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Introduction: Allergic fungal rhinosinusitis (AFRS) is a chronic disorder with significant
morbidity and a high recurrence rate needing long-term follow-up. Even after its first description
many decades ago, there is still considerable uncertainty about the management of this condition.
Description: In this chapter, we breakdown the topic “Optimal management of allergic
fungal rhinosinusitis” into sub-headings in order to discuss the latest research and available
literature under each topic in great detail. Every attempt has been made to incorporate the
highest level of evidence that was available at the time of writing.

Summary: Pre-operative diagnosis and further management prior to surgery is important.
Steroids help in reducing inflammation and help improve the surgical field. Surgery remains the
mainstay in the management of this condition along with long-term medical management. Oral
steroids are reserved for acute flare-ups in the background of associated lung concerns. Oral and
topical antifungal agents have no role in the control of the disease. Biological agents are being
prescribed predominantly by respiratory physician colleagues, mainly for the control of the chest-
related issues rather than for sinus disease. Immunotherapy as an adjunct with surgery is promising.
Conclusion: AFRS is a disease with many variables and a wide range of symptomatic
presentation. It takes a keen clinician to identify the disease and subsequently manage the
condition. Treatment involves long-term follow-up with early detection of recurrence or
flare-ups. Any of the mentioned modalities of management may be employed to effectively
control the condition, and treatment protocols will have to be tailor-made to suit each
individual patient. Various medications and drugs such as Manuka honey, antimicrobial
photodynamic therapy, hydrogen peroxide and betadine rinses appear to be promising.
More robust studies need to be undertaken to ascertain their routine use in clinical practice.
Keywords: fungal, allergic, rhinosinusitis, eosinophilic, IgE, immunotherapy

Introduction
Allergic fungal rhinosinusitis (AFRS) was perhaps first described in 1976 by
Safirstein et al' due to its similarities with allergic bronchopulmonary aspergillosis
(ABPA). This condition is more commonly seen in geographic areas with higher
humidity levels and amongst young adults with a mean age of presentation being
about 22 years.>” The classic presentation includes nasal polyps, presence of
allergic fungal mucin and elevated IgE to at least one fungal antigen.

A panel of international experts have defined some set criteria for the diagnosis
of AFRS for research and clinical care as described in Table 1.*

Management of this condition has been ever evolving and thus necessitates the
conglomeration of latest evidence and this document is an attempt to achieve the

same.
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Table | Diagnostic Criteria for AFRS

Symptoms

* Nasal obstruction

* Decreased sense of smell

Requires 2 one of the following:

* Anterior and/or posterior nasal drainage

* Facial Pain-pressure-fullness

Objective findings Requires all of the following:

* Presence of allergic mucin (pathology showing fungal hyphae with degranulating eosinophils)
» Evidence of fungal specific IgE (skin test of in vitro test)

* No histologic evidence of invasive fungal disease

Radiographic findings Highly recommended:

* Sinus CT demonstrating
* Bone erosion

» Sinus expansion

* Double Density Sign

* Extension of disease into adjacent areas

Other diagnostic Possible, but not required:

measures * Fungal culture

* Total serum IgE

* Imaging by more than one technique( CT or MRI)

Management of AFRS will be covered under the fol-
lowing headings

1. Surgical Management:
a. Pre-operative Medication
b. Surgical Technique details:
i. Wide ethmoid doorway with wide maxillary
antrostomy, sphenoidotomy.
ii. Wide frontal sinus ostial openings to include
a frontal sinus rescue procedure or a Draf 2.
c. Revision surgery for AFRS
2. Post-operative Medical Management:
a. Topical Steroids
i. Low Volume vs High Volume rinses.
Oral Steroids
Oral Antifungals
Topical Antifungals: is there a role?

o e T

Advanced Therapies:
i. Biologics
ii. Immunotherapy
iii. Other Research Therapies: aPDT, Betadine,
Peroxide, Manuka Honey.

Surgical Management

Pre-Operative Medication

Oral Corticosteroids

The need for pre-operative medication, especially oral
corticosteroids, in AFRS patients has been widely uti-
lized. Pre-operative oral corticosteroids have shown
a greater reduction in inflammation, radiological and
in AFRS when
CRSWNP patients.” A meta-analysis of 1148 patients

endoscopic  scores compared to
showed that pre-operative oral corticosteroids also
reduced intra-operative blood loss and improved surgical
field quality.® However, it must be kept in mind that the
use of these medications in the pre-operative period
could impact any biopsies or mucous samples by under-

staging the disease process at surgery.

Antifungal Agents

A randomised control trial done in patients with AFRS
treated with pre-operative itraconazole for 4 weeks in one
arm and none in the other showed reduction in Clinical
(SNOT 20), radiological (Lund Mackay) and endoscopic
(Kupferberg) scores. Fifteen patients had complete resolution

submit your manuscript

324

Dove

Journal of Asthma and Allergy 2020:13


http://www.dovepress.com
http://www.dovepress.com

Dove

Medikeri and Javer

of disease endoscopically.” Unfortunately, the authors did not
mention the dosage used in their study. Another study com-
paring the efficacy of oral itraconazole (200 mg BD for 2
days followed by 100 mg BD for 26 days) in the pre and
postoperative period showed better disease control and lesser

chances of recurrence with pre-operative administration.®

Surgery
Surgery remains the mainstay in the management of AFRS
along with continued long-term medical management. It is
the first and most vital step in the management of the
disease process in most cases.

The goals of surgery include’

(1) To completely clear fungal mucin and debris to
reduce the antigen load.

(i1) To create a wide opening for all sinuses in order to
improve ventilation to all the sinuses, as well as
allowing a pathway for ongoing postoperative
topical therapy to the sinus cavities.

(iii) To preserve mucosa for restoration of mucociliary
health and motility.

(iv) To create a wide sino-nasal corridor thereby allow-
ing long-term in-office endoscopic examination for
the detection of early recurrence of disease and
appropriate management.

(v) To provide access to the sinuses for removal of
fungal mucin and application of topical medication
in the postoperative surveillance period.

Surgery usually involves a complete frontosphenoethmoi-
dectomy with a wide maxillary antrostomy. Special atten-
tion is needed in those patients with extensively
pneumatised sinuses. These deep cavities create areas of
potential retention of fungal debris and allergic mucin that
may not be amenable to post-operative long-term surveil-
lance. Hence, areas such as retro-maxillary cells, frontal
cells, lateral recess of sphenoid sinus, etc., must be exten-
sively marsupialised in order to allow for post-surgical
topical medications. Care must be taken to avoid any
inadvertent injury to critical structures such as the optic
nerve, carotid artery, dura, etc., which could have become
dehiscent secondary to bone resorption. AFRS patients are
reported to be 12 times more likely to have bony dehis-
cence than non-AFRS patients needing surgery.'® The
normal anatomy is often grossly distorted due to bony

remodelling caused by the expansion of the fungal debris

within a closed space. This is most often seen in the
anterior skull base and orbit."!

