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Aelurostrongylus abstrusus, a lungworm, is a ubiqui-
tous nematode of domestic cats. Clinical signs of  

A abstrusus infection in cats are nonspecific and include 
coughing, tachypnea, tachycardia, weight loss, dyspnea, 
and rarely death.1 With most lungworm infections being 
self-limiting in cats, infections are probably frequently 
overlooked,2 although severe illness occurs in some in-
fected cats and lung lesions can persist for long periods.3 
Lungworm infection should be considered as a differen-
tial diagnosis in any cat with signs of respiratory tract 
disease, even in kittens as young as 3 months old.4,5

Comparison of bronchoalveolar lavage fluid  
examination and other diagnostic techniques 

with the Baermann technique  
for detection of naturally occurring  

Aelurostrongylus abstrusus infection in cats

Lauren Lacorcia, bvsc, mvsc; Robin B. Gasser, dr med vet, phd, dvsc;  
Garry A. Anderson, bagrsc; Ian Beveridge, bvsc, phd, dvsc

Objective—To evaluate the diagnostic sensitivity and specificity of bronchoalveolar lavage 
(BAL) fluid examination and other diagnostic techniques, compared with the use of the 
Baermann technique performed on fecal samples as the reference standard, for detection 
of naturally occurring Aelurostrongylus abstrusus infection in a population of cats.
Design—Cross-sectional study.
Sample Population—Cadavers of 80 semiferal domestic cats.
Procedures—BAL fluid collection and analysis, necropsy, examination of fecal samples and 
minced lung tissue via the Baermann technique, fecal sedimentation-flotation, and histo-
logic examination of lung tissue were performed. Sensitivity, specificity, positive predictive 
value (PPV), and negative predictive value (NPV) for detection of A abstrusus infection were 
calculated.
Results—On the basis of fecal Baermann test results, prevalence of infection was 13.8%. 
Sensitivity (NPV) of tests was as follows: Baermann technique on minced lung tissue, 
81.8% (97.2%); fecal flotation-sedimentation, 63.6% (94.5%); stereomicroscopic examina-
tion of BAL fluid combined with cytologic examination of BAL fluid, 54.5% (93.2%); stereo-
microscopic examination of BAL fluid alone, 45.4% (92.0%); cytologic examination of BAL 
fluid alone, 36.4% (90.8%); histologic examination of lung tissue, 45.4% (91.8%); and gross 
lung appearance, 36.4% (90.8%). Specificity and PPV of all tests were 100%, with the 
exception of histologic examination of lung tissue (specificity, 97.1%; PPV, 71.4%), which 
identified infected cats that had negative fecal Baermann test results.
Conclusions and Clinical Relevance—The Baermann technique was the most sensitive 
test for detection of A abstrusus infection. On the basis of the prevalence of 13.8% in 
this study, A abstrusus infection should be considered in pet cats. (J Am Vet Med Assoc 
2009;235:43–49)

Diagnosis is central to the control of A abstrusus 
infections. The only reported diagnostic technique for 
A abstrusus infection that does not rely on the direct 
detection of adults or larvae (apart from necropsy) is 
an indirect fluorescent antibody technique for detect-
ing specific anti–third-stage A abstrusus larva antibody 
in serum.6 This technique is highly specific but cannot 
differentiate between current and past infections. Tech-
niques of microscopic examination of feces are rapid 
and simple but are labor intensive and can lack sensitiv-
ity.7 In 1 study,8 A abstrusus was detected in only 21.7% 
of infected cats by use of a standard fecal examination. 
The formalin-ethyl acetate sedimentation technique is 
reported to be less sensitive than the Baermann tech-
nique for the detection of active nematode larvae.9
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The Baermann technique, in various modified 
forms, has been determined to be the most sensitive di-
agnostic technique for the detection of live nematode 
larvae in feces of several species.10–13 The technique 
has been reported to be more sensitive than necropsy 
or histologic examination of tissues for the diagnosis 
of lungworm infection in cats10 and has also been used 
on minced lung tissue to identify A abstrusus infection 
when gross lesions were absent.14 Examination of fe-
cal samples or minced lung tissue via the Baermann 
technique is recommended as the only reliable method 
for the diagnosis of A abstrusus infection.10,14 However, 
larvae may also be recovered from pleural effusions, ex-
pectorated material, transtracheal wash fluid, or BAL 
fluid.15

The Baermann technique is stated to be more sensitive 
than the examination of BAL fluid because small numbers 
of larvae may be diluted in lavage fluid. However, because 
larvae are excreted intermittently in feces, the concurrent 
use of both techniques has been recommended.16,17

The purpose of the study presented here was to 
evaluate the diagnostic sensitivity and specificity of 
BAL fluid examination and other diagnostic techniques 
(ie, Baermann technique performed on minced lung tis-
sue, fecal flotation-sedimentation test, gross appearance 
of the lungs at necropsy, and histologic examination of 
lung tissue), compared with the use of the Baermann 
technique performed on fecal samples as the reference 
standard, for detection of naturally occurring A abstru-
sus infection in a population of cats.

