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Abstract
Introduction:  Clinicians  rely  on  clinical  presentations  to  select  therapeutic  agents  for  acute
bacterial rhinosinusitis.  Streptococcus  pneumoniae  and  Haemophilus  influenzae  are  common
in acute  bacterial  rhinosinusitis.  Drug  resistant  Streptococcus  pneumoniae  and  Haemophilus
influenzae  require  different  antibiotics.
Objective:  This  study  aimed  to  evaluate  the  associations  between  clinical  features  of  acute
bacterial  rhinosinusitis  and  pathogenic  bacteria.
Methods:  Sixty-four  patients  with  acute  bacterial  rhinosinusitis  were  enrolled.  Clinical  features
including  nasal  obstruction,  discolored  discharge,  facial  pain,  smell  disturbance,  fever  and
laboratory  findings  of  patients  with  acute  bacterial  rhinosinusitis  were  collected.  The  bacterial
cultures of  endoscopic  middle  meatal  swabs  were  used  as  a  reference.
Results:  Serum  C-reactive  protein  level  elevation  correlated  with  the  bacterial  species
(p =  0.03),  by  which  was  increased  in  80.0%  of  Haemophilus  influenzae  rhinosinusitis  and  57.1%

of Streptococcus  pneumoniae  rhinosinusitis.  The  elevated  C-reactive  protein  was  the  signif-
icant predictor  for  Haemophilus  influenzae  rhinosinusitis  with  the  Odds  Ratio  of  18.06  (95%
CI 2.36---138.20).  The  sensitivity  of  serum  C-reactive  protein  level  elevation  for  diagnosing
Haemophilus  influenzae  rhinosinusitis  was  0.80  (95%  CI  0.49---0.94).
� Please cite this article as: Suwannawong D, Seresirikachorn K, Aeumjaturapat S, Chusakul S, Kanjanaumporn J, Chitsuthipakorn W, et al.
Predicting bacteria causing acute bacterial rhinosinusitis by clinical features. Braz J Otorhinolaryngol. 2020;86:281---6.
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Conclusion:  Elevation  of  serum  C-reactive  protein  level  was  associated  with  and  predicted  acute
bacterial  rhinosinusitis  caused  by  Haemophilus  influenzae.
© 2018  Associação  Brasileira  de  Otorrinolaringologia  e  Cirurgia  Cérvico-Facial.  Published
by Elsevier  Editora  Ltda.  This  is  an  open  access  article  under  the  CC  BY  license  (http://
creativecommons.org/licenses/by/4.0/).
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Predição  de  bactérias  causadoras  de  rinossinusite  bacteriana  aguda  por
características  clínicas

