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Abstract: Aspergillus fumigatus plays a major role in pulmonary exacerbations in patients with cystic
fibrosis. The most common A. fumigatus diseases are those based on immune-mediated response to
A. fumigatus antigens; including allergic bronchopulmonary aspergillosis (ABPA). In this condition;
the presence of A. fumigatus in the lower respiratory tract triggers an IgE-mediated hypersensitivity
response that causes airway inflammation; bronchospasms; and bronchiectasis. This case report
describes a ten-year-old male patient suffering from cystic fibrosis (CF) in whom the diagnosis of
ABPA occurred in association with pneumonia due to Mycoplasma pneumoniae more than two weeks
after hospitalization. This case is a good example of how difficult the identification of ABPA in CF
patients can be and highlights that ABPA can occur in association with co-infections due to other
pathogens. In order to avoid the risk of a late ABPA diagnosis, it is imperative that the diagnostic
criteria guidelines are reviewed and standardized.
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1. Background

It has been known for many years that in patients with cystic fibrosis (CF), respiratory bacterial
infections, mainly due to Staphylococcus aureus and Pseudomonas aeruginosa, are extremely common.
They are considered the main cause of lung destruction and the progressive reduction in pulmonary
function that characterizes this disease [1]. Mycoplasma pneumoniae has been rarely reported in patients
with CF, although it has been associated with cardiac complications in some cases [2]. Moreover, as
recent studies have shown [3], other infectious agents, such as nontuberculous mycobacteria and fungi,
can significantly contribute to lung deterioration. Among fungi, Aspergillus fumigatus plays a major
role [4]. Although rare, this infectious agent can overcome lung defenses and cause invasive disease.
Moreover, it can be associated with the development of an aspergilloma. However, the most common
A. fumigatus diseases are those based on immune-mediated response to A. fumigatus antigens, including
allergic bronchopulmonary aspergillosis (ABPA) [5]. In this condition, the presence of A. fumigatus
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in the lower respiratory tract triggers an IgE-mediated hypersensitivity response that causes airway
inflammation, bronchospasms, and bronchiectasis.

ABPA usually presents as acute or subacute deterioration of lung function associated with evidence
of new infiltrates on chest X-ray findings. Sometime, bronchospasms are present. In CF patients, ABPA
is not a rare disease; in most studies, it was reported that it was diagnosed in approximately 10% of
cases [6,7]. Despite its relative frequency, the significant clinical manifestations and the characteristic
laboratory findings, ABPA is frequently underdiagnosed, and diagnosis is frequently made several
months or years after the onset of signs and symptoms. This is because the most common and
recurrent bacterial infections have overlapping clinical, radiographic, and laboratory features, and
differentiation is difficult [8]. Moreover, as reported below, laboratory tests for A. fumigatus do not
help with a diagnosis. In CF patients, asymptomatic colonization by A. fumigatus is relatively common.
Skin prick testing or antibody level evaluation may reflect sensitization and not disease. The presence
of galactomannan, a marker of active fungal growth, in CF sputum is common in patients with ABPA,
but it can also be found in subjects infected by other fungi [9].

To reach an ABPA diagnosis, specific criteria have been formulated by several experts [10].
However, the diagnosis of ABPA remains a diagnosis of exclusion; signs of clinical and radiological
lung deterioration not attributable to other causes in association with an A. fumigatus-specific IgE or IgG
immune response must be demonstrated. The diagnosis of ABPA remains challenging. Overdiagnosis
with subsequent steroid treatment or underdiagnosis without treatment leading to clinical deterioration
can occur. The case described here is a good example of how difficult the identification of ABPA in CF
patients can be, especially if associated with a co-infection due to another pathogen.

2. Case Report

A ten-year-old male patient suffering from CF was brought to the Emergency Department of our
hospital because of low-grade fever (axillary temperature [AT] 38.0 °C) associated with left hemithorax
pain and slight polypnea. In his medical history, several previous recurrences of respiratory bacterial
infections were reported. The last episode had occurred approximately 3 months previously, was due
to a methicillin-sensitive S. aureus and was treated with a combination of amoxicillin/clavulanic acid
for 15 days. During the following period, no antibiotic treatment was administered.

