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Abstract

An outbreak of HSN1 highly pathogenic influenza A virus (HPIAV) has been detected in dairy
cows in the United States. Influenza A virus (IAV) is a negative-sense, single-stranded, RNA
virus that has not previously been associated with widespread infection in cattle. As such, cattle
are an extremely under-studied domestic IAV host species. IAV receptors on host cells are
sialic acids (SAs) that are bound to galactose in either an 02,3 or 02,6 linkage. Human [AVs
preferentially bind SA-02,6 (human receptor), whereas avian IAVs have a preference for 02,3
(avian receptor). The avian receptor can further be divided into two receptors: IAVs isolated
from chickens generally bind more tightly to SA-02,3-Gal-f1,4 (chicken receptor), whereas
IAVs isolated from duck to SA-02,3-Gal-1,3 (duck receptor). We found all receptors were
expressed, to a different degree, in the mammary gland, respiratory tract, and cerebrum of beef
and/or dairy cattle. The duck and human IAV receptors were widely expressed in the bovine
mammary gland, whereas the chicken receptor dominated the respiratory tract. In general, only
a low expression of IAV receptors was observed in the neurons of the cerebrum. These results
provide a mechanistic rationale for the high levels of H5N1 virus reported in infected bovine

milk and show cattle have the potential to act as a mixing vessel for novel IAV generation.
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1. Introduction

The natural reservoir hosts of the influenza A virus (IAV) are waterfowls (Anseriformes) and
shorebirds (Charadriiformes)!. IAV is a negative, single-stranded, RNA virus and, viral
evolution has enabled some [AV to cross species barriers to establish in humans and a variety
of mammals including pigs, horses, dogs, and seals'?>. Puzzlingly, cattle have until now been
regarded almost resistant to infection with IAV, but susceptible to infection with influenza C
and D viruses*®. It was, therefore, with some surprise that highly pathogenic avian influenza
virus (HPAIV) H5N1 (clade 2.3.4.4b) was detected in dairy cattle in Texas and rapidly spread
to more than 40 herds in eight different states in the United States®’. The clinical signs are
dominated by sudden drop in milk production and mastitis, whereas only mild respiratory signs
are observed and neurological symptoms that have often been described in other mammals
infected by 2.3.4.4b viruses are absent®3. A press release on April 25" from the US Food and
Drug Administration showed that one out of five retail milk samples tested positive for HPAI
HS5NI1 by quantitative polymerase chain reaction (QPCR). These results combined with reports
of detection of extremely high levels of virus in milk from infected cows’ in contrast to previous
studies suggesting bovine milk inactivates the hemagglutinin (HA) of influenza viruses’.
Previous studies have also shown a productive infection can be induced by the installation of
a human influenza A isolate into the mammary glands of cows and goats'®!!. Together, these
findings indicate that the pathogenesis of HPAI in cattle differs from other mammals, thus,
there is an urgent need for a better understanding of the pathogenesis of AV in cattle and the

anatomic features linking virus replication to mammary tissue.

HA binds to sialic acids (SA) terminally attached to glycans facilitating viral
endocytosis and membrane fusion. One of the most well-described influenza virus species
barriers is that the HA of human and swine adapted IAVs frequently prefer SAs linked to

galactose (Gal) in an 02,6 linkage (SA-02,6, human receptor), whereas avian IAVs prefer an
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02,3 linkage (SA-02,3, avian receptor)'?. Furthermore, IAVs adapted to chickens generally
prefer SA- 02,3-Gal with a B1,4 linkage to N-acetylgalactosamine (GalNac, SA-a2,3-Gal-1,4-
GalNac, referred to as the chicken receptor), whereas IA Vs isolated from ducks favor SA- a2,3-
Gal with a B1,3 linkage to N-acetylglucosamine (GlcNac, SA-a2,3-Gal-B1,3-GlcNac referred
to as duck receptor)!>!*. A study from 2011 investigated IAV receptor distribution on tracheal
and lung tissues in cattle from Thailand and a more recent investigation assessed the receptor
distribution on bovine primary cells of the nose, soft palate and trachea!>'®. IAV receptor

distribution in other bovine tissues are lacking.

