
Introduction
The hantaviruses are enveloped RNA viruses, each car-
ried by a specific rodent species.  The most common 
Hantavirus in Europe is the Puumala virus, carried by 
the bank vole. Infection occurs by the inhalation of virus-
containing aerosols from rodent excretion. People are 
at risk when working with hay and during crop harvest-
ing, cleaning barns or summer cottages, cutting wood, or 
entering buildings infested with rodents. Puumala virus 
causes nephropathia epidemica, which is considered to 
be a mild type of hemorrhagic fever with renal syndrome 
[1]. Laboratory diagnosis of acute hantavirus infections 
is based on serology as most patients have virus-specific 
IgM (and usually also IgG) antibodies present in serum at 
the onset of symptoms [2]. The most common symptoms 
of nephropathia epidemica are fever, headache, back-
ache, gastrointestinal symptoms, impaired renal func-
tion, myalgia, and blurred vision [1, 3]. Puumala virus is 
mostly known for causing acute kidney injury. However it 
can affect multiple organs, including brain, heart, or lungs 
[4]. Respiratory manifestations, such as cough or dyspnea, 
have been reported in about one fifth up to two thirds of 

the patients infected with Puumala virus [3, 5–7]. Severe 
pulmonary involvement has not generally been perceived 
to be a significant feature of hemorrhagic fever with renal 
syndrome [1, 8]. When present, respiratory involvement 
has commonly been attributed, at least in part, to fluid 
overload as a result of renal failure, but there is increas-
ing evidence that the involvement of the lung and heart 
is common during the acute phase of hemorrhagic fever 
with renal syndrome [8]. Most previous studies reported 
the worst imaging findings when a patient had a series 
of chest radiographs (CRX) done during hospitalization, 
and the Fleischner Society Glossary of Terms for Thoracic 
Imaging hadn’t been used to describe imaging findings 
[9]. This study aimed to evaluate the early thoracic fea-
tures, at the time of admission in the emergency depart-
ment, in serologically proved Puumala virus infected 
patients, using the Fleischner Society glossary of terms.

Materials and Methods
1. Subjects
The study group was retrospectively constituted of con-
secutive patients who were admitted to the emergency 
department of a Southern Belgian hospital from 2005 
to 2017 with a diagnosis of acute Puumala virus infec-
tion serologically confirmed with specific IgM antibod-
ies. Ninety-three patients fulfilled the above criteria. Of 
these 93 patients, 29 patients were excluded. Twenty-one 
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patients were excluded because they neither had CRX nor 
a chest high resolution computed tomography (HRCT), 
one because of morbid obesity and non-contributive 
bedside CRX, one because of synchronous trauma and 
six because their chest X-ray could not be retrieved from 
our picture archiving and communication system (PACS). 
Eventually, the cohort consisted of 64 patients, 45 males 
(range 16–77 years, mean age 45 years) and 19 females 
(range 18–72 years, mean age 44.6 years). Some patients 
had relevant past medical history: two had asthma, one 
had aortic insufficiency, one had cardiomyopathy, four 
had chronic obstructive pulmonary disease, and eight had 
high blood pressure.

Our institutional ethics committee gave its agreement 
for this study and the requirement for informed consent 
was waived.

2. Chest Imaging
Radiographs were performed using computed radiogra-
phy or digital radiography. When a patient underwent 
several CRXs, only the first exam was recorded. Eight 
patients had a bedside CRX, while 56 patients had digi-
tal posteroanterior (PA) and lateral CRX. Six patients had 
chest HRCT, following abnormal CRX.

All HRCT had slice-thickness of 5 mm in the mediastinal 
and pulmonary window and thin slices in the pulmonary 
window (1 mm-thick slices with 8 to 10 mm gap) available 
for review.

3. Imaging Review
All imaging studies were evaluated in consensus by two 
radiologists (OL with 12 years’ experience and MD with 
14 years’ experience in thoracic imaging). Exams were 
reviewed on a PACS workstation (TM-Reception-High 
End software, version 4.9 – Telemis, Belgium). Examina-
tion reports were not used. Earlier radiographs were used 
for comparison if available. HRCT images were evaluated 
immediately after patients’ CRX had been analyzed, and 
the findings were registered. Abnormalities on CRX and 
HRCT were reported according to the Fleischner Society 
glossary of terms for thoracic imaging [9]. Cardiomegaly 
was defined as a cardiothoracic ratio >= 0.5.