Materials and Methods

Sample population—Cadavers of 80 semiferal ur-
ban cats were obtained from a shelter northeast of Mel-
bourne, VIC, Australia, throughout August, September, 
November, and December of 2003 and in April and May 
of 2004. Cats that were unable to be handled safely were 
trapped in a high-density urban environment as part of 
a local government control program and were euthana-
tized within 24 hours of capture via administration 
of an overdose of sodium pentobarbital. All cats were 
housed individually prior to euthanasia and did not re-
ceive anthelmintics. Kittens estimated to be < 12 weeks 
of age were excluded as the BAL technique used for this 
study cannot be applied to kittens under 12 weeks of 
age without causing substantial pulmonary trauma,18 
which may make interpretation of cytologic examina-
tion of BAL fluid difficult. Use of feline cadavers for this 
study was approved by the Executive Director of the 
shelter from which they were obtained. No cats were 
euthanatized for the purposes of this study.

Following collection of feline cadavers, a sequen-
tially numbered identification collar was attached and 
the mouth was held open with a syringe cap to facili-
tate later endotracheal intubation. For each feline ca-
daver, the date of collection, breed, sex, and estimated 
age were recorded. Age was estimated by examining the 
mouth for the presence of deciduous and permanent 
teeth, observing wear and damage to the teeth, and 
noting the severity of periodontal disease. Size, body 
condition, and the general appearance of the skin and 
coat were also used to assist in a subjective assessment 
of age.

Collection of BAL fluid—Samples of BAL fluid were 
collected immediately following euthanasia. Feline ca-
davers were placed in left lateral recumbency. A fiberop-
tic laryngoscope with a straight blade was used to assist 
endotracheal intubation with either a 3.5-mm- or 4.5-
mm-internal diameter cuffed disposable endotracheal 
tube. For each feline cadaver, a length of single-lu-
men, polyethylene endoscopy tubing (inner diameter, 
1.2 mm; outer diameter, 1.7 mm) was measured from 
the tip of the endotracheal tube to the most caudal rib 
and trimmed. With an 18-gauge, 1.5-inch-long needle 
inserted as a syringe adaptor, the free end of the tub-
ing was passed through the endotracheal tube until 
the tip lodged in a small bronchus. Five milliliters of 
sterile saline (0.9% NaCl) solution was flushed down 
the tubing and suction immediately applied with a  
5-mL syringe to retrieve fluid. The fluid was placed into 
a 2.5-mL collection tube containing EDTA. The feline 
cadaver was rolled into right lateral recumbency and 
the BAL repeated; the second fluid sample was placed 
in a separate tube.

Necropsy and collection of tissue and fecal sam-
ples—After collection and processing of BAL samples, 
feline cadavers were necropsied sequentially in a stan-
dard fashion. Necropsies were complete within 12 
hours of euthanasia. Potential A abstrusus infection was 
considered when there were 1- to 2-mm-diameter, firm, 
round, white foci scattered across the surface of the 
lungs or there was a mottled white and pink appearance 
to the lungs at necropsy.3,19 For each feline cadaver, a 
section of the caudal part of the left caudal lung lobe 
was excised and preserved in neutral-buffered 10% for-
malin. The remaining respiratory tract was removed en 
bloc with the heart for further processing. Feces in the 
rectum were extruded into a container and refrigerated 
at 4oC prior to further analysis.

Cytologic examination of BAL fluid—Slides of 
BAL fluid were made for cytologic examination and air-
dried immediately following fluid collection to mini-
mize sample deterioration. Samples of BAL fluid were 
rotated on a benchtop mixer,a and for each sample, a 
slide was prepared by use of a cytocentrifuge.b Depend-
ing on sample turbidity, 1 to 6 drops of fluid per sample 
per slide were dispensed from a 200-µL pipette prior to 
cytocentrifugation at approximately 100 X g for 5 min-
utes. In addition, mucus or flocculent debris (if pres-
ent) was selected from each of the 2 fluid samples for 
every feline cadaver and combined on a third slide. This 
sample was smeared as for a squash preparation and air-
dried. Slides were stained with Giemsa.

Each cytospin slide was screened at 100X magni-
fication and each smear at 40X magnification by use 
of a compound microscope. The presence and number 
of larvae, consistent in morphology with A abstrusus, 
were recorded. Cytologic examination was then per-
formed in detail by use of 200X magnification and ad-
ditionally 1,000X magnification with oil immersion, 
where required. Total nucleated cell counts were not 
performed.

Stereomicroscopic examination of BAL fluid—
Each BAL fluid sample was placed in a Petri dish and 
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examined under a stereomicroscope at 20X magnifica-
tion by use of oblique transmitted light to enhance lar-
val refractivity. The base of the dish was scanned for 
larvae, and mucus was examined at different planes of 
focus to detect trapped larvae. Samples of BAL fluid 
were recorded as positive or negative for larvae. Larvae 
were confirmed as first-stage larvae of A abstrusus by 
examination of 1 to 3 larvae under a compound micro-
scope at 200X or 400X magnification. Features used to 
identify larvae were a length of 360 to 400 µm, the lack 
of a sheath, the presence of a small buccal capsule and 
copulatory bursa, a coiled or s-shaped appearance, and 
a subterminal spine on the tail.

Modified Baermann apparatus—For each feline 
cadaver, modified Baermann examinations were per-
formed on fecal samples and minced lung tissue within 
24 hours of euthanasia. The apparatus consisted of a 
500-mL conical jugc with a 10- or 12-cm-diameter sieve 
(mesh size, 2 mm) suspended across the rim, lined with 
2 pieces of tissue paperd that were rotated approximate-
ly 45o relative to each other.