Completion of all the bone work is essential to prevent
pockets wherein fungal debris or allergic mucin could hide
and act as an antigenic stimulus for the atopic patient. This
also helps for easier clearance of debris in the office during
the post-operative surveillance period.

The frontal sinus is one of the most difficult sinuses to
keep patent. At our institute, we frequently utilize the
frontal sinus rescue procedure, where the vertical process
of the middle turbinate is removed to the level of the
frontal ostium with preservation of a mucus membrane
advancement flap. This is similar to a Draf 2b without
the removal of the middle turbinate. It allows for a widely
patent opening to the frontal sinus while still preserving
the patients’ sense of smell and the middle turbinate.'?

Over-enthusiastic surgery should be avoided in-order to
preserve enough mucosa to have significant function as well
as to avoid dryness and the possibility of an empty nose like
syndrome. AFRS patients usually have a reduced sense of
smell and poor mucociliary clearance to begin with. Undue
tissue removal such as sacrificing the middle turbinate, super-
ior turbinate or posterior septectomy to allow for a wide
Sphenoidotomy, or performing a frontal sinus drill out will
not necessarily help in controlling the disease. The surgeon
must balance the benefits of aggressive surgery with loss of
function such as hyposmia/anosmia or poor mucociliary func-
tion with mucous retention. It is important to remember that
this is a physiologic problem that will need long-term medical
therapy and meticulous attention. It is not necessarily improved
with over-aggressive surgery. The authors strongly suggest that
each patient be treated individually and that the surgeon should
never resort to use the “one size fits all” methodology to treat
AFRS. It would not be justified to carry out extensive proce-
dures in all patients, especially in the primary setting, as only
a handful of patients may eventually need it.

Revision Surgery for AFRS

AFRS is associated with a very high probability of revision
surgery and studies have identified it as the greatest risk factor
for revision surgery.'>'* There are many reasons for this. The
authors believe that it is due to the ubiquitous nature of the
fungal spores and hyphae in the environment that the patient
invariably breathes. The fungal spores and hyphae then enter
the already opened sinus cavities which are dark, deep and
moist spaces; especially the maxillary and sphenoid sinuses.
This in turn activates an inflammatory response at the level of
the sinus mucosa, thereby creating polypoid edema, which
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further walls off the fungus and re-propagates the cycle. The
fungal debris and mucin then become inaccessible to topical
rinses or medication and provide continued antigenic stimula-
tion, thereby making the situation worse. This inflammation
spreads contiguously and involves other sinuses, which is
when symptoms start to become evident. Interestingly, symp-
toms occur at a much later stage when the disease has advanced
fairly significantly and after several sinuses have become
involved.

Revision surgery usually involves complete removal of
all the fungal debris and residual cells in order to allow
complete visualization of the frontal, maxillary and sphe-
noid sinuses through the sino-nasal corridor. This can be
achieved again by principles similar to the primary surgery
mentioned above. In certain cases, larger openings such as
wide antrostomies or

mega antrostomies or even

a modified medial maxillectomy may become necessary.

Post-Operative Medical
Management

Topical Steroids

Low vs High Volume Steroid Rinses

Postoperative irrigation of the operated sinuses is one of the
main modalities for clearing and adequately controlling the
fungal spores that the patient breathes in during the post-
operative period and for controlling the mucin build up within
the sinus cavities. The irrigant distribution depends on various
factors such as patient anatomy, inflammatory load and type of
irrigation device used. In many cases, it might be very difficult
to clear sinus mucin as it is thick and tenacious. Topical rinses
aim to improve inflammation, infection and mucociliary dys-
function which accompanies the disease process."
A comparative study between 9 post-operative patients and 3
un-operated patients comparing metered nasal spray, nebuliza-
tion and nasal douching showed that douching had good pene-
tration into the maxillary and frontal recess but not so much
into the sphenoid and frontal sinuses.'® A prospective rando-
mised control trial with 121 patients comparing low volume
high-pressure devices such as nasal sprays vs high volume,
low-pressure devices showed that the latter had better reduc-
tion in the SNOT 20 scores.!” Mucosal atomization devices
(MAD) help deliver low volume high concentration steroid
into the frontal recess and sinuses. It is preferred that it be used
in the head hanging posture (Mygind or Regan position) in
order to target the frontal recess areas. It is important to instruct
the patient to stay in the head hanging position for at least 4-5
minutes so that there is good penetration of the topical steroid

into the frontal recess and sinus mucus membrane. Mechanism
of action is by droplet distribution and retention which can
deliver the medication to the dependent sinuses in high
concentrations.'®

A cadaveric study reported that the maxillary sinuses
seem to be best irrigated with heavy rinses despite the
presence of mucin or polyps whereas the frontal and
sphenoid sinuses are more difficult to reach in the presence
of post-surgical recurrence of disease.'

Topical budesonide, despite being used off label in the
management of AFRS, has become a game changer in the
control of mucosal inflammation in these patients.
A randomised control trial comparing 1 mg nasal budeso-
nide nebulization against topical nasal sprays (n=15) found
that patients using budesonide had no recurrence of dis-
ease compared to 26.67% of patients who had recurrence
of disease in the second group over a mean follow-up
period of 18.5 months.”® There are 2 studies that have
studied the safety of budesonide in the nasal cavity. One
reported the effects of short-term use of Budesonide (up to
2 months) and found no implications of regular use of
budesonide. The other studied the effects of long-term
use of budesonide (>6 months) and found a 3% incidence

of asymptomatic adrenal suppression in these patients.*'**

Oral Corticosteroids

Oral corticosteroids are widely used in the management of
AFRS and can be used either as the sole management of the
condition in mild cases, or pre- and post-operatively in patients
needing surgery. At the moment there are no randomized
control trials comparing the use of systemic steroids in AFRS.