Mass spectrometry can be used to examine the distribution of [AV receptors in
tissues, however, in situ techniques are required to study the localization of the receptors in
different cell types!’. The Sambucus Nigra Lectin (SNA) binds to the human receptor, while
Maackia Amurensis Lectin I (MAA-I) binds to the chicken receptor!®!°. Maackia Amurensis
Lectin 1T (MAA-II) shows a higher binding avidity for the duck receptor than the chicken
receptor’>?!. The main aim of this study was to investigate the in situ expression of IAV
receptors in the bovine respiratory tract, cerebrum, and mammary glands by lectin

histochemistry.
2. Materials and Methods
2.1 Tissue origination

Achieved bovine tracheal and lung tissues originating from two beef calves (2
months of age) were included. One of the calves showed acute, suppurative tracheitis. The
following tissues were collected during routine necropsy from different clinical cases at the
section of Veterinary Pathology, University of Copenhagen, Denmark. From a lactating dairy

cow (4 years of age) two non-diseased mammary glands were included. The specimens from
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84  the cerebrum originated from one beef calf (5 months of age) and one dairy cow (2.5 years of

85 age). The tissues were formalin-fixed, paraffin-embedded, and cut into 4-5 um sections.
86 2.2 Lectin histochemistry.

87 Detection of SA-02,6 was performed using biotinylated SNA (B-1305-2, Vector
88  Laboratories, California, USA) and detection of SA-02,3 was performed using biotinylated
89 MAA-1 (B-1315-2, Vector Laboratories) and biotinylated MAA-2 (B-1265-1, Vector
90  Laboratories) as previously described®?. The staining on the surface of the cells was evaluated
91 as follows: -: no staining observed, 1: present in <50% of the cells, and 2: present in >50% of

92  the cells.
93

94 3. Results

95  Inthe mammary gland, the human receptor (detected by the SNA lectin) and the duck receptor
96 (detected by the MAA-II lectin) were widely distributed in the alveoli, but not in the ducts,
97  whereas no positive staining of the chicken receptor (detected by the MAA-I lectin) was

98 detected (Figure 1).

99 In the respiratory tract, all receptors were expressed in the tracheal goblet cells
100  but with a lower abundance of human receptor positive cells (Figure 2). Interestingly, only the
101  chicken receptor was expressed on the surface of the ciliated epithelial cells (only observed in
102  the calf with no tracheal inflammation). A sparse staining of the chicken receptor was expressed
103  in the bronchi, and in the larger bronchioles, which also showed sparse staining for the duck
104  receptor, and a scant staining of all three receptors was detected in the respiratory bronchioles.
105  Inthe respiratory alveoli, all receptors were widely distributed but the human receptor appeared

106  to have a specific affinity for the type II pneumocytes and/or leukocytes only.
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107 A few, low-intensity cerebellar neurons stained positive for all receptors in the
108  dairy cow with the lowest number positive for the human-receptor. In the beef calf only the

109  duck- and chicken receptors were detected (Figure 1).

110 Lastly, positive staining of the human and chicken receptors was detected in the
111 endothelial cells and the chicken receptor was also detected in the bovine erythrocytes. The

112 results from the lectin histochemistry are found in Table 1 and summarized in Figure 3.

113 4. Discussion

114  Here we evaluate the expression of IAV receptors in situ in the mammary gland, respiratory
115  tract and cerebrum of cattle, which typically has been considered less susceptible to IAV
116  infection®. Strikingly, was the finding that both the human- (SA-02,6) and the duck receptors
117 (SA-02,3-Gal-B1,3) were highly expressed in the mammary glands, whereas no expression of
118  the chicken receptor (SA-02,3-Gal-f1,4) was detected. A previous study showed that co-
119  expression of both the human- and avian receptors can enhance the receptor binding of HSN1
120  isolated from ducks (clade 2.1.1) in vitro*. Combined these findings support the hypothesis
121 that the high viral load seen in milk from cows infected by HPAI H5N1 virus belonging to
122 clade 2.3.4.4b are due to local viral replication, because these viruses have high affinity for this
123 receptor’*. Additionally, the avian receptor has been found to be highly expressed in the human
124  cornea and conjunctiva?® which may explain the report that conjunctivitis was the dominating

125  clinical sign of a person presumably infected by dairy cows in Texas’.