Resumo
Introdução:  Os  médicos  se  baseiam  nas  características  clínicas  para  a  escolha  dos  agentes  ter-
apêuticos para  o  tratamento  da  rinossinusite  bacteriana  aguda.  Streptococcus  pneumoniae  e
Haemophilus  influenzae  são  agentes  comuns  na  rinossinusite  bacteriana  aguda.  Streptococ-
cus pneumoniae  e  Haemophilus  influenzae  resistentes  a  antibióticos  requerem  medicamentos
diferentes.
Objetivo:  Avaliar  as  associações  entre  as  características  clínicas  da  rinossinusite  bacteriana
aguda e  bactérias  patogênicas.
Método:  O  estudo  incluiu  64  pacientes  com  rinossinusite  bacteriana  aguda.  Foram  coletadas
e registradas  as  características  clínicas,  nclusive  obstrução  nasal,  secreção  com  cor  alterada,
dor facial,  distúrbios  do  olfato,  febre  e  achados  laboratoriais  de  pacientes  com  rinossinusite
bacteriana  aguda.  As  culturas  bacterianas  obtidas  por  swab  endoscópico  do  meato  médio  foram
usadas como  referência.
Resultados:  A  elevação  do  nível  sérico  de  proteína  C-reativa  estava  correlacionada  com  a  espé-
cie bacteriana  (p  =  0,03);  ela  estava  aumentada  em  80,0%  das  rinossinusites  por  Haemophilus
influenzae  e  em  57,1%  das  rinossinusites  por  Streptococcus  pneumoniae. A  proteína  C-reativa
elevada foi  um  significativo  fator  preditor  de  rinossinusite  por  Haemophilus  influenzae,  com
razão de  probabilidade  de  18,06  (IC  95%  2,36-138,20).  A  sensibilidade  da  elevação  dos  níveis
séricos de  proteína  C-reativa  para  o  diagnóstico  de  rinossinusite  por  Haemophilus  influenzae
foi de  0,80  (IC  95%  0,49  ±  0,94).
Conclusão:  A  elevação  dos  níveis  séricos  de  proteína  C-reativa  é  um  preditor  de  rinossinusite
bacteriana  aguda  causada  por  Haemophilus  influenzae.
© 2018  Associação  Brasileira  de  Otorrinolaringologia  e  Cirurgia  Cérvico-Facial.  Publicado
por Elsevier  Editora  Ltda.  Este é  um  artigo  Open  Access  sob  uma  licença  CC  BY  (http://
creativecommons.org/licenses/by/4.0/).
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ntibiotics  should  not  be  routinely  prescribed  for  Acute  Rhi-
osinusitis  (ARS)  because  most  cases  of  the  ARS  are  caused
y  viruses  and  almost  70%  of  the  patients  with  Acute  Bacte-
ial  Rhinosinusitis  (ABRS)  may  spontaneously  resolve  without
ntibiotic  treatment.1 The  common  responsible  pathogens
or  ABRS  are:  Streptococcus  pneumoniae  (20%---45%),
aemophilus  influenzae  (20%---43%),  Moraxella  catarrhalis

14%---28%)2,3 and  Staphylococcus  aureus  (8%---11%).4 When
ntibiotics  are  indicated,  the  narrow-spectrum  antibiotics
argeting  the  common  pathogens  should  be  prescribed.  How-
ver,  the  drug  resistance  mechanisms  of  the  two  common
athogens,  S.  pneumoniae  and  H.  influenzae  are  different,
equiring  different  antibiotic  treatments.  The  mechanism
f  S.  pneumoniae  resistance  to  �-lactam  antibiotics  is
NA  mutation.  It  damages  homologous  transformation  at
enicillin-binding  proteins5 which  lowers  the  affinity  of

enicillin-binding  proteins  and  counteracts  the  antibiotic’s
bility  of  inhibiting  bacterial  cell  walls  biosynthesis.  This
echanism  requires  an  increased  dose  of  penicillin.6 In

i
s
f

ontrast,  the  mechanism  of  H.  influenzae  resistance  to  peni-
illin  is  the  ampicillin  resistance  gene  which  produces  the
-lactamase  enzyme  that  hydrolyses  the  beta-lactam  ring  of
he  antibiotics.  Beta-lactamase  inhibitors  such  as  clavulanic
cid  are  recommended  in  this  mechanism.7,8 Therefore,  the
andomly  chosen  regimen  may  not  be  appropriate  for  both
rug  resistance  mechanisms,  and  which  antibiotic  should  be
he  first  line  for  treating  ABRS  is  still  controversial.  There
s  no  consensus  among  the  international  guidelines  for  the
rst-line  drugs  recommendation.  The  Infectious  Diseases
ociety  of  America  recommends  amoxicillin-clavulanate,9

hile  The  American  Academy  of  Otolaryngologic  Head  and
eck  Surgery  Foundation  recommends  amoxicillin  with  or
ithout  clavulanate.10

