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Abstract. Hemorrhagic fever with renal syndrome (HFRS) is confirmed by the isolation of hantavirus from serum, detec-
tion of virus-specific IgM, or a four-fold change in IgG titers during the acute and convalescent periods measured using an
immunofluorescence assay (IFA). However, these tests are inefficient for early diagnosis. Therefore, this study investigated
the usefulness of reverse-transcriptase nested polymerase chain reaction (RT-nPCR) for early diagnosis of HFRS using clin-
ical samples such as urine and serum. Electronic medical records of eight patients with confirmed HFRS using IFA and
RT-nPCR between May 2016 and May 2020 at Chosun University Hospital were reviewed. The virus was detected in all
patients using RT-nPCR targeting the large (L) segment of hantavirus during the early phase in urine and serum. Importantly,
the virus was identified in urine at a time when it was not identified in serum. Additionally, the virus was detected in urine and
serum for up to 1 month after initial presentation with iliness, but not in saliva, using RT-nPCR. We report eight HFRS cases
diagnosed using urine and serum, but not using saliva, with RT-nPCR targeting the L-segment. Hantavirus RNA detection by
RT-nPCR in urine and serum may aid the rapid diagnosis of HFRS during the early phase of the disease. In particular, HFRS
should not be ruled out based on negative RT-PCR results in serum, and RT-PCR should be performed using urine as well as

serum during the early phase of symptoms.

INTRODUCTION

Hemorrhagic fever with renal syndrome (HFRS) is a febrile
disorder caused by Hantaan' and Seoul viruses.? The charac-
teristic clinical manifestations of HFRS include fever, hemor-
rhage, and renal failure.® The annual incidence of human
HFRS in Korea has increased significantly. In particular, the
Korea Centers for Disease Control and Prevention statistics
indicate that the number has increased sharply since 2000.%°

The clinical HFRS diagnosis is based on exposure history,
typical clinical manifestations, and serology, including
enzyme-linked immunosorbent assay or immunofluorescence
assay (IFA) results as well as virus isolation in cell culture.®
Among the available diagnostic tools, culture of the viable
virus, virus-specific IgM antibody detection, or an increase of
four-fold or more in IgG titers during the acute and convales-
cent periods detected using IFA are considered the reference
standards for HFRS diagnosis.” However, diagnosing HFRS
is difficult because of the relatively long incubation periods of
hantaviruses that can span up to 50 days from the onset of
symptoms, serology test inaccuracy (false-positive results,
false-negative results, and inconclusive results), and difficulty
isolating the virus, which is time-consuming and rarely posi-
tive.>8° As such, these tests are not useful for early diagnosis.

There is a need for rapid and accurate HFRS diagnostic
methods. Recently developed molecular methods for diag-
nosing HFRS include detection of hantavirus by the reverse-
transcriptase polymerase chain reaction (RT-PCR) using
whole blood, serum, or autopsy specimens from patients
with acute-phase disease.'® Additionally, Puumala virus
RNA detection in saliva has been reported.’” However, no
report has described the use of urine, sputum, and saliva
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samples for Hantaan or Seoul virus detection. Herein, the
use of the reverse-transcriptase nested polymerase chain
reaction (RT-nPCR) for diagnosing HFRS in urine and serum
is described.

METHODS

Study design and patients. Clinical and laboratory data of
eight patients with confirmed HFRS between May 2016 and
May 2020 were collected from the medical records at Chosun
University Hospital, which is a university-affiliated tertiary
referral center in Gwangju, Korea.

HFRS diagnosis. The HFRS diagnosis involved exposure
history, clinical symptoms, and laboratory findings. Confirmed
cases were determined by hantavirus isolation from a clinical
specimen, virus-specific IgM antibody detection, or an
increase of four-fold or more in IgG titers during the acute
and convalescent phases assessed using IFA performed in
the same laboratory. For the eight patients, an IFA and
RT-nPCR were used for HFRS diagnosis.