126 The transmission route(s) and the pathogenesis of HSN1 in cows remain unclear,
127  and it’s not known if the virus enters the mammary gland by an ascending infection or
128  systemically by the blood supply. Interestingly, neither the human-, chicken-, nor the duck
129  receptors were expressed in the ducts of the mammary gland, making an ascending mammary
130  gland infection more challenging. It is not clear to which degree the HPAIV infected cows

131  develop viremia, however, even a very low degree of viremia may be adequate for the virus to

6
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132  enter the mammary gland and establish infection because the blood flow in the lactation period
133 is ~400 liter per hour®®. Suggestions by the USDA that only some udder quarters may be

134  involved in infection does, however, argue against a viremic source?’.

135 The investigation of the IAV receptor distribution in the respiratory tract also
136  revealed some novel findings. In the upper respiratory tract and upper part of the lower
137  respiratory tract (trachea, bronchi, and bronchioles), the chicken receptor (SA-a2,3-Gal-B1,4)
138  was expressed on the surface of the respiratory epithelium, whereas a lack of - or very limited
139  expression - of the human and duck receptors was detected. This pattern is the opposite to what

140  we found in the mammary gland. The lack of expression of the human receptor in the upper

25,28 22,25

141  respiratory tract of cattle contrasts with findings in humans and swine“~~> and supports the
142 perception that bovines are highly resistant to infection with influenza A viruses of human and
143 swine origin when exposed by the respiratory route?. In the lung alveolar cells, however, all
144  three receptors were abundantly expressed, similar to what has been found in pigs and

145  humans*>>28,

146 Isolated primary respiratory cells from the nasal turbinates, soft palate, and
147  tracheal tissues of cattle had an [AV receptor distribution that corresponds to the findings of
148  our study'®. Another previous study investigated the presence of the human receptor (SNA,
149  SA-02,6-Gal) and avian receptors (MAA, SA-02,3-Gal) by lectin histochemistry in the bovine
150  trachea and lung tissues, and found only the human receptor expressed in the lung tissues'®.
151  The discrepancy between results from this study'®> and our results could be due to the lack of
152  citrate pre-treatment of the tissues in the previous, which has been shown to markedly increase

153 the staining of the lectins in formalin-fixed tissues®®.

154 The HPAIV H5NI virus (clade 2.3.4.4b) has a global distribution in wild birds

155  and has infected more than 35 different species of mammals?*. One of the hallmarks of most
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156  of these infections has been the dominance of neurological symptoms and post mortem have
157  detected viruses in the brain of dead animals®®. We therefore investigated the receptor
158  expression in the cerebrum of cattle and found no or very scarce expression of any of the
159  receptors. The sparse expression of the IAV receptor in the cerebrum of cattle may explain why
160 thereis alack of neurological signs in HPAIV-infected cows, however, this remains speculative

161  because the pathogenesis of the neurotropic HPAIV virus in other species remains unclear.

162 In conclusion, here we provide new insight into [AV host receptors in cattle. The
163  expression of the duck receptor in the mammary gland of cows fits well with the observed
164  widespread infections among cattle in the United States. Nevertheless, the presence of the IAV
165  receptors does not per se provide evidence for cattle being susceptible to all avian influenza
166  viruses. The co-expression of both human and avian receptors in the mammary glands indicate
167  susceptibility for viruses of both swine/human and avian origin. This is worrying from a
168  zoonotic perspective, because bovines may act as a mixing vessel for new IAVs with increased
169  zoonotic potential.

170 Additional research is very much needed to better understand the pathogenesis
171  and epidemiology of IAV infections of cattle and other ruminants to elucidate if these species
172 can act as a mixing vessel for new [AVs.

173

174  Acknowledgements

175  This work was supported by the Novo Nordic foundation (FluZooMark: NNF190C0056326).
176  The authors thank Elisabeth Wairimu Petersen and Betina Gjedsted Andersen for practical

177  laboratory help. We declare that we have no conflict of interest.

178


https://doi.org/10.1101/2024.05.03.592326
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.05.03.592326; this version posted May 3, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY-NC-ND 4.0 International license.

