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Abstract

The underlying pathogenetic mechanisms of cutaneous lymphoproliferative disorders are yet to be elucidated. Lymphogenesis 
is a complex process that may have several influencing factors: tumor-dependent, host-dependent, environmental, and 
genetic ones. Infectious agents would interact with these factors in order to boost tumor development and progression. 
Recently, it has been suggested that an infectious agent may initiate chronic inflammation and thus facilitating B lymphocyte 
transformation and lymphogenesis. Several viruses, like Epstein-Barr virus, as well as parasites and bacteria have been linked 
to the development of lymphomas. Some bacteria have been suggested to be carcinogens and tumor promoters by activating 
intracellular signaling pathways, modulating apoptosis and cell proliferation. This phenomenon occurs when the cells of the 
immune system are at risk of malignant transformation. Staphilococcus aureus has been identified to cause severe infections 
and also to play an important role in the pathogenesis of Mycosis fungoides and Sézary syndrome. The susceptibility of 
infection seems to be related to barrier dysfunction and immunosuppression. Borrelia burgdorferi has also been associated 
with primary cutaneous lymphomas, both B-cell and T-cell, with geographical differences. In this article, we will review the 
role and mechanisms of infectious agents to drive neoplastic transformation in cutaneous lymphoproliferative disorders. 
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Abbreviations: NHL: Non-Hodgkin B-Cell Lymphomas; 
MZL: Marginal-Zone Lymphomas; DLBCL: Diffuse Large 
B-Cell Lymphoma; CBCLs; Cutaneous B-cell Lymphomas; 
MF: Mycosis fungoides; EBV: Epstein-Barr virus; TEWL: 
Transepidermal Water Loss; AMP: Antimicrobial Peptide; 
SEs: Staphylococcal Enterotoxins; TSST-1: Toxic Shock 
Syndrome Toxin; TR: T cell Receptor; SAF: Sézary T cell 
Activating Factor; HTLV: Human T-Lymphotropic Virus; 
LPD: Lymphoproliferative Disorders; EBER: EBV-encoded 
mRNA; PC-ENKTL: Primary Cutaneous Extranodal Natural 
Killer/T-Cell Lymphoma; HV: Hydroa Vacciniforme; HHV: 
Human Herpesvirus 8; KSHV: Kaposi Sarcoma-Associated 
Herpesvirus; CMV: Cytomegalovirus; MCV: Merkel Cell 
Polyomavirus; MCC: Merkel Cell Carcinoma; MRSA: 

Methicillin Resistant S. aureus; DLBCL: Diffuse Large B-Cell 
Lymphoma; MZL: Marginal Zone Lymphoma; FL: Follicular 
Lymphoma; AITL: Angioimmunoblastic T-Cell Lymphoma; 
HCV: Hepatitis C Virus.

Introduction

Primary cutaneous lymphomas (PCLs) are a 
heterogeneous group of non-Hodgkin lymphomas arising 
initially in the skin, with no evidence of extracutaneous 
disease at the time of the diagnosis, with some exceptions [1]. 
It has been reported that 27% of non-Hodgkin lymphomas 
occur in extranodal sites, with the skin being the second 
most common site of extranodal involvement after the 
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gastrointestinal tract [2]. 

According to epidemiological studies, non-Hodgkin 
B-cell lymphomas (NHL) are the most common hematological 
malignancies worldwide and the fifth most common cancer. 
NHL are a heterogeneous group of lymphoid neoplasms, 
including both latent types, such as marginal-zone 
lymphomas (MZL), follicular lymphomas, and also aggressive 
diseases such as diffuse large B-cell lymphoma (DLBCL) and 
Burkitt’s lymphoma [3]. 

PCLs can arise from T or B lymphocytes, termed 
cutaneous T-cell lymphomas (CTCLs) or cutaneous B-cell 
lymphomas (CBCLs), respectively. 75-85% of PCLs are 
T-cell derived, opposite to nodal non-Hodgkin lymphomas 
or extranodal non-Hodgkin lymphomas, most of which 
are B-cell derived [4]. Large epidemiological studies have 
identified the incidence of PCLs to be 0-7-2 per 100.000 
population [5,6].

