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Evaluation of polymorphisms in 
the MBL2 gene exon 1 and their 
relevance to susceptibility to 
bovine papillomatosis in Girolando 
breed animals

ABSTRACT: Bovine papillomatosis is an infectious viral disease caused by Bovine 
Papillomavirus (BPV). Single-nucleotide polymorphisms (SNPs) in genes associated 
with innate immunity have been widely investigated due to their relevance to animal 
disease susceptibility. Mannose-binding lectins (MBLs) are critical components 
of the innate immune response against various infectious agents, including 
viruses. Polymorphisms in the MBL2 gene may influence protein functionality, 
and this study aimed to evaluate the association between polymorphisms in 
exon 1 of the MBL2 gene and susceptibility to bovine papillomatosis. Blood samples 
were collected from 167 Girolando cattle (Gir × Holstein) from Northeastern Brazil, 
all carriers of BPV. Among these, 92 animals presented cutaneous symptoms of 
the disease, while 75 were asymptomatic. DNA was extracted from the samples, 
followed by PCR to detect BPV and polymorphisms, sequencing, and sequence 
alignment. SNPs were analyzed using SNPStats software, with a significance 
threshold set at 5%. The association between polymorphisms in exon 1 of 
the MBL2 gene and the development of papillomatosis was assessed using the Odds 
Ratio test, with a 95% confidence interval. Sequence analysis revealed 245 conserved 
sites and two variable sites, G235A and T244C, in exon 1 of the MBL2 gene. However, 
no significant association was identified between these SNPs' allele and genotype 
frequencies and susceptibility to cutaneous papillomatosis.

Keywords: bovine papillomavirus; cutaneous papillomatosis; innate immunity; 
MBL2 gene; single nucleotide polymorphisms.

Avaliação dos polimorfismos no exon 1 do gene 
MBL2 e sua associação com a papilomatose 
bovina em animais da raça Girolando
RESUMO: A papilomatose bovina é uma doença viral infecciosa causada pelo 
Papilomavírus Bovino (BPV). Polimorfismos de nucleotídeo único (SNPs) em 
genes associados à imunidade inata têm sido amplamente investigados 
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devido à sua relevância para a suscetibilidade a doenças animais. Lectinas de ligação 
à manose (MBLs) são componentes críticos da resposta imune inata contra vários 
agentes infecciosos, incluindo vírus. Polimorfismos no gene MBL2 podem influenciar 
a funcionalidade da proteína. Este estudo teve como objetivo avaliar a associação 
entre polimorfismos no exon 1 do gene MBL2 e suscetibilidade à papilomatose bovina. 
Amostras de sangue foram coletadas de 167 bovinos Girolando (Gir × Holandês) do 
Nordeste do Brasil, todos portadores de BPV. Entre estes, 92 animais apresentaram 
sintomas cutâneos da doença, enquanto 75 eram assintomáticos. O DNA foi extraído 
das amostras, seguido por PCR para detectar BPV e polimorfismos, sequenciamento e 
alinhamento de sequências. Os SNPs foram analisados usando o software SNPStats, 
com um limite de significância definido em 5%. A associação entre polimorfismos 
no exon 1 do gene MBL2 e o desenvolvimento de papilomatose foi avaliada usando 
o teste Odds Ratio, com um intervalo de confiança de 95%. A análise de sequência 
revelou 245 sítios conservados e dois sítios variáveis, G235A e T244C, no exon 1 
do gene MBL2. No entanto, nenhuma associação significativa foi identificada 
entre as frequências de alelos e genótipos desses SNPs e a suscetibilidade à 
papilomatose cutânea.

Palavras-chave: gene MBL2; imunidade inata; papilomatose cutânea; polimorfismos de 
nucleotídeo único; vírus do papiloma bovino.

1 Introduction 

Bovine papillomatosis is a viral infectious disease caused by Bovine 
Papillomavirus (BPV), which adversely impacts herd productivity. Economically, this 
disease is significant due to its association with reductions in milk production, weight 
gain, and leather quality (Bocaneti et al., 2014; Daudt et al., 2018). Papillomaviruses 
belong to the Papillomaviridae family, which comprises 29 genera and includes a 
heterogeneous group of epitheliotropic, non-enveloped, circular double-stranded DNA 
viruses (Alfaro-Mora et al., 2022; Ugochukwu et al., 2019).

Infections caused by papillomaviruses typically trigger an immune response in 
the host, leading, in most cases, to regression of the lesions. This process involves the 
activation of both innate and adaptive immunity, with a predominant Th1 cellular response 
mediated by CD8+ T lymphocytes and macrophages, which facilitates the destruction of 
infected cells and the regression of lesions (Costa; Medeiros, 2014). However, cases have 
been reported in which cattle infected with multiple BPV types remain asymptomatic, 
suggesting that certain animals develop a more effective immune response, allowing 
better infection control (Carvalho et al., 2012). Conversely, infections involving specific 
viral types, co-factors, or impaired immune responses can progress to malignant lesions, 
such as bladder cancer and upper gastrointestinal cancer (Medeiros-Fonseca et al., 2022).

The association of single-nucleotide polymorphisms (SNPs) with genes related to 
pathophysiology and pathogenesis has been extensively studied, as genetic variations 
may predispose individuals to disease susceptibility or confer protection (Clark; 
Baudouin, 2006; Namath; Patterson, 2011; Suffredini; Chanock, 2006). Innate immunity 
is the first line of defense against infectious agents (Kaur; Secord, 2019). Within this 
system, the complement cascade acts as an effector mechanism of humoral immunity 
(Merle et al., 2015). Mannose-binding lectins (MBLs), encoded by the MBL1 and MBL2 
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genes, play a crucial role in innate immune responses against various microorganisms 
(Takahashi et al., 2005).

Polymorphisms in the promoter region of the MBL2 gene may reduce the expression 
of the molecule, while mutations in the coding region can impair the oligomeric structure 
required for mannose-binding and complement system activation (Garred et al., 2006). 
These mutations have been linked to unfavorable outcomes in bacterial and viral infections 
(Thomas et al., 1996). Genetic variations in the MBL2 gene, found in both coding and 
non-coding regions, have been reported in humans, ovine, and swine. These variations 
can affect MBL assembly, resulting in low protein levels and immunological dysfunction 
(Juul-Madsen et al., 2011; Lillie et al., 2007; Liu et al., 2011; Madsen et al., 1998; Thiel; 
Gadjeva, 2009; Zhao et al., 2012). In humans, exon 1 polymorphisms in the MBL2 gene 
have been associated with an increased risk of high-risk HPV infection and cervical 
cancer development (Wang et al., 2016).

In cattle, the MBL2 gene is located on chromosome 26 and contains three introns 
and four exons, encoding a protein comprising 249 amino acids (Gjerstorff et al., 2004). 
Mutations in this gene have been implicated in increased susceptibility to various infectious 
agents (Capparelli et al., 2008; Holmskov; Thiel; Jensenius, 2003; Lillie et al., 2005; 
Takahashi et al., 2005). Polymorphisms in the MBL2 gene in cattle have been associated 
with mastitis susceptibility, adversely affecting milk production (Wang et al., 2012; 
Zhao et al., 2012). Additionally, studies suggest that polymorphisms in buffalo 
MBL2 genes are linked to resistance to Brucella abortus infection and mastitis 
(Capparelli et al., 2008; Shergojry et al., 2023).

Despite the functional importance of MBL2, there is limited information on its genetic 
variants in cattle and their relationship to disease resistance (Wang et al., 2012). Since 
MBL plays a role in pathogen recognition and elimination, and MBL2 polymorphisms 
may affect protein functionality, this study aims to evaluate the association between 
MBL2 gene polymorphisms and susceptibility to bovine papillomatosis.

This study investigates the potential association between polymorphisms in 
the MBL2 gene and susceptibility to clinical symptoms of papillomatosis in Girolando 
cattle. The article is organized as follows: Section 2 provides the theoretical framework, 
including an overview of Bovine Papillomavirus (BPV) and a focused discussion on the 
molecular mechanisms of polymorphisms in the MBL2 and MHC genes that may influence 
immune responses to BPV. Section 3 details the research methodology, describing 
the analysis of 167 animal samples using PCR to amplify exon 1 of the MBL2 gene, 
followed by sequencing and SNP analysis, alongside a comprehensive description of 
the sampling procedures and genetic analyses conducted. Section 4 presents the results, 
identifying two informative sites of genetic variation. However, no significant association 
was observed between these polymorphisms and susceptibility to papillomatosis. These 
findings are discussed in the context of existing literature, highlighting their contribution 
to understanding the genetic determinants of immune response to BPV infection. 
Finally, Section 5 concludes by summarizing the key findings and their implications for 
developing more effective control and prevention strategies for bovine papillomatosis. 
The study underscores the importance of such research for the sustainability of Girolando 
cattle farming, a breed extensively utilized in Brazil.

2 Theoretical framework

This section provides an overview of papillomaviruses, addressing their classification, 
genotype diversity, and the clinical and pathological consequences associated with these 
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viral infections. It begins with an introduction to Papillomaviruses (PVs), highlighting 
their classification as small, non-enveloped DNA viruses, their ability to infect various 
species, and the typical lesions they induce. The discussion then transitions to a detailed 
analysis of Bovine Papillomavirus (BPV), examining the diversity of BPV genotypes, 
the anatomical regions most affected, and the conditions under which infections may 
progress to malignant neoplasms. Finally, the subsection on the molecular mechanisms 
of MBL2 and MHC explores polymorphisms in genes regulating the immune response 
to infections, emphasizing the role of MBL2 and BoLA polymorphisms in determining 
susceptibility to papillomavirus infections.

2.1 Papillomavirus: an overview

Papillomaviruses (PVs) constitute a diverse family of small, non-enveloped 
DNA viruses characterized by circular, double-stranded genomes. These viruses infect 
many species, including mammals, birds, and reptiles, and significantly affect human 
health. Their primary targets are the basal cells of mucosal and cutaneous epithelium, 
often resulting in hyperproliferative lesions commonly referred to as papillomas or 
warts. While these growths are typically benign and self-limiting, certain cofactors can 
drive their progression into malignant cancers (Bernard et al., 2010; Freitas et al., 2003; 
Monteiro et al., 2008; Silva et al., 2011).

Although papillomaviruses generally exhibit species specificity, cross-species 
infections have been documented in natural conditions, particularly among equines 
(Kumar et al., 2015; Nasir; Campo, 2008; Pangty et al., 2010; Silvestre et al., 2009).

These viruses are globally distributed and have been the subject of extensive research 
since the 1930s, when CRPV (cottontail rabbit papillomavirus) was identified in rabbit 
warts. Subsequent studies utilizing animal models such as bovines (BPV) (Figure 1), 
rabbits (CRPV), and canines (COPV) have significantly advanced our understanding of 
viral biology, host-virus interactions, co-carcinogenic environmental factors, and immune 
responses to infection (Lunardi et al., 2013b).

