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S U M M A R Y

Although systemic candidosis is common in hospitalised children, Candida involvement of lung

parenchyma is rare and usually perceived only at autopsy. The purpose of this article was to review the

evidence regarding lung involvement in Candida infections, with special attention to paediatric patients.

Primary Candida pneumonia is rare and usually associated with aspiration of oropharyngeal contents.

The majority of cases of Candida pneumonia are secondary to haematological dissemination of Candida

organisms from a distant site, usually the gastrointestinal tract or the skin. The diagnosis of pulmonary

candidosis is difficult because there is no specific clinical or radiological presentation. In addition, the

presence of Candida in sputum or other respiratory specimens mostly represents contamination. A

definitive diagnosis of Candida pneumonia requires histopathologic proof of lung invasion in association

with inflammation. Children can also be affected by pulmonary allergic reactions caused by Candida

species. Treatment of Candida pneumonia is essentially the same as for candidaemia. Preliminary

evidence suggests that patients with severe asthma sensitised to Candida species may also benefit from

antifungal drugs.
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INTRODUCTION

Invasive fungal infections have markedly grown in importance
in recent decades. This has resulted from an increasing number of
immunocompromised patients, in addition to aggressive inter-
ventions in modern medicine. The majority of fungal infections
occuring in the hospital setting are caused by species of Candida or
Aspergillus. Differently from aspergillosis, manifesting mainly as
pneumonia in a neutropenic patient, Candida species are usually
associated with bloodstream infections (candidaemia). Reports of
Candida pneumonia are rare. Pulmonary candidosis was first
described by Aldo Castellani in the early 1900s in adults,1 with
several cases reported since. The frequency of lung involvement in
the candidosis is so low that some authors have suggested that this
condition does not exist.2 The rarity of lung involvement in
candidosis has been attributed to a natural resistance of columnar
epithelium to Candida invasion, in contrast to the greater
susceptibility of stratified epithelium. This article provides a brief
overview of lung involvement in Candida infections, with an
emphasis on paediatric patients. However, due to the rarity of
these infections, many of the references cited were obtained from
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the adult literature. A summary of the main findings discussed in
this review is shown in Table 1.

CANDIDA SPECIES ARE NORMAL INHABITANTS OF HUMAN
MUCOSAS

Candida species live as commensals on the human skin and
mucosae. Humans become colonised by Candida very early in life.
Although the yeast C. albicans is the major agent inciting human
mycotic infections, Homo sapiens and Candida usually coexist
peacefully and the dynamics of Candida colonisation in humans is
more complex than it may seem. Pregnancy, mainly in the last
trimester, has been associated with increased growth of yeasts in
the vagina, and neonates are thought to acquire Candida organisms
mainly from the maternal vaginal mucosa. Candida albicans is
described in vaginal secretions in up to 30% of women at the end of
pregnancy3 and about 85% of these patients contaminate their
newborns. Caramalac et al. (2007)4 recently confirmed the higher
frequency of oral colonisation by Candida species in neonates born
via vaginal route, in comparison to those born by caesarean
sections (25% versus 3.6%, respectively). However, using molecular
typing methods the authors observed genotypic concordance in
only 6% of cases, suggesting that the vaginal mucosa was not the
main route of transmission of Candida organisms to the oral cavity
in those neonates. Since multiple sites of colonisation tend to occur
in humans, other anatomical sites such as skin folds and the
gastrointestinal tract may also be of importance. Interestingly, it
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Table 1
Summary of Candida-related lung diseases in paediatric patients.

Comments

Candida and the respiratory tract Candida species commonly colonise the respiratory tract, particularly in mechanically ventilated patients

and in those treated with steroids or antibiotics

Primary Candida pneumonia Rare condition that occurs after aspiration of oropharyngeal materials. Definitive diagnosis requires histopathologic proof

Secondary Candida pneumonia Usually occurs in the context of a bloodstream infection (candidaemia)

Allergies Candida allergy resulting in respiratory symptoms is far more common than invasive Candida pneumonia

Treatment Same as for candidaemia. Patients with severe asthma with fungal sensitisation may benefit from steroids and

antifungal therapy
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has been demonstrated that the mucosal surfaces of the mouth, the
gastrointestinal tract, and the vagina may be colonised with C.