Feces (1.5 ± 0.1 g to 30 ± 0.1 g) were placed in the 
first apparatus. The weight of feces used was dependent 
upon the size of the available sample and was recorded 
to allow later calculation of the number of larvae per 
gram of feces. The entire right lung was sectioned into 
pieces approximately 5 X 15 X 15 mm by use of scissors 
and placed in the second apparatus. Edges of the tissue 
paper were folded over samples (to prevent flotation), 
and conical jugs were filled with lukewarm tap water to 
just cover samples and encourage larval migration.

Samples were allowed to stand overnight at room 
temperature (22o to 24oC). Each sieve and sample (feces 
or minced lung tissue) was then removed and superna-
tant liquid poured off to leave a residual volume of 20 
to 50 mL in each conical jug. Conical jugs were refilled 
to the 500-mL mark with tap water to reduce opacity 
and turbidity of the sample. Larvae were allowed to 
settle for 20 to 30 minutes before the supernatant was 
again decanted to leave 20 to 50 mL of sediment. The 
entire residual sediment, containing washed larvae, was 
poured into individual small Petri dishes and allowed 
to settle again for 10 to 15 minutes. The base of each 
Petri dish was scanned at 20X magnification under a 
stereomicroscope with an obliquely transmitted light. 
The total number of larvae was recorded. Several ran-
domly selected larvae from each sample were examined 
under a compound microscope to confirm the identity 
of larvae as A abstrusus.

Histologic examination of lung tissue—The section 
of left lung preserved in neutral-buffered 10% formalin 
was processed routinely, sectioned, and stained with 
H&E. The pleura, airways, vasculature, bronchial-associ-
ated lymphoid tissue, alveolar septae, and alveolar spaces 
were sequentially examined and any lesions recorded.

Infections of A abstrusus were confirmed by the 
presence of eggs or larvae identified histologically, and 
only confirmed infections, rather than the inclusion of 
probable or possible infections, were used to calculate 
prevalence, sensitivity, and specificity. Eggs or larvae 
were not seen in probable infections, but the histologic 
lesions were otherwise typical for an active A abstrusus 

infection.20 The approximate duration of confirmed or 
probable infection was estimated from previous descrip-
tions of experimentally induced infections.20–22 Possible 
infections had milder inflammatory or structural histo-
logic changes that were more consistent with previous 
or chronic A abstrusus infection than with other patho-
logic processes. Equivocal lesions had mild inflamma-
tory, bronchial, and parenchymal smooth muscle al-
terations that were not specific for either A abstrusus 
infection or bronchial disease in cats.

Fecal sedimentation-flotation technique—Within 
48 hours of collection of feline cadavers, a semiquanti-
tative fecal sedimentation-flotation technique was used 
to examine feces for A abstrusus first-stage larvae. Fe-
ces (2 ± 0.1 g) were placed in a 60-mL container and 
made into a thick paste by use of distilled water and a 
spatula, which was sieved through a fine tea strainer 
and divided equally between two 15-mL centrifuge 
tubes. Each tube was filled with distilled water and cen-
trifuged at approximately 600 X g for 5 minutes, the 
supernatant decanted, and the sediment resuspended 
with a minimal volume of water to create 1 to 1.5 mL 
of sediment/tube, which was mixed and divided equally 
between the 2 tubes by use of a Pasteur pipette. One 
tube (1 g of feces) was filled with a saturated solution 
of sodium nitrate having a specific gravity of 1.4. The 
tube was covered and inverted several times to mix the 
contents and then centrifuged at approximately 600 X 
g for 5 minutes. The top of the tube was rimmed with a 
Pasteur pipette and approximately 0.5 mL of fluid col-
lected from the meniscus, avoiding particulate matter. 
This harvested supernatant was placed in a clean 15-mL 
tube that was then filled with distilled water, inverted 
several times, and centrifuged at approximately 600 X g 
for 5 minutes. Water was removed via manual suction 
with a long Pasteur pipette to leave 100 to 150 µL of 
sediment. This sediment was diluted to 150, 200, 300, 
400, or 600 µL with distilled water such that the sample 
was moderately turbid. A 50-µL aliquot was placed on a 
microscope slide and covered with a 22 X 32-mm cov-
erslip, and the preparation was immediately scanned 
under a compound microscope at 40X magnification. 
Larvae were counted and the approximate number of 
larvae per gram of feces calculated. Detailed examina-
tion and measurements were performed at higher mag-
nification to confirm their identification as A abstrusus 
first-stage larvae.

Statistical analysis—Data were analyzed by use 
of standard software programs.23,e Examination of fe-
cal samples via the Baermann technique was used as 
the reference standard for calculation of the sensitivity 
and specificity of other tests. Sensitivity was calculated 
as the percentage of cats infected with A abstrusus that 
were correctly identified as infected by the test. Specific-
ity was calculated as the percentage of cats not infected 
with A abstrusus that were correctly identified as such 
by the test. The 95% CI was calculated for sensitivity 
and specificity by use of the Wilson method.24

The prevalence of infection in the study popula-
tion for the purpose of calculating the NPV and PPV of 
each test was determined on the basis of findings on ex-
amination of fecal samples via the Baermann technique 
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alone. The 95% CI for prevalence was calculated by use 
of the Wilson method.24 The proportion of female cats 
in infected and uninfected groups was compared by use 
of the Fisher exact test. The median age of infected and 
uninfected cats was compared by use of a Mann-Whit-
ney U test.