IFA. The total IgG titer in blood samples for Hantaan virus-
specific antibody detection was estimated using an IFA at a
commercial laboratory (Green Cross Corp., Yongin, Korea).
Simultaneously, IgM and IgG were estimated at our hospital
using IFA slides with Hantaan virus strain 76-118 (obtained
from the Korea Centers for Disease Control and Prevention).
The IFAtiters were expressed as the inverse of the highest blood
sample dilution that produced characteristic fluorescence in
cells. Serum specimens were examined at 1:16 dilutions, fol-
lowed by serial two-fold dilutions. An Ig titer less than 1:16 indi-
cated no specific detectable antibodies; however, an Ig titer of
1:16 or more was considered positive for specific antibodies.

RT-nPCR. Viral RNA was extracted from whole blood,
urine, saliva, and sputum samples of patients using the Viral
Gene-spin™ Viral DNA/RNA Extraction Kit (iNtRON,
Seongnam, Korea) according to the manufacturer’s proto-
col. cDNA was synthesized by mixing 4 uL SuperScript
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TaBLE 1
Clinical characteristics of the eight HFRS patients

SEO AND OTHERS

Patient Occupation Age Sex Time in hospital (d) WBC count (/ul) Hb (g/dL) Platelet (/ul) AST (U/L) ALT (U/L) Proteinuria  APACHE Il (score/mortality)
1 Office worker 52 M 16 37,380 14.2 79,000 84 44 1+ 16/23.5%
2 Farmer 66 F 15 42,960 14 12,000 80 33 4+ 19/32.2%
3 Farmer 67 M 7 5,860 14 85,000 49 28 + 7/7.6%
4 No occupation 38 F 23 24,690 17 22,000 782 348 4+ 28/63.9%
5 Office worker 65 M 7 15,270 19 29,000 109 30 3+ 23/46%
6 Office worker 41 M 9 8,480 17 58,000 111 35 4+ 7/7.6%
7 Farmer 81 M 3 20,210 17 25,000 108 44 3+ 23/46%
8 Manufacturer 44 M 10 7,480 16 53,000 131 93 2+ 6/6.7%

ALT = alanine transaminase; APACHE Il = Acute Physiology and Chronic Health Evaluation II; AST = aspartate transaminase; F = female; Hb = hemoglobin; HFRS = hemorrhagic fever with renal

syndrome; M = male; WBC = white blood cell.

VILO MasterMix (Invitrogen, Carlsbad, CA), 8 uL extracted
RNA, and 8uL distilled water and using the following
cycling conditions in a Veriti 96 Well Thermal Cycler
(Applied Biosystem, Foster City, CA): 25°C for 10 min;
42°C for 60 min; and 85°C for 5 min.'? The RT-PCR target-
ing the large (L; encodes viral RNA-dependent RNA
polymerase) and small (S; encodes nucleocapsid protein)
segments of the Hantavirus genomes, including those of
Hantaan, Seoul, Dobrava, and Puumala viruses, was per-
formed as described in Supplemental Table 1 using the
hantavirus-specific primers HAN-L-F1/Han-L-R1 (external)
and Han-L-F2/Han-L-R2 (internal) primers targeting the L
segment of the virus,'® and HFRS-S-2F/HFRS-S-2R (exter-
nal) and HFRS-S2nd-1F/HFRS-S2nd-1F (internal) primers
targeting the S segment of the virus.™*

Ethical approval. This study was approved by the institu-
tional review board of Chosun University Hospital (no. 2017-
10-012)

RESULTS

Table 1 shows the baseline characteristics and laboratory
findings of the eight patients with confirmed HFRS. The results
of RT-nPCR, sequencing, and antibody titer of the eight HFRS
patients are presented in Table 2. Phylogenetic trees of the
eight patients with HFRS are shown in Figure 1. CLUSTAL X
software program (http://www.clustal.org/clustal2/) was
used to construct the phylogenetic trees by using
neighbor-joining with 1,000 bootstrap replicates."® The dis-
ease severity was evaluated by the Acute Physiology and

