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We aimed to investigate the association between anaphylaxis and anti-influenza drug use using the 
Japanese Adverse Drug Event Report (JADER) database, a national spontaneous reporting database 
in Japan. We surveyed registered cases from the JADER database between April 2004 and November 
2019. The target drugs were five anti-influenza drugs, namely oseltamivir, zanamivir, peramivir, 
laninamivir, and baloxavir. Adverse events associated with anaphylaxis, "anaphylactic reaction," 
"anaphylactic shock," "anaphylactoid reaction," and "anaphylactoid shock," were evaluated. The 
association between anaphylaxis and anti-influenza drug use was assessed by calculating the reporting 
odds ratio (ROR) and information component (IC) as a measure of disproportionality. Signals were 
considered positive if the lower limit of the 95% confidence interval (CI) of ROR was > 1, and that 
of IC was > 0. The number of anaphylaxis cases associated with anti-influenza drug use was 199 
(0.9%). Signals were detected for inhaled laninamivir (ROR: 4.24 [95% CI: 3.06-5.88], IC: 1.83 [1.35-
2.30]), intravenous peramivir (ROR: 2.97 [2.11-4.17], IC: 1.40 [0.90-1.89]), and oral baloxavir (ROR: 
3.05 [2.22-4.18], IC: 1.44 [0.98-1.90]). Conversely, signals were not detected for oral oseltamivir or 
inhaled zanamivir. Although zanamivir and laninamivir were used as dry powder inhalers containing 
lactose as an additive, they differed in terms of signal detection. Our analysis indicated that the signal 
of anaphylaxis may varies based on the main component or dosage form of each anti-influenza drug. 
Appropriate use of these drugs is essential to prevent anaphylaxis and improve health status.

1. Introduction

Influenza is one of the most common viral respiratory 
infections, associated with high morbidity and mortality. 
According to the United States Centers for Disease 
Control and Prevention, the annual number of influenza-
related deaths ranges from 291,000 to 646,000 worldwide 
(1). Neuraminidase and cap-dependent endonuclease 
inhibitors are commonly used to treat and prevent 
influenza. Japan is one of the largest consumers of anti-
influenza drugs worldwide (2). Currently, five anti-
influenza drugs are mainly used in Japan, and their route 
of administration and dosage form vary based on the 
main component (oral formulation: oseltamivir capsule/
dry syrup, baloxavir tablet/granules; inhaled formulation: 
zanamivir and laninamivir dry powder inhalants; 
intravenous formulation: peramivir intravenous) (Table 
1). The supply of anti-influenza drugs to healthcare 
facilities in Japan between 2018 and 2019 accounted for 
13.72 million individuals, consisting of oseltamivir, 4.64 

million; zanamivir, 590,000; laninamivir, 2.89 million; 
peramivir, 320,000; and baloxavir, 5.28 million (3).
 Drug-induced anaphylaxis is a well-known life-
threatening adverse effect associated with several 
drug classes (antimicrobials (especially beta-lactams), 
nonsteroidal anti-inflammatory drugs, opiates, and local 
anesthetics) (4,5). Recently, a study using data from the 
Food and Drug Administration (FDA) Adverse Event 
Reporting System (FAERS) database identified the 
top 50 drugs associated with reports of drug-induced 
anaphylaxis and drugs with more than 20 reported deaths 
following anaphylaxis (6). Although anti-influenza drugs 
were not included in this list, anti-influenza drug-induced 
anaphylaxis has been reported in clinical trials and post-
marketing settings and the corresponding warning has 
been issued in package inserts. Nevertheless, to date, 
there is limited literature on anaphylaxis associated 
with neuraminidase inhibitors, and hence the relevant 
information is lacking. Another study using data from 
the FAERS database reported that signals associated 
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with anaphylaxis were detected for baloxavir (7). 
Although most drug-induced anaphylaxis episodes are 
caused by the main drug components, additives have 
also been reported to cause anaphylaxis. A case of 
anaphylaxis attributable to a miniscule amount of milk 
protein contained in lactose used as an additive has been 
reported (8). In addition, a case of anaphylactic shock 
caused by benzyl alcohol in an intravenous formulation, 
after a change in the route of administration from oral 
formulation, has also been reported (9). Intravenous 
administration is associated with an increased rate of 
anaphylactic shock (10). Therefore, as anti-influenza 
drugs contain various ingredients and vary in dosage 
forms and administration routes, it is important to 
consider these differences when evaluating their 
association with anaphylaxis. In addition, anti-influenza 
drugs are often used in outpatient settings, except for 
peramivir, which is an intravenous formulation, and 
the dosage form is often selected based on the patient's 
age and respiratory function. Therefore, clarifying the 
association between anaphylaxis and the use of each anti-
influenza drug will help in improved drug selection.
 In recent years, studies have utilized data from the 
Japanese Adverse Drug Event Report (JADER) database, 
a national spontaneous reporting database in Japan (11-
13), to investigate the association between adverse events 
and drugs. Therefore, in this study, data from the JADER 
database were used to analyze the association between 
anaphylaxis and anti-influenza drug use.

