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Although Seoul orthohantavirus is the only globally spread 
hantavirus pathogen, few confirmed human infections with 
this virus have been reported in Western countries, sug-
gesting lower medical awareness of the milder, transient, 
and often chameleon-like symptoms of this zoonosis. We 
describe lesser known clinical and laboratory characteris-
tics to help improve underreporting of this virus.

Recent reports from several Western countries, includ-
ing the United States, have described an ill-known 

hantavirus disease, commonly called hemorrhagic fever 
with renal syndrome (HFRS), induced by Seoul orthohan-
tavirus (SEOV) and spread by infected wild, laboratory, 
and pet rats. These reports might bring to an end the long-
maintained concept that human hantavirus infections were 
to be distinguished between HFRS in the Old World and 
hantavirus cardiopulmonary syndrome (HCPS) in the New 
World (1). New World human hantavirus illnesses already 
described in 1993 were HFRS cases, not HCPS cases, in 
leptospirosis-suspected patients with acute kidney injury 
(AKI) and thrombocytopenia, whereas the earliest charac-
terized hantavirus pathogen in the United States was not 
Sin Nombre orthohantavirus (SNV) but SEOV, isolated 
from a wharf rat in Philadelphia in 1984 (1).

Geographic distributions of most hantaviruses are lim-
ited to the biotope area of their respective natural hosts. 
The exception is SEOV, which is distributed worldwide, 
because of the omnipresence of its synanthropic hosts, the 
brown (Rattus norvegicus) and black (R. rattus) rats. SEOV 
likely arose in northern China, then spread to Europe and 
subsequently to the Americas in the 18th century (2,3). By 
the early 1980s, SEOV-infected rats were detected in Asia, 
Africa, Europe, and the Americas (4). SEOV strains are all 
closely related, probably reflecting the recent worldwide 
spread of rats, speculated to be driven by introduction via 

sea ports and railways, and resulting now in chronic rat 
SEOV endemicity (2,3).

Human SEOV infections have long been recognized 
in all those areas, including the United States (1,4). Conse-
quently, it is counterintuitive to expect that the scant num-
ber of SEOV-induced HFRS cases reported so far in West-
ern countries reflects the actual situation, in stark contrast 
to the many SEOV cases documented in Asia, particularly 
in South Korea and China, both registering >90% of all 
hantavirus cases worldwide, of which >25% are caused 
by SEOV (3,5). We stress the diagnostic challenge inher-
ent to milder (case-fatality rate ± 1%), transient, and atypi-
cal hantavirus infections, some of which might represent 
SEOV infections.

HFRS and SEOV HFRS are characterized by the 
same prodromal symptoms for 3–5 days as for HCPS: 
fever, myalgia, malaise, and gastrointestinal discom-
fort (5). All HFRS forms show not only AKI, ranging 
from strictly normal to severely impeded renal function, 
but also rapidly changing degrees of proteinuria, mi-
crohematuria, and thrombocytopenia (5). However, es-
tablished presence or absence of initial proteinuria and 
microhematuria has not been investigated so far in large-
scale SNV HCPS studies.

Proteinuria and microhematuria, although transient, 
are considered severity indicators for HFRS (5,6). The 
rapidity of increasing/decreasing proteinuria is virtually 
pathognomonic for HFRS and was noted as early as 1964. 
Epidemics of a then ill-defined fever called epidemic 
hemorrhagic fever, which was later proven serologically 
to be a wild rat induced HFRS (7), was present principally 
in the back alleys of Osaka, Japan, and characterized by 
marked but transient proteinuria that peaked in 32 case-
patients on day 6 postonset of symptoms and disappeared 
completely on day 7 in mild cases and on approximately 
day 12 in those with severe AKI (8). Moreover, severity 
of proteinuria was found to be predictive of overall epi-
demic hemorrhagic fever clinical severity, as confirmed 
53 years later in 70 case-patients infected with Puumala 
orthohantavirus; proteinuria (30% of nephrotic range), 
which peaked on day 5 postonset of symptoms, decreased 
almost completely on day 11, whereas serum creatinine 
levels peaked on day 9 (6).

Until recently, sudden AKI with nephrotic-range pro-
teinuria and microhematuria was considered a rare nephro-
logic triad in previously healthy young adults; these adults 
constituted most HFRS case-patients. AKI with proteinuria, 
after acute tubular necrosis, is sometimes ascribed to the ef-
fect of nonsteroidal antiinflammatory drugs (NSAIDs). Be-
cause NSAIDs are often prescribed for the influenza-like 
myalgiae preceding HFRS, these drugs can obscure the real 
ensuing cause of AKI (5). However, NSAIDs do not in-
duce thrombocytopenia or the other biochemical hallmarks 
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of HFRS (Appendix Table, https://wwwnc.cdc.gov/EID/
article/25/2/18-1643-App1.pdf).

In contrast to severe HCPS caused by SNV or Andes 
orthohantavirus (ANDV), HFRS cases can be a diagnostic 
puzzle involving several swollen organs and including the 
lungs (5). The 2 earliest documented hantavirus infections 
in Peru were 2 SEOV HFRS case-patients confirmed by 
reverse transcription PCR, but both case-patients had fatal 
HFRS with HCPS (9), thus further blurring the boundaries 
between the 2 syndromes. In Southeast Asia, where the wild 
rat was and is the major reservoir for pathogenic hantavirus-
es, HFRS with liver involvement, imitating virus hepatitis, 
was moreover proposed as a new clinical entity (10).