TABLE 2
Results of RT-nPCR, sequencing, and antibody titer of the eight HFRS patients
RT-nPCR
Time between symptom
Patient onset and sampling of specimens Specimen type L-Seg S-Seg PCR sequencing IFA 19G IFA IgM Total Ig
1 7 Plasma/urine —/+ —/= Hantaan 512 <16 <40
12 Plasma/urine/saliva —/=/- —/=/- 256 <16 N/A
14 Plasma/urine +/— —/— 1,024 <16 <40
2 5 Plasma/urine —/+ —/= Hantaan 1,024 <32 N/A
9 Plasma — — 4,096 <32 <40
3 3 Plasma + - Hantaan <16 <16 <40
6 Plasma + — 128 <16 N/A
26 Plasma/urine —/+ —/= 256 <16 <40
277 Plasma — — 128 <16 N/A
4 5 Whole blood/urine +/+ —/—= Hantaan 128 16 40
9 Whole blood + — 4,096 <32 40
10 Whole blood/urine +/— —/= 2,048 <16 N/A
12 Whole blood/urine +/—- —/—= 2,048 <32 40
20 Whole blood/urine +/— —/= 2,048 <32 40
37 Whole blood + — 4,096 <32 160
47 Whole blood + — 4,096 <32 N/A
81 Whole blood - - 2,048 <32 <40
5 4 Plasma + + Hantaan 32 <16 320
7 Plasma/urine +/+ —/= 512 <16 N/A
11 Plasma - - 64 <16 N/A
6 6 Whole blood + - Hantaan 32 <16 80
7 Whole blood - - 1,024 <16 80
9 Sputum/urine +/+ —/= 1,024 <16 40
19 Saliva — —/=/- 1,024 <16 40
7 3 Plasma/urine/appendix +/+/+ +/=/- Hantaan > 256 <16 40
4 Plasma + + 1,024 256 80
5 Plasma + + 512 256 N/A
8 22 Plasma + - Seoul 512 16 2560
29 Plasma/urine/saliva —/=/- —/=/- 1,024 16 N/A
42 Plasma — — 512 16 1280

HFRS = hemorrhagic fever with renal syndrome; IFA = immunofluorescence antibody assay; L = large; NA = not available; PCR = polymerase chain reaction; RT-nPCR = reverse-transcriptase

nested polymerase chain reaction; S = small; Seg = segment.
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Chronic Health Evaluation Il (APACHE Il) score, which is a
disease severity classification system and general measure
of disease severity based on current physiologic measure-
ments, age, and previous health conditions. This scoring
system is useful tool for assessing the severity of and prog-
nosis (predicted mortality according to score) for acute ill-
ness. The first and second patients were not treated in the
intensive care unit, but they were classified as having severe
cases at the time of their visit (APACHE |l scores of 16 and 19
points and mortality rates of 23.5% and 32.2%, respec-
tively). It is notable that for these two patients, the virus
was detected by RT-nPCR only in the urine during the early
phase of symptoms; it was not detected in the plasma and
saliva. The third patient was examined four times after symp-
tom onset, and Hantaan virus was detected in the blood from
the time of admission by L-segment RT-nPCR until 6 days
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after symptom onset. The virus was detected in the urine
until 26 days after symptom onset. The fourth patient was
critically ill and was treated in the intensive care unit. Five
samples were collected during the hospitalization period
and three times during follow-up after discharge. The virus
was detected in the blood and urine on the day of the visit.
Interestingly, the virus was identified until 47 days after
symptom onset in the whole blood, but not after day 10 in
the urine. Similarly, it was detected in the blood and urine
of the fifth patient during the first 7 days of hospitalization.
The sixth patient was examined three times during the hos-
pitalization period. The virus was detected in the urine and
sputum on day 9 after symptom onset, but not in the saliva
at day 19. The seventh patient was admitted with symptoms
and unstable vital signs. The virus was detected in the
plasma, urine, and tissue (appendix), and he died of multi-

100 { HTN LR1/China AF288294
100 HTN 76-118/Korea M 14626

76 HTN Aal3 3/Korea KX687232
64 HTN Z 10/China AF 184987
08 HTN A9/China AF329390
100 SO0 SOO-1/Korea AY675349

100 L SO0 SOO-2/Korea AY675350
HTN Maaji-1/Korea AF321094
100 100 P patient 5 plasma MZ 147791
100 Ppatient 7 plasma MW349028
DOB DOB/Greece NC 005233