A retrospective chart review of 26 patients by
Kupferberg et al showed maximum improvement in the
post-operative period with the use of steroids for a month
after surgery. The authors found a reduction in mucosal
grading scores, incidence of fungal mucin and polyps.>

A retrospective review of 15 patients by Kinsella et al
showed that all the patients on oral steroids did not have
any recurrences but those needing revision surgery did not
get oral steroids in the post-operative period.**

However, oral steroids, with all their concomitant side
effects, should be reserved only for patients with severe
SNOT 22 scores along with pulmonary worsening during
acute exacerbations in the post-surgical period. In the
absence of an acute worsening, the authors are of the
opinion that the involved sinus cavities can be flushed
and debrided in the clinic to get the inflammation back
under control. One ampule (1.0mg/2mL) of budesonide is

submit your manuscript

326

Dove

Journal of Asthma and Allergy 2020:13


http://www.dovepress.com
http://www.dovepress.com

Dove

Medikeri and Javer

then applied to the affected sinuses topically under endo-
scopic guidance. If steroids become absolutely necessary
as a last resort, the authors prefer a tapering course of
prednisone starting at 40mg per day bringing it down by
10 mg over 5-day intervals and then stopping it while at
the same time continuing with topical budesonide treat-
ment. Documentation of the number of times the patient
needs oral steroid rescue is necessary in order to look out
for adrenal (HPA axis) suppression. All potential thera-
pies such as repeated flushing, topical application of
medications and other medical therapies listed below
are attempted prior to succumbing to the use of oral
steroids, especially in patients with osteoporosis, diabetes
mellitus, hypertension, peptic ulcer disease, cataracts or
glaucoma.

Oral Antifungals

Proponents for oral antifungals in the management of AFRS
argue that these patients have a hypersensitivity response to
fungal antigens and that oral antifungals could help reduce the
fungal load in these patients, thereby reducing the immune
mediated response. Oral antifungals have been inadequately
studied in the management of AFRS.?>7 Of the three studies
in the literature, one used oral terbinafine whereas the other 2
used oral Itraconazole. There are mixed opinions about the
inferences drawn from these studies but the results have limita-
tions due to small sample sizes. One of the studies recruited 6
patients, in which 3 patients received itraconazole and 3
received placebo. The study arm group showed improvement
in CT scores and reduction in eosinophil counts, while there
was worsening of the same in the control group. Two patients
apparently dropped out due to skin rashes with Itraconazole but
no liver dysfunction was reported in this study.'

Another study by Javer et al included a cohort of 32 patients
refractory to oral prednisone, steroid and amphotericin B nasal
sprays. These patients were treated with oral itraconazole for 3
months. There was no significant improvement in endoscopic
or subjective scores. There was an increase in the post-
treatment IgE as compared to the pre-treatment levels.
However, they did find that there was a small cohort (38%)
within their study group that responded well to the itracona-
zole. One patient developed elevated liver enzymes and had to
stop treatment.”®

Kennedy et al did a randomized control trial with high-
dose oral terbinafine in 26 patients compared to a similar
group on placebo and found no radiological or symptom
improvement at the end of 6 weeks.

In conclusion, from this small group of published studies, it
appears that oral antifungals do not seem to drastically improve
symptom scores or radiological scores, but could be tried in
some recalcitrant cases as adjunctive therapy together with
topical steroids. From our experience, it appears that there is
a distinct cohort of patients who respond much better than
others, indicating that further endotyping and cytokine profil-
ing of these patients may help identify this unique group of
patients that respond to antifungal treatment. At this point, the
evidence is limited to a few studies with small sample sizes.
Caution must be practiced in terms of monitoring for adverse
effects such as skin rashes, elevated liver enzymes and cardiac
side effects, etc.

Topical Antifungals

There were many more research studies focusing on topi-
cal antifungals compared to oral antifungals in the early
2000’s.2**! Most of these studies used topical amphoter-
icin B in the management of AFRS. Two meta-analysis
studies eventually showed that there was no benefit with
the use of intranasal amphotericin B either in the form of
a rinse or nasal spray.**** Some studies have reported
a higher incidence of adverse events in patients with
intranasal amphotericin B, the most common ones being
nasal burning, itching, acute pain, bleeding, etc. Intranasal
Amphotericin B was eventually abandoned as a treatment
for AFRS due to its ineffectiveness and its side effects.

Advanced Therapies

Biologic Agents

Biologic agents are an exciting and upcoming group of adjunc-
tive therapies in the management of chronic rhinosinusitis,
especially in the presence of comorbidities such as asthma.
They are popular due to their specific action at the receptor
level, which helps reduce the gross systemic side effects that
corticosteroids have. They slow down and even reverse the
inflammatory process, thereby reducing the dependency on
steroids and antifungal agents. Although there are many trials
that have been conducted with various biologic agents in the
management of chronic rhinosinusitis, only one agent has been
studied for the treatment of AFRS — Omalizumab. AFRS is
predominantly an IgE mediated disease and hence,
Omalizumab, an anti-IgE monoclonal antibody may theoreti-
cally be the best one for use in this condition. It binds to its Fc
receptor and thereby blocks the IgE mediated inflammatory
pathway.** Additionally, it downregulates the Fc receptors on
other cells such as Mast cells, dendritic cells and basophils.*
Since 2003, the US food and drug administration (FDA) has
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approved its use in patients >12 years with moderate to severe
allergic asthma not controlled by a combination of inhaled
corticosteroids and long acting bronchodilators.*® There is
only one report of a retrospective chart review by Javer et al
which included seven patients with refractory AFRS & asthma,
who were studied over a 2 year period. These patients had
received an average of 287mg of Omalizumab & showed
a 31% improvement in their SNOT 22 scores and 61%
improvement in the endoscopic grading.*” The evidence for
routine use of Omalizumab in AFRS is scant and there is
certainly a need for further studies with longer follow-up
periods before it can be recommended. At the moment, it is
only approved for patients with uncontrolled allergic asthma
and therefore cannot be prescribed in patients unless they have
this comorbidity. Dupilumab is a new drug that has recently
been approved for use in patients with CRSwNP. It has shown
some promise in some RCTs which show reduction in polyp
size, sinus opacification and symptom severity.*® However,
there are no RCTs at this point in time, where it has been
studied in AFRS patients, to draw any conclusions in this
specific patient group.

Immunotherapy

Since the allergic mechanisms involved in AFRS are
thought to be IgE mediated Gel & Coombs type
I reaction and IgG mediated type III hypersensitivity reac-
tion, the mechanism of action of immunotherapy is
hypothesized to reduce the production of allergen-
specific IgE and to increase the production of IgG4 block-
ing antibodies which are intended to interfere with the IgE
antigen reaction. However, opponents of immunotherapy
argue that it could induce an immune complex mediated
reaction and cause disease progression or worsening.