CTCLs are malignancies of skin-trafficking T cells. 
Mycosis fungoides (MF), clinically characterized by 
patches, plaques, and tumors, and Sézary Syndrome (SS), 
characterized by leukemic involvement, represent the 
commonest types of CTCLs [7]. In patients with advanced 
CTCL, immune dysfunction predisposes to infection and 
suppresses the anti-tumor immune response [8]. 

As we know, several cancers are originated by infectious 
agents. Some of them may trigger carcinogenesis indirectly, 
activating chronic infection and inflammation. Helicobacter 
pylori (H. pylori) can act as an indirect carcinogen leading 
to gastric cancer, and hepatitis B and C viruses may be 
indirect carcinogens in hepatocellular carcinoma. Human 
papillomaviruses and Epstein-Barr virus (EBV) may trigger 
oncogenesis by direct mechanisms, deploying mutagenic 
effects and leading to malignant transformation [9]. 
The underlying pathogenetic mechanisms of cutaneous 
lymphoproliferative disorders are yet to be elucidated. 

Several factors have been described related to 
lymphogenesis: tumor-dependent, host-dependent, 
environmental, and genetic ones. Infectious agents would 
interact with all these factors to promote tumor development 
and progression [10]. Recently, it has been suggested that 
an infectious agent may initiate chronic inflammation and 
facilitate B lymphocyte transformation and lymphogenesis 
[3]. 

Several viruses, like Epstein-Barr virus, as well as 
parasites and bacteria have been linked to the development 
of lymphomas. Some bacteria have been suggested to be 
carcinogens and tumor promoters by activating intracellular 

signaling pathways, modulating apoptosis and cell 
proliferation [11]. This phenomenon occurs when the cells of 
the immune system are at risk of malignant transformation 
[12]. 

Staphylococcus aureus has been identified not only 
to cause severe infections but also to play an important 
role in the pathogenesis of Mycosis fungoides and Sézary 
syndrome. The susceptibility of infection is related to 
barrier dysfunction and immunosuppression [1]. Borrelia 
burgdorferi has been associated with primary cutaneous 
lymphomas, both B-cell and T-cell, with strong geographical 
differences [13]. However, a recent paper did not find a 
relationship between B. burgdorferi and the occurrence of 
cutaneous B-cell lymphomas in endemic areas, despite a 
highly sensitive Borrelia PCR assay [14].

In this article, we will review the role and mechanisms 
of infectious agents that have been shown to drive neoplastic 
transformation in cutaneous lymphoproliferative disorders. 
Controversial and diverging hypotheses will also be reviewed 
in order to have a comprehensive update on the topic. 

Barrier Dysfunction and Immune 
Dysfunction in CTCL

In CTCL, the risk of infection is high, contributing in 
some cases more to mortality than the malignancy per se [8]. 
A large retrospective cohort study found that staphylococcal, 
streptococcal and herpetic skin infections are, in decreasing 
order, the most common in MF and SS [15]. Rarer 
infectious complications, such as progressive multifocal 
leukoencephalopathy (PML), P. jirovecii pneumonia and 
toxoplasmosis have also been observed but to a lesser extent 
than bacterial and herpesvirus infections [15,16].

The disruption of epidermal barrier promotes skin 
colony formation by microorganisms. S. aureus-positive 
patients show higher transepidermal water loss (TEWL) 
than S. aureus-negative ones [17]. TEWL increases with 
bacterial load, and the lesional skin of patients with CTCL 
has higher TEWL than normal skin [18]. CTCL lesional skin 
contains lower levels of filaggrin and loricrin mRNA than 
normal skin. Moreover, mRNA expression levels of filaggrin 
in CTCL negatively correlate with disease severity markers 
[17].

 In patients with CTCL, cutaneous bacterial infections 
appear due to impaired antimicrobial peptide (AMP) 
induction [17,19]. The risk of infection in CTCL also requires 
a maximal decrease in normal circulating T cells [20]. The 
absence of a Th1 immune response together with the 
increase of a Th2 immune response trigger the growth of 
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S. aureus on CTCL skin [21]. Patient’s T-cell repertoire is 
almost entirely limited to the tumor cell repertoire and, as 
the stage of CTCL progresses, local infections can spread and 
become lethal [22]. In patients with MF/SS a clonal growth 
of the malignant T cell population and a severe disruption 
of their whole T cell repertoire can be observed. Most cases 
with advanced disease and in half of those with early-stage 
disease show an extreme disruption of the complexity of 
T-cell repertoire. As a consequence of the suppression of host 
antitumor immunity, together with the reduction of immune 
surveillance against pathogens, the number and activity of 
NK cells and the number of CD8-positive T cells decrease 
with the progression of CTCL [23].

