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Orbital complications from acute sinusitis continue to be a significant 
clinical problem with the potential to cause serious morbidity and mortality. The 
ophthalmologic complications of sinusitis are well documented and include a 
group of conditions ranging from periorbital inflammation to orbital cellulitis 
(OC) to subperiosteal and orbital abscess (SPOA/OA) and finally, cavernous 
sinus throm bosis.1 With the exception of periorbital inflammation or preseptal 
cellulitis, patients with these conditions present or develop proptosis, chemosis, 
ophthalmoplegia, and visual impairment. OC and SPOA are thought to occur by 
direct extension of the infection through the thin lamina papyracea or frontal bone 
(Figures 1 and 2), local thrombophlebitis, or by infected thromboemboli. 2,3,4  If 
not recognized and managed in a timely manner, orbital cellulitis can progress 
into an orbital abscess, cause blindness, spread into the intracranial cavity, result 
in systemic sepsis, or even death. 

The selection of appropriate parenteral antibiotics is critical to successful 
outcomes in patients with OC and SPOA. This important decision is based on 
the knowledge of local microbiological trends and suspected pathogens. Prior to 
l985 and the introduction of the HiB vaccine, Haemophilus influenzae was the 
most common pathogen associated with significant periorbital infections from 
acute complicated sinusitis 5. Subsequent studies in the late 1990s documented 

Figure 1. Axial CT scan of a 6 year male with an 
early left SPOA/phelgmon and orbital emphysema 
(arrow). 

Figure 2. Axial CT scan an 18 year old male 
with frontal sinusitis, and left frontal soft tissue 
emphysema, and SPOA (asterisk).
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Streptococcus pneumoniae and other Streptococcal species to be the predominant 
pathogens associated with OC and SPOA and that the incidence of Haemophilus 
influenzae had decreased dramatically 6.

As this change in the microbiology of OC and SPOA was taking place, 
the medical community was becoming increasingly aware of Streptococcus 
pneumoniae isolates with	 decreasing	 susceptibility	 to	 β	 lactam	 antibiotics.	 By	
2003, the resistance of these pathogens was greater than 50% in some countries 
7. Susceptibilities to other antimicrobials like macrolides and fluoroquinolones 8,9 
were also noted to have decreased in tandem with penicillin. In fact, resistance 
to macrolide antibiotics had increased even more than for penicillin 7. These 
alarming trends created significant concerns that led to the development of several 
national and international initiatives to promote the judicious use of antibiotics. 
They included the World Health Organization report on overcoming antimicrobial 
resistance 10 and the Alliance for the Prudent Use of Antibiotics 11. As a result of 
these initiatives, there was a decrease in outpatient oral antimicrobial use in some 
countries and a reduction or stabilization of pneumococcal resistance rates to 
some classes of antibiotics 7. However, despite these efforts, there continued to be 
significant morbidity due to invasive streptococcal infections.

In order to combat the morbidity of invasive pneumococcal infections, the 
U.S. Centers for Disease Control and Prevention recommended widespread use of 
the heptavalent pneumococcal conjugate vaccine (Prevnar® or PCV-7) in children 
younger than 24 months of age in 2000 12. PCV-7 protects against Streptococcus 
pneumoniae serotypes 4, 6B, 9V, 14, 18C, 19F, and 23F which are the serotypes 
most commonly seen with invasive pediatric pneumococcal meningitis and 
bacteremia. These pneumococcal serotypes are also associated with increased 
resistance to penicillin and macrolide antimicrobials 13,14. PCV-7 is typically 
administered at 2, 4 and 6 months of age and a booster dose is given at age 12 to 
15 months. The vaccine has been shown to significantly decrease the burden of 
pneumococcal disease in children younger than 5 years of age. Most of the studies 
reviewing pneumococcal infection rates after widespread use of PCV-7 discuss 
bacteremia, meningitis and otitis media 13-16 but little is known about the impact on 
the incidence, presentation, bacteriology, or management of orbital complications 
from acute sinusitis. 

