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Aims: Nephropathia epidemica (NE) is a form of hemorrhagic fever with renal syndrome 
associated with the Puumala virus species of Hantavirus. The pathogenesis of NE is 
not well understood; therefore, investigating the inflammatory cytokine response 
to infection may provide useful knowledge in deciphering the pathophysiology of 
NE. Materials & methods: Using Luminex and ELISA, we analyzed the serum of 137 
NE cases and 44 controls to investigate if serum cytokines associate with different 
clinical presentations. Results: Serum levels of TNF-α and IL-1β are associated with 
disease severity while upregulation of IL-6, CXCL10, CCL2 and CCL3 are associated with 
clinical presentation. Conclusion: Inflammatory cytokine kinetics associate with the 
severity and phase of NE. Our data support a role for inflammatory cytokines in the 
pathophysiology of NE.
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Hemorrhagic fever with renal syndrome 
(HFRS) is a zoonotic disease associated with 
members of the Hantavirus genus, which 
includes Puumala virus [1]. Puumala virus-
associated HFRS is often referred as nephro-
pathia epidemica (NE), and is endemic in 
Bashkortostan, Ural Region of Russia, with 
1000 cases diagnosed annually [1,2]. NE is 
characterized by acute flu-like onset with 
high fever, malaise and muscle pain [3]. 
Thrombocytopenia, lymphocytosis with left 
shift, proteinuria, increased serum levels of 
creatinine and urea are frequently observed in 
HFRS cases [3]. Clinically, HFRS manifests 
with bleeding disorders and kidney dysfunc-
tion [4,5]. Various degrees of vascular leakage 
are common and can manifest as petechiae, 
mucosal bleeding and, in severe cases, dis-
seminated intravascular coagulation (DIC) 
[6]. Necrosis, ischemia and hemorrhages in 
the medulla of the kidney of HFRS cases are 
typically associated with inflammatory cell 
infiltration [7].

HFRS generally manifests as three main 
forms: mild, moderate and severe. Headache, 
nausea, vomiting and high fever, as well as 

prominent hemorrhagic symptoms including 
petechiae, nasal and internal bleeding typi-
cally characterize the severe form. Labora-
tory findings include elevated blood urea 
and creatinine levels and leukocytosis with 
left shift and severe thrompocytopenia [8–10]. 
The moderate form of the disease has simi-
lar but more subtle symptoms. Blood tests 
also reveal high BUN and creatinine levels 
and leukocytosis, as well as thrombocytope-
nia are commonly reported [8,11]. The mild 
form often goes undiagnosed due to the lesser 
symptoms, which often include slight head-
ache and low-grade fever. The hemorrhagic 
symptoms are restricted to small petechiae on 
the mucosa and skin, while laboratory find-
ings regarding blood-formed elements are 
typically mild and include t hrombocytopenia 
and proteinuria [8,10].

Each form of HFRS may be characterized 
by four phases: febrile, oliguric, diuric and 
convalescent [10]. The febrile phase is distin-
guished by fine petechiae, flashing over the 
neck and head, headache, malaise and fever. As 
the disease advances, subjects enter the oligu-
ric phase, developing oliguria and even anuria. 
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Severe nausea, vomiting and marked hemorrhages are 
also often observed. The oliguric phase is considered the 
most critical due to the high probability of developing 
life-threatening complications. Clinical recovery begins 
with the onset of diuresis [10]; however, during this stage, 
some complications may occur including disseminated 
encephalomyelitis and  hypopituitarism.

Studies of tissue collected postmortem as well as 
in vitro experiments suggest that endothelial cells are the 
primary targets of hantavirus infection [12]; however, it 
has also been shown that infections are non-cytopathic 
[13,14]. Nevertheless, increased levels of serum proinflam-
matory cytokines have been observed in HFRS cases at 
the onset and remain elevated throughout the duration 
of the disease [15]. Additionally, increased numbers of 
TNF-α-producing cells have been observed in kidney 
biopsies of HFRS cases [16]. These data suggest that 
inflammatory cytokines may play a pivotal role in the 
pathogenesis of Hantavirus infection and support the 
‘cytokine storm’ hypothesis [17]. Accordingly, Hantavi-
rus infection putatively promotes the upregulation of a 
host of inflammatory cytokines and chemokines, which 
lead to tissue inflammation, vascular leakage and kid-
ney injury. In further support of this hypothesis, it has 
been reported that serum sIL-2R and IL-6 inversely cor-
relate with platelet count and arterial pressure [18]. Addi-
tionally, higher serum concentrations of TNF-α, IL-6, 
IFN-γ, CXCL8 (IL-8) and CCL5 (RANTES) have 
been observed in the most severe HFRS cases [15,19,20].