179  References:

180 1. Yoon, S-W., Webby, R. J. & Webster, R. G. Evolution and Ecology of Influenza A

181 viruses. R. Compans, M. Oldstone (Eds.), Influenza Pathogenesis and Control - Volume
182 1. Current Topics in Microbiology and Immunology, Springer, Cham, Vol. 385 doi:
183 10.1007/82_2014 396 (2014).

184 2. Daly, J. M. & Kembou-Ringert, J. E. Equine, Canine, and Swine Influenza

185 (Orthomyxoviridae), in: Bamford, D.H, Zuckerman, M. (Eds.), Encyclopedia of

186 Virology. Elsevier. pp. 287-293 (2021).

187 3. Van Den Brand, J. M. A, et al. Influenza A (HION7) Virus Causes Respiratory Tract
188 Disease in Harbor Seals and Ferrets. PLoS ONE, 11, 0159625 doi:

189 10.1371/journal.pone.0159625 (2016).

190 4. Abdelwhab, E. M. & Mettenleiter T. C. Zoonotic Animal Influenza Virus and Potential
191 Mixing Vessel Hosts. Viruses, 15, 980 doi: 10.3390/v15040980 (2023).

192 5. Sreenivasan C. C., Thomas M., Kaushik, R. S., Wang, D. & Li, F. Influenza A in

193 Bovine Species: A Narrative Literature Review. Viruses. Jun 17;11, 561. doi:

194 10.3390/v11060561 (2019).

195 6. Hu, X. et al. Highly Pathogenic Avian Influenza A (H5N1) clade 2.3.4.4b Virus

196 detected 1 in dairy cattle. Preprint at https://doi.org/10.1101/2024.04.16.588916 (2024).

197 7. Ly H. Highly pathogenic avian influenza H5SN1 virus infections of dairy cattle and
198 livestock handlers in the United States of America. Virulence. 15, 2343931 doi:
199 10.1080/21505594.2024.2343931 (2024).

200 8. Bauer, L., Benavides, F. F. W., Veldhuis Kroeze, E. J. B., de Wit, E. & van Riel D. The

201 neuropathogenesis of highly pathogenic avian influenza HSNx viruses in mammalian
202 species including humans. Trends Neurosci. Nov; 46, 953-970. doi:
203 10.1016/j.tins.2023.08.002 (2023).


https://doi.org/10.1101/2024.04.16.588916
https://doi.org/10.1101/2024.05.03.592326
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.05.03.592326; this version posted May 3, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY-NC-ND 4.0 International license.

204 9. World Health Organization. Joint FAO/WHO/WOAH preliminary assessment of recent

205 influenza A(H5N1) viruses. 23 April 2024. Accessed April 29, 2024.
206 https://www.who.int/publications/m/item/joint-fao-who-woah-preliminary-assessment-
207 of-recent-influenza-a(h5n1)-viruses

208 10. Mitchell, C.A., Walker, R. V. & Bannister, G. L. Further Experiments Relating to the
209 Propagation of Virus in the Bovine Mammary Gland. Can J Comp Med Vet Sci. May;
210 17, 218-22 (1953).

211 11. Mitchell, C.A., Walker, R. V. & Bannister, G. L. Studies relating to the formation of

212 neutralizing antibody following the propagation of influenza and Newcastle disease
213 virus in the bovine mammary gland. Can J Microbiol. May; 2, 22-8. doi: 10.1139/m56-
214 037 (1956).

215 12. Zhao, C. & Pu, J. 2022. Influence of Host Sialic Acid Receptors Structure on the Host

216 Specificity of Influenza Viruses. Viruses. 14, 2141. doi: 10.3390/v14102141.

217 13. Gambaryan, A. S. et al. Receptor-binding properties of influenza viruses isolated from
218 gulls. Virology 522, 37-45. doi: 10.1016/j.virol.2018.07.004 (2018).

219 14. Gambaryan, A.S. et al. 6-sulfo sialyl Lewis X is the common receptor determinant

220 recognized by H5, H6, H7 and H9 influenza viruses of terrestrial poultry. Virol J. §, 85.
221 doi: 10.1186/1743-422X-5-85 (2008).

