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Abstract
Purpose of Review Diagnosis of bacterial acute rhinosinusitis is difficult. Several attempts have been made to clarify the
diagnostic criteria. Inflammatory biomarkers are easily obtainable variables that could shed light on both the pathophysiology
and diagnosis of bacterial acute rhinosinusitis. The purpose of this review article is to assess literature concerning the course of
inflammatory biomarkers during acute rhinosinusitis and the use of inflammatory biomarkers in diagnosing bacterial acute
rhinosinusitis.
Recent Findings We included C-reactive protein, erythrocyte sedimentation rate, white blood cell counts, procalcitonin, and nasal
nitric oxide in this review and found that especially elevated C-reactive protein and erythrocyte sedimentation rate are related to a
higher probability of a bacterial cause of acute rhinosinusitis. Still, normal levels of these two biomarkers are quite common as
well, or the levels can be heightened even during viral respiratory infection without suspicion of bacterial involvement.
Summary Elevated levels of C-reactive protein or erythrocyte sedimentation rate support diagnosis of bacterial acute
rhinosinusitis, but due to a lack of sensitivity, they should not be used to screen patients for bacterial acute rhinosinusitis.

Keywords Acute rhinosinusitis . Bacterial . C-reactive protein (CRP) . Erythrocyte sedimentation rate (ESR) . High-sensitive
CRP . Procalcitonin . Nasal nitric oxide (nNO) .White blood cell count (WBC)

Introduction

Acute rhinosinusitis (ARS) is defined as a sudden onset of
symptomatic, reversible inflammation involving both the na-
sal and paranasal mucosa and lasting up to 12 weeks [1–4].
ARS is one of the most common reasons for health care ap-
pointments, leading to as many as millions of visits around the
world [5–7]. Typical symptoms are nasal discharge and ob-
struction, facial pain or pressure, and loss or reduction of smell
[1–4]. Both viruses and bacteria are often related to the path-
ophysiology of ARS [2, 4]. In the beginning of ARS,

respiratory viral infection and middle meatal bacterial co-
infection influence the course of ARS and, in some cases,
may also lead to secondary bacterial infection and prolonged
and more severe symptoms [1, 8, 9]. Recent guidelines sug-
gest that we should diagnose and treat bacterial ARS, but due
to their similar clinical impressions, viral and bacterial ARS
are difficult to differentiate and thus antibiotics are often used
for no reason in viral ARS, also [1–4].

Inflammatory biomarkers are used to diagnose bacterial
disease, measure the severity or course of a disease or to fol-
low the patient’s healing [1]. The markers are usually part of a
human inflammatory response and, therefore, reflect the in-
flammatory processes of a disease. Inflammatory biomarkers
are usually easily obtained from a blood sample and may offer
a diagnostic tool in diseases that are hard to diagnose clinical-
ly, such as bacterial ARS [1]. Several inflammatory bio-
markers such as C-reactive protein (CRP), white blood cell
count (WBC), erythrocyte sedimentation rate (ESR),
procalcitonin (PCT), and nasal nitric oxide (nNO) have been
suggested to reflect the degree of inflammation and, thus, shed
light on the pathophysiology of bacterial ARS [1, 10].
Elevated CRP and ESR have also been suggested to be used
as possible diagnostic criteria for bacterial ARS to guide
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antibiotic treatment. The use of inflammatory biomarkers,
CRP especially, in diagnostics has been reported to reduce
the amount of antibiotics prescribed in patients with respira-
tory infections [1, 11]. However, the behaviour of inflamma-
tory biomarkers during an ARS episode and the possible use
of these markers in diagnosing bacterial ARS remain unclear.
There are a limited amount of studies describing the use of
inflammatory biomarkers in diagnosing bacterial ARS in pa-
tients whose diagnoses have been confirmed by sinus aspira-
tion and bacterial culture (culture-proven bacterial ARS). In
addition, the behaviour of inflammatory biomarkers in differ-
ent phases of an ARS episode is also seldom reported.

The purpose of this article is to review the available litera-
ture concerning the possible use of inflammatory biomarkers
in diagnosing bacterial ARS. Because bacterial ARS is often
preceded by a viral infection, the review also addresses in-
flammatory biomarker findings during viral ARS as far as it
helps in understanding the pathophysiology of bacterial ARS.

