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Abstract Objective: Viral or bacterial respiratory infections can cause long-lasting olfactory
dysfunction. Antibiotic therapy is indicated in severe cases; however, it is unclear whether
antibiotic use produces a positive, negative, or null effect on olfactory function. This retro-
spective study sought to determine whether antibiotic use has an influence on odor identifica-
tion and detection threshold test scores of patients with smell dysfunction secondary to upper
respiratory infections (URIs), lower respiratory infections (LRIs), or rhinosinusitis.
Methods: Data from a total of 288 patients presenting to the University of Pennsylvania Smell
and Taste Center were evaluated.
Results: Patients with a URI etiology who had taken bactericidal antibiotics had lower detec-
tion thresholds than did patients who had not taken antibiotics (P < 0.023; analysis of covari-
ance with age and time since infection onset as covariates). Moreover, thresholds were lower
for bactericidal antibiotic users than for bacteriostatic antibiotic users with either URI
(P Z 0.023) or rhinosinusitis (P Z 0.028) etiologies. No meaningful influences of antibiotics
on the odor identification test scores were evident.
Conclusions: These findings, which need to be confirmed in prospective double-blind studies,
suggest that bactericidal antibiotic therapy may be beneficial in mitigating, at least to some
degree, chronic decrements in smell sensitivity due to URIs and rhinosinusitis.
Copyright ª 2018 Chinese Medical Association. Production and hosting by Elsevier B.V. on
behalf of KeAi Communications Co., Ltd. This is an open access article under the CC BY-NC-
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Introduction

The use of antibiotics in treating respiratory tract in-
fections is common in medical practice, even in cases
where viral infections are most likely.1 In general, anti-
biotic therapy is not recommended in initial treatment for
upper respiratory tract infections (URIs); on the contrary,
avoidance of prescribing antibiotics in these patients is
encouraged, largely to prevent antibiotic resistance. In
chronic rhinosinusitis, which adversely influences smell
function in approximately three-quarters of patients,2

bacterial infection or colonization may directly induce
inflammation or serve as a disease modifier of a preexisting
inflammatory state.3 Therefore, antibiotic therapy is
generally indicated to lower bacterial burden in such cases.

A standard classification of antibiotics differentiates
bactericidal antibiotics, which specifically kill bacteria,
from bacteriostatic antibiotics, which impede bacterial
growth. However, overlap exists between these two classes
of antibiotics.4 While bactericidal antibiotics strongly and
directly attack bacteria, the milder bacteriostatic antibi-
otics rely on phagocytosis and intracellular killing.5 Ocampo
et al6 quantified death rates of both these classes of anti-
biotics and showed a substantial increase in killing rates for
bactericidal antibiotics compared to those of bacteriostatic
antibiotics. Although Nemeth et al7 found minimal differ-
entiation of efficacy between bactericidal and bacterio-
static antibiotics for abdominal infections, soft tissue
infections, and pneumonia, differentiation has not been
established for URIs that impact olfactory function.
Importantly, interactions between viruses and bacteria are
known to occur within the upper respiratory tract,
decreasing or increasing the potency of some antibiotics in
complex microbial communities.8 In addition to anti-
bacterial and anti-inflammatory effects, the bacterio-
static antibiotic minocycline has anti-apoptotic effects,
delaying, for example, photoreceptor degeneration in the
retina of the Prph2Rd2/Rd2 (rds) mouse.9

The efficacy of antibiotics in improving smell function
has been previously found to be negative, both when used
for bacterial and viral infections. Van Zele et al,10 in a
double-blind, placebo-controlled, multicenter study, found
no influence of doxycycline treatment on self-reported ol-
factory loss in 14 chronic rhinosinusitis patients with
bilateral nasal polyps. Videler et al11 administered azi-
thromycin to 29 chronic rhinosinusitis patients (62% with
nasal polyps) and a placebo to 31 such patients (42% with
polyps). A 12-odor smell identification test was adminis-
tered at the beginning of the treatment period and at 6 and
12 months during the treatment period. No influence of
azithromycin was found. More recently, Reden et al12

administered, in a randomized double-blind placebo-
controlled study, either minocycline (n Z 26) or a placebo
(nZ 29) to patients whose olfactory dysfunction was due to
an upper respiratory infection. No influence of the anti-
biotic on tests of odor identification, detection, and
discrimination was observed.