albicans in up to 80% of normal individuals.5 Colonisation rate is
generally increased in patients admitted to the hospital, and
hospitalised children can also acquire Candida species (particularly
for C. parapsilosis) from the hands of healthcare workers.6

Host conditions can also facilitate proliferation of Candida in the
human body. For instance, diabetes mellitus has been associated
with a 20% increase rate of oral colonisation and a fourfold increase
in the density of oral colonisation by Candida species.7 Smoking
and high ethanol intake have also been associated with an
increased prevalence of the yeast in the oropharynx.2 Oral
colonisation by Candida species seems also particularly frequent
amongst asthmatic patients, and the rate of colonisation may
increase due to medical interventions such as treatment with
inhaled steroids.

In addition to the oral mucosa, several other anatomical sites
can become colonised by Candida species. Candida can involve the
upper respiratory tract in asthmatics treated with inhaled steroids.
Candida species have been found in 3-84% of sputum specimens in
several studies, depending on the population surveyed and the
techniques used for isolation.8 In an investigation of the fungal
microbiota in the human lung of 159 autopsy cases, yeasts –
particularly Candida species – were encountered in 33% of lungs
showing no evidence of inflammation or any pathology.9 The
isolation rate of yeasts in cases treated with antimicrobial agents
was remarkably higher than in cases not receiving these drugs.

The significance of the recovery of Candida species in the
sputum or other respiratory specimens is uncertain, but probably
represents colonisation only.8 The meaning of this finding for
immunocompromised patients is less clear. For some patients,
Candida recovery from the respiratory tract may be a marker for
higher severity of illness. In one study of mechanically ventilated
children,10 the recovery of Candida species from the respiratory
tract was associated with the presence of air leaks and a marker of
poor outcome. It remains however to be elucidated if Candida

infections/colonisation have any role in the aetiology of air leaks in
these patients. In a study with cystic fibrosis patients,11 Candida

colonisation of the respiratory tract was associated with a �10%
reduction in FEV1 values at all ages, in comparison to controls. This
was not observed with either Staphylococcus aureus or Haemophilus

influenzae infections. Tracheobronchial colonisation by Candida

species has also been implicated as a potential risk factor for
ventilated-associated pneumonia by Pseudomonas aeruginosa in
mechanically ventilated patients, which has been linked to biofilm
formation.12

CANDIDA SPECIES IN THE BROCHOALVEOLAR LAVAGE (BAL)
FLUID IN MECHANICALLY VENTILATED PATIENTS

Candida species are frequently recovered from cultures of
tracheal aspirates in intubated patients admitted to a paediatric
intensive care unit (ICU). That occurs predominantly in individuals
receiving antimicrobial therapy, and in those with a longer
duration of mechanical ventilation. A recent study demonstrated
that 20% of intubated patients ventilated for >48 hours had
evidence of tracheobronchial Candida colonisation.13 This propor-
tion increased with the duration of mechanical ventilation to 20%,
31% and 34% after 5, 15 and 30 days, respectively. Therapy with
steroids has also been associated with a higher rate of Candida

pneumonia or colonisation in critically ill patients. Wood et al.14

investigated the clinical meaning of Candida spp. isolated from
diagnostic BAL cultures in critically ill trauma patients over a 3-
year period. The prevalence of positive BAL cultures for Candida

was 8%. Based on the physician’s decision to treat, 92% of episodes
were thought to be colonisation only, 3% ventilation-associated
pneumonia, and 5% inconclusive. No patient developed a systemic
Candida infection, despite the lack of antifungal therapy. Accord-
ingly, current guidelines for both ventilation-associated pneumo-
nia and Candida infections recommend that the isolation of Candida

spp. from BAL in immunocompetent patients should not trigger
antifungal treatment. However, a study showed that 24% of ICU
physicians would prescribe antifungal therapy for an immuno-
competent, mechanically ventilated patient with Candida spp.
isolated from a tracheal aspirate.15 This over treatment can
increase costs, toxicity and drug-drug interactions, potentially
increasing the risk for antifungal resistance to occur.