In 2007, McKinnley et al reported a dramatic decrease in Streptococcus 
pneumoniae in pediatric OC and SPOA at the Texas Children’s Hospital. These 
investigators were only able to isolate this pathogen in one of 38 cases of OC/
SPOA17. Since approximately 70% of the eligible population had received the 3 
doses of PCV-7 18 and herd immunity was evident in adults and unvaccinated or 
incompletely immunized children by 200319,20, it seems likely that many of the 
patients in Texas study population had either been vaccinated or had developed 
herd immunity against the pneumococcal serotypes contained in PCV-7 at the 
time of the study. This suggests that the PCV-7 has had a significant impact in 
reducing invasive Streptococcus pneumoniae acute complicated sinusitis with 
associated orbital infections.
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McKinnley et al 17 also reported that majority of their pediatric patients with 
OC and SPOA had staphylococcal infections. Methicillin-resistant Staphyloococcus 
aureus (MRSA) was isolated in 72.3% of the Texas patients. In another recent 
study from Boston, Staphylococcus aureus was the most commonly identified 
pathogen in adult and pediatric sinogenic orbital and SPOAs. Approximately 
one quarter of the pathogens isolated in this investigation were MRSA21. The 
differences in the rates of MRSA isolated between the 2 studies likely reflects 
differences in regional distribution of these organisms21. Taken together, the data 
do suggest that Staphylococcus aureus has replaced Streptococcus pneumoniae 
as a pathogen in pediatric and adult OC and SPOA. The increasing virulence of 
Staphylococcus aureus may be contributing to the change in pathogens seen in 
orbital infections related to acute sinusitis in addition to those contributions from 
the PCV-7 vaccine.

The acquisition of certain genetic mutations have enabled Staphylococcus 
aureus to aggressively invade host organisms and spread efficiently while 
effectively evading host immune responses. Resistance to antimicrobials is one 
such mutation. Staphylococcal resistance to penicillin is mediated by penicillinase 
which	 is	 an	 enzyme	 that	 cleaves	 the	 β-lactam	 ring	 of	 the	 penicillin	molecule,	
rendering	 the	 antibiotic	 ineffective.	 Penicillinase	 resistant	 β-lactam	 antibiotics,	
such as methicillin and oxicillin, were developed in order to be able to resist 
degradation by staphylococcal penicillinase. Within a short period after the use 
of the latter antibiotics, staphylococcal resistance to methicillin developed. By 
definition, MRSA has a minimum inhibitory concentration for oxacillin of 4 pg/
mL or greater. Methicillin resistance is mediated via the mec operon which is part 
of the staphylococcal cassette chromosome mec (SCCmec). Resistance is actually 
conferred by the mecA gene. This gene codes for an altered penicillin-binding 
protein	(PBP2a	or	PBP2’)	that	has	a	lower	affinity	for	binding	β-lactams	.	This	
allows	for	resistance	to	all	β-lactam	antibiotics,	limiting	their	clinical	use	during	
MRSA infections. 

Increasing Staphylococcus aureus virulence has also been associated with 
strains of MRSA that harbor a bacteriophage encoding for the cytotoxin Panton-
Valentine leukocidin (PVL) The PVL encoding genes lukS-PV and lukF-PV, 
which reside in the genomes of several bacteriophages, become integrated into 
the staphylococcal aureus bacterial chromosome and code for PVL cytotoxin. 
This cytotoxin induces pore formation in the cell membranes of neutrophils, 
monocytes and macrophages, causing them to leak their contents. PVL is  found 
in many community associated MRSA  (CA-MRSA) isolates and is thought to 
play a significant role in the increasing morbidity often seen with CA-MRSA 
pneumonias and soft tissue infections. Although the role of PVL as a virulence 
determinant was challenged when it was shown that removal of PVL from two 
major epidemic CA-MRSA strains resulted in no loss of infectivity or destruction 
of neutrophils in a mouse model 22,23, other model-based studies have demonstrated 
its virulence 24,25. Further, a clear epidemiological association between the PVL 
genes and successful CA-MRSA lineages is apparent 26,27 although this association 
is not clearly delineated for MRSA OC and SPOA related to acute sinusitis. 
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Otolarygologic CA-MRSA infections have been steadily increasing over the 
past several years. Increased rates of MRSA in pediatric head and neck abscesses, 
chronic otitis media and both acute and chronic rhinosinusitis have been 
documented. In an analysis of national microbiologic database, approximately 
21,000 pediatric staphylococcal head and neck infections were identified in a 5 
year period. MRSA was isolated in 21.6 percent of these infections and almost 
60 percent of the MRSA infections were probably attributable to CA-MRSA 28. 
The highest proportion of MRSA was found in the children with otologic disease 
followed by those with sinonasal disease. However, the data from this and other 
previous studies regarding the number of MRSA isolates with respect to the 
presence of PVL, multiple drug resistance, and/or other genetic adaptations that 
increase MRSA virulence is incomplete and/or unknown.