One of the better reports utilizing immunotherapy in
AFRS was published by Mabry et al who carried out the
first prospective trial on 11 patients who underwent sinus
surgery at least 1 month prior to the initiation of fungal
antigen immunotherapy. At the end of 1 year, they found
a significant reduction in the production of allergic mucin,
fungal debris and crusts, reduced use of intranasal steroids
and completely negated the need for systemic steroids. In
the 2nd year of their study, two patients needed a course of
rescue steroids, but these were patients that already had
residual disease prior to the start of immunotherapy.*’ In
the third year, they reported that none of the patients in the
treatment arm needed further surgical intervention or sys-
temic steroids.’® At the end of 4 years, they reported that
even after stopping immunotherapy for up to 7 to 17

months, there was no recurrence of disease. However,
their report on long-term outcomes (from 4 to 10 years)
in AFRS management failed to show any additional ben-
efit from immunotherapy as compared to the non-
immunotherapy group.”’ This may have been a result of
the fact that immunotherapy loses its potency after being
stopped for a longer duration.

Other studies have reported similar results indicating that
immunotherapy reduces the need for oral and nasal steroids,
the need for revision procedures and improved patient
outcomes.”>> One study also highlighted that these patients
needed fewer follow-up visits in the post-surgical period.>*
With regards to adverse effects, none of the studies reported
greater adverse effects with fungal antigen immunotherapy. Of
note is one study by Greenhaw et al with 14 subjects which
showed no greater risk of local or systemic reactions with high-
dose immunotherapy.>

One of the disadvantages of immunotherapy is that it
works in conjunction with surgery and other modalities of
management. It may not be successful in the presence of
fungal antigen load not addressed by surgery and in such
a situation may potentially worsen the disease.’®

Advanced and Research Therapies

Antimicrobial Photodynamic Therapy (aPDT)

This is a newer modality of a non-antibiotic broad-spectrum
antimicrobial treatment that can eradicate 99.99% of organ-
isms in-vitro after a single treatment session.”’ Although there
are no reports specific to AFRS in humans, there is one report
of aPDT being used in rabbits after inoculation of Aspergillus
fumigatus in their maxillary sinuses. Compared to control
rabbits, the Sinuwave™ antimicrobial photodynamic therapy
was able to kill 99.99% of recoverable fungus.>® Although the
initial animal studies are encouraging, there is a need for a well-
designed prospective randomised control trial in order to ascer-
tain the role of aPDT in the management of AFRS. The authors
have recently conducted a retrospective data review of their
aPDT experience and found 14 AFRS patients in whom aPDT
was conducted. At the end of 6 months, they found significant
improvement in endoscopic scores (MLK) in 9 of the 14
patients (64.2%). They also reported that 3 of these 14 patients
had minor adverse events such as stinging or slight bleeding
but these were transient and did not last more than 3 months.
However, this data is yet to be published.

Intranasal Betadine Rinses
Betadine is proposed to be a broad spectrum antimicrobial
which has proven to be effective against various bacteria,
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fungi, spores, protozoa and amoebic cysts.> In vitro it also has
some anti-inflammatory effects created by pathogens and by
host responses.®’ The clinical relevance of this property of
betadine has been studied previously.®!** Javer et al reported
a study involving patients with recalcitrant sinusitis being
treated with 0.08% povidone iodine rinses and assessed pre
and post-treatment improvement in MLK scores and SNOT 22
scores. They found a statistically significant improvement in
both parameters. They also monitored thyroid hormone levels
which remained within normal limits in these patients.®* In
another report, they found a 17% decrease in the inflammatory
mediators after rinsing with betadine.** There are some reports
that betadine has ciliotoxic effects on the nasal mucosa but the
concentration needed for causing ciliary dysfunction is much
higher than that needed for antimicrobial activity.**®> At the
moment, there is limited evidence for the efficacy of betadine
in AFRS patients and a more extensive trial focusing specifi-
cally on AFRS patients would pave the way for its routine use

in these patients.

Manuka Honey Rinses
Honey has been used since ancient times in the management of
wounds and injuries.®>®” The microbicidal action of Manuka
honey is by 3 mechanisms — Firstly, the high glucose content of
honey is thought to provide energy for the phagocytes to act
against microbes. Secondly, the acidic pH is known to directly
kill the organisms and thirdly, Manuka honey was thought to
produce a chemical compound known as “inhibin” initially,
which is now known to be hydrogen peroxide.®®®” The most
potent honey is apparently Manuka honey (Leptospermum
scoparium) which has a 100-fold concentration of the active
component — Methylglyoxal as compared to normal honey.”
Yabes et al compared the antifungal properties of Manuka
honey and polyhexamethylene biguanide (PHMB). They
found that antifungal activity of both agents correlated with
exposure time rather than dose. They reported that Manuka
honey managed to completely suppress the growth of fungi at 6
hours.”" Another study by Irish et al found that Jarrah honey
was most active against Candida species as compared to other
forms of honey.”* Clinically however, there is very limited data
regarding the success of its use in AFRS. As per one study by
Thamboo et al, there was not much improvement in endo-
scopic scores or culture results from the ethmoid sinuses after
30 days of Manuka honey use, but the SNOT 22 scores did
show improvement after its use.”® The conclusion drawn is that
honey would not be effective on its own as it needs a surgically
opened sinus with reduced fungal load to work as topical

therapy, but it may be used as an adjunctive therapy with
other modalities of treatment.

Hydrogen Peroxide Rinses

Hydrogen peroxide is thought to be the world’s safest natural
sanitizer as it is primarily composed of 2 elements only —
hydrogen and water. It predominantly works by means of
oxidisation when it comes in contact with organic material.
This is mainly due to the production of hydroxyl ions which
can damage cell membrane walls. Many plant based research
studies have effectively proven the antifungal properties of
hydrogen peroxide in low doses.” In humans, hydrogen per-
oxide has been studied in the sinuses for invasive fungal
sinusitis as an adjuvant along with surgery in order to destroy
Mucor & kill the supporting dead tissue on which the fungus
flourishes.”® There are also reports of successful inhibition of
Catalase producing Candida species with the use of Hydrogen
peroxide.”® However, at the moment there are no reports of the
use of Hydrogen peroxide in the management of AFRS. There
are ongoing prospective studies at our centre regarding the use
of hydrogen peroxide in post-operative AFRS patients. It will
be interesting to see the results of such a randomised control
trial in the near future.