At admission, his physical and neurodevelopmental growth was within the normal range.
However, he was febrile (AT 39.2 °C), his respiratory rate was 40 breaths/min, his heart rate was
111 beats/min, his oxygen saturation in room air was 91%, and his blood pressure was 114/68 mmHg.
Thoracic auscultation revealed cracking rattles in the left basal area and forced expiratory volume
in 1s (FEV1) was 46%. Initial laboratory tests showed leucocytosis with neutrophilia but without
eosinophilia (white blood cell [WBC] count 17,130/mm?3; neutrophils [N] 12,916/mm?, 75.4%; eosinophils
[E] 462/ mm3, 2.7%), an increased C-reactive protein [CRP] serum level (11.19 mg/dL), a high cold
agglutinin serum concentration (> 1:16) and IgM and IgG positive for M. pneumoniae (specific IgM,
1:300; specific IgG, 1:800). The sputum culture test was negative for respiratory bacteria and fungi.
The chest X-ray showed an average left basal thickening, right paracardial thickening and widespread
interstitial thickening. Suspecting a bacterial respiratory exacerbation, intravenous therapy with
cefazolin (150 mg/kg/day in 3 doses) and tobramycin (10 mg/kg/day in single dose) was started.
Moreover, oral clarithromycin (15 mg/kg/day in 2 doses) was added.

Treatment was apparently effective, as clinical conditions rapidly improved and fever disappeared
within two days. However, after six days, despite antibiotic therapy being continuously administered,
a new episode of thoracic pain associated with the reappearance of fever (AT 38.5 °C) occurred.
A second chest X-ray showed a significant increase in the previously identified lung thickening
associated with pleural effusion in the left basal site; new blood tests showed an increase of leucocytosis
with neutrophilia (WBC 19,870/mm?3, N 76%), in this case with eosinophilia (E 2384/mm?, 12%), and a
further increase in the CRP serum concentration (16.80 mg/dL). Suspecting a lung infection resistant to
first-line antibiotic therapy, the ongoing drugs, except for the macrolide, were withdrawn, and a new
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therapeutic course with vancomycin (45 mg/kg/day in 3 doses) and meropenem (60 mg/kg/die in 3
doses) was started.

Contrary to what was observed a few days before, a new sputum culture test was positive for
A. fumigatus and remained negative for aerobic bacteria. Unfortunately, the new drug regimen was
ineffective, as no modifications in clinical conditions and chest X-ray findings were demonstrated
after one week of treatment. Moreover, blood tests revealed an increase in the number of WBCs
(21,220/mm?3), N (15,193/mm?), and E (1782/mm?). CRP was only slightly reduced (9.71 mg/dL).

Suspecting an infection due to macrolide-resistant atypical bacteria, clarithromycin was withdrawn,
and ciprofloxacin (1 g/day in 2 doses) was started. Three days later, a chest computed tomography
(CT) scan confirmed the chest X-ray findings but revealed bilateral bronchiectasis/bronchiolectasis
with material in the context, suggesting high-attenuation mucus plugs (HAM) (Figure 1). The blood
test showed a reduction in WBCs (17,080/ mm?) and N (10,128/mm?, 59.3%), but E were found to be
significantly increased (3296/mm?, 19%). CRP was reduced (4.26 mg/dL).

Figure 1. Computed tomography of bilateral bronchiectasis/bronchiolectasis with material in the
context, suggesting high-attenuation mucus plugs.

Considering all these findings, ABPA associated with macrolide-resistant atypical bacterial
infection was considered. A bronchoalveolar lavage (BAL) and several tests for the diagnosis of
sensitization to A. fumigatus were planned. BAL showed spores and fungal hyphae of A. fumigatus
and was positive for galactomannan. Total IgE, previously undetermined, were found significantly
increased (4096 KU/L, n.v. < 100 U/mL). RAST for food and inhalants showed multi-sensitization.
Finally, high serum level of anti-Aspergillus IgE (26.20 KU/L, n.v. < 0.1 KU/L) was evidenced. However,
the galactomannan antigen was negative. A diagnosis of ABPA was made, and endovenous prednisone
(1 mg/kg/day) associated with itraconazole (5 mg/kg/day) in 2 doses was started.

Subsequent blood tests showed a progressive reduction in the flogosis indexes, finally reaching
negative CRP and a progressive reduction in eosinophils, while the chest X-ray examination revealed a
reduction in lung thickening and the disappearance of pleural effusion. Table 1 summarizes laboratory
exams at admission and during follow-up. The follow-up at one month after discharge showed also
normalization of radiographic findings (Figure 2), further supporting the diagnosis of ABPA.

The management of this patient was approved by the Ethics Committee of Umbria Region (PED-
2019-9), and both parents provided written informed consent for the evaluation of the child. The Ethics
Committee of Umbria Region approved the publication of this case and both parents provided written
informed consent for the publication of this manuscript.
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Table 1. Laboratory exams at admission and during follow-up.