Figure 1 • 
Bovine affected by 

bovine papillomatosis.
Source: authors' archive
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2.2 Bovine Papillomavirus (BPV)

Bovine Papillomavirus (BPV), classified within the Papillomaviridae family, 
encompasses 29 genotypes divided into five genera: Deltapapillomavirus (BPV-1, 
-2, -13, and -14), Xipapillomavirus (BPV-3, -4, -6, -9, -10, -11, -12, -15, -17, -20, -23, 
-24, -26, -28, and -29), Epsilonpapillomavirus (BPV-5, -8, and -25), Dyoxi (BPV-7), 
and Dyokappapapillomavirus (BPV-16, -18, and -22). Genotypes BPV-19, -21, and -27 
remain unclassified (Sauthier et al., 2021).

BPV-1, the most extensively studied genotype, serves as a model for 
understanding HPV infection and persistence. It induces fibropapillomas in the paragenital 
regions of cattle and sarcoids in horse-cutaneous neoplasms associated with the invasion 
of transformed fibroblasts (Schiller; Vass; Lowy, 1984; Yuan et al., 2010, 2011). 
BPV-2 causes fibropapillomas on the skin, gastrointestinal tract, and urinary tract of cattle 
and is linked to bovine enzootic hematuria (BEH) and bladder cancer when combined 
with bracken fern carcinogens (Borzacchiello et al., 2003, 2007).

Other BPV genotypes, such as BPV-3 to BPV-7, also induce diverse papillomas 
in cattle, with variation depending on the viral type and lesion site (Bloch; Breen; 
Spradbrow, 1994; Borzacchiello et al., 2003; Campo, 2006; Ford et al., 1982; 
Jarrett et al., 1984; Ogawa et al., 2007; Patel; Smith; Campo, 1987; Pfister et al., 1979).

BPV-8, originally designated BAPV-2, was identified in Japan and later in a European 
bison in Italy. Phylogenetic analysis revealed its similarity to BPV-5, classifying it within 
the Epsilonpapillomavirus genus, despite notable genetic differences, such as the presence 
of ORF E4 in BPV-8 but not in BPV-5 (Tomita et al., 2007).

BPVs -9 and -10 were isolated from papillomas and intact bovine teat skin, 
with 74.2% and 71.2% ORF L1 similarity to BPV-3, placing them in the Xipapillomavirus 
genus (Hatama; Nobumoto; Kanno, 2008). Additional BPV types, including BPV-11 
and BPV-12, have also been identified and classified through genome sequencing 
(Hatama et al., 2011; Zhu et al., 2012).

BPV-13, for instance, has been associated with the development of specific 
fibropapillomas in southern Brazil. BPV infections are widespread globally, 
predominantly affecting young cattle raised in intensive management systems. These 
infections can progress to malignant tumors under conditions of compromised immunity 
or exposure to stressors, such as secondary infections. Furthermore, the interaction 
between BPV and bracken fern has been linked to the development of neoplasms in the 
gastrointestinal and urinary tracts, particularly in regions where this plant is prevalent 
(Lunardi et al., 2013a, 2013b; Narechania et al., 2004).

Currently, more than 40 BPV types have been described, but new types continue 
to be identified through phylogenetic analyses. A recent study reported the presence of 
novel BPV types in vulvar papillomas (Yamashita-Kawanishi et al., 2020). BPVs are 
ubiquitous in cattle herds worldwide, causing benign lesions that typically regress within 
12 months, especially in young animals or those in intensive management systems (Muro; 
Bottura; Piccinin, 2008). However, lesions may persist in immunocompromised animals 
and can develop into malignant tumors, particularly under the influence of environmental 
stressors (Borzacchiello; Roperto, 2008).

In cattle, BPV can induce cutaneous papillomatosis, papillomas, and cancers in the 
gastrointestinal and urinary tracts. The consumption of bracken fern (Pteridium aquilinum) 
is associated with cancer development in these regions due to the interaction between 
BPV – especially BPV-2 and BPV-4, and the carcinogenic and immunosuppressive 
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compounds found in the plant (Borzacchiello; Roperto, 2008; Monteiro et al., 2008; 
Santos et al., 1998; Tokarnia; Dobereiner; Peixoto, 2000).

Bracken fern contains several toxic compounds, including ptaquiloside, a potent 
carcinogen, and immunosuppressive molecules such as quercetin and kaempferol. These 
compounds can directly damage DNA by forming adducts, leading to mutations in key 
oncogenes and tumor suppressor genes. Furthermore, ptaquiloside can activate oncogenic 
pathways by alkylating purine bases in DNA, contributing to genomic instability 
(Malik et al., 2023).

The interaction between BPV and bracken fern compounds is particularly 
significant. BPV-2 and BPV-4 infect epithelial cells in the gastrointestinal and urinary 
tracts, integrating their viral genome into the host DNA and disrupting normal cellular 
regulation. The expression of viral oncoproteins, such as E5, E6, and E7, inactivates 
tumor suppressor proteins (e.g., p53 and Rb), thereby promoting uncontrolled cell 
proliferation. Simultaneously, the carcinogens present in bracken fern exacerbate DNA 
damage and suppress immune surveillance, enabling infected cells to evade apoptosis 
and accumulate mutations (Medeiros-Fonseca et al., 2022).

Bovine Enzootic Hematuria (BEH), a chronic non-infectious disease, is characterized 
by bladder lesions and is associated with BPV-2 infection and the ingestion of bracken 
fern (Blood; Radostits; Henderson, 1983). This disease can progress to neoplasms, with 
the evolution of bladder lesions linked to the interaction between BPV and bracken fern 
compounds (Tokarnia; Dobereiner; Peixoto, 2000).

2.3 Molecular mechanism of polymorphisms in MBL2 and MHC

MBL is a calcium-dependent protein synthesized in the liver, characterized by a 
collagen-like domain within its molecular structure (Giang et al., 2020). As a member 
of the collectin family, MBL plays a crucial role in innate immunity by recognizing 
pathogen-associated molecular patterns (PAMPs), which are conserved microbial 
components absent in host cells, such as mannose molecules (Eppa et al., 2018). Its 
primary function is to serve as a receptor in the defense against microorganisms, primarily 
through the activation of the lectin pathway in the complement system (Giang et al., 2018). 
Additionally, MBL enhances the host's ability to recognize microbial cells and coordinates 
immune responses against infections caused by viruses, fungi, bacteria, and parasites 
(Hammad et al., 2018).

The MBL2 gene on chromosome 10q11.1-q21 consists of four exons interspersed 
with three introns of approximately 600, 1,300, and 800 base pairs, respectively 
(Taylor et al., 1989). Single-nucleotide polymorphisms (SNPs) in exon 1 and the 
promoter region of MBL2 directly influence serum MBL (sMBL) levels. Among 
these SNPs, notable variants include rs5030737 (codon 52), rs1800450 (codon 54), 
and rs1800451 (codon 57), collectively known as structural variants of MBL2. These 
variants, designated as MBLD (rs5030737), MBLB (rs1800450), and MBLC (rs1800451), 
impair protein functionality by reducing circulating MBL levels, thereby increasing 
susceptibility to infections (Goeldner et al., 2014; Kilpatrick, 2002; Litzman et al., 2008; 
Ornelas et al., 2019; Sumiya et al., 1991; Taylor et al., 1989).

The SNPs rs1800450 and rs1800451 involve the substitution of glycine with 
dicarboxylic acids, whereas rs5030737 substitutes arginine with cysteine in the 
collagen region of MBL monomers. These substitutions result in variant subunits 
that disrupt the collagen triple helix and hinder the formation of functional high-
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order oligomers due to additional disulfide bonds caused by extra cysteine residues 
(Madsen et al., 1994; Sumiya et al., 1991). Such structural alterations significantly reduce 
the synthesis, circulating levels, and functional activity of MBL (Larsen et al., 2004; 
Lipscombe et al., 1992; Madsen et al., 1994; Sumiya et al., 1991; Terai et al., 2003; 
Wallis; Cheng, 1999). Moreover, polymorphisms in the promoter region, such as 
rs11003125 (L/H), rs7096206 (Y/X), and rs7095891 (P/Q), regulate the expression of 
the MBL2 gene, directly impacting protein production.

MBL deficiency, characterized by low levels of sMBL, has been associated with 
increased susceptibility to various infectious diseases, particularly those caused by 
extracellular pathogens (Koch et al., 2001). Early evidence of this relationship was 
observed in AIDS patients carrying structural variant alleles of MBL2, who demonstrated 
heightened vulnerability to co-infections and reduced survival rates (Garred et al., 1997). 
Subsequent studies linked MBL deficiency to hepatitis B and C infections, indicating 
that reduced sMBL levels elevate the risk of these diseases (Matsushita et al., 1998; 
Yuen et al., 1999). Similar associations have been reported in autoimmune conditions, 
such as systemic lupus erythematosus (Sullivan et al., 1996) and rheumatoid arthritis 
(Graudal et al., 2000). Furthermore, polymorphisms in the MBL2 gene have been linked 
to an increased risk of mastitis and other infectious diseases in cattle and buffaloes 
(Fraser; Lumsden; Lillie, 2018; Shergojry et al., 2023).

The bovine leukocyte antigen (BoLA) system, the major histocompatibility 
complex (MHC) of cattle, is located on chromosome 23. It is highly polymorphic and plays 
a crucial role in modulating immune responses against pathogens (Takeshima et al., 2009). 
Class II genes, such as BoLA-DRB3, encode proteins responsible for presenting 
antigens to CD4+ helper T cells, which are essential for combating viral infections 
(Amills et al., 1998).

Studies have demonstrated that BoLA-DRB3.2 variants are associated with 
susceptibility or resistance to various diseases, including dermatophilosis, bacterial 
mastitis (Behl et al., 2012), foot-and-mouth disease (Baxter et al., 2009), bovine leukemia 
(Juliarena et al., 2008), trypanosomiasis, and tick infestations. Additionally, these variants 
have been linked to production traits (Andrade et al., 2024). In Brazil, research on the 
BoLA-DRB3 gene polymorphisms has identified associations between this polymorphism 
and traits such as protein and fat production (Nascimento et al., 2006) and resistance to 
ticks (Martinez et al., 2006).

There is also evidence linking the MHC to infections by papillomaviruses (HPV and 
BPV), affecting the progression and regression of these diseases (Marchetti et al., 2002; 
Peng et al., 1998). The polymorphism of the DRB3 gene, concentrated in the exon 
responsible for peptide binding, modulates MHC affinity for antigens, thereby influencing 
the specificity and effectiveness of the immune response (Chuang et al., 2012).

3 Research methodology

This study evaluated 167 female Girolando cattle (3/8 Gir + 5/8 Holstein) from 
the Agronomic Institute of Pernambuco (IPA) and the Recôncavo region of Bahia, 
located in northeastern Brazil. All animals were raised under a semi-intensive system 
and fed ad libitum with elephant grass (Pennisetum purpureum), water, and commercial 
bovine-specific mineral salt. The sample was divided into two groups: 92 animals 
presenting clinical signs of bovine papillomatosis and 75 animals without any apparent 
clinical manifestations.
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Blood samples were collected via venipuncture using vacuum tubes containing 
EDTA. DNA was extracted using the Blood and Tissue Kit (Qiagen) following 
the manufacturer’s protocol. The extracted DNA was quantified using a NanoVue 
spectrophotometer (GE). DNA viability was assessed by PCR by amplifying the 
bovine β-globin gene, as Freitas et al. (2007) described.