Conclusion

To summarize, allergic fungal rhinosinusitis is a chronic dis-
order with a very high propensity for recurrence or flare-up of
disease, thus necessitating repeated surgeries. In these cases, it
is prudent to keep a watchful eye by means of endoscopic
assessments at regular intervals as the symptoms lag behind
endoscopic appearances. At the time of writing this article,
there is evidence for surgery by creating large ostial openings
to allow topical medications such as steroids to enter the
sinuses. There is no definite evidence in the role of topical or
oral antifungals in the management of AFRS. Immunotherapy
is effective as per some studies, as an adjunctive to surgery.
There are some new novel research therapies that are upcom-
ing and need some more evidence before they can be incorpo-
rated into treatment protocols.

Disclosure
The authors report no conflicts of interest in this work.

References

1. Safirstein B. Allergic bronchopulmonary aspergillosis with obstruction
of the upper respiratory tract. Chest. 1976;70:788-790. doi:10.1378/
chest.70.6.788

Journal of Asthma and Allergy 2020:13

submit your manuscript

329

Dove


https://doi.org/10.1378/chest.70.6.788
https://doi.org/10.1378/chest.70.6.788
http://www.dovepress.com
http://www.dovepress.com

Medikeri and Javer

Dove

2. Deshpande RB, Shaukla A, Kirtane MV. Allergic fungal sinusitis: 21. Thamboo A, Manji J, Szeitz A, et al. The safety and efficacy of
incidence and clinical and pathological features of seven cases. short-term budesonide delivered via mucosal atomization device for
J Assoc Physicians India. 1995;43:98-100. chronic rhinosinusitis without nasal polyposis. Int Forum Allergy
3. Manning SC, Holman M. Further evidence for allergic fungal Rhinol. 2014;4:397-402. doi:10.1002/alr.21280
sinusitis.  Laryngoscope.  1998;108:1485-1496.  doi:10.1097/  22. Manji J, Singh G, Okpaleke C, et al. Safety of long-term intranasal
00005537-199810000-00012 budesonide delivered via the mucosal atomization device for chronic
4. Meltzer EO, Hamilos DL, Hadley JA, et al. Rhinosinusitis: establish- rhinosinusitis. Int Forum Allergy Rhinol. 2017;7(5):488-493.
ing definitions for clinical research and patient care. J Allergy Clin doi:10.1002/alr.21910
Immunol. 2004;114:S155-S212. 23. Kupferberg SB, Bent JP, Kuhn FA. Prognosis for allergic fungal
5. Landsberg R, Segev Y, DeRowe A, Landau T, Khafif A, Fliss DM. sinusitis.  Otolaryngol ~Head Neck  Surg. 1997;117:35-41.
Systemic corticosteroids for allergic fungal rhinosinusitis and chronic doi:10.1016/50194-5998(97)70203-1
rhinosinusitis with nasal polyposis: a comparative study. Ofolaryngol ~ 24. Kinsella JB, Bradfield JJ, Gourley WK, Calhoun KH, Rassekh CH.
Head Neck Surg. 2007;136(2):252-257. doi:10.10164. Allergic fungal sinusitis. Clin Otolaryngol. 1996;21:389-392.
otohns.2006.09.010 doi:10.1046/j.1365-2273.1996.00807.x
6. Khosla AJ, Pernas FG, Maeso PA. Meta-analysis and literature review of 25. Frigas E. A pilot, prospective, double blind, placebo-controlled treat-
techniques to achieve hemostasis in endoscopic sinus surgery. Int Forum ment trial with itraconazole orally in patients with chronic rhinosi-
Allergy Rhinol. 2013,3(6)482487 doi:10.1002/alr.21126 gusitis and/ asthma. J Allergy Clin  Immunol. 2007,1198142
7. Patro SK, Verma RK, Panda NK, Chakrabarti A, Singh P. Efficacy of 0i:10.1016/j.jaci.2006.11.685
preoperative itraconazole in allergic fungal rhinosinusitis. Am 26. Chan KO, Genoway KA, Javer AR. Effectiveness of .itrac'o.nazole in
J Rhinol Allergy. 2015;29:299-304. doi:10.2500/ajra.2015.29.4187 tLhe man?g;mzn]tvOfkr§fr30tggy();131f;f§1700 fgf;ial thinosinusitis. /- Oto
8. Verma RK, Patro SK, Francis AA, Panda NK, Chakrabarti A, aryngol tiead INeck Surg. 0 1:8/U=0 /4.
Singh P. Role of preoperative versus postoperative itraconazole in 27+ Kennedy DW, Kuhn FA, Hamilos DL, et al. Treatment of chronic
allergic fungal rhinosinusitis. Med Mycol. 2017;55(6):614-623. rhinosinusitis with high-dose oral terbinafine: a double blind, placebo
doi:10.1093/mmy/myw125 controlled study. Laryngoscope. 2005;115:1793-1799. doi:10.1097/
9. Marple BF. Allergic fungal rhinosinusitis: current theories and man- 2 ngnlg.Olg)gOlg%:;.Sl22?(.26]3 dia L ef al Amphotericin B |
: 111 - . ens FA, Scadding , Badia L, et al. Amphotericin B nasa
Zi?;r;lg,nltw7/()S(§§)a(;§§13675;2001820020’(1)%82301[;& 2001:TH1:1006-1019. lavages: not a solution for patients with chronic rhinosinusitis.
10. Ghegan MD, Lee FS, Schlosser RJ. Incidence of skull base and jziciélé%régj())7 OC;l;n Immunol. 2006;118:1149-1156.  doi:10.1016/j.
orbital erosion in allergic - fungal rhlnosmusm's (AF,RS) and 29. Gerlinger 1, Fittler A, Fonai F, et al. Postoperative application of
non-AFRS. Otolaryngol Head Neck Surg. 2006;134(4):592-595. L . L
doi:10.1016/j.0tohns.2005.11.025 amPhOtenigl B nasal' spray ;n i}}llromc tr'lf11n0s11nustﬁ15 with r;isal }j;)ly};
. posis, with a review o e antifunga erapy. Eur Arc
11 Nussenbaum B, Marple BF, Schwade ND. Characteristics of bony Otorhinolaryngol. 2009;266:847-855. doi:10.1007/500405-008-0836-0
erosion in allergic fungal rhinosinusitis. Otolaryngol Head Neck 30. Liang KL, Su MC, Shiao JY, et al. Amphotericin B irrigation for the
Surg. 2001;124(2):150-154. doi:10.1067/mhn.2001.112573 ' ’ - R .
. . treatment of chronic rhinosinusitis without nasal polyps:
12. Kuhn FA, Javer AR, Nagpal K, Citardi MJ. The frontal sinus rescue . . ;
. . a randomized, placebo-controlled, double-blind study. Am J Rhinol.
procedure: early experience and three-year follow-up. Am J Rhinol. . .
. 2008;22:52-58. doi:10.2500/ajr.2008.22.3115
2000;14(4):211-216. doi:10.2500/105065800779954437 31. Ponikau JU, Sherris DA, Weaver A, Kita H. Treatment of chronic
13. Loftus CA, Soler ZM, Koochakzadeh S, et al. Revision surgery rates in R o ’ R .
LT . ) rhinosinusitis with intranasal amphotericin B: a randomized,
chronic rhmosmusms. with nasal polyps: meta—‘analysm of risk factors. placebo-controlled, double-blind pilot trial. J Allergy Clin Immunol.
Int.Forum Allergy l'fhmol. 2019;.10:199—207. doi:10.1002/alr.22487 N 2005;115:125-131. doi:10.1016/j.jaci.2004.09.037
14. Bhllpott C Hopkn}s C, Erskine §, et al. The burflen 9f rt:les%().n 32. Weschta M, Rimek D, Formanek M, et al. Topical antifungal treat-
sinonasal surgery in the UK—data from the chronic rhinosinusitis . AP . . .
. . ment of chronic rhinosinusitis with nasal polyps: a randomized,
epidemiology study- (CRES): a.cross—sectlonal study. BMJ Open. double-blind  clinical  trial.  J  Allergy  Clin  Immunol.
2015;5:¢006680. doi:10.1136/bmjopen-2014-006680 2004;113:1122-1128. doi:10.1016/j.jaci.2004.03.038
15. Liang J, La1.16 AP. Topical drug delivery for Chr"?“" rhinosinusitis. 33. Shirazi MA, Stankiewicz JA, Kammeyer P. Activity of nasal ampho-
Curr Otorhinolaryngol Rep. 2013;1(1):51-60. doi:10.1007/540136- tericin B irrigation against fungal organisms in vitro. Am J Rhinol.
012-0003-4 _ 2007;21:145-148. doi:10.2500/jr.2007.21.2988
16. Wormald PJ, Cain T, Oates L, Hawk§ L, Wong L. A comparative 34. Helbling A, Baumann A, Hanni C, Caversaccio M. Amphotericin
study of three methods of nasal irrigation. Laryngoscope. 2004;114 B nasal spray has no effect on nasal polyps. J Laryngol Otol.
(12):2224-2227. doi:10.1097/01.mlg.0000149463.95950.c5 2006;120:1023-1025. doi:10.1017/S0022215106002167
17. Pynnonen MA, Mukerji SS, Kim HM, Adams ME, Terrell JE. Nasal 35 ghin SH, Ye MK. Effects of topical amphotericin B on expression of
saline for chronic sinonasal symptoms: a randomized controlled trial. cytokines in nasal polyps. Acta Otolaryngol. 2004;124:1174-1177.
Arch 0tolaryngol Head Neck Surg. 2007;133(11)1]11571120. doi:10.1080/00016480410017404
doi:10.1001/archotol.133.11.1115 36. Accentia-Biopharmaceuticals. A prospective, randomized, double
18. Djupesland PG. Nasal drug delivery devices: characteristics and blind, placebo-controlled, multicenter, parallel-group study of intrana-
performance in a clinical perspective-a review. Drug Deliv Transl sal amphotericin B suspension in patients with refractory, postsurgical
Res. 2013;3(1):42-62. doi:10.1007/s13346-012-0108-9 chronic sinusitis (CS) 2008. cited 2009. Available from: www.clinical
19. Doellman M, Chen PG, McMains KC, Sarber KM, Weitzel EK. Sinus trials.gov/ct2/show/NCT00425620. Accessed January, 2011.
penetration of saline solution irrigation and atomizer in a cadaveric 37. Deka RC, Chokkalingam V, Vishnoi RK, Kumar R. 11: 14: Topical
polyp and allergic fungal sinusitis model. Allergy Rhinol. 20156 Amphotericin B and steroid in AFS. Otolaryngol Head and Neck
(1):8-11. doi:10.2500/ar.2015.6.0115 Surg. 2007;137(suppl 1):P40. doi:10.1016/j.0tohns.2007.06.034
20. Dai Q, Duan C, Liu Q, Yu H. Effect of nebulized budesonide on 38, Ebbens FA, Georgalas C, Luiten S, et al. The effect of topical
decreasing the recurrence of allergic fungal rhinosinusitis. Am amphotericin B on inflammatory markers in patients with chronic
J Otolaryngol. 2017;38(3):321-324. doi:10.1016/j.amjot0.2017. rhinosinusitis: a multicenter randomized controlled study.
01.034 Laryngoscope. 2009;119:401-408. doi:10.1002/lary.20064
330 submit your manuscript Journal of Asthma and Allergy 2020:13