Although  culturing  and  identifying  the  bacteria  causing
BRS  with  the  sensitivities  to  antibiotics  are  useful,  they  are
ot  practical.  Nasal  endoscopy  and  maxillary  sinus  puncture
equire  specialist  care.  These  procedures  are  not  available

n  most  primary  care  settings.  Sophisticated  microbiology
tudies  are  expensive  and  not  generally  available.  There-
ore,  clinicians  rely  on  the  clinical  presentations  to  select
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Predicting  bacteria  causing  acute  rhinosinusitis  

the  appropriate  therapeutic  agents.  To  date,  there  are  no
evidence-based  data  published  on  the  associations  between
the  clinical  features  of  ABRS  and  pathogenic  bacteria.  Dif-
ferent  bacteria  may  cause  different  clinical  presentations
according  to  the  bacteria  characteristics  and  virulence.
Whether  the  clinical  features  can  predict  the  pathogenic
bacteria  is  not  known.  This  study  aimed  to  evaluate  the
associations  between  the  clinical  features  and  pathogenic
bacteria  of  ABRS  and  to  assess  clinical  features  for  predicting
the  two  most  common  pathogenic  bacteria:  S.  pneumoniae
and  H.  influenzae.

Methods

This  was  a  cross-sectional  study  approved  by  the  Institu-
tional  Review  Board,  Faculty  of  Medicine,  Chulalongkorn
University  (307/60).  All  participants  provided  written
informed  consents  before  enrolling  to  the  study.  This
research  did  not  receive  any  specific  grant  from  funding
agencies  in  the  public,  commercial,  or  nonprofit  organiza-
tions.

Participants

From  June  2015  to  September  2016,  consecutive  patients
with  ARS,  age  18---65  years  from  one  University  hospital
in  Bangkok:  King  Chulalongkorn  Memorial  Hospital  and  two
tertiary  provincial  hospitals,  Sawanpracharak  Hospital  and
Nakornpathom  Hospital,  were  enrolled.  These  patients  were
the  same  patients  who  were  prospectively  recruited  to  a
previous  study11 which  assessed  the  sensitivity  and  speci-
ficity  of  the  international  guidelines  for  diagnosing  ABRS.
The  diagnostic  criteria  of  ARS  followed  the  guideline  of  Adult
Rhinosinusitis  by  the  American  Academy  of  Otolaryngology
Head  and  Neck  Surgery.10 The  criteria  included  purulent
nasal  drainage  accompanied  by  nasal  obstruction,  facial
pain-pressure-fullness,  or  both,  with  less  than  4  weeks  dura-
tion.  The  middle  meatal  bacterial  culture  was  collected
under  endoscopic  guide  and  the  serum  sample  was  collected
from  each  patient  on  the  first  visit.  The  exclusion  criteria
were  (1)  The  microbiology  report  was  negative  for  bacte-
ria;  (2)  patient  had  received  antibiotics  or  anti-inflammatory
drugs  (systemic  steroids,  topical  steroids,  or  NSAIDS)  during
the  previous  2  weeks  and  (3)  patient  had  received  anti-
fever  drugs  within  6  h.  Patients  were  diagnosed  with  ABRS
when  the  microbiology  report  was  positive  for  any  bacteria.
The  culture  was  defined  positive  using  either  a  quantita-
tive  report  of  ≥104 colony-forming  units  per  milliliter,  or  a
semi-quantitative  report  of  heavy  growth  or  numerous.

Data  collection

Clinical  features  of  each  participant  were  collected,
including  nasal  obstruction,  discolored  discharge  (either
patient-reported  or  from  nasal  endoscopy),  facial  pain,
smell  disturbance,  fever  >38 ◦C  (either  patient-reported  or

measurement),  ‘‘double  sickening’’  (clinically  worsens  after
initial  improvement),  persistent  symptoms  >10  days,  serum
C  Reactive  Protein  (CRP),  Erythrocyte  Sedimentation  Rate
(ESR)  and  microbiology  report.
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tatistical  analysis

tatistical  analyses  were  performed  using  SPSS  v.  17.0
Statistical  Package  for  the  Social  Sciences,  Chicago,  IL).
ll  variables  including  fever,  elevated  serum  CRP,  ele-
ated  serum  ESR  were  treated  as  dichotomous  variables.
earson  Chi-Square  was  used  to  evaluate  the  associations
etween  clinical  features  of  ABRS  and  the  pathogenic  bac-
eria.  Univariate  logistic  regression  and  multivariate  logistic
egression  were  used  to  assess  the  clinical  features  for
redicting  the  two  most  common  pathogenic  bacteria:  S.
neumoniae  and  H.  influenzae. Sensitivity  and  specificity
f  any  statistically  significant  predictors  were  calculated.
he  p-values  of  less  than  0.05  were  considered  statistically
ignificant.

