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Multidrug resistance pattern of bacterial agents isolated
from patient with chronic sinusitis

Abstract

Background: Treatment of chronic sinusitis is complicated due to increase of antibiotic-
resistant bacteria. The aim of this study was to determine the multidrug resistance (MDR)
pattern of the bacteria causing chronic sinusitis in north of Iran.

Methods: This cross-sectional study was carried out on patients with chronic sinusitis.
Bacterial susceptibility to antimicrobial agents was determined according to the CLSI 2013
standards. Double-disk synergy (DDS) test was performed for the detection of extended-
spectrum beta-lactamase (ESBL) producing bacteria; also methicillin-resistant
Staphylococcus (MRSA) strains were identified by MRSA screen agar. The MDR isolates
were defined as resistant to 3 or more antibiotics. Data were analyzed using SPSS 17
software. Descriptive statistics was used to describe the features of the data in this study.
Results: The rate of ESBL-producing bacteria was 28.75-37.03% among
enterobacteriaceae and the rate of MRSA was 42.75%-60% among Staphylococcus strains.
The most detectable rate of the MDR bacterial isolates was Gram-negative bacteria 39
(76.47%) and Enterobacter spp. 19(70.37%) was the most multidrug resistant isolate
among Gram negative bacteria. Also 36 (73.46%) of the gram positive bacterial isolated
were multidrug resistance and Staphylococcus aureus 9(90%) was the most MDR among
Gram positive bacteria.

Conclusion: Antimicrobial resistance is increasing in chronic bacterial sinusitis. The
emergence of MRSA and ESBL bacteria causing chronic sinusitis is increasing.
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Treatment of chronic sinusitis, as one of the more prevalent chronic illnesses is
complicated due to increase of antibiotic-resistant bacteria (1, 2). Recent reports have
shown the emergence of antibiotic resistance bacteria in sinusitis and the increasing rate of
multidrug resistance (MDR) enterobacteriaceae causing chronic sinusitis (3-5). Extended-
spectrum beta-lactamases (ESBLs) and methicillin-resistant Staphylococcus strains
(MRSA) represent a major threat among MDR bacterial isolates (6). There are limited
reports regarding the prevalence of MRSA in the setting of chronic sinusitis (7). Treatment
of chronic sinus infection associated with the recovery of MRSA is challenging. It is
important to provide coverage against these organisms as well as against other potential
aerobic and anaerobic bacteria (8-10) anaerobic bacteria and Staphylococcus aureus are
more considerable bacteria in chronic sinusitis. Penicillin group, amoxicillin or
amoxicillin-clavulanate are effective against bacteria causing sinusitis. There is increasing
rate of MDR bacteria among respiratory pathogens, including pneumococci and H.
influenzae. Resistance rates vary regionally (11, 12).
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Empiric antibiotic therapy is often used for sinusitis, on
the other hand, the emergence of antibiotic resistance has
increased the failure rate of this approach (13). The
epidemiology of bacteria causing chronic sinusitis in
European and American countries differs from Iran and in
these countries people routinely vaccinate Hemophilus
influenzae and pneumococcus. In our knowledge, not only
there are limited data on common pathogens associated with
sinusitis in Iranian patients, but also no comprehensive
information exists on antimicrobial susceptibility to common
antibiotics used for treating sinusitis. (14-16). In view of the
increased resistance to antibiotics in several upper airway
bacteria, the aim of this study was to determine the
multidrug resistance(MDR) pattern of the bacteria causing
chronic sinusitis in north of Iran.

Methods

This cross-sectional study was carried out on 100 patients
with chronic sinusitis. The endoscopy method was used for
bacterial sampling. The standard microbiological procedures
were performed for the identification of the bacteria causing
chronic sinusitis (17, 18). Bacterial susceptibility to
antimicrobial agents was determined by the Kirby—-Bauer
method according to the CLSI 2013 standards. Inoculums
were diluted to final concentration (5*10° CFU/ ml) and
inoculated into Mueller-Hinton agar (19). ESBL-producing
enterobacteriaceae was detected using the double-disk
synergy (DDS) test. ESBL presence was assayed using the
following antibiotic disks (MAST, UK): ceftazidime/
Table 1: Antibiotic susceptibility pattern of bacterial agents
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Antibiotics
Amoxicillin
Ampicillin
vancomycin