Clearly, the pathogens associated with orbital infections from acute sinusitis 
have changed significantly in the last 30 years. MRSA and CA-MRSA isolates 
have become predominant in this and other otolaryngologic infections while 
the presence of pneumococcus has decreased. The introduction of PCV-7 and 
the more judicious use of antimicrobials have resulted in an interruption of the 
transmission of antimicrobial resistant pneumococcal strains by blocking the 
acquisition of vaccine serotypes pneumococci that are resistant to antimicrobials. 
Furthermore, PCV-7 may have also reduced antimicrobial resistance indirectly 
through its impact on antibiotic use7. However, there is now evidence that the 
bacteriology may be changing again.

Pneumococcal infections with serotypes other than those targeted by PCV-7 
29,30 have been reported in the recent past. This is not surprising as the ability of 
pneumococci to undergo genetic transformation has been well documented 13,15. In 
vivo capsular transformation is thought to be an important mechanism for spreading 
antimicrobial resistance to new serotypes of Streptococcus pneumoniae different 
from those serotypes currently associated with aggressive infections 7,13,29. The 
expansion of colonization and disease from non-vaccine types 13,15 and increased 
antibiotic resistance of non-vaccine serotypes 30 have also been documented. The 
clinical impact of these changes is not yet clear. Given the increased incidence 
of MRSA and potentially, new serotypes of invasive Streptococcus pneumoniae, 
it seems prudent to manage patients with OC and SPOA aggressively including 
broad spectrum parenteral antibiotics until specific culture information becomes 
available.

References

1. Chandler JR, Langenbrunner DJ, Stevens ER. The pathogenesis of orbital complications in acute 
sinusitis. Laryngoscope 1970; 80:141-1428.

2. Jackson K, Baker SR. Clinical implications of orbital cellulitis. Laryngoscope 1986; 96:568–74.
3. Wiatrak BJ. Orbital subperiosteal abscess. Practical Pediatric Otolaryngology. Cotton R, Myer C, 

editors. Philadelphia (PA): Lippin cott-Raven, 1999; 978 –82. 
4. Wald ER. Periorbital and orbital infections. Infect Dis Clin North Am 2007; 21:393–408.
5. Harris GJ. Subperiosteal abscess of the orbit. Age as a factor of bacteriology and response to 

treatment. Ophthalmology 1994; 101: 585-95.



174 XII IAPO MANUAL OF PEDIATRIC OTORHINOLARYNGOLOGY!

6. Donahue SP, Schwartz G. Preseptal and orbital cellulitis in childhood-A changing microbiologic 
spectrum. Ophthalmology 1998; 105 (10): 1902-1905.

7. Low L. Changing trends in antimicrobial-resistant pneumococci: It’s not all bad news. Clin Infect Dis 
2005; 41 (Suppl 4): S228-S232.

8. Linares J, De La Campa AG, Pallares R. Fluoroquinolone resistance in Streptococcus pneumoniae 
[letter]. N Engl J Med 1999; 341:1546-7.

9. Ho PL, Yung RW, Tsang DN, et al. Increasing resistance of Streptococcus pneumoniae to 
fluoroquinolones: results of a Hong Kong multicentre study in 2000. J Antimicrob Chemother 2001; 
48:659-65.

10. World Health Organization. World Health Organization report on infectious diseases 2000: 
overcoming antimicrobial resistance. January 2001. Available at http://wwww.who.int/infectious-
disease-report/2000/. Accessed on 1 February 2005.

11. Alliance for the Prudent Use of Antibiotics (APUA) home page. January 2005 Available at: http://
www.tufts.ed.med.apau/index.html. Accessed on 1 February 2005.

12. CDC. Prevention of pneumococcal disease among infants and young children: recommendations of 
the Advisory Committee on Immunization Practices. MMWR Morb Mort Wkly Rep 2000;49:1-38.