Polymorphisms in exon 1 of the MBL2 gene were analyzed using PCR with 
specific primers designed to amplify a 247 bp fragment (Wang et al., 2012). The PCR 
products were resolved via agarose gel electrophoresis, purified using the GFX PCR 
DNA and Gel Band Purification Kit (GE Healthcare), and sequenced with automated 
sequencers (3500 Applied Biosystems). DNA sequence quality was assessed using 
the Staden Package software1, which was employed for chromatogram analysis and 
the generation of consensus sequences. Only DNA sequences with a Phred quality 
score of 25 or higher were included in the study. The identified sequences were further 
analyzed using the BLAST tool2.

The DNA sequences were aligned using the program MEGA 6.06 
(Tamura et al., 2013). The SNPs were analyzed using the SNPStats software 
(http://bioinfo.iconcologia.net/SNPstats_web), assuming a significance level of 5% 
(Solé et al., 2006). The association of MBL2 gene exon 1 polymorphisms and the 
development of papillomatosis lesions was estimated using the Odds Ratio (OR) test 
with a 95% confidence interval. The allelic and genotypic frequencies were calculated, 
and the population equilibrium was determined. The estimation of significant 
differences in the distribution of genotypes was performed using the chi-square test.

The DNA sequences were aligned using the MEGA 6.06 software 
(Tamura et al., 2013). SNP analysis was performed with the SNPStats software3, 
adopting a 5% significance level (Solé et al., 2006). The association between 
polymorphisms in exon 1 of the MBL2 gene and the development of papillomatosis 
lesions was estimated using the Odds Ratio (OR) test with a 95% confidence interval. 
Allelic and genotypic frequencies were calculated, and population equilibrium 
was determined. Differences in genotype distribution were assessed using the 
chi-square test.

4 Results and discussion

Blood samples from 167 animals were analyzed for polymorphisms in exon 1 of 
the MBL2 gene. A total of 245 conserved sites and two variable informative sites 
were identified. These variable sites corresponded to nucleotides 235 G/A (codon 42) 
and 244 T/C (codon 45) of the MBL2 gene exon 1. The SNP G235A results in an amino 
acid substitution from proline to glutamine at the first Gly-X-Y repeat of the collagen-
like domain, while SNP T244C is a synonymous mutation (Wang et al., 2012).

Genotypic and allelic frequencies for MBL2 gene exon 1 polymorphisms 
conformed to Hardy-Weinberg equilibrium in both groups: animals with papillomatous 
lesions (p = 0.837; χ² = 0.041) and animals without papillomatous lesions (p = 0.367, 
χ² = 0.8112). No significant association was found between the evaluated SNPs and 
susceptibility to bovine papillomatosis (p > 0.05) (Table 1).

[1] Staden Package software. 
Available at: http://staden.

sourceforge.net.

[2] BLAST tool. Available at: 
https://blast.ncbi.nlm.nih.gov/

Blast.cgi.

[3] SNPStats software. 
Available at: https://www.

snpstats.net/start.htm.
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With 
papillomatosis 

n = 92 (%)

Without 
papillomatosis 

n = 75 (%)
p-value, OR [95% CI]

SNP1 (235 G/A)

Alleles

G 163 (88) 125 (83) Reference

A 21 (12) 25 (17)
0.201, 0.645 
[0.32 – 1.26]

Genotypes

GG 72 (78) 51 (68) Reference

GA 19 (21) 23 (31) 0.15; 0.587 [0.27  – 1.25]

AA 1 (1) 1 (1) 1; 0.71 [0.008 – 56.6]

SNP2 (244 T/C)

Alleles

T 163 (88) 125 (83) Reference

C 21 (12) 25 (17) 0.201 0.645 [0.32 – 1.26]

Genotypes

TT 72 (78) 51 (68) Reference

TC 19 (21) 23 (31) 0.15; 0.587 [0.27 – 1.25]

CC 1 (1) 1 (1) 1; 0.71 [0.008 – 56.6]

The bovine immune response to bovine papillomavirus (BPV) is notably weak, 
with papillomatous lesions predominantly observed in animals up to two years of age 
(Medeiros-Fonseca et al., 2022). While these lesions often regress naturally due to the 
cellular immune response, some animals fail to resolve them, leading to widespread 
papillomatosis affecting the body and mucosa. Anti-BPV antibodies are rarely detected, 
likely because the virus's replication cycle is restricted to the host epithelium, without 
inducing cell lysis or inflammation (Costa; Medeiros, 2014; O’Brien; Campo, 2003).

In humans, innate immunity influences HPV infection outcomes, determining viral 
clearance or persistence (Colin-Ferreyra et al., 2014; Sasagawa; Takagi; Makinoda, 2012; 
Zhou; Tuong; Frazer, 2019). MBLs are lectins in the innate immune response against 
various pathogens, including bacteria, fungi, and viruses (Garred et al., 2006). Functional 
polymorphisms in the MBL2 gene have been associated with increased susceptibility to 
HPV infection and cervical lesion development (Guimaraes et al., 2008; Tsai et al., 2009).

In cattle, the immune response to BPV infection is primarily understood as the 
cellular immune response (Ashrafi et al., 2006), but limited information exists on the 
innate immune response. Longeri et al. (2021) demonstrated an association between 
MHC class II bovine leukocyte antigen – DRB3.2 polymorphisms and BPV-2 infection, 
linked to bladder tumor risk in Podolica cattle.

The two SNPs identified in this study (G235A and T244C) had been previously 
described by Wang et al. (2012). The SNP G235A induces an amino acid substitution 
(Pro > Gln), potentially altering the functional properties of the MBL2 protein 
(Larsen et al., 2004). However, no association was observed between the SNPs and the 
development of papillomatosis in the analyzed animals.

Table 1 • 
Allelic and genotypic 

frequencies of 
MBL2 gene exon 1.

Source: research data
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5 Conclusions

This study examined the association between polymorphisms in exon 1 of the MBL2 
gene (G235A and T244C) and susceptibility to bovine papillomatosis in Girolando 
cattle. Although variants of the MBL2 gene have previously been linked to increased 
susceptibility to HPV infections in humans, no significant correlation was observed 
between the analyzed SNPs and the occurrence of papillomatous lesions in cattle (p > 0.05). 
Genotypic and allelic frequencies remained in Hardy-Weinberg equilibrium in both the 
lesion-affected group (p = 0.837) and the control group (p = 0.367), indicating that the 
studied sample is genetically representative of the broader population.

The substitution of proline with glutamine at codon 42 (SNP G235A), located in the 
first Gly-X-Y repeat of the collagen-like domain of MBL, could theoretically interfere 
with the lectin’s binding to pathogen-associated molecular patterns. However, the absence 
of a phenotypic association suggests that this structural alteration does not significantly 
impair the protein’s function in the innate immune response to BPV or that compensatory 
mechanisms, such as the activation of alternative complement pathways, mitigate potential 
deficiencies. Similarly, the synonymous SNP T244C appears to have no functional impact, 
reinforcing its neutrality in the context of the viral infection under investigation.

Given these findings, future research should focus on exploring regulatory regions 
within the MBL2 gene, such as promoters and enhancer elements, where genetic variation 
may influence protein expression and, consequently, antiviral activity. Additionally, 
complementary genes within the lectin pathway, including MASP-1/2 and Toll-like 
receptors (TLRs), should be assessed, as they work synergistically with MBL in 
recognizing pathogens. Non-genetic factors such as environmental conditions, nutritional 
status, and the presence of co-infections also require further examination to evaluate their 
potential impact on the clinical manifestation of BPV.

Although the absence of a genetic association may seem like a limitation, 
negative findings are crucial for refining hypotheses and redirecting research on host-
pathogen interactions. The immune response to BPV is inherently complex, requiring 
multidisciplinary approaches that integrate genomics, comparative immunology, and 
epidemiology to identify susceptibility markers and develop effective interventions. 
Beyond the control of papillomatosis, advancements in this field could enhance the 
broader understanding of BPV-associated complications, including carcinogenic 
processes, thereby improving both the sanitary and economic impact of these discoveries.

Acknowledgments

The authors thank the Foundation for the Support of Science and Technology of 
the State of Pernambuco (FACEPE) for financial support and the Agronomy Institute of 
Pernambuco for providing the samples.

Funding

This study was funded by the Foundation for the Support of Science and Technology 
of the State of Pernambuco (FACEPE).

2447-9187

https://creativecommons.org/licenses/by/4.0/deed.en
https://openaccessbutton.org/
https://periodicos.ifpb.edu.br/index.php/principia/index
https://portal.issn.org/resource/ISSN/2447-9187


R e v .  P r i n c i p i a ,  J o ã o  P e s s o a ,  v .  6 2 ,  e 8 7 1 7,  2 0 2 5 .        [   11  ]

Conflict of interest

The authors declare no conflicts of interest.

Declaration of the Ethics Council 

This study was conducted following the guidelines of the Ethics Committee 
on the Use of Animals of the Federal Rural University of Pernambuco (Protocol 
Number 23082.013040/2015-49).

Note

This article is derived from a doctoral thesis in Genetics from the Federal University 
of Pernambuco (UFPE), available at: https://repositorio.ufpe.br/handle/123456789/23283.

Author Contributions

The authors contributed as follows: PESSOA JUNIOR, M. E.: investigation 
and writing – original draft; CARRAZZONI, P. G.: investigation and resources 
(sample collection); TENÓRIO FILHO, F.: resources (sample collection); 
ALVES, R. V.: writing – original draft; FREITAS, A. C.: conceptualization and 
supervision; SILVA, M. A. R.: conceptualization, investigation, and writing – original draft.

References

ALFARO-MORA, R.; ZOBBA, R.; ANTUOFERMO, E.; BURRAI, G. P.; SOLINAS, R.; 
DOLZ, G.; PITTAU, M.; ALBERTI, A. Genome typing, histopathology, and evolution 
of BPV30, a novel Xipapillomavirus type isolated from Bovine papilloma in Costa Rica. 
Comparative Immunology, Microbiology and Infectious Diseases, v. 83, 101768, 2022. 
DOI: https://doi.org/10.1016/j.cimid.2022.101768.

AMILLS, M.; RAMIYA, V.; NORIMINE, J.; LEWIN, H. A. The major histocompatibility 
complex of ruminants. Revue Scientifique et Technique (International Office of 
Epizootics), v. 17, n. 1, p. 108-120, 1998. DOI: https://doi.org/10.20506/rst.17.1.1092.

ANDRADE, T. E. G.; PEÑA, M. S.; FOROTTI, J.; BIN, R. S.; CAETANO, A. R.; 
CONNELLEY, T.; SANTOS, I. K. F. M. The DRB3 gene of the bovine major 
histocompatibility complex: discovery, diversity, and distribution of alleles in commercial 
breeds of cattle and applications for development of vaccines. Journal of Dairy Science, 
v. 107, n. 12, p. 11324-11341, 2024. DOI: https://doi.org/10.3168/jds.2023-24628.

ASHRAFI, G. H.; BROWN, D. R.; FIFE, K. H.; CAMPO, M. S. Down-regulation of 
MHC class I is a property common to papillomavirus E5 proteins. Virus Research, 
v. 120, n. 1-2, p. 208-211, 2006. DOI: https://doi.org/10.1016/j.virusres.2006.02.005.