Inflammatory Biomarkers in ARS

C-Reactive Protein

CRP is an acute-phase protein produced by the liver in
response to infection or inflammation. In a healthy per-
son, the level of CRP is low (< 10 mg/l), but the level can
rise quickly within hours and reach peak values (350–
400 mg/l) after 48 h [12]. The level of CRP also decreases
rapidly due to a short half-life, 6–8 h [1]. Single measure-
ments of CRP are considered to have limited value, but
elevated levels have generally been connected to bacterial
infections and sequential measurements usually reflect the
course of the infection [1, 12, 13].

Elevated CRP findings peaking after 2–3 days of
symptoms of acute respiratory infection have been report-
ed by Whicher et al. and Melbye et al. [14, 15]. They
found that approximately half of the cases of natural and
inoculated rhinovirus and influenza A viral infections
without bacterial suspicion have elevated CRP levels.
The elevated CRP levels were reported to decline rapidly
and abnormal results were scarce after 7 days of symp-
toms [15]. Comparable results have also been found by
Ruuskanen et al. and Autio et al. in patients with adeno-
virus infection [16, 17•]. Autio et al. [17•] also found that
the inflammatory reaction during ARS measured by CRP
was stronger at the beginning, after 2–3 days of symp-
toms, than later, after 9–10 days of symptoms. In patients
with symptom duration of less than 3 weeks, elevated
CRP levels have been reported to be more common in
culture-proven bacterial ARS than in non-bacterial ARS
[17•, 18•, 19•]. Still, normal CRP levels have also been
reported to be common [17•, 18•, 19•]. Hansen et al. [18•]

reported that a CRP level of 11–49 mg/l and a CRP level
> 49 mg/l are both associated with culture-proven bacte-
rial maxillary sinusitis (odds ratios 8.9 and 10.5, respec-
tively). Still, as much as half of patients with ARS and no
suspicion of bacterial involvement have also been report-
ed to have elevated CRP levels [14, 15]. In a previous
study by Autio et al. [17•], sensitivity, specificity, and
predictive values were calculated for elevated CRP values
to find patients with culture-proven bacterial ARS
(Table 1). In that study, elevated CRP (≥ 11 mg/l) after
9–10 days of symptoms predicted bacterial ARS relatively
well (positive likelihood ratio, LR+, 3.3) and moderately
elevated CRP (≥ 49 mg/l), very well (LR+ 15.8).
Nevertheless, the sensitivity values of these two CRP
thresholds remained low (63 and 38%, respectively) and
the negative likelihood ratios, LR−, were relatively high
(LR− 0.5 and 0.6, respectively). Therefore, the authors
stated that elevated CRP values should not be used to
screen for bacterial ARS even though, after 9–10 days
of symptoms, they did support the diagnosis of bacterial
ARS. Still, when compared with the earlier study by
Autio et al. [24], findings of elevated CRP (≥ 11 mg/l)
were better at predicting culture-proven bacterial ARS
than any symptom and as good as a physical finding of
a moderate or profuse amount of secretion in the nasal
cavity at 9–10 days. We found only one controlled study
that monitored CRP during treatment of ARS. In a
randomised controlled study evaluating the effect of pen-
icillin in clinically diagnosed ARS, Hansen et al. [25]
reported that the levels of CRP had returned to normal
after 7 days in 88% of the penicillin group and in 75%
of the control group. The difference was statistically
significant.

Erythrocyte Sedimentation Rate

ESR is based on sedimentation of red cells in plasma,
which reflects the level of acute-phase proteins and there-
fore inflammation. The test is not specific for any disease,
but still is a tool that is used to evaluate the severity or
activity of inflammation in various inflammatory condi-
tions [26]. The level of ESR in a healthy person tends to
be higher in women and the elderly. Usually, a value <
15 mm/h in males and < 20 mm/h in females under
50 years old is considered normal [27].

