerary teat from an adult ewe with bilateral supernumerary teats was 147	

examined macroscopically on superficial surface but was lost at the point of sampling and was thus 148	

not analysed further. 149	

 150	

Of the 25 supernumerary teats examined from adult ewes, 13 (52%) were anatomically simple and 151	

had no macro- or microscopically apparent connection to either the gland cistern proximally or the 152	

external environment distally (Fig. 1A,B). One simple supernumerary teat from a seven month-old 153	

ewe lamb exhibited an indented, or partially bifid, appearance (Fig. 1B). Twelve (48%) of the 154	

supernumerary teats examined from adult ewes had internal anatomy to some extent resembling that 155	
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of normal teats, including teat canal and/or teat cistern, and/or communication with the gland cistern 156	

(Fig. 1C,D,E,F). Hereafter we will refer to this group of supernumerary teats as anatomically 157	

complex.  158	

 159	

Of the 11 ewes exhibiting bilateral supernumerary teats, four (36.4%) exhibited two simple 160	

supernumerary teats, whilst four ewes (36.4%) had a complex supernumerary teat associated with 161	

each mamma, and two ewes (18.2%) had one simple and one complex supernumerary teat. As already 162	

stated, one supernumerary teat from one ewe with bilateral supernumerary teats was lost at the time of 163	

sampling and was not further classified as simple or complex. Of the five ewes with unilateral 164	

supernumerary teats, the majority (4/5; 80%) exhibited simple structures (Fig. S1). 165	

 166	

Anatomically complex supernumerary teats frequently macroscopically exhibited similar features to 167	

normal ovine teats. For example, we observed teat end hyperkeratosis, which has been described in 168	

dairy sheep, in one anatomically complex supernumerary teat (Fig. 1C). This condition involves 169	

hyperplasia of the teat canal stratum corneum, and may contribute to poor udder health when non-170	

supernumerary teats are affected (Vouraki et al., 2018). There are likely to be many potential 171	

contributors to development of teat end hyperkeratosis, including environmental factors, tissue stress, 172	

and factors associated with milk production (Plummer and Plummer, 2012; Vouraki et al., 2018). 173	

 174	

By assessment following dissection, it did not appear that anatomically complex teats in our study 175	

consistently drained a separate zone of mammary parenchyma but rather usually connected with the 176	

gland cistern of the main teat or had no apparent connection to the main gland cistern. In some 177	

instances the supernumerary teat, although independent, was present in very close proximity to the 178	

main teat, a condition which has been previously described as ‘cluster teats’ (Plummer and Plummer, 179	

2012) (Fig. 1D,E). Not all anatomically complex teats exhibited all anatomical components of normal 180	

teats and this group was considered to represent a spectrum of development. For example, one 181	

anatomically complex teat exhibited a distinct teat cistern but no apparent teat canal and was therefore 182	

considered non-patent and blind (Fig. 1F). However, the majority of the anatomically complex teats 183	
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were considered functional, denoting the ability of the teat to produce and eject milk (Plummer and 184	

Plummer, 2012) and even those anatomically complex teats which were regarded as non-patent 185	

appeared to exhibit the capacity to accumulate milk in the teat cistern. In one supernumerary teat, 186	

there was clear evidence of milk accumulation within an enlarged supernumerary teat cistern (Fig. 187	

S2). 188	

 189	

When the fixed tissue lengths and diameter at the barrel of supernumerary teats from adult ewes were 190	

compared, anatomically complex supernumerary teats were significantly longer and wider than those 191	

which did not exhibit internal anatomy resembling normal teats (Fig. 1G,H), indicating that size is 192	

likely to be a good predictor of level of anatomical complexity of supernumerary teats. 193	

 194	

Anatomically complex supernumerary teats exhibit similar histological features to normal teats 195	