2447-9187

https://creativecommons.org/licenses/by/4.0/deed.en
https://openaccessbutton.org/
https://repositorio.ufpe.br/handle/123456789/23283
https://doi.org/10.1016/j.cimid.2022.101768
https://doi.org/10.1016/j.cimid.2022.101768
https://doi.org/10.20506/rst.17.1.1092
https://doi.org/10.3168/jds.2023-24628
https://doi.org/10.1016/j.virusres.2006.02.005
https://doi.org/10.1016/j.virusres.2006.02.005
https://periodicos.ifpb.edu.br/index.php/principia/index
https://portal.issn.org/resource/ISSN/2447-9187


R e v .  P r i n c i p i a ,  J o ã o  P e s s o a ,  v .  6 2 ,  e 8 7 1 7,  2 0 2 5 .        [   12  ]

BAXTER, R.; CRAIGMILE, S. C.; HALEY, C.; DOUGLAS, A. J.; 
WILLIAMS, J. L.; GLASS, E. J. BoLA-DR peptide binding pockets are fundamental for 
foot-and-mouth disease virus vaccine design in cattle. Vaccine, v. 28, n. 1, p. 28-37, 2009. 
DOI: https://doi.org/10.1016/j.vaccine.2009.09.131.

BEHL, J. D.; VERMA, N. K.; TYAGI, N.; MISHRA, P.; BEHL, R.; JOSHI, B. K. 
The major histocompatibility complex in bovines: a review. International Scholarly 
Research Notices, v. 2012, 872710, 2012. DOI: https://doi.org/10.5402/2012/872710.

BERNARD, H.-U.; BURK, R. D.; CHEN, Z.; VAN DOORSLAER, K.; HAUSEN, H.; 
DE VILLIERS, E.-M. Classification of papillomaviruses (PVs) based on 189 PV types 
and proposal of taxonomic amendments. Virology, v. 401, n. 1, p. 70-79, 2010. 
DOI: https://dx.doi.org/10.1016/j.virol.2010.02.002.

BLOCH, N.; BREEN, M.; SPRADBROW, P. B. Genomic sequences of bovine 
papillomaviruses in formalin-fixed sarcoids from Australian horses revealed by 
polymerase chain reaction. Veterinary Microbiology, v. 41, n. 1-2, p. 163-172, 1994. 
DOI: https://doi.org/10.1016/0378-1135(94)90145-7.

BLOOD, D. C.; RADOSTITS, O. M.; HENDERSON, J. A. Diseases caused by 
viruses and Chlamydia, II: Papillomatosis. In: BLOOD, D. C.; RADOSTITS, O. M.; 
HENDERSON, J. A. Veterinary Medicine: a textbook of the diseases of cattle, horses, 
sheep, pigs and goats. 6. ed. London: Bailliere Tindall, 1983. p. 838-840.

BOCANETI, F.; ALTAMURA, G.; CORTEGGIO, A.; VELESCU, E.; 
ROPERTO, F.; BORZACHIELLO, G. Bovine papillomavirus: new insights into an 
old disease. Transboundary and Emerging Diseases, v. 63, n. 1, p. 14-23, 2014. 
DOI: https://doi.org/10.1111/tbed.12222.

BORZACCHIELLO, G.; AMBROSIO, V.; ROPERTO, S.; POGGIALI, F.; 
TSIRIMONAKIS, E.; VENUTI, A.; CAMPO, M. S.; ROPERTO, F. Bovine papillomavirus 
type 4 in oesophageal papillomas of cattle from the South of Italy. Journal of Comparative 
Pathology, v. 128, n. 2-3, p. 203-206, 2003. DOI: https://doi.org/10.1053/jcpa.2002.0626.

BORZACCHIELLO, G.; ROPERTO, F. Bovine papillomaviruses, papillomas 
and cancer in cattle. Veterinary Research, v. 39, n. 5, p. 39-45, 2008. 
DOI: https://doi.org/10.1051/vetres:2008022.

BORZACCHIELLO, G.; RUSSO, V.; SPOLETO, C.; ROPERTO, S.; BALCOS, L.; 
RIZZO, C.; VENUTI, A.; ROPERTO, F. Bovine papillomavirus type-2 DNA and expression 
of E5 and E7 oncoproteins in vascular tumours of the urinary bladder in cattle. Cancer 
Letters, v. 250, n. 1, p. 82-91, 2007. DOI: https://doi.org/10.1016/j.canlet.2006.09.022.

CAMPO, M. S. Bovine papillomavirus: old system, new lessons? In: CAMPO, M. S. (ed.). 
Papillomavirus research: from natural history to vaccine and beyond. Wymondham: 
Caister Academic Press, 2006. p. 373-383.

CAPPARELLI, R.; PARLATO, M.; AMOROSO, M. G.; ROPERTO, S.; MARABELLI, R.; 
ROPERTO, F.; IANNELLI, D. Mannose-binding lectin haplotypes influence Brucella 
abortus infection in the water buffalo (Bubalus bubalis). Immunogenetics, v. 60, 
p. 157-165, 2008. DOI: https://doi.org/10.1007/s00251-008-0284-4.

2447-9187

https://creativecommons.org/licenses/by/4.0/deed.en
https://openaccessbutton.org/
https://doi.org/10.1016/j.vaccine.2009.09.131
https://doi.org/10.5402/2012/872710
https://dx.doi.org/10.1016/j.virol.2010.02.002
https://doi.org/10.1016/0378-1135(94)90145-7
https://doi.org/10.1111/tbed.12222
https://doi.org/10.1053/jcpa.2002.0626
https://doi.org/10.1051/vetres:2008022
https://doi.org/10.1016/j.canlet.2006.09.022
https://doi.org/10.1007/s00251-008-0284-4
https://periodicos.ifpb.edu.br/index.php/principia/index
https://portal.issn.org/resource/ISSN/2447-9187


R e v .  P r i n c i p i a ,  J o ã o  P e s s o a ,  v .  6 2 ,  e 8 7 1 7,  2 0 2 5 .        [   13  ]

CARVALHO, C. C. R.; BATISTA, M. V. A.; SILVA, M. A. R.; BALBINO, V. Q.; 
FREITAS, A. C. Detection of bovine papillomavirus types, co-infection and a putative 
new BPV11 subtype in cattle. Transboundary and Emerging Diseases, v. 59, n. 5, 
p. 441-447, 2012. DOI: https://doi.org/10.1111/j.1865-1682.2011.01296.x.

CHUANG, L.-C.; HU, C.-Y.; CHEN, H.-C.; LIN, P.-J.; LEE, B.; LIN, C.-Y.; PAN, M.-H.; 
YOU, S.-L.; HSIEH, C.-Y.; CHEN, C.-J. Associations of human leukocyte antigen class II 
genotypes with human papillomavirus 18 infection and cervical intraepithelial neoplasia 
risk. Cancer: An International Interdisciplinary Journal of the American Cancer 
Society, v. 118, n. 1, p. 223-231, 2012. DOI: https://doi.org/10.1002/cncr.26227.

CLARK, M. F.; BAUDOUIN, S. V. A systematic review of the quality of genetic 
association studies in human sepsis. Intensive Care Medicine, v. 32, p. 1706-1712, 2006. 
DOI: https://doi.org/10.1007/s00134-006-0327-y.

COLIN-FERREYRA, M. C.; DOMÍNGUEZ, M. V.; ROMERO-FIGUEROA, M. S.; MENDIETA, H. 
Involvement of innate immunity in Human Papilloma Virus infection. Acta Obstétrica e 
Ginecológica Portuguesa, v. 8, n. 1, p. 45-52, 2014. Available at: https://www.fspog.org/
images/editor2/10-aogp-d-13-00008-2014.pdf. Accessed on: 24 Dec. 2024.

COSTA, R. M. G.; MEDEIROS, R. Bovine papillomavirus: opening new trends 
for comparative pathology. Archives of Virology, v. 159, p. 191-198, 2014. 
DOI: https://doi.org/10.1007/s00705-013-1801-9.

DAUDT, C.; SILVA, F. R. C.; LUNARDI, M.; ALVES, C. B. D. T.; WEBER, M. N.; 
CIBULSKI, S. P.; ALFIERI, A. F.; ALFIERI, A. A.; CANAL, C. W. Papillomaviruses 
in ruminants: an update. Transboundary and Emerging Diseases, v. 65, n. 5, 
p. 1381-1395, 2018. DOI: https://doi.org/10.1111/tbed.12868.

EPPA, Ł.; PĄGOWSKA‐KLIMEK, I.; ŚWIERZKO, A. S.; MOLL, M.; 
KRAJEWSKI, W. R.; CEDZYŃSKI, M. Deposition of mannose‐binding lectin 
and ficolins and activation of the lectin pathway of complement on the surface of 
polyurethane tubing used for cardiopulmonary bypass. Journal of Biomedical 
Materials Research. Part B: Applied Biomaterials, v. 106, n. 3, p. 1202-1208, 2018. 
DOI: https://doi.org/10.1002/jbm.b.33933.

FORD, J. N.; JENNINGS, P. A.; SPRADBROW, P. B.; FRANCIS, J. Evidence for 
papillomaviruses in ocular lesions in cattle. Research in Veterinary Science, v. 32, n. 2, 
p. 257-259, 1982. DOI: https://doi.org/10.1016/S0034-5288(18)32425-1.

FRASER, R. S.; LUMSDEN, J. S.; LILLIE, B. N. Identification of 
polymorphisms in the bovine collagenous lectins and their association with 
infectious diseases in cattle. Immunogenetics, v. 70, p. 533-546, 2018. 
DOI: https://doi.org/10.1007/s00251-018-1061-7.

FREITAS, A. C.; CARVALHO, C.; BRUNNER, O.; BIRGEL-JUNIOR, E. H.; 
DELLALIBERA, A. M. M. P.; BENESI, F. J.; GREGORY, L.; BEÇAK, W.; 
SANTOS, R. C. S. Viral DNA sequences in peripheral blood and vertical transmission of 
the virus: a discussion about BPV-1. Brazilian Journal of Microbiology, v. 34, suppl. 1, 
p. 76-78, 2003. DOI: https://doi.org/10.1590/S1517-83822003000500026.

2447-9187

https://creativecommons.org/licenses/by/4.0/deed.en
https://openaccessbutton.org/
https://doi.org/10.1111/j.1865-1682.2011.01296.x
https://doi.org/10.1111/j.1865-1682.2011.01296.x
https://doi.org/10.1002/cncr.26227
https://doi.org/10.1007/s00134-006-0327-y
https://doi.org/10.1007/s00134-006-0327-y
https://www.fspog.org/images/editor2/10-aogp-d-13-00008-2014.pdf
https://www.fspog.org/images/editor2/10-aogp-d-13-00008-2014.pdf
https://doi.org/10.1007/s00705-013-1801-9
https://doi.org/10.1007/s00705-013-1801-9
https://doi.org/10.1111/tbed.12868
https://doi.org/10.1111/tbed.12868
https://doi.org/10.1002/jbm.b.33933
https://doi.org/10.1016/S0034-5288(18)32425-1
https://doi.org/10.1007/s00251-018-1061-7
https://doi.org/10.1590/S1517-83822003000500026
https://periodicos.ifpb.edu.br/index.php/principia/index
https://portal.issn.org/resource/ISSN/2447-9187


R e v .  P r i n c i p i a ,  J o ã o  P e s s o a ,  v .  6 2 ,  e 8 7 1 7,  2 0 2 5 .        [   14  ]

FREITAS, A. C.; SILVA, M. A. R.; CARVALHO, C. C. R.; BIRGEL JUNIOR, E. H.; 
SANTOS, J. F.; BEÇAK, W.; SANTOS, R. C. S. Papillomavirus DNA detection in non 
epithelial tissues: a discussion about bovine papillomavirus. In: MENDEZ-VILAS, A. (ed.). 
Communicating Current Research and Educational Topics and Trends in Applied 
Microbiology. Badajoz: Formatex Research Center, 2007. p. 697-704.