After 16 Days
Blood Exams Admission After 6 Days (Beginning of IX;‘;Pr : "‘l/"f:lzs of
ABPA Therapy) Py
Leucocytes, cells/mm? 17,130 19,870 17,080 18,060
Neutrophils, % 75.4 66.6 59.3 68.4
Eosinophils, % 2.7 8.0 19.3 5.1
CRP, mg/dL 11.19 16.80 4.26 0.90

ABPA, allergic bronchopulmonary aspergillosis; CRP, C reactive protein.

B

Figure 2. Chest X-ray evolution before allergic bronchopulmonary aspergillosis (ABPA) diagnosis (A)
and one month after treatment (B).

3. Discussion

This case shows why the diagnosis of ABPA in CF patients can be very difficult and made later
than desired. This disease was described in 1952 and largely studied later, with standardization
of the key diagnostic features [10,11]. Despite this, no single test is able to definitively establish a
diagnosis in all patients with ABPA. The presentation of central bronchiectasis with normal tapering
bronchi or of HAM plugs on high-resolution CT is considered strongly indicative or pathognomonic of
ABPA [12]. However, these respiratory tract alterations can be observed in only a minority of patients,
as bronchiectasis generally occurs in the most advanced stages of illness, and HAM plugs have been
found in only 28% of patients with definitively established ABPA.

A set of criteria is required for diagnosis, but no consensus exists on the list of clinical and
laboratory findings required to make a definitive diagnosis. This explains why several different criteria
have been proposed and diagnosis of ABPA is frequently made when no other explanation for acute
lung disease or progressive lung function deterioration is possible. Respiratory problems directly due
to CF make the diagnosis of ABPA even more difficult. Bacterial infections are extremely common and
cause lung deterioration and remodeling quite similar to those associated with ABPA [5]. Moreover,
co-infections are frequent in CF patients and specific signs as well as symptoms are not pathognomonic
of a definitive etiology [13,14]. On the other hand, M. pneumoniae is not frequently associated with
pulmonary exacerbation in patients with CF [2] and recent studies have shown that it presents with
clinical, laboratory and radiographic findings similar to those due to typical bacterial infections [15,16].

The case reported herein well exemplifies all the difficulties that can hinder an early diagnosis of
ABPA. In a child with CF with a history of repeated respiratory infections, the evidence of a pulmonary
exacerbation cannot fail to lead to a suspicion of bacterial infection and first line antibiotics effective
against the pathogens commonly found in CF patients should be prescribed. This seems even more
reasonable if, as in the case reported here, laboratory tests seem to indicate a bacterial infection and
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some of the features usually positive in ABPA, such as eosinophilia and sputum culture for A. fumigatus,
are negative. A poor response to initial antibiotic therapy can lead to the presence of uncommon and/or
antibiotic-resistant pathogens and the prescription of different antibiotics, but if these do not modify
the disease course, ABPA has to be supposed and then adequate laboratory and radiological tests
planned in order to confirm diagnosis and the most effective therapy prescribed in order to reduce
risks of further lung deterioration.

In the case reported here, several findings agreed with the criteria for the diagnosis of ABPA
suggested by the Cystic Fibrosis Foundation [17]. Together with the acute clinical deterioration,
eosinophilia, a serum total IgE level > 2400 ng/mL, and high A. fumigatus-specific serum IgE levels
were detected. This strongly supports the diagnosis of ABPA, which seemed to be confirmed by the
evidence of A. fumigatus in the BAL, the presence of HAM on CT and the very fast and complete
response to corticosteroid and itraconazole.

Treatment of ABPA is essential to avoid the risk of permanent alterations due to A. fumigatus,
which can become permanent and significantly worsen the already poor prognosis of CF patients.
Treatment is based on corticosteroid use, and the addition of antifungal drugs such as azoles is
debatable. Some authors, fearing drug adverse events, suggest the use of azoles only in patients who do
not respond to steroid administration, relapse during drug tapering, become steroid dependent, or develop
steroid toxicity [18]. Some other experts tend to be more permissive and suggest combination therapy. Their
suggestion is based on the results of several uncontrolled open-label case studies that seem to indicate that the
administration of azoles in CF patients colonized by A. fumigatus and with the deterioration of lung function
were associated with improvements in respiratory symptoms and decreases in CT abnormalities [19-21].
We choose to administer itraconazole. Treatment was well tolerated, and no adverse events were observed.
In the case of CF patients at high risk for developing invasive aspergillosis (for example, those who have
had lung transplant), long- term antifungal prophylaxis should be recommended [22]. However, there is
not a clear consensus on how to prevent A. fumigatus infection in these patients.