13. Black S, Shinefield H, Baxter R, Austrian R, Bracken L, Hansen J, Lewis E, Fireman B. Postlicensure 
surveillance for pneumococcal invasive disease after use of heptavalent pneumococcal conjugate 
vaccine in Northern California Kaiser Permanente. Pediatr Infect Dis J 2004; 23:485-9.

14. Toltzis P, Jacobs MR. The epidemiology of childhood pneumococcal disease in the United States in 
the era of conjugate vaccine use. Infect Dis Clin North Am 2005; 19:629-45. 

15. Whitney CG, Farley MM, Hadler J, et al. Decline in invasive pneumococcal disease after the 
introduction of protein-polysaccharide conjugate vaccine. N Engl J Med 2003; 348:1737-46. 

16. Dagan R. The potential effect of widespread use of pneumococcal conjugate vaccines on the practice 
of pediatric otolaryngology: the case of acute otitis media. Curr Opin Otolaryngol Head Neck Surg 
2004;12:488-94. 

17. McKinnley SH, Yen MT, Miller, AM, Yen, KG. Microbiology of Pediatric Orbital Cellulitis. 
American Journal of Ophthalmology 2007; 497-501.

18. CDC. National, state, and urban area vaccination coverage acute mastoiditis among children aged 
19-35 months – United States, 2003. MMWR Morb Mort Wkly Rep 2004; 53:658-61. 

19. Givon-Lavi N, Fraser D, Dagan R. Vaccination of day-care center attendees reduces carriage of 
Streptococcus pneumoniae among their younger siblings. Pediatr Infect Dis J 2003; 22:524-32.

20. Millar EV, Watt JP, Bronsdon MA, et al. Indirect effect of 7-valent pneumococcal conjugate vaccine 
on pneumococcal colonization among unvaccinated household members. Clin Infect Dis 2008; 
47:989-96. 

21. Liao S, Durand ML, Cunningham MJ. Sinogenic orbital and subperiosteal abscesses: Microbiology 
and methicillin-resistant Staphylococcus aureus incidence. Otolaryngolog Head Neck Surgery 2010; 
143(3):392-396.

22. Voyich JM, et al. Is Panton-Valentine leukocidin the major virulence determinant in 
community-associated methicillin-resistant Staphylococcus aureus disease? JInfec Dis 
2006;194:1761–1770. 

23. Bubeck Wardenburg J, Palazzolo-Ballance AM, Otto M, Schneewind O, DeLeo FR. Panton-
Valentine leukocidin is not a virulence determinant in murine models of community-associated 
methicillin-resistant Staphylococcus aureus disease.J Infect Dis2008; 198:1166–1170.

24. Diep BA, et al. Polymorphonuclear leukocytes mediate Staphylococcus aureus Panton-Valentine 
leukocidin-induced lung inflammation and injury.Proc Natl Acad Sci 2010;107:5587–5592.

25. Varshney AK, et al. Augmented production of Panton-Valentine leukocidin toxin in 
methicillin-resistant and methicillin-susceptible Staphylococcus aureus is associated with 
worse outcome in a murine skin infection model.J Infect Dis 2010;201:92–96. 

26. Vandenesch F, et al. 2003.Community-acquired methicillin-resistant Staphylococcus aureus 
carrying Panton-Valentine leukocidin genes: worldwide emergence.Emerg Infect Dis 
2003;9:978–984.

27. Diep BA, et al. Complete genome sequence of USA300, an epidemic clone of community-acquired 
methicillin-resistant Staphylococcus aureus. Lancet2006;367:731–739. 



175    XII IAPO MANUAL OF PEDIATRIC OTORHINOLARYNGOLOGY!

28. Naseri I, Jerris RC, Sobol SE. Nationwide trends in pediatric Staphylococcus aureus head and neck 
infections. Arch Otolaryngolog Head Neck Surg 2009;135: 14-16.

29. McEllistrem MC, Adams J, Mason EO, Wald ER. Epidemiology of acute otitis media caused 
by Streptococcus pneumoniae before and after licensure for the 7-valent pneumococcal protein 
conjugate vaccine. J Infect Dis 2003;188:1679-84.

30. Farrell DJ, Klugman KP, Pichichero M. Increased antimicrobial resistance among nonvaccine 
serotypes of Streptococcus pneumoniae in the pediatric population after the introduction of the 
7-valenet pneumococcal vaccine in the United States. Pediatr Infect Dis J 2007;26:123-8.