Staphylococcus R 16.12 3225 258 6.45
epidermidis N=32 S 129 6.67 129 4193
Staphylococcus R 40 60 60 20
aureus N=10 S 30 10 10 40
Streptococcus beta hemolytic R 42.8 - 428 571
group A N=7 S 14.28 - - -
Klebsiella R - 42.8 - 57.1
pneumoniaeN=7 S - 14.3 - -
Escherichia R 0 0 0 41.17
coli N=17 S - - 5.9
Enterobacter R - - - -
spp. N=27 S - - - -

R=resistance S=sensitive

Gentamicin

9.67
38.7
50
20

28.6
42.85
47.05

18.5
29.62

clavulanic acid (30/10 pg) cefotaxime (30 pg), cefotaxime/
clavulanic acid (30/10 pg) and ceftazidime (30 pg).
Escherichia coli ATCC 25922 strain served as positive
control.

Oxacillin screen agar was used for detection of
methicillin-resistant Staphylococcus strains. Staphylococcus
strains (MRSA) were cultured on Muller Hinton agar
containing 4% NaCl and 6 mg/L oxacillin and were
incubated for 18-24 hours (20, 21). The tested antibiotics
were penicillin (P), amoxicillin (AMX), ampicillin (AM),
vancomycin (V), oxaciline (OXA), gentamicin (GM),
cefuroxime (CXM), cefazolin (CZ), ceftriaxone (CRO),
ceftizoxime (CT), ciprofloxacin (CP), co-trimoxazole (SXT),
amikacin (AN). MDR isolates were defined resistant to three
or more antibiotics (22). Data were analyzed using SPSS 17
software. Descriptive statistics was used to ascribe the data
of the study.

Results

Out of total number of patients, 100 subjects were
evaluated in our study .58 were males (58%) and 42 were
females (42%) (P=.78). The average age was 34.2+11.1
(range 8 year, 68 year). The prevalence of ESBL bacteria for
Enterobacter spp., Escherichia coli and Klebsiella
Pneumonia were 10 (37.3%), 5 (29.41%) and 2 (28.57),
respectively. The rates of MRSA Staphylococcus strains for
S.aureus and S. epidermidis were 6 (60%) and 14 (43.75%).
Antibiotic susceptibility pattern of bacterial agents is shown
in table 1.

Amikacin
Corimonazal
cefuroxime
Cefazolin
Ceftriaxone
Ceftizoxime
Ciprofloxacin
Oxaciline

- - 3225 9.67 258 1612 258 40.62
- - 6.67 387 29.03 3225 29.03 18.75
= = 20 30 40 10 30 60
- - 40 30 30 60 40 20
- - 571 571 571 571 571 100
143 143 286- 143 286 143 286 -
57.14 42.85 - 57.14 2857 4285 286 -
176 353 4117 294 235 235 294 -
29.41 11.76 - 17.64 2352 2352 17.64 -
37 333 2962 481 333 333 37 -
11.11 1481 333 0 1481 1481 11.11 -
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Multi drug resistance pattern of bacterial agents is shown
in table 2. The most frequently isolated organisms from sinus
and nasopharyngeal were; Gram-positive bacilli 70 (40 sinus
and 30 nasopharyngeal) Staphylococcus epidermidis 32 (17
sinus and 15 nasopharyngeal), Enterobacter spp. 27 (13
sinus and 14 nasopharyngeal), Escherichia coli 17 (8 sinus

Table 2. Multi-drug resistance pattern of bacterial agents
Bacteria

Antibiotics Antibiotic resistant isolates

and 9 nasopharyngeal), Staphylococcus aureus 10 (7
sinus&3 nasopharyngeal), streptococcus beta hemolytic
group A 7 (4 sinus and 3 nasopharyngeal) and Klebsiella
pneumonia 7 (3 sinus and 4 nasopharyngeal) Candida
albicans 1 (0 sinus &1 nasopharyngeal) and11 samples were
negative culture (3 sinus and 8 nasopharyngeal).