At least 2 post-mortem studies have demonstrated that Candida

recovery from the respiratory tract in non-neutropenic patients
does not correlate with the histopathologic findings.16,17 In one of
these studies,16 Candida was isolated from 40% of pulmonary
biopsies, but definite Candida pneumonia was diagnosed in only 1
patient (4%) (1 additional patient had Candida isolated from the
pleural fluid). Candida colonisation was found to be uniform
throughout different regions of the lung. Quantitative BAL cultures
for Candida were also not helpful to differentiate colonisation from
infection.16 This contrasts with bacterial infections in which
several thresholds have been proposed to help distinguish
colonisation from infection.

In summary, the isolation of Candida from cultures of sputum,
endotracheal aspirates, and bronchoscopic samples, may only
represent colonisation of the tracheobronchial tree. The meaning
of a positive culture for Candida in a severely immunosuppressed
patient is however more obscure.

HISTOPATHOLOGIC PROOF IS REQUIRED TO DIAGNOSE CANDIDA
PNEUMONIA

Histologic demonstration of the fungus in lung tissue with
associated inflammation is the only widely accepted criterion for
the definitive diagnosis of Candida pneumonia.8,18,19 Although
used in several studies, the definitions for nosocomial infections
established by the Centers for Disease Control and Prevention
(CDC) are not appropriate for the diagnosis of Candida pneumonia.
Due to the high frequency of Candida colonisation of mucosae,
diagnoses of Candida pneumonia that are based solely on
microbiological grounds are often incorrect. Additionally, it should
be stated that a transbronchial approach is not satisfactory as
histopathologic proof, owing to the possibility of oropharyngeal
contamination of the specimens. Although BAL cytology has been



A.C. Pasqualotto / Paediatric Respiratory Reviews 10 (2009) 186–191188
reported to improve the diagnostic yield, cytological tests are
prone to a high rate of false-positive results due to Candida

colonisation and therefore not recommended.
Percutaneous thin-needle aspiration biopsy of the lung has

been proposed by some authors as a diagnostic tool in
immunocompromised patients with lung infiltrates.20 This pro-
cedure seems to be associated with a low yield (�30%) in the
diagnosis of Candida pneumonia, with the potential for complica-
tions including air leak and bleeding. No iatrogenic complications
occurred in another series in which children with malignancy were
submitted to transthoracic lung puncture for the investigation of
lung infections.21 Patients with platelet count <50,000/mm3 were
transfused platelet concentrates before and during the procedure.
However, only one case of C. tropicalis pneumonia was included in
this series. Due to the rarity of Candida pulmonary infections,
diagnostic strategies have not been systematically evaluated,
neither have the results obtained by initial reports been confirmed
by multiple studies. Furthermore, biopsies cannot be performed in
many patients due to severe illness and conditions such as
thrombocytopaenia, commonly present in haematological patients
at high risk for candidaemia. Even when pulmonary fragments are
obtained false-negative results can occur due to sampling errors.

The morphology of Candida lesions in the lungs is varied.
Grossly, bronchopneumonia, abscesses, granulomas, and intraca-
vitary membranous exudates have all been described.22 Invasion
and occlusion of large vessels – a finding frequently seen in cases of
invasive aspergillosis – rarely occur in pulmonary candidosis. The
presence of mycelial forms does not seem to provide good evidence
of tissue invasion by Candida.

MAIN FORMS OF CANDIDA PNEUMONIA

Candida pneumonia seems to exist in two distinct forms.
Primary Candida pneumonia is a rare condition that occurs after
aspiration of oropharyngeal materials. Secondary Candida pneu-
monia is by far the most frequent form of pulmonary candidosis.23

This usually occurs in the context of a bloodstream infection
(candidaemia), following a gastrointestinal tract or cutaneous
source. Cases of secondary pneumonia are often the result of fungal
emboli to the lungs along with multiple other organs. Although it
has been suggested that the route of infection can be deduced on
the basis of its histopathologic features,22 these aspects may not be
present in every case, and identification of the route of infection in
individual cases may be problematic.24 Despite this criticism,
classical presentations of both forms of Candida pneumonia are
briefly discussed here.

