Puumala Hantavirus: an imaging review.
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Abstract

Puumala virus (PUUV) is the most common hantavirus in Europe. It is known to cause
nephropathia epidemica which is considered a mild type of haemorrhagic fever with renal
syndrome (HFRS). However, it does not only involve kidneys, and is rarely accompanied by
symptomatic haemorrhage. We review the imaging abnormalities caused by PUUV infection,
from head to pelvis, emphasizing the broad spectrum of possible findings and bringing further
support to a previously suggested denomination “Hantavirus disease” that would encompass
all clinical manifestations. Although non-specific, knowledge of radiological appearances is

useful to support clinically suspected PUUV infection, before confirmation by serology.
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Introduction

Hantaviruses are enveloped RNA virus each carried by a specific rodent species (1). The most
common Hantavirus in Europe is Puumala virus (PUUV), belonging to the Hantavirus genus
of the Bunyaviridae family (2). The virus has been named after the region of Puumala,
Finland, where were collected bank voles—its rodent host-which permitted to detect specific
antigen for the first time in 1980 (3). Humans are usually infected from aerosolized rodent
excreta when working with hay and crops during harvesting, cutting wood inside dusty wood
sheds, cleaning cellars, barns or summer cottages (4). PUUV causes nephropathia epidemica
(NE) which is a mild form of haemorrhagic fever with renal syndrome (HFRS) (5). The
incubation period is 2-4 weeks. Typically, the course of NE has been divided into febrile,
hypotensive, oliguric, diuretic, and convalescent phases, but these phases are not always
clinically evident. NE presents most commonly with fever, headache, gastrointestinal
symptoms (including abdominal pain), impaired renal function, and blurred vision (1).
Typical laboratory findings include an increase in serum creatinine concentration, proteinuria,
hypoproteinaemia, thrombocytopenia and elevation of serum C-reactive protein level (1,5).
The diagnosis of acute PUUV infection is based on the detection of virus-specific IgM (1).
Specific IgM antibodies can be detected in 95% of PUUV patients from their earliest serum
sample, and at the latest on the 6th day after onset of illness (4,6,7). From the seroprevalence
and incidence, it has been calculated that only 20-30% (8) or even less than 10% (9,10) of
infected humans experience clinical problems severe enough to seek medical attention leading
to serological confirmation. Over the past decades, hantavirus outbreaks have been increasing.
It might be explained by better clinical awareness, development of sensitive diagnostic tests,

research on reservoir, or changing climatic conditions (4,11,12).

When patients infected by PUUV are admitted to the hospital, the differential diagnosis is

broad (13). A study mentioned that the initial diagnosis made by the referring physicians was



correct in less than one-third of the NE cases. As the most common symptoms of the patients
are rather nonspecific, it is quite understandable (5). And this might lead the physicians to
perform various diagnostic procedures, including imaging studies (13). We reviewed

literature focusing on imaging findings specifically caused by PUUV infection.

Neuroradiological findings

Pituitary gland

In an acute setting, pituitary gland involvement in NE patient include pituitary oedema
(14,15) and pituitary haemorrhage. A study reported that the pituitary height on brain MRI
was consistent with oedema when larger than 6 mm in sagittal plane during infection (mean
7.2 mm) in 20 of 45 patients —two of whom also had pituitary haemorrhage—, and was a
mean of 4.9 mm in a control MRI (mean reduction of 2.3 mm, p<0.001) (14). Few cases of
NE complicated by pituitary haemorrhage demonstrated by brain MRI or at autopsy have
been reported. Some of these patients suffered transient and complete loss of vision with
severe headache (16-19), which should alert the clinician to consider the possibility of
pituitary injury in a NE patient (16). When performed, brain MRI showed an increased signal
intensity and enlargement in T1-weighted sagittal and coronal images, consistent with
haemorrhage in the pituitary gland (Figure 1) (14,16,19). Patients with pituitary haemorrhage
developed transient or permanent panhypopituitarism. These patients being more often young
males, a brain MRI and hormonal studies have been recommended at least in young male
patients with severe NE (18). The mechanisms of pituitary haemorrhage remain unclear.
Increased permeability during acute infection, direct infection by the hantavirus or presence of
the PUUV in the cerebrospinal fluid have been suggested to explain these findings (14,16,17).
In other cases, disseminated intravascular coagulation, hypovolemic shock, or auto-immune

mechanism have been suggested to explain pituitary injury (19-21).