In this report, we present serum cytokine data for 
NE cases in relation to clinical presentation. These 
data suggest that inflammatory cytokines kinetics 
define the severity and phase of the disease.

Materials & methods

Study subjects
A total of 137 cases (114 male and 23 female) were 
admitted to the Infectious Disease Hospital №4 in the 
city of Ufa and to the Hemodialysis Unit of the G.G. 
Kuvatov Republican Clinical Hospital, Republic of 
Bashkortostan, Russian Federation. A diagnosis of 
HFRS was established based upon clinical presenta-
tion and was serologically confirmed. Sera from 44 (37 
male and seven female) healthy individuals were also 
collected to serve as controls. Informed consent was 
obtained from each subject according to the clinical 
and experimental research protocol, approved by the 
biomedicine ethic expert committee of Bashkir State 
Medical University (no. 186, 11.07.2006).

Serum
Sera were collected for each case and at each phase of 
the disease when possible. Detection of anti-Hantavirus 

antibodies was performed using the Dignosticum™ 
HFRS kit (Institute Poliomyelitis and Encephalitis, 
Russia), an indirect fluorescence assay that utilizes slides 
coated with Puumala virus-infected cells. This kit allows 
for the detection of all species of Hantavirus circulating 
in the Volga region of Russia. Subjects were considered 
positive when the antibody titers of their second serum 
sample were increased fourfold over their first.

Cytokine analysis
Serum IL-6, CXCL10, CCL2 and CCL3 were ana-
lyzed by Luminex (Luminex. Corp. TX, USA) using 
the respective SinglePlex cytokine kits (BioRad, CA, 
USA) according to the manufacturer’s instructions. 
IL-1β, IL-2, IL-4 and TNF-α were evaluated by 
ELISA (Vector-BEST, Novosibirsk, Russia) according 
to the manufacturer’s instructions.

Statistical analysis
Statistical analysis was conducted using Statistica and 
XLSTAT software (StatsSoft, Inc., OK, USA, and 
Addinsoft, Inc. NY, USA, respectively), and differ-
ences between the means of compared groups were 
performed using the Mann–Whitney test for nonpara-
metric data and were considered significant at p ≤ 0.05.

Results

Clinical presentations
The average hospitalization period was 15.6 ± 4.2 
days and the average duration of febrile, oliguric and 
polyuric phases were 4.4 ± 1.4, 6.5 ± 2.5 and 4.7 ± 
2.1 days, respectively. All cases fell into three major 
categories based on their clinical presentation: moder-
ate, severe and severe with complications (severe w/c). 
Those with moderate HFRS had less pronounced 
intoxication syndrome. Laboratory findings included 
oliguria of 100–400 ml per day for a period of 2 days, 
mean serum urea levels of 13.4 (minimum–maximum 
[min–max]: 8.5–17.9) mM/l, mean serum creatinine 
levels of 172 (min–max: 122–236) μM/l and protein 
in urine up to 1.65 g/l. Severe cases were character-
ized by pronounced toxic syndrome with headache, 
abdominal pain, nausea, vomiting and hypotension, 
as well as oliguric syndrome with decreased urine out-
put (less than 400 ml per day) for 3–4 days. Addi-
tionally, laboratory findings revealed an increased 
mean serum urea concentration of 26 (min–max: 
20.0–31.9) mM/l and mean creatinine of 619.5 (min–
max: 368.0–790.0) μM/l. In addition, high pro-
tein concentrations in the urine (up to 6.6 g/l) were 
detected. A separate group was designated for cases 
with severe w/c. Complications included stage I and 
II shock (20.4%); acute renal injury requiring hemo-
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dialysis (16.8%); DIC (10.2%); acute respiratory dis-
tress syndrome (1.5%); erosive gastritis (1.5%); renal 
hematoma (0.7%); nasal and gastric bleeding (0.7%); 
and toxic encephalopathy (0.7%).

