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Purpose of review

Allergic fungal rhinosinusitis (AFRS) is a debilitating condition for children. Despite there being several
reviews on this topic in the adult population, there is a paucity of reviews of AFRS in the pediatric
literature. This article reviews the recent evidence of pediatric AFRS with the aim to optimize outcomes of
pediatric patients with this condition.

Recent findings

AFRS is clinically characterized by nasal polyposis, a type I hypersensitivity to fungal epitopes, very thick
eosinophilic mucin, and peripheral eosinophilia. Pediatric AFRS has similar clinical characteristics to that in
adults but is thought to have a more aggressive nature, with higher serum immunoglobulin E and more
frequently bone erosion and malformation of facial bones. Diagnosis of pediatric AFRS is made by using
the Bent and Kuhn’s criteria developed for adult AFRS. The mainstay of treatment is surgery followed by
postoperative corticosteroids. Adjunctive therapies, including topical/oral antifungal agents, allergen
immunotherapy and biologics may improve outcomes in pediatric AFRS, but to date the current evidence is
limited.

Summary

To optimize the outcome of pediatric AFRS, adequate and early diagnosis and treatment are essential.
Appropriate and comprehensive endoscopic sinus surgery to open the sinuses, remove the fungal burden of
disease and improve access of the sinuses to postoperative topical corticosteroid remains the standard of
care.
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INTRODUCTION

Allergic fungal rhinosinusitis (AFRS) is a subset of
noninvasive chronic fungal sinusitis with unique
clinical characteristics. AFRS is different from other
phenotypes of chronic rhinosinusitis (CRS), with a
higher rate of bony remodelling and recurrence.
AFRS is most commonly diagnosed among adoles-
cents and young adults but can occur in the pediat-
ric population and should be diagnosed and treated
in a timely fashion before irreversible changes to the
bony anatomy occur. To date, there are only a few
reviews of pediatric AFRS published [1–3]. Here we
review the recent literature on this topic to provide
otolaryngologists with information to optimize the
outcomes of pediatric patients suffering from AFRS.
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EPIDEMIOLOGY

Patients with AFRS typically present in the third
decade of life, earlier than those with other
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phenotypes of CRS [1,2,4]. The incidence of AFRS
has been estimated to range between 1.3% and 10%
of all CRS patients going to surgery [5,6

&

,7]. It is
more common in temperate regions with high
humidity, such as India and the middle-east, and
is also prevalent in south central USA which have a
similar climate [8,9]. As per the new classification
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KEY POINTS

� Suspect AFRS in children with unilateral sinus disease,
polyps and changes in facial structure/appearance.

� Diagnosis according to the Bent Kuhn criteria is made
based on the presence of (1) type 1 hypersensitivity to
fungi; (2) nasal polyposis; (3) characteristic
radiographic finding of serpiginous areas of high
attenuation; (4) eosinophilic mucin; and (5) positive
fungal culture or microscopy.

� Endoscopic sinus surgery remains the mainstay of
treatment to reduce the fungal burden and increase the
access of the sinuses to postoperative
topical treatments.

� Postoperative topical corticosteroid therapy may
improve long-term outcomes but at present there is no
consensus on treatment regimen.

� Life-long follow-up is necessary due to the high
recurrence rate.

Pediatric otolaryngology

Cop
criteria of CRS set out in the most recent position
paper of the European Academy of Allergology and
Clinical Immunology (EPOS2020), AFRS is classified
as a primary, localized or diffuse CRS with type 2
inflammation [6

&

].
The pathophysiology of allergic fungal
rhinosinusitis

AFRS has a complex and incompletely defined path-
ogenesis. The primary established mechanism is
exaggerated type 2 inflammation. Inciting factors
that may propagate this include barrier dysfunction,
defective innate immunity, direct effects of patho-
genic fungi and superantigen stimulation.
Barrier dysfunction and defective innate
immunity