The PPV for each test was calculated as the per-
centage of cats with positive test results (both true- and 
false-positive results) that were truly infected. The NPV 
was calculated as the percentage of cats with negative 
test results (both true- and false-negative results) that 
were truly uninfected. The 95% CI of the PPV and NPV 
for each test was calculated according to the method 
described by Zou.25 Differences in test sensitivity were 
tested by use of the exact McNemar test for paired pro-
portions in samples with positive results on the basis 
of examination of fecal samples via the Baermann tech-
nique. For all comparisons, differences were considered 
to be significant at a value of P ≤ 0.05.

Results

Eighty feline cadavers were examined for A abstru-
sus infection; 13 of these cats were found to be infected 
by a combination of all techniques, giving an estimated 
prevalence of 16.3% (95% CI, 10% to 26%). Fourteen 
of 80 (17.5%) cats were domestic medium-hair cats and 
66 (82.5%) were domestic shorthair cats. There were 46 
(57.5%) sexually intact female cats, 31 (38.8%) sexual-
ly intact male cats, and 3 (3.8%) castrated male cats. Es-
timated ages were used to group cats, such that 16.3% 
(13/80) were juveniles < 6 months of age, 52.5% (42/80) 
were young adults between 6 months and 2 years old, 
22.5% (18/80) were > 2 years old and ≤ 4 years old, 
and 8.8% (7/80) were > 4 and ≤ 8 years old. Seven of 
13 (53.8%) A abstrusus–infected cats were females, and 
39 of 67 (58.2%) uninfected cats were females; this dif-
ference was not significant (P = 0.77). None of the 17 
cats aged < 12 months were infected, whereas 13 of 63 
(20.6%) cats ≥ 12 months old were infected (P = 0.06). 
The median age of infected cats was 24 months and that 
of uninfected cats was 18 months. This difference was 
not significant (P = 0.07).

A comparison of the diagnostic techniques used 
in this study confirmed that the fecal Baermann test 
was the most sensitive diagnostic technique, detect-
ing 84.6% (11/13) of all infected cats (determined as 

infected by any technique). This test was used as the 
reference standard. The prevalence of A abstrusus infec-
tion in the study population as determined by positive 
fecal Baermann test results was 13.8% (11/80; 95% CI, 
8% to 23%).

The combination of stereomicroscopic and cyto-
logic examination of BAL fluid detected more infected 
cats (Table 1) than either of these tests on their own 
(combined sensitivity, 54.5%; 95% CI, 28% to 79%). 
Stereomicroscopic examination of BAL fluid alone had 
a sensitivity of 45.4% (95% CI, 21% to 72%), whereas 
cytologic examination of BAL fluid alone had a sensi-
tivity of 36.4% (95% CI, 15% to 64%). Examination of 
BAL fluid resulted in detection of fewer infections than 
the use of the fecal flotation-sedimentation test, which 
had a sensitivity of 63.6% (95% CI, 35% to 84%).

Of the necropsy-based techniques, the Baermann 
technique performed on minced lung tissue had a sen-
sitivity of 81.8% (95% CI, 52% to 95%). Histologic ex-
amination of lung tissue had a sensitivity of 45.4% (95% 
CI, 21% to 72%), equivalent to that of stereomicroscopic 
examination of BAL fluid. Gross inspection of the lung 
was the least useful diagnostic technique, with a sensi-
tivity of 36.4% (95% CI, 15% to 64%). There were no 
significant differences in sensitivity between any of the 
techniques studied.

The 11 cats determined to be infected on the basis 
of positive fecal Baermann test results were each also 
considered infected on the basis of 1 to 6 of the addi-
tional diagnostic test results. Specificity was thus 100% 
(95% CI, 95% to 100%) for all these tests, with the ex-
ception of histologic examination of lung tissue. His-
tologic examination of lung tissue identified 2 cats as 
infected that were classified as uninfected on the basis 
of negative fecal Baermann test results. This resulted 
in a specificity of 97.1% (95% CI, 90% to 99%) for his-
tologic examination of lung tissue and a PPV of 71.4% 
(95% CI, 35% to 90%). The PPV of each of the other 
tests was 100%, although the 95% CI varied with each 
test (Table 1). Negative predictive values were > 90% 
for all tests, and the 95% CIs were narrower and less 
variable than for the PPV.

An association between results of cytologic exami-
nation of BAL fluid and histologic examination of lung 
tissue was observed for the 13 infected cats identified 
as such by all methods combined, with 3 cats having 
A abstrusus infection identified by both cytologic ex-

	 PPV*	 NPV*
	 Se	(%)†	 Sp	(%)†	
Technique	 n	=	11	 n	=	69	 TP/TP+FP	 %	 TN/TN+FN	 %

Stereomicroscopic examination of BAL fluid 45.4 (21–72) 100 (95–100) 5/5 100 (53–100) 69/75 92.0 (84–96)
Cytologic examination of BAL fluid 36.4 (15–64) 100 (95–100) 4/4 100 (47–100) 69/76 90.8 (82–95)
Combination of both BAL fluid examinations 54.5 (28–79) 100 (95–100) 6/6 100 (57–100) 69/74 93.2 (85–97)
Baermann technique (lung) 81.8 (52–95) 100 (95–100) 9/9 100 (67–100) 69/71 97.2 (90–99)
Fecal flotation-sedimentation test 63.6 (35–84) 100 (95–100) 7/7 100 (61–100) 69/73 94.5 (86–98)
Gross appearance of lung at necropsy 36.4 (15–64) 100 (95–100) 4/4 100 (47–100) 69/76 90.8 (82–95)
Histologic examination of lung tissue 45.4 (21–72) 97.1 (90–99) 5/7 71.4 (35–90) 67/73 91.8 (83–96)

*Determined on the basis of the fecal Baermann test results as the reference standard. †Prevalence of A abstrusus infection of 13.8% deter-
mined on the basis of the fecal Baermann test results.