Independently of the mechanism involved in the disease, the
signs and symptoms associated with Candida pneumonia are not
specific and the clinical picture is usually dominated by the
presence of sepsis.22 Features of respiratory distress syndrome and
severe sepsis seem to be frequent amongst infants.25 Rare cases of
Candida empyema have also been reported, usually in lung
transplant recipients or in the presence of surgical drains or chest
tubes. Candida alone rarely involves enough parenchyma to
compromise pulmonary function. The rare cases of extensive
involvement are usually attributable to aspiration of Candida and
occur in patients who are critically ill for a variety of other reasons.

The radiographic appearances of Candida pneumonia are also
non-specific. It is noteworthy that Candida may cause pneumonia,
either alone or in combination with other fungi, and bacterial
pathogens,20,23 which may complicate the interpretation of
radiological exams. The radiographic pattern can however be
useful in excluding as well as including differential possibilities
and can be correlated with bronchoscopic or lung biopsy findings.
It is unusual to find a normal chest radiograph,23 and the paucity of
radiological findings in some studies may be attributed to technical
problems associated with portable examinations as those per-
formed in some critically ill patients.23,25 Other unusual presenta-
tions of Candida pneumonias include cavitations and fungal balls.
All of these features make the diagnosis of Candida pneumonias by
chest radiograph difficult at best.

Primary Candida pneumonia

As the mechanism of primary Candida pneumonia involves
aspiration, lesions are usually distributed with clusters of
pseudohyphae and/or yeasts around the bronchioles. Necrosis
and intra-alveolar haemorrhage are common findings, and acute
inflammation with associated bronchopneumonia and abscess
formation has also been reported. In the series by Haron et al.18

patients with Candida pneumonia associated with aspiration were
identified by excluding those individuals with associated candi-
daemia and disseminated infection. The concomitant presence of
oesophageal candidosis in some patients supported aspiration of
oropharyngeal contents as the proposed mechanism of entry of the
infection. Accordingly, the lungs were the only organs involved at
autopsy, and a high percentage of intra-bronchial and intra-
alveolar involvement by Candida was found. No vascular invasion
was observed. Candida pneumonia directly contributed to the
death of 84% of the cancer patients included in this series.

Colonisation of the upper respiratory tract by Candida species is
frequently seen in cases of primary Candida pneumonia, some-
times with ulcerated mucosal surfaces.25 From these sites Candida

organisms can spread down the airways and to invade terminal air
spaces. Grossly, these lungs can show areas of consolidation and
haemorrhage. Microscopically, a thick mat of Candida pseudohy-
phae line the conducting airways, bronchioles, and terminal air
spaces, ulcerating the mucosal surfaces and invading adjacent
tissues. Candida organisms are occasionally seen in pulmonary
veins and lymphatics but not in the pulmonary arteries.

The radiological findings of primary Candida pneumonia are
typically those of patchy bilateral consolidation in a peribronch-
ovascular distribution. Air bronchograms and obscuration of a
cardiac border or hemidiaphragm are additional non-specific
findings. The parenchymal consolidations are frequently basilar,
bilateral, and rarely localised to one segment. Endobronchial
spread of the fungi from an initial focus to other sites within the
same lung or the contra-lateral lung is another potential source of
airway dissemination. This can lead to a nodular pattern in the
newly infected lung, although proliferation in the pulmonary
parenchyma is rare in any clinical setting. Early in the course of
disease the affected sites may be difficult to distinguish from the
radiographic findings often seen with haematogenous pulmonary
seeding (discussed below). With time and with further endobron-
chial spread of the organisms the nodules may coalesce to the more
diffuse pneumonic aspect.23

Haematogenous (secondary) pulmonary candidosis

Pulmonary inoculation of Candida species can occur during
haematogenous spread of these organisms from a distant site. This
usually initiates in the gastrointestinal tract – as an example, the
typical neutropenic patient with extensive mucositis, receiving
therapy with antibiotics and steroids; or the patient submitted to
gastrointestinal operation. Alternatively, Candida can disseminate
from the skin, which is facilitated by the use of central venous
catheters. Regardless of the source, Candida can spread to virtually
infect any organ in the body, including small arterioles and
capillaries in both lungs. With fungal growth and invasion of the
adjacent pulmonary tissue, a miliary nodular pattern can be seen.20