Serum cytokine/chemokine levels in NE cases
Serum cytokines for IL-1β, IL-2, IL-4, IL-6, TNF-
α, CCL2, CCL3 and CXCL10 were measured for 
all study subjects. When compared with healthy 
controls, TNF-α levels were significantly elevated 
for all cases during all phases of the disease (Table 1) 
and progressively increased with severity (moderate 
< severe < severe w/c). Additionally, the kinetics of 
TNF-α expression typically increased from the febrile 
phase to a maximum value during the oliguric phase 
and progressively decreased from the polyuric to the 
convalescent phase, with the exception of those who 
presented as severe w/c, which peaked at the poly-
uric phase and remained elevated through the con-
valescent phase (Table 1). Similar to TNF-α, serum 
IL-1β levels were also elevated when compared with 
controls (Table 2). However, in contrast to TNF-α, 
levels of IL-1β were progressively increased from the 
febrile phase through the convalescent phase for all 
clinical presentations (febrile < oliguric < polyuric < 
convalescent).

We next evaluated each subject for the Th2 cytokine 
IL-4 with respect to phase and clinical presentation 
(Table 3). Average IL-4 values were increased during 
the oliguric and polyuric periods for subjects with the 

moderate form of the disease and for all phases in sub-
jects with the severe form (Table 3). Interestingly, those 
who presented with severe w/c showed no increase in 
serum IL-4 when compared with controls.

Sufficient quantities of serum were not available 
to include all cases in the final analysis; therefore, we 
evaluated a subset of subjects for the inflammatory 
cytokines and chemokines IL-6, CXCL10, CCL2 and 
CCL3 with respect to each phase of the disease. Aver-
age IL-6 levels increased at the onset (febrile phase) 
but decreased to below control levels by the oliguric 
phase and remained decreased through the conva-
lescent phase (Table 4). CXCL10 increased tenfold, 
on average, over the control value at the onset and 
remained elevated through the oliguric phase, progres-
sively decreasing to a value approximately fivefold over 
controls by the convalescent phase (Table 4). Serum 
CCL2 kinetics largely paralleled that of CXCL10 
(Table 4). Changes in the levels of CCL3 did not reach 
statistical significance during the febrile and oliguric 
phases of the disease; however, they decreased signifi-
cantly below control levels during the polyuric and 
the c onvalescent phases (Table 4).

Discussion
In this report, we have presented the serum cytokine 
kinetics of subjects with NE. In order to understand 
the kinetics associated with inflammatory cytokine 
expression in NE, sera were collected during the four 
phase of the disease from subjects with three different 

Table 1. TNF-α values for nephropathia epidemica subjects by form of disease (pg/ml).

Disease 
phase 

Moderate Severe Severe with complications 

Mean 
(minimum–
maximum)

n p-value Mean 
(minimum–
maximum)

n p-value Mean 
(minimum–
maximum)

n p-value

Febrile 35.5 
(26.2–43.8)

11 p = 0.003 41.8 
(35.5–59.6)

10 p = 0.004; 
p2 = 0.14

58.1 
(37.5–71.7)

9 p = 0.003; 
p2 = 0.01; 
p3 = 0.03

Oliguric 69.9 
(61.8–82.8)

15 p = 0.001; 
p1 = 0.003

85.8 
(77.8–92.4)

16 p = 0.002; 
p1 = 0.001; 
p2 = 0.01

92.9 
(74.4–128.5)

14 p = 0.001; 
p1 = 0.009; 
p2 = 0.001; 
p3 = 0.06

Polyuric 41.4 
(38.2–53.9)

16 p = 0.002; 
p1 = 0.006

62.7 
(54.8–99.9)

16 p = 0.002; 
p1 = 0.03; 
p2 = 0.001

35.3 (84.8–
185.3)

15 p = 0.001; 
p1 = 0.07; 
p2 = 0.001; 
p3 = 0.002

Convalescent 26.7 
(19.4–32.2)

13 p = 0.002; 
p1 = 0.01

36.2 
(32.4–45.1)

14 p = 0.002; 
p1 = 0.003; 
p2 = 0.01

64.05 
(43.4–88.1)

14 p = 0.002; 
p1 = 0.01; 
p2 = 0.03; 
p3 = 0.02

p: Compared with control; p
1
: Compared with previous period; p

2
: Compared with moderate; p

3
: Compared with severe. 

