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In the January 2011 issue of this journal, Swedish authors
described three severe cases of predominantly pulmonary
infection with the European hantavirus Puumala virus
(PUUV), leading to death due to refractory shock in two
of these patients [1]. Of note, the kidneys in these two
fatal cases had, on autopsy, no prominent inflammatory
infiltrates or haemorrhages, in contrast with the lungs
which showed extensive interstitial oedema and mononuclear
cell infiltrates, mainly CD8" T lymphocytes. As the authors
justly point out, even in the title of their communication, it is
now, perhaps, time to revise the sacro-saint paradigm
existing since 1994 of two “different” infectious diseases
caused by the same genus of rodent-borne hantaviruses of
the Old and the New World, respectively. The former would
target mainly the human kidney, and the latter mainly the
human lung, resulting in the so-called “haemorrhagic fever
with renal syndrome” (HFRS) [2] or the “hantavirus
pulmonary syndrome” (HPS) [3]. When it appeared that
the failing heart was, in fact, the most direct cause of death
in refractory shock in HPS, yet another name, “hantavirus
cardio-pulmonary syndrome” (HCPS), was added to the
already bewildering list of over 60 mostly exotic synonyms
for a disease described already in 1913 by Russian
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doctors in Vladivostok. On the other side of the
Eurasian landmass and in 1934, Swedish doctors
described an epidemic renal affection which they called
“nephropathia epidemica” (NE), which was proven in
1979 to be, in fact, a milder variant of HFRS, caused
by PUUV [4].

To date, 23 distinct species of hantaviruses have been
recognized, each carried by their more or less specific
rodent or insectivore reservoir. The most important
pathogens are Hantaan (HTNV) and Seou! virus (SEOV)
in the Far-East (where >90% of worldwide hantavirus
infections occur), PUUV and Dobrava-Belgrade virus
(DOBYV) in Europe and Russia, and Sin Nombre (SNV)
and Andes virus (ANDV) in the Americas [5]. The first
HPS report that appeared in 1994 [3] described “a newly
recognized disease” which was of paramount importance
for a better understanding of an emerging viral infection in
the New World, and generated an explosive surge in
hantavirus research. However, H(C)PS was, and remains,
a rare disease, with only 560 confirmed cases in the USA
during the 1993-2010 period [6] (meaning 30 cases/year)
and about 2,500 cases in the entire Americas, albeit with a
much higher case fatality rate (CFR) of 35% [7]. This is in
stark contrast with the current 0.1-0.2% CFR for PUUV
infections with high morbidity in the Old World, with now
over 50,000 registered NE cases in Europe, and even over
175,000 in Western Russia. In some peak years, Russia
witnessed more than 10,000 cases/year (e.g. 11,413 in
1985), whereas registered NE numbers in Western Europe
recently took epidemic proportions (e.g. 3,259 in Finland,
2008, and 1,874 in Germany, 2010), probably as a result
of global warming [8]. Thus, it should not come as a
surprise that Russian or European clinicians had or have
now identified clinical characteristics claimed as being
specific for “American HPS”. The Centers for Disease
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Control and Prevention (CDC), Atlanta, GA, USA,
propose a total of eight distinctive clinical criteria for its
“Hantavirus Pulmonary Syndrome Case Report Form” [9]:
(1) fever, (2) thrombocytopaenia, )3) elevated haematocrit
(Hct), (4) elevated serum creatinine, (5) left shift leukocytosis
with a high percentage of “atypical lymphocytes”, (6) need
for supplemental oxygen, (7) need for intubation (and
mechanical ventilation), and (8) chest Rx showing
unexplained bilateral infiltrates or being suggestive of
acute respiratory distress syndrome (ARDS). It is
gratifying to see that at least one pivotal renal parameter
is now used for the diagnosis of a “pulmonary syndrome”.
Indeed, HPS was originally announced as having little or no
renal involvement [3, 10], but increased levels of serum
creatinine are now confirmed as being present in 42% of all
HPS cases in the USA and even in 56% of fatal cases [7].
Furthermore, when it is generally agreed that CDC criteria 1
to 4 are encountered in virtually all moderate to severe
hantavirus infections worldwide, it can be questioned, as was
done already 17 years ago [11], whether criteria 5 to 8 really
are to be considered as truly unique to the American
situation. Russian authors reported proven PUUV infections
in five young and previously healthy patients, without any
elevated creatinine levels or even proteinuria, without
oliguria or polyuria, but with bilateral infiltrates on Rx
chest in 3/5 cases and pleural effusion in 1/5 cases.
These authors, working in one of the hotspots of PUUV
endemicity in Western Russia, suggested already in 1993
that different clinical entities may exist, one of these
being (we quote) “a quite severe febrile condition without
renal involvement™ [12].