2. Materials and Methods

2.1. Data source

Data recorded in the JADER database between April 
2004 and November 2019 were obtained from the 
Pharmaceuticals and Medical Devices Agency (PMDA) 
website (http://www.info.pmda.go.jp/fukusayoudb/
CsvDownload.jsp). The data structure consists of four 
sets, namely, patient demographic information (demo), 
drug information (drug), adverse event (reac), and 
medical history (hist). The adverse events in reac are 
based on the medical terminology as preferred terms 
(PT) in the Medical Dictionary for Regulatory Activities/
Japanese version (MedDRA/J).
 The target  drugs were four  neuraminidase 
inhibitors (oseltamivir, zanamivir, peramivir, and 

laninamivir) and a cap-dependent endonuclease 
inhibitor (baloxavir). Adverse events were associated 
with anaphylaxis, "anaphylactic reaction (PT code: 
10002198)," "anaphylactic shock (PT code: 10002199)," 
"anaphylactoid reaction (PT code: 10002216)," 
and "anaphylactoid shock (PT code: 10063119)" in 
MedDRA/J version 21.0. Cases with both target drugs 
and adverse events were extracted from all cases 
recorded in the JADER database, and sex, age, drug 
involvement, and clinical outcome were surveyed. In 
the JADER database, patient age is rounded to every 10 
years (e.g., 10's, 20's, and 30's). In some cases, age is 
registered as a particular category ("newborn," "infant," 
"child," "adolescent," "adult," or "elderly"). In this study, 
age was categorized into four groups (< 20 years, 20-
59 years, ≥ 60 years, and unknown/other) for tabulation; 
cases belonging to the categories of "newborn," "infant," 
"child," and "adolescent" were categorized as < 20 years, 
"adult" as 20-59 years, and "elderly" as ≥ 60 years. 
Drug involvement in the JADER database is classified 
into three categories, namely "suspected drugs," "drug 
interactions," and "concomitant drugs." Cases in which 
anti-influenza drugs were reported as "suspected drugs" 
were included in the analysis. The clinical outcomes of 
anaphylaxis cases were categorized into either "poor 
outcomes," that included "unrecovered," "death," or 
"sequelae," or "good outcomes," that included "recovery" 
or "remission." The missing data were categorized as 
"unknown."

2.2. Disproportionality analysis

The reporting odds ratio (ROR) (14), as a frequency-
based method, and information component (IC) (15), as 
a Bayesian method, were used to evaluate the association 
between drugs and adverse events based on the case/non-
case method. We compiled a cross-tabulation table based 
on the presence or absence of adverse events associated 
with anaphylaxis and anti-influenza drugs, and calculated 
the ROR and IC. We defined the signals as positive 
when the lower limit of the 95% confidence interval (CI) 
of ROR was > 1, and that of IC was > 0.

