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Abstract
A Spanish study has demonstrated the presence of protozoa in the sputum of respiratory patients admitted to hospital with
acute exacerbations of respiratory disease. These findings have not previously been replicated elsewhere in the world. Sputum
was obtained from two case series of patients; firstly inpatients with an acute exacerbations of respiratory symptoms, and the
other consisting mainly of chronic outpatients; both at Llandough Hospital, Cardiff, South Wales. Sputum, stained using the
Papanicolaou method, was examined under a microscope using previously published criteria to determine the presence of
protozoa. In the first series of ten inpatients, five patients (50%; 95% CI 24 – 76%) had protozoa in their sputum. In the second
series of 17 generally less acute patients, one clearly had protozoa and two possibly had protozoa in their sputum. Protozoa
may have an important pathogenic role in asthma which merits further examination.

INTRODUCTION
The diagnosis of asthma is primarily based on clinical
assessment rather than on definitive diagnostic tests [1]. It
can be argued that asthmatic patients may include a cluster
of aetiologies that produce a similar clinical pattern rather
than a single disease process. This pilot study focuses on one
factor that may have some relevance in a proportion of
respiratory patients that have a diagnosis of asthma or
COPD.
There is significant overlap in the symptoms of patients with
asthma and COPD. A relevant history of smoking or
occupational exposure, and spirometry can help to
differentiate between the two conditions. Symptomatic
improvement in response to a trial of beta-2 agonists is also
a useful indicator of asthma. The aetiological distinction
between asthma and COPD is further complicated by the
fact that a proportion of patients have both conditions and
there may be etiological factors that are common to both
conditions.
Asthma appears to involve a complex interaction between
environmental and genetic factors. A wide range of allergens
have been identified, which can trigger respiratory
symptoms in sensitized individuals. Acute viral infections
are also recognized triggers in both asthma and COPD, as
are exercise, hormonal changes and stress. In addition, in

some individuals, asthma and COPD are related to exposure
to allergens or noxious factors that are present in the
individual’s occupational environment.
Infectious agents have also been proposed as having an
etiological role in asthma. One of the most widely
recognized hypotheses for the aetiology of asthma is the
hygiene hypothesis [2] which was postulated to address the
observation that children from larger families, who are
presumably exposed to more infectious agents through their
siblings, display less allergic symptoms than children from
families with only one child. However, it is possible that
infectious agents, including protozoa are more directly
implicated in etiology of acute exacerbations of asthma and
COPD.
This study is based on previous work exploring the role of
protozoa in patients with respiratory symptoms. A number of
small published studies of Spanish patients have explored
the presence of protozoa in the sputum of respiratory
patients admitted to hospital with acute exacerbations of
disease [3,4] or patients who were immuno-compromised
[5,6]. In one study [3], 15/19 patients (79%; 95% CI 35% –
92%) with asthma had protozoa in their sputum, as opposed
to 9/78 patients (12%; 95% CI 6% – 21%) with other
respiratory diseases, most usually COPD. The observed
difference in prevalence (67%; 95% CI 43% - 81%) was
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statistically significant.
The aim of this pilot study was to determine whether
protozoa could be identified in similar respiratory patients in
the UK.

Figure 1

Table 1: Morphological basis for distinguishing between
protozoal forms and ciliocythophthoria

MATERIALS AND METHODS
Two case series of patients had sputum collected several
months apart. One case series was based mainly on
inpatients and the other case series was based mainly on
outpatients. The first case series comprised ten patients who
were admitted to Llandough Hospital, Cardiff, South Wales,
with an acute exacerbation of respiratory symptoms. The
second case series comprised 17 patients, many of whom
attended a COPD patient self help group, and who were
generally less acutely ill than the patients in the first case
series.
An information sheet was provided to all the patients
involved in the study and written consent was obtained. A
sterile sputum container was left with each patient. The
sputum collected was transferred to two microscope slides.
A small area of true sputum (not saliva), about the size of a
large lentil, was taken from the expectoration using
tweezers. The sample was placed on a microscope slide
(frosted labeling area upwards) and, a second slide (frosted
labeling area downwards) was used to make a smooth,
uniform smear, gently moving both slides in opposite
directions, and exerting slight pressure whist gently holding
the frosted labeled area of the slide between the thumb and
forefinger. Both of the slides were immediately fixed using a
commercially available hair lacquer, spraying the whole
surface of each slide from a distance of approximately 30 cm
for a few seconds. The slides were left face up to dry to
make certain that none of the material seeped out at the
edges. Every effort was made to ensure that the sample
observed under the microscope consisted of sputum and not
of saliva.
The microscope slides were stained using a modified
Papanicolaou method [7] and the slides were scanned under
the microscope to identify flagellated protozoa. Protozoa
were differentiated from ciliated epithelial cell remnants
using the criteria in Table 1, based on previously published
work [4,3].