Simple supernumerary teats had a ‘bland’ histological appearance comprising expansion of the dermis 196	

with bundles of collagen, together with dermal adnexal structures, and were considered to be non-197	

functional (Plummer and Plummer, 2012) (Fig. 2A). By contrast, anatomically complex 198	

supernumerary teats generally exhibited keratin-lined teat canals, and teat cistern lined by a bilaminar 199	

epithelium, very similar to those of normal ruminant teats (Paulrud, 2005) (Fig. 2B,C).  200	

 201	

In the anatomically complex supernumerary teats, glandular tissue was multifocally present in 202	

subepithelial foci adjacent to the teat cistern, again resembling the architecture of normal teats 203	

(Plummer and Plummer, 2012). Occasional corpora amylacea were noted (Fig. 2D). Corpora 204	

amylacea are concretions of amyloid and other proteins that have been previously reported to arise in 205	

the ruminant mammary gland (Nickerson and Sordillo, 1985; Ludewig, 1998). Infrequently observed 206	

in the mammary stroma, corpora amylacea are considered to arise principally in actively secreting 207	

mammary alveoli (Brooker, 1978; Claudon et al., 1998), therefore suggesting	in our study that the 208	

glandular tissue adjacent to the teat cistern of anatomically complex supernumerary teats may be 209	

active. 210	

 211	
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The microenvironment of anatomically complex supernumerary teats is similar to that of 212	

normal teats 213	

The microenvironment of the mammary gland and associated teat is characterised by complex 214	

interplay between the spectrum of cells present (Hughes and Watson, 2018a). As responses to mastitis 215	

pathogens are critically dependent on the mammary immune system (Sordillo, 2018) we wished to 216	

further explore the characteristics of the immune cell populations noted within the anatomically 217	

complex supernumerary teats and their relationship with the epithelial components. 218	

 219	

Prominent aggregates of lymphocytes were multifocally apparent at the folds delineating the teat 220	

cistern – teat canal junction (Fig. 2B,C). These lymphocytic groupings were strikingly similar to the 221	

mucosa-associated lymphoid tissue which has been described at this location in the non-222	

supernumerary teats of ewes (Mavrogianni et al., 2006; Mavrogianni et al., 2007; Mavrogianni and 223	

Fthenakis, 2007). These multifocal lymphocytic groupings included large numbers of CD3-positive T 224	

lymphocytes (Fig. 2E). Intraepithelial CD3-positive T lymphocytes, indicative of exocytosis, were 225	

also present in the bilaminar epithelial lining of the supernumerary teat cistern. This finding is 226	

consistent with other species: we have previously described intraepithelial CD3-positive T 227	

lymphocytes in the epithelial lining of sinus-like dilatations of the mammary ducts of rabbits and in 228	

foci adjacent to the mammary ducts (Hughes and Watson, 2018b) and infiltration of lymphocytes also 229	

occurs in the bovine teat cistern (Nickerson and Pankey, 1983). Iba-1 positive cells, with morphology 230	

and location consistent with macrophages, were also present adjacent to the supernumerary teat 231	

cistern (Fig. 2F). CD68+ macrophages, and a population of MHCII+ cells have previously been 232	

described to be present in non-supernumerary teats at the junction of the teat cistern and duct, 233	

following experimental challenge with Mannheimia haemolytica (Fragkou et al., 2010), and thus the 234	

identification of macrophages in this location in supernumerary teats further suggests that there is a 235	

typical mammary immune microenvironment in these accessory structures. 236	

 237	

The stromal compartment of the mammary microenvironment also includes fibroblasts and smooth 238	

muscle cells (Hughes and Watson, 2018a), constituents which are particularly important in the teat 239	
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(Fig. 3). Smooth muscle has previously been observed in supernumerary nipples in humans (Mercuri 240	

et al., 2019). In ruminants, smooth muscle cells encircle the teat cistern and teat canal with an inner 241	

longitudinal arrangement and outer circular orientation (Nickerson and Akers, 2011; Koyama et al., 242	