3. Results

The total number of cases recorded in the JADER 
database between April 2004 and November 2019 was 
622,289, and the number of cases with anaphylaxis 
was 23,016. Among the cases with anaphylaxis, 199 
(0.9%) cases that included anti-influenza drugs as 
suspected drugs were identified – oseltamivir in 57 cases, 
zanamivir in 23 cases, peramivir in 37 cases, laninamivir 
in 42 cases, and baloxavir in 43 cases (Table 2). In three 
of these cases, two drugs, peramivir and laninamivir, 
were together reported as suspected drugs (based on the 
individual number of cases specified for each drug, the 
total number of cases summed up to 202 (57 + 23 + 37 + 

151

Table 1. Dosage form and administration route of anti-
influenza drugs

Generic name

Oseltamivir
Zanamivir
Peramivir
Laninamivir
Baloxavir

Administration route

Oral
Inhaled
Intravenous
Inhaled
Oral

Dosage form

Capsule, dry syrup
Dry powder inhalant
Intravenous
Dry powder inhalant
Tablet, granules
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minor differences were found in the proportion of reports 
among the age groups (Table 2). Acetaminophen was 
the most common drug reported as a suspected drug 
along with anti-influenza drugs in 21 cases, followed by 
levofloxacin in 6 cases, cefcapene pivoxil hydrochloride 
in 5 cases, and loxoprofen sodium in 5 cases (Table 3). 
Nine patients (4.5%) had a poor clinical outcome, of 
which five (2.5%) died (Figure 1).
 The results of the disproportionality analysis are 
shown in Table 4. A signal for anaphylaxis was detected 
for all five anti-influenza drugs combined (ROR: 1.26 
[95% CI: 1.09-1.45], IC: 0.31 [0.10-0.52]), whereas 
no signal was detected for the four neuraminidase 
inhibitors combined (ROR: 1.08 [0.92-1.27], IC: 0.11 [- 
0.13 to 0.34]), and a signal was detected for the inhaled 
neuraminidase inhibitors (ROR: 1.50 [1.17-1.93], IC: 
0.54 [0.18-0.91]). In the analysis of each neuraminidase 
inhibitor, signals were detected for laninamivir (ROR: 
4.24 [3.06-5.88], IC: 1.83 [1.35-2.30]) and peramivir 
(ROR: 2.97 [2.11-4.17], IC: 1.40 [0.90-1.89]). Further, a 
signal was detected for baloxavir (ROR: 3.05 [2.22-4.18], 
IC: 1.44 [0.98-1.90]). For the three drugs, laninamivir, 
peramivir, and baloxavir, wherein anaphylaxis signals 
were detected, further analysis based on different age 
groups was conducted, and the results are shown in 
Table 5. For laninamivir and peramivir, signals were 
detected in all age groups, with the highest ROR and IC 
in patients aged < 20 years for laninamivir and patients 

42 + 43 = 202)).
 In anaphylaxis cases associated with anti-influenza 
drug use, females and patients aged 20-59 years 
accounted for a large proportion in each category 
(57.8% and 49.7%, respectively). In cases in which oral 
oseltamivir or baloxavir was the suspected drug, the 
proportion of females and patients aged 20-59 years 
exceeded 60% in each category. In cases in which 
inhaled zanamivir or laninamivir was the suspected 
drug, patients aged < 20 years accounted for a large 
proportion (43.5% and 54.8%, respectively). In cases 
in which intravenous peramivir was the suspected drug, 

Table 2. Background data (sex and age) of cases with anti-influenza drug as the suspected drug among all the anaphylaxis 
cases (n = 23,016) 

Sex
   Male
   Female
   Unknown
Age
   < 20 years
   20-59 years
   ≥ 60 years
   Unknown/Others

Oseltamivir
n = 57

15 (26.3)
40 (70.2)
2 (3.5)

14 (24.6)
36 (63.2)
  7 (12.3)
0 (0.0)

aAs there were three cases in which both peramivir and laninamivir were considered suspected drugs, the total number of cases listed in the 
column for all individual suspected drugs did not add up to 199.