Results
1. Chest Radiography
Chest radiograph was performed in 64 patients (56 pos-
teroanterior and 8 anteroposterior [AP] bedside CRX). The 
radiograph was performed 0–3 days (mean 0.3 days) after 
admission. Review of the patients’ medical records revealed 
that 46 patients had one CRX, seven had two CRXs, and 11 
had three or more. Findings were normal in 31 patients 
(24 males and seven females) and abnormal in 33 patients 
(21 males and 12 females). The mean age of patients with 
normal CRX was 37.7 years while the mean age of patients 
with abnormal findings was 51.6 years. CRX findings are 
shown in Table 1, the most common were linear atelecta-
sis (29.7%) and small pleural effusions (20.3%) (Figure 1). 
Atelectasis was most often limited, linear or subsegmen-
tal. Linear atelectasis was right-sided in six patients, left-
sided in five and bilateral in seven patients. Segmental or 

subsegmental atelectasis was seen in four patients, asso-
ciated with linear atelectasis in all but one case. Pleural 
effusions were bilateral in seven patients (11%) and left-
sided only in five cases. Cardiomegaly was found in eight 
patients and interlobular septal thickening in five patients 
(Kerley lines). Ground-glass opacities (GGO) were seen in 
two patients. One patient presented rapidly progressive 
dyspnea and was admitted to the intensive care unit with 
ARDS (oxygen saturation was 90% using oxygen mask at a 
flow rate of 15L/min). His CRX showed GGO and consoli-
dation (Figure 2).

2. HRCT
HRCT was performed in six patients (four females, two 
males). The time-interval between CRX and HRCT study 
was a median 1.8 day (range from 0 to 4 days, the four-day 
delay was of concern to a patient in an intensive care unit). 
All patients had an abnormal CRX.

Chest HRCT findings are shown in Table 2. Linear or 
subsegmental atelectasis was seen bilaterally in five 
patients, involving two or more lobes. Smooth inter-
lobular septal thickening without GGO was found 
in four patients: two with an anterior and left-sided 

Table 1: Early chest radiographic findings in Puumala 
virus infected patients.

Chest radiographic 
findings

Number of 
patients

Percentage of 
patients (%)

Atelectasis 19 29.7%

Small pleural effusion 13 20.3%

Cardiomegaly 8 12.5%

Interlobular septal thickening 5 7.8%

Ground-glass opacities 2 3.1%

Figure 1: Chest X-ray (PA) showing left linear atelecta-
sis, right subsegmental atelectasis, small left pleural 
effusion in a patient who presented to the emergency 
department with no breathing difficulty.
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predominance in the middle zone of the lungs, one with a 
predominance in the apices, and one with septal thicken-
ing slightly more apparent in the dependent lung regions 
(Figure 3). Bilateral pleural effusion was observed in 
three patients. The crazy-paving pattern, defined as thick-
ened interlobular septa and intralobular lines superim-
posed on a background of GGO [9], was found with an 
upper-lobe predominance in one patient presenting 
with ARDS, in addition to consolidations, without pleu-
ral effusion (Figure 4). An enlarged mediastinal lymph 
node (short axis exceeding 10 mm) was found in one 
patient. Bronchial wall thickening was observed in one 
patient and cardiothoracic ratio was increased (0.52) in 
one patient.

Figure 3: Chest HRCT showing interlobular septal thickening, with a prominent left anterior location, and small pleural 
effusion.

Figure 2: Anteroposterior bedside chest X-ray showing GGO and consolidation in a patient presenting to the 
emergency department with ARDS. Chest HRCT showed no pleural effusion.

Table 2: Early chest HRCT findings in Puumala virus 
infected patients.

