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Abstract: We present the two adult cases of influenza diagnosed by multiplex polymerase chain reaction (PCR) in the 2024-2025
season, which was a major season of influenza in Japan. Although rapid antigen tests (RATs) were negative in these two cases, these
patients were effectively treated by anti-influenza agents after influenza was definitively diagnosed by multiplex PCR. Relative low
sensitivity and specificity might be shown in influenza diagnosis at bedside by RATs, therefore, these data suggest that multiplex PCR
could be useful in influenza diagnosis and management during the influenza-endemic season.
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Introduction
The influenza virus induces acute febrile illness, malaise and respiratory failure, and influenza is frequently lethal in elderly
patients and/or patients with underlying diseases when it develops into pneumonia, encephalopathy, and myocarditis."

In Japan, there have been influenza outbreaks in hospitals and nursing homes in winter, and usually several patients
are isolated in private rooms and receive drug therapy with anti-influenza agents, including oseltamivir, laninamivir, and
baroxavir.>* In addition, prophylactic administration of anti-influenza agents has been used during outbreaks, and their
effectiveness has been proven.” > Therefore, the influenza diagnosis followed by administration of anti-influenza agents
not only for treatment, but also for prophylaxis, is critical in the management of patients with influenza and infection
control of wards with influenza outbreaks.

In the 2023-2024 season, we saw a very large number of patients with influenza, (18,240,000 patients, of whom
19,389 were hospitalized), although there were only 4,850,000 patients and 3582 hospitalized patients in the 2022-2023
season in Japan as same as the US and the other countries.>®’ Furthermore, there was a rapid increase in the number of
influenza patients in the 2024-2025 season (total 10,375,000 patients, and peaked at 2024 in December), and it was not
possible to admit severe patients because of an insufficient number of hospital beds although the number of COVID-19
patients were stable.”

In these periods, rapid antigen tests (RATs) for influenza have been available, but their sensitivity is not very high,
generally around 60%, although genetic diagnostic tests, including polymerase chain reaction tests, such as multiplex
PCR tests (FilmArray Respiratory Panels 2.1, bioMerieux, Marcy I’Etoile, France) indicates the positive viral genes
when the cycle thresholds were 37 and less, and have shown a very high sensitivity of around 90%.”'® Therefore, we
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may need the PCR rather than RATs frequently in the diagnosis for influenza and other respiratory virus infections to start
treatment and prophylaxis as early as possible. These recommendation for PCR or start treatment by clinical diagnosis
will be critical when the RATs showed negative for influenza although the patients had typical symptoms in the
influenza-endemic seasons and areas in the US and the other countries.®"!

In this study, multiplex PCR tests were performed for febrile patients who were not diagnosed by RATs for influenza
virus (ImmunoAce-Flu, Tauns, Shizuoka, Japan), respiratory syncytial virus (RSV) (Quicknavi-RSV2, Ohtsuka Co. Ltd,
Tokushima, Japan), human metapneumovirus (hMPV) (Quickchaser, Mizuho Medy, Saga, Japan), and SARS-CoV-2
(SARS-CoV-2 rapid antigen test, Roche diagnostics, Basel, Switzerland), and some patients who were infected with
respiratory viruses other than SARS-CoV-2, such as influenza virus, were identified by nasopharyngeal swabs. Two
influenza patients were finally diagnosed by multiplex PCR and received effective treatment with anti-influenza agents.
Their conditions improved after appropriate diagnosis followed by definitive influenza treatment.

The samples were collected by cotton swabs within one to two days after symptoms onset, and the RATs and/or multiplex
PCR were performed immediately at the clinical laboratory within 30 min after samples collection at the bedside and transport
without any unnecessary medium. Patients <18 years were excluded and the samples were collected prospectively.

The review of these cases and the related study were approved by the Institutional Review Board of Saitama Medical
University International Medical Center (approval no. 2022—-146; approval date: March 1, 2023) and registered as
UMINO000047691. The patients whose specimens were used provided written, informed consent for use of their data in the
present study. The data have been kept securely in the box with keys. This study adhered to the Declaration of Helsinki.