In vitro studies identified reduced mucosal resis-
tance and greater permeability in AFRS [10]. Expres-
sion of local antimicrobial peptides (lactoferrin,
surface protein-D and histatin, a known antifungal)
are reduced in AFRS [11]. AFRS derived CD8þ cells
failed to activate and proliferate when sensitized to
fungi in vitro [12]. These potentially defective anti-
fungal mechanisms result in biofilm formation and
overgrowth that incite perpetual innate and adap-
tive immune stimulation.
Direct role of fungi

Fungi have a direct pathogenic role in the allergic
airway inflammation observed in AFRS. Fungal
2 www.co-otolaryngology.com
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molecules (including b-glucan, chitin and glycosi-
dases) stimulate innate immune cells to secrete
cytokines through epithelial activation and apopto-
sis [13,14]. These cytokines, including IL-25 and IL-
33, induce Th2 polarization and type 2 inflamma-
tion. Fungal proteases are pro-inflammatory
through the promotion of type 2 inflammation,
eosinophilia and goblet cell hyperplasia [13]. Pro-
teases also directly stimulate TLR4 pathways
through the cleavage of fibrinogen, causing antifun-
gal activity and allergic airway inflammation [15].
The mass effect of expansile fungal overgrowth and
local cytokine release (TNFa and MMP9) can also
induce bony deficiencies, which are commonly
observed in paediatric AFRS [14,15].
Superantigen theory

A cross kingdom synergy between fungi and bacte-
ria has been proposed, where both organisms bene-
fit from alternative macrophage activation and
weakened innate defences [16]. Fungal and bacte-
rial superantigens drive an exaggerated inflamma-
tory response through the stimulation of T cells,
causing elaboration of epithelial cell-derived cyto-
kines (IL-33, IL-25, and TSLP) and activation of
group 2 innate lymphoid cells (ILC2) [11]. Activated
ILC2 release IL-13, promoting a type 2 eosinophilic
response and increased tissue and serum immuno-
globulin E (IgE) [11,17,18]. Staphylococcus aureus
enterotoxin (SE) has been proposed as a culprit
superantigen with SE-specific IgE identified in AFRS
patients [16].
Adaptive immunity and type 2 inflammation

Type 2 inflammation is the central mechanism
underlying AFRS. Th2 activation releases IL4, IL5
and IL13, which promote B cell differentiation, IgE
production, mast cell degranulation, and eosino-
philia [14]. Whole-genome microarray studies iden-
tified upregulation of IgE loci, eosinophil pathways,
Th2 signalling and specific cytokine expression as
distinguishing molecular features in AFRS [19]. This
manifests as elevated IgE, eosinophilic mucin and
fungal specific hypersensitivity. Disease severity
appears to be greater in children with significantly
higher fungal biomass, serum IgE values and recal-
citrant disease compared with adults [1].
CLINICAL PRESENTATION AND
DIAGNOSIS

AFRS patients typically present with nasal obstruc-
tion secondary to nasal polyposis. Patients often also
report thick mucinous discharge, that can be
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Table 1. Diagnostic criteria for AFRS (by Bent and Kuhn) [6&,19,53]

Criteria Examination Sample

Major

Type I IgE-mediated hypersensitivity Skin test and/or IgE immune CAP Skin or blood

Nasal polyposis Endoscope N/A

Characteristic CT findings CT N/A

Eosinophilic mucin without invasion into the sinus tissue Histology Mucus and mucosa obtain during surgery

Positive fungal stain of sinus contents Microbiology Sinus contents obtain during surgery

Minor

Radiographic bone erosion CT N/A

Unilateral disease Endoscope/CT N/A

Fungal cultures Microbiology Sinus contents obtain during surgery

Charcot-Leyden crystals Histology Mucus obtain during surgery

Peripheral eosinophilia Blood examination Blood

Asthma Spirometry, CT, etc. N/A

CT, computed tomography.
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discoloured or malodourous. If disease is bilateral,
complaints of hyposmia or anosmia may be reported.
Pediatric patients often also have visible bony
changes, usually the result of expansile pressure from
the inflammation/trapped fungus on the developing
facial skeleton. This may be manifested as proptosis,
telecanthus, or malar flattening [1].