As a late complication of previous NE, patients can present with hypopituitarism. Brain MRI
or CT can show empty sella with pituitary atrophy (22,23) or an atrophic adenohypophysis
with a heterogeneous, low signal intensity, compatible with a sequela of hypophysitis (20).
However, some studies reported no abnormal imaging findings in patients with hormonal
defects following NE (21,24). They suggest that the secondary hormone deficiencies found in
their NE patients developed by mechanisms other than an acute haemorrhagic disruption of

the pituitary (24).

Cytotoxic Lesion of the Corpus Callosum (CLOCC)

There are few case reports of patient with CLOCC associated with acute PUUV infection
(25-27). Previously called “mild encephalopathy with reversible splenial lesions”, “reversible
splenial lesion syndrome” or “reversible splenial lesions”, Starkey et al. recently termed these
splenial lesions CLOCC. They are secondary lesions that have been associated with various
conditions, including drug therapy, malignancy, infections, subarachnoid haemorrhage,
metabolic abnormalities, and trauma (28). When magnetic resonance imaging is performed,
axial diffusion-weighted images show a high signal intensity in the splenium of corpus
callosum at high b-value with low apparent diffusion coefficient values (Figure 2). Axial T2-
weighted and FLAIR images show a slight hyperintense signal at the same location. Being

familiar with the imaging appearance of CLOCC might help to avoid a misdiagnosis of

ischemia (28).

Acute Disseminated Encephalomyelitis (ADEM)

We found 2 reports of acute disseminated encephalomyelitis in association with NE. A brain

CT revealed wide areas of hypodensity only in the periventricular white matter in one case,



and bilateral wide areas of hypodensity in the white matter partially involving the cortex in
the other case. The T2-weighted brain MRI showed bilateral areas of increased signal
intensity located in centrum semiovale, limited to the white matter in one case and bilateral
areas of increased signal intensity located in the parietooccipital region extending to the
frontal, temporal, and pons regions, also involving the cortex in the occipital region, with

cerebral oedema in the other case (29,30).

Myopic shift

Ultrasonographic measurements have demonstrated anterior chamber depth of the eyes was
shallower and the lens thicker in the acute phase of NE than after recovery in patients with
myopic shift of 0.5 D or more (31). Ophthalmological examinations show similar findings
(15,18). However, these sub millimetric changes seem to have limited implications in clinical

practice.

Chest imaging findings

Pulmonary involvement

Chest x-ray has previously been reported to show abnormalities in 10-67% of NE patients
(5,32-38). Abnormal chest radiograph is therefore considered common (39). The most
frequent findings are pleural effusion (9.5-50%) and atelectasis (11-58%) (5,35-37,40),
followed by opacities (5,34-36), cardiac enlargement (5,35,36), venous stasis (36), and
pulmonary oedema (5,36) (Figure 3). Those findings have been reported to be non-disease-
specific (37). Respiratory involvement has commonly been attributed at least in part to fluid
overload as a result of renal failure (41,42). Patients with radiological abnormalities have been

reported to be older (37 vs 40 years) than those without (34).



Only few papers studied abnormal CT/HRCT findings (37—39). The most frequent findings
are pleural effusion, atelectasis and opacities. In addition, it showed intralobular reticulations
and interlobular septal thickening, followed by GGO (Figure 4). Like chest radiograph
abnormalities, those findings have been considered not to be disease-specific (37). One
prospective study reported pulmonary oedema in 21% of their patients, and almost no opacity

(4%), no GGO, neither atelectasis (39).

In America, hantaviruses—strains other than PUUV-are known to cause hantavirus pulmonary
syndrome (HPS) which is characterised by acute respiratory distress, non-cardiogenic
pulmonary oedema and severe hypotension (36,43). While PUUV infection is associated with
mortality rates <1% (4,8), HPS is associated with a mortality rate of 38% (44). Case reports of
adult respiratory distress syndrome (ARDS) mimicking HPS in PUUV infected patients have
been published (41,45-48). In some cases, mild or no renal impairment was present at the
time of admission, whereas the respiratory involvement was early and severe, consistent with
ARDS (41,46). When performed, chest CT-scans show pronounced abnormalities including
diffuse bilateral interstitial and/or alveolar opacities, dependant atelectasis with or without
moderate pleural effusions (41), noncardiogenic interstitial pulmonary oedema (47), or

bilateral GGO (46,47).