Antibiotics

No (%)

Staphylococcus 11 2 (6.25)
epidermidis N=32 10 3(9.37)
8 4 (12.5)

7 4 (12.5)

4 6 (18.75)

3 3(9.37)

P, AMX, AM, V, OXA, GM, CXM, CZ, CRO, CT, CP
P, AMX, AM, OXA, GM, CXM, CZ, CRO, CT, CP

P, AMX, AM, OXA, CXM, CRO, CT, CP

P, AMX, AM, OXA, CRO, CT, CP

AMX, AM, CRO, CP

AMX ,CRO, CP

streptococcus beta 8
hemolytic group A N=7 7

3 (42.85)
3 (42.85)

Escherichia 6
Coli N=17 5

6 (35.29)
5 (29.41)
2 (11.76)

P, OXA, GM, CXM, CZ, CRO, CT, CP
OXA, GM, CXM, CZ, CRO, CT, CP

AN, SXT, CZ, CRO, CT, CP
SXT, CZ, CRO, CT, CP
SXT, CZ, CP

Discussion

Our results showed the increased role of MRSA and
ESBL-producing bacteria in chronic sinusitis. Total of
20(47.61%) of Staphylococcus strains were MRSA and
17(33.33%) of enterobacteriaceae isolates were ESBL-
producing bacteria. Increasing MRSA strains is a major
problem in the hospital and community settings (23). We
found that S. aureus has very high rate of antibiotic
resistance. For example we reported 60% MRSA and 20%
vancomycin-resistant S. aureus. Manarey identified 9.22%
incidence of MRSA-causing chronic sinusitis (24). Brook et
al. compared the rate of recovery of methicillin-resistant S.
aureus between the periods 2001-2003 and 2004-2006. S.

aureus was found in 15% of the patients with chronic
sinusitis between 2001 and 2003, 27% were MRSA, and
from 20% of the patients with chronic sinusitis during 2004-
2006, 61% were MRSA (P<0.05) (9). Similar to our
findings, Davoudi et al. reported resistance to vancomycin
observed in one isolated S. aureus and the rate of MRSA S.
aureus was 54.2% (21). Motamedi et al. and Dibah et al.
reported the incidence rate of MRSA S. aureus of 25% and
46%, respectively (25, 26). All isolates were susceptible to
vancomycin in Dibah et al.’s research (26). Overall, the data
illustrated that a significant increase occurred in the rate of
MRSA in patients with chronic sinusitis. Outpatient
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intravenous antibiotics may be an effective therapy for the
treatment of MRSA sinusitis (27). Community-acquired
MRSA sinusitis can be treated on an outpatient basis with
culture-directed oral antibiotics (28).

The rate of ESBL-producing bacteria was 28.75- 37.03%
among enterobacteriaceae in our study. Studies on patients
infected by ESBL producing enterobacteriaceae have been
shown to share several common factors. The presence of
these risk factors should alert the attending physician to the
possibility of an ESBL-related infection: Device related
(arterial catheters; central venous catheters; urinary tract
catheters; gastrostomy or jejunostomy tube; umbilical
catheters), surgical related, antibiotic exposure (3rd
generation  cephalosporins  (especially  ceftazidime);
fluoroquinolones; trimetroprim- sulfamethoxazole), previous
nursing home residence, prolonged duration of hospital or
ICU longer stay is associated with more severe underlying
diseases, with invasive procedures and with antibiotic
administration and severity of illness (22, 29-32). Infections
with ESBL-producing organisms are usually hospital-
acquired. In our study, none of the patients had nosocomial
infections and it seems only probable risk factor for the
spread of ESBL bacteria was indiscriminate use of
antibiotics such as amoxicillin, cefixime, azithromycin,
ciprofloxacin, cotrimoxazole and so on. Many surveillance
studies performed in Europe and other geographical regions
showed an increased prevalence and dispersion of ESBL
producing isolates (6). Similar to our findings, Rezai et al.
reported 30.5% ESBL-producing E.coli (33). On one hand
Akyar in Turkey found 12% ESBL-producing E.coli and
Klebsiella pneumonia (34). Also, Heffernan in New Zealand,
estimated species distribution among the ESBL-
enterobacteriaceae in 2012, the survey reported: 61.7% E.
coli, 33.5% Kilebsiella species and 2.8% Enterobacter species
(35). Carbapenems such as imipenem or meropenem have
been shown to be associated with the lowest mortality of any
drug class when used against infections with ESBL-
producing organisms (36).