GARRED, P.; LARSEN, F.; SEYFARTH, J.; FUJITA, R.; MADSEN, H. O. Mannose-
binding lectin and its genetic variants. Genes and Immunity, v. 7, p. 85-94, 2006. 
DOI: https://doi.org/10.1038/sj.gene.6364283.

GARRED, P.; MADSEN, H. O.; BALSLEV, U.; HOFMANN, B.; PEDERSEN, C.; 
GERSTOFT, J.; SVEJGAARD, A. Susceptibility to HIV infection and progression 
of AIDS in relation to variant alleles of mannose-binding lectin. The Lancet, v. 349, 
n. 9047, p. 236-240, 1997. DOI: https://doi.org/10.1016/s0140-6736(96)08440-1.

GIANG, J.; SEELEN, M. A. J.; VAN DOORN, M. B. A.; RISSMANN, R.; PRENS, E. P.; 
DAMMAN, J. Complement activation in inflammatory skin diseases. Frontiers in 
Immunology, v. 9, 639, 2018. DOI: https://doi.org/10.3389/fimmu.2018.00639.

GIANG, N. T.; VAN TONG, H.; QUYET, D.; HOAN, N. X.; NGHIA, T. H.; 
NAM, N. M.; HUNG, H. V.; ANH, D. T.; MAO, C. V.; SON, H. A.; MEYER, C. G.; 
VELAVAN, T. P.; TOAN, N. L. Complement protein levels and MBL2 polymorphisms 
are associated with dengue and disease severity. Scientific Reports, v. 10, 14923, 2020. 
DOI: https://doi.org/10.1038/s41598-020-71947-2.

GJERSTORFF, M.; HANSEN, S.; JENSEN, B.; DUEHOLM, B.; HORN, P.; 
BENDIXEN, C.; HOLMSKOV, U. The genes encoding bovine SP-A, SP-D, 
MBL-A, conglutinin, CL-43 and CL-46 form a distinct collectin locus on Bos 
taurus chromosome 28 (BTA28) at position q.1.8–1.9. Animal Genetics, v. 35, n. 4, 
p. 333-337, 2004. DOI: https://doi.org/10.1111/j.1365-2052.2004.01167.x.

GOELDNER, I.; SKARE, T. L.; UTIYAMA, S. R.; NISIHARA, R. M.; TONG, H. V.; 
MESSIAS-REASON, I. J. T.; VELAVAN, T. P. Mannose binding lectin and susceptibility 
to rheumatoid arthritis in Brazilian patients and their relatives. PLoS One, v. 9, n. 4, 
e95519, 2014. DOI: https://doi.org/10.1371/journal.pone.0095519.

GRAUDAL, N. A.; MADSEN, H. O.; TARP, U.; SVEJGAARD, A.; JURIK, A. G.; 
GRAUDAL, H. K.; GARRED, P. The association of variant mannose‐binding lectin 
genotypes with radiographic outcome in rheumatoid arthritis. Arthritis & Rheumatism: 
An Official Journal of the American College of Rheumatology, v. 43, n. 3, 
p. 515-521, 2000. DOI: https://doi.org/10.1002/1529-0131(200003)43:3%3C515::AID-
ANR6%3E3.0.CO;2-T.

GUIMARAES, V.; GUIMARAES, R.; BRANDAO, L.; SILVA, M. F. P. T. B.; 
MILANESE, M.; SEGAT, L.; CASTELLETTI, H.; BRUNESKA, D.; LIMA FILHO, J. L.; 
FREITAS, A. C.; ARRAES, L. C.; ROCHA, C.; CROVELLA, S. Association between 
MBL2 gene functional polymorphisms and high-risk human papillomavirus infection 
in Brazilian women. Human Immunology, v. 69, n. 4-5, p. 273-278, 2008. 
DOI: https://doi.org/10.1016/j.humimm.2008.03.002.

HAMMAD, N. M.; EL BADAWY, N. E.; NASR, A. M.; GHRAMH, H. A.; 
AL KADY, L. M. Mannose‐binding lectin gene polymorphism and its association with 

2447-9187

https://creativecommons.org/licenses/by/4.0/deed.en
https://openaccessbutton.org/
https://doi/
https://doi.org/10.1038/sj.gene.6364283
https://doi.org/10.1016/s0140-6736(96)08440-1
https://doi.org/10.3389/fimmu.2018.00639
https://doi.org/10.1038/s41598-020-71947-2
https://doi.org/10.1111/j.1365-2052.2004.01167.x
https://doi.org/10.1111/j.1365-2052.2004.01167.x
https://doi.org/10.1371/journal.pone.0095519
https://doi.org/10.1002/1529-0131(200003)43:3%3C515::AID-ANR6%3E3.0.CO;2-T
https://doi.org/10.1002/1529-0131(200003)43:3%3C515::AID-ANR6%3E3.0.CO;2-T
https://doi.org/10.1016/j.humimm.2008.03.002
https://doi.org/10.1016/j.humimm.2008.03.002
https://periodicos.ifpb.edu.br/index.php/principia/index
https://portal.issn.org/resource/ISSN/2447-9187


R e v .  P r i n c i p i a ,  J o ã o  P e s s o a ,  v .  6 2 ,  e 8 7 1 7,  2 0 2 5 .        [   15  ]

susceptibility to recurrent vulvovaginal candidiasis. BioMed Research International, 
v. 2018, n. 1, 7648152, 2018. DOI: https://doi.org/10.1155/2018/7648152.

HATAMA, S.; ISHIHARA, R.; UEDA, Y.; KANNO, T.; UCHIDA, I. Detection of 
a novel bovine papillomavirus type 11 (BPV-11) using xipapillomavirus consensus 
polymerase chain reaction primers. Archives of Virology, v. 156, p. 1281-1285, 2011. 
DOI: https://doi.org/10.1007/s00705-011-0970-7.

HATAMA, S.; NOBUMOTO, K.; KANNO, T. Genomic and phylogenetic analysis of 
two novel bovine papillomaviruses, BPV-9 and BPV-10. Journal of General Virology, 
v. 89, n. 1, p. 158-163, 2008. DOI: https://doi.org/10.1099/vir.0.83334-0.

HOLMSKOV, U.; THIEL, S.; JENSENIUS, J. C. Collectins and ficolins: humoral lectins 
of the innate immune defense. Annual Review of Immunology, v. 21, p. 547-578, 2003. 
DOI: https://doi.org/10.1146/annurev.immunol.21.120601.140954.

JARRETT, W. F. H.; CAMPO, M. S.; OWEIL, B. W.; LAIRD, H. M.; COGGINS, L. W. 
A novel bovine papillomavirus (BPV-6) causing true epithelial papillomas of the mammary 
gland skin: a member of a proposed new BPV subgroup. Virology, v. 136, n. 2, 
p. 255-264, 1984. DOI: https://doi.org/10.1016/0042-6822(84)90162-4.

JULIARENA, M. A.; POLI, M.; SALA, L.; CERIANI, C.; GUTIERREZ, S.; 
DOLCINI, G.; RODRÍGUEZ, E. M.; MARIÑO, B.; RODRÍGUEZ-DUBRA, C.; 
ESTEBAN, E. N. Association of BLV infection profiles with alleles of the BoLA‐DRB3.2 
gene. Animal Genetics, v. 39, n. 4, p. 432-438, 2008. DOI: https://doi.org/10.1111/j.1365-
2052.2008.01750.x.

JUUL-MADSEN, H. R.; KJAERUP, R. M.; TOFT, C.; HENRYON, M.; 
HEEGAARD, P. M. H.; BERG, P.; DALGAARD, T. S. Structural gene variants in the 
porcine mannose-binding lectin 1 (MBL1) gene are associated with low serum MBL-A 
concentrations. Immunogenetics, v. 63, p. 309-317, 2011. DOI: https://doi.org/10.1007/
s00251-011-0512-1.

KAUR, B. P.; SECORD, E. Innate immunity. Pediatric Clinics of North America, v. 66, 
n. 5, p. 905-911, 2019. DOI: https://doi.org/10.1016/j.pcl.2019.06.011.

KILPATRICK, D. C. Mannan‐binding lectin and its role in innate immunity. Transfusion 
Medicine: Official Journal of the British Blood Transfusion Society, v. 12, n. 6, 
p. 335-352, 2002. DOI: https://doi.org/10.1046/j.1365-3148.2002.00408.x.

KOCH, A.; MELBYE, M.; SØRENSEN, P.; HOMØE, P.; MADSEN, H. O.; 
MØLBAK, K.; HANSEN, C. H.; ANDERSEN, L. H.; HAHN, G. W.; GARRED, P. 
Acute respiratory tract infections and mannose-binding lectin insufficiency during early 
childhood. Jama, v. 285, n. 10, p. 1316-1321, 2001. DOI: https://doi.org/10.1001/
jama.285.10.1316.

KUMAR, P.; NAGARAJAN, N.; SAIKUMAR, G.; ARYA, R. S.; SOMVANSHI, R. 
Detection of bovine papilloma viruses in wart-like lesions of upper gastrointestinal 
tract of cattle and buffaloes. Transboundary and Emerging Disease, v. 62, n. 3, 
p. 264-271, 2015. DOI: https://doi.org/10.1111/tbed.12127.

2447-9187

https://creativecommons.org/licenses/by/4.0/deed.en
https://openaccessbutton.org/
https://doi.org/10.1155/2018/7648152
https://doi.org/10.1007/s00705-011-0970-7
https://doi.org/10.1099/vir.0.83334-0
https://doi.org/10.1016/j.imbio.2007.10.009
https://doi.org/10.1146/annurev.immunol.21.120601.140954
https://doi.org/10.1016/0042-6822(84)90162-4
https://doi.org/10.1111/j.1365-2052.2008.01750.x
https://doi.org/10.1111/j.1365-2052.2008.01750.x
https://doi.org/10.1007/s00251-011-0512-1
https://doi.org/10.1007/s00251-011-0512-1
https://doi.org/10.1007/s00251-011-0512-1
https://doi.org/10.1016/j.pcl.2019.06.011
https://doi.org/10.1016/j.pcl.2019.06.011
https://doi.org/10.1046/j.1365-3148.2002.00408.x
https://doi.org/10.1001/jama.285.10.1316
https://doi.org/10.1001/jama.285.10.1316
https://doi.org/10.1111/tbed.12127
https://periodicos.ifpb.edu.br/index.php/principia/index
https://portal.issn.org/resource/ISSN/2447-9187


R e v .  P r i n c i p i a ,  J o ã o  P e s s o a ,  v .  6 2 ,  e 8 7 1 7,  2 0 2 5 .        [   16  ]

LARSEN, F.; MADSEN, H. O.; SIM, R. B.; KOCH, C.; GARRED, P. Disease-associated 
mutations in human mannose-binding lectin compromise oligomerization and activity of 
the final protein. Journal of Biological Chemistry, v. 279, n. 20, p. 21302-21311, 2004. 
DOI: https://doi.org/10.1074/jbc.M400520200.