Cardiac imaging

In a prospective study, electrocardiogram (ECG) changes were observed in 57% of patients
and considered common during acute viral infection without necessarily indicating clinical
myocarditis. Echocardiography was abnormal in 16% of patients. It showed left ventricular
contraction abnormalities more frequently than mild pericardial effusion. Abnormal

echocardiography findings could suggest myocarditis but there was no sign of cardiomyocyte



damage (35). In another study, the main echocardiographic findings in patients during the
acute phase were significantly higher pulmonary vascular resistance, higher systolic
pulmonary artery pressure, lower left ventricular ejection fraction, impaired left atrial
myocardial motion and a significantly higher heart rate (39). No patient was formally
diagnosed with myocarditis, in these 2 studies (35,39). However, cases of myocarditis
associated with PUUV have been previously reported (5), including fatal cases with
myocarditis confirmed by autopsy (17). A recent case report confirmed myocarditis in a
PUUV-infected patient with multiparametric cardiac magnetic resonance (CMR) combining
late gadolinium enhancement with T1- and T2-mapping techniques. Considering ECG and
echocardiography provide often inconclusive results, they suggest this type of CMR protocol
is an adequate tool for detection and follow up of patients with hantavirus-induced

myocarditis (49).

Abdominal imaging findings

Kidneys

As its name suggests, nephropathia epidemica is commonly associated with kidney
involvement. Indeed, acute renal failure has been reported in up to 90% of hospital-treated
patients (1,5,32,50). The typical renal histopathological lesion in NE is acute tubulointerstitial
nephritis (50). Ultrasonography (US) of kidneys and bladder is the most helpful diagnostic
test in patients presenting with acute kidney injury. It will assess renal size and echogenicity,
exclude obstruction and doppler may be used to assess renal perfusion (51). Not surprisingly,
most studies report US findings. In the largest retrospective study, renal US changes were
reported in 47% of the patients. Increased cortical echogenicity (37%) and increased cortical
parenchymal thickness (28%) were the most common findings, followed by patchy pattern in

cortical echotexture (16%), decreased corticomedullary border differentiation (15%), and



perirenal or ascites fluid (2%) (36) (Figures 5 and 6). In a prospective study with 23 hospital-
treated NE patients, quantitative renal US changes were reported in every patient between a
first US examination performed on admission to the hospital and a second at a mean 140 days
from onset. The length was greater in the first as compared to the second study in all patients
(5-23 mm). The mean renal cortical parenchymal thickness was greater in the first as
compared to the second study in 19 patients (1-12 mm). The mean renal R1 was higher in the
first investigation as compared to the second study in 18 patients and lower in 5 patients.
Right and left kidneys did not differ significantly from each other. Some of the decrease in
renal length during follow-up might in part suggest irreparable NE-induced parenchymal
damage rather than just a return to the normal condition (52). A second paper studying
qualitative US features with the same 23 patients reported abnormal findings in 87% (53), but
they suggested some changes were so small that they could not always be detected in a
clinical situation (40,53). Considering kidneys length, it is not surprising since the normal
range is large, correlated with height and body mass index (54,55). Renal volume has also
been reported to be significantly larger in men than in women (55). It may explain limitations
associated with kidneys size assessment in a clinical situation. Finally, renal US findings are

not disease specific in NE (40).

A prospective study reported renal MRI findings in NE patients. Two MRI examinations were
performed in 20 consecutive patients, the primary on admission and the second at mean 196
days post onset of NE. Mean parenchymal volume, renal length and parenchymal thickness
decreased significantly between the acute phase and a delayed MRI, with respectively a mean
difference of 94 cm?3, 9 mm and 5.1 mm. Edema/fluid collections were found bilaterally in
perirenal areas, inside and outside Gerota fascia in 16 patients in the primary study, with
corresponding coronal FSE T2 FS increased signal intensity. Loss of corticomedullary signal

differences on T1-weighted images was also reported. No disease-specific MRI finding was



found. MRI was reported to be superior to US in showing mild edema and evaluating renal
parenchymal volume. Nevertheless, they conclude that US is more appropriate than MRI in

NE patients because of the low cost and availability (56).