Chest HRCT findings Number of patients (%)

Atelectasis 5 (83.5%)

Septal thickening without GGO 4 (66.5%)

Bilateral pleural effusion 3 (50%)

Crazy-paving pattern 1 (16.5%)

Consolidation 1 (16.5%)

Bronchial wall thickening 1 (16.5%)

Enlarged mediastinal lymph node 1 (16.5%)

Cardiomegaly 1 (16.5%)
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Discussion
While respiratory involvement is generally not perceived 
to be a significant feature of hemorrhagic fever with renal 
syndrome, CRX was performed in 77.4% of nephropathia 
epidemica patients who were admitted to our emergency 
department and found to be abnormal in 33 out of 64 
(51.5%) patients with Puumala virus infection. The most 
common CRX findings were atelectasis (29.7%) and small 
pleural effusions (20.3%). Atelectasis showed no prefer-
ential side, while pleural effusions appeared to be bilat-
eral or left-sided only. Cardiomegaly was found in eight 
patients and smooth interlobular septal thickening in 
five patients. Patients with abnormal CRX were signifi-
cantly older than those with a normal CRX (mean 51.6 
years versus mean 37.7 years, p < 0.0001). Moreover, all 
patients with an abnormal chest radiograph were over 30 
years of age.

HRCT revealed linear or subsegmental atelectasis bilat-
erally in five patients and bilateral pleural effusion in 
three patients. Four patients had interlobular septal thick-
ening without GGO, of whom two had an unusual anterior 
predominant distribution in the mid zone of the lungs. 
HRCT showed a crazy-paving pattern with a predominant 
distribution in the apices, without pleural effusion, in one 
patient with ARDS.

As previously reported, these findings are non-disease-
specific [10]. Abnormal chest radiograph has previously 
been reported in 10–67% of nephropathia epidemica [3, 
5, 6, 10–15] and is considered common [7]. In the larg-
est study, Paakkala et al. reported the most severe findings 
when multiple chest X-rays were performed and reported 
more pleural effusions than atelectasis [13], and so did 
most previous studies [2, 4, 10]. One study reported more 
atelectasis than pleural effusion in patients having HRCT 
examinations performed on the first day’s hospital care 
[10]. Focusing on early imaging, there were also more 
cases of atelectasis than pleural effusion in our study. We 
did not report any pulmonary edema. These differences 
are probably due to our analysis of the earliest chest imag-
ing examination, while other studies recorded the most 

severe findings when a patient underwent several X-ray 
examinations. Indeed, respiratory involvement has com-
monly been attributed, at least in part, to fluid overload 
as a result of renal failure, and renal failure can appear or 
worsen within days following hospital admission [8, 16]. 
This might partially explain why we reported more atelec-
tasis than pleural effusion compared to studies reporting 
the worst findings when a patient underwent multiple 
chest X-rays [17]. In a previous study, the patients with 
radiological abnormalities were older (37 vs. 40 years, 
p < 0.001) than those without [11].

Only three studies reported abnormal chest CT findings 
[7, 10, 14]. In addition to pleural effusion and atelectasis 
or opacities, intralobular reticulations and interlobular 
septal thickening were the most common HRCT findings. 
GGO, hilar and mediastinal lymphadenopathy, bronchial 
wall thickening, enlarged heart size, and pericardial fluid 
have also been described. These lung parenchymal find-
ings have not been reported to be disease-specific [10]. We 
report similar findings except for the GGO. Nevertheless, a 
prospective study reported no atelectasis but pulmonary 
edema in 21% of their patients six days on average after 
the onset of disease [7]. We have no explanation for this 
rate of pulmonary edema, except if examinations had 
been performed at the peak of renal insufficiency with 
fluid overload.

Smooth septal thickening, pleural effusions, GGO, 
cardiac enlargement, vascular redistribution, alveolar 
consolidation, enlarged mediastinal lymph nodes, and 
heterogeneous mediastinal fat are recognized radiological 
findings of congestive heart failure [18]. And hydrostatic 
pulmonary edema caused by intravascular volume over-
load has been associated with GGO, interlobular septal 
thickening, peribronchovascular interstitial thickening, 
increased vascular caliber and pleural effusion or thicken-
ing of fissures [19]. While fluid overload as a result of renal 
failure has commonly been suspected of causing respira-
tory symptoms in nephropathia epidemica patients [8], 
it may be tempting to do so with our patients. However, 
enlarged mediastinal lymph nodes were found in only 