Control value: mean: 5.1; minimum–maximum: 3.1–9.5; n = 20.
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clinical presentations. NE is a febrile disease; there-
fore, based upon their potential role in Hantavirus 
pathogenesis, we selected IL-1β, IL-6 and TNF-α, 
which are known to be major endogenous pyrogens. 
We additionally analyzed the minor endogenous pyro-
gen CCL3. Interstitial infiltration with lymphocytes, 
plasma cells, monocytes and macrophages is character-
istically observed in kidney biopsies of HFRS cases [7]. 
The migration of mononuclear immune effector cells 
is governed by a specific set of chemokines including 
CXCL10 and CCL2 [21,22]; therefore, we also included 
these cytokines in our study.

Consistent with previous reports [23,24], we observed 
elevated levels of TNF-α and IL-1β in Hantavirus-
infected subjects. TNF-α and IL-1β were significantly 
higher in the sera of subjects with the severe w/c form 
of NE compared with subjects with the severe and the 
moderate forms. A higher percentage of cases with 
acute renal injury, DIC syndrome and various degrees 
of bleeding characterized the severe w/c forms. Many 
cells, including lymphocytes, macrophages and endo-
thelial cells, release TNF-α upon activation [25,26]. A 
local and systemic increase in TNF-α may contribute 
to the inflammation, shock, increased vascular leak-
age, DIC syndrome and renal injury associated with 
hantavirus infection.

Kidney pathology during HFRS is characterized as 
interstitial nephritis, which often develops as a conse-
quence of renal tissue damage due to immune com-
plexes, hypertension and metabolic disturbances [27]. 

Previous studies suggest that cytokines play a role in 
pathogenesis of kidney tissue injury. For example, 
it has been shown that systemic administration of 
TNF-α aggravates glomerular injury in a rat model of 
nephrotoxic nephritis [28,29]. Reduction of proteinuria 
and leukocyte infiltration, as well as decreased expres-
sion of adhesion molecules, has been demonstrated in 
TNF-α-deficient animals with experimental nephro-
toxic nephritis [29,30]. Our results are also consistent 
with the premise that TNF-α plays a role in the patho-
genesis of HFRS-associated kidney injury. We have 
shown that mean serum concentration of TNF-α was 
significantly elevated in subjects with the severe w/c 
form of NE compared with subjects with the moderate 
form. Additionally, serum TNF-α levels reached their 
peak in the oliguric phase of the disease, potentially 
subjecting kidney tissue to the damaging effects of this 
inflammatory cytokine. TNF-α has been shown to 
increase vascular permeability in vivo and in vitro [31]. 
It is also known to upregulate the adhesion molecules 
ICAM and VCAM, as well as β1 and β2 integrins on 
endothelial cells [32], consistent with the promotion of 
transendothelial migration of leukocytes reported with 
respect to HFRS [33]. Therefore, prolonged upregula-
tion of serum TNF-α may compromise the integrity 
of the endothelial monolayer, facilitating leukocyte 
migration.

In contrast to TNF-α expression, which generally 
peaked during the oliguric phase and progressively 
decreased thereafter, IL-1β gradually increased from 

Table 2. IL-1β values for nephropathia epidemica subjects by form of disease (pg/ml).

Disease 
phase 

Moderate Severe Severe with complications 

Mean 
(minimum–
maximum)

n p-value Mean 
(minimum–
maximum)

n p-value Mean 
(minimum–
maximum)

n p-value

Febrile 27.8 
(19.1–47.3)

9 p = 0.002 42.1  
(24.2–62.8)

10 p = 0.001; 
p2 = 0.03

48.9  
(34.8–67.2)

10 p = 0.001; 
p2 = 0.02; 
p3 =0.4

Oliguric 35.6 
(19.4–52.1)

13 p = 0.001; 
p1 = 0.8

77.1  
(62.4–92.9)

14 p = 0.001; 
p1 = 0.02; 
p2 = 0.002

118.1  
(84.8–180.3)

16 p = 0.001; 
p1 = 0.02; 
p2 =0.002; 
p3=0.004

Polyuric 48.1 
(33.8–62.8)

16 p = 0,001; 
p1 = 0.7

88.5 
(62.2–113.4)

15 p = 0.001; 
p1 = 0.5; 
p2 = 0.003

128.7  
(84.8–142.8)

13 p = 0.0008; 
p1 =0.7; 
p2 = 0.001; 
p3  = 0.01

Convalescent 59.6 
(37.5–80.2)

15 p = 0.001; 
p1 = 0.8

99.2 
(76.7–120.8)

15 p = 0.001; 
p1 = 0.7; 
p2 = 0.003

137.05 
(114.9–152.8)

14 p = 0.0008; 
p1 = 0.8; 
p2 =0.001; 
p3 = 0.002

p: Compared with control; p
1
: Compared with previous period; p

2
: Compared with moderate; p

3
: Compared with severe. 