LILLIE, B. N.; BROOKS, A. S.; KEIRSTEAD, N. D.; HAYES, M. A. Comparative 
genetics and innate immune functions of collagenous lectins in animals. 
Veterinary Immunology and Immunopathology, v. 108, n. 1-2, p. 97-110, 2005. 
DOI: https://doi.org/10.1016/j.vetimm.2005.07.001.

LILLIE, B. N.; KEIRSTEAD, N. D.; SQUIRES, E. J.; HAYES, M. A. Gene 
polymorphisms associated with reduced hepatic expression of porcine mannan-binding 
lectin C. Developmental & Comparative Immunology, v. 31, n. 8, p. 830-846, 2007. 
DOI: https://doi.org/10.1016/j.dci.2006.11.002.

LIPSCOMBE, R. J.; SUMIYA, M.; HILL, A. V. S.; LAU, Y. L.; LEVINSKY, R. J.; 
SUMMERFIELD, J. A.; TURNER, M. W. High frequencies in African and non-African 
populations of independent mutations in the mannose binding protein gene. Human 
Molecular Genetics, v. 1, n. 9, p. 709-715, 1992. DOI: https://doi.org/10.1093/hmg/1.9.709.

LITZMAN, J.; FREIBERGER, T.; GRIMBACHER, B.; GATHMANN, B.; SALZER, U.; 
PAVLÍK, T.; VLČEK, J.; POSTRÁNECKÁ, V.; TRÁVNÍČKOVÁ, Z.; THON, V. 
Mannose-binding lectin gene polymorphic variants predispose to the development of 
bronchopulmonary complications but have no influence on other clinical and laboratory 
symptoms or signs of common variable immunodeficiency. Clinical & Experimental 
Immunology, v. 153, n. 3, p. 324-330, 2008. DOI: https://doi.org/10.1111/j.1365-
2249.2008.03700.x.

LIU, J.; JU, Z.; LI, Q.; HUANG, J.; LI, R.; LI, J.; MA, L.; ZHONG, J.; WANG, C. 
Mannose-binding lectin 1 haplotypes influence serum MBL-A concentration, complement 
activity, and milk production traits in Chinese Holstein cattle. Immunogenetics, v. 63, 
p.727-742, 2011. https://doi.org/10.1007/s00251-011-0548-2.

LONGERI, M.; RUSSO, V.; STRILLACCI, M. G.; PERILLO, A.; CARISETTI, M.; 
COZZI, M. C.; NEOLA, B.; ROPERTO, S. Association between BoLA-DRB3.2 
polymorphism and bovine papillomavirus infection for bladder tumor risk in Podolica 
cattle. Frontiers in Veterinary Science, v. 8, 630089, 2021. DOI: https://doi.org/10.3389/
fvets.2021.630089.

LUNARDI, M.; ALFIERI, A. A.; OTONEL, R. A. A.; ALCÂNTARA, B. K.; 
RODRIGUES, W. B.; MIRANDA, A. B.; ALFIERI, A. F. Genetic characterization of 
a novel bovine papillomavirus member of the Deltapapillomavirus genus. Veterinary 
Microbiology, v. 162, n. 1, p. 207-213, 2013a. DOI: https://doi.org/10.1016/j.
vetmic.2012.08.030.

LUNARDI, M.; ALFIERI, A. A.; OTONEL, R. A. A.; ALFIERI, A. F. Bovine 
papillomaviruses: taxonomy and genetic features. In: ROMANOWSKI, V. (ed.). 
Current issues in molecular virology: viral genetics and biotechnological applications. 
London: Intech, 2013b. p. 95-116. DOI: http://dx.doi.org/10.5772/56195.

MADSEN, H. O.; GARRED, P.; KURTZHALS, J. A. L.; LAMM, L. U.; RYDER, L. P.; 
THIEL, S.; SVEJGAARD, A. A new frequent allele is the missing link in the structural 

2447-9187

https://creativecommons.org/licenses/by/4.0/deed.en
https://openaccessbutton.org/
https://doi.org/10.1074/jbc.M400520200
https://doi.org/10.1074/jbc.M400520200
https://doi.org/10.1016/j.vetimm.2005.07.001
https://doi.org/10.1016/j.vetimm.2005.07.001
https://doi.org/10.1016/j.dci.2006.11.002
https://doi.org/10.1016/j.dci.2006.11.002
https://doi.org/10.1093/hmg/1.9.709
https://doi.org/10.1111/j.1365-2249.2008.03700.x
https://doi.org/10.1111/j.1365-2249.2008.03700.x
https://doi.org/10.1007/s00251-011-0548-2
https://doi.org/10.1007/s00251-011-0548-2
https://doi.org/10.3389/fvets.2021.630089
https://doi.org/10.3389/fvets.2021.630089
https://doi.org/10.3389/fvets.2021.630089
https://doi.org/10.1016/j.vetmic.2012.08.030
https://doi.org/10.1016/j.vetmic.2012.08.030
http://dx.doi.org/10.5772/56195
https://periodicos.ifpb.edu.br/index.php/principia/index
https://portal.issn.org/resource/ISSN/2447-9187


R e v .  P r i n c i p i a ,  J o ã o  P e s s o a ,  v .  6 2 ,  e 8 7 1 7,  2 0 2 5 .        [   17  ]

polymorphism of the human mannan-binding protein. Immunogenetics, v. 40, 
p. 37-44, 1994. DOI: https://doi.org/10.1007/BF00163962.

MADSEN, H. O.; SATZ, M. L.; HOGH, B.; SVEJGAARD, A.; GARRED, P. Different 
molecular events result in low protein levels of mannan-binding lectin in populations 
from Southeast Africa and South America. The Journal of Immunology, v. 161, 
n. 6, p. 3169-3175, 1998. Available at: https://academic.oup.com/jimmunol/article-
abstract/161/6/3169/8043937. Accessed on: 10 Dec. 2025. 

MALIK, M.; MIKA, O. J.; NAVRÁTILOVÁ, Z.; KILLI, U. K.; TLUSTOŠ, P.; 
PATOČKA, J. Health and Environmental Hazards of the Toxic Pteridium aquilinum (L.) 
Kuhn (Bracken Fern). Plants, v. 13, n. 1, 18, 2023. DOI: https://doi.org/10.3390/
plants13010018.

MARCHETTI, B.; ASHRAFI, G. H.; TSIRIMONAKI, E.; O’BRIEN, P. M.; 
CAMPO, M. S. The bovine papillomavirus oncoprotein E5 retains MHC class I molecules 
in the Golgi apparatus and prevents their transport to the cell surface. Oncogene, v. 21, 
n. 51, p. 7808-7816, 2002. DOI: https://doi.org/10.1038/sj.onc.1205885.

MARTINEZ, M. L.; MACHADO, M. A.; NASCIMENTO, C. S.; SILVA, M. V. G. B.; 
TEODORO, R. L.; FURLONG, J.; PRATA, M. C. A.; CAMPOS, A. L.; GUIMARÃES, M F. M.; 
AZEVEDO, A. L. S.; PIRES, M. F. A.; VERNEQUE, R. S. Association of BoLA-DRB3.2 
alleles with tick (Boophilus microplus) resistance in cattle. Genetics and Molecular 
Research, v. 5, n. 3, p. 513-524, 2006. Available at: https://archives.geneticsmr.
com/2006/09/14/association-of-bola-drb3-2-alleles-with-tick-boophilus-microplus-
resistance-in-cattle/. Accessed on: 12 Sept. 2025.

MATSUSHITA, M.; HIJIKATA, M.; OHTA, Y.; IWATA, K.; MATSUMOTO, M.; 
NAKAO, K.; KANAI, K.; YOSHIDA, N.; BABA, K.; MISHIRO, S. Hepatitis C virus 
infection and mutations of mannose-binding lectin gene MBL. Archives of Virology, 
v. 143, n. 4, p. 645-651, 1998. DOI: https://doi.org/10.1007/s007050050320.

MEDEIROS-FONSECA, B.; ABREU-SILVA, A. L.; MEDEIROS, R.; OLIVEIRA, P. A.; 
COSTA, R. M. G. Pteridium spp. and bovine papillomavirus: partners in cancer. Frontiers 
in Veterinary Science, v. 9, 80838, 2022. DOI: https://doi.org/10.3389/fvets.2022.860838.

M E R L E ,  N .  S . ;  N O E ,  R . ;  H A L B WA C H S - M E C A R E L L I ,  L . ; 
FREMEAUX-BACCHI, V.; ROUMENINA, L. T. Complement system part II: role in 
immunity. Frontiers in Immunology, v. 6, 257, 2015. DOI: https://doi.org/10.3389/
fimmu.2015.00257.

MURO, L. F. F.; BOTTURA, C. R. P.; PICCININ, A. Papilomatose Bovina. 
Revista Científica Eletrônica de Medicina Veterinária, v. 6, n. 10, 2008. 
Available at: https://www.yumpu.com/pt/document/read/12673715/papilomatose-bovina-
revistas-eletronicas. Accessed on: 10 Dec. 2025. In Portuguese.

MONTEIRO, V. L. C.; COELHO, M. C. O. C.; CARNEIRO, A. S.; SILVA, R. A. A.; 
TEIXEIRA, M. N.; WANDERLEY, A. G.; WANDERLEY, E. K.; FRANCO, E. S. F. 
Descrição clínica e histopatológica da papilomatose cutânea bovina (BPV). Ciência 
Animal Brasileira, v. 9, n. 4, p. 1079-1088, 2008. Available at: https://revistas.ufg.br/
vet/article/view/1181. Accessed on: 25 Dec. 2024. In Portuguese.