2013) forming a sphincter that favours closure and thus maintenance of the teat canal innate immune 243	

barrier (Wagener et al., 2018). Simple supernumerary teats exhibited stromal deposition of smooth 244	

muscle in an apparently random pattern, similar to that of normal skin (Fig. 3A,B,E,F,I,J). By 245	

contrast, anatomically complex supernumerary teats exhibited dense bundles of smooth muscle 246	

similar to non-supernumerary teats (Fig. 3C,D,G,H,K,L). Interestingly, clear orientation was 247	

discernible in some foci where smooth muscle fibres were arranged in parallel with each other (Fig. 248	

3K), although this was not a consistent feature and in many foci the smooth muscle cells lacked a 249	

clear or consistent arrangement.  250	

 251	

Discussion 252	

In this study we have demonstrated that the size of supernumerary teats in sheep correlates with 253	

complexity of the anatomy and microenvironment. Simple supernumerary teats generally have a 254	

‘bland’ histological appearance resembling that of haired skin, whereas larger anatomically complex 255	

supernumerary teats exhibit internal anatomy and histology resembling that of normal teats. This 256	

finding has important implications for the removal of supernumerary teats. Whilst teat removal has 257	

attendant welfare implications, and evidence suggests that it may be avoided (Palacios and Abecia, 258	

2014), it is a procedure which is undertaken occasionally (Sargison et al., 2018). If teat removal is 259	

contemplated, then evaluation of the size of the teat may inform this decision. For example, it has 260	

been suggested that the presence of supernumerary teats may be a minor risk factor for mastitis 261	

(Menzies and Ramanoon, 2001; Vasileiou et al., 2019) and several observations from this study may 262	

support this notion. Firstly, larger supernumerary teats which form ‘cluster teats’ with the main teat 263	

may prevent efficient suckling and increase the likelihood of teat trauma from lambs (Roger, 2009). In 264	

addition, many larger anatomically complex supernumerary teats exhibit teat canals which may 265	

facilitate pathogen ingress, particularly given that the smooth muscle surrounding the canal exhibits 266	

only multifocal foci of organisation of smooth muscle fibres in a parallel arrangement and may thus 267	
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constitute a compromised sphincter compared to that of a normal teat. The teat cistern of larger, 268	

anatomically complex, supernumerary teats may facilitate milk accumulation, forming a nidus for 269	

bacterial infection, particularly in a supernumerary teat which is not being efficiently suckled or in a 270	

non-patent anatomically complex teat with a teat cistern in which milk can build-up. Thus, anatomical 271	

proximity to the main teat, and size of the supernumerary teat, as a surrogate indicator of anatomical 272	

complexity, may constitute valid considerations when removal is contemplated. 273	

 274	

Our study also provides evidence for the presence of lymphoid aggregates at the teat cistern – teat 275	

canal junction in supernumerary teats. The presence of such aggregates in non-supernumerary ovine 276	

teats has attracted considerable attention and the lymphoid accumulations are suggested to be induced 277	

in association with presence of bacteria (Mavrogianni et al., 2007). It is therefore tempting to 278	

speculatively attribute a similar association in the anatomically complex supernumerary teats 279	

exhibiting such structures. We also noted teat end hyperkeratosis in one anatomically complex 280	

supernumerary teat. Hyperplasia of the teat canal stratum corneum has been linked to an increased 281	

risk of mastitis in dairy cows (Besier et al., 2016) and this observation in an ovine supernumerary teat 282	

hints at potentially similar microenvironmental changes that may favour pathogen invasion. 283	

 284	

There are several limitations to this study. A historical report examining sheep selectively bred for 285	

additional teats describes a complicated protocol of mounting udders from euthanased ewes on a 286	

wooden frame, prior to perfusion with coloured 5% formaldehyde, to delineate the mammary 287	

parenchyma drained by additional teats in terms of anatomy and volume (Phillips et al., 1946). The 288	

authors concluded that the additional teats drained anatomically separate regions of the udder that had 289	

a notably small capacity compared to the primary mammae. Thus, these teats drained a separate zone 290	

of parenchyma that was not connected to the primary teat. Our study was not specifically designed to 291	

assess the connections between the gland cistern and teats in this manner, as it would have 292	

compromised histological assessment of the supernumerary teats. However, our impression, based on 293	

dissection alone, was that the anatomically complex supernumerary teats in our study generally 294	

connected with the gland cistern of the main teat rather than a distinct and separate zone of mammary 295	



