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A revolution in biomedicine has yielded 
a glimpse of the nonhuman multitudes 
within us. As we pull back the covers, we 
are left with questions about which of 
our fellow travelers are commensals, and 
which are more sinister. The question is 
more pressing when we consider the safety 
of the blood supply. Because of their trans-
missibility, viruses that circulate in the 
bloodstream are particularly worrisome. 
Many viruses of medical consequence, 
hepatitis C virus (HCV), hepatitis B virus, 
and the human immunodeficiency virus 
(HIV) 1 (HIV-1), spread rapidly through 
the population, in part because they circu-
late in the blood supply. On that backdrop, 
we have long fretted about the implica-
tions of human hepegivirus-1 (HHpgV-
1), a prevalent RNA virus that infects 
nearly 3% of Americans, with detectable 
viremia in 1–2% of US blood donors [1]. 
The meta-analysis by Fama et al [2] in this 
issue of Clinical Infectious Diseases brings 
us closer to understanding the pathogenic 
potential of HHpgV-1.

HHpgV-1 has had several previous 
aliases: hepatitis G virus, GB virus C 
(named after the initials of a surgeon from 

which the virus was initially cloned), and 
a recent proposal to rename it Pegivirus-C 
[3]. Its identification in 12 individuals, of 
whom 4 had evidence of liver damage, led 
to the hypothesis that it caused hepatitis 
[4]. However, further studies teased out 
the confounding of this association, since 
the identification of HHpgV-1 was often in 
the presence of HCV [5, 6]. Several well-
done epidemiologic studies reported that 
most people with HHpgV-1 infection do 
not have any evidence of liver injury [7, 
8]; among people who had HHpgV-1 and 
signs of liver injury, there was no correl-
ation between the magnitude of viremia 
and the height of transaminase eleva-
tion. Thus, the specter of HHpgV-1 as an 
agent of liver disease was banished. It was 
next recognized that HHpgV-1, which 
co-circulated with HIV-1, was linked with 
improved outcomes among people who 
were coinfected with both viruses com-
pared to people with HIV-1 monoinfection 
[9]. Although data have been conflicting, 
some studies continue to find associations 
between HHpgV-1 viremia and improved 
HIV-1 outcomes [10–13]. This intriguing 
association is still being unpacked, as is the 
biology underpinning such a link.

More recently, there have been a 
handful of studies over 2 decades linking 
HHpgV-1 infection with lymphoma [14–
23]. Because of the presence of HHpgV-1 
RNA in lymphocytes and lymphoid tis-
sues, it is plausible to consider that the 
virus may cause lymphoid pathology. 
Most prior studies have been small and 
difficult to interpret in isolation. Fama 

et al have attempted to lend clarity to the 
topic by the well-designed meta-analysis 
found here.

The authors performed a broad PubMed 
search to find observational studies that ad-
dressed HHpgV-1 exposure (or its aliases) 
and the development of lymphoma. Of 
the 38 studies that fit their inclusion cri-
teria, they eliminated 23 studies of ques-
tionable validity. They used 2 arbiters to 
rate and select articles, and encountered 
rare discrepancies between them. Using a 
random-effects model, the authors found 
that across 15 studies there were increased 
odds of an association between HHpgV-1 
and lymphoma. Although the authors in-
cluded studies that they themselves con-
sidered of “poor” quality, a sensitivity 
analysis that excluded these studies still 
found suggestive odds of an association 
between HHpgV-1 and lymphomas.

To put this study into context, 6 of 
the 15 studies included in the meta-
analysis reported no association be-
tween HHpgV-1 and lymphoma. Twelve 
of these studies included fewer than 
30 people with HHpgV-1 viremia. It is 
worth discussing the findings from the 
exception, the largest negative study, pub-
lished by Ernst et al [18] as a letter. The 
authors examined 617 persons with HIV 
in a case–cohort investigation, 33 with 
lymphoma and 584 without: HHpgV-1 
viremia was found in 30.3% of the pa-
tients with lymphoma and in only 23.6% 
of patients without lymphoma, but the re-
sult was not statistically significant.

Several studies were not included in 
the meta-analysis that bear mention. 
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Kerestzes et  al [24] studied 111 persons 
with Hodgkin's disease in Hungary and 
compared the prevalence of HHpgV-1 
viremia with that in the Hungarian blood 
bank, finding no significant association 
between Hodgkin's disease and HHpgV-1 
viremia. In a study of 127 lymphoma cases 
and 133 controls, Nicolosi Guidicelli et al 
[21] reported no differences in the pro-
portion of patients with HHpgV-1. 
However, it is difficult to judge the quality 
of these studies as assessments were 
not made sufficiently in advance of the 
lymphoma diagnosis to interpret the role 
of preceding HHpgV-1 viremia on the 
subsequent development of lymphoma.