No. of cases (%)

Zanamivir
n = 23

10 (43.5)
13 (56.5)
0 (0.0)

10 (43.5)
  9 (39.1)
1 (4.3)
3 (13.0)

Peramivir
n = 37a

19 (51.4)
17 (45.9)
1 (2.7)

13 (35.1)
11 (29.7)
12 (32.4)
1 (2.7)

   Laninamivir
   n = 42a

   23 (54.8)
   19 (45.2)

0 (0)

   23 (54.8)
   13 (31.0)
     6 (14.3)
   0 (0.0)

Baloxavir
n = 43

15 (34.9)
26 (60.5)
2 (4.7)

  9 (20.9)
30 (69.8)
4 (9.3)
0 (0.0)

  Total
  n = 199

  79 (39.7)
115 (57.8)
  5 (2.5)

  66 (33.2)
  99 (49.7)
  30 (15.1)
  4 (2.0)

Table 3. List of drugs reported as suspected drug along with anti-influenza drugs

Suspected drug

Acetaminophen
Levofloxacin
Cefcapene pivoxil hydrochloride, loxoprofen sodium
Lysozyme hydrochloride, maoto (herbal medicine), moxifloxacin hydrochloride, piperacillin sodium
Ambroxol hydrochloride, ampicillin sodium, aspirin-dihydroxyaluminum aminoacetate-magnesium carbonate combination, 
azithromycin, benproperine phosphate, cefazolin sodium, cefditoren pivoxil, ceftriaxone sodium, clofedanol hydrochloride, 
codeine phosphate, dimemorfan phosphate, garenoxacin mesylate, L-carbocysteine, meropenem, methylprednisolone sodium 
succinate, nafamostat mesylate, pranoprofen, prednisolone sodium succinate, tipepidine hibenzate, tosufloxacin tosylate

No. of cases

21
  6

5 per drug
2 per drug
1 per drug

Figure 1. Clinical outcomes of anaphylaxis associated with the 
use of anti-influenza drugs. The clinical outcomes of anaphylaxis 
cases were categorized into either "poor outcomes," that included 
"unrecovered," "death," or "sequelae," or "good outcomes," that 
included "recovery" or "remission." Nine patients (4.5%) had a poor 
clinical outcome, of which five (2.5%) died.
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aged 20-59 years for peramivir. A signal for baloxavir 
was detected only in patients aged 20-59 years.

4. Discussion

In this study, we evaluated the association between 
anaphylaxis and anti-influenza drug use by analyzing 
data available from the JADER database. Our results 
suggest that inhaled laninamivir, intravenous peramivir, 
and oral baloxavir are associated with anaphylaxis.
 There have been several case reports of anaphylaxis 
associated with neuraminidase inhibitor use (8,16,17), 
but to date, the status in the real world and the relevance 
have not been clarified. Recently, an analysis of the 
adverse effects associated with neuraminidase inhibitors 
using data from the FAERS database was conducted (18); 
however, anaphylaxis was not the focus of that study. 
Meanwhile, another analysis using data from the FAERS 
database detected a signal associated with anaphylaxis 
following baloxavir use, a cap-dependent endonuclease 
selective inhibitor (7). Anti-influenza drugs are often 
used in outpatient settings, except for peramivir, which 
is an intravenous formulation, and the dosage form is 
often selected based on the patient's age and respiratory 
function. Therefore, clarifying the association between 

anaphylaxis and the use of each anti-influenza drug will 
help in drug selection.
 Among all anaphylaxis cases registered in the 
JADER database, anti-influenza drugs were reported as 
suspected drugs in 199 (0.9%) cases. Generally, drug-
induced anaphylaxis occurs more frequently in females/
women than in males/men (4,19), and a similar trend 
was observed for anti-influenza drugs. Furthermore, 
for individual drugs, the percentage of females was 
higher for oral oseltamivir and baloxavir than for other 
drugs, whereas for inhaled zanamivir, laninamivir, and 
intravenous peramivir, minor difference in sex was 
observed. Anaphylaxis associated with anti-influenza 
drug use was reported more frequently in patients aged 
20-59 years, accounting for approximately half of all 
cases. For oral oseltamivir and baloxavir, most cases 
were patients aged 20-59 years (63.2% and 69.8%, 
respectively), whereas the percentage of patients aged 
< 20 years was relatively higher for inhaled zanamivir 
and laninamivir (43.5% and 54.8%, respectively). 
For intravenous peramivir, a minor difference was 
observed in the percentage of patients by age, whereas 
elderly patients accounted for a higher percentage than 
that observed with other drugs (dosage forms). The 
percentage of anaphylaxis cases by dosage form differed 