Taking a somewhat different tact, Ramakrishnan et al13

examined, in a study of 434 medically refractory chronic
rhinosinusitis patients, whether the number of days of re-
ported antibiotic use in the 90 days before endoscopic nasal
sinus surgery was related to pre-surgical scores on a 12-
item smell identification test. No meaningful differences
in the olfactory test scores were evident among the groups
who had used no antibiotics (n Z 163) or had used antibi-
otics for 1e14 days (n Z 102), 15e28 days (n Z 69) or more
than 29 days (n Z 100).

The purpose of this retrospective study was to assess, in
a comparatively large number of subjects presenting with
complaints of chemosensory disturbances, the potential
influences of bactericidal or bacteriostatic classes of anti-
biotics on odor identification and detection threshold test
scores of individuals whose olfactory dysfunction followed
URIs, rhinosinusitis, or lower respiratory infections (LRIs).
This study is the first to differentiate between the potential
effects of bactericidal and bacteriostatic antibiotics on
smell function and, unlike previous studies, focused on a
patient group specifically seeking help for their chemo-
sensory disturbance.

Materials and methods

Subjects

Data from 288 patients who had used or not used antibiotics
at the time of their infection and whose chronic smell
problem was attributed to URIs, LRIs, or rhinosinusitis were
evaluated. The data were obtained from the clinic data-
base of the University of Pennsylvania Smell and Taste
Center from 1990 to 2013 (Table 1). This retrospective use
of our clinic database information was approved by the
Institutional Review Board of the University of Pennsylva-
nia’s Office of Regulatory Affairs.

In order to minimize the effect of other major etiologies
such as head trauma or surgery, we included only data from
patients who had URI, LRI, or rhinosinusitis as their princi-
ple etiologies. To minimize the confounding effect of the
use of multiple types of antibiotics by the same patient,
only patients who had used the same antibiotic during their
treatment period were included in the sample.

In addition to detailed chemosensory testing described
below, information regarding each person’s current health,
medical history, and chemosensory complaint was obtained
from the patient’s intake interview, physician reports, and
an intake questionnaire completed by the patient prior to
their visit to the Center. Medical information included a
history of physician visits and physical examinations, as
well as, in some cases, specific test results. The question-
naire was comprised of seven sections: (1) General Infor-
mation (e.g., questions regarding demographics, referral
source, and drinking and eating habits); (2) Medical History
(listing of major illnesses and injuries, hospital admissions,
and medications taken in the year prior to and since
symptom onset); (3) History of Present Illness (report of the
problem, in the patient’s own words, including date of
onset, duration, antecedent conditions, and treatments
received); (4) Smell Symptoms (questions concerning
problems with the sense of smell, general nasal health and
abnormal nasal sensations, including nasal obstruction,
rhinorrhea, and postnasal drip); (5) Taste Symptoms
(questions related to problems with the sense of taste,
general oral health, and abnormal oral sensations); (6)



Table 1 Demographics of study population.

Group Antibiotic type N Mean age (SD) Sex (% F) Current or past smokers (%)

Entire group Bactericidal 81 55.5 (12.4) 71.6 35.8
Bacteriostatic 70 54.0 (11.9) 78.6 32.9
No antibiotic 137 54.6 (13.3) 61.9 40.1

Upper respiratory infection/Viral infection Bactericidal 32 55.0 (12.4) 65.6 40.6
Bacteriostatic 32 50.9 (10.8) 81.2 37.5
No antibiotic 94 54.4 (12.9) 56.4 38.3

Rhinosinusitis Bactericidal 35 55.4 (13.2) 71.4 37.1
Bacteriostatic 22 54.0 (14.3) 72.7 22.7
No antibiotic 25 51.7 (15.2) 60.0 32.0