esults

here  were  88  patients  (67%  female)  with  ARS.  A  total  of
4  participants  with  positive  results  of  bacterial  culture
rom  the  middle  meatus  were  included  in  this  study.  There
ere  41  female  participants  (64.1%).  The  mean  age  was
3.4  ±  14.8  years.  The  mean  duration  was  16.1  ±  13.6  days.
ourteen  patients  had  positive  results  for  multiple  bacte-
ia  growths;  however,  the  heavy  growth  of  each  patient
ontained  only  one  bacterial  species.  The  bacterial  species
dentified  from  the  heavy  growth  of  each  patient  was  used
or  further  analysis.  Bacterial  culture  was  positive  for  S.
neumoniae  in  7  patients  (10.9%),  H.  influenzae  in  10
atients  (15.6%),  M.  catarrhalis  in  3  patients  (4.7%)  and  S.
ureus  in  6  patients  (9.4%).

ssociation  between  clinical  features  of  ABRS  and
he pathogenic  bacteria

able  1  shows  that  the  elevated  serum  CRP  level  significantly
ssociated  with  the  types  of  pathogen  (�2 =  10.9,  p  =  0.03).
ighty  percent  of  the  patients  with  H.  influenzae  infection
nd  57.1%  of  the  patients  with  S.  pneumoniae  infection
ad  elevated  serum  CRP  levels.  Most  patients  with  other
acterial  infections  did  not  have  elevated  serum  CRP  level
Table  1).  There  were  no  associations  between  the  species
f  pathogenic  bacteria  and  other  clinical  features  including
asal  obstruction,  discolored  discharge,  facial  pain,  smell
isturbance,  fever,  double  sickening,  persistent  symptoms
10  days,  and  elevated  serum  ESR.

linical  features  for  predicting  S.  pneumoniae  and
. influenzae  ABRS

hen  univariate  logistic  regression  was  conducted  to  pre-
ict  S.  pneumoniae  rhinosinusitis,  none  of  the  variables
as  significant.  When  univariate  logistic  regression  was
onducted  to  predict  H.  influenzae  rhinosinusitis,  the  ele-
ated  CRP  was  the  only  significant  predictor  with  the
dds  Ratio  of  8.71  (Confidence  Interval  95%  ---  95%  CI

.67---45.44).

Similar  results  were  found  with  multivariate  logistic
egression.  None  of  the  variables  predicted  S.  pneu-
oniae  rhinosinusitis.  The  elevated  CRP  was  the  only



284  Suwannawong  D  et  al.

Table  1  Association  between  type  of  causative  bacteria  and  clinical  features.

Clinical  features  S.  pneumoniae  H.  influenzae  M.  catarrhalis  S.  aureus  Others  Total  Chi-square  p-value

Nasal  obstruction 3.75 NS
Yes,  n  (%)  3  (43)  3  (30)  0  (0)  2  (33)  6  (16)  14
No, n  (%)  4  (57)  7  (70)  3  (100)  4  (67)  32  (84)  50

Discolored discharge 1.85 NS
Yes,  n  (%)  6  (86)  9  (90)  2  (67)  4  (67)  31  (82)  52
No, n  (%)  1  (14)  1  (10)  1  (33)  2  (33)  7  (18)  12

Facial pain 6.81 NS
Yes,  n  (%)  7  (100)  4  (40)  2  (67)  4  (67)  21  (55)  38
No, n  (%) 0  (0)  6  (60)  1  (33)  2  (33)  17  (45)  26

Smell disturbance 4.61 NS
Yes,  n  (%)  4  (57)  7  (70)  2  (67)  5  (83)  19  (50)  37
No, n  (%)  3  (43)  3  (30)  1  (33)  1  (17)  19  (50)  27