While it seems acceptable that Old, respectively New
World pathogens might have a somewhat different “organ
tropism”, and, hence, a somewhat different clinical
picture, it is unlikely that these genetically related viruses
should be radically different pathogens, as originally
stated [10, 13]. Moreover, hantavirus pathogenicity is not
determined by the negligible viral tissue damage, but,
rather, by the immunological response of the human host,
the so-called “cytokine storm” [5, 13]. In a series of
clinical observations and in vitro experiments, Hayasaka et
al. and Terajima and Ennis suggested that increased
capillary permeability observed in both H(C)PS and HFRS
may be caused by a common immunopathological
mechanism, i.e. hantavirus-specific cytotoxic CD8" T
lymphocytes, attacking endothelial cells presenting viral
antigens on their surface [14, 15].

In hindsight, it may now seem a bit premature that some
authors, without having seen the patients but confronted in
1994 with the first reports of “European HPS”, should
dismiss these forms merely as a complication of oligo/
anuria, leading to lung oedema secondary to fluid overload,
and, hence, a form of right-handed cardiac failure [10].
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First, NE cases sometimes presented with clear lung
symptoms well before oligo/anuria and fluid overload
were properly initiated. One of the earliest recorded
(1986) Belgian NE cases involved a 53-year-old female
presenting with 39°C fever, cough, dyspnoea, bibasilar
lung infiltrates, hypoxaemia (partial pressure of arterial
oxygen [PaO;] of 62 mm Hg), hypocapnia and a severely
restricted lung diffusion capacity (carbon monoxide
diffusion capacity, 48% of the predicted value), necessi-
tating O, supplementation. This form of symptomatic viral
ARDS without oliguria could not be clinically explained
by fluid overload, nor by the very mild degree of
subsequent renal involvement (serum creatinine level at
admission 0.9, peak value only 1.6 mg/dL), and showed a
spontaneous remission [16]. Second, during the first
(1993) NE epidemic in Belgium, a total of seven cases
suffered from hypoxia (spread PaO, 39 to 74 mm Hg) and
hypocapnia (PaCO, 24 to 36 mmHg). In all of these
cases, fluid overload was excluded on the basis of
normal values of continuously monitored central venous
pressure (CVP) [11]. In the most severe case (PaO, 39 and
PaCO, 28 mm Hg), needing both dialysis and life-saving
mechanical ventilation, signs of cardiac decompensation
were excluded by Swan-Ganz catheter monitoring
(pulmonary capillary wedge pressure 5 mm Hg, pulmonary
artery pressure 14/8 mm Hg) [11]. Third, this same
patient had a low cardiac index (2.6 I/min/m?), a systemic
vascular resistance of 1.229 dyn s cm™ and extreme
thrombocytopaenia (11,000/mm?>), followed by dissemi-
nated intravascular coagulation (DIC), all of which are
signs considered as typical for HPS according to CDC
guidelines [9, 13].

Other early European reports documenting more severe
pulmonary rather than renal involvement, and implicating
hantaviruses distinct from PUUYV, are available as well. The
first isolation in Europe of a murine HTNV-like hantavirus
(in hindsight, probably DOBV) and dated 1986, was from
the urine of a 21-year-old Greek soldier, infected during
manoeuvres in Porogia (northern Greece) and suffering
from acute pulmonary oedema, and later from acute renal
failure (ARF), prompting both life-saving ventilation and
acute dialysis [17]. On admission, this case fulfilled all
eight current CDC criteria for HPS, with fever of 39°C,
severe thrombocytopaenia and even DIC, Hct of 59%,
WBC of 18,770/mm® with 10% “large lymphocytes” and
pulmonary oedema initially even resistant to massive
fluid extraction during dialysis. This patient had an
admission CVP of only 5 cm of H,0, making the
hypothesis of secondary overwhelming fluid overload
highly improbable. A 19-year-old British soldier stationed
in Bosnia as a member of the United Nations
Protection Force (UNPROFOR) was reported as a
sudden severe case of wild rat-transmitted SEOV
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(though, in hindsight, probably DOBV)-induced ARDS
followed by ARF, urgently needing intubation and
ventilation in a local military field hospital, emergency
repatriation by air while on positive-pressure O,
supplementation, followed by intensive care therapy in
London, UK [18]. Another DOBV case in northern
Germany developed life-threatening pulmonary oedema
2 days before any renal impairment [19]. A first HFRS
case associated with Tula virus infection, presenting both
renal and pulmonary involvement, was documented in
northern Germany [20].