222 15. Thontiravong, A., Rung-ruangkijkrai, T., Kitikoon, P., Oraveerakul, K. & Poovorawan,

223 Y. Influenza A Virus Recept Influenza A Virus Receptor Identification in the

224 Respiratory Tract of Quail, Pig, Cow and Swamp Buffalo. The Thai Journal of

225 Veterinary Medicine. 41; 3, 15. doi: 10.56808/2985-1130.2322 (2011).

226 16. Uprety, T. et al.. Isolation and development of bovine primary respiratory cells as model
227 to study influenza D virus infection. Virology. 559, 89-99. doi:

228 10.1016/j.virol.2021.04.003 (2021).

10


https://doi.org/10.1101/2024.05.03.592326
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.05.03.592326; this version posted May 3, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY-NC-ND 4.0 International license.

229 17. Varki, N. M. & Varki, A. Diversity in cell surface sialic acid presentations: implications
230 for biology and disease. Lab Invest. 87, 851-857. doi: 10.1038/labinvest.3700656

231 (2007).

232 18. Gao, C. et al. Unique Binding Specificities of Proteins toward Isomeric Asparagine-
233 Linked Glycans. Cell Chem Biol. 26, 535-547.e4. doi: 10.1016/j.chembiol.2019.01.002
234 (2019).

235 19. Narimatsu, Y. et al. An Atlas of Human Glycosylation Pathways Enables Display of the
236 Human Glycome by Gene Engineered Cells. Mol Cell. 75, 394-407.e5. doi:

237 10.1016/j.molcel.2019.05.017 (2019)

238 20. Bojar, D. et al. A Useful Guide to Lectin Binding: Machine-Learning Directed

239 Annotation of 57 Unique Lectin Specificities. ACS Chem Bio. 17, 2993-3012. doi:

240 10.1021/acschembio.1c00689 (2022).

241 21. Biill, C. et al. Probing the Binding Specificities of Human Siglecs by Cell-Based Glycan

242 Arrays. Proc Natl Acad Sci U S A. 118, €2026102118. doi: 10.1073/pnas.2026102118
243 (2021).

244 22. Kristensen, C. et al. The avian influenza A virus receptor SA-a2,3-Gal is expressed in
245 the porcine nasal mucosa sustaining the pig as a mixing vessel for new influenza

246 viruses. Virus Res. 340, 199304. doi: 10.1016/j.virusres.2023.199304 (2024)

247 23. Liu, M. et al. Human-type sialic acid receptors contribute to avian influenza A virus
248 binding and entry by hetero-multivalent interactions. Nat Commun 13, 4054 doi:

249 10.1038/s41467-022-31840-0 (2022).

250 24. EFSA (European Food Safety Authority) et al. Scientific report: Avian influenza
251 overview December 2023—March 2024. EFSA Journal 22, 8754, 69. doi:

252 10.2903/j.efs2.2024.8754 (2024)

11


https://doi.org/10.1101/2024.05.03.592326
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.05.03.592326; this version posted May 3, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY-NC-ND 4.0 International license.

253 25. Eriksson, P. et al. Characterization of avian influenza virus attachment patterns to

254 human and pig tissues. Sci Rep 8, 12215 doi: 10.1038/s41598-018-29578-1. (2018).
255 26. Themistokleous, K.S. et al. Udder Ultrasonography of Dairy Cows: Investigating the
256 Relationship between Echotexture, Blood Flow, Somatic Cell Count and Milk Yield
257 during Dry Period and Lactation. Animals 13, 1779. doi: 10.3390/an113111779 (2023)

258 27. Animal and Plant Health Inspection Service - U.S department of Agriculture (USDA).

259 Testing Guidance for Labs for Influenza A in Livestock. Version.2024.04.26. Accessed
260 April 29, 2024. https://www.aphis.usda.gov/sites/default/files/hpai-livestock-testing-
261 recommendations.pdf

262 28. Nicholls, J. M., Bourne, A. J., Chen, H., Guan, Y. & Peiris, J. S. Sialic acid receptor

263 detection in the human respiratory tract: evidence for widespread distribution of
264 potential binding sites for human and avian influenza viruses. Respir Res. 25; 8, 73. doi:
265 10.1186/1465-9921-8-73 (2007).

266 29. Kalthoff, D., Hoffmann, D., Harder, T., Durban, M., & Beer, M. Experimental Infection
267 of Cattle with Highly Pathogenic Avian Influenza Virus (HSN1). Emerg. Infect. Dis. 14,
268 7. doi: 10.3201/eid1407.071468 (2008).