Case Series

From October 2024 to March 2025 in which influenza outbreak was actually shown, 30 patients developed fever and
respiratory symptoms, including sputum, sore throat, dyspnea and cough, but RATs detected no viruses. In our hospital, the
flowchart of febrile patients and/or the patients with respiratory symptoms those could not detect the viral antigens by RATs
indicated the moving forward to genetic examinations when the viral infections strongly suspected, therefore, multiplex
PCR was performed, and eight patients (8/30; 26.3%) were diagnosed as having influenza (flu), human rhinovirus/
enterovirus (hRV/EV), adenovirus (Adeno), parainfluenza 4 (PIV4), and human metapneumovirus (hMPV) (Figure 1).
There are no co-infection cases of representative respiratory virus detected by this multiplex PCR system. Of them,
influenza was the most detected virus, and two of three patients with influenza could not be diagnosed after two or more
RATs for influenza. Therefore, usefulness of PCR could be shown in influenza cases rather than SARS-CoV-2 and the other
respiratory virus cases.

These representative two cases are presented below.

Cases

2

0
Flu hRV/EV Adeno PIV4 hMPV

Figure | Viruses detected by multiplex PCR in patients with fever and respiratory symptoms who could not be diagnosed by rapid antigen tests (RATs).
Abbreviations: Flu, influenza virus; hRV/EV, human rhinovirus/enterovirus; Adeno, adenovirus; PIV4, parainfluenza virus 4; hMPV, human metapneumovirus.
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Table |1 The Laboratory Data of the Patients | and 2

Items Data Normal Range
Patient | Patient 2
White Blood Cells (WBC) 822 x 10%uL | 4.59 x 10%/uL (3.3-8.6)
Hemoglobin 10.4 g/dL 13.8 g/dL (13.7-16.8)
Platelet 320.0 x 10%/uL | 216.0 x 10°/uL (158.0-348.0)
Serum creatinine 1.25 mg/dL 0.79 mg/dL (0.65-1.87)
Blood urea nitrogen 29.9 mg/dL 9.5 mg/dL (8-20)
Aspartate aminotransferase (AST) 66 U/L 91 UL (13-39)
Alanine aminotransferase (ALT) 33 UL 57 U/L (10-42)
C-reactive protein (CRP) 3.8 mg/dL 5.4 mg/dL (0-0.14)

Case/Patient |

A 66-year-old man who had malignant lymphoma admitted to our hospital with a fever (38.1°) and dyspnea (SpO, 95%, room
air) that had developed 3 days earlier (Day —3). Heatstroke was suspected because RATs for influenza and COVID-19 were
negative at admission in summer, but he had had close contact with COVID-19 (Day 0). He had also received ampicillin/
sulbactam 3 g three times per day and O, 1L, but 2 days later (Day 2), he again showed a high fever, although his fever
decreased after fluid replacement, and COVID-19 was suspected. The laboratory data at Day 2 is shown in (Table 1; Patient 1).
There were no clear infiltration shadows and ground-glass opacities on chest X-ray (Figure 2A), but multiplex PCR showed the
genes of influenza virus, but not SARS-CoV-2. He was thus diagnosed with influenza and started on peramivir intravenously
for 2 days at 300 mg dosage once daily. He recovered to a non-febrile condition without oxygen 3 days later (Day 5).

Case/Patient 2

A 68-year-old man who had gastric cancer had been hospitalized and developed fever (38.2°) and respiratory
symptoms, such as dyspnea (SpO, 94%, room air), cough and sputum (Day 0). He was diagnosed with bronchopneu-
monia and received intravenous antibiotics, including ampicillin/sulbactam 3 g three times per day and levofloxacin,
0.5 g once per day with O, 1L, but his condition and fever did not improve. The laboratory data were not identical to
bacterial pneumonia (Table 1, Patient 2), and his chest X-ray did not show clear infiltration shadows and ground-glass

Figure 2 Chest X-rays on the day that Case | (A) and Case 2 (B) were diagnosed with influenza by multiplex PCR.
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opacities (Figure 2B) at Day 0. Since there was an influenza outbreak on his ward, influenza infection was suspected,
and RATs were performed, but the results were influenza-negative despite undergoing three RATs (Days 1 to 3).
However, multiplex PCR detected the genes of influenza virus at Day 3, and he was finally diagnosed with influenza
and started on laninamivir inhalation 40 mg once, and he recovered to a non-febrile condition without oxygenation 2
days later.