Local features of AFRS include thick eosinophilic
mucin, often described as ’peanut butter’ in nature
because of its colour and high viscosity. This is in
contrast to the ’chewing gum’ description of mucin
often described in CRSwNP patients [6

&

]. Unlike fun-
gal balls, which simply reflect an overgrowth of
mycelial elements, the mucin of AFRS is thought to
be the product of these patient’s local allergic hyper-
sensitivity reaction to the fungi. Microscopic evalua-
tion of the mucin not only demonstrated fungal
elements but also commonly shows Charcot-Leyden
crystals, which reflect severe eosinophilic inflamma-
tion. Evaluation of the mucosa sampled from these
patients will demonstrate superficial fungus also, but
unlike invasive fungal sinusitis, there is no submuco-
sal or vascular invasion of the fungus.

Systemic characteristics of patients with AFRS
include an atopic immune status, IgE-mediated
hypersensitivity to fungi, and elevated peripheral
eosinophilia. The hypersensitivity to fungi is con-
firmed by skin prick or serological allergy testing to
specific IgE against fungal antigens. Patients with
AFRS often also demonstrate an elevated total serum
IgE [4,20], which has been proposed as one of the
prognosis factors predicting recurrence [7]. Although
peripheral eosinophilia is also found in patients with
AFRS [7], this is not specific to AFRS and is also seen in
allergic rhinitis and CRSwNP, [21].
1068-9508 Copyright � 2021 Wolters Kluwer Health, Inc. All rights rese
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Unlike other forms of CRS, the diagnosis is usu-
ally confirmed after surgery, from histopathological
evaluation of surgical specimens of mucus and
mucosa. Similar to adult AFRS, the diagnosis is based
on the fulfilment of the criteria proposed by Bent and
Kuhn (Table 1) [22]. The criteria are divided into
major and minor, with the major 5 criteria being;
(1) type 1 hypersensitivity to fungi; (2) nasal poly-
posis; (3) characteristic radiographic finding of ser-
piginous areas of high attenuation; (4) eosinophilic
mucin; and (5) positive fungal culture or microscopy.
Characteristic imaging findings

CTsinus imaging is necessary for the diagnosis of AFRS
as per the Bent and Kuhn criteria. Nonenhanced
contrast the sinuses are typically opacified by cen-
trally, often serpiginous hyperdense material with a
peripheral rim of hypodense mucosa often referred to
as the double density sign. Approximately 40% of
children may show expansion of the involved sinus,
remodelling, thinning or erosion of the bony sinus
walls [6

&

]. On MRI hypointensity on T1WI and T2WI is
the most common finding with the low T2 signal or
signal void due to high concentration of various met-
als such as iron, magnesium and manganese concen-
trated by fungal organisms as well as high protein and
low free water content in allergic mucin [6

&

].
Features specific to pediatric allergic fungal
rhinosinusitis

Nasal polyposis is unusual in the pediatric popula-
tion and if visualized AFRS should be considered in
the differential along with antrochoanal polyps,
rved. www.co-otolaryngology.com 3
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cystic fibrosis or other ciliary dysfunction disorders
[3,8]. Studies have documented that up to 81.8% of
pediatric patients with AFRS present with nasal pol-
yps at initial clinical exam [23]. In AFRS, the sinus
disease and polyposis are typically unilateral in chil-
dren (up to 70%) whereas in cystic fibrosis and other
forms of CRS, polyposis is more commonly bilateral
[24]. Unilaterality of disease in children with AFRS is
even more common than it is in adults with AFRS
[25]. As discussed previously changes in the facial
skeleton are also more common in the pediatric
population with more than 50% of children present-
ing with changes manifesting as proptosis, telecan-
thus, or malar flattening due to bone erosion [23,24].
MANAGEMENT

The mainstay of the treatment for pediatric AFRS is
surgery followed by postoperative corticosteroid
therapy. Adjuvant therapies have been trialled to
optimize outcomes but supporting their routine use
remains limited.
Surgical management including the extent of
surgery and postoperative management