Se = Sensitivity. Sp = Specificity. TP = Number of true-positive test results. FP = Number of false-positive test results. TN = Number of true-
negative test results. FN = Number of false-negative test results.

Table 1—Sensitivity, specificity, PPV, and NPV (95% CI) of diagnostic techniques for the detection of Aelurostrongylus abstrusus infec-
tion in cats.
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amination of BAL fluid and histologic examination of 
lung tissue. One cat had eosinophilic inflammation on 
cytologic examination of BAL fluid and essentially nor-
mal findings on histologic examination of lung tissue 
apart from a questionable increase in eosinophils in the 
pulmonary interstitium. Two cats had a predominantly 
eosinophilic inflammation on cytologic examination of 
BAL fluid and A abstrusus identified on histologic ex-
amination of lung tissue. Three cats had eosinophilic 
inflammation on cytologic examination of BAL fluid, in 
conjunction with inflammatory and structural changes 
upon histologic examination of lung tissue, which were 
suggestive of prior or chronic A abstrusus infection (1 
possible and 2 probable infections). One cat had A ab-
strusus identified on cytologic examination of BAL flu-
id, with the histologic examination of lung tissue being 
consistent with probable previous or chronic A abstrusus 
infection. Two of the remaining 3 cats had A abstrusus 
infection identified by histologic examination of lung 
tissue, and the other had histologic changes equivocal 
for prior or chronic infection. For these 3 cats, the BAL 
fluid samples were of poor quality.

Discussion

The examination of feces by the Baermann tech-
nique has been reported to be the most sensitive test for 
the diagnosis of A abstrusus infection in cats.26 Results 
of the current study support this finding. The 2 infected 
cats that were not identified as infected on the basis of 
negative fecal Baermann test results did not appear to 
be shedding larvae, as these cats were only identified 
by histologic examination of lung tissue. These results 
support those of Willard et al,10 who reported that 90% 
of A abstrusus infections were detected by Baermann 
examination of feces and the remaining 10% by histo-
logic examination of lung tissue.

The advantage of histologic examination of lung 
tissue over other diagnostic tests with a similar sensi-
tivity (such as the fecal sedimentation-flotation test) is 
in the ability to detect infection before and after larval 
shedding in addition to patent infections. However, in 
the present study, sections of lung tissue for histologic 
examination were obtained from the middle of a lung 
lobe and are not equivalent to the smaller peripherally 
located lung biopsy specimens typically obtained from 
a live patient. For such patients, lung biopsy is an ex-
pensive and invasive procedure not routinely performed 
in the evaluation of respiratory tract disease, unless a 
diagnosis cannot be made after a series of less invasive 
procedures.27 The examination of a fecal sample by use 
of the Baermann apparatus is noninvasive, rapid, sen-
sitive, inexpensive, and technically simple. The modi-
fied technique reported in this study does not require 
fragile glassware or specialized equipment, making it 
readily available in clinical practice. The sensitivity of 
this test may also be greater when applied to clinically 
affected cats, as the most severe clinical signs occur 6 to 
13 weeks after infection, coinciding with the period of 
peak larval output.26

In the present study, first-stage larvae of A abstrusus 
were identified on cytologic examination of BAL fluid 
in 4 of 11 cats. In 3 of these cats, first-stage larvae were 

identified only on a direct stained smear of mucus and 
not on the standard cytospin preparation. Mucus is 
typically avoided when cytospin preparations are made 
and each preparation represents the contents of a min-
ute subsample of the wash fluid. In addition to standard 
cytospin preparations, it is recommended that a direct 
smear of a larger fluid sample, or any gross mucus pres-
ent, also be examined. Examination of BAL fluid under 
a steromicroscope allows examination of the entire flu-
id sample and, in this study, resulted in the detection of 
an additional 2 cats with an A abstrusus infection. This 
approach is recommended as an adjunct technique for 
the analysis of BAL fluid of cats, although the overall 
sensitivity of combined cytologic examination of BAL 
fluid and examination of BAL fluid under a stereomi-
croscope was 54.5%. Samples that were positive on the 
basis of BAL fluid examination tended to be from cats 
with higher larval outputs as determined on the fecal 
Baermann test. All cats diagnosed as infected on the ba-
sis of BAL fluid examination findings were also positive 
on the basis of the fecal Baermann test results; hence, 
this examination technique is an alternative to per-
forming the full range of screening tests for lungworm 
on BAL fluid when a fecal sample is available.