Melbye et al. [15] found ESR to peak after 4–5 days of
ARS symptoms and reported that influenza A virus was most
often related to higher ESR levels. Lindbaek et al. [22] report-
ed that high ESR levels were related to mucosal abnormalities
seen in paranasal computed tomography scans of patients with
ARS. Hansen et al. [18•] and Savolainen et al. [19] both re-
ported elevated ESR in patients with culture-proven bacterial
ARS but also concluded that normal levels are common in
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bacterial ARS. Additionally, in a study by Puhakka et al. [28],
elevated levels of ESR were found in patients with a sponta-
neously recovering common cold. We found no original stud-
ies where the sensitivity or specificity of elevated ESR in
diagnosing bacterial ARS was reported or where ESR had
been monitored during an ARS episode with sequential mea-
surements of ESR. However, increased ESR levels have been
associated with a positive bacterial culture from the sinus as-
piration. A study by Hansen et al. [18•] reported that the prob-
ability of a positive bacterial culture rose in patients with
higher ESR levels. They reported that a moderate level of
ESR (21–30 mm/h in females and 11–30 mm/h in males)
was associated with a positive bacterial culture from the sinus
aspiration (odds ratio 4.3). The association between a high
level of ESR (> 30 mm/h) and bacterial ARS was similarly
high (odds ratio 4.9). However, 42% of the patients with
culture-proven bacterial ARS had a low ESR level (<
10 mm/h). In a randomised controlled study evaluating the
effect of penicillin in clinically diagnosed ARS, the authors
found no difference in the ESR levels or any change in ESR
between treatment and placebo groups during a 7-day follow-
up [25]. Even though high ESR levels have been related to
bacterial ARS even in a culture-proven setup, the frequen-
cy of normal ESR levels even in culture-proven bacterial
ARS and elevated levels in viral infection without suspi-
cion of bacterial involvement suggest that ESR should not
be used to screen for bacterial ARS.

White Blood Cell Count

Only a small proportion of human white blood cells circulate
freely. Some of them are attached to blood vessel walls andmost
of them are stored in bone marrow. White blood cells are pri-
marily involved in response to local inflammation caused by a
variety of viruses or bacteria [29]. WBC count measures only
freely circulating cells. The upper limit of WBC in a healthy
person is usually considered to be 8 × 109/l. WBC count is re-
ported to be elevated more often in bacterial disease [30] and
only minor changes have been reported in confirmed viral upper
respiratory tract infections [28, 31]. WBC counts have been
examined in patients with culture-proven bacterial ARS by
Autio et al. and Savolainen et al. [17•, 19•]. Both authors con-
cluded that WBC rarely exceeded the reference range during
bacterial ARS. Autio et al. also concluded that WBC had no
value in diagnosing bacterial ARS.We found no studies address-
ing a possible change in WBC count during treatment of ARS.

Procalcitonin

In a healthy person, procalcitonin (PCT) is synthesised in the
thyroid gland. The levels of PCT in a healthy person are low
(< 0.05 μg/l). Bacterial endotoxins and inflammatory media-
tors in bacterial infection rapidly activate PCT production in
other parenchymal tissues as well. During acute infection,
PCT levels peak after 6–24 h and changes are detectable as

Table 1 Studies addressing the
use of inflammatory biomarkers
in diagnosing bacterial acute
rhinosinusitis

Study Reference
standard

Main
findings

Autio et al. 2017 [17•] Maxillary sinus aspirate +
bacterial culture

CRP ≥ 11 mg/l ➔ LR+ 3.3, LR− 0.5

CRP ≥ 49 mg/l ➔ LR+ 15.8, LR− 0.6

Hansen et al. 2009 [18•] Maxillary sinus aspirate +
bacterial culture

CRP 11–49 mg/l ➔ OR 8.9

CRP > 49 mg/ml ➔ OR 10.5

Moderate ESR1 ➔ OR 4.3

High ESR1 ➔ OR 4.9

Young et al. 2003 [23] Clinical criteria Radiography is better than CRP
in diagnosing ARS

Savolainen et al. 1997 [19•] Maxillary sinus aspirate +
bacterial culture

Normal CRP, ESR, and WBC
counts are common in
culture-proven bacterial ARS

Hansen et al. 1995 [20] Appearance of maxillary
sinus aspirate

CRP 11–24 mg/l ➔ OR 2.7

CRP 25–49 mg/l ➔ OR 3.5

CRP > 49 mg/l ➔ OR 7.4

Van Buchem et al. 1995 [21] Appearance of sinus aspirate ESR > 10 mm/h➔ 72%
of patients had fluid in the
maxillary sinus

Lindbaek et al. 1996 [22] Computed tomography
of the paranasal sinuses

ESR > 10 mm/h was related
to radiologic acute sinusitis

CRP C-reactive protein, ESR erythrocyte sedimentation rate, LR+ positive likelihood ratio, LR− negative likeli-
hood ratio, mm/h millimetres per hour, mg/l milligrammes per litre, OR odds ratio,WBC white blood cell count
1Moderate ESR: 11–30 mm/h in males, 21–30in females; high ESR: > 30 mm/h

Curr Allergy Asthma Rep  (2018) 18:13 Page 3 of 6  13 



fast as after 2–4 h [32, 33]. PCT levels do not rise significantly
in viral infections [33], and PCT has been reported to be an
accurate variable in distinguishing bacterial and non-bacterial
infections [34].

