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Introduction

Pediatricians sometimes encounter cases that showed a 
symptom of fever with two distinct peaks (biphasic fever) 
in the clinical course of patients with influenza (1-3). 
However, it is not well understood how an infection with 
influenza virus (IFV) alone causes it. Occurrence of such a 
fever pattern in infection with PIVs 1, 2, 3 and respiratory 
syncytial virus (RSV) was recorded in the 1980s on the 
hospitalized pediatric patients (4) but, thereafter, has not 
been well-studied. In outpatient clinics, it is important to 
determine further drug prescription, whether the biphasic 
fever occurs by pure viral infection without involvement of 
the effect of medication or by other pathogens. We wanted 
to clarify whether any respiratory virus other than the one 

that caused the first fever peak are involved in the second 
peak or not, but we do not have a general conclusion for 
now. We had been conducting virological investigations 
since 2012 on pediatric patients who had influenza-
like illness and visited clinics. We present here a case of 
a boy who showed biphasic fever in the course of upper 
respiratory disease with long-lasting cough. The possibility 
of single infection with parainfluenza virus type 4a (PIV4a) 
was strongly suggested with virological evidence through 
viral isolation and PCR analyses.

Case presentation 

A 1-year-old boy experiencing fever of 38.2 ℃, slight cough, 
and uneasiness visited his home doctor on January 26, 2016. 
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The result of the rapid IFV-antigen test (Immuno Ace Flu®, 
Tauns, Izunokuni, Japan) performed on his nasal aspirate 
was negative. Neither anti-influenza drug nor antibiotics 
was prescribed, and careful follow-up was advised. His 
body temperature returned to normal at 36.5 ℃ on the next 
day, but the fever rose again on day 3, and the temperature 
peaked at 39.6 ℃ on day 4. 

During the recurrent fever, his nasal specimen was 
collected, and the specimen was tested for rapid IFV-
antigen. However, the result was negative again. The fever 
started to decline after the peak, and one and a half days 
after the onset of the recurred fever, his body temperature 
became close to normal at 37 °C.

Aside from having fever, the patient had persistent 
cough from days 1 to 9, which started with the fever and 
gradually augmented. The cough continued even during 
the intermittent phase of the fever between days 2 and 3, 
and until 3 days after resolution of the fever and gradually 
disappeared (Figure 1).

Microbiological analyses

The nasal aspirate specimens obtained on days 1, 4, and 7 
were inoculated into six kinds of cells (HFL-III, HEp-2, 
Vero, MDCK, LLC-MK2, and MNT-1). These cell culture 
systems are optimized for isolation of various kinds of viruses, 
including IFV types A, B, C, PIV types 1, 2, 3, 4, RSV, human 
metapneumovirus, mumps virus, enteroviruses, rhinovirus, 
adenovirus, and herpes virus (5). Cell fusion appeared in LLC-
MK2 cells inoculated with all the specimens obtained at days 
1, 4, 7 under microscopic investigation on days 7, 2, and 5 after 
inoculation, respectively. Occurrence of the multinuclear giant 
cell formation by cell fusion is the cytopathic effect (CPE) 
characteristic for PIV4 multiplication (6-8). Final identification 

of PIV4a isolation was confirmed by the detection of the viral 
NP gene using conventional RT-PCR (6) from the culture 
medium of the LLC-MK2 cells that showed CPE. Meanwhile, 
none of the other viruses except for PIV4 were isolated in the 
cell systems. In addition, none of major respiratory viruses 
including RSV, PIV1-3, hMPV, IFV-A, B, AdV, RV and 
bocavirus was detected in the RNA extracted from the clinical 
specimens—using real-time PCR system of Cycler PCR® 
respiratory viruses detection kit Ver.3 (Takara Bio., Kusatsu, 
Japan) (9). Involvement of coronaviruses was excluded also by 
another real-time PCR system that was described previously 
(10,11). Those systems could detect the above-mentioned 
viruses at the detection limit of 10 gene copies/µL of clinical 
specimen. Therefore, PIV4a was strongly suggested as the 
causative agent of the patient’s illness. 