Fever >38 ◦C 1.44 NS
Yes,  n  (%)  0  (0)  1  (10)  0  (0)  0  (0)  2  (5)  3
No, n  (%)  7  (100)  9  (90)  3  (100)  6  (100)  36  (95)  61

Double sickening NS
Yes,  n  (%) 2  (29) 3  (30) 0  (0)  2  (33)  22  (58)  29 6.99
No, n  (%) 5  (71) 7  (70)  3  (100)  4  (67)  16  (42)  35

Persistent symptoms 3.55  NS
Yes, n  (%)  3  (43)  6  (60)  1  (33)  5  (83)  25  (66)  40
No, n  (%)  4  (57)  4  (40)  2  (67)  1  (17)  13  (34)  24

Elevated serum  CRP 10.9  0.03
Yes, n  (%)  4  (57)  8  (80)  1  (33)  1  (17)  11  (29)  25
No, n  (%)  3  (43)  2  (20)  2  (67)  5  (83)  27  (71)  39

Elevated ESR 3.97  NS
Yes, n  (%)  4  (57)  6  (60)  3  (100)  2  (33)  24  (63)  39
No, n  (%)  3  (43)  4  (40)  0  (0)  4  (67)  14  (37)  25

Total 7  10  3  6  38  64

CRP, C reactive protein; ESR, erythrocyte sedimentation rate; NS, not significant.

Table  2  Clinical  features  for  predicting  causative  Streptococcus  pneumoniae  and  Haemophilus  influenzae.

Streptococcus  pneumoniae  (n  =  7)  Haemophilus  influenzae  (n  =  10)

Odds  Ratio  (95%  CI)  p-value  Odds  Ratio  (95%  CI)  p-value

Nasal  obstruction  0.07  (0.00---1.91)  NS  1.67  (0.06---47.83)  NS
Discolored  discharge  1.42  (0.08---26.94)  NS  1.70  (0.12---23.69)  NS
Facial pain  Undefined  NS  0.23  (0.04---1.30)  NS
Smell disturbance  13.00  (0.45---377.47)  NS  0.31  (0.01---8.68)  NS
Fever >38 ◦C  Undefined  NS  4.72  (0.25---89.63)  NS
Double sickening  0.62  (0.08---4.95)  NS  0.48  (0.08---2.98)  NS
Persistent  symptoms  0.30  (0.04---2.36)  NS  3.00  (0.42---21.66)  NS
Elevated CRP  4.32  (0.25---75.57)  NS  18.06  (2.36---138.20)  0.005
Elevated ESR  0.20  (0.01---3.64)  NS  0.46  (0.07---2.98)  NS

 sedim

s
t
w
n
r
(

S
p

CI, confidence interval; CRP, C reactive protein; ESR, erythrocyte

ignificant  predictor  for  H.  influenzae  rhinosinusitis  with
he  Odds  Ratio  of  18.06  (95%  CI  2.36---138.20).  All  patients

ith  S.  pneumoniae  rhinosinusitis  had  facial  pain  and
one  of  the  patients  had  fever,  therefore,  the  odds
atios  and  CIs  of  these  two  variables  were  undefined
Tables  1  and  2).
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T
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entation rate; NS, not significant.

ensitivity  and  specificity  of  the  significant
redictor  predicting  S.  pneumoniae  and  H.

nfluenzae ABRS

he  elevated  CRP,  the  only  significant  predictor,  was  ana-
yzed.  The  sensitivity  and  the  specificity  of  elevated  serum
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Table  3  Sensitivity  and  specificity  of  elevated  serum  CRP  for  predicting  Streptococcus  pneumoniae  and/or  Haemophilus
influenzae  ABRS.