2447-9187

https://creativecommons.org/licenses/by/4.0/deed.en
https://openaccessbutton.org/
https://doi.org/10.1007/BF00163962
https://academic.oup.com/jimmunol/article-abstract/161/6/3169/8043937
https://academic.oup.com/jimmunol/article-abstract/161/6/3169/8043937
https://doi.org/10.3390/plants13010018
https://doi.org/10.3390/plants13010018
https://doi.org/10.1038/sj.onc.1205885
https://archives.geneticsmr.com/2006/09/14/association-of-bola-drb3-2-alleles-with-tick-boophilus-microplus-resistance-in-cattle/
https://archives.geneticsmr.com/2006/09/14/association-of-bola-drb3-2-alleles-with-tick-boophilus-microplus-resistance-in-cattle/
https://archives.geneticsmr.com/2006/09/14/association-of-bola-drb3-2-alleles-with-tick-boophilus-microplus-resistance-in-cattle/
https://doi.org/10.1007/s007050050320
https://doi.org/10.3389/fvets.2022.860838
https://doi.org/10.3389/fimmu.2015.00257
https://doi.org/10.3389/fimmu.2015.00257
https://www.yumpu.com/pt/document/read/12673715/papilomatose-bovina-revistas-eletronicas
https://www.yumpu.com/pt/document/read/12673715/papilomatose-bovina-revistas-eletronicas
https://revistas.ufg.br/vet/article/view/1181
https://revistas.ufg.br/vet/article/view/1181
https://periodicos.ifpb.edu.br/index.php/principia/index
https://portal.issn.org/resource/ISSN/2447-9187


R e v .  P r i n c i p i a ,  J o ã o  P e s s o a ,  v .  6 2 ,  e 8 7 1 7,  2 0 2 5 .        [   18  ]

NAMATH, A.; PATTERSON, A. J. Genetic polymorphisms in sepsis. Critical 
Care Nursing Clinics of North America, v. 23, n. 1, p. 181-202, 2011. 
DOI: https://doi.org/10.1016/j.ccell.2010.12.011.

NARECHANIA, A.; TERAI, M.; CHEN, Z.; DESALLE, R.; BURK, R. D. Lack of 
the canonical pRB-binding domain in the E7 ORF of artiodactyl papillomaviruses is 
associated with the development of fibropapillomas. Journal of General Virology, v. 85, 
n. 5, p. 1243-1250, 2004. DOI: https://doi.org/10.1099/vir.0.19765-0.

NASCIMENTO, C. S.; MACHADO, M. A.; MARTINEZ, M. L.; SILVA, M. V. G. B.; 
GUIMARÃES, M. F. M.; CAMPOS, A. L.; AZEVEDO, A. L. S.; TEODORO, R. L.; 
VERNEQUE, R. S.; GUIMARÃES, S. E. F.; OLIVEIRA, D. A. A. Association of the 
bovine major histocompatibility complex (BoLA) BoLA-DRB3 gene with fat and protein 
production and somatic cell score in Brazilian Gyr dairy cattle (Bos indicus). Genetics 
and Molecular Biology, v. 29, n. 4, p. 641-647, 2006. DOI: https://doi.org/10.1590/
S1415-47572006000400011. 

NASIR, L.; CAMPO, M. S. Bovine papillomaviruses: their role in the aetiology of 
cutaneous tumours of bovids and equids. Veterinary Dermatology, v. 19, n. 5, 
p. 243-254, 2008. DOI: https://doi.org/10.1111/j.1365-3164.2008.00683.x.

O’BRIEN, P. M.; CAMPO, M. S. Papillomaviruses: a correlation between immune 
evasion and oncogenicity? Trends in Microbiology, v. 11, n. 7, p. 300-305, 2003. 
DOI: https://doi.org/10.1016/S0966-842X(03)00145-8.

OGAWA, T.; TOMITA, Y.; OKADA, M.; SHIRASAWA, H. Complete genome and 
phylogenetic position of bovine papillomavirus type 7. Journal of General Virology, 
v. 88, n. 7, p. 1934-1938, 2007. DOI: https://doi.org/10.1099/vir.0.82794-0.

ORNELAS, A. M. M.; XAVIER-DE-CARVALHO, C.; ALVARADO-ARNEZ, L. E.; 
RIBEIRO-ALVES, M.; ROSSI, A. D.; TANURI, A.; AGUIAR, R. S.; MORAES, M. O.; 
CARDOSO, C. C. Association between MBL2 haplotypes and dengue severity in children 
from Rio de Janeiro, Brazil. Memorias do Instituto Oswaldo Cruz, v. 114, e190004, 2019. 
DOI: https://doi.org/10.1590/0074-02760190004.

PANGTY, K.; SINGH, S.; GOSWAMI, R.; SAIKUMAR, G.; SOMVANSHI, R. Detection 
of BPV-1 and -2 and quantification of BPV-1 by real-time PCR in cutaneous warts in cattle 
and buffaloes. Transboundary and Emerging Diseases, v. 57, n. 3, p. 185-196, 2010. 
DOI: https://doi.org/10.1111/j.1865-1682.2009.01096.x.

PATEL, K. R.; SMITH, K. T.; CAMPO, M. S. The nucleotide sequence and genome 
organization of bovine papillomavirus type 4. Journal of General Virology, v. 68, n. 8, 
p. 2117-2128, 1987. DOI: https://doi.org/10.1099/0022-1317-68-8-2117.

PENG, S.; FRAZER, I. H.; FERNANDO, G. J.; ZHOU, J. Papillomavirus virus-like 
particles can deliver defined CTL epitopes to the MHC class I pathway. Virology, v. 240, 
n. 1, p. 147-157, 1998. DOI: https://doi.org/10.1006/viro.1997.8912.

PFISTER, H.; LINZ, U.; GISSMANN, L.; HUCHTHAUSEN, B.; HOFFMANN, D.; 
HAUSEN, H. Partial characterization of a new type of bovine papilloma viruses. 
Virology, v. 96, n. 1, p. 1-8, 1979. DOI: https://doi.org/10.1016/0042-6822(79)90166-1.

2447-9187

https://creativecommons.org/licenses/by/4.0/deed.en
https://openaccessbutton.org/
https://doi.org/10.1016/j.ccell.2010.12.011
https://doi.org/10.1099/vir.0.19765-0
https://doi.org/10.1590/S1415-47572006000400011
https://doi.org/10.1590/S1415-47572006000400011
https://doi.org/10.1111/j.1365-3164.2008.00683.x
https://doi.org/10.1016/S0966-842X(03)00145-8
https://doi.org/10.1099/vir.0.82794-0
https://doi.org/10.1590/0074-02760190004
https://doi.org/10.1111/j.1865-1682.2009.01096.x
https://doi.org/10.1099/0022-1317-68-8-2117
https://doi.org/10.1006/viro.1997.8912
https://doi.org/10.1016/0042-6822(79)90166-1
https://periodicos.ifpb.edu.br/index.php/principia/index
https://portal.issn.org/resource/ISSN/2447-9187


R e v .  P r i n c i p i a ,  J o ã o  P e s s o a ,  v .  6 2 ,  e 8 7 1 7,  2 0 2 5 .        [   19  ]

SANTOS, R. C. S.; LINDSEY, C. J.; FERRAZ, O. P.; PINTO, J. R.; 
MIRANDOLA, R. S.; BENESI, F. J.; BIRGEL, E. H.; PEREIRA, C. A. B.; 
BEÇAK, W. Bovine papillomavirus transmission and chromosomal aberrations: an 
experimental model. Journal of General Virology, v. 79, n. 9, p. 2127-2135, 1998. 
DOI: https://doi.org/10.1099/0022-1317-79-9-2127.

SASAGAWA, T.; TAKAGI, H.; MAKINODA, S. Immune responses against 
human papillomavirus (HPV) infection and evasion of host defense in cervical 
cancer. Journal of Infection and Chemotherapy, v. 18, n. 6, p. 807-815, 2012. 
DOI: https://doi.org/10.1007/s10156-012-0485-5.

SAUTHIER, J. T.; DAUDT, C.; SILVA, F. R. C.; ALVES, C. D. B. T.; MAYER, F. Q.; 
BIANCHI, R. M.; DRIEMEIER, D.; STREIT, R. S. A.; STAATS, C. C.; CANAL, C. W.; 
WEBER, M. N. The genetic diversity of “papillomavirome” in bovine teat papilloma 
lesions. Animal Microbiome, v. 3, 51, 2021. DOI: https://doi.org/10.1186/
s42523-021-00114-3.

SCHILLER, J. T.; VASS, W. C.; LOWY, D. R. Identification of a second transforming 
region in bovine papillomavirus DNA. PNAS, v. 81, n. 24, p. 7880-7884, 1984. 
DOI: https://doi.org/10.1073/pnas.81.24.7880.

SHERGOJRY, S. A.; VERMA, A.; GHANI, M.; GUPTA, I. D.; MIR, N. A. Identification 
of genetic polymorphism of the MBL2 gene and its association with clinical mastitis in 
Murrah buffaloes. Journal of Genetics, v. 102, 21, 2023. DOI: https://doi.org/10.1007/
s12041-023-01419-9.

SILVA, M. A. R.; PONTES, N. E.; SILVA, K. M. G.; GUERRA, M. M. P.; 
FREITAS, A. C. Detection of bovine papillomavirus type 2 DNA in commercial 
frozen semen of bulls (Bos taurus). Animal Reproduction Science, v. 129, n. 3-4, 
p. 146-151, 2011. DOI: https://doi.org/10.1016/j.anireprosci.2011.11.005.

SILVESTRE, O.; BORZACCHIELLO, G.; NAVA, D.; IOVANE, G.; 
RUSSO, V.; VECCHIO, D.; D’AUSILIO, F.; GAULT, E. A.; CAMPO, M. S.; 
PACIELLO, O. Bovine papillomavirus type 1 DNA and E5 oncoprotein expression 
in water buffalo fibropapillomas. Veterinary Pathology, v. 46, n. 4, p. 636-641, 2009. 
DOI: https://doi.org/10.1354/vp.08-vp-0222-p-fl.

SOLÉ, X.; GUINÓ, E.; VALLS, J.; INIESTA, R.; MORENO, V. SNPStats: a web tool 
for the analysis of association studies. Bioinformatics, v. 22, n. 15, p. 1928-1929, 2006. 
DOI: https://doi.org/10.1093/bioinformatics/btl268.

SUFFREDINI, A. F.; CHANOCK, S. J. Genetic variation and the assessment of 
risk in septic patients. Intensive Care Medicine, v. 32, n. 11, p. 1679-1680, 2006. 
DOI: https://doi.org/10.1007/s00134-006-0328-x.

SULLIVAN, K. E.; WOOTEN, C.; GOLDMAN, D.; PETRI, M. Mannose‐
binding protein genetic polymorphisms in black patients with systemic lupus 
erythematosus. Arthritis & Rheumatism, v. 39, n. 12, p. 2046-2051, 1996. 
DOI: https://doi.org/10.1002/art.1780391214.

SUMIYA, M.; TABONA, P.; ARAI, T.; SUMMERFIELD, J. A.; SUPER, M.; 
LEVINSKY, R. J.; TURNER, M. W. Molecular basis of opsonic defect in 

2447-9187

https://creativecommons.org/licenses/by/4.0/deed.en
https://openaccessbutton.org/
https://doi.org/10.1099/0022-1317-79-9-2127
https://doi.org/10.1007/s10156-012-0485-5
https://doi.org/10.1186/s42523-021-00114-3
https://doi.org/10.1186/s42523-021-00114-3
https://doi.org/10.1073/pnas.81.24.7880
https://doi.org/10.1007/s12041-023-01419-9
https://doi.org/10.1007/s12041-023-01419-9
https://doi.org/10.1016/j.anireprosci.2011.11.005
https://doi.org/10.1354/vp.08-vp-0222-p-fl
https://doi.org/10.1093/bioinformatics/btl268
https://doi.org/10.1007/s00134-006-0328-x
https://doi.org/10.1002/art.1780391214
https://periodicos.ifpb.edu.br/index.php/principia/index
https://portal.issn.org/resource/ISSN/2447-9187


R e v .  P r i n c i p i a ,  J o ã o  P e s s o a ,  v .  6 2 ,  e 8 7 1 7,  2 0 2 5 .        [   20  ]

immunodeficient children. The Lancet, v. 337, n. 8757, p. 1569-1570, 1991. 
DOI: https://doi.org/10.1016/0140-6736(91)93263-9.