Disease progression may also be stimulated by microbial. 
For instance, in patients with erythrodermic CTCL there 
is a high incidence of colonization with S. aureus strains 
producing superantigenic staphylococcal enterotoxins (SEs) 
or toxic shock syndrome toxin (TSST-1) [24]. The activation 
of STAT3 and the expression of IL-17 in CTCL cell lines can be 
related to bacterial isolates from patients and recombinant 
SEs [25]. The expression of the regulatory T cell (Treg) 
marker FOXP3 in SS cells, in a STAT5 dependent manner, 
may also be triggered by SEs [26]. Moreover, the oncogenic 
microRNA miR-155 is STAT5 dependent, too, which raises the 
possibility that SEs could contribute to the high expression of 
this molecule in CTCL cells [27]. A subset of T cell receptor 
(TR) variable region β chains are responsible to specific 
SEs or TSST-1 [28]. However, in patients colonized with 
toxicogenic S. aureus strains these TCRs are overrepresented 
in the expanded clones of CTCL [24]. Toxins may activate 
benign cells which then stimulate neighboring malignant 
cells even when the clonal TCR is unresponsive to SE [25,29]. 
Furthermore, benign T cells are sensitive to cell death induced 
by S. aureus alpha toxin, whereas malignant cells are resistant 
[30]. Finally, in SS patients polymorphonuclear granulocytes 
(PMNs) have shown to have reduced phagocytic activity and 
intracellular killing against K. pneumonia [31]. Defects in 
antigen presenting cells (APCs) and in innate immunity also 
contribute to the development of infections in these patients.

In the occurrence of certain comorbidities, CTCL seems to 
be more common and may be more aggressive. For instance, 
a 15-fold higher incidence of T cell lymphomas in AIDS 
patients has been reported [9]. CTCL could have a particularly 
aggressive course in post-transplantation patients, [32]. In 
undiagnosed CTCL, drugs inhibiting T cell function, like anti-
TNF agents and cyclosporine, can drive progression [33,34]. 
Finally, dupilumab, an anti-IL4 receptor antibody, may also 
accelerate CTCL advance through unknown mechanisms, 
diminishing tumor reactive lymphocytes [35]. All these 
associations strengthen the role of T cell immune function in 
controlling disease continuation. 

Infectious Agents in CTCL

The role of infectious agents in the proliferation of 
neoplastic T cells and the development of CTCL has been 
supported for more than three decades [36]. MacKie 
published this hypothesis in 1981 by proposing that CTCL 
arises from an initial viral infection of epidermal antigen 
presenting cells [37]. This theory was reinforced by the 
earlier discovery of HTLV-1 and its association with adult T 
cell lymphoma [38]. 

Furthermore, some bacterial agents have been described 
to have a direct role in the pathogenesis of CTCL. Chlamydia 
chronic infection was believed to drive chronic expansion 
of Chlamydia-specific T cells. Moreover, the development 
of CTCL was related to the combination of a Sézary T cell 
activating factor (SAF) and chronic T cell activation [39]. 
However, a significant presence of Chlamydia pneumonia in 
CTCL skin specimens was not detected in subsequent studies 
[40]. 

Gene expression analysis of sequence-based 
transcriptome data has shown upregulation of 216 agents 
involved in infectious disease pathways associated with viral, 
bacterial, and parasitic infections [41]. The pathway which 
is most closely associated with the CTCL transcriptome 
is the reaction to viral infection. The activation of this 
pathway produces an antiviral and antistress response to 
a variety of pathogens, including viral dsRNA and bacterial 
lipopolysaccharides [42]. Otherwise, these pathways could 
be important to CTCL pathogenesis secondarily, contributing 
to immune response dysregulation that occurs after 
pathogenesis. 