Sensitivity  95%  CI  Specificity  95%  CI

Streptococcus  pneumoniae  0.57  0.25---0.84  0.63  0.50---0.74
Haemophilus  influenzae  0.80  0.49---0.94  0.69  0.55---0.79
Streptococcus  pneumoniae  or  Haemophilus  influenzae  0.71  0.47---0.87  0.72  0.58---0.83
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CRP, C reactive protein; ABRS, acute bacterial rhinosinusitis; CI, c

CRP  level  in  predicting  H  Influenzae  infection  were  0.80
(95%  CI  0.49---0.94)  and  0.69  (95%  CI  0.55---0.79),  respectively.
The  sensitivity  and  the  specificity  of  elevated  serum  CRP
level  in  predicting  S  pneumoniae  infection  were  0.57  (95%
CI  0.25---0.84)  and  0.63  (95%  CI  0.50---0.74),  respectively.  The
sensitivity  and  the  specificity  of  elevated  serum  CRP  level  in
predicting  the  two  most  common  bacterial  infections;  either
S.  pneumoniae  or  H.  influenzae  were  0.71  (95%  CI  0.47---0.87)
and  0.72  (95%  CI  0.58---0.83),  respectively  (Table  3).

Discussion

To  the  best  of  our  knowledge,  this  is  the  first  study  assess-
ing  clinical  symptoms,  signs  and  basic  laboratory  data  for
predicting  the  species  of  bacteria  that  causes  ABRS.  The
results  of  this  study  showed  an  association  between  the
elevated  serum  CRP  and  the  pathogenic  bacteria.  Serum
CRP  has  been  generally  used  as  a  marker  of  inflammation.
It  is  synthesized  by  the  liver.  The  serum  CRP  is  increased
in  response  to  inflammation  following  interleukin-6  secre-
tion  by  macrophages  and  T  cells.12,13 Compared  to  ESR,  the
CRP  is  more  sensitive  in  identifying  the  increased  inflamma-
tory  responses.14 The  ESR  may  be  normal  while  the  CRP  is
elevated.

This  study  found  that  elevated  CRP  level  was  significantly
associated  with  H.  influenzae  rhinosinusitis.  This  is  in  agree-
ment  with  a  study  by  Anttila  et  al.15 When  the  serum  CRP
level  was  monitored  daily  in  children  with  H.  influenzae  Type
B  meningitis,  the  CRP  level  was  elevated  when  the  disease
was  active,  relapsed  and  with  neurologic  complications.  The
CRP  level  was  normal  in  the  recovery  period.  The  results
of  this  study  showed  a  significant  association  between  the
elevated  CRP  and  the  H.  influenzae  only,  but  not  S.  pneumo-
niae  or  other  bacteria.  Thomas-Rudolph  et  al.16 showed  that
serum  CRP  increased  the  resistance  to  nasal  infection  caused
by  S.  pneumoniae  in  an  animal  study.  The  animal  study  by
Mold  et  al.17 showed  that  the  mice  receiving  intravenous  CRP
were  not  infected  by  viable  S.  pneumoniae  injection.  CRP
binds  to  the  phosphocholine  determinant  of  the  cell  wall
C-polysaccharide  from  S.  pneumoniae  and  provides  innate
defense  against  pneumococcal  infection.

Antibiotics  should  not  be  routinely  given  to  patients  with
ARS  because  most  cases  are  of  viral  origin.  Based  on  the
results  of  this  study,  the  elevated  serum  CRP  appears  to
be  useful  in  clinical  practice.  Patients  with  elevated  serum
CRP  should  receive  antibiotics  for  treating  H.  influenzae  rhi-

nosinusitis.  Amoxicillin  with  �-lactamase  inhibitors  such  as
clavulanic  acid  should  be  prescribed  if  the  geographic  area
has  high  prevalence  of  drug  resistant  H.  influenzae. Patients
with  normal  serum  CRP  level  may  receive  symptomatic
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ence interval.

reatment  alone.  Antibiotics  for  treating  S.  pneumoniae
hould  be  considered  after  the  conservative  treatment
as  failed.  High-dose  amoxicillin  should  be  prescribed
or  drug  resistant  S.  pneumoniae  in  the  area  with  high
revalence.

