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Olfactory dysfunction from acute upper respiratory infections: relationship
to season of onset

Mark R. Potter, BS, Jonathan H. Chen, BA, Nina-Simone Lobban and Richard L. Doty, PhD, FAAN

Background: Acute viral upper respiratory tract infec-
tions are the most common cause of chronic olfactory dys-
function. In light of the seasonality of numerous viruses,
the question arises as to whether the frequency and mag-
nitude of postviral olfactory disorders (PVODs) are sim-
ilarly seasonal. We sought to determine whether olfac-
tory deficits due to influenza and non–influenza-related
viruses (I-PVODs and NI-PVODs) vary in frequency or mag-
nitude across seasons in a North American population and
whether they are more prevalent or produce more severe
olfactory dysfunction during colder months when host sus-
ceptibility may be increased.

Methods: This was a retrospective study of 587 pa-
tients presenting to an academic smell and taste center
with either I-PVOD–related or NI-PVOD–related olfactory
deficits. Chi-square and analysis of covariance (age = co-
variate) compared dysfunction prevalence frequencies and
scores on the University of Pennsylvania Smell Identifi-
cation Test (UPSIT) across calendar months and between
months with the coldest and warmest air temperatures.

Results: For I-PVOD–related cases, both the preva-
lence and magnitude of smell dysfunction were highest in

the colder months. However, for NI-PVOD–related cases,
prevalence was higher in warmer months but, paradoxi-
cally, the magnitude of dysfunction was higher in colder
months.

Conclusion: This study shows that seasonal variations oc-
cur in both the prevalence and magnitude of PVOD-related
olfactory deficits in a North American population, and
that such variations differ between NI-PVOD and I-PVOD
cases. The findings suggest multiple viruses are involved in
producing PVOD-related olfactory deficits. C© 2020 ARS-
AAOA, LLC.
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O lfactory loss can be devastating to patients, signifi-
cantly altering the flavor of foods and beverages, their

nutrition, and their safety. Although loss of smell function
can arise from head trauma,1 exposures to toxic agents,2
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and a number of diseases,3 including Alzheimer’s and
Parkinson’s,4 acute viral upper respiratory infections that
damage the olfactory neuroepithelium are the major cause
of chronic olfactory dysfunction, a condition termed postvi-
ral olfactory disorder (PVOD).5-7 Importantly, a number of
viruses have the propensity to invade the brain via the ol-
factory fila.8,9

PVOD joins a chorus of other disorders with seasonal
patterns, including tuberculosis, measles, diphtheria, chick-
enpox, and cholera.10 Among the multiple hypotheses pro-
posed to explain such seasonal variations are alterations in
immune system reactivity, spreading of germs via winter
indoor crowding, changes in weather (including humidity),
and variations in the presence of specific pathogens. Based
on seasonality and antibody titers, Sugiura et al.,11 in a pio-
neering study, implicated parainfluenza virus type 3 (PIV-3)
as the primary, if not sole, cause of PVOD. These inves-
tigators measured antibody titers of adenoviruses, PIV-3,
herpes (simplex, zoster) and parainfluenza type 1, 2, and 3

706 International Forum of Allergy & Rhinology, Vol. 10, No. 6, June 2020



PVOD from acute upper respiratory infections

viruses in 127 patients with PVOD, as well as in 28 patients
with head trauma and in 218 patients with rhinosinusitis.
The vast majority of PVOD patients had contracted their ill-
ness in the warmer months and all exhibited elevated PIV-3
titers, unlike other viruses that were elevated only in some
patients. However, despite the fact that the PIV-3 titers
of the PVOD patients were higher than those in the post-
traumatic and rhinosinusitis groups, they were “not signif-
icantly so” (p. 192),11 throwing into question the issue of
causality. Surprisingly, influenza and respiratory syncytial
virus were ruled out as major causes of PVOD because they
were “isolated only in winter, and their seasonal pattern of
prevalence is thus opposite to that of PVOD” (p. 192).11