Bronchoalveolar lavage, rather than endotracheal 
wash, was selected for this study, as the samples col-
lected were primarily representative of the small air-
ways and alveoli, the site of lungworm infestation21 and 
BAL usually provides samples of high quality for cyto-
logic examination.28 The blind BAL technique used for 
this study was similar to those published previously.16,18 
Bronchoscopic guidance was not used, as bronchoscop-
ic equipment is expensive, the technique is specialized, 
and A abstrusus infection represents a diffuse pulmo-
nary disease process. In addition, the narrow airway di-
ameter of cats limits the access of even a pediatric bron-
choscope into airways beyond the primary bronchi.29 
Gross inspection of the lung at necropsy also allowed 
the detection of focal lung disease in this study with-
out the aid of a bronchoscope. The latter is not a clini-
cally applicable technique, but in live patients, thoracic  
radiographs can be used to differentiate focal from dif-
fuse pulmonary disease.

In dogs with respiratory tract disease, lavage of 
multiple lung lobes has been shown to increase the 
chance of detecting the primary disease process.30  
McCarthy and Quinn18 demonstrated that, by use of a 
blind technique in lateral recumbency, the BAL tubing 
most often is inserted into the caudal lobe of the depen-
dent lung. Hence, BAL was performed in both left and 
right lateral recumbency for this study. Subjectively, the 
quality of samples appeared to be good in most instances, 
although the blind technique failed to adequately wash 
the alveolar spaces in 3 of 13 infected cats. It was only 
for these samples that findings on cytologic examina-
tion of BAL fluid and histologic examination of lung tis-
sue were disparate. For 9 of the 10 remaining samples, 
the inflammatory process was identified by both tech-
niques, irrespective of whether parasites were identified 
by one, both, or neither technique.

Greenlee and Roszel31 compared postmortem find-
ings on cytologic examination of BAL fluid with find-
ings on histologic examination of lung tissue obtained 
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concurrently from 16 ill and 6 healthy cats. The best 
correlation between findings on histologic examination 
of lung tissue and cytologic examination of BAL fluid 
was obtained when lung lesions were diffuse and in-
volved the airways, with the greatest agreement being 
reported in terms of the inflammatory processes. The 
present study revealed good agreement between find-
ings on histologic examination of lung tissue and cyto-
logic examination of BAL fluid. Although the sensitivity 
of BAL fluid analysis was low for the detection of A ab-
strusus infection, it still provides useful information in 
the clinical evaluation of respiratory tract disease, and 
the detection of eosinophilic inflammation can indicate 
potential parasitic infection.

A standard fecal examination has been reported 
to be less sensitive than histologic and gross examina-
tion of lung tissue in detecting A abstrusus infections,8 
though the precise technique used was not described. 
The sedimentation-flotation technique used in the pres-
ent study had a higher sensitivity (63.6%) than either 
gross inspection or histologic examination of lung tis-
sue. However, all cats with positive results for A abstru-
sus infection on the fecal sedimentation-flotation test 
also had positive fecal Baermann test results. The use-
fulness of the fecal sedimentation-flotation test lies in 
the ability to detect eggs of other parasites of the respi-
ratory tract (such as Eucoleus aerophila) or of parasites 
of the gastrointestinal tract that undergo pulmonary 
migration (such as Toxocara cati and hookworms), and 
it should be performed in conjunction with the Baer-
mann technique for cats being evaluated for respiratory 
tract disease.

The remaining techniques evaluated by the pres-
ent study are not used for the clinical diagnosis of  
A abstrusus infection but have been used in prevalence 
surveys for the detection of A abstrusus infection. The 
gross appearance of the lung at necropsy was suggestive 
of infection in 4 of 11 infected cats. All of these cats had 
patent infections on the basis of findings on Baermann 
examination of fecal samples and minced lung tissue. 
This technique is insensitive, and normal gross lung 
appearance at necropsy does not exclude A abstrusus 
infection.

Cats that had positive fecal Baermann test results but 
negative minced lung tissue Baermann test results had 
low numbers of larvae per gram of feces. The Baermann 
test with minced lung tissue is more rapid to perform 
and has greater sensitivity than histologic examination of 
lung tissue but is not a technique that is applicable to live 
patients. Because all cats with a positive Baermann test 
result on minced lung also had a positive fecal Baermann 
test result (a more sensitive test), there is no indication 
to perform this test at necropsy, unless feces cannot be 
obtained. Mincing lung tissue more finely to increase the 
surface area of exposed parenchyma might improve the 
sensitivity of the test, but this remains to be assessed.

In addition to the 7 cats identified as infected on 
the basis of findings on histologic examination of lung 
tissue, 5 of 6 cats confirmed as having patent infections 
on the basis of other test results had histologic changes 
that were suspicious for chronic or previous lungworm 
infection, and an additional 13 of 80 (16.3%) cats were 
considered to have probable chronic or previous lung-

worm infection on the basis of characteristic histologic 
changes without parasites being detected by any of the 
methods. Hamilton21 reported that by 24 weeks after 
experimentally induced infection of cats with A abstru-
sus, eggs and larvae were completely absent and adult 
nematodes were only detected in 3 sections of lung tis-
sue in almost 100 examined. He also stated that light 
or convalescent infections are frequently missed upon 
histologic examination of lung tissue, unless serial sec-
tioning of lung tissue is performed.22 As each cat in this 
study was assessed on the basis of a single section of 
lung tissue, the prevalence of active A abstrusus infec-
tion may have been underestimated. Serial sectioning, 
had it been evaluated, may have provided a better refer-
ence standard than the fecal Baermann test. The false-
positive test result for histologic examination of lung 
tissue in this study arose from comparing histologic 
examination of lung tissue to an imperfect reference 
standard. With the exception of gross examination of 
the lung, where false-positive results are reported, a 
positive result on any other test confirms the diagno-
sis of A abstrusus infection, as the organism is directly 
detected.