Infectious agent CTCL Association 
found

HTLV MF/SS No [41,47,48]
EBV MF/SS No [52-55]
EBV PC-ENKTL Yes [56]

KSHV/HHV-8 MF No [55]
HHV-6, HHV-7 MF/SS No [52,53,60,61]

CMV MF/SS No [62,63]
MCV MF/SS No [9]

HPyV6, HPyV7, HPyV9, 
HPyV12, and MWPyV MF/SS No [64]

Cutavirus MF/SS Yes [65,66]
S. aureus MF/SS Yes [67-72]

B. burgdorferi MF Yes [75]

Table 1: Shows the infectious agents that have been studied 
in CTCL.
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Viral Infection

Retroviruses
Retrovirus-like particles in Langerhans cells occupying 

the skin and lymph nodes of patients with MF and SS were 
described by Van der Loo, et al. [43], contributing to MacKie’s 
hypothesis [37]. This observation was further driven by the 
discovery of human T-lymphotropic virus (HTLV), causing 
adult T-cell leukemia and lymphoma. HTLV became a subject 
of study as a possible trigger factor of CTCL, since CTCL has 
significant clinical and histopathological similarities to its 
nodal correspondent [9]. 

Retrovirus-like particles and reverse transcriptase 
activity ion a cell line derived from a patient with SS were 
observed by Manzari, et al. [44]. They isolated HTLV-V, a 
novel retrovirus related to HTLV-I and HTLV-II., and Zucker-
Franklin, et al. [45,46] found HTLV-like inclusions in the 
peripheral blood mononuclear cells of patients with CTCL. 
Moreover, these authors also described HTLV proviral 
sequences and reverse transcriptase activity in some cell 
lines derived from peripheral blood mononuclear cells of 
patients with MF and SS, suggesting a potential role of HTLV-
II and HTLV-I in CTCL. 

Nevertheless, subsequent studies failed to amplify 
HTLV genomic sequences or to detect anti-HTLV antibodies 
in patient [47,48]. More recently, O’Neill Dulmage, et al. 
[41] concluded that HTLV-I is not a directly oncogenic 
virus in CTCL pathogenesis. However, they did not exclude 
the possibility that concurrent infection with HTLV-I could 
contribute to a chronic antigen stimulation model which has 
long been proffered [49]. 

Finally, recent investigations have suggested a 
connection between human endogenous retrovirus-reactive 
antibody titer and CTCL disease severity. Pericentromeric 
instability, defining the high frequency of deletions in the 
pericentromeric area of our genome, is associated with more 
severe CTCL in Caucasian, allowing T-cells to survive lysis 
by HIV infection [50]. In lymphomatoid papulosis, a subset 
of CTCL, reverse transcriptase and human endogenous 
retrovirus transcripts have been detected [51]. However, a 
causal relationship needs to be established. 

Herpesviruses
Controversial results on genomic sequences of EBV 

detected in CTCL lesional and blood samples have been 
published [52-55]. The presence of EBV association, 
demonstrated by in situ hybridization for EBV-encoded 
mRNA (EBER), can be found in primary cutaneous extranodal 
natural killer/T-cell lymphoma (PC-ENKTL) [56]. Chronic 
active EBV infection (CAEBV) and systemic EBV+ T-cell 
lymphoma of childhood are included in EBV-associated T- 

and NK-cell lymphoproliferative disorders (LPD). Hydroa 
vacciniforme (HV)-like LPD is a primary cutaneous form of 
CAEBV [57]. 

Trento, et al. [58] found a high prevalence of Kaposi 
sarcoma-associated herpesvirus (KSHV)/human 
herpesvirus 8 (HHV-8) infection in patients with large-plaque 
parapsoriasis. This finding led to analyses of CTCL tissues 
for evidence of KSHV/HHV-8 infection, despite previous 
negative reports [53,59]. Kreuter, et al [55] found that 7 of 
10 analyzed MF samples were positive for HSHV/HHV-8 DNA 
by PCR, but this observation could not be further confirmed. 

Current data fail to support a role for HHV-6 and HHV-7 
in CTCL pathogenesis [52,53,60,61].