TAKAHASHI, R.; TSUTSUMI, A.; OHTANI, K.; MURAKI, Y.; GOTO, D.; 
MATSUMOTO, I.; WAKAMIYA, N.; SUMIDA, T. Association of mannose binding 
lectin (MBL) gene polymorphism and serum MBL concentration with characteristics 
and progression of systemic lupus erythematosus. Annals of the Rheumatic Diseases, 
v. 64, n. 2, p. 311-314, 2005. DOI: https://doi.org/10.1136/ard.2003.020172.

TAKESHIMA, S.; SARAI, Y.; SAITOU, N.; AIDA, Y. MHC class II DR classification 
based on antigen-binding groove natural selection. Biochemical and Biophysical 
Research Communications, v. 385, n. 2, p. 137-142, 2009. DOI: https://doi.org/10.1016/j.
bbrc.2009.04.142.

TAMURA, K.; STECHER, G.; PETERSON, D.; FILIPSKI, A.; KUMAR, S. MEGA6: 
molecular evolutionary genetics analysis version 6.0. Molecular Biology and Evolution, 
v. 30, n. 12, p. 2725-2729, 2013. DOI: https://doi.org/10.1093/molbev/mst197.

TAYLOR, M. E.; BRICKELL, P. M.; CRAIG, R. K.; SUMMERFIELD, J. A. Structure 
and evolutionary origin of the gene encoding a human serum mannose-binding protein. 
Biochemical Journal, v. 262, n. 3, p. 763-771, 1989. DOI: https://doi.org/10.1042/bj2620763.

TERAI, I.; KOBAYASHI, K.; MATSUSHITA, M.; MIYAKAWA, H.; MAFUNE, N.; 
KIKUTA, H. Relationship between gene polymorphisms of mannose‐binding lectin 
(MBL) and two molecular forms of MBL. European Journal of Immunology, v. 33, 
n. 10, p. 2755-2763, 2003. DOI: https://doi.org/10.1002/eji.200323955.

THIEL, S.; GADJEVA, M. Humoral pattern recognition molecules: mannan-binding 
lectin and ficolins. In: KISHORE, U. (ed.). Target pattern recognition in innate 
immunity. New York: Springer, 2009. p. 58-73. (Advances in Experimental Medicine 
and Biology, 653). DOI: https://doi.org/10.1007/978-1-4419-0901-5_5.

THOMAS, H. C.; FOSTER, G. R.; SUMIYA, M.; MCINTOSH, D.; JACK, D. L.; 
TURNER, M. W.; SUMMERFIELD, J. A. Mutation of gene of mannose-binding 
protein associated with chronic hepatitis B viral infection. The Lancet, v. 348, n. 9039, 
p. 1417-1419, 1996. DOI: https://doi.org/10.1016/s0140-6736(96)05409-8.

TOKARNIA, C. H.; DOBEREINER, J.; PEIXOTO, P. V. Plantas tóxicas do Brasil. Rio 
de Janeiro: Helianthus, 2000. In Portuguese.

TOMITA, Y.; LITERAK, I.; OGAWA, T.; JIN, Z.; SHIRASAWA, H. Complete genomes 
and phylogenetic positions of bovine papillomavirus type 8 and a variant type from a 
European bison. Virus Genes, v. 35, n. 2, p. 243-249, 2007. DOI: https://doi.org/10.1007/
s11262-006-0055-y.

TSAI, C.-C.; LIN, T.-M.; YOU, H.-L.; ENG, H.-L. Mannose-binding lectin in high-risk 
human papillomavirus infection. American Journal of Obstetrics and Gynecology, 
v. 200, n. 6, p. 618E1-618E6, 2009. DOI: https://doi.org/10.1016/j.ajog.2009.02.016.

UGOCHUKWU, I. C. I.; ANEKE, C. I.; IDOKO, I. S.; SANI, N. A.; AMOCHE, A. J.; 
MSHIELA, W. P.; EDE, R. E.; IBRAHIM, N. D. G.; NJOKU, C. I. O.; SACKEY, A. K. B. 
Bovine papilloma: aetiology, pathology, immunology, disease status, diagnosis, control, 

2447-9187

https://creativecommons.org/licenses/by/4.0/deed.en
https://openaccessbutton.org/
https://doi.org/10.1016/0140-6736(91)93263-9
https://doi.org/10.1136/ard.2003.020172
https://doi.org/10.1016/j.bbrc.2009.04.142
https://doi.org/10.1016/j.bbrc.2009.04.142
https://doi.org/10.1093/molbev/mst197
https://doi.org/10.1042/bj2620763
https://doi.org/10.1002/eji.200323955
https://doi.org/10.1007/978-1-4419-0901-5_5
https://doi.org/10.1016/s0140-6736(96)05409-8
https://doi.org/10.1007/s11262-006-0055-y
https://doi.org/10.1007/s11262-006-0055-y
https://doi.org/10.1016/j.ajog.2009.02.016
https://periodicos.ifpb.edu.br/index.php/principia/index
https://portal.issn.org/resource/ISSN/2447-9187


R e v .  P r i n c i p i a ,  J o ã o  P e s s o a ,  v .  6 2 ,  e 8 7 1 7,  2 0 2 5 .        [   21  ]

prevention and treatment: a review. Comparative Clinical Pathology, v. 28, 
p. 737-745, 2019. DOI: https://doi.org/10.1007/s00580-018-2785-3.

WALLIS, R.; CHENG, J. Y. T. Molecular defects in variant forms of mannose-binding 
protein associated with immunodeficiency. The Journal of Immunology, v. 163, 
n. 9, p. 4953-4959, 1999. Available at: https://academic.oup.com/jimmunol/article-
abstract/163/9/4953/8040369. Accessed on: 9 Dec. 2025.

WANG, H.-L.; LU, X.; YANG, X.; XU, N. Association of MBL2 exon1 polymorphisms 
with high-risk human papillomavirus infection and cervical cancers: a meta-
analysis. Archives of Gynecology and Obstetrics, v. 294, p. 1109-1116, 2016. 
DOI: https://doi.org/10.1007/s00404-016-4201-z.

WANG, X.; JU, Z.; HUANG, J.; HOU, M.; ZHOU, L.; QI, C.; ZHAN, Y.; GAO, Q.; 
PAN, Q.; LI, G.; ZHONG, J.; WANG, C. The relationship between the variants of 
the bovine MBL2 gene and milk production traits, mastitis, serum MBL-C levels and 
complement activity. Veterinary Immunology and Immunopathology, v. 148, n. 3-4, 
p. 311-319, 2012. DOI: https://doi.org/10.1016/j.vetimm.2012.06.017.

YAMASHITA-KAWANISHI, N.; ITO, S.; ISHIYAMA, D.; CHAMBERS, J. K.; UCHIDA, K.; 
KASUYA, F.; HAGA, T. Characterization of bovine papillomavirus 28 (BPV28) and a novel 
genotype BPV29 associated with vulval papillomas in cattle. Veterinary Microbiology, 
v. 250, 108879, 2020. DOI: https://doi.org/10.1016/j.vetmic.2020.108879.

YUAN, Z. Q.; GAULT, E. A.; CAMPO, M. S.; NASIR, L. Upregulation of equine matrix 
metalloproteinase 1 by bovine papillomavirus type 1 is through the transcription factor 
activator protein-1. Journal of General Virology, v. 92, n. 11, p. 2608-2619, 2011. 
DOI: https://doi.org/10.1099/vir.0.033431-0.

YUAN, Z. Q.; GOBEIL, P. A. M.; CAMPO, M. S.; NASIR, L. Equine sarcoid fibroblasts 
over-express matrix metalloproteinases and are invasive. Virology, v. 396, n. 1, 
p. 143-151, 2010. DOI: https://doi.org/10.1016/j.virol.2009.10.010.

YUEN, M.-F.; LAU, C.-S.; LAU, Y.-L.; WONG, W.-M.; CHENG, C.-C.; LAI, C.-L. 
Mannose binding lectin gene mutations are associated with progression of liver 
disease in chronic hepatitis B infection. Hepatology, v. 29, n. 4, p. 1248-1251, 1999. 
DOI: https://doi.org/10.1002/hep.510290417.

ZHAO, Z. L.; WANG, C. F.; LI, Q. L.; JU, Z. H.; HUANG, J. M.; LI, J. B.; ZHONG, J. F.; 
ZHANG, J. B. Novel SNPs of the mannan-binding lectin 2 gene and their association 
with production traits in Chinese Holsteins. GMR: Genetics and Molecular 
Research, v. 11, n. 4, p. 3744-3754, 2012. Available at: https://www.geneticsmr.org/
abstract/novel-snps-of-the-mannanbinding-lectin-2-gene-and-their-association-with-
production-traits-in-chinese-holsteins-4722.html. Accessed on: 12 Sept. 2025. 

ZHOU, C.; TUONG, Z. K.; FRAZER, I. H. Papillomavirus immune evasion strategies 
target the infected cell and the local immune system. Frontiers in Oncology, 
v. 9, 682, 2019. DOI: https://doi.org/10.3389/fonc.2019.00682.

ZHU, W.; DONG, J.; SHIMIZU, E.; HATAMA, S.; KADOTA, K.; GOTO, Y.; HAGA, T. 
Characterization of novel bovine papillomavirus type 12 (BPV-12) causing epithelial papilloma. 
Archives of Virology, v. 157, p. 85-91, 2012. DOI: https://doi.org/10.1007/s00705-011-1140-7.

2447-9187

https://creativecommons.org/licenses/by/4.0/deed.en
https://openaccessbutton.org/
https://doi.org/10.1007/s00580-018-2785-3
https://academic.oup.com/jimmunol/article-abstract/163/9/4953/8040369
https://academic.oup.com/jimmunol/article-abstract/163/9/4953/8040369
https://doi.org/10.1007/s00404-016-4201-z
https://doi.org/10.1016/j.vetimm.2012.06.017
https://doi.org/10.1016/j.vetmic.2020.108879
https://doi.org/10.1099/vir.0.033431-0
https://doi.org/10.1016/j.virol.2009.10.010
https://doi.org/10.1002/hep.510290417
https://www.geneticsmr.org/abstract/novel-snps-of-the-mannanbinding-lectin-2-gene-and-their-association-with-production-traits-in-chinese-holsteins-4722.html
https://www.geneticsmr.org/abstract/novel-snps-of-the-mannanbinding-lectin-2-gene-and-their-association-with-production-traits-in-chinese-holsteins-4722.html
https://www.geneticsmr.org/abstract/novel-snps-of-the-mannanbinding-lectin-2-gene-and-their-association-with-production-traits-in-chinese-holsteins-4722.html
https://doi.org/10.3389/fonc.2019.00682
https://doi.org/10.1007/s00705-011-1140-7
https://periodicos.ifpb.edu.br/index.php/principia/index
https://portal.issn.org/resource/ISSN/2447-9187