The most detectable rate of MDR bacteria isolated were
Gram negative bacteria 39(76.47%) and Enterobacter spp.
was the most MDR isolates, also the antibiotic susceptibility
test showed that 36 (73.46%) of the Gram positive isolates
were MDR and Staphylococcus aureus 9(90%) was the
most multidrug resistant among Gram positive bacteria. We
found high prevalence of MDR bacteria among
enterobacteriaceae family in our study, especially all

Klebsiella Pneumonia isolated were MDR. In our study, the
rate of MDR for E.coli (76.47%) and Enterobacter spp.
(%70.37) was high in comparison to Rezai et al. and Pradel
et al.’s findings (33, 37). We reported the sensitivity to
antibiotics only in 9% of cases to 8-10 antibiotics and the
total number of 76% microbial species was resistant to at
least three antibiotic discs. In our study, we reported that
resistance to cephalosporins such as cefuroxime, cefazolin,
ceftazidime and ceftriaxone among enterobacteriaceae
family was in average level similar to other studies (30, 38-
40). Antibiotic choices in the treatment of chronic sinusitis
should be guided by sinus cultures whenever possible, and
the use of broader single antibiotic agent should be
considered with or without the addition of anaerobic
coverage antibiotics (41). Antimicrobial resistance is
increasing in bacteria causing chronic sinusitis especially to
beta-lactam antibiotics among Gram positive bacteria in our
study. The emergence of MRSA and ESBL bacteria causing
chronic sinusitis is increasing. In addition, this resistance
affects the efficiency of different generations of
cephalosporins in the treatment of chronic sinusitis.

Acknowledgments

The authors of this article have the utmost gratitude to
the Vice-Chancellery for Research at Mazandaran University
of Medical Sciences for providing the financial support for
this research project.

Funding: This article is result of Dr. Roksana
Dadashzadeh’s thesis with 90-9 grant number.
Conflict of Interest: None declared.

References

1. Solares CA, Batra PS, Hall GS, Citardi MJ. Treatment of
chronic rhinosinusitis exacerbations due to methicillin-
resistant ~ Staphylococcus aureus with  mupirocin
irrigations. Am J Otolaryngol 2006; 27: 161-5.

2. Rahmati M, Mohebi S, Shahmohammadi S, Rezai M.
Fluticasone nasal spray as an adjunct to Amoxicillin for
acute sinusitis in children: a randomized controlled trial.
Eur Rev Med Pharmacol Sci 2013; 17: 3068-72.

3. Boase S, Foreman A, Cleland E, et al. The microbiome of
chronic rhinosinusitis: culture, molecular diagnostics and
biofilm detection. BMC Infect Dis 2013; 13: 210.



Caspian J Intern Med 2016; 7(2):114-119

Rezai MS, et al.

4. Hsu J, Lanza DC, Kennedy DW. Antimicrobial resistance
in bacterial chronic sinusitis. Am J Rhinol 1998; 12: 243-8.

5. Eslami G, Salehifar E, Behbudi M, Rezai MS. Rational
Use of Amikacin in Buali-Sina Hospital in Sari, 2011. J
Mazandaran Univ Med Sci 2013; 23: 2-9. [in Persian]

6. Canto'n R, Novais A, Valverde A, et al. Prevalence and
spread of extended-spectrum b-lactamase-producing
enterobacteriaceae in Europe. Clin Microbiol Infect 2008;
14: 144-53.

7. Rujanavej V, Soudry E, Banaei N, et al. Trends in
incidence and susceptibility among methicillin-resistant
Staphylococcus aureus isolated from intranasal cultures
associated with rhinosinusitis. Am J Rhinol Allergy 2013;
27: 134-7.

8. Shanmugam S, Selvarajan R, Thangiah S. Drug
resistance of Staphylococcus aureus in sinusitis patients.
Int J Biosci 2011; 1: 63-71.