In T-cell deficient populations, such as HIV-
positive patients and transplantation recipients on 
immunosuppressive regimen, cytomegalovirus (CMV) 
infection is common. Nevertheless, conflicting results have 
been reported in cohorts of patients with CTCL [62,63]. 

Polyomaviruses
Mirvish, et al. [9] found that immunohistochemical 

stains were negative for the Merkel cell polyomavirus (MCV) 
T antigen in all examined MF specimens, whereas the Merkel 
cell carcinoma (MCC) specimen (positive control) showed 
strongly positive MCV finding, suggesting that MCV is not 
associated with CTCL pathogenesis.

Human polyomaviruses 6 (HPyV6), human 
polyomaviruses 7 (HPyV7), human polyomaviruses 9 
(HPyV9), human polyomaviruses 12 (HPyV12), and Malawi 
polyomavirus (MWPyV) were analyzed in 55 CTCL by 
Bergallo, et al. [64] in order to confirm the skin tropism and 
possible pathological association. Low-level presence of 
HPyV6 and HPyV7 DNA, together with lack of detection of 
polyomaviruses HPyV9, MWPyV and HPyV12 did not support 
a significant role of these viruses in the ethiopathogenesis of 
CTCL.

Parvoviruses
Cutavirus has been detected in human fecal samples and 

in 4 lesional biopsy specimens only in male patients with 
early-stage (IA or IB) MF [65]. Cutavirus DNA was also found 
in 3.2% of lymphoma biopsies and in 4.6% of patients [66].

Bacterial Infection

Staphylococcus aureus
S. aureus prevalence is increased in CTCL patients and 

contributes to CTCL disease flares. Skin that is colonized 
by S. aureus is associated with CTCL disease progression to 
erythroderma, clinical exacerbation of pruritus, and increased 
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lactate dehydrogenase (LDH) and malignant CD4+ T cell 
counts. Emge, et al. [67] conducted a retrospective review 
of erythrodermic CTCL patients with S. aureus infection or 
colonization. They found that methicillin-resistant S. aureus 
(MRSA) prevalence was high in erythrodermic CTCL patients 
and that treatment improved CTCL skin score in most cases. 

Staphylococcal enterotoxins and S. aureus isolates 
from lesional skin induce the expression of the oncogenic 
microRNA miR-155 in primary malignant cells, as observed 
by Willerslev-Olsen, et al. [68]. This induction is possible 
partly through the IL-2Rg-Jak-signal transducer and activator 
of transcription 5 pathway, and the effect is augmented by the 
presence of nonmalignant T cells. Mycosis fungoides lesions 
contain S. aureus, express Y-phosphorilated signal transducer 
and activator of transcription 5 and display augmented miR-
155 expression compared with nonlesional healthy skin. In 
patients with Sézary syndrome, aggressive antibiotic therapy 
is associated with decreased Y-phosphorylated signal 
transducer and activation of transcription 5 and miR-155 
expression in lesional skin. 

In patients with advanced CTCL, treatment for 10 
days with intravenous antibiotics (cephalosporin and 
metronidazole) followed by oral treatment of 14 days 
with combined amoxicillin and clavulanate inhibited 
clinical disease activity, as published by Lindhal, et al. [69], 
decreasing the fraction of malignant T cells in skin lesions 
colonized by enterotoxin-producing S. aureus. Furthermore, 
the skin microbiome consists of complex communities of 
different bacterial species in addition to S. aureus in patients 
with CTCL [70,71]. Based on these findings, Lindhal, et al. 
[72] reexamined the bacterial flora on lesional skin of the 
patients with advanced disease before, during, and after 
aggressive antibiotic therapy as described above. Treatment 
was associated with a complete eradication or suppression of 
S. aureus but not of other species, but re-colonization of skin 
lesions by S. aureus was observed in the majority of patients 
shortly after antibiotic therapy. Therefore, there is a need 
for novel non-antibiotic and highly selective anti-S. aureus 
therapies to gain life-long control of S. aureus colonization 
avoiding antibiotic resistance. 

Borrelia burgdorferi
Borrelia burgdorferi, mainly known as the causative 

agent of Lyme disease, is a spirochete that can be transmitted 
to man by Ixodes ticks [73,74]. Acrodermatitis chronica 
atrophicans, which has been associated with CBCL, is a 
chronic cutaneous manifestation of Lyme disease. 