Table 4. Signal index of each anti-influenza drug

Suspected drug

All
Neuraminidase inhibitors
<Oral>
    Oseltamivir
<Inhaled>
    Zanamivir
    Laninamivir
<Intravenous>
    Peramivir
Cap-dependent endonuclease inhibitor
    Baloxavir

ROR: reporting odds ratio; IC: information component; 95% CI: 95% confidence interval

Cases

199
156

  57
  65
  23
  42

  37

  43

Non-case

4123
3760

2318
1130
  873
  258

  325

  368

ROR [95% CI]

1.26 [1.09-1.45]
1.08 [0.92-1.27]

0.64 [0.49-0.83]
1.50 [1.17-1.93]
0.69 [0.45-1.04]
4.24 [3.06-5.88]

2.97 [2.11-4.17]

3.05 [2.22-4.18]

IC [95% CI]

 0.31 [0.10-0.52]
 0.11 [-0.13 to 0.34]

-0.62 [-1.00 to -0.23]
 0.54 [0.18-0.91]
-0.51 [-1.11 to 0.09]
 1.83 [1.35-2.30]

 1.40 [0.90-1.89]

 1.44 [0.98-1.90]

Table 5. Signal index by age for the three anti-influenza drugs, peramivir, laninamivir, and baloxavir, for which signals 
were detected in Table 4

Peramivir
   < 20 years
   20-59 years
   ≥ 60 years
Laninamivir
   < 20 years
   20-59 years
   ≥ 60 years
Baloxavir
   < 20 years
   20-59 years
   ≥ 60 years

ROR: reporting odds ratio; IC: information component; 95% CI: 95% confidence interval

Cases

13
11
12

23
13
  6

  9
30
  4

Non-case

  81
  66
174

102
  97
  58

  88
123
154

ROR [95% CI]

2.61 [1.45-4.70]
3.19 [1.69-6.05]
2.16 [1.20-3.87]

3.68 [2.34-5.80]
2.57 [1.44-4.58]
3.35 [1.45-7.77]

1.66 [0.84-3.30]
4.68 [3.14-6.98]
0.84 [0.31-2.27]

IC [95% CI]

1.10 [0.27-1.93]
1.30 [0.40-2.20]
0.93 [0.11-1.76]

1.53 [0.88-2.17]
1.10 [0.29-1.92]
1.25 [0.10-2.40]

      0.58 [-0.38 to 1.54]
 1.84 [1.27-2.41]

     -0.20 [-1.51 to 1.11]