4. Conclusions

This case report further highlights that to avoid the risk of a late ABPA diagnosis, it is imperative
that the diagnostic criteria guidelines are reviewed and standardized. Moreover, the availability of certain
diagnostic criteria is essential to limit the risk of ABPA overdiagnosis. It is likely that due to the fear of lung
damage due to ABPA, the diagnosis of this disease is made in only colonized patients who are exposed
to unneeded corticosteroid therapy. Further research studies are needed in order to improve A. fumigatus
diagnosis, define classification of clinical manifestations, as well as personalize the treatment and prevention.

Author Contributions: L.P. and S.P. co-wrote the first draft of the manuscript; V.M. and N.P. (Nicola Palladino)
were in charge of patient’s management; M.S. performed the literature review; N.P. (Nicola Principi) gave a
substantial scientific contribution; G.P. supervised patient’s management; S.E. supervised the project and made
substantial scientific contributions. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Rey, M.M.; Bonk, M.P,; Hadjiliadis, D. Cystic Fibrosis: Emerging understanding and therapies. Annu. Rev.
Med. 2019, 70, 197-210. [CrossRef] [PubMed]

2. Esposito, S.; Colombo, C.; Ravaglia, R.; Faelli, N.; Tagliabue, C.; Corti, F; Costantini, D.; Principi, N.
Mycoplasma pneumoniae pericarditis and cardiac tamponade in a 7-year-old girl with cystic fibrosis.
Infection 2006, 34, 355-356. [CrossRef] [PubMed]

3. Chmiel, J.F,; Aksamit, T.R.; Chotirmall, S.H.; Dasenbrook, E.C.; Elborn, ]J.S.; LiPuma, J.J. Antibiotic
management of lung infections in cystic fibrosis. II. Nontuberculous mycobacteria, anaerobic bacteria,
and fungi. Ann. Am. Thorac. Soc. 2014, 11, 1298-1306. [CrossRef]


http://dx.doi.org/10.1146/annurev-med-112717-094536
http://www.ncbi.nlm.nih.gov/pubmed/30312551
http://dx.doi.org/10.1007/s15010-006-6628-9
http://www.ncbi.nlm.nih.gov/pubmed/17180594
http://dx.doi.org/10.1513/AnnalsATS.201405-203AS

Pathogens 2020, 9, 15 60f6

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Sabino, R.; Ferreira, J.A.; Moss, R.B.; Valente, J.; Verissimo, C.; Carolino, E. Molecular epidemiology of
Aspergillus collected from cystic fibrosis patients. J. Cyst. Fibros. 2015, 14, 474-481. [CrossRef]

Breuer, O.; Schultz, A.; Garratt, L.W.; Turkovic, L.; Rosenow, T.; Murray, C.P.; Karpievitch, Y.V.; Akesson, L.;
Dalton, S.; Sly, PD.; et al. Aspergillus Infections and Progression of Structural Lung Disease in Children with
Cystic Fibrosis. Am. ]. Respir. Crit. Care Med. 2019. Epub Nov 20. [CrossRef]

van de Veerdonk, FL.; Gresnigt, M.S.; Romani, L.; Netea, M.G.; Latgé, ].P. Aspergillus fumigatus morphology
and dynamic host interactions. Nat. Rev. Microbiol. 2017, 15, 661-674. [CrossRef]

Keown, K.; Abbott, S.; Kuzeljevic, B.; Rayment, ].H.; Chilvers, M.A.; Yang, C.L. An investigation into
biomarkers for the diagnosis of ABPA and aspergillus disease in cystic fibrosis. Pediatr. Pulmonol. 2019, 54,
1787-1793. [CrossRef]

Janahi, L. A.; Rehman, A.; Al-Naimi, A.R. Allergic bronchopulmonary aspergillosis in patients with cystic
fibrosis. Ann. Thorac. Med. 2017, 12, 74-82. [CrossRef]

Chotirmall, S.H.; McElvaney, N.G. Fungi in the cystic fibrosis lung: Bystanders or pathogens? Int. ]. Biochem.
Cell Biol. 2014, 52, 161-173. [CrossRef]

Patel, A.R.; Singh, S.; Khawaja, I. Diagnosing allergic bronchopulmonary Aspergillosis: A review. Cureus
2019, 11, e4550. [CrossRef]

Hinson, K.E; Moon, A.].; Plummer, N.S. Broncho-pulmonary aspergillosis: A review and a report of eight
new cases. Thorax 1952, 7, 317-333. [CrossRef] [PubMed]

