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in all cases of the disease, the microorgan-
ism must/can be isolated from the affected 
host and grown in pure culture, the patho-
gen from the pure culture must cause the 
disease when inoculated into a healthy 
and susceptible laboratory animal, and the 
pathogen must be re-isolated from the new 
host and shown to be the same as the origi-
nally inoculated pathogen. 

Among the reported studies, most 
data support a link based on the fact that 
immune responses against EBV (humoral or 
cellular) are more frequently found in those 
with autoimmune diseases than in healthy 
individuals, even when normal controls are 
matched for age and gender. Researchers 
opposing the pathogenic connection of EBV 
with autoimmunity claim that alterations 
in the frequency of antibodies (or cellular 
immune responses) against EBV can be 
the consequence rather than the founda-
tion of disease initiation. If correct, affected 
individuals are more prone to develop EBV 
infection, which may explain the findings 
of increased prevalence of EBV exposure 
in patients with autoimmune diseases or 
immune mediated diseases (with no appar-
ent autoimmune origin), in general.

Most studies [1-7] have tested antibody 
responses in patients with a given autoim-
mune disease compared to healthy controls. 
If anti-EBV antibody responses are found 
to be more frequent in affected individu-
als, an apparent causal relationship war-
rants further investigation. These tests are 
mainly based on antibody testing using an 
antigenic source with whole viral extracts 
or the major immunodominant antigens of 
EBV. The antigens usually include EBV viral 
capsid antigen (VCA) and Epstein-Barr 
nuclear antigens (EBNA). Data analyses 

E pstein–Barr virus (EBV) is a human 
herpes virus that infects more than 90% 

of individuals. EBV causes persistent latent 
infection with sporadic reactivations. The 
virus is also able to transform B lympho-
cytes, and at times to induce strong T-cell 
responses. These characteristics make the 
virus a likely trigger of immune-mediated 
diseases and a plausible cause of autoimmu-
nity, and indeed a full-blown autoimmune 
disease. At the other end of the spectrum, 
EBV can be a cause of lymphoma or other 
viral-mediated inflammatory disorders, 
which are caused by the close interplay 
between the host’s immune system and the 
encounter with the virus.

Hence, it comes as no surprise that the 
virus is aetiologically linked with a plethora 
of heterogenous organ or non-organ spe-
cific diseases. Hypotheses driven scenarios, 
supported by epidemiological, immunolog-
ical, and virological data in human diseases, 
have strengthened the perceived notion that 
EBV stands as one of the strongest candi-
dates for the induction of autoimmune 
diseases through various mechanisms, the 
most frequently incriminated being molec-
ular mimicry among immunodominant 
EBV antigens and autoantigenic epitopes. 

Despite their limitations, Koch’s pos-
tulates are still a useful tool in judging 
whether a pathogen’s impact can be inter-
preted as causation with respect to some 
target disease. According to Koch’s four 
postulates, the pathogen must be present 

may also include comparisons of antibody 
concentrations among patients and healthy 
individuals. Some studies do not report 
differences on the prevalence of anti-EBV 
antibodies but can find more elevated 
antibody titers against EBV in patients 
than in healthy controls. The frequency 
of the magnitude of anti-EBV antibodies 
may differ if the analysis involves reactivi-
ties against the disease under investigation 
and pathological cohorts including other 
autoimmune or non-autoimmune diseases 
[1-3,5,8,9]. Those reports further strength-
ened the aetiological association between 
the virus and the disease, as they report 
a disease-specific finding. Well-designed 
studies also take into consideration in their 
analyses cohort numbers and origin [3], 
demographic parameters [10,11], method-
ological aspects [2,3], selection and source 
of cases and controls [2,3], technical issues 
of proper antibody testing [2,3], and ideal 
cut-off points based on proper receiver 
operating characteristic (ROC) curve analy-
sis [8,12]. Their results are considered more 
scientifically-sound and relevant.