Lower respiratory infection Bactericidal 14 56.7 (10.7) 85.7 21.4
Bacteriostatic 16 60.2 (7.6) 81.3 37.5
No antibiotic 18 59.4 (12.2) 66.7 61.1
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Endocrine Information (questions regarding endocrine sta-
tus, including endocrine operations (e.g., oophorectomy
and thyroidectomy) and in women, menstrual cycle length
and oral contraceptives usage); and (7) Depression (the
Beck Depression Inventory II). The likely etiology of each
patient was determined based upon self-report, medical
records (when available), and the coincidence with the
onset of the problem.
Description of smell tests

Odor identification was assessed using the University of
Pennsylvania Smell Identification Test (UPSIT).14,15 This 40-
odor test focuses on the comparative ability of subjects to
identify odorants at the suprathreshold level. It is
comprised of four envelope-sized booklets, each containing
ten “scratch and sniff” odorants embedded in polymer
microcapsules individually positioned on brown strips at the
bottom of each booklet page. The specifics and criteria for
item selection and standardization of this test is described
in detail elsewhere.14 Detection threshold sensitivity was
measured by a single-staircase detection threshold test
employing the odorant phenyl ethyl alcohol.16 On a given
trial, the task was to report which of two randomly pre-
sented stimuli, an odorant and a blank, was perceived as
strongest. A response was required even if no smell could
be perceived; i.e., the test was forced-choice. The first
odorant stimulus was presented at the �6.00 log concen-
tration step of a half-log step (vol/vol) dilution series that
ranged from �10.00 to �2.00 log concentration in USP
grade light mineral oil. The odorant concentration was
increased in full log steps until correct detection occurred
on five consecutive trials at a given concentration. For each
incorrect response, the staircase was moved up one full log
step. When correct responses were made on all five trials,
the staircase was reversed and moved down one 0.50 log
concentration increment. Subsequently, the staircase was
moved up or down in 0.50 log increments or decrements,
depending upon the subject’s performance on two pairs of
trials at each concentration step. If the subject missed the
first of these two trials, the second was not administered,
and the next higher 0.50 log concentration was presented.
When both were correct, the next lower 0.50 log
concentration was presented. The mean of last four of
seven staircase reversals served as the threshold estimate.

Classification of antibiotics

Following literature precedence,7,17 penicillins, quinolones
and cephalosporins were classified as the primary bacteri-
cidal antibiotics. Macrolides, tetracyclines, sulfonamdies
and lincosamides were classified as the primary bacterio-
static antibiotics.18 These antibiotics were generally pre-
scribed at the time of infection onset; in rare instances,
additional treatment with the same antibiotic was pre-
sented at a later time.

Etiology grouping

The subjects were classified by the etiology with which they
presented to the clinic: viral URIs, rhinosinusitis, and LRIs
such as bronchitis and pneumonia. Because most patients
had been referred to our center by their own primary care
physician or ORL specialist, we determined their etiology
based on their provided medical history and responses to
the intake questionnaire.

Statistical analyses

The UPSIT and PEA test scores for each etiologic category
were subjected to separate analyses of covariance (ANCO-
VAs), with the between subject factor of antibiotic group
(none, bactericidal, bacteriostatic) and the covariates of
age and the time between testing and the infection.19 Post-
hoc comparisons were assessed using Tukey’s HSD test.

Results

The mean (SEM) UPSIT and PEA threshold test scores are
shown in Table 2, along with the P and h2 values for the
ANCOVA comparison of scores across the three groups.
Comparisons among the antibiotic groups are shown in the
three columns on the far right. Ps< 0.05 are bolded.