Two subsequent studies have similarly noted sea-
sonal patterns in the frequency of PVOD, again sug-
gesting primary involvement of viruses present during
warmer months, although the patterns vary somewhat be-
tween studies, and viruses other than PIV-3 have been
implicated.12 In most countries, parainfluenza and rhi-
noviruses are more prevalent in warmer months, whereas
coronaviruses, influenza viruses, and respiratory syncytial
viruses are more common in colder months. Like Sugiura
et al.11 in Japan, Wang et al.13 noted peaks in PVOD in
June and July for 25 patients in Korea, whereas Konstan-
tinidis et al.14 found, in a study of 457 German patients,
that such peaks occurred in March and May. Relatively
few cases were observed in winter months, and no study
has differentiated between patients with PVOD due to in-
fluenza and PVOD due to non-influenza causes. Because,
at least in North America, influenza is most prevalent in
winter months, one might expect to see influenza-related
PVOD peaks in winter, rather than spring and summer.
However, this has never been documented.

The present study employed a large university-based
smell and taste center database to retrospectively assess
the monthly prevalence and degree of PVOD in patients
whose smell dysfunction was secondary to influenza-related
PVODs (I-PVODs) or non–influenza-related PVODs (NI-
PVODs). The goals were to determine whether seasonal
fluctuations in both prevalence and the magnitude of dys-
function were evident in this olfactory-compromised pa-
tient population and whether such fluctuations, if present,
differed between patients with influenza and non-influenza
viral etiologies. Specific attention was paid to deficits oc-
curring during the coldest and warmest months. Gender
was of interest because the intensity and prevalence of vi-
ral infections are typically higher in men than in women,
whereas disease outcome is often worse for women.15

Patients and methods
Study population

Data from 587 patients who had presented to the University
of Pennsylvania Smell and Taste Center with chronic smell
problems attributed to either an I-PVOD or a NI-PVOD
were included in the study. These cases were identified in

a chart review of 4950 Center patients as having PVOD-
related deficits, as defined by Sugiura et al.11 and in having
the month and year of the viral contraction clearly indi-
cated. I-PVOD was differentiated from NI-PVOD based
upon the patient reports of diagnoses at the time of symp-
tom onset, including such factors as fever, muscle aches,
fatigue, symptom severity, and congestion.16 In addition to
the olfactory testing described in the following section, in-
formation regarding each person’s current health, medical
history, and chemosensory complaint was obtained from
the patient’s intake interview, physician reports, and a 270-
item intake questionnaire completed by the patient prior to
their visit to the Center. Details of this intake question-
naire can be found in Deems et al.5 Medical information
included a history of physician visits and physical exami-
nations, as well as, in some cases, specific test results. The
age and gender distributions of the study group are listed
in Table 1. This research was approved by the Institutional
Review Board of the University of Pennsylvania’s Office of
Regulatory Affairs and was performed in accordance with
the ethical principles of the Declaration of Helsinki.17

Olfactory test
Olfaction was assessed using the University of Pennsylvania
Smell Identification Test (UPSIT).18 This widely-employed
40-odorant test focuses on the comparative ability of sub-
jects to identify odorants at the suprathreshold level. It is
comprised of 4 envelope-sized booklets, each containing
10 “scratch and sniff” odorants embedded in microcap-
sules individually positioned on brown strips at the bottom
of each booklet page. The test-retest reliability is high (r =
0.94),18,19 and the test has been shown to be sensitive to
a wide range of diseases and disorders.20 The specifics and
criteria for item selection and standardization of this test
are described elsewhere.18

Procedure
The patient files were reviewed to identify persons whose ol-
factory dysfunction was clearly attributed to an I-PVOD or
a NI-PVOD infection. The monthly frequencies and UPSIT
scores were recorded and analyzed, as were the frequencies
and UPSIT scores for the coldest and warmest months, as
defined by the National Oceanic and Atmospheric Admin-
istration (NOAA) average air temperature for Philadelphia,
PA (ie, November through April vs May through October,
respectively).21 Differences in prevalence rates among the
months were assessed using chi-square analysis. Differences
in UPSIT scores were examined using analysis of covari-
ance (ANCOVA) separately performed on the data for the
I-PVOD and NI-PVOD cases. In these analyses, the within
subject factor was viral onset month (or warm/cold months)
and the between subject factor was subject gender.22 Age
served as the covariate to control for the well-established
influences of age on olfactory test scores.23
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TABLE 1. Patient demographics*