Figure 4: Chest HRCT showing crazy-paving pattern, and a partially imaged consolidation in the right upper lobe, with 
no pleural effusion in a patient with ARDS (same patient as in Figure 2).
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one patient of our study. And the two patients present-
ing with smooth septal thickening in the middle thoracic 
zones with prominent anterior distribution, bilateral pleu-
ral effusions and inhomogeneous mediastinal fat, had 
normal creatinine and urea blood levels the day the CT 
was performed. The patient with ARDS and crazy-paving 
had only mild decreased glomerular filtration rate (58.5 
mL/min/1.73 m²) at the time of the CT examination with-
out signs of fluid overload, and right heart decompen-
sation after overhydration was excluded after a normal 
echocardiography three days before CT. Interlobular sep-
tal thickening distribution might be of limited interest. 
It has been reported to have a predominantly central and 
gravitational distribution when caused by hydrostatic pul-
monary edema [20] or to be most apparent in the depend-
ent lung regions when caused by interstitial pulmonary 
edema, but this is not always the case [19]. Furthermore, 
septal thickening in our study showed various distribu-
tions. All in all, these findings are non-specific and may 
only suggest that fluid overload—while possibly con-
tributing to some abnormal findings—is only part of the  
explanation.

Puumala virus is genetically closely related to han-
taviruses found in America which are known to cause 
a frequently lethal febrile syndrome with pulmonary 
involvement called hantavirus pulmonary syndrome. 
Hantavirus pulmonary syndrome is characterized by acute 
respiratory distress, non-cardiogenic pulmonary edema 
and severe hypotension [13, 21]. Puumala virus should 
not be confused with other hantaviruses; each strain will 
have a different clinical course and prognosis. Puumala 
virus infection is associated with mortality rates of less 
than 1% [2, 22], while hantavirus pulmonary syndrome 
is associated with a mortality rate of 38% [23]. However, 
the demarcation between hantavirus pulmonary syn-
drome and hemorrhagic fever with renal syndrome is 
not obvious: hantavirus pulmonary syndrome cases also 
have renal involvement, and hemorrhagic fever with renal 
syndrome cases have pulmonary manifestations [1, 24]. 
Many case reports [8, 25–28] of ARDS mimicking han-
tavirus pulmonary syndrome in Puumala virus infected 
patients have been published. In some cases, mild or 
no renal impairment was present at the time of admis-
sion, whereas the respiratory involvement was early and 
severe, consistent with ARDS [8, 26]. When performed, 
chest CT-scans showed pronounced abnormalities, includ-
ing diffuse bilateral interstitial and/or alveolar opacities, 
dependent atelectasis or consolidation with or without 
moderate pleural effusions [8], noncardiogenic interstitial 
pulmonary edema [27], bilateral GGO [26, 27] or crazy-
paving pattern. The reason why some Puumala viruses 
have a more pronounced renal or pulmonary feature is 
not well understood [26].

Our study has some limitations. It was retrospective, 
with potential for selection bias. We focused on early chest 
imaging in Puumala virus infected patients and recorded 
the findings only of the first chest X-ray, while 18 out of 
64 patients underwent two or more chest radiographs. 
However, patients were admitted to the emergency 
room at different stages of the disease, after a variable 

delay following the first appearance of symptoms. Some 
patients most probably came earlier than others, consti-
tuting a heterogeneous cohort despite our effort to focus 
on early imaging of the disease. Previous studies didn’t 
use the Fleischner society glossary of terms for thoracic 
imaging. It made the comparison of our results with theirs 
difficult, as the terminology used in former studies was 
not always specific [9].

Conclusion
Initial chest imaging in patients with Puumala virus infec-
tion commonly showed non-specific linear or subseg-
mental atelectasis, followed by small pleural effusion, 
in patients older than 30 years. However, marked early 
pulmonary abnormalities (including crazy-paving pattern 
and consolidations) can be found in the case of the infre-
quent hantavirus pulmonary syndrome-like syndrome 
associated with Puumala virus infection, with mild or no 
renal impairment at the time of admission.
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