It is apparent from Table 2 that detection threshold
values were nominally lower, i.e., sensitivity was higher,
for those individuals in the URI and rhinosinusitis study
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groups who had taken bactericidal antibiotics for their
chemosensory deficit compared to those who had taken
either no antibiotic or a bacteriostatic one. This effect
reached statistical significance for both the URI group
(P Z 0.020) and the rhinosinusitis group (P Z 0.028). For
both of these groups, thresholds were lower for those who
had taken bactericidal antibiotics than for those who had
taken bacteriostatic antibiotics (respective P Z 0.023,
P Z 0.028). For individuals in the LRI study group, the use
or type of antibiotic did not impact olfactory thresholds (all
P > 0.50). The odor identification test scores did not
meaningfully differ among any of the subject groups,
although they were nominally larger in the bacteriocidal
group with a rhinosinusitis etiology.
Discussion

This retrospective study suggests that antibiotic use,
particularly bactericidal antibiotic use, may protect to
some degree against decrements in olfactory sensitivity
secondary to upper respiratory and rhinosinusitis in-
fections, but not to lower respiratory infections. Such
protection, however, was not mirrored by scores on a
standardized odor identification test. Our findings lend no
support to the concept that commonly administered anti-
biotics have toxic influences on the olfactory system when
prescribed for nasal inflammatory disorders. In general,
bactericidal antibiotics appeared to be more effective than
bacteriostatic antibiotics in protecting against the olfactory
threshold deficits, although regardless of treatment con-
dition considerable dysfunction remained.

Our study is in agreement with earlier studies that found
no influence of antibiotics on odor identification test scores
of patients whose olfactory disturbances were due to
chronic rhinosinusitis10,13 or URIs.12 They differ, however,
from the negative findings of the sole study that measured
olfactory thresholds in patients whose chemosensory
dysfunction was secondary to URIs.12 The basis for this
difference is not clear. Although our patient population was
specifically comprised of persons with olfactory dysfunction
significant enough for them to seek help from a specialized
smell and taste center, this was also the case with their
study.12 Our sample size was considerably larger (158 vs
55), presumably providing more power to see effects. The
possibility also exists that our threshold test is more sen-
sitive than that used in their study. It is noteworthy that
some previous studies have found threshold tests to be
somewhat more sensitive than odor identification tests to
olfactory alterations secondary to chronic renal failure,20

migraine headaches,21 iron deficiency anemia,22 and
continuous positive airway pressure (CPAP).23,24

While we chose to divide our etiologies into three cat-
egories, it should be noted that such division has certain
limitations. Even though URIs and the common cold25 are
considered mainly viral in origin and rhinosinusitis mainly
bacterial in origin,26,27 there is considerable overlap be-
tween these conditions in terms of bacterial involvement.28

The same is the case with bronchitis and pneumonia,
although bronchial infections are more commonly viral in
nature.1 URIs, including those due to rhinosinusitis, often
undergo two phases. The first phase typically involves a
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viral infection and lasts a relatively short period of time
(<10 days). If recovery does not occur, a longer-lasting
second phase of bacterial infection may ensue. In this
case, aerobic bacteria initially predominate, but later
anaerobic bacteria do so.29 Anaerobic activity is promoted
by the blockage of mucosal blood flow, poor sinus drainage,
and increased inflammation-related pressure within the
sinuses that result in the lowering of pH and the partial
pressure of oxygen. The clinical classification of chronic
rhinosinusitis is a sinusitis infection that persists for more
than 12 weeks, which is the same time frame when
anaerobic bacteria begin to dominate the sinuses.29,30 This
progression from a viral to bacterial infection over a long
time frame could explain the efficacy of bactericidal anti-
biotics in improving the olfactory function of those whose
dysfunction was attributed to severe common colds. It
should also be noted that because some patients classified
as having a rhinosinusitis etiology may have had short-term
viral rhinosinusitis, the aggregate effect of the antibiotics
on these particular patients may have been minimal,
increasing the variance in our test measures.