— SEO 1.99/China AF288299
& —IOOESEO Z37/China AF187082
75 SEO 80-39/Korea NC 005236
100 SN CC107/USA KT 885046
98 { SN'NM H10 NC 005216
AND Chile-9717869 NC 003466

TUL M5302v NC 005227
PUU CG1820 M32750

100 PUU Umea/Sweden AYS526219
69 l: PUU Sotkamo NC 005224

95

0.05

Ficure 1. Phylogenetic trees for hantaviruses based on the partial large (L)-segment genome sequences (360 nt) (A) and based on the partial small
(S)-segment genome sequences (645 nt) (B). The CLUSTAL X software program (http://www.clustal.org/clustal2/) was used to construct the phyloge-
netic trees by using neighbor-joining (NJ) with 1,000 bootstrap replicates. HTN = Hantaan virus; SEO = Seoul virus; SOO = Soochong virus; SN = sin
nombre virus; PUU = Puumala virus; AND = Andes virus; TUL = Tula virus; DOB = Dobrava-Belgrade virus.
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organ failure 3 days after symptom onset. The eighth patient
was diagnosed with HFRS early because of virus detected in
plasma samples at the time of admission. However, the virus
was not detected in the blood, urine, or saliva collected 1 day
before discharge; that patient showed clinical improvement.

DISCUSSION

We described eight cases of HFRS diagnosed using
RT-nPCR. The RT-nPCR permitted early detection of hantavi-
rus and was useful for detecting the virus in urine and blood
samples. The HFRS diagnosis requires several factors, includ-
ing exposure history, epidemiological information, clinical
symptoms, and laboratory findings. However, hantavirus iso-
lation in a clinical setting is difficult because of viremia within
the short incubation period, which disappears before symp-
tom onset.'® Virus culture testing is time-consuming and
difficult because the virus grows poorly in Vero cells and bio-
security measures are needed.'’2° Therefore, isolation is
not used for diagnostic purposes. The diagnosis of HFRS in
the laboratory using serological and molecular tests is impor-
tant. However, serology tests can produce false-positive and
false-negative results.>'2°

To overcome these problems, molecular diagnostic meth-
ods for hantavirus, such as conventional real-time PCR and
RT-PCR, have been developed. Specifically, RT-PCR using
blood samples is a sensitive and practical method.?®8 Puu-
mala virus RNA has been detected in saliva.’

During the present study, RT-nPCR of the saliva of three
patients did not detect the Hantaan virus, although it was
detected by RT-PCR in the urine, serum, and sputum of two
patients. Zhang et al. reported that 86.2% of serum samples
from patients with HFRS were positive for hantavirus RNA,
including Hantaan and Seoul viruses, using RT-PCR.2° A
study performed in Russia reported an RT-PCR success rate
of 50% for patients infected with Dobrava virus.?® Nina et al.
reported 98.7% sensitivity and 100% specificity for an
RT-PCR assay for Puumala virus RNA detection within the first
8 days of HFRS symptom onset.® Therefore, RT-PCR is useful
for diagnosing HFRS, particularly in blood samples. It is
unknown how long the viral RNA can be detected in urine after
symptom onset. The RT-nPCR results of the first and second
patients suggest that viral RNA detection in urine is possible
early during HFRS; however, the viral RNA may not be
detected in serum at the same stage. It is important to do
not rule out HFRS by negative RT-PCR results in serum. The
RT-PCR should be performed with urine as well as serum dur-
ing the early phase of symptoms. Additionally, our data
showed that viral RNA can be detected in blood for more
than 1 month and in urine for up to 3 or 4 weeks in severe
cases. Rapid and reliable diagnoses of hantavirus infections
are important for initiating appropriate supportive care for
severe cases and avoiding unnecessary antibiotic
treatment.30-%2

CONCLUSION

In conclusion, eight cases of HFRS were diagnosed using
RT-nPCR targeting the L-segment in serum and urine sam-
ples. Hantaan virus RNA detection with PCR using urine and
serum may be helpful for confirming the diagnosis during the
early phase of the disease and could be useful for diagnosing

HFRS. However, it could not be confirmed using saliva. Fur-
ther research of the effectiveness of molecular tests for diag-
nosing HFRS using various human specimens is required.
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