Control value: mean: 4.3; minimum–maximum: 0.8–6.9; n = 21.
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the febrile phase through the convalescent phase and 
remained elevated for all clinical presentations. IL-1β 
is secreted by macrophages, monocytes and den-
dritic cells in a precursor form and must be cleaved 
by caspase-1 in order to bind to its receptor [34]. The 
observed kinetics of IL-1β in NE suggest a delayed 
pro-caspase-1 activation and, in turn, a delayed and 
protracted IL-1β response to infection. These observa-
tions are consistent with previous in vitro studies by 
Tan and Chu, who reported that dengue virus-infected 
monocytes upregulated functional caspase-1 mRNA 
and pro-caspase-1 activation as a late response to infec-
tion [35]. We also observed that the anti-inflammatory 
cytokine IL-4 showed no statistical difference between 
controls and cases who presented with the severe w/c 
form of NE. In contrast, subjects who presented with 
the moderate and severe form of the disease displayed 
a slight but significant upregulation of IL-4 at the oli-
guric phase, potentially providing a protective effect to 
the inflammatory consequences of infection.

The most significant change in cytokine expres-
sion was observed for the proinflammatory chemokine 
CXCL10. Mean levels of CXCL10 increased approxi-
mately tenfold over controls during the febrile phase, 
remained at this level during the oliguric phase and 
decreased to a level approximately fivefold greater than 
controls by the convalescent phase. We also observed 
a similar but less pronounced upregulation of the che-
mokine CCL2. CXCL10 and CCL2 are chemotactic 
factors produced by monocytes, macrophages, endo-

thelial cells and fibroblasts in response to tissue injury 
and infection. Previous studies have reported a more 
pronounced upregulated CXCL10 by lung endothelial 
cells in response to the highly pathogenic influenza 
viruses H5N1 and H9N2 when compared with the less 
virulent H1N1 strain [36]. Notwithstanding, upregula-
tion of CXCL10 and CCL2 in subjects with influenza 
A/H1N1 infection and subsequent acute respiratory 
distress syndrome is associated with kidney injury and 
a higher risk of death [37]. In contrast, Sundstrom et 
al. reported that hantavirus infection promotes the 
upregulation of CXCL10 without causing increased 
permeability in lung microvasculature [38].

We also observed a short but significant upregula-
tion of the cytokine IL-6. Mean values of IL-6 dur-
ing the febrile phase were almost fourfold higher 
than controls, but declined by the oliguric phase and 
remained low throughout the convalescent phase. 
IL-6 has both inflammatory and anti-inflammatory 
properties; however, the kinetics of IL-6 in NE are 
that of classical acute-phase responses, suggesting 
its production in NE is inflammatory in nature and 
likely the result of the engagement of pattern recog-
nition receptors on infiltrating macrophages. Similar 
to the kinetics of IL-6, we observed a short, acute 
response in the upregulation of CCL3. Although 
slightly elevated, levels of CCL3 did not reach statisti-
cal significance during the febrile and oliguric phases 
of the disease; however, they decreased significantly 
below control levels during the polyuric and conva-

Table 3. IL-4 values for nephropathia epidemica subjects by form of disease (pg/ml).

Disease phase Moderate Severe Severe with complications 

Mean 
(minimum–
maximum)

n p-value Mean 
(minimum–
maximum)

n p-value Mean 
(minimum–
maximum)

n p-value

Febrile 5.1 (4.1–8.1) 11 
 

p = 0.9 6.2  
(3.8–9.9)

10 p = 0.03; 
p2 = 0.05

6.7 
(3.1–9.2)

9 p = 0.3; 
p2 = 0.5; 
p3 = 0.4

Oliguric 7.6 (2.3–9.2) 14 p = 0.002; 
p1 = 0.2

8.2  
(1.4–10.9)

13 p = 0.001; 
p1 = 0.7; 
p2 = 0.3

4.7  
(2.1–12.9)

12 p = 0.7; 
p1 = 0.2; 
p2= 0.5; 
p3 = 0.1

Polyuric 7.9  
(4.8–12.3)

13 p = 0.009; 
p1 = 0.6

6.2  
(4.8–8.5)

15 p = 0.001; 
p1 = 0.7; 
p2 = 0.7

5.9 
(3.3–9.7)

14 p = 0.7; 
p1 = 0.6; 
p2 = 0.04; 
p3 = 0.03

Convalescent 4.9  
(2.2–13.6)

16 p = 0.4; 
p1 = 0.5

6.5  
(1.4–12.9)

16 p = 0.003; 
p1 = 0.8; 
p2 = 0.2

4.6  
(2.3–6.3)

13 p = 0.8; 
p1 = 0.5; 
p2  = 0.3; 
p3 =0.01

p: Compared with control; p
1
: Compared with previous period; p

2
: Compared with moderate; p

3
: Compared with severe. 