Discussion

A case of infection caused by PIV4a that showed two 
distinct peaks in fever was described in this report. A 
possibility of bacterial involvement in the fever could be 
excluded, judging from the clinical course that the fever 
declined rapidly after its second peak without antibiotic 
treatment. The infection was determined by virus isolation 
and involvement of other major respiratory viruses with 
PIV4 in the illness (12) was almost excluded by the negative 
results in isolation in our virus isolation system and in viral 
gene-detection with multiplex real-time PCR, though the 
exclusion was not definitely conclusive since there were 
limitations in their competency in viral detection. Many 
reports of PIV4 infections have been reported so far from 
an epidemiological or clinical view point. They enumerated 
the symptoms of the infection including the frequency 
and/or duration of the fever, but they did not provide the 
information on the pattern of the fever nor the duration of 
the cough (8,12). Thus, this case report is significant as it 
describes details of a PIV4 infection.

Epidemiological and clinical studies on PIV4 infection 
have been mainly based on the detection of the viral gene 
in the clinical specimen using PCR (12-15), with some 
exceptions (8,16-18). We were able to isolate PIV4a from 
the specimens obtained on days 1, 4, and 7 that caused 
CPE in the LLC-MK2 cell on the 7th, 2nd, and 5th day 
after inoculation, respectively. If the duration from the 
inoculation to appearance of CPE inversely correlate to 
the load of active virus in the inoculated specimen as is 
frequently experienced in viral infection experiments, the 
duration difference might mean that active viral load in the 
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Figure 1 Clinical course of the case. The recurrent fever was 
observed. Parainfluenza virus type 4a was isolated on days 1, 4, and 7. 
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nasal cavity was the highest on day 4 among those collected 
on three separate times. Those results were supported by 
quantitative analyses on the amounts of the virus in the 
specimens using a real-time PCR system (11), as well (data 
not shown). The isolation on day 7 would be consistent 
with the finding that the virus shedding in patients with 
PIV infections other than type 4 tends to linger long (13) 
and continue until even after the disappearance of the 
symptoms. This kind of viral shedding pattern is different 
from that of IFV infections, in which the shedding of active 
virus peaks at the initial phase of the illness and rapidly 
decreases thereafter (19). Understanding those pattern 
differences might be important for infection control of each 
viral infection. Analyses with PCR may provide information 
on virus accumulation in the specimens both of active and 
inactive viruses, but that of the active virus was possible in 
our study because the virus isolation was successful.

The biphasic fever itself was not rarely observed among 
pediatric influenza cases. It was reported that the cases 
with biphasic fever accounted for approximately 7% of all 
pediatric influenza cases in Kitakyushu City in 1986, without 
anti-influenza drug treatment (20). However, there was also 
a report that the frequency of biphasic fever declined after 
introduction of the neuraminidase inhibitor drug (21). In 
any case, the possibility that the biphasic fever during the 
winter season is caused by an infection with IFV is relatively 
high. Therefore, it might be reasonable that physicians 
tend to empirically prescribe neuraminidase inhibitor drugs 
at the second peak of the biphasic fever even if the result 
of the rapid IFV-antigen test is negative when influenza is 
circumstantially suspected (22). Our case would call for a 
caution that influenza-like cases caused by a respiratory virus 
other than IFV can also cause biphasic fever.

Viral isolation or gene analysis is not always available in 
many medical institutions. It would be of great importance 
for clinical information on various kinds of infections 
to be collected and consolidated, and easy and accurate 
methodologies with reasonable costs to identify causative 
agents to be developed. Fundamentally, the mechanisms 
of the occurrence of biphasic fever have not been clarified 
in many respiratory viral diseases including influenza, and 
even its frequency among the cases has been unclear. Basic 
data on the biphasic fever should be accumulated. 
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