	

	
	

12	

parenchyma, although a connection was not consistently apparent. It is self-evident that any breeding 296	

programmes designed to increase teat number in sheep should be supported by anatomical and 297	

histological studies similar to those we have performed, both to delineate the anatomy of the 298	

additional teats and to facilitate understanding of the communication between the supernumerary teat 299	

and the underlying gland cistern(s). 300	

 301	

A further limitation of the study is that the majority of the ewes examined were Welsh mountain 302	

ewes, although both hill and lowland breeds were represented in our population. No breed 303	

associations can be inferred from our data, which was heavily affected by the populations examined at 304	

our institutions. It would be desirable to examine supernumerary teats from a wider range of breeds 305	

including dairy sheep. Although animals from a range of stages of postnatal mammary gland 306	

development were examined, a more even distribution of developmental stages would be preferable. 307	

However, a strength of this study is that ewes from experimental, commercial, and smallholding 308	

flocks were examined. Therefore in spite of the considerations described above, it seems likely that 309	

the spectrum of anatomical variants of supernumerary teats we have described is likely to be 310	

applicable to other groups of sheep, although it is possible that differences in microenvironment may 311	

be observed in sheep managed in differing types of production system. That said, much of the work 312	

on inducible lymphoid follicles in ewe teats has been carried out in dairy breeds (Fragkou et al., 2007; 313	

Katsafadou et al., 2019) and yet we observe very similar follicle-like structures in a subset of the 314	

supernumerary teats from the suckler ewes detailed here, hinting that the teat microenvironment may 315	

be similar even in animals from different production systems. 316	

 317	

Taken together, the data delineated in this study provide novel insights into the mammary 318	

microenvironment of supernumerary teats and provide anatomical evidence to aid clinical decision-319	

making surrounding teat removal. Since the presence of anatomically complex supernumerary teats 320	

may favour intramammary infection, further investigations could inform data-driven management 321	

decisions on the selection of replacement breeding animals without specific anatomical traits as a 322	

longer-term strategy that is preferable to surgical removal in young animals. Similar investigations in 323	
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dairy sheep and cows are therefore warranted and will likely enhance understanding of the role of 324	

supernumerary teats in the pathogenesis of mastitis in these groups of animals. 325	

 326	
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Supplementary material 439	

Figure S1. The majority of ewes in the study population exhibited bilateral supernumerary 440	

teats. Flow chart detailing the numbers of ewes with bilateral and unilateral supernumerary teats, and 441	

the number of simple or complex teats in each group. Numerals represent number of ewes in each 442	

category. 443	

 444	

Figure S2. Milk can accumulate in sinuses associated with anatomically complex 445	

supernumerary teats. Transverse section through a supernumerary teat (arrow) from a Texel ewe. 446	

Diamond indicates milk accumulation within a cistern associated with the supernumerary teat. Scale 447	

bar indicates 5 mm. 448	

 449	

Figure legends 450	

Figure 1. Size of supernumerary teats correlates with anatomical complexity. (A) Parasagittal 451	

section through a simple supernumerary teat (arrow), Hebridean ewe, dry previously parous. (B) 452	

Parasagittal section through a partially bifid simple supernumerary teat (arrow), seven month-old 453	

Welsh mountain ewe lamb. (C) Gross appearance of a complex supernumerary teat exhibiting 454	

hyperkeratosis (arrow), Welsh mountain ewe, 145 days gestation. (D) Gross appearance of a complex 455	

supernumerary teat (arrow) in very close proximity to the main teat, Welsh mountain ewe, 14 days 456	

involution. A parasagittal section from the same ewe (E) demonstrates that this anatomically complex 457	

supernumerary teat has a teat canal (arrow) and teat cistern (asterisk) that resemble that of the main 458	

teat. (F) Parasagittal section through an anatomically complex supernumerary teat that exhibits a teat 459	

cistern (asterisk) but lacks a discernible teat canal, Norsk Kvit Sau ewe, 10 weeks lactation. Diamonds 460	
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indicate gland cistern and arrowheads indicate teat canal of main teat (A, E, F). Scale bars indicate 10 461	

mm (A), 5 mm (B), 5 mm (C, D), 10 mm (E, F). Scatter dot plots comparing the fixed tissue lengths 462	