When comparing PPV and NPV for diagnostic tests, 
a high NPV is required to rule out infection with A ab-
strusus as a cause of signs of respiratory tract infection. 
The fecal Baermann test remains the reference standard 
in this respect. In the pet cat population, where the 
prevalence of infection might reasonably be expected 
to be substantially lower, the NPV of each test would 
improve further. However, the prevalence of infection 
in cats with clinical signs of respiratory tract disease 
would be greater than that in the general pet cat popu-
lation; thus, the NPV may be closer to that of the study 
population. The sensitivity of these tests may also in-
crease in cats with clinical disease, where clinical signs 
correlate to periods of peak infection. The sensitivity 
and specificity calculated for tests in this study provide 
a basis for a direct comparison of test performances but 
are not directly applicable to every cat population.

The high density of semiferal cats in suburban ar-
eas, in which there is additionally a high concentration 
of owned pet cats, makes these cats important in the 
epidemiology of parasitic infections of owned cats,32 
and it is these cats that comprised the present study 
population. Semiferal cats were selected over stray cats 
as their individual housing following capture and lack 
of treatment with anthelmintics prior to euthanasia 
prevented loss or acquisition of parasitic infections. 
They fall within a spectrum between stray cats, which 
are generally still friendly toward humans,33,34 and truly 
feral cats, which have either been born in the wild or 
have reverted to the wild state,34,35 and are reported by 
some authors to inhabit more rural environs and to 
have a relatively low population density.14

The breed and age composition of the study pop-
ulation provides supportive evidence that this survey 
was representative of the stray to semiferal urban cat 
population elsewhere in the world. The overall slight 
predominance of female cats has been reported in larger 
surveys of free-roaming cats34,36 The present study re-
vealed a tendency for A abstrusus infection to be more 
prevalent in older cats, and this is expected for parasites 



JAVMA, Vol 235, No. 1, July 1, 2009 Scientific Reports 49

S
M

A
LL A

N
IM

A
LS

/
E

X
O

TIC

that are infective through an intermediate or paratenic 
host, with an increased chance of exposure of the de-
finitive host with time and with greater hunting skill of 
the adult cat.

Given that infection is usually self-limiting,2 un-
less specific attempts are made to detect A abstrusus in 
pet cats, clinical disease caused by A abstrusus infection 
is likely to remain under-recognized. The high preva-
lence of A abstrusus infection in semiferal cats in this 
study, and associated histopathologic findings in lung 
tissue and evidence of inflammation on cytologic ex-
amination of BAL fluid, should prompt greater clinical 
awareness by practicing veterinarians for the potential 
of lungworm infection to cause respiratory tract disease 
in pet cats, particularly those with outdoor access that 
share a common environment with free-living cats.

a. Coulter mixer, Coulter Electronics Ltd, Harpenden, England.
b. Shandon Cytospin 2 cytocentrifuge, Shandon Southern Prod-

ucts, Cheshire, England.
c. Cooks’ measure jug 049060, The Décor Corp Pty Ltd, Scoresby, 

VIC, Australia.
d. Kimwipe, Kimberly Clark, Milsons Point, NSW, Australia.
e. Stata, version 10, StataCorp, College Station, Tex.

References
1. Vig MM, Murray PA. Successful treatment of Aelurostrongylus 

abstrusus with fenbendazole. Compend Contin Educ Pract Vet 
1986;8:214–222.

2. Schalm OW, Ling GV, Smith JB. Lungworm infestation of cats. 
Calif Vet 1970;24:6–9.

3. Hamilton JM. Aelurostrongylus abstrusus infestation of the cat. 
Vet Rec 1963;75:417–422.

4. Foster SF, Martin P, Robertson ID, et al. Lower respiratory tract 
infections in cats: 21 cases (1995–2000). J Feline Med Surg 
2004;6:167–180.

5. Naylor JR, Hamilton JM, Weatherley AJ. Changes in the ultrastruc-
ture of feline pulmonary arteries following infection with the lung-
worm Aelurostrongylus abstrusus. Br Vet J 1984;140:181–190.

6. Hamilton JM, Roberts RJ. Immunofluorescence as a diagnostic pro-
cedure in lungworm disease of the cat. Vet Rec 1968;83:401–404.

7. Singh B. Molecular methods for the diagnosis and epidemiological 
studies of parasitic infections. Int J Parasitol 1997;27:1135–1145.

8. Kelly JD, Ng BKY, Whitlock HV. Helminth parasites of dogs and 
cats. Aust Vet Pract 1976;6:89–100.

9. Bowman DD. Georgis’ parasitology for veterinarians. 6th ed. 
Philadelphia: WB Saunders Co, 1995;340.

10. Willard MD, Roberts RE, Allison N, et al. Diagnosis of Aelu-
rostrongylus abstrusus and Dirofilaria immitis infections in cats 
from a human shelter. J Am Vet Med Assoc 1988;192:913–916.

11. Speare R, Tinsley DJ. Strongyloides felis: an “old” worm redis-
covered in Australian cats. Aust Vet Pract 1986;16:10–18.

12. Eysker M. The sensitivity of the Baermann method for the diag-
nosis of primary Dictyocaulus viviparus infections in calves. Vet 
Parasitol 1997;69:89–93.