Because the initial olfactory deficits observed in sinusitis
patients are often attributed to nasal obstruction and
mucosal edema, rhinosinusitis produces, in the short run,
olfactory deficits by restricting access of molecules to re-
ceptors within the olfactory neuroepithelium.31 However,
by the time the smell function of the patients of this study
was evaluated at the Center, the nasal inflammation phase
had likely passed and nasal congestion and other related
components were no longer of significance [median (IQR)
times in days between olfactory testing and bacteriocidal
and bacteriostatic treatments Z 178 (131e287) and 163
(103e305), respectively]. The period of efficacy of antibi-
otics would have also passed and the degree of function
that was left likely reflected damage induced by viral or
bacterial processes. Olfactory biopsies of persons with
post-viral anosmia or hyposmia reveal large numbers of
aciliated olfactory receptor neurons and a greatly reduced
number of intact ciliated receptor neurons.32 While it is
widely accepted that such damage can be induced by vi-
ruses, directly or via the immune response,33 the degree to
which bacteria are also involved is not clear. Our findings of
better function in those who received antibiotics at the
time of the infection suggest that bacteria may well be
more important in this process than generally appreciated.

Although we found it useful to classify antibiotics into
bactericidal and bacteriostatic categories, it should be
emphasized that these classes are not mutually exclusive,
and some antibiotics are considered bacteriostatic at low
concentrations and bactericidal at higher concentra-
tions.34,35 Thus,most bacteriostatic agents can kill 90e99%of
some bacteria within 18e24 h after their application, even
though they don’t reach the >99.9% criterion typically
applied by bactericidal agents.4 Similarly, bactericidal
agents fail to kill every organismwithin this same period. This
overlapmayexplain, in part,whywe sawonly relatively small
differences in the efficacy of these two classes of antibiotics.
In any form of antibacterial therapy, inadequate penetration
of the infection site is a leading factor because it prevents the
drug from traveling through necessary body fluids at effective
concentration levels.4 In light of our findings, and the fact
that bacteriostatic antibiotics are limited by the host’s own
immune response, bactericidal antibiotics could be more
effective not only because of their greater killing potential,
but because they more readily access the inflammation site
under harsh inflammation conditions.

This retrospective study has both strengths and weak-
nesses. Among its strengths are the use of reliable and well-
validated tests of both odor identification and detection,
the employment of subjects for whom considerable de-
mographic, medical, and sensory testing data were avail-
able, and a relatively large sample size. Its weaknesses
include the lack of availability, in most cases, of detailed
information regarding the duration and doses of antibiotic
administrations that were employed, the varying time pe-
riods between the olfactory testing and illness onset, and
reliance on subject self-report for information regarding
antibiotic use and details the nature of the involved
infection. Although most referrals were from otolaryngol-
ogists, specific information regarding nasal examinations
was generally lacking. We have made the assumption that
normal clinical doses of antibiotics prescribed for the con-
ditions was made, although exceptions may have been
present. Nonetheless, in most cases adequate information
regarding the antibiotic use was available from the patient
questionnaire filled out before the patient came to the
Center for assessment, suggesting that our overall conclu-
sions were unlikely affected by this problem. It is important
to note that without performing viral and bacterial assays
on our subjects, we cannot be certain of the relative con-
tributions of viruses and bacteria in influencing smell
function. This information, if present, would have been
obtained from the patient’s previous medical diagnoses.
However, even if one combines these two categories, our
general findings would remain the same.

Conclusion

By employing a large and unique patient population for
which extensive olfactory testing had been performed, the
present study provides preliminary retrospective evidence
that bactericidal antibiotics may quell, to some degree,
olfactory dysfunction associated with URIs and rhinosinusi-
tis, particularly when compared to bacteriostatic antibi-
otics. However, the magnitude of the observed effects is not
large, and our findings beg for prospective confirmation. A
major need is to establish whether the bacterial titer of
those URI and rhinosinusitis patients who experience ol-
factory dysfunction or respond to antibiotics differs from
that of URI and rhinosinusitis patients who do not experi-
ence such dysfunction or fail to respond to such treatments.
It is conceivable, for example that there are more bacterial
or mixed upper respiratory infections than generally ex-
pected in those URI patients with olfactory dysfunction.
Clearly, a double-blind placebo-controlled prospective
study on this topic is needed to confirm our findings. If
confirmed, the underlying mechanisms should be better
defined and the optimal drug dose regimen identified.
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