Dove


https://doi.org/10.1097/00005537-199810000-00012
https://doi.org/10.1097/00005537-199810000-00012
https://doi.org/10.1016/j.otohns.2006.09.010
https://doi.org/10.1016/j.otohns.2006.09.010
https://doi.org/10.1002/alr.21126
https://doi.org/10.2500/ajra.2015.29.4187
https://doi.org/10.1093/mmy/myw125
https://doi.org/10.1097/00005537-200106000-00015
https://doi.org/10.1016/j.otohns.2005.11.025
https://doi.org/10.1067/mhn.2001.112573
https://doi.org/10.2500/105065800779954437
https://doi.org/10.1002/alr.22487
https://doi.org/10.1136/bmjopen-2014-006680
https://doi.org/10.1007/s40136-012-0003-4
https://doi.org/10.1007/s40136-012-0003-4
https://doi.org/10.1097/01.mlg.0000149463.95950.c5
https://doi.org/10.1001/archotol.133.11.1115
https://doi.org/10.1007/s13346-012-0108-9
https://doi.org/10.2500/ar.2015.6.0115
https://doi.org/10.1016/j.amjoto.2017.01.034
https://doi.org/10.1016/j.amjoto.2017.01.034
https://doi.org/10.1002/alr.21280
https://doi.org/10.1002/alr.21910
https://doi.org/10.1016/S0194-5998(97)70203-1
https://doi.org/10.1046/j.1365-2273.1996.00807.x
https://doi.org/10.1016/j.jaci.2006.11.685
https://doi.org/10.1097/01.mlg.0000175683.81260.26
https://doi.org/10.1097/01.mlg.0000175683.81260.26
https://doi.org/10.1016/j.jaci.2006.07.058
https://doi.org/10.1016/j.jaci.2006.07.058
https://doi.org/10.1007/s00405-008-0836-0
https://doi.org/10.2500/ajr.2008.22.3115
https://doi.org/10.1016/j.jaci.2004.09.037
https://doi.org/10.1016/j.jaci.2004.03.038
https://doi.org/10.2500/ajr.2007.21.2988
https://doi.org/10.1017/S0022215106002167
https://doi.org/10.1080/00016480410017404
http://www.clinicaltrials.gov/ct2/show/NCT00425620
http://www.clinicaltrials.gov/ct2/show/NCT00425620
https://doi.org/10.1016/j.otohns.2007.06.034
https://doi.org/10.1002/lary.20064
http://www.dovepress.com
http://www.dovepress.com

Dove

Medikeri and Javer

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Stergiou A, Casiano R, Katz L, et al. Intranasal amphotericin B in
patients with refractory, postsurgical chronic sinusitis: a phase III
pivotal clinical trial design. Allergy. 2007;62:18-19.