Surgery is required for both diagnostic and therapeu-
tic reasons. Although the diagnosis may be suspected
through the clinical characteristics, diagnosis is ulti-
mately achieved by confirmation of fungal presence
on culture of tissue or mucin specimens obtained
intra-operatively [2]. Surgery not only facilitates
symptom relief through the removal of obstructing
tissue but also serves to reduce the inflammatory
burden of disease and remove the antigenic stimula-
tion by the fungi as well as improve access of the
sinuses to ventilation and topical drug delivery in the
postoperative setting. For most phenotypes of pedi-
atric CRS, surgery is generally reserved only for
patients who fail appropriate medical therapy, and
when performed is usually limited to an adenoidec-
tomy in the first instance [26]. For pediatric AFRS,
medical therapy is often futile, with a low threshold
for surgery recommended when the diagnosis is sus-
pected. Adenoid surgery does little to address the
fungal disease load in the sinuses of children with
AFRS, and so in this condition functional endoscopic
sinus surgery to address the diseases sinuses is usually
recommended as a first line procedure.

Although historical animal models raised con-
cerns about the possible effect of FESS on pediatric
facial development [27], this fear has been largely
disbanded by more recent longitudinal human stud-
ies [28,29]. Furthermore, the study by Bothwell et al.
reports that facial deformities are more likely to
occur in untreated children with CRS than in those
4 www.co-otolaryngology.com
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treated in a timely fashion with appropriate surgery
[29]. This is particularly pertinent to AFRS children
who often present with facial abnormalities at diag-
nosis.

To date, due to the lack of available evidence,
there is no consensus on the extent of FESS surgery
that should be performed in the pediatric AFRS
population. Interestingly in a study evaluating
patients presenting with unilateral AFRS, 30% pro-
gressed to contralateral involvement at a later date
with preemptive surgery on the unaffected side not
delaying contralateral disease [29,30]. For this rea-
son, and the added complexity of pediatric FESS due
to the narrow operating confines, it is our opinion
that FESS surgery should be targeted to the involved
sinuses to remove the fungal disease and facilitate
access for topical treatments.

Pediatric FESS is generally considered a relatively
safe procedure with a low risk of significant comorbid-
ity [26,31], but the surgeon must recognize the impor-
tant differences between pediatric and adult patients
when performing FESS. Pediatric patients have smaller
nasal vestibule, underdevelopmentof their turbinates,
and relatively low vertical height of the nasal cavity
[32]. This, coupled with the bone erosion and facial
abnormalities in children with AFRS, does increase the
risk of potential complications and so should be antic-
ipated when planning for surgery. The use of image
guidance and the involvement of a tertiary rhinologist
is recommended if possible.
Medical treatment

Due to the ubiquitous nature of fungal aeroallergens
and the patient’s constitutional hypersensitivity to
fungus, the recurrence rates of AFRS after surgery are
high ranging between 10 and 100% in some studies
[33,34]. Furthermore, the recurrence rates in chil-
dren with AFRS have been shown to be higher than
the adult population [1]. Recurrence rates can be
improved with vigilant postoperative care and
follow up.
Corticosteroid therapy

Corticosteroid treatment has been shown to reduce
recurrence after surgery for AFRS [1,35,36]. Due to a
paucity of studies in the pediatric population, there is
no consensus on dosing or duration of steroid therapy
for pediatric AFRS. Table 2 summarizes some of the
dosing regimens used by various groups (Table 2).
Caution should be exerted when using oral corticoste-
roids in children due to the possible adverse effects
including those on the hypothalamus-pituitary-adre-
nal access. A systematic review of the toxicity of oral
corticosteroids in over 6817 children reported an
Volume 29 � Number 00 � Month 2021
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Table 2. Reported dose and duration of systemic corticosteroids for the treatment for AFRS

Prednisolone Adjuvant therapy

Younis et al. [31] 1 mg/kg for 7 days (max 60 mg/day), and
10 mg daily within 1 month.

Nasal rinsing
Intranasal corticosteroid spray

Prasad et al. [36] (Preoperatively)
1 mg/kg, for 1 week
(Postoperatively)
0.5 mg/kg for 4 weeks,
0.4 mg/kg for 4 weeks,
0.2 mg/kg for 2 months, and
0.1 mg/kg for 2 months.