Characteristic Total NI-PVOD

NI-PVOD

(cold)

NI-PVOD

(warm) I-PVOD

I-PVOD

(cold)

I-PVOD

(warm)

Patient (n) 587 511 271 240 76 55 21

Age (years), mean ± SD 56.03 ± 12.61 55.80 ± 12.61 56.64 ± 12.07 54.85 ± 13.14 57.61 ± 12.58 59.07 ± 12.06 53.76 ± 13.36

Gender, n (%)

Male 199 (33.9) 178 (34.8) 179 (66.1) 154 (64.2) 21 (27.6) 16 (29.1) 5 (23.8)

Female 388 (66.1) 333 (65.2) 92 (33.9) 86 (35.8) 55 (72.4) 39 (70.9) 16 (76.2)

*See “Procedure” section of text for definition of cold and warm seasons.
I-PVOD = influenza-related postviral olfactory disorder; NI-PVOD = non–influenza-related postviral olfactory disorder; SD = standard deviation.

FIGURE 1. Monthly cumulative cases of I-PVOD and NI-PVOD. Cases re-
flect frequencies from 1973 to 2018. I-PVOD = influenza-related postviral
olfactory disorder; NI-PVOD = non–influenza-related postviral olfactory dis-
order.

Results
Seasonal fluctuations in reported infections

Figure 1 presents the cumulative reported monthly fre-
quencies for the I-PVOD and NI-PVOD groups. For these
groups, onset years ranged from 1973 to 2018, although
data collection began in 1980. A peak in prevalence of
I-PVOD was found to occur during colder, not warmer,
months, with the highest frequencies occurring during De-
cember, January, February, and March. Despite the small
sample size (n = 76), the frequencies of these months were
significantly higher than those of the remaining months,
accounting for over one-half (49/76; 65%) of all of the
frequencies (χ2 [1] = 13.93; p = 0.0002).

For the NI-PVOD group, the highest frequencies consis-
tently occurred in March through June, peaking in April
and May for both men and women. It is noteworthy
that nearly one-half (246/511; 48%) of the cases occurred
within these 4 months (compared to all other months,
χ2 [1] = 22.80; p < 0.0001), and that each of these
months’ frequencies differed significantly from those of Au-
gust, September, October, and November (all ps < 0.01).
In contrast to the I-PVOD study group, the frequencies
did not differ significantly between those who contracted

their NI-PVOD during the coldest 6 months (n = 271) and
those who contracted their NI-PVOD during the warmer
6 months (n = 240) (p = 0.17).

Seasonal fluctuations in UPSIT scores
In the I-PVOD group, no significant differences were
apparent in UPSIT scores between the colder and warmer
months (p = 0.67) (Table 2). Unfortunately, the small
monthly sample sizes precluded meaningful comparisons
among the individual months. In contrast, the UPSIT scores
of the NI-PVOD group were 6.56% lower during the
colder than during the warmer months (respective means ±
SDs = 23.20 ± 8.34 and 24.83 ± 8.08; F [1, 506] = 4.415;
p = 0.036; η2 = 0.018). In this analysis, the covariate of
age was significant (p = 0.002; 95% CI, 54.70 to 56.89),
but the factor of gender was not (p > 0.15). The lowest UP-
SIT scores occurred in December and January, in marked
contrast to the high incident frequencies that occurred from
March through June (Table 2). Post hoc analyses found
December UPSIT scores differed significantly from those of
February, May, June, July, and September. January UPSIT
scores followed suit, significantly differing from February,
May, June, July, and September UPSIT scores. The p values
and 95% CIs for these comparisons are shown in Table 3.

Relationship between time of symptom onset and
olfactory testing

To determine whether the time between symptom onset
and the time of UPSIT testing might be meaningfully as-
sociated and therefore could conceivably confound com-
parability among patients, we computed both Pearson and
Spearman correlation coefficients between these variables.
No significant associations were evident, suggesting such
confounding was not present (whole group Pearson and
Spearman r values = 0.053 and −0.052, ps > 0.2; influenza
group r values = −0.01 and 0.001; ps > 0.2; non-influenza
group r values = −0.07 and −0.06, ps > 0.2).