(G) and teat diameter at the barrel (H) of simple and anatomically complex supernumerary teats 463	

demonstrate that anatomically complex teats are significantly longer and wider than simple 464	

supernumerary teats. Bars represent mean ± standard deviation; **** p < 0.0001, as determined by a 465	

two-tailed unpaired student’s T-test 466	

 467	

Figure 2. Simple supernumerary teats exhibit internal architecture similar to skin whereas 468	

anatomically complex supernumerary teats exhibit a microenvironment similar to non-469	

supernumerary teats. (A) Sagittal section through a simple supernumerary teat. The dermis exhibits 470	

hair follicles (arrow) and adnexal structures and there is no teat canal. (B, C) Sagittal sections through 471	

two anatomically complex supernumerary teats which exhibit lymphoid follicles (arrows) present in 472	

folds of tissue at the junction between the proximal teat canal (arrowhead) and the teat cistern 473	

(diamond). (D) Corpora amylacea (arrow) are multifocally present within glandular tissue adjacent to 474	

the teat cistern (diamond) of anatomically complex supernumerary teats. (E) CD3-positive T 475	

lymphocytes (arrow) are present multifocally adjacent to the junction between the teat canal and the 476	

teat cistern. (F) Immunohistochemical staining for Iba-1 indicates cells consistent with activated 477	

macrophages surrounding bilayered ducts (double headed arrow) that branch from the teat cistern of 478	

anatomically complex supernumerary teats. Arrowhead indicates teat canal; diamond indicates teat 479	

cistern. Scale bars indicate 800 µm (A), 400 µm (B, C), 80 µm (D, E, F). H&E stain (A, B, C, D) and 480	

immunohistochemical stain for CD3 (E) and Iba-1 (F) with haematoxylin counterstain (E, F). Images 481	

are representative from analysis of four (simple supernumerary teats) and six (complex 482	

supernumerary teats) biological repeats 483	

 484	

Figure 3. Anatomically complex supernumerary teats exhibit dense, aligned, smooth muscle 485	

actin fibres adjacent to the teat canal. Sagittal sections through udder skin (A, E, I), the distal 486	

aspect of a simple supernumerary teat (B, F, J), a complex supernumerary teat (C, G, K) and a non 487	

supernumerary teat (D, H, L) respectively. The dermis of simple supernumerary teats (B, F, J) is 488	
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similar to that of udder skin (A, E, I), with usual dermal adnexal structures including sebaceous glands 489	

(diamonds). Adjacent to the teat canal (arrowheads) of complex supernumerary teats (C) and normal 490	

teats (D) there is paucicellular connective tissue expanded by smooth muscle fibres. In simple 491	

supernumerary teats (F, J) smooth muscle is present in the walls of blood vessels (black arrow) and 492	

apocrine glands, or is randomly arranged in the teat dermis similar to the arrangement in the dermis of 493	

udder skin (E, I) (purple arrow). In complex supernumerary teats (G, K), densely packed smooth 494	

muscle fibres are multifocally aligned in parallel (purple arrow) and are intermingled with collagen 495	

bundles similar to the arrangement found in non-supernumerary teats (H, L) (purple arrow). Smooth 496	

muscle actin is also present within the walls of large blood vessels (black arrows). H&E stain (A-D) 497	

and immunohistochemical stain for smooth muscle actin (brown) and E-cadherin (pink) with 498	

haematoxylin counterstain (E-L). Scale bars indicate 800 µm (A-D), 400 µm (E-H) and 80 µm (I-L). 499	

Images are representative of analysis of three biological repeats for each type of teat. 500	
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