A series of studies [6,12-15] attempted 
to identify a direct causal relationship 
between the virus and the disease. The 
hypothesis was that if the virus is respon-
sible for the disease, polymerase chain 
reaction products of the isolated virus 
could (must) be found in samples from 
the affected tissue (i.e., salivary glands, 
brain, kidney, liver) and that these could be 
more prevalent in patients with the disease 
compared to those who are disease free, 
if their tissue samples are also tested [15]. 
While some studies are able to show evi-
dence of viral products in tissues, the great 
majority are unable to do so [8,12]. This 
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finding by no means implies that the virus 
(the immunogen) needs to replicate in the 
damaged tissue at the time of diagnosis as 
an immune-mediated cell injury can occur 
after the immunogen has been removed in 
a “hit-and-run” immunological scenario. 
Hence, it is almost impossible for disease 
development and progression to depict an 
ontologic delineation within the indefinite 
stream of procedures between causal and 
non-causal (casual) associations involving 
potential triggers.

If there is no compelling evidence 
against the ability of EBV to potentially 
cause the disease, it may originate from 
sufficient evidence through epidemiologic 
studies. Such studies shed light on this issue 
from another angle. A demonstration of 
causality, especially for EBV, would require 
evidence in which a reduction in the fre-
quency or severity of EBV infection would 
be followed by a reduction in the frequency 
of the autoimmune disease [16]. In other 
words, an indirect proof would require epi-
demiologic evidence that prevention of EBV 
infection is accompanied by a decline in 
disease incidence. EBV lacks a proper vac-
cine. Thus, EBV does not belong to the class 
of viruses whereby vaccination policies and 
prevention have given us the opportunity 
to witness a sharp decrease of virus-related 
immune mediated disorders or EBV-related 
lymphomas. It is also important to note 
that for those viruses with available vac-
cines, there is always the possibility that 
we may encounter rare cases of a temporal 
link between the vaccine and the disease 
due to unwanted adverse reactions caused 
by the adjuvant, a state known as autoim-
mune/inflammatory syndrome induced by 
adjuvants (ASIA), or because of harmful 
cross-reactive immune responses due to 
molecular mimicry between the virus and 
autoantigenic epitopes [17]. Poor evidence 
of causality provided for EBV originates 
from data on experimental models of auto-
immune diseases, such as those reported on 
experimental autoimmune encephalomyeli-
tis (EAE) and the animal models of multiple 
sclerosis.The limited data are mainly due 
to the fact that EBV only infects humans 
and studies are based on γ-herpesvirus-68 

(γHV-68), a murine γ-herpesvirus that is 
used as a model to investigate EBV and 
Kaposi’s sarcoma-associated herpes virus 
human γ-herpesviruses. γHV-68 shares 
most of its genomes with these two viruses. 
Equally important is that some γHV-68 
genes are associated with EBV cell tro-
pism and latency. Transformation γHV-68 
infected mice show exacerbated symptoms 
of EAE compared to non-infected mice.

However, there are diseases showing 
not only a strong association with the virus 
but also an arguably pathogenic link show-
ing that the virus is responsible for disease 
induction. The connection of EBV with 
EBV-related lymphoma has been known 
for many years. The aetiological connec-
tion between EBV and hemophagocytic 
lymphohistiocytosis (HLH) is also well 
described [18]. In this issue of IMAJ, Shao 
and co authors [19] performed a retrospec-
tive single-institution study investigating 
23 adult patients with EBV-associated 
HLH during a 15 year period. EBV-HLH 
is a major subtype of secondary HLH that 
is developed due to primary EBV infec-
tion. Other less frequent causes of virus 
associated HLV include cytomegalovirus, 
varicella zoster virus, herpes simplex virus, 
parvovirus, and human immunodeficiency 
virus. EBV affects all ages, from infants 
to young adults, and appears mostly in 
immunocompetent individuals. Although 
associated with substantial morbidity and 
mortality, early diagnosis and prompt treat-
ment may result in successful management 
of the disorder.

The need to understand the epidemiol-
ogy of the disease has prompted investiga-
tors to review the clinical characteristics 
of the largest series from Asian patients 
over the past decade. The awareness of 
the disease has increased over the last few 
years and molecular methods to trace the 
virus also recently became available and 
more easily accessible in routine laboratory 
tests. Thus, it is not surprising that all EBV-
HLH cases were reported after 2002, when 
EBV-HLH testing became more common. 
Several findings are of interest and may 
help us to better understand the disease. In 
terms of the geo-epidemiology, Shao et al. 

[19] reported that rural residents may be 
more prone to EBV-HLH than residents 
living in urban locations, with no further 
explanation. A slight predominance of male 
gender was also found. Most patients were 
< 30 years. 