Thus, and as predicted [21], there is increasing
evidence of a considerable overlap of symptoms in both
syndromes. Moreover, symptoms are rarely complete: in
PUUYV infections, since only a tiny minority (probably less
than 10%) develops symptoms severe enough for a
hospitalisation [21], whereas for a local H(C)PS agent
like Choclo virus in Panama, pauci- or asymptomatic
seroconverters outnumbered full-blown H(C)PS cases by
14 to 1 in a recent study [22]. Should we continue to call
symptomatic New World hantavirus infections without
any pulmonary involvement [22, 23] “H(C)PS”, or the
many Old World infections without much renal involve-
ment still “HFRS”? And how to name the fatal cases with
both severe ARF and hypoxia, prompting ventilation and
dialysis, as recently found in India, and probably caused
by a “new” hantavirus [24]? These denominations become
utterly paradoxical if we learn, for instance, that 10% of
South-American ANDV-induced “pulmonary syndromes”,
in fact, need dialysis for acute treatment [13], whereas
only 5% or even less of European “nephropathia” cases
needs the same [8]. Moreover, Russian scientists, reluctant
to use the European denomination NE for PUUV infec-
tions in their own country, prefer to stick to the official
World Health Organization (WHO) name HFRS, thus,
adding to the semantic confusion of non-initiated readers.
Worse, the definition of what exactly a “renal syndrome”
should be has never been given, not even when the name
was officially coined by the WHO in 1983 [2]. If a “renal
syndrome” is clear proteinuria, then virtually all Old
World hantavirus infections fully comply [25], but so do
most New World infections. It should be remembered that,
even amongst the 17 HPS patients originally described in
1994, already 40% had >2+ proteinuria on admission [3],
a figure later increasing to 100%, at least for all H(C)PS
cases other than those caused by SNV [13]. For a full
assessment of this distinctive feature, it can only be
regretted that the CDC did not simply include proteinuria
amongst its criteria for “H(C)PS” as the easiest, quickest
and cheapest test available. Moreover, proteinuria is
minimal or absent in other febrile affections that might
initially mimic H(C)PS, such as plague, tularaemia and
rickettsioses.

As for “renal impairment” or ARF, the definitions
become increasingly unclear: when starts the “failure” of
renal function? Up to 2003, several definitions had been
used to define ARF [26]. Acute kidney injury (AKI) has
recently become the preferred term to describe acute renal
impairment, with “failure” or “ARF” restricted to patients
needing renal replacement therapy (RRT). In 2004, a
workgroup of experts proposed a multi-level and
evidence-based classification system for AKI, identified
by the acronym RIFLE (Risk, Injury, Failure, Loss of
kidney function, and End-stage kidney disease). AKI was
first defined on the basis of either a 1.5-fold increase in
serum creatinine levels, a decrease in estimated glomerular
filtration rate by >25% or a decline in the urine output to
<0.5 ml/kg/h over 6 h [27, 28]. The Acute Kidney Injury
Network (AKIN) group further modified this definition by
adding an increase in the creatinine level by >0.3 mg/dl as
criterion [29]. While these new criteria might not always be
fully applicable in hantavirus infections in view of the rapid
and spontaneous self-remittance without sequelae of renal
symptoms, they have at least the benefit of clarity and
current general agreement, even when the decision of when
best to start RRT should remain a purely clinical one [30].
Nowadays, virtually each major hantavirus research
team handles its own criteria for distinguishing “mild”,
“moderate” and “severe” renal involvement.

For this emerging zoonosis, the only one (together
with leptospirosis) with a global distribution, and
probably the most underestimated cause worldwide of
infectious AKI, a more streamlined approach is really
needed for classification, and even for research [8, 25].
For instance, no conclusive mechanism has been forwarded
so far to explain the sudden initial proteinuria. American
authors found, however, that, due to extreme capillary
leaking, pulmonary effusions in H(C)PS can have almost the
same protein composition as plasma [13]. Bearing in
mind that hantavirus-induced proteinuria, in spite of a
puzzling absence of glomerular lesions that can be
detected by light microscopy, immunofluorescence or
electron microscopy, often reaches nephrotic levels and
is always unselective [31], the most straightforward
explanation is, again, the temporary leakage of a protein-
rich filtrate through hyper-permeable endothelium in the
glomerular capillary loops, together with varying degrees
of initial tubulopathy. If confirmed by comparative
studies, this hypothesis could further underline similarities
between H(C)PS and HFRS instead of differences, thus,
corroborating a common, rather than a divergent
pathogenesis. In such a case, maintaining disease names
based on varying or overlapping symptoms makes little
sense, and a unifying name becomes even more
mandatory. With the advent of biomolecular techniques
such as reverse transcription polymerase chain reaction
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(RT-PCR), pinpointing the exact nature of infecting
hantavirus species and discovering even new pathogens
without a proper virus isolation [3, 21], it is, perhaps,
time now to refine also the old denominations of this
global disease. A good start would be a simple, short
name like “hantavirus disease”, having the additional
merit of fulfilling at least part of Koch’s postulate, which
names of various symptoms never can do. This way, the
1984 proposition of Desmyter et al. [32], after having
unravelled the first documented European (laboratory)
hantavirus outbreak outside of Scandinavia [33], could
finally be accepted.
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