The prevalence of Borrelia burgdorferi DNA in specimens 
of PCL was evaluated by Travaglino, et al. [13]. Borrelia DNA 
positivity was significantly associated with PCL among 

different entities: marginal zone 7.3%, follicular 8.1%, diffuse 
large B-cell 7.5%, mycosis fungoides 8%. The presence of 
Borrelia in PCL had been previously detected in studies from 
endemic areas, such as Austria, Scotland and north-eastern 
Italy [75-77]. In the literature, 6 out of 11 cases of PCL treated 
with antibiotics responded, while five did not. Consequently, 
molecular testing and antibiotic therapy for Borrelia could 
be justified in patients from endemic areas. 

Infectious Agents in CBCL

B-cell lymphomas account for 30% of PCL, including 
marginal zone lymphoma (MZL), follicular lymphoma (FL), 
and diffuse large B-cell lymphoma (DLBCL) leg-type. Chronic 
stimulation of B-cells by viral or bacterial antigens facilitates 
mutations that promote lymphomagenesis. The clinical 
implication is that low-grade lymphomas, particularly MZL, 
might be treated by eradicating the causative infectious 
agent [78]. 

Diffuse large B-cell lymphoma is the most common type 
of lymphoma, accounting for one-third of cases worldwide 
[79], the majority of them classified as not otherwise 
specified (NOS). About 20% of cases are designated as 
specific variants of DLBCL, including primary cutaneous 
diffuse large B-cell lymphoma, leg type, and lymphomatoid 
granulomatosis. 

Environmental factors such as infectious agents might 
play a role in lymphomagenesis of B-cell non-Hodgkin 
lymphomas [80,81]. Lymphoid proliferation increases 
the risk of transformation and sustained activation of the 
lymphoid system, due to the instability of lymphocytes, which 
can be observed during chronic infection, immunodeficiency, 
and autoimmunity, representing a risk factor for lymphomas 
[82,83]. The risk of developing B-cell NHLs is higher in 
congenital and acquired immunodeficiencies associated 
with HIV infection and solid organ or hematopoietic 
transplantation [84,85]. Lymphomagenesis promoting 
favorable conditions for lymphocyte transformation, like 
increased proliferation or decreased apoptosis of lymphoid 
cells, have been associated to infectious agents [86].

 
Lymphomas driven by infectious agents may occur 

from direct lymphocyte transformation by a microbial 
agent. Lymphotropic transforming viruses such as EBV, 
HHV8, and HTLV-1 directly infect a subgroup of lymphoid 
cells expressing viral oncogenes [87-89]. Microbial species 
associated with lymphomas that do not directly infect or 
transform lymphoid cells but have the capacity to persist 
chronically in host tissues and activate a sustained lymphoid 
proliferation, giving a selective advantage to lymphoid 
clones that remain dependent upon antigen stimulation 
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[90,91]. Thus, the microbial agent acts as a chronic source 
of antigens rising the proliferative rate of lymphoid effectors 
and sustaining the transformation process [92]. 

Infectious 
agent CBCL Association 

found
EBV EBV-positive DLBCL Yes [94-96]
HIV DLBCL Yes [93]

KSHV/HHV8 DLBCL Yes [93]
HCV DLBCL Yes [93]

B. afzelii Cutaneous MALT Yes [103]

B. burgdorferi Cutaneous MZ, FL, 
DLBCL  

Table 2: Shows the infectious agents that have been studied 
in CBCL.

Viral Infection

EBV is a ubiquitous lymphotropic herpesvirus that 
infects >90% of the worldwide population, transforms 
human B-cells in vitro, ans is particularly associated with 
several B-cell lymphomas [57]. Among these subtypes, 
EBV-positive DLBCL NOS, lymphomatoid granulomatosis, 
EBV+ mucocutaneous ulcer, and plasmablastic lymphoma 
primarily the skin [93]. 