Laboratory testing must include EBV 
DNA viral load, as it appears to be (as was 
expected) more helpful in comparing sero-
logical tests of the virus. Other common 
laboratory findings included significant 
typical hyperferritinemia, with > 10000 
μg/L in two-thirds of the patients, elevated 
LDH, transaminasaemia, thrombocyto-
penia, coagulopathy, and hypofibrinogen-
emia. Flow cytometric measurements of 
lymphocyte subsets assisted the diagnostic 
testing as a significant decline of CD4+/
CD8+ T and NK cells was present in 50% of 
the patients. Patients also experienced high 
fever and signs of splenomegaly. 

The aetiology of EBV remains poorly 
understood. The most perplexing issue, 
however, concerns efficient treatment and 
accurate estimation of prognosis. 

The poor prognostic factors of EBV-
HLH include older age, low platelet count, 
high AST and elevated LDH levels, and 
underlying lymphoma. Thus, searching for 
lymphomas is a high priority for the man-
agement of the patients. Poor performance 
and bone marrow suppression are also 
bad prognostic indicators. Currently, the 
ideal therapy for patients with EBV-HLH 
remains unknown. Although HLH-2004 
protocol has raised expectations, better 
treatments are urgently needed for the adult 
population.

A study by Beader and colleagues [20], 
which is included in this issue of IMAJ, 
assessed serological evidence of EBV infec-
tion in various cohorts in 2022 consecutive 
sera in a 2 year period. The study from 
Croatia tested immunoglobulin M (IgM) 
and IgG antibodies against VCA of EBV, 
not only in the general population but also 
in patient cohorts consisted of patients 
with multiple sclerosis and Crohn’s disease, 
hemodialysis patients, heart transplant 
recipients, and those with hematologi-
cal malignancies. Despite the selection of 
heterogeneity not immediately apparent in 
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between EBV and HLH. This peculiar 
bond caused by a cytokine storm initiated 
by EBV-induced cell subset activation, is a 
good model to study the perplexed nature of 
virus/host intercations. We are also in search 
of a definite answer as to whether EBV is 
a decisive marker of autoimmune diseases, 
including multiple sclerosis. This remains a 
puzzling issue and will be difficult to solve 
in the future. Nevertheless, studies as those 
published in this issue of IMAJ improve our 
efforts to understand the close interplay 
between EBV and host and their casual or 
causal relationship.
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diseases tested for antibodies against EBV, 
the findings of the study are of interest, 
especially since the authors tested IgG avid-
ity to determine evidence of recent primary 
infection in various age groups. 

EBV is widespread in the Croatian 
population, a finding that was expected. 
Older age appeared to be the main risk fac-
tor for EBV seropositivity, a finding that is 
in agreement with what we know for the 
seroprevalence of the virus. Approximately 
60% of Croatian children were infected 
with EBV by the age of 9 years and 79.0% 
by 19 years. Again, these results are within 
the range of published data from other 
countries. The bimodal pattern shown in 
some studies was not confirmed. 

Many observations implicate EBV in the 
pathogenesis of multiple sclerosis [9]. The 
evidence linking EBV infection to multiple 
sclerosis comes from epidemiological stud-
ies showing that nearly all adult patients 
with multiple sclerosis are seropositive 
for EBV. In the study by Beader and co-
authors, practically all Croatian children 
(98.6%) with multiple sclerosis had detect-
able anti-EBV VCA antibodies (the highest 
among cohorts) compared to just 72.1% 
of controls; but the numbers are small to 
allow extensive discussion concerning the 
potential causal relation between the virus 
and this autoimmune disease. 

There is always the possibility that the 
infection is epiphenomenal and comes as 
a consequence of the immunosuppressed 
state of these children due to treatment 
regimens. Of interest, patients affected 
with Crohn’s disease, another autoimmune 
disease, showed similar frequency of EBV 
seroprevalence to the general population, 
making it impossible for the authors to 
raise pathogenic connotations. 

There is no doubt that we will learn 
more from the undisputed connection 

“The tools of conquest do not necessarily come with bombs, and explosions, and fallout.  
There are weapons that are simply thoughts, attitudes, prejudices, to be found only in  
the minds of men. For the record, prejudices can kill and suspicion can destroy; and a 
thoughtless, frightened search for a scapegoat has a fallout all of its own for the  
children, and the children yet unborn”

Rod Serling, (1924–1975), writer of the science fiction TV series The Twilight Zone