269 30. Cruz, C. D. et al. (2023). Highly Pathogenic Avian Influenza A(H5N1) from Wild

270 Birds, Poultry, and Mammals, Peru. Emerging Infectious Diseases, 29, 2572—-2576. doi:
271 10.3201/EID2912.230505 (2023)

272

273

274

12


https://doi.org/10.1101/2024.05.03.592326
http://creativecommons.org/licenses/by-nc-nd/4.0/

275
276

277

278

279

280

281

282

283

284

bioRxiv preprint doi: https://doi.org/10.1101/2024.05.03.592326; this version posted May 3, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY-NC-ND 4.0 International license.

MAA-I (chicken-receptor) MAA-II (duck-receptor)

F,'r = 3 L g ™\

Alveoli

Ducts

Cerebrum

Cerebrum
beef calf

Figure 1. The distribution of human-, chicken- and duck influenza A virus receptors in the mammary gland
tissue (alveoli and ducts) and in the cerebrum of cattle. The human-, chicken- and avian receptors was detected
by Sambucus Nigra Lectin (SNA), Maackia Amurensis Lectin I (MAA-I), and Maackia Amurensis Lectin II
(MAA-II) lectins, respectively, and positive reaction (dark blue to purple) was developed by adding Vector Blue.
The arrowheads indicate positive staining of the surface epithelium in the udder tissue and cerebellar neurons,

arrows indicate negative neurons, and asterisks indicate blood vessels.
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Figure 2. The distribution of human-, chicken- and avian influenza A virus receptors in the bovine
respiratory tract. The human-, chicken- and avian receptors were detected by Sambucus Nigra Lectin (SNA),
Maackia Amurensis Lectin I (MAA-I), and Maackia Amurensis Lectin II (MAA-II) lectins, respectively, and
positive reaction (dark blue to purple) was developed by adding Vector Blue. The arrowheads indicate positive

staining of the surface epithelium and asterisks indicate blood vessels.
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!
Figure 3. Comparison of the distribution of influenza A virus (IAV) receptors in the lungs, cerebrum, and

mammary gland tissues of cattle. The distribution and staining intensity of the IAV receptors was detected by
lectin histochemistry and semi-quantified. The human receptor (pink) was detected by Sambucus Nigra Lectin
(SNA), the chicken receptor (blue) was detected by Maackia Amurensis Lectin I (MAA-I), and the duck receptor
(green) was detected by Maackia Amurensis Lectin II (MAA-II). The tissues investigated were the trachea (1),
bronchi (2), bronchioles (3) alveoli (4) of the bovine respiratory tract, and the cerebellar cortex of a beef calf (5)

and a dairy cow (6) and lastly the alveoli (7) and ducts (8) of the mammary gland. Created with Biorender.com.
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Table 1. The comparison of the distribution of influenza A virus (IAV) based on the semi-

quantification of the lectin histochmistry.

. SNA MAA-I MAA-IT
Tissue Cell type (human-receptor)  (chicken-recptor) (duck-receptor)
Ciliated ) 1! -
epithelium
Trachea Goblet cells 1 2! 2
Glands 2 2 2
Bronchi Epithelium 2 1 -
Bronchiole Epithelium - 1 1
Respiratory R
bronchiole Epithelium 1 1 1
Lung Alveoli 2 2 2
parenchyma
Cerebrum Neurons 1 1 1
(dairy cow)
Cerebrum
(beef calf) Neurons - 1 1
Ducts - - -
Mammary
gland .
Alveoli 2 - 2

-: no staining, 1: staining observed in <50% of the cells, 2: staining observed in >50% of the cells.

IThe values was observed for the one beef calf without any lesions present, whereas the beef calf with acute, suppurative
tracheitis showed markedly reduced staining than mentioned in the table.

ZPositive staining observed in the lumen but not on the surface of the cells.

3Presumeably type Il pneumocytes or leukocytes.

16


https://doi.org/10.1101/2024.05.03.592326
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.05.03.592326; this version posted May 3, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY-NC-ND 4.0 International license.

17


https://doi.org/10.1101/2024.05.03.592326
http://creativecommons.org/licenses/by-nc-nd/4.0/