Although the study by Fama et  al is 
intriguing, there are several challenges to 
consider. The number of studies included 
in the meta-analysis belies the small 
number of studies (n = 3) that were con-
sidered “good” according to the Ottawa-
Newcastle scale and the small number 
of participants in the included studies 
(aside from 4 that had total sample sizes 
of >500 participants). On the other hand, 
the meta-analysis included substantial 
data collectively, from 9741 persons, 4416 
(45.3%) of whom had lymphoma and 591 
of whom had viremia (6.1%). Despite 
these impressive numbers, the included 
studies were mostly from Europe and 
North America, regions in which pre-
dominantly genotype 2 HHpgV-1 cir-
culates, and so the results may not be 
generalizable to other parts of the world.

An important strength of the study is 
that the authors only included studies 
that documented HHpgV-1 viremia, ra-
ther than just seropositivity. However, 
only one of the included studies sam-
pled viremia sufficiently prior to the as-
certainment of lymphoma for the reader 
to conclude plausible causation. More 
often, there was a single measurement 
of HHpgV-1 viremia among people who 
had lymphoma, and this was compared 
with the proportion of people without 
lymphoma (from the general population) 
who had HHpgV-1 viremia. Since per-
sons with lymphoma are more likely than 
healthy individuals to have had blood 

transfusions, and since HHpgV-1 is so 
common, it is just as likely that people 
with lymphoma were more likely to be 
exposed to HHpgV-1 after their cancer 
diagnosis as before their cancer diagnosis.

Publication bias is also worth consid-
ering with these nascent observations. 
It is reassuring that, among the studies 
included in the meta-analysis by Fama 
et  al, all showed supportive odds of an 
association, even if the confidence inter-
vals overlapped 1. Notably, although the 
largest study (n  =  3666) was also per-
formed by the same authors, 7 additional 
studies also found an association between 
HHpgV-1 and lymphoma.

A critical challenge in interpreting 
these findings is that persons with 
HHpgV-1 often have viral coinfections 
that have also been linked to B-cell dis-
orders, such as HIV-1 or HCV. The 
authors note in their discussion that be-
cause the individual studies that com-
posed the meta-analysis did not include 
data on individual coinfections, it was 
difficult to separate the contribution of 
viral coinfections from that of HHpgV-1 
on lymphoma. Future studies will need 
to address the separate contribution of 
HHpgV-1 on lymphomagenesis to avoid 
the confounding effect from other viruses.

How might HHpgV-1 cause 
lymphoma? HHpgV-1 has been found in 
B and T lymphocytes, among other cells 
[25, 26]. It has also been noted by several 
groups that persons with HHpgV-1 vir-
emia have lesser amounts of activation 
of T and B cells, monocytes, and natural 
killer (NK) cells than persons without 
viremia [10, 27–32]. Ex vivo stimula-
tion of NK cells taken from people with 
HHpgV-1 infection resulted in less inter-
feron (IFN)-γ production than cells taken 
from healthy controls [33]. Additionally, 
HHpgV-1 appears to inhibit type 1 IFN 
responses in a manner akin to HCV [34]. 
Taken together, the effects of HHpgV-1 
on the immune system may weaken its 
critical role in immune surveillance that 
typically prevents or checks oncogenesis.

If the risk of lymphoma is increased 
by HHpgV-1 viremia, then the Food 

and Drug Administration is likely to 
mandate screening for the virus and ex-
clusion of units of blood that contain it. 
The impact on the blood supply would 
be considerable, given the prevalence of 
HHpgV-1. Among people who already 
have HHpgV-1, it needs to be understood 
whether the virus causes cancer, and if in-
hibition of viral replication can attenuate 
this risk.

Before such steps are taken, pro-
spectively designed studies are required 
where HHpgV-1 acquisition is noted 
sufficiently in advance of lymphoma 
diagnosis to be plausibly causal. These 
studies should be carefully designed to 
tease out the role of viral coinfections 
on lymphomagenesis; ideally, the risk 
of lymphoma will be ascertained in 
people with HHpgV-1 monoinfection. 
An animal model of HHpgV-1 replica-
tion will also help to answer whether 
pathologic changes in lymphoid tissues 
are associated with oncogenesis. More 
broadly, when a virus is in the blood and 
is transmitted routinely by transfusion, 
the National Institutes of Health (NIH) 
should fund research into the potential 
medical consequences until they are 
confidently excluded. Stated differently, 
viruses of no known medical import-
ance that are transmitted intentionally 
in medical practice should be priori-
tized (not excluded) from NIH funding. 
On the other hand, it is our opinion 
that, until these questions are answered, 
it is difficult to justify screening out 
HHpgV-1 from the blood supply, since 
it would impinge on this vital resource 
without clear benefit.

HHpgV-1 is prevalent and would have 
a major impact on the public's health if it 
is found to cause lymphoma. The meta-
analysis published here by Fama et  al 
strengthens the case that there is an asso-
ciation between the virus and lymphoma. 
Moving forward, more research is needed 
to solidify the association and to under-
stand its underlying biology. Until then, 
the medical community, and the many 
infected patients, will have to wait for 
more answers.
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