Intranasal corticosteroid spray

Patro et al. [1] 1.0 mg/kg for 7 days,
0.8 mg/kg for 7 days,
0.6 mg/kg for 7 days,
0.4 mg/kg for 7 days, and
0.2 mg/kg for 14 days.

Nasal rinsing

Pediatric allergic fungal rhinosinusitis Suzuki et al.
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adverse event rate of 63.39%, with reported side effects
including weight gain (21.1%), growth retardation
(18.1%), and Cushingoid features (19.4%) [37]. The
negative effect of steroids on growth is thought to be
used to the suppression of chondrocyte maturation at
the epiphyseal growth plate, which is essential for
endochondral bone growth [38]. This has been shown
to be dose dependent and usually occurs at doses at or
more than 0.5 mg/kg/day, but can occur with lower
doses [38,39]. For this reason, some authors recom-
mend trailing alternate daily dosing or rapid titrations
if corticosteroids are to be used in children. The evi-
dence for topical steroid treatment for AFRS is limited
with low-level evidence showing a possible benefit
with intranasal corticoid sprays (INCS) [40] or nebu-
lized steroids [41]. Given the long-term safety profile
of INCS in children with rhinitis and CRS, and the very
low rate of side effects, the EPOS2020 has recom-
mended it as an option for the postop management
of pediatric AFRS with evidence grade 3b [6

&

]. In recent
times the off-label use of budesonide irrigations
(0.5mg/2 ml in 240ml saline) for CRS has become
increasingly popular [42]. The advantage of budeso-
nide irrigations over sprays and nebulizers is the
increased delivery of the steroid to the sinuses after
surgery. One study investigating its use in AFRS did
show that it also may reduce the risk of both recur-
rence and delayed contralateral involvement in uni-
lateral AFRS [30]. At some institutions, budesonide
irrigation is already routinely used for pediatric AFRS
once the patient has completed the oral corticosteroid
taper [2,43]. But clearly further studies evaluating their
safety and efficacy are required.
Immunotherapy

Given the role of fungal hypersensitivity in the
disease process allergen immunotherapy may also
improve the outcome of AFRS in adults and
1068-9508 Copyright � 2021 Wolters Kluwer Health, Inc. All rights rese
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children [43,44]. Several articles have reported
the efficacy of subcutaneous immunotherapy
in reducing the rate of recurrence of AFRS
[42,43,45,46]. Bassichis et al. followed 60 patients
with AFRS for at least one year after surgery and
reported that the need for revision surgery was
lower in patients treated with immunotherapy
(11.1% vs. 33%) [45]. However, a follow-up study
failed to demonstrate long-term efficacy 4–10 years
later, although by the authors’ own admissions the
study was limited by a small sample size [46]. Sub-
lingual immunotherapy has also been shown to be
possibly effective in improving AFRS outcomes,
although again the evidence is limited [47]. Given
the small number of studies published on this topic
to date and the lack of substantiating long term
follow-up data, immunotherapy is currently con-
sidered as an adjunctive therapeutic option for
AFRS, although a standardized protocol does not
yet exist [42].
Antifungal therapy

Although several studies have shown the efficacy
of both systemic and topical antifungal therapies
for adult AFRS patients [48,49], a recently pub-
lished meta-analysis failed to support their use
[50]. Additionally, there is no currently available
evidence for antifungal therapy in the pediatric
AFRS population. At this stage, it is difficult
to recommend the routine application of antifun-
gals for pediatric AFRS patients. In cases of allergic
bronchopulmonary aspergillosis, which has a
similar pathophysiology to AFRS, antifungal ther-
apies have been shown to reduce the dose of
corticosteroid therapy [51], something that would
no doubt be advantageous in the pediatric
patients. Clearly further studies in this area are
required.
rved. www.co-otolaryngology.com 5
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Biologics