www.ddtjournal.com

Drug Discoveries & Therapeutics. 2021; 15(3):150-155. 154

by age, and this may be attributed to the differences in 
dosage forms selected based on age.
 A signal for anaphylaxis was detected for five anti-
influenza drugs combined, but disappeared when the 
patients were limited to neuraminidase inhibitors. A 
signal was also detected for baloxavir; hence, the effect 
of baloxavir on the association between anaphylaxis and 
anti-influenza drug use was large. Further analysis by 
age showed that the baloxavir signal was detected only in 
patients aged 20-59 years. Therefore, careful observation 
is necessary for this age group.
 Morikawa et al. reported a case of anaphylaxis 
caused by laninamivir dry powder inhaler, and attributed 
the anaphylaxis to β-lactoglobulin and its sugar adducts 
contained in the lactose used as an additive (8). Lactose 
is widely used as an excipient in pharmaceutical 
products, and its allergenicity has not yet been 
characterized. However, it has been confirmed that a 
trace amount of milk protein is present as a contaminant, 
even in high-purity lactose (20). The lungs can better 
absorb macromolecular compounds, such as proteins, 
than gastrointestinal tract (21); therefore, pulmonary 
administration may increase the absorption of allergens 
(8). The dosage forms of zanamivir and laninamivir 
are dry powder inhalants, both of which contain lactose 
as an additive; thus, the package insert of these drugs 
cautions against their use in patients with milk allergy. 
In this study, a signal associated with anaphylaxis was 
detected in case of inhaled neuraminidase inhibitors 
(zanamivir and laninamivir) combined. However, when 
analyzed by individual drugs, a signal was detected only 
for laninamivir, but not for zanamivir. This difference is 
attributed to the purity of lactose used as an excipient, 
the amount of lactose inhaled at one time, and the 
allergenicity of the main ingredients.
 As mentioned earlier, anaphylaxis associated 
with inhaled neuraminidase inhibitor use occurred 
mostly in patients aged < 20 years. Furthermore, for 
laninamivir, a signal associated with anaphylaxis was 
detected in all age groups, with the highest ROR and 
IC in patients aged < 20 years. Previous studies have 
shown that the cause of anaphylaxis varies by age, 
with food being the most common cause in children, 
and drugs in adolescents and adults (4,22,23). In 
this study, we could not determine whether the main 
component or the additive was the cause of anaphylaxis 
associated with inhaled neuraminidase inhibitor use. 
The possibility that the additive lactose may be the 
cause of anaphylaxis can explain the high proportion of 
reports in children. Several patients with anaphylaxis 
caused by inhaled neuraminidase inhibitor use had a 
history of food allergy (data not shown). On September 
4, 2019, laninamivir in inhalation suspension as a new 
formulation was listed in the National Health Insurance, 
and is currently available for clinical use. This 
formulation does not contain lactose as an additive, 
and can be administered by spontaneous breathing in 

patients with difficulty using the existing dry powder 
inhalers. In the future, it may be possible to compare 
the incidence of anaphylaxis between two commercially 
available inhaled laninamivir formulations, and clarify 
the effect of lactose, as an additive, on anaphylaxis 
development.
 For intravenous peramivir also, a signal associated 
with anaphylaxis was detected. As intravenous 
administration delivers the drug directly into the blood 
stream, it has a relatively high potential to induce 
anaphylaxis. In an analysis using data from the Italian 
pharmacovigilance database, intravenous formulations 
were reported to have a high rate of anaphylactic shock 
(10), which is in line with our results. Furthermore, for 
peramivir, as signals were detected in all age groups with 
minor differences in the percentage of reports, caution 
must be exercised in patients of all ages.
 In this study, we focused on the use of anti-influenza 
drugs, and ignored the effects of co-administered 
drugs. When we surveyed the suspected drugs besides 
anti-influenza drugs in each case, acetaminophen was 
the most common co-administered drug (21 cases), 
followed by levofloxacin (6 cases), cefcapene pivoxil 
hydrochloride (5 cases), and loxoprofen sodium (5 
cases). Of these drugs, acetaminophen and levofloxacin 
were among the top 50 drugs associated with anaphylaxis 
in a survey using data from the FAERS database (6). 
Therefore, analysis considering the presence or absence 
of these drugs may be necessary in the future.
 Drugs, as anaphylaxis inducers, are associated with 
the severity level, including fatal, of anaphylaxis (19,24). 
It has also been reported that drugs are the most common 
cause of fatal anaphylaxis, accounting for 58.8% of 
anaphylaxis-related deaths (24). In this study, 4.5% of 
anaphylaxis cases associated with anti-influenza drug 
use presented poor clinical outcomes, whereas 2.5% of 
patients died. It may be possible to reduce anaphylaxis-
associated fatality by effectively selecting drugs based on 
individual patient characteristics.
 This study had some limitations. As this study was a 
disproportionality analysis using data from a spontaneous 
report database, the ratio of adverse event onset to 
each target drug user was not calculated. Additionally, 
differences in the drugs prescribed based on patients' 
background, such as age and presence or absence of 
predisposition to allergy were not considered. Therefore, 
caution should be exercised when interpreting these 
results.
 In conclusion, a signal associated with anaphylaxis 
was detected for inhaled laninamivir. As dry powder-
type inhalants often contain lactose as an additive, 
caution must be exercised when administering them to 
patients with milk allergy. Signals were also detected 
with intravenous peramivir and oral baloxavir. Proper 
use of these drugs is necessary to prevent anaphylaxis 
and improve health status. Further extensive studied are 
needed to validate these results.