EBV-positive DLBCL, NOS is an EBV-associated B-cell 
lymphoma that occurs mostly in elderly patients without 
any immunodeficiencies [94]. Jung, et al. [95] recently 
demonstrated that patients with primary cutaneous 
EBV-positive DLBCL-NOS are older than patients with 
cutaneous EBV-negative DLBCL-leg type. Nonnodular lesions 
predominated in primary cutaneous EBV-positive DLBCL-
NOS rather than in EBV-negative DLBCL-leg type. Stage T3 
lesions are less frequent in primary cutaneous EBV-positive 
DLBCL-NOS. Primary cutaneous EBV-positive DLBCL-NOS 
tend to have worse overall survival than EBV-negative 
DLBCL-leg type. The authors found no difference in overall 
survival between patients with primary cutaneous disease 
and concurrent skin and extracutaneous disease. 

Cutaneous manifestations of EBV-driven B-cell 
lymphoid proliferations do not usually because of 
severe immunodeficiency. Few cases of extranodal EBV-
associated B-cell lymphomas emerging in patients with 
angioimmunoblastic T-cell lymphoma (AITL) have been 
published, scarcely with a cutaneous presentation [96].

Finally, HIV, KSHV/HHV8 and hepatitis C virus (HCV) 
have been associated with DLBCL, including plasmablastic 
lymphoma [92].

Bacterial Infection

Borrelia burgdorferi infection associated with indolent 
lymphomas such as cutaneous MZL and follicular lymphoma, 
and with aggressive lymphomas such as DLBCL with 
cutaneous localization and mantle cell lymphoma has been 
reported [13].

In biopsies of patients with cutaneous MALT lymphomas 
from Europe and Australia, as well as in tissue samples from 
patients with FL and DLBCL, DNA of Borrelia burgdorferi has 
been detected [78,97]. Moreover, regression of infiltrative 
lesions following antibiotic treatment, mainly cephalosporin 
and tetracycline, was observed in patients with low-stage 
cutaneous MALT lymphoma [13,98]. Based on these results, 
oral antibiotics have been accepted as first-line treatment 
[99]. 

Borrelia infection may conduct to the formation of 
atypical lymphoid follicles in the skin, and lymphocytes 
may additionally infiltrate the dermis producing borrelial 
“lymphocytoma” which can be hard to distinguish 
histologically from MZL [3]. Some reports show that 
persistent inflammation throughout Borrelia infection 
may lead to monoclonal B-cell proliferation and BCL-2 
protein expression [100,101]. Cutaneous MALT seems to 
be associated with Borrelia afzelii [102]. The role of other 
Borrelia species in the development of B-cell lymphoma is 
still arguable. 

Contrastingly, Papadopoulou, et al. [14] have recently 
published a study and meta-analysis on the role of Borrelia 
burgdorferi in cutaneous CBCL in an endemic area, using highly 
sensitive Borrelia PCR assays for detection. The investigators 
did not find any association between Borrelial infection and 
CBCL. Their own meta-analysis of all CBCL reported in the 
literature related to Borrelia had an odds ratio <1. These 
results reinforce the need to look other pathogenetic factors 
that could be involved in the development of CBCL. 

An association between Borrelia infection and cutaneous 
B-cell lymphoma was conducted before standardization 
of molecular techniques for lymphoma diagnosis. In the 
differential diagnosis of Borrelia lymphocytoma and 
cutaneous B-cell lymphoma, especially of the MZL type, the 
application of Borrelia PCR in the case of a dense T-cell-
rich B-lymphocytic infiltrate is important. In order to avoid 
antibiotic resistance, antibiotic therapy should be strictly 
considered in the absence of pathogen detection. 

Conclusions

The involvement of infectious agents in cutaneous 
lymphoproliferative disorders remains an open topic. 
Interestingly, infectious agents such as HTLV-1, EBV, HIV 
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and HCV, have been shown to be potential oncogenes in the 
development of NHL. However, in PCL only EBV and S. aureus 
have shown to be associated mainly with CBCL and CTCL, 
respectively, while studies have controversial results on 
the role of Borrelia burgdorferi in PCL. Therefore, antibiotic 
therapy should be carefully considered in the absence of 
pathogen detection to prevent antibiotic resistance. Host 
and tumor genomics, and in vitro studies may be important 
to suggest other factors concerning the pathogenesis of 
lymphoma development and progression.
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