Ebbens F, Bachert C, Mullol J, et al. Amphotericin B nasal lavages
equally as effective as placebo. Clin Otolaryngol Allied Sci.
2006;31:169.

Gerlinger I, Fittler A, Mayer A, et al. Postoperative application of
amphotericin B nasal spray in chronic rhinosinusitis with nasal poly-
posis. Can recidive polyposis be prevented? Orv Hetil.
2008;149:1737-1746. doi:10.1556/0h.2008.28410

Isaacs S, Fakhri S, Luong A, Citardi MJ. A meta-analysis of topical
amphotericin B for the treatment of chronic rhinosinusitis. /nt Forum
Allergy Rhinol. 2011;1:250-254. doi:10.1002/alr.20056

Sacks P-L, Harvey RJ, Rimmer J, Gallagher RM, Sacks R.
Antifungal therapy in the treatment of chronic rhinosinusitis: a
meta-analysis. Am J Rhinol Allergy. 2012;26(2):141-147.
doi:10.2500/ajra.2012.26.3710

Novartis.ca [Internet]. Product monograph: pr XOLAIR® (omalizu-
mab). Published 2017. Available from: https://www.novartis.ca/sites/
www.novartis.ca/files/xolair_scrip_e.pdf. Accessed August 14, 2020.
Kim H, Ellis AK, Fischer D, et al. Asthma biomarkers in the age of
biologics. Allergy Asthma Clin Immunol. 2017;13:48. doi:10.1186/
s13223-017-0219-4

Genentech, Inc. XOLAIR (Omalizumab) Prescribing Information.
South San Francisco, CA; 2010 July.

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(5):672-677.
doi:10.1016/j.amjot0.2015.05.008

Bachert C, Han JK, Desrosiers M, et al. Efficacy and safety of
dupilumab in patients with severe chronic rhinosinusitis with nasal
polyps (LIBERTY NP SINUS-24 and LIBERTY NP SINUS-52):
results  from multicentre, randomised, double-blind,
placebo-controlled, parallel-group phase 3 trials. Lancet. 2019;394
(10209):1638-1650. doi:10.1016/S0140-6736(19)31881-1

Mabry RL, Mabry CS. Immunotherapy for allergic fungal sinusitis:
the second year. Otolaryngol Head Neck Surg. 1997;117(4):367-371.
doi:10.1016/S0194-5998(97)70128-1

Mabry RL, Marple BF, Folker RJ, Mabry CS. Immunotherapy for
allergic fungal sinusitis: three years’ experience. Otolaryngol Head
Neck Surg. 1998;119(6):648—651. doi:10.1016/S0194-5998(98)
70027-0

Marple B, Newcomer M, Schwade N, Mabry R. Natural history of
allergic fungal rhinosinusitis: a 4- to 10-year follow-up. Otolaryngol
Head  Neck  Surg. 2002;127(5):361-366. doi:10.1067/
mhn.2002.129806

Folker RJ, Marple BF, Mabry RL, Mabry CS. Treatment of allergic
fungal sinusitis: a comparison trial of postoperative immunotherapy
with specific fungal antigens. Laryngoscope. 1998;108(11 Pt
1):1623-1627. doi:10.1097/00005537-199811000-00007

Quinn JM, Wickern GM, Whisman BA, et al. Immunotherapy in
allergic bipolaris sinusitis: a case report. J Allergy Clin Immunol.
1995;95:201.

Bassichis BA, Marple BF, Mabry RL, et al. Use of immunotherapy in
previously treated patients with allergic fungal sinusitis. Ofolaryngol
Head Neck Surg. 2001;125:487-490. doi:10.1067/mhn.2001.119585
Greenhaw B, deShazo RD, Arnold J, Wright L. Fungal immunother-
apy in patients with allergic fungal sinusitis. Ann Allergy Asthma
Immunol. 2011;107:432-436. doi:10.1016/j.anai.2011.05.021
Ferguson BJ. Immunotherapy and antifungal therapy in allergic fungal
sinusitis. Paper presented at: 1993 Annual Meeting of the American
Academy of Otolaryngic Allergy; September, 1993; Minneapolis.
Biel MA, Sievert C, Usacheva M, Teichert M, Balcom .
Antimicrobial photodynamic therapy treatment of chronic recurrent
sinusitis biofilms. Int Forum Allergy Rhinol. 2011;1(5):329-334.
doi:10.1002/alr.20089

two

S8.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Romo C, Loebel N, Meller D, Andersen R. A pilot study of anti-
microbial photodynamic therapy of encapsulated Aspergillus fumiga-
tus in a rabbit maxillary sinus model. In: 17th International
Photodynamic Association World Congress; August 7, 2019;
110708]J.

Bigliardi PL, Alsagoff SAL, El-Kafrawi HY, Pyon JK, Wa CTC,
Villa MA. Povidone iodine in wound healing: a review of current
concepts and practices. Int J Surg. 2017;44:260-268. doi:10.1016/j.
ijsu.2017.06.073

Beukelman CJ, van den Berg AJ, Hoekstra MJ, Uhl R, Reimer K,
Mueller S. Anti-inflammatory properties of a liposomal hydrogel
with povidone-iodine (Repithel) for wound healing in vitro. Burns.
2008;34:845-855. doi:10.1016/j.burns.2007.11.014

Al-Kaisy AA, Salih Sahib A. Role of the antioxidant effect of vitamin
E with vitamin C and topical povidone-iodine ointment in the treat-
ment of burns. Ann Burns Fire Disasters. 2005;18:19¢30.
Vehmeyer-Heeman M, Van den Kerckhove E, Gorissen K, Boeckx W.
Povidone-iodine ointment: no effect of split skin graft healing time.
Burns. 2005;31:489-494. doi:10.1016/j.burns.2004.11.018