Finally, laboratory confirmation of diagnosis, even 
by an expert clinician, can be confounded by use of cur-
rent commercial serologic assays that use antigens hav-
ing weak or no cross-reactivity with murine SEOVs, 
such as European arvicoline Puumala orthohantavirus 
or American sigmodontine SNV/Andes orthohantavirus. 
Close attention should be paid to the multifaceted diag-
nosis of SEOV infection (Appendix Table) in patients 
exposed to brown or black rat excreta, including pet  
rat owners.
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Appendix Table. Clinical characteristics of ratborne Seoul hantavirus disease* 

Clinical symptoms common for HFRS, but also for HCPS 
 Premonitory complaints (3- 5 d): sudden high fever, malaise, vomiting and diarrhea, severe gastrointestinal pains, mimicking acute 
appendicitis (1–4) 
 Headache and influenza-like myalgiae, but no premonitory upper airways symptoms evoking influenza: no rhinorrhea or throat ache 
 Initial eye pain and periorbital edema 
 Facial flushing, pharyngeal congestion (5) 
 (Micro-)hemorrhages, sometimes limited to conjunctival suffusion or intraoral petechiae† (5–8) 
 Dry cough, followed by dyspnea (7–14), outspoken and rapidly worsening in HCPS 
 Short-lived pseudo nephrotic syndrome:† despite massive proteinuria and frank hypoalbuminemia, conspicuous absence of generalized 
pitting edema (4,12), hyperlipidemia, and thrombotic tendency 
Clinical symptoms reported for HFRS, not for HCPS 
 Acute myopia (2–3 d) as a virtually pathognomonic, but transient sign (6,7,14); rarely acute bilateral glaucoma or retinal hemorrhage (15) 
 Severe flank pain (lumbalgia), sometimes unilateral, mimicking a renal colic (16,17) 
 Rarely acute bilateral glaucoma or retinal hemorrhage (15) 
 Transient acalculous acute cholecystitis provoking right upper quadrant pain and a positive Murphy sign (18–20);  considered a general 
severity sign (21) 

 Paradoxical sinusal bradycardia (<90 bpm), despite fever >38C (6,7) 
Laboratory anomalies mainly reported for HFRS 
 Initial thrombocytopenia is the earliest and most constant sign‡ (4–6) 
 Urine spot PCR§ >0.11 plus microhematuria; early (mostly before hospitalization) and rapidly evolving, but cardinal sign, easy, and 
cheap to assess day-by-day 
 Hyponatremia and hypoalbuminemia, predicting clinical severity‡ (5,8,12,22) 
 Highly increased levels of LDH, and particularly of CRP and PCT, mimicking hemolysis (18,22) or a bacteria, rather than a virus, 
infection‡ (6–8) 
 Lipid paradox: low acute cholesterolemia (particularly decreased high-density lipoprotein–cholesterol levels), contrasting with fasting 
hypertriglyceridemia, both transitory (7,18,23,24) 
 Serum creatinine levels might remain initially (18,20) or constantly (4,7,25–27) at standard levels, or barely and briefly increased (28) 
 Slight-to-frank hypokalemia, despite often clearly impeded renal function (8,29) 
Ultrasound anomalies, reported more for HFRS than for HCPS 
 Third-space, protein-rich fluid effusions‡ (pleuritis, pericarditis, ascites) 
 Longitudinal renal diameter >11 cm¶ (17,18), swollen cortex with echodensity greater than or equal to that for liver. Rare but virtually 
present or or absent pathognomonic sign: perirenal fluid rim 
 Transient hepatomegaly and splenomegaly (4,8,17) 
 AAC with mostly distended large gallbladder, and thickened (>4.5 mm) edematous gallbladder wall (18–21) 
Liver involvement suggesting Seoul virus (SEOV) involvement 
 Aminotransferase levels increased to 10–20 times (or more) above the standard level (4,12,26) versus mild or no transaminitis in other 
HFRS forms (6–8); concomitant renal function impediment might be conspicuously absent (4,7) 
 Rarely: icterus; can be pronounced, but is rapidly self-remitting (7,30) 
*All signs or symptoms are in present or absent chronologic order of appearance. Bold indicates a high diagnostic value. A general common feature is rapid self-
remittance within days or weeks without leaving any sequelae (6). Ultrasound-documented renal shrinking within days is highly suggestive for HFRS. AAC acute 
cholecystitis; bpm, beats per minute; CRP, C-reactive protein; HCPS, hantavirus cardiopulmonary syndrome; HFRS, hemorrhagic fever with renal syndrome; 
LDH, lactate dehydrogenase; PCR, protein-to-creatinine ratio; PCT, procalcitonin.  
†Rare to absent in HCPS, except in Andes virus (ANDV)–induced forms (5). 
‡Also present in HCPS. 
§Urine spot PCR, or urinary protein-to-creatinine ratio, is calculated in milligrams per deciliter or grams per liter; standard value for adults is <0.11. Urine spot 
PCR is also a surrogate for 24-h protein excretion in g/day, indicating that a urinary protein-to-creatinine ratio >3.5 is nephrotic-range proteinuria or equivalent to 
a dipstick value of +++(+).  
¶Standard range 11–12 cm depending on body size. Ultrasound-documented renal shrinking within days is highly suggestive for HFRS 
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