We didn’t find any study reporting the abdominal CT findings in PUUV infected patients.
However, in our experience, some patients presenting with acute abdominal pain of unknown
origin and kidney failure have had an unenhanced CT of the abdomen (Figure 7). And it may

be appropriate according to American College of Radiology (57).

Gallbladder

A Korean study reported up to 43% of patients having gallbladder-wall thickening (GBWT)
of 4 mm or greater, even and diffuse, in patients with Hantaan hantavirus (non-European
strain). They suggested that GBWT might be useful for determining the severity of HFRS
(58). We found only two case reports of acalculous cholecystitis associated with Puumala
hantavirus infections in English (59,60) (Figure 8). Both patients presented with positive
Murphy’s sign. However, these acalculous cholecystitis occurring in the context of viral
infection usually resolve spontaneously and should not lead to unnecessary surgery. And
gallbladder-wall thickening might just be another expression of plasma leakage with transient

oedematous interstitial infiltration (60).

Spleen

Enlarged spleen evaluated by MRI, was shown to be a common finding during acute PUUV
infection (Figure 7b). Koskela et al. reported a spleen length increased (median 129 mm) in
the acute phase in 20 consecutive patients compared with a control phase (median 111 mm),

196 days later in average. The median change was a 15 mm in the spleen length (61).



However, clinical implication seems limited because, even if most healthy adult spleens are

less than 12 cm long, variations exist due to height, weight and sex (62,63).

Other findings

Abdominal pain is common during HFRS, interesting 40% to 65% of adult patients
(5,32,64,65). Increase in lipase levels has been reported in 15% of patients in a study looking
for evidence of acute pancreatitis in NE patients. They didn’t find signs of acute pancreatitis
using imaging techniques and conclude acute pancreatitis should be considered if enzyme
levels are more than threefold normal in association with clinical manifestation (64). Acute
pancreatitis has been reported with swollen pancreas showed by ultrasonography and
increased serum amylase level in another paper (21). Imaging of acute pancreatitis caused by

other hantaviruses strains has been reported more commonly (66,67).

In addition to perirenal fluid accumulation, a case report mentioned periportal oedema seen on
abdominal CT scan (47). CT of the abdomen demonstrating a thickened wall of the ascending
colon, an enlarged caecum and enhancement of the peritoneum has also been reported,

mimicking acute abdomen (30).

Conclusion

There might be confusion associated with the diversity of names for so called HFRS or NE
and the different hantaviruses strains. PUUV infection is rarely accompanied by symptomatic
haemorrhage and while it commonly affects kidneys, it can be associated with a broad
spectrum of imaging appearances. Therefore, this review brings further support to a
previously suggested denomination “Hantavirus disease” that would encompass all clinical
manifestations (9,68). Although imaging won’t show specific features in NE patients,
knowledge of radiological appearances is useful to suggest or support a clinically suspected

PUUV infection in the right clinical setting (fever, blurred vision, proteinuria, kidney failure



and thrombocytopenia, especially in endemic areas and patients at risk of exposure), before

confirmation by serology.
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Figures

Figure 1. T1-weighted sagittal MRI during the acute phase (a) displays an increased signal
intensity in the pituitary gland consistent with hemorrhage. Control MRI (b) shows an
atrophic pituitary gland. The sagittal diameter of the pituitary gland had been markedly
reduced from 9.1 mm (a) to 1.9 mm (b). Republished with permission of John Wiley and
Sons, from (14); permission conveyed through Copyright Clearance Center, Inc.
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Figure 2. Brain MRI axial diffusion-weighted image (b = 1000 s/mm?2) (left) shows a high
signal intensity in the splenium of corpus callosum. Apparent diffusion coefficient (ADC)
map image (right) shows a low ADC. This image was originally published with a CC BY
licence (27).

Figure 3. Chest X-ray, posteroanterior view, shows slight right-sided pleural effusion and
cardiac enlargement.
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Figure 5. Kidney US shows increased cortical echogenicity, increased cortical parenchymal
thickness, and decreased corticomedullary border differentiation.



Figure 6. Kidney US shows perirenal fluid.



Figure 7. Unenhanced abdominal CT, axial (a) and coronal (b) sections (different patients).
Axial image (a) shows stranding of the perinephric fat as well as outside the perirenal fascia.
Coronal image (b) shows similar findings, with splenomegaly (15.7 cm).



Figure 8. Longitudinal US of the gallbladder shows gallbladder-wall thickening (6 mm).