Mullings W, Panchmatia R, Samoy K, et al. Topical povidone-iodine
as an adjunctive treatment for recalcitrant chronic rhinosinusitis. Eur
J Rhinol Allergy. 2019;2(2):45-50. doi:10.5152/ejra.2019.166
Panchmatia R, Payandeh J, Al-Salman R, et al. The efficacy of
diluted topical povidone-iodine rinses in the management of recalci-
trant chronic rhinosinusitis: a prospective cohort study. Eur Arch
Otorhinolaryngol. 2019;276(12):3373-3381. doi:10.1007/s00405-
019-05628-w

Kim J, Rimmer J, Mrad N, Ahmadzada S. Betadine has a ciliotoxic
effect on ciliated human respiratory cells. J Laryngol Otol.
2014;129:1-6. doi:10.1017/S0022215114002746

Molan PC. Why honey is effective as medicine. Bee World.
1999;80:80-92. doi:10.1080/0005772X.1999.11099430

Dunford C, Cooper R, Molan P, et al. The use of honey in wound
management. Nurs Stand. 2000;15:63-68.  doi:10.7748/ns2000.
11.15.11.63.¢2952

White JW, Subers MH, Schepartz Al. The identification of inhibine,
the antibacterial factor in honey, as hydrogen peroxide and its origin
in a honey glucose-oxidase system. Biochim Biophys Acta.
1963;73:57-70. doi:10.1016/0926-6569(63)90108-1

Blair SE, Cokcetin NN, Harry EJ, et al. The unusual antibacterial
activity of medical-grade Leptospermum honey: antibacterial spec-
trum, resistance and transcriptome analysis. Eur J Clin Microbiol
Infect Dis. 2009;28:1199-1208. doi:10.1007/s10096-009-0763-z
Mavric E, Wittmann S, Barth G, et al. Identification and quantifica-
tion of methylglyoxal as the dominant antibacterial constituent of
Manuka (Leptospermum scoparium) honeys from New Zealand.
Mol Nutr Food Res. 2008;52:483-489. doi:10.1002/mnfr.200700282
Yabes JM, White BK, Murray CK, et al. In vitro activity of Manuka
honey and polyhexamethylene biguanide on filamentous fungi and
toxicity to human cell lines. Med Mycol. 2017;55(3):334-343.
doi:10.1093/mmy/myw070

Irish J, Carter DA, Shokohi T, Blair SE. Honey has an antifungal
effect against Candida species. Med Mycol. 2006;44(3):289-291.
doi:10.1080/13693780500417037

Thamboo A, Thamboo A, Philpott CM, Javer AR, Clark A. Single-
blind study of manuka honey in allergic fungal rhinosinusitis.
J Otolaryngol Head Neck Surg. 2011;40(3):238-243.

Aver'yanov AA, Lapikova VP, Pasechnik TD, Kuznetsov VV, Jacyn
Baker C. Suppression of early stages of fungus development by
hydrogen peroxide at low concentrations. Plant Pathol J.
2007;6:242-247. doi:10.3923/ppj.2007.242.247

Blaine DA, Frable MA. Mucormycosis. Adjunctive therapy with
hydrogen peroxide. Va Med Q. 1996;123(1):30-32.

Larsen B, White S. Antifungal effect of hydrogen peroxide on
catalase-producing strains of Candida spp. Infect Dis Obstet
Gynecol. 1995;3(2):73-78. doi:10.1155/S1064744995000354

Journal of Asthma and Allergy 2020:13

submit your manuscript

331

Dove


https://doi.org/10.1556/oh.2008.28410
https://doi.org/10.1002/alr.20056
https://doi.org/10.2500/ajra.2012.26.3710
https://www.novartis.ca/sites/www.novartis.ca/files/xolair_scrip_e.pdf
https://www.novartis.ca/sites/www.novartis.ca/files/xolair_scrip_e.pdf
https://doi.org/10.1186/s13223-017-0219-4
https://doi.org/10.1186/s13223-017-0219-4
https://doi.org/10.1016/j.amjoto.2015.05.008
https://doi.org/10.1016/S0140-6736(19)31881-1
https://doi.org/10.1016/S0194-5998(97)70128-1
https://doi.org/10.1016/S0194-5998(98)70027-0
https://doi.org/10.1016/S0194-5998(98)70027-0
https://doi.org/10.1067/mhn.2002.129806
https://doi.org/10.1067/mhn.2002.129806
https://doi.org/10.1097/00005537-199811000-00007
https://doi.org/10.1067/mhn.2001.119585
https://doi.org/10.1016/j.anai.2011.05.021
https://doi.org/10.1002/alr.20089
https://doi.org/10.1016/j.ijsu.2017.06.073
https://doi.org/10.1016/j.ijsu.2017.06.073
https://doi.org/10.1016/j.burns.2007.11.014
https://doi.org/10.1016/j.burns.2004.11.018
https://doi.org/10.5152/ejra.2019.166
https://doi.org/10.1007/s00405-019-05628-w
https://doi.org/10.1007/s00405-019-05628-w
https://doi.org/10.1017/S0022215114002746
https://doi.org/10.1080/0005772X.1999.11099430
https://doi.org/10.7748/ns2000.11.15.11.63.c2952
https://doi.org/10.7748/ns2000.11.15.11.63.c2952
https://doi.org/10.1016/0926-6569(63)90108-1
https://doi.org/10.1007/s10096-009-0763-z
https://doi.org/10.1002/mnfr.200700282
https://doi.org/10.1093/mmy/myw070
https://doi.org/10.1080/13693780500417037
https://doi.org/10.3923/ppj.2007.242.247
https://doi.org/10.1155/S1064744995000354
http://www.dovepress.com
http://www.dovepress.com

Medikeri and Javer Dove

Journal of Asthma and Allergy Dove

Publish your work in this journal

The Journal of Asthma and Allergy is an international, peer-reviewed = new therapies. The manuscript management system is completely
open-access journal publishing original research, reports, editorials  online and includes a very quick and fair peer-review system, which
and commentaries on the following topics: Asthma; Pulmonary  is all easy to use. Visit http://www.dovepress.com/testimonials.php
physiology; Asthma related clinical health; Clinical immunology and  to read real quotes from published authors.

the immunological basis of disease; Pharmacological interventions and

Submit your manuscript here: https://www.dovepress.com/journal-of-asthma-and-allergy-journal

332 submit your manuscript Journal of Asthma and Allergy 2020:13

Dove


http://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com
http://www.dovepress.com