When in doubt about distinguishing between protozoa and
epithelial cell remnants, the following characteristics were
particularly relied on during examination under oil
immersion:
Cytoplasmatic plasticity with ameboid-like forms
Irregular insertion of numerous flagella around all
the cellular border and absence of terminal bar
Size about 12-20 microns
Background with red granules (1-3 microns in
diameter), and a characteristic eosinophylic
material as a cloud
Quality assurance of the process involved: clear explanation
to patients on how to produce a good-quality sample of
sputum; rapid fixing of slides; a robust protocol for labeling
of slides with unique patient identifiers; transport using
approved containers for such samples; and assessment of
sputum quality under the microscope based on the presence
of macrophages in the smear.
Ethical approval for the study was obtained from the South
East Wales Local Research Ethics Committee Panel C (Ref
05/WSE03/134) and informed consent was obtained in line
with the Helsinki declaration.

RESULTS
In the first case series, protozoa were observed in the sputum
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of five of the ten inpatients (50%; 95% CI 24 – 76%). All the
patients in the sample had been admitted with an acute
exacerbation of respiratory disease and were over 18 years
of age. Other demographic details were not available for this
case series.
In the second case series of 17 patients, mainly made up of
outpatients, one case had protozoa and two had possible
protozoa in their sputum. Some of the characteristics of this
case series are given in Table 2.
Taking both case series together six of 27 patients (22%;
95% CI 11% - 41%) with respiratory disease had protozoal
forms in their sputum.
Figure 2

Table 2: Characteristics of the second case series of 17
respiratory patients tested for the presence of protozoa

DISCUSSION
This small pilot study provides some evidence that protozoa
are present in a proportion of patients in the UK who have
acute exacerbations of respiratory disease. This pilot study
confirms previous observations regarding the presence of
protozoa in the sputum of Spanish patients, but in case series
in patients living in a more temperate climate. The higher
rate of infection in inpatients than in outpatients may
indicate that protozoal infection was in some way associated
with acute exacerbations of disease.
It is unclear whether a single species of protozoa is being
observed in all patients. It is also unclear whether these
organisms are commensals or have any pathogenic
significance whatsoever. Although the respiratory tract has
historically been considered free from micro-organisms, in
the absence of acute infection, there is some emerging
evidence that organisms may be present in the respiratory
tract without having a clear pathological role.
There is relatively little published literature on protozoa in
the sputum of patients with asthma or COPD. A number of
studies that have identified protozoa in the sputum of
respiratory patients and infections related to protozoa have
recently been reviewed [8]. Several studies have
demonstrated chlamydia in the sputum of a proportion of
patients with asthma [9,10] and a number of case reports
from Chinese researchers have also identified protozoal
organisms in patients with asthma [11,12].

An example of a protozoal form in sputum is shown in
Figure 1.
Figure 3

Figure 1: Example of protozoa in sputum

Protozoa are often difficult to culture and previously
reported attempts to culture the protozoa identified in
sputum have been unsuccessful [3]. Culture of the protozoa
would allow the examination of the effect of the protozoa on
respiratory epithelial cell cultures. There is also the potential
to undertake PCR amplification of 18S rDNA to determine
whether the protozoa present in sputum is a known species,
or is similar to a known species. Characterisation of the
protozoa would allow us to determine whether the same
species of protozoa is appearing in this diverse group of
patients with respiratory symptoms. These techniques would
allow the development of a rapid diagnostic technique to
identify the presence of protozoa in sputum samples.
There is also a need for further work on the natural history of
protozoa in the lungs, to determine whether the protozoa are
present in patients over a prolonged period of time or only
appear transiently. The relationship between acute
exacerbations of respiratory illness, recovery from illness,
and the presence or absence of protozoa in the respiratory
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tract also needs to be determined.
If the protozoa can be cultured, their antibiotic sensitivity
could be determined and a randomized control trial could be
undertaken to determine whether clearance of the protozoa
in symptomatic patients resulted in a more rapid recovery
from an acute exacerbation of disease, or alternatively
whether treatment of patients with chronic respiratory
disease resulted in long term improvement in symptoms.
Successful treatment of a very small number of individuals
with metronidazole has suggested that this may be an
appropriate antibiotic to test in a larger therapeutic trial, in
individuals who have an acute exacerbation of
asthma/COPD and where protozoa can be demonstrated in
the sputum.
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