Discussion
This study is the largest to date to assess seasonal vari-
ations in the prevalence and magnitude of viral-induced
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TABLE 3. Post hoc comparisons among months for UPSIT scores including CIs and p values*

Parameter Difference 95% CI p η2

NI-PVOD

December vs

February 4.08 0.73–7.43 0.018 0.037

May 3.74 0.72–6.76 0.016 0.036

June 4.07 1.16–6.98 0.007 0.025

July 4.23 0.78–7.68 0.017 0.034

September 4.53 0.72–8.34 0.020 0.049

January vs

February 4.70 0.63–8.77 0.024 0.052

May 4.36 0.76–7.96 0.018 0.050

June 4.69 1.13–8.25 0.010 0.038

July 4.85 0.68–9.02 0.023 0.052

September 5.15 0.43–9.87 0.033 0.071

Cold vs

Warm 1.63 0.20–3.06 0.026 0.018

I-PVOD

April vs

October 6.74 1.48–12.00 0.020 0.003

November 5.99 3.23–8.75 0.004 0.004

Cold vs

Warm 0.86 −3.13 to 4.85 0.67 <0.001

*Means are presented in Table 2.
η2 = ratio of effect to total variance; CI = confidence interval; I-PVOD = influenza-related postviral olfactory disorder; NI-PVOD = non–influenza-related postviral olfactory
disorder; UPSIT = University of Pennsylvania Smell Identification Test.

olfactory deficits. In addition to demonstrating such varia-
tions in a North American population, it is the first study
to determine whether seasonal differences exist between
I-PVODs and NI-PVODs. Most notably, it found that
I-PVOD prevalence peaks in January and February, not
in March through June, as is the case with NI-PVOD. Re-
markably, greater dysfunction was also observed for those
NI-PVOD cases that occur in the winter months. The NI-
PVOD frequency peaks we found in March through June
overlap with the PVOD frequencies reported by Konstan-
tinidis et al.14 in Germany (March and May) and Sug-
iura et al.11 in Japan (June), and partially overlap the
months of highest prevalence reported by Wang et al.13

in Korea (June and July). Given that these studies did
not distinguish between I-PVOD and NI-PVOD cases,
their data likely reflect a combination of these 2 types of
PVOD.

Our finding of the disassociation between the months in
which NI-PVOD is most frequent and the months in which
the greatest NI-PVOD olfactory dysfunction occurs raises

several questions. Are some viruses that are more common
in warmer months more potent or virulent in their ability to
damage the olfactory system in colder months? Is the olfac-
tory neuroepithelium more susceptible to greater viral dam-
age during colder months? With regard to the latter, host
susceptibility may well play a role. It is well established that
even short-term inspiration of cold air dries the nasal ep-
ithelium (and presumably the olfactory epithelium) and de-
creases its temperature.24 Electrophysiological studies show
that olfactory receptor cells are sensitive to temperature
and can be damaged by desiccation.25,26 Moreover, within
the nasal epithelium, decreased temperature adversely alters
mucociliary clearance, phagocytic activity, and immune re-
sponses, thereby prolonging viral residence.27-29 That being
said, it must be acknowledged that the reasons for seasonal
fluctuations in viral activity are likely multifactorial and
enigmatic.30