Panchal, N.; Pant, C.; Bhagat, R.; Shah, A. Central bronchiectasis in allergic bronchopulmonary aspergillosis:
Comparative evaluation of computed tomography of the thorax with bronchography. Eur. Respir. ]. 1994, 7,
1290-1293. [CrossRef] [PubMed]

Esposito, S.; Pennoni, G.; Mencarini, V.; Palladino, N.; Peccini, L.; Principi, N. Antimicrobial Treatment of
Staphylococcus aureus in patients with cystic fibrosis. Front. Pharmacol. 2019, 10, 849. [CrossRef] [PubMed]
Zhao, J.; Cheng, W.; He, X,; Liu, Y. The co-colonization prevalence of Pseudomonas aeruginosa and
Aspergillus fumigatus in cystic fibrosis: A systematic review and meta-analysis. Microb. Pathog. 2018, 125,
122-128. [CrossRef] [PubMed]

Principi, N.; Esposito, S. Emerging role of Mycoplasma pneumoniae and Chlamydia pneumoniae in paediatric
respiratory-tract infections. Lancet Infect Dis. 2001, 1, 334-344. [CrossRef]

Principi, N.; Esposito, S. Macrolide-resistant Mycoplasma pneumoniae: Its role in respiratory infection.
J. Antimicrob. Chemother. 2013, 68, 506-511. [CrossRef]

Goyal, R.; White, C.S.; Templeton, P.A.; Britt, E.J.; Rubin, L.J. High attenuation mucous plugs in allergic
bronchopulmonary aspergillosis: CT appearance. J. Comput. Assist. Tomogr. 1992, 16, 649-650.

Stevens, D.A.; Moss, R.B.; Kurup, V.P; Knutsen, A.P; Greenberger, P.; Judson, M.A. Allergic bronchopulmonary
aspergillosis in cystic fibrosis—State of the art: Cystic Fibrosis Foundation Consensus Conference. Clin. Infect.
Dis. 2003, 37, S225-S264. [CrossRef]

Mahdavinia, M.; Grammer, L.C. Management of allergic bronchopulmonary aspergillosis: A review and
update. Ther. Adv. Respir. Dis. 2012, 6, 173-187. [CrossRef]

Hilliard, T.; Edwards, S.; Buchdahl, R.; Francis, J.; Rosenthal, M.; Balfour-Lynn, I. Voriconazole therapy in
children with cystic fibrosis. J. Cyst. Fibros. 2005, 4, 215-220. [CrossRef]

Shoseyov, D.; Brownlee, K.G.; Conway, S.P.; Kerem, E. Aspergillus bronchitis in cystic fibrosis. Chest 2006,
130, 222-226. [CrossRef] [PubMed]

Launay, M.; Roux, A.; Beaumont, L.; Douvry, B.; Lecuyer, L.; Douez, E. Posaconazole Tablets in Real-Life Lung
Transplantation: Impact on Exposure, Drug-Drug Interactions, and Drug Management in Lung Transplant Patients,
Including Those with Cystic Fibrosis. Antimicrob. Agents Chemother. 2018, 62, €02061-17. [CrossRef] [PubMed]

@ © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1016/j.jcf.2014.10.005
http://dx.doi.org/10.1164/rccm.201908-1585OC
http://dx.doi.org/10.1038/nrmicro.2017.90
http://dx.doi.org/10.1002/ppul.24465
http://dx.doi.org/10.4103/atm.ATM_231_16
http://dx.doi.org/10.1016/j.biocel.2014.03.001
http://dx.doi.org/10.7759/cureus.4550
http://dx.doi.org/10.1136/thx.7.4.317
http://www.ncbi.nlm.nih.gov/pubmed/13015523
http://dx.doi.org/10.1183/09031936.94.07071290
http://www.ncbi.nlm.nih.gov/pubmed/7925909
http://dx.doi.org/10.3389/fphar.2019.00849
http://www.ncbi.nlm.nih.gov/pubmed/31447669
http://dx.doi.org/10.1016/j.micpath.2018.09.010
http://www.ncbi.nlm.nih.gov/pubmed/30217514
http://dx.doi.org/10.1016/S1473-3099(01)00147-5
http://dx.doi.org/10.1093/jac/dks457
http://dx.doi.org/10.1086/376525
http://dx.doi.org/10.1177/1753465812443094
http://dx.doi.org/10.1016/j.jcf.2005.05.019
http://dx.doi.org/10.1378/chest.130.1.222
http://www.ncbi.nlm.nih.gov/pubmed/16840406
http://dx.doi.org/10.1128/AAC.02061-17
http://www.ncbi.nlm.nih.gov/pubmed/29311077
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Background 
	Case Report 
	Discussion 
	Conclusions 
	References