Both of these cases were improved by appropriate influenza therapy after the diagnosis of influenza was made by
multiplex PCR.

Discussion

In this report, 8/30 (26.7%) cases were diagnosed as having viral infections other than SARS-CoV-2 by multiplex PCR,
although they could not be diagnosed by RATs. In the same period, 12 SARS-CoV-2 patients were identified by multiplex
PCR first, but SARS-CoV-2 antigen was detected in all 12 SARS CoV-2 patients by RATs (data not shown). These data
suggest that multiplex PCR might not be needed for the SARS-CoV-2 diagnosis because SARS-CoV-2 viral titers might
be high when patients present with fever and respiratory symptoms, unlike patients with influenza.'* '

Of the eight cases in whom viral genes were detected by multiplex PCR, but viral antigens were not detected by
RATs, influenza virus was the most common, which suggests that multiplex PCR tests may be better than RATs in latent
influenza cases.'>'®

In influenza, RATs might be less sensitive to detect influenza virus than multiplex PCR because influenza virus could
induce severe inflammation from the early phase of the infection although the virus titer might be low.'? Therefore, false-
negative rates of RATs were relatively higher in febrile influenza cases than in symptomatic SARS-CoV-2 infection
cases, which usually showed viral titers high enough for viral antigens to be detected. Therefore, in Japan, RATs for
influenza are recommended at the more than 24 h after onset, rather than very early timing of the influenza onset because
the virus may be not enough at the very early stage of the influenza.>'*'

Recently, WHO guideline recommended the PCR-based tests rather than RATs in influenza diagnosis, and we could
start treatment for influenza without positive results of RATs because it might be early and showed not only clinical
effectiveness but also cost effectiveness.'' Quality-adjusted life years (QALY) will worsen in the cases with RATS, rather
than those with PCRs and/or immediate influenza treatments.'! RATs might be useful, however, its use will decrease near
future, compared with PCR-based tests for influenza diagnosis in Japan as same as US and the other countries.

In addition, multiplex PCR could detect the co-infection of respiratory virus. We could not find any co-infection cases
in this study, however, it was reported that influenza and co-infection with the other respiratory virus, including SARS-
CoV-2 and RSV are frequent and enhance the severity of the patients’ condition.'” From this view, multiplex PCR has the
additional merit that could find the co-infection cases early and prevent the progression to the severe viral pneumonia by
additional virus treatments.

As mentioned above, there were so many patients with influenza in the 2023-2024 season.” In addition, in the
2024-2025 season, a huge number of influenza patients increased rapidly and we could not accept the admission of
severely ill patients, and there appeared to be increased mortality, especially in elderly patients with influenza.® Early and
appropriate diagnosis followed by early treatment by anti-influenza agents within 48 h is strongly recommended in
influenza management in severe, hospitalized patients.’

As the limitation, the timeframe of this study from October 2024 to March 2025-appropriately covers a full influenza
season, allowing for meaningful observation of diagnostic outcomes. As a case series, the work does not require
statistical inference; however, selection bias (since only RAT-negative cases were included) and possible confounding
by prior antibiotic use might be considered. The study size was small.

Further study by the huge population design and applications of multiplex PCR rather than RATs will be needed in
influenza-endemic seasons for febrile patients with respiratory symptoms not diagnosed by RATs.

Conclusions
In conclusion, viral genes were detected, and viral infections, including influenza, were identified in febrile patients with
respiratory symptoms who could not be diagnosed by RATs. Influenza cases were the most common, and two influenza
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patients improved with appropriate administration of anti-influenza agents after definitive diagnosis by multiplex PCR. It

might be better to use multiplex PCR rather than RATs especially in influenza management. More detailed and large-

scale study will be needed to show the importance of the PCR-based diagnosis at the bedside in influenza management.

Disclosure
The author reports no conflicts of interest in this work.
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