9. Brook I, Foote PA, Hausfeld JN. Increase in the frequency
of recovery of meticillin-resistant Staphylococcus aureus
in acute and chronic maxillary sinusitis. J Med Microbiol
2008; 57: 1015-7.

10. Rahmati M, Razaghi A, Doostdar H, et al. Comparison
of  azithromycin, amoxicillin  and  amoxicillin/
clavulanicacid in the treatment of children with acute
bacterial sinusitis. J Mazandaran Univ Med Sci 2014; 23:
183-90. [in Persian]

11. Chow AW, Benninger MS, Brook I, et al. IDSA clinical
practice guideline for acute bacterial rhinosinusitis in
children and adults. Clin Infect Dis 2012; 54: e72-e112.

12. Rezai MS, Ghaffari V, Abbaskhanian A, Puramiri R.
Comparison of once versus twice daily dose of amikacin
in neonatal early sepsis. HealthMed 2012; 6: 3946-51.

13. Gold SM, Tami TA. Role of middle meatus aspiration
culture in the diagnosis of chronic sinusitis. Laryngoscope
1997; 107: 1586-9.

14. Plosker GL. 10-Valent pneumococcal non-typeable
haemophilus influenzae protein D-conjugate vaccine: a
review in infants and children. Paediatr Drugs 2014; 16:
425-44,

15. Prymula R, Schuerman L. 10-valent pneumococcal
nontypeable Haemophilus influenzae PD conjugate
vaccine: Synflorix. Expert Rev Vaccines 2009; 8: 1479-
500.

16. Farahani F, Yousefi Mashouf R, Hashemian F, Esmaeili
R. Antimicrobial resistance patterns of aerobic organisms

in patients with chronic rhinosinusitis in Hamadan, Iran.
Avicenna J Clin Microb Infect 2014; 1: e18961.

17. Collee J, Miles R, Watt B. Tests for identification of
bacteria. In: Collee JG, Fraser AG, Marmion BP, eds.
Practical medical microbiology. 14th ed. Edinburgh:
Churchill Livingstone 1996; pp: 131-50.

18. Koneman E, Allen S, Janda W, Schreckenberger R,
Winn W. Introduction to microbiology. Part II; Guidelines
for collection, transport, processing, analysis, and
reporting of cultures from specific specimen sources. In:
Koneman EW, Alien SD, Janda WM, Schreckenberger
RC, Winn W, editors. Color atlasand textbook of
diagnostic microbiology. 5th ed. Philadelphia: Lippincott
1997; pp: 121-70.

19. CISI. Performance Standards for Antimicrobial
Susceptibility Testing; Twenty-Third Informational
Supplement. M100-S23. Clinical & Laboratory Standards
Institute 2013. https://books.google.com
/books?id=ARhelwEACAAJ

20. Ramazanzadeh R. Etiologic agents and extended-
spectrum beta-lactamase production in urinary tract
infections in Sanandaj, Iran. East J Med 2010; 15: 57-62.

21. Davoudi A, Najafi N, Alian S, et al. Resistance pattern
of antibiotics in patient underwent open heart surgery with
nosocomial infection in North of Iran. Glob J Health Sci
2015; 8: 288.

22. Parasakthi N, Vadivelu J, Ariffin H, et al. Epidemiology
and molecular characterization of nosocomially
transmitted multidrug-resistant Klebsiella pneumoniae. Int
J Infect Dis 2000; 4: 123-8.

23. Raeisi J, Saifi M, Pourshafie MR, Asadi Karam MR,
Mohajerani HR. Rapid detection of methicillin-resistant
staphylococcus aureus isolates by turanose fermentation
method. Jundishapur J Microbial 2015; 8: €21198.

24. Manarey CRA, Anand VK, Huang C. Incidence of
methicillin  resistant staphylococcus aureus causing
chronic rhinosinusitis. Laryngoscope 2004; 114: 939-41.

25. Motamedi H, Rahmat Abadi SS, Moosavian SM, Torabi
M. The Association of Panton-valentine leukocidin and
mecA genes in methicillin-resistant staphylococcus aureus
isolates from patients referred to educational hospitals in
Ahvaz, Iran. Jundishapur J Microbiol 2015; 8: €22021.