This is usually manifested as small (2 to 4 mm) nodules or multiple
larger nodules with ill-defined borders which are randomly
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distributed in the pulmonary parenchyma. These nodules are
characterised by areas of central necrosis with varying amounts of
acute inflammation. The centre of the nodules usually contains
clusters of both pseudohyphae and budding yeasts. In a recent
study,26 including 17 haematopoietic stem cell transplant reci-
pients with pulmonary candidosis, multiple nodules varying in size
from 3-30 mm were the most common abnormalities (88%).
Consolidation was found in 65% of cases,26 and this is usually a
manifestation of more advanced disease. In some patients the
miliary nodular radiographic pattern may be a pre-terminal event
related to inability to control the infection.23

Mediastinal and/or hilar adenopathy, when present, are usually
secondary to metastases and not fungal lymphadenitis.20 Pleural
effusions may be present in approximately half of patients, but are
usually related to either concomitant bacterial infections of the
pleural space, pleural metastases, or cardiac failure.23

Humphrey and Weiner24 found evidence of invasive gastro-
intestinal candidosis in all 9 cases of pulmonary candidosis
identified at autopsy (3 of which were children). Debilitating
underlying diseases and broad-spectrum antibacterial drugs had
been used for all of these patients; other important risk factors
were therapy with steroids (77.8%) and neutropaenia (44.4%). The
majority of patients showed extensive pulmonary infiltrates
(88.9%) and Candida was cultured from ante-mortem specimens
in only 55.5%.

The manifestations of pulmonary candidosis at high-resolution
computed tomography have recently been described, in compar-
ison with patients with invasive aspergillosis.26 Centrilobular
nodules were significantly more common in aspergillosis (96%)
than in candidosis (52%). On the contrary, random nodules were
significantly more common in patients with candidosis (48%) than
in individuals with aspergillosis (4%), suggesting the possibility of
haematological dissemination in the first group. As expected,
consolidation was more common in aspergillosis (84%) than in
candidosis (50%).

INCIDENCE AND POTENTIAL RISK FACTORS FOR CANDIDA

PNEUMONIA

The real incidence of Candida pneumonia is hard to determine,
since in many studies histopathologic proof was not required to
diagnose this condition. Most of the reports were based on
persistent isolation of Candida from the sputum in the absence of
other likely pathogens.22 This sort of association was the basis for
Rosen von Rosenstein’s original suggestion in 1771 that Candida

was a respiratory pathogen, and for Castellani’s report in early
1900s of an occupational disease of tea tasters in Ceylon.1 Data
from several studies including different populations show an
incidence varying from 0.23-4.5%.18,22 Most of these reports
included cases where the lungs were involved in the context of a
disseminated infection (secondary Candida pneumonia), and
information concerning Candida pneumonia in non-neutropenic
patients is even more limited.

Definitive evidence of pulmonary involvement by Candida

species is best obtained in studies in which autopsies were
performed. Reviewing paediatric autopsy records, Kassner et al.25

found 14 infants with significant pulmonary involvement asso-
ciated with systemic candidosis. In a series of 149 autopsies in
patients who had undergone haematopoietic stem cell transplan-
tation,27 9 cases of Candida pneumonia were described. In addition
to the lungs, the most frequent sites of Candida involvement were
the gastrointestinal tract (n = 15), the kidneys (n = 7), and the heart
(n = 6). Only 30 cases of suspected Candida pneumonia were
described in a large series involving 2 hospitals in New York City.22

The study included data from all lung biopsies performed during a
4 year-period, in addition to 1,960 autopsies. The majority of the
patients with Candida pneumonia had leukaemia or lymphoma
(73.3%), and 80% of patients had had neutropaenia for >10 days.
Half of patients had been treated with high doses of corticosteroids
and has pulmonary infiltrates. Only one patient had biopsy-proven
Candida pulmonary infection. The main routes of infection were
considered to be aspiration (53.3%), haematogenous spread to the
lungs (33.3%) or unknown (13.3%). Blood cultures were positive for
Candida in only 23.3% of patients. For almost all patients, there was
little clinical significance for Candida pulmonary involvement. For
instance, amongst 61 post-mortem lung cultures that were
positive for Candida species, Candida was seen histologically in
only 3. Consequently, experience from several centres supports the
view that Candida is rarely seen histologically in lung aspirates or
biopsy specimens.