Several investigators have suggested that the PIV-3 virus
is the primary or even sole cause of PVOD. As noted in the
Introduction, Sugiura et al.11 concluded, on the basis of the
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study of 127 persons with olfactory loss following a viral
infection, that PIV-3 was the cause of the olfactory loss, and
that influenza, respiratory syncytial virus (RSV), or herpes
viruses were not involved. The majority of cases occurred
during warmer months. Following up on this work, Wang
et al.13 identified PIV-3 in 88% of cases of PVOD, again
largely sampled during warmer months. Based on these ob-
servations, Tian et al.31 used the Sendai virus, a murine
virus analogous to PIV, as a model to study PVOD in mice.
However, despite such observations, the role of PIV-3 re-
mains unclear. Indeed, in contrast to the findings of Sug-
iura et al.11 findings, Suzuki et al.12 did not find PIV-3 in
a study examining the nasal discharge of 24 patients with
PVOD. Instead, they detected rhinoviruses, coronaviruses,
parainfluenza virus (PIV-2), and Epstein-Barr virus. More-
over, PIV-3 only accounts for �5% of all patients suf-
fering from upper respiratory infections,32 and Sugiura
et al.11 did not examine rhinoviruses or coronaviruses—
viruses that are estimated to cause anywhere from 40%
to 75% of all upper respiratory infections.32 According to
Heikkinen and Jãrvinen,32 an additional 5% to 15% of
upper respiratory infections are caused by influenza viruses
and 5% to 10% by RSV and parainfluenza viruses. The
remaining 20% to 30% are unknown. Although PIV-3
peaks in warmer months, in accord with our higher ob-
served frequency of NI-PVOD–related smell deficits, this
peak does not correlate with our observed increase in
the magnitude of NI-PVOD–related olfactory dysfunction
during the colder months, nor does it explain the in-
creased frequency of I-PVOD we observed during the colder
months.

No differences were found in this study between the male
and female patients for either the frequency or the magni-
tude of the virus-related olfactory disturbances. Although
exposure rates to a number of viruses, notably influenza
A viruses, are commonly higher in men than in women,
women are twice as likely than men to die from such
exposures.15 Additionally, women generally perform bet-
ter than men on a variety of olfactory tests.33 From such
observations, one might have expected to see differences in
UPSIT scores between the men and women of this study,
but this did not occur. It is possible that the significant
damage induced by the viruses diminished any gender dif-
ferences present prior to the viral infections. Another pos-
sibility is that the better initial olfactory function of women
was protective to some extent and therefore mitigated any
demonstrable gender differences related to differential in-
volvement of the viruses.

Our study has both strengths and weaknesses. Among
its strengths are its large sample size, questionnaire-based
information regarding symptom nature and onset, and the
use of a very reliable and sensitive test of olfactory function.
With a sample size of 587, this is the largest study to date to
examine the seasonality of PVOD and its effect on olfactory
function. Another strength is the distinction that was made

between PVODs caused by influenza and PVODs caused
by other viruses, given their different frequency patterns
throughout the year. This is also the first study to assess
whether gender might impact either the frequency or the
magnitude of seasonal changes in smell function of persons
whose smell has been compromised by a PVOD. Among
the study’s weaknesses are its reliance on self-report, no
isolation of any virus, and the relatively small sample size
of the I-PVOD group. It should be pointed out, however,
that careful selection was made of patients whose dates of
onset and nature of their upper respiratory infections were
evident in their written intake questionnaires and medical
records. The intake questionnaires were filled out in
advance to their arrival to the clinic, allowing the patients
time to consult their personal and medical records and
thereby reducing the chance of misreporting. Additionally,
during the initial intake interview, a detailed exploration
of potential causes is made and discrepancies corrected.
Nonetheless it is noteworthy that some studies suggest that
using such symptoms as cough and fever to differentiate
between influenza and non-influenza viral cases has at best
only a positive predictive value of �80%.16 That being
said, the accuracy of our assigning patients to the I-PVOD
and NI-PVOD classes is supported by the fact that the pro-
portion of I-PVOD cases in our sample (76/587; 12.9%)
is essentially the same as that estimated in the general
population.34 Although there were no attempts to isolate
potential causative viruses in this retrospective study, such
isolations would be expensive, time consuming, and best
completed by the clinician who is initially consulted at the
time of the infection. Because most Center patients have
been referred weeks, months, or even years after their
problem onset, collection of such data would be generally
futile.

Conclusion
Olfaction is frequently damaged, sometimes permanently,
by virus-related infections. This study has shown that sea-
sonal variations occur in both the prevalence and the mag-
nitude of PVOD-related olfactory deficits in a North Amer-
ican population. Additionally, it shows that such variations
differ between NI-PVOD and I-PVOD cases. Overall, the
findings suggest that multiple viruses are involved in pro-
ducing PVOD-related olfactory deficits.
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