26. Dibah S, Arzanlou M, Jannati E, Shapouri R. Prevalence
and antimicrobial resistance pattern of methicillin
resistant Staphylococcus aureus (MRSA) strains isolated



Caspian J Intern Med 2016; 7(2):114-119

Multidrug resistance bacteria in chronic sinusitis

from clinical specimens in Ardabil, Iran. Iran J Microbiol
2014; 6:163-8.

27. Tabaee A, Anand VK, Yoon C. Outpatient intravenous
antibiotics for methicillin-resistant Staphylococcus aureus
sinusitis. Am J Rhinol 2007; 21: 154-8.

28. Gerencer RZ. Successful outpatient treatment of sinusitis
exacerbations caused by community-acquired methicillin-
resistant Staphylococcus aureus. Otolaryngol Head Neck
Surg 2005; 132: 828-33.

29. Shakil S, Ali Sz, Akram M, Ali SM, Khan AU. Risk
factors for extended-spectrum beta-lactamase producing
Escherichia coli and Klebsiella pneumoniae acquisition in
a neonatal intensive care unit. J Trop Pediatr 2010; 56:
90-6.

30. Lautenbach E, Patel JB, Bilker WB, Edelstein PH,
Fishman NO. Extended-spectrum  beta-lactamase-
producing Escherichia coli and Klebsiella pneumoniae:
risk factors for infection and impact of resistance on
outcomes. Clin Infect Dis 2001; 32: 1162-71.

31. Yip T, Tse KC, Lam MF, et al. Risk factors and
outcomes of extended-spectrum beta-lactamaseproducing
E. coli peritonitis in CAPD patients. Perit Dial Int 2006;
26: 191-7.

32. Cherati JY, Shojaee J, Chaharkameh A, et al. Incidence
of nosocomial infection in selected cities according niss
software in Mazandaran Province. J Mazandaran Univ
Med Sci 2015; 24: 64-72. [in Persian]

33. Rezai MS, Salehifar E, Rafiei A, et al. Characterization
of multidrug resistant extended-spectrum beta-lactamase-
producing escherichia coli among uropathogens of
pediatrics in North of Iran. BioMed Res Int 2015; 2015:
309478.

34. Akyar |. Antibiotic resistance rates of extended
spectrum beta-lactamase producing Escherichia coli and

Klebsiella spp. strains isolated from urinary tract
infections in a private hospital. Mikrobiyo Bul 2008; 42:
713-5.

35. Heffernan H, Woodhouse R. Annual survey of
extended-spectrum  beta-lactamase (ESBL)-producing
Enterobacteriaceae, 2013. Institute of Environmental
Science & Research, Porirua. 2014. Available at:
https://surv.esr.cri.nz/PDF_surveillance/Antimicrobial/ES
BL/ESBL_2013.pdf

36. Paterson DL. Recommendation for treatment of severe
infections caused by Enterobacteriaceae producing
extended-spectrum  beta-lactamases  (ESBLs). Clin
Microbiol Infect 2000; 6: 460-3.

37. Pradel E, Pagés JM. The AcrAB-TolC efflux pump
contributes to multidrug resistance in the nosocomial
pathogen Enterobacter aerogenes. Antimicrob Agents
Chemother 2002; 46: 2640-3.

38. Magiorakos AP, Srinivasan A, Carey RB, et al.
Multidrug-resistant,  extensively  drug-resistant and
pandrug-resistant bacteria: an international expert
proposal for interim standard definitions for acquired
resistance. Clin Microbiol Infect 2012; 18: 268-81.

39. Saffar M, Enayti A, Abdolla I, Razai M, Saffar H.
Antibacterial susceptibility of uropathogens in 3 hospitals,
Sari, Islamic Republic of Iran, 2002-2003. East Mediterr
Health J 2008; 14: 556-63.

40. Behzadnia S, Davoudi A, Rezai MS, Ahangarkani F.
Nosocomial infections in pediatric population and
antibiotic resistance of the causative organisms in north of
Iran. Iran Red Crescent Med J 2014; 16: e14562.

41. Slavin RG, Spector SL, Bernstein IL, et al. The
diagnosis and management of sinusitis: a practice
parameter update. J Allergy Clin Immunol 2005; 116:
S13-47.