In addition to premature infants (discussed further in this
review), pulmonary Candida infections seem to particularly affect
immunosuppressed patients with AIDS, patients with chronic
granulomatous diseases, transplant recipients, and patients with
malignancies. Candidosis is far less common than invasive
aspergillosis in chronic granulomatous disease patients – Candida

species are isolated in about 2% of cases of pneumonia in these
patients.28 In lung transplant recipients, Candida species can
colonise and invade necrotic tissues and bronchial anastomoses.
Accordingly, it has been recommended that the isolation of
Candida from a patient with pulmonary infiltrates after lung
transplantation should not be dismissed as benign colonisation.29

Nevertheless, histological confirmation is also required to prove
invasive disease.

Several investigators have also emphasized the particular
importance of endotracheal intubation as a risk factor for
disseminated Candida infections in paediatric patients.30,31 We
have previously demonstrated that children are more commonly
exposed to mechanical ventilation before candidaemia than adult
patients.31 Also, the risk associated with intubation seems to
increase with the number of days and with Candida colonisation of
the tube. If remains to be elucidated however if endotracheal
intubation is an independent risk factor for Candida pneumonia. It
is also unknown what the risk for Candida dissemination from the
lungs is in these patients.

MAIN CANDIDA SPECIES INVOLVED

Most of the reports so far have implicated C. albicans as the agent
of Candida pneumonia. This may just reflect the predominance of C.

albicans over other Candida species as the aetiology of invasive
candidosis, including candidaemia. Apparently, there is no clinical or
pathologic evidence for any differences amongst the Candida species
with regard to their potential to cause pulmonary lesions.

Recent studies have reinforced the growing importance of C.

parapsilosis in paediatric patients. Candidaemia caused by C.

parapsilosis is more frequently found in children than in adults31. In
contrast, paediatric patients are less frequently infected by C.

glabrata, which tends to infect adults.31 Invasive infections caused
by C. parapsilosis have been associated with the use of central
venous catheters and parenteral nutrition, often required in the
immunocompromised paediatric population. Candidaemia was
also found to be more persistent in children when compared to
adults.31 Disseminated Candida infection to the central nervous
system is also more frequent in children (11.4%) than in adults
(0.8%).32 The reasons for these are poorly understood. Accordingly,
it is also unclear if disseminated conditions such as secondary
Candida pneumonia occur more frequently in children than in
adults, although there is a suggestion that this may happen. Whilst
the prognosis of candidaemia has been shown to be better for
children than for adults,30,31 the same is unknown for Candida

pneumonias.
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Since the majority of cases of Candida pneumonia occur
secondarily to a disseminated candidosis, the detection of Candida

species in the blood may potentially diagnose pulmonary
involvement by Candida at an early stage. Although blood culture
is still the standard test for the diagnosis of candidaemia, it has to
be said that the sensitivity of blood cultures for detection of
Candida can be as low as 50%. The use of other diagnostic tests,
including biochemical markers, antigen assays, and polymerase
chain reaction, is currently limited but remains under active
investigation. More sensitive and reliable diagnostic tests are
required to more promptly diagnose invasive Candida infections.

PARTICULARITIES OF CANDIDA PNEUMONIA IN NEONATES

Invasive candidosis has become the third most common late-
onset infection in most neonatal ICUs. The risk factors for invasive
Candida infections in neonatal patients differ from those of older
children. Birth weight is a particularly important variable. For
instance, in one study the odds for developing candidosis were 3.22
for infants with a birth weight of 400-750 grams, compared with
those infants born at 751-1,000 grams.33 Data from another study
revealed that multiple risk factors put neonates at risk for
candidaemia, including gestational age <32 weeks, Apgar score
of <5 at 5 minutes, shock, exposure to more than two antibiotics,
parenteral nutrition for >5 days, use of intravenous lipids for >7
days, presence of a central catheter, exposure to an H2 blocker,
length of stay in a neonatal ICU >7 days, and intubation.6 A more
recent survey confirmed that, independent of birth weight,
gestational age <26 weeks and a history of abdominal surgery
significantly increased the risk of candidaemia for neonates.34

Interestingly, the majority of babies were born at term (81.0%)
in a review of 21 neonates with pulmonary candidosis.35

Symptoms usually appeared at birth or within the first 4 weeks
of life. Radiological signs were non-specific, and pleural effusion
was uncommon. Of note, symptoms of pneumonia were usually
preceded or accompanied by oral thrush (71.4%), suggesting that
aspiration could be an important mechanism for Candida

pneumonia amongst neonates. This may have occurred at birth
or due to the presence of foreign bodies (endotracheal or pleural
drainage tube).