Antimonoclonal antibody or biological therapies
have recently emerged as effective treatment for
treatment resistance CRSwNP [52,53]. Several stud-
ies have also reported the efficacy of biologics,
namely, omalizumab (anti-IgE) [54,55] and mepo-
lizumab (anti-IL5) [56] for AFRS. Gan et al.
observed in their small retrospective review, an
improvement in symptomatic and endoscopic
scores and a reduction in corticosteroid and anti-
fungal use in AFRS patients receiving omalizumab
for their asthma [55]. Karp et al. showed a similar
benefit for AFRS patients treatment with mepoli-
zumab for their asthma [56]. In their study, they
showed improvements in SNOT 22, radiologic, and
endoscopic scores with a reduction in eosinophil
counts as well [56]. In another study, Mostafa et al.
compared the efficacy of omalizumab to INCS for
patients with AFRS [54]. They reported better
SNOT-22 with omalizumab postoperatively than
those with intranasal nasal steroid spray, whereas
there were no significant differences in serum IgE
or endoscopic scores between the two groups [54].
Although biologics may represent an important
therapy for AFRS in the future, a lack of data and
the expense associated with them, preclude their
routine use for this condition in both the adult and
pediatric populations. Clearly further studies are
needed to not only document their efficacy but
also their long-term safety in children, given a
documented, albeit low risk of future malignancies
with their use.
Author’s recommended postoperative care

Given the severity of inflammation in children with
AFRS, the authors typically prescribe a 3 weeks pred-
nisolone taper immediately after surgery. Doing is
1 mg/kg for 1 week, 0.5 mg/kg for a week and then
0.5 mg/kg alternatively for 1 week. Patients are seen
between 7 and 10 days postoperatively for an endo-
scopic debridement if tolerated. At this stage, bude-
sonide irrigations (0.5 mg/2 ml dissolved in 120 ml
of sinus irrigation) are commenced for a minimum
of 4 weeks. Patients are typically then followed up at
4 weeks, 12 weeks and then 6 months with addi-
tional appointments if required. An assessment of
the nasal mucosa is made at each appointment with
endoscopic examination and the frequency of bude-
sonide irrigations are adjusted according to clinical
need. Referral to a pediatric allergist for consider-
ation and discussion of desensitization is usually
recommended, with the ultimate decision on
immunotherapy made by the allergist and parents.
Systemic antifungal medications and biologic
6 www.co-otolaryngology.com
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therapies are not routinely used in our pediatric
patients given the lack of robust evidence support-
ing their use for this condition in this age group.
CONCLUSION

Although not a common condition, AFRS does
occur in the pediatric population particularly in
humid and temperate climates. It needs to be con-
sidered in children with polyps, unilateral sinus
disease, particularly in the setting of facial bone
malformations. Early diagnosis and management
with FESS surgery are essential, as is long term
follow-up and treatment with postoperative corti-
costeroid therapy, given its high rate of recurrence.
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51. Gothe F, Schmautz A, Häusler K, et al. Treating allergic bronchopulmonary
aspergillosis with short-term prednisone and itraconazole in cystic fibrosis. J
Allergy Clin Immunol 2020; 8:2608–2614. e2603.

52. Nasta MS, Chatzinakis VA, Georgalas CC. Updates on current evidence for
biologics in chronic rhinosinusitis. Curr Opin Otolaryngol Head Neck Surg
2020; 28:18–24.

53. Bachert C, Zhang N, Cavaliere C, et al. Biologics for chronic rhinosinusitis
with nasal polyps. J Allergy Clin Immunol 2020; 145:725–739.

54. Mostafa BE, Fadel M, Mohammed MA, et al. Omalizumab versus intranasal
steroids in the postoperative management of patients with allergic fungal
rhinosinusitis. Eur Arch Otorhinolaryngol 2020; 277:121–128.

55. Gan EC, Habib AR, Rajwani A, Javer AR. Omalizumab therapy for refractory
allergic fungal rhinosinusitis patients with moderate or severe asthma. Am J
Otolaryngol 2015; 36:672–677.

56. Karp J, Dhillon I, Panchmatia R, Javer A. Subcutaneous mepolizumab injec-
tion: an adjunctive treatment for recalcitrant allergic fungal rhinosinusitis
patients with asthma. Am J Rhinol Allergy 2021; 35:256–263.
rved. www.co-otolaryngology.com 7

uthorized reproduction of this article is prohibited.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 0
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU (Use these settings to create Adobe PDF documents for Quad Graphics' Midland MI Facility.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks true
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 12
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