We found only one study that reported PCT values during
an ARS episode and examined their diagnostic ability to de-
tect bacterial ARS [17•]. In that study, the level of PCT was
rarely significantly elevated after 2–3 or 9–10 days of symp-
toms and had no value in diagnosing bacterial ARS.

Nasal Nitric Oxide

Nasal nitric oxide (nNO) is a gaseous agent that is believed to
have a role in the regulation of blood flow and ciliary move-
ment of nasal and paranasal mucosa and also to have antibac-
terial, antiviral, and pro-inflammatory effects. nNO is sug-
gested to have a role in the local immune system [35, 36].
High levels of nNO have been reported earlier in patients with
allergic rhinitis, asthma, or acute respiratory infection [36]. On
the other hand, both adult and child patients with clinically
diagnosed ARS with suspicion of bacterial aetiology have
been reported to have low nNO levels that rise after treatment
with antibiotics [37, 38]. The range of nNO in a healthy per-
son is reported to be 450–900 parts per billion (ppb) [36].

In a report by Autio et al. [17•], the levels of nNO were
lower in patients with culture-proven bacterial ARS both at
the beginning of symptoms at 2–3 days and at the time of
diagnosis at 9–10 days of symptoms. The authors were
unfortunately unable to determine a threshold of nNO for
diagnosing bacterial ARS. The authors also found that the
level of nNO correlated with the level of CRP, a wider
spread of the disease to the paranasal sinuses and occlusion
of the ostiomeatal complex. Even though nNO seems to be
lower in bacterial ARS than in non-bacterial ARS, the use
of nNO in diagnosing bacterial ARS is limited due to mul-
tiple sources of error [39, 40]. There still are problems in
obtaining reproducible results using nNO measurements,
and a reliable threshold of nNO for diagnosing bacterial
ARS has not yet been reported.

Discussion

The literature concerning the behaviour of inflammatory
biomarkers during an ARS episode and the use of in-
flammatory biomarkers in diagnosing bacterial ARS are
still limited. In addition, the research on rhinosinusitis
has been concentrated more on CRS than ARS during
the past few years. Also, many of the studies reviewed
in this article were published more than 20 years ago
and comparison of these studies is difficult due to the
fact that the studies have used different reference stan-
dards for diagnosing bacterial ARS. Many studies use

clinical criteria, paranasal computed tomography find-
ings, or appearance of sinus puncture material as a ref-
erence standard for bacterial ARS. Only a few studies
(Table 1) have used the positive bacterial culture obtain-
ed from a paranasal sinus, most often the maxillary
sinus, as a reference standard, as suggested by Chow
et al. [2].

The levels of CRP and ESR usually peak after a few days
of ARS symptoms and the elevated levels decrease rapidly
during the episode. Clearly elevated levels in several inflam-
matory biomarkers reveal an obvious systemic inflammation
reaction, which is the strongest at the beginning of the episode.
Both normal and elevated levels of CRP, ESR, andWBC have
been reported in patients with culture-proven bacterial ARS.
Especially elevated CRP and ESR have been related to a
higher probability of bacterial disease, but elevated levels
have also been reported in viral ARS without suspicion of
bacterial involvement [14, 15, 17•, 18•, 19•, 28]. The sensitiv-
ity, specificity, and predictive values of elevated inflammatory
biomarker levels have not been reported often. We found one
study [17•] that reported the LR+ of elevated CRP to be rela-
tively high, but the low sensitivity of this finding makes it
unreliable in screening patients with bacterial ARS. There is
no data supporting the use of inflammatory biomarkers in the
follow-up of ARS patients.

As in CRS, cytokines have also been studied in ARS. High
levels of cytokines, especially interleukins, tumour necrosis
factor alpha, and interferons have been found in nasal secre-
tions or nasal washings in patients with ARS symptoms or a
verified upper respiratory tract virus infection, but wewere not
able to find studies where these cytokines or their levels would
have been studied in diagnosing bacterial ARS [1, 41–43]. We
still need further investigation of inflammatory biomarkers,
especially compared with culture-proven bacterial ARS.

Conclusion

Changes in inflammatory biomarkers are common in both
viral and bacterial ARS. Elevated CRP or ESR levels may
support diagnosis of bacterial ARS, but due to the frequency
of normal levels in patients with confirmed culture-proven
bacterial ARS and elevated levels in patients with no suspi-
cion of bacterial involvement, the use of CRP nor ESR should
not be used to screen for bacterial ARS.
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