www.ddtjournal.com

Drug Discoveries & Therapeutics. 2021; 15(3):150-155.155

Funding: None.

Conflict of Interest: The authors have no conflicts of 
interest to disclose.

References

1. Centers for Disease Control and Prevention. Seasonal flu 
death estimate increases worldwide. 2017. https://www.
cdc.gov/media/releases/2017/p1213-flu-death-estimate.
html (accessed Jan 18, 2021).

2. Tashiro M, McKimm-Breschkin JL, Saito T, Klimov 
A, Macken C, Zambon M, Hayden FG; Neuraminidase 
Inhibitor Susceptibility Network. Surveillance for 
neuraminidase-inhibitor-resistant influenza viruses in 
Japan, 1996-2007. Antivir Ther. 2009; 14:751-761.

3. Ministry of Health, Labour and Welfare of Japan. Report 
for influenza antiviral drugs. 2020. https://www.mhlw.
go.jp/content/000576049.pdf (accessed Jan 18, 2021).

4. Dhopeshwarkar N, Sheikh A, Doan R, Topaz M, Bates 
DW, Blumenthal KG, Zhou L. Drug-induced anaphylaxis 
documented in electronic health records. J Allergy Clin 
Immunol Pract. 2019; 7:103-111.

5. Regateiro FS, Marques ML, Gomes ER. Drug-induced 
anaphylaxis: an update on epidemiology and risk factors. 
Int Arch Allergy Immunol. 2020; 181:481-487.

6. Yu RJ, Krantz MS, Phillips EJ, Stone CA Jr. Emerging 
causes of drug-induced anaphylaxis: a review of 
anaphylaxis-associated reports in the FDA Adverse Event 
Reporting System (FAERS). J Allergy Clin Immunol 
Pract. 2021; 9:819-829.e2.

7. FAERS data on adverse events of baloxavir marboxil. 
React Wkly. 2019; 1768. https://doi.org/10.1007/s40278-
019-66686-4.

8. Morikawa M, Kanemitsu Y, Tsukamoto H, Morikawa A, 
Tomioka Y. A case of anaphylaxis in the pediatric patient 
with milk allergy due to traces of milk protein in the 
lactose used as an excipient of Inavir inhalation. Arerugi. 
2016; 65:200-205. 

9. Nishikawa Y, Mizutani H, Koide T, Ishikawa H, Imai 
Y, Omura T, Yamada N, Okubo S, Ichikawa T, Ito 
M. A case of anaphylaxis associated with intravenous 
readministration of amiodarone additive agent benzyl 
alcohol. JJSEM. 2019; 22:732-735. (in Japanese)

10. Leone R, Conforti A, Venegoni M, Motola D, Moretti 
U, Meneghelli I, Cocci A, Sangiorgi Cellini G, Scotto S, 
Montanaro N, Velo G. Drug-induced anaphylaxis: case/
non-case study based on an Italian pharmacovigilance 
database. Drug Saf. 2005; 28:547-556. 

11. Ohyama K, Inoue M. Association between selective 
beta-adrenergic drugs and blood pressure elevation: 
data mining of the Japanese Adverse Drug Event Report 
(JADER) database. Yakugaku Zasshi. 2016; 136:1065-
1071. (in Japanese)

12. Tanaka H, Yoshiba Y, Watanabe T, Satoh M, Ishii T. 
Analysis of patients with hypomagnesemia using the 
Japanese Adverse Drug Event Report database (JADER). 
J Pharm Pharm Sci. 2018; 21:46-53.