Serum  CRP  testing  is  simple  and  practical.  It  takes  around
.5  h  for  the  quantitative  testing  and  as  fast  as  5  min  for  the
emi-quantitative  CRP  rapid  test.  In  Denmark  and  Spain,  the
ate  of  antibiotic  use  was  significantly  decreased  among  gen-
ral  practitioners  who  used  the  CRP  rapid  test  regarding  the
equirement  of  antibiotics  for  treating  rhinosinusitis.18,19 A
andomized  controlled  trial  by  Cals  et  al.  studied  two  groups
f  patients  with  rhinosinusitis.  Physicians  used  CRP  assis-
ance  in  antibiotic  prescribing  for  the  first  group  compared
o  routine  care  for  the  second  group.  The  findings  showed
imilar  recovery  between  groups  but  the  rate  of  antibiotic
se  was  significantly  less  when  the  CRP  was  used  to  assist
he  prescribing  decisions.20

In  line  with  other  studies,10,21---24 we  found  S.  pneumoniae
nd  H.  influenzae  were  the  two  major  bacteria  causing  acute
acterial  rhinosinusitis.  However,  the  percentages  of  these
wo  bacteria  in  our  series  were  lower  than  other  published
rticles.  The  recent  guideline  from  the  American  Academy
f  Otolaryngology-Head  and  Neck  Surgery  Foundation10 sug-
ested  that  S.  pneumoniae  was  isolated  in  20%  to  43%  of
spirates,  and  H.  influenzae  in  22%  to  35%.  The  percentages
f  M.  catarrhalis  (2%  to  10%)  and  S.  aureus  (10%)  in  this  study
ere  similar  to  the  guideline.

This  study  had  a  limited  sample  size.  Although  88  patients
ith  ARS  were  enrolled  in  this  study  and  64  patients  had
ositive  bacterial  cultures,  only  7  and  10  patients  were  posi-
ive  to  S.  pneumoniae  and  H.  influenzae, respectively.  These
umbers  may  be  too  small  and  may  not  have  sufficient  power
or  the  conclusion.  The  authors  analyzed  data  from  the  same
opulation  that  was  already  enrolled  in  a  previously  pub-
ished  study  without  sample  size  calculation.

To  date,  there  are  still  limited  data  whether  anaerobic
acteria  plays  a  significant  role  in  ABRS.  The  other  limitation
f  this  study  was  that  the  bacterial  culture  was  performed
nly  in  aerobic  bacteria,  as  anaerobic  bacteria  culturing  is
ot  widely  available  outside  major  hospitals.  Therefore,  the
atients  with  ABRS  caused  by  anaerobes  were  not  included
n  this  study.

This  study  was  a  cross-sectional  multi-center  trial.  The
articipants  were  enrolled  from  one  university  hospital  and
wo  provincial  public  hospitals.  Further  studies  on  treat-
ent  outcomes  of  using  serum  CRP  for  selecting  appropriate
ntibiotics  are  needed.  Well  conducted  randomized  con-
rolled  trials  between  patients  with  ABRS  who  receive  either
moxicillin  or  amoxicillin  with  clavulanate  would  help  illu-
inate  this  complex  issue.  Serum  CRP  level  and  how  it
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elates  to  cure  rates  and  symptom  improvement  of  each
roup  should  be  assessed.

onclusion

atients  with  acute  bacterial  rhinosinusitis  may  be  treated
ymptomatically  or  may  require  antibiotics  depending  on
he  virulence  of  the  pathogenic  bacteria.  When  antibiotics
re  prescribed,  the  health  care  provider  can  benefit  from
lues  for  selecting  high  dose  amoxicillin,  suitable  for  drug-
esistant  S.  pneumoniae  or  amoxicillin  with  clavulanate  for
-lactamase  producing  H.  influenzae.  The  result  of  this
tudy  suggested  that  the  elevation  of  serum  CRP  levels
avored  the  use  of  amoxicillin  with  �-lactamase  inhibitors
or  treating  suspected  drug-resistant  H.  influenzae  infec-
ion.
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