13. Beane RD, Hobbs NT. The Baermann technique for estimating 
Protostrongylus infection in bighorn sheep: effect of laboratory 
procedures. J Wildl Dis 1983;19:7–9.

14. Coman BJ, Jones EH, Driesen MA. Helminth parasites and ar-
thropods of feral cats. Aust Vet J 1981;57:324–327.

15. Barrs VR, Swinney GR, Martin P, et al. Concurrent Aelurostron-
gylus abstrusus infection and salmonellosis in a kitten. Aust Vet J 
1999;77:229–232.

16. Foster SF, Martin P, Braddock JA, et al. A retrospective analy-
sis of feline bronchoalveolar lavage cytology and microbiology 
(1995–2000). J Feline Med Surg 2004;6:189–198.

17. Sherding RG. Chapter 73: parasites of the lung. In: King LG, ed. 
Textbook of respiratory disease in dogs and cats. St Louis: Saun-
ders, 2004;551–553.

18. McCarthy GM, Quinn PJ. Bronchoalveolar lavage in the cat: cy-
tological findings. Can J Vet Res 1989;53:259–263.

19. Hamilton JM, McCaw AW. An investigation into the longevity 
of first stage larvae of Aelurostrongylus abstrusus. J Helminthol 
1967;41:313–320.

20. Hamilton JM. The influence of infestation by Aelurostrongy-
lus abstrusus on the pulmonary vasculature of the cat. Br Vet J 
1970;126:202–209.

21. Hamilton JM. Experimental lungworm disease of the cat. J Comp 
Pathol 1966;76:147–157.

22. Hamilton JM. Pulmonary arterial disease of the cat. J Comp 
Pathol 1966;76:133–145.

23. Abramson JH. WINPEPI (PEPI-for-Windows): computer pro-
grams for epidemiologists. Epidemiol Perspect Innov 2004;1:6.

24. Wilson EB. Probable interference, the law of succession, and 
statistical inference. J Am Stat Assoc 1927;22:209–212.

25. Zou G. From diagnostic accuracy to accurate diagnosis: in-
terpreting a test result with confidence. Med Decis Making 
2004;24:313–318.

26. Scott DW. Current knowledge of aelurostrongylosis in the cat. 
Literature review and case reports. Cornell Vet 1973;63:483–500.

27. Norris CR, Griffey SM, Samii VF, et al. Thoracic radiography, 
bronchoalveolar lavage cytopathology, and pulmonary paren-
chymal histopathology: a comparison of diagnostic results in 11 
cats. J Am Anim Hosp Assoc 2002;38:337–345.

28. Hawkins EC. Tracheal wash and bronchoalveolar lavage in the 
management of respiratory disease. In: Kirk RW, Bonagura JD, 
eds. Current veterinary therapy XI. Philadelphia: WB Saunders 
Co, 1995;795–800.

29. Hawkins EC, Kennedy-Stoskopf S, Levy J, et al. Cytologic char-
acterization of bronchoalveolar lavage fluid collected through 
an endotracheal tube in cats. Am J Vet Res 1994;55:795–802.

30. Hawkins EC, DeNicola DB, Plier ML. Cytological analysis of 
bronchoalveolar lavage fluid in the diagnosis of spontaneous re-
spiratory tract disease in dogs: a retrospective study. J Vet Intern 
Med 1995;9:386–392.

31. Greenlee PG, Roszel JF. Feline bronchial cytology: histologic/cy-
tologic correlation in 22 cats. Vet Pathol 1984;21:308–315.

32. Nichol S, Ball SJ, Snow KR. Prevalence of intestinal parasites 
in feral cats in some urban areas of England. Vet Parasitol 
1981;9:107–110.

33. Mahlow JC, Slater MR. Current issues in the control of stray and 
feral cats. J Am Vet Med Assoc 1996;209:2016–2020.

34. Centonze LA, Levy JK. Characteristics of free-roaming cats and 
their caretakers. J Am Vet Med Assoc 2002;220:1627–1633.

35. Remfry J. Feral cats in the United Kingdom. J Am Vet Med Assoc 
1996;208:520–523.

36. Levy JK, Gale DW, Gale LA. Evaluation of the effect of a long-
term trap-neuter-return and adoption program on a free-roam-
ing cat population. J Am Vet Med Assoc 2003;222:42–46.

View publication stats

http://avmajournals.avma.org/action/showLinks?pmid=10330552
http://avmajournals.avma.org/action/showLinks?pmid=8558485&crossref=10.1111%2Fj.1939-1676.1995.tb03298.x
http://avmajournals.avma.org/action/showLinks?pmid=8558485&crossref=10.1111%2Fj.1939-1676.1995.tb03298.x
http://avmajournals.avma.org/action/showLinks?system=10.2460%2Fjavma.2002.220.1627&pmid=12051500
http://avmajournals.avma.org/action/showLinks?system=10.2460%2Fjavma.2003.222.42&pmid=12523478
http://avmajournals.avma.org/action/showLinks?pmid=12118687
http://avmajournals.avma.org/action/showLinks?pmid=7944017
http://avmajournals.avma.org/action/showLinks?pmid=5448137
http://avmajournals.avma.org/action/showLinks?pmid=8960173
http://avmajournals.avma.org/action/showLinks?pmid=15135354&crossref=10.1016%2Fj.jfms.2003.11.006
https://www.researchgate.net/publication/26330422