13. Nakao S, Hasegawa S, Shimada K, Mukai R, Tanaka M, 
Matsumoto K, Uranishi H, Masuta M, Ikesue H, Hashida 

T, Iguchi K, Nakamura M. Evaluation of anti-infective-
related Clostridium difficile-associated colitis using the 
Japanese Adverse Drug Event Report database. Int J Med 
Sci. 2020; 17:921-930.

14. van Puijenbroek EP, Bate A, Leufkens HG, Lindquist 
M, Orre R, Egberts AC. A comparison of measures of 
disproportionality for signal detection in spontaneous 
repor t ing sys tems for adverse drug reac t ions . 
Pharmacoepidemiol Drug Saf. 2002; 11:3-10.

15. Bate A, Lindquist M, Edwards IR, Olsson S, Orre R, 
Lansner A, De Freitas RM. A Bayesian neural network 
method for adverse drug reaction signal generation. Eur J 
Clin Pharmacol. 1998; 54:315-321.

16. Hirschfeld G, Weber L, Renkl A, Scharffetter-Kochanek 
K, Weiss JM. Anaphylaxis after oseltamivir (Tamiflu) 
therapy in a patient with sensitization to star anise and 
celery-carrot-mugwort-spice syndrome. Allergy. 2008; 
63:243-244.

17. Nakano T, Okumura A, Tanabe T, Niwa S, Fukushima M, 
Yonemochi R, Eda H, Tsutsumi H. Safety evaluation of 
laninamivir octanoate hydrate through analysis of adverse 
events reported during early post-marketing phase 
vigilance. Scand J Infect Dis. 2013; 45:469-477.

18. Han N, Oh JM, Kim IW. Assessment of adverse events 
related to anti-influenza neuraminidase inhibitors using 
the FDA adverse event reporting system and online 
patient reviews. Sci Rep. 2020; 10:3116.

19. Zhao Y, Sun S, Li X, Ma X, Tang H, Sun L, Zhai S, 
Wang T. Drug-induced anaphylaxis in China: a 10 year 
retrospective analysis of the Beijing Pharmacovigilance 
Database. Int J Clin Pharm. 2018; 40:1349-1358.

20. Sakai S, Adachi R, Miyazaki T, Aso Y, Okuda H, 
Teshima R. Studies on the food allergenic proteins 
contained in pharmaceutical excipients. Kokuritsu 
Iyakuhin Shokuhin Eisei Kenkyusho Hokoku. 2012; 
130:58-65. (in Japanese)

21. Agu RU, Ugwoke MI, Armand M, Kinget R, Verbeke N. 
The lung as a route for systemic delivery of therapeutic 
proteins and peptides. Respir Res. 2001; 2:198-209.

22. Panesar SS, Javad S, de Silva D, et al. The epidemiology 
of anaphylaxis in Europe: a systematic review. Allergy. 
2013; 68:1353-1361.

23. Turner PJ, Gowland MH, Sharma V, Ierodiakonou D, 
Harper N, Garcez T, Pumphrey R, Boyle RJ. Increase 
in anaphylaxis-related hospitalizations but no increase 
in fatalities: an analysis of United Kingdom national 
anaphylaxis data, 1992-2012. J Allergy Clin Immunol. 
2015; 135:956-963.e1.

24. Jerschow E, Lin RY, Scaperotti MM, McGinn AP. Fatal 
anaphylaxis in the United States, 1999-2010: temporal 
patterns and demographic associations. J Allergy Clin 
Immunol. 2014; 134:1318-1328.e7.

Received June 15, 2021; Revised June 19, 2021; Accepted 
June 27, 2021.

*Address correspondence to:
Hiroyuki Tanaka, Department of Practical Pharmacy, Faculty 
of Pharmaceutical Sciences, Toho University, 2-2-1 Miyama, 
Funabashi, Chiba 274-8510, Japan.
E-mail: hiroyuki.tanaka@phar.toho-u.ac.jp