Congenital pulmonary candidosis (i.e., an infection that is
evident at birth or soon afterward) has also been described. This
has usually been attributed to vaginal contamination or Candida

amnionitis resulting from premature rupture of the membranes,
even though the membranes were described as intact in several of
the reported cases.25 Whilst this process tends to be limited to the
skin in healthy-term infants, a cutaneous infection may become
invasive and produce acute disseminated candidosis in premature
neonates or infants with low birth weight and prolonged rupture of
cutaneous membranes.19

ALLERGIES ASSOCIATED WITH CANDIDA SPECIES

Over the past forty years the rates of allergy and asthma have
markedly increased in the Western world, which seem to correlate
with a higher use of antibiotics in clinical practice, by promoting
changes in the faecal microbiota.36 Antibacterial drugs can
facilitate overgrowth of Candida species, which in turn can secrete
potent prostaglandin-like immune response modulators. Even
though Candida species may contain several antigenic components
capable of stimulating immediate hypersensitivity responses, it is
controversial whether the inhalation of these fungi is causative for
their allergenicity.37

Prevalence of type I allergy to Candida in the general population
is about 8.5%; in atopics, it ranges from 23-44%.38 Similarly, 25-87%
of patients with atopic dermatitis show specific IgE reaction
against C. albicans.39 Earlier studies found that sensitisation to this
yeast was associated with chronic asthma and rhinitis, atopic
dermatitis, and nasal polyps. The association between cutaneous
fungal infections and worsening of asthma symptoms has also long
been described. In a recent study of patients with severe asthma,
sensitivity to Candida albicans occurred in 10% of patients with no
hospital admissions and 33% for patients with >1 admission to the
hospital.40 Allergic patients with respiratory symptoms frequently
react to Alternaria and Candida species.38 Although younger
patients seem to be more at risk for Alternaria sensitisation,
Candida allergy seems to particularly affect young adult women.
Accordingly, an association between recurrent vaginal candidosis
and allergic rhinitis has been proposed.41

Atopic patients primarily sensitised by yeasts may develop
allergic symptoms by exposure to other environmental yeasts due
to cross-reacting IgE antibodies. It is well known that a subgroup of
allergic bronchopulmonary aspergillosis (ABPA) patients also
demonstrate IgE reaction against Candida species. The term
‘allergic bronchopulmonary mycosis’ has been proposed to group
patients reacting not only to Aspergillus, but to different fungi
including Candida species. Curiously, most cases of ‘allergic
bronchopulmonary candidosis’ (69%) have a late onset of
respiratory symptoms, usually after the age of 30 years.42 In
another study, patients who were monosensitised to C. albicans

were significantly older (58.4 years) than controls monosensitised
to different airborne allergens (29.9 years).43 This suggests that
long-term exposure to the yeast is needed for sensitisation to
occur. In a survey of 76 cystic fibrosis patients,44 all patients
sensitised to C. albicans (27%) showed a concomitant sensitisation
to A fumigatus, suggesting that IgE to C. albicans may be an
immunologic marker related to the development of ABPA in
patients with cystic fibrosis.

TREATMENT

No convincing data for any particular form of therapy exist for
Candida pneumonias.19 Most of the available information is
anecdotal and originated from case reports or small series of
patients. In cases of secondary pneumonia associated with
haematogenously disseminated infection, therapy directed at
disseminated candidosis, rather than at Candida pneumonia in
particular, is indicated. Although varied intrapulmonary penetra-
tion has been reported amongst currently available antifungal
drugs,45 the clinical meaning of these findings is controversial.

Immunotherapy with fungal extracts may become a therapeu-
tic option in the future for the treatment of fungal allergies.37 A
recent placebo-controlled study has shown the benefit of
antifungal treatment in patients with severe asthma and fungal
sensitisation.46 The majority of these patients had high titres of
specific IgE against C. albicans, and a marginal benefit of antifungal
therapy was also demonstrated to these patients. More research is
clearly needed in the field.
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