Control value: mean: 4.4; minimum–maximum: 1.2–5.9; n = 18.
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lescent phases. CCL3 is an inflammatory chemotactic 
factor also produced by infiltrating macrophages and 
plays many roles in orchestrating chronic and acute 
inflammation. Similar to CXCL10 and CCL2, CCL3 
promotes transendothelial migration of monocytes, 
dendritic cells and natural killer (NK) cells through 
engagement of the CCR5 receptor [39,40]. Addition-
ally, by activating the CCR5 receptor, CCL3 facili-
tates Th1 lymphocyte differentiation and recruitment 
to sites of infection [41]. Our observations support the 
supposition that their expression is likely the result of 
an inflammatory cascade initiated at the site of virus 
infection. Indeed, CXCL10 CCL2 and CCL3 are all 
known chemoattractants of monocytes, macrophages, 
T cells, NK cells and dendritic cells [21]. Depending 
on the host’s immune status or genetic background, 
CXCL10 can, for instance, facilitate infection or pre-
vent virus spread and replication [42,43]. Wang et al. 
reported that subjects with the AG genotype in DC-
SIGN (CD209), a C-type lectin, had higher CXCL10 
production and a lower rate of dengue virus replica-
tion. In another study, Mahanty et al. reported that 
fatal Lassa virus infection is associated with low serum 
levels of CXCL10 [44]. Upregulation of CXCL10 in 
Puumala virus-associated NE is consistent with obser-
vations of Hantavirus-infected individuals by Zhang 
et al. [45], thus suggesting that CXCL10 expression, as 
well as other inflammatory cytokines, is not unique to 
the Puumala virus species of Hantavirus but reflective 
of Hantavirus pathogenesis in general.

To the best of our knowledge, this study is the first 
to investigated serum cytokines at different stages of 
NE. Serum levels of TNF-α and IL-1β were observed 
to associate with disease severity, while upregulation of 
IL-6, CXCL10, CCL2 and CCL3 were associated with 
clinical presentation. These observations may provide 
clues to the pathogenesis of hantavirus infection and 
may also identify targets for therapeutic intervention.
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Executive summary

Background
•	 Nephropathia epidemica (NE) is a form of hemorrhagic fever with renal syndrome (HFRS) caused by the 

Puumala virus strain of Hantavirus.
•	 The Republic of Bashkortostan (Russia) is endemic for NE, where more than 1000 cases are reported annually.
•	 Although the pathogenesis of NE is largely unknown, immune mechanisms are believed to play a major role.
Cytokines analysis
•	 Serum cytokines were analyzed in 137 HFRS cases that presented with the moderate, severe and severe with 

complications forms of the disease.
•	 Serum levels of TNF-α and IL-1β were significantly higher in HFRS cases when compared with healthy controls 

and their expression generally associated with disease severity.
•	 Upregulation of IL-6, CXCL10, and CCL2 was observed in NE cases, the kinetics of which associated with the 

four phases of the disease.
Conclusion & future perspective
•	 Our data support a role for inflammatory cytokines in the pathophysiology of HFRS and suggest that 

inflammatory cytokines associate with discrete stages and clinical presentations of the disease.
•	 Hantavirus infections produce no pathological symptoms in the native rodent reservoir; however, they often 

produce life-threatening pathology in humans.
•	 Vascular leakage is described for virtually all forms of Hantavirus infection, and while the mechanism remains 

unknown, it is believed to involve inflammatory immune responses.
•	 Presently, treatment options for NE as well as other Hantavirus-associated pathologies are limited [46,47]. For 

these reasons, future studies into the inflammatory mechanism of hantavirus infection will lead to greater 
understanding of disease pathogenesis and, in turn, may lead to improved treatment strategies and options 
for healthcare practitioners.
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