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ABSTRACT: Predpltatlng antlbodJes to avian antigens play a controversial 
role Ln the diagnosis of blrd breeder's disease (BBD). In order to establish 
the sensitivity, speclficlty and accuracy of precipltlns Ln our laboratory, we 
conducted a prospective s tudy Including 128 sera received Ln 1988 for 
determination, by lmmunoelectrophoresis, of avian preclpltlns. Accurate 
Information was obtained for 90 patients; definitive clinical diagnosis was 
given by the patient's own physician. We round a high sensitivity (86%), 
spectrlclty (93%) and accuracy (92%) of avian preclpltlns In the diagnosis 
ofBBD. Bayes' theorem was applied to determine the predictive value of the 
test with varying disease prevalence, and establlsbed that preclpltins were 
particularly valuable for low or medium a priori probability. Using the 
receiver operating characteristic (ROC) curve we evaluated the effect.'> of 
varying the posltlvlty threshold or preclpltlns. Tbe threshold used In this 
study appeared toofTertbe best compromise between sensitivity andspeclflclty. 
These results suggest that the diagnostic value or avian preclpitlns In the 
work-up of BBD should be reconsidered, also because t'hey represent a 
simple, cheap and non-Invasive diagnostic test. 
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For a long time inhalation of organic dusts by sensi
tized subjects has been known to be involved in Lhe 
pathogenesis of extri ns ic allergic alveolitis (EAA). 
Whereas fanner's lung is most common in rural areas, 
bird breeder's disease (BBD) is frequently encountered 
in urban environments. Although the diagnosis of EAA 
is straightforward when the patients report typical 
symptoms and a specific antigen exposure, in many cases, 
the aetiological diagnosis remains elusive because of 
Lhe difficulties in correlating the patient's history with a 
specific antigen. Besides precipitins, many different 
tests have, therefore, been used in the diagnostic work
up of EAA and in particular in BBD: skin tests, specific 
immunoglobuUn E (IgE) or immunoglobuUn G• (IgGJ 
determinations, activity of serum angiotensin converting 
enzyme, bronchoscopy with transbronchiaJ biopsies and/ 
or bronchoalveolar lavage and anaJysis of T-lymphocyte 
subpopulations [1-5]. None of these methods, however, 
can definitively differentiate between antigen exposure 
and disease. 

Since Lhe initial description of BBD, in 1965 [6], 
demonstration of precipitating antibodies to avian antigens 
has played an important but controversial role in Lhe 
diagnosis of this disease. Most studies report a high 
percentage of positive precipilins among exposed subjects 
without BBD [7- 9]. Several methods for determination 
of precipitins or total lgG antibodies (immunodiffusion, 
immWloelectrophoresis, enzyme-linked immunoadsorbent 

assay (ELISA)) and different antigen preparations (crude 
sera, purified avian scrum proteins, purified components 
from avian droppings) have been investigated and 
compared [L0-13]. However, the sensitivity and 
specificity of avian precipitins in the diagnosis of BBD 
have not been studied in detail. 

In order to establish the sensitivity, specificity and 
accuracy of avian precipilins in the diagnosis of BBD, 
we have undertaken a prospective study including all 
sera sent to our laboratory for this purpose during 1988. 
The sera of 128 patients sera were tested by 
immunoelectrophoresis against crude avian sera or 
dropping extracts. To optimalize the use of our tests in 
the clinical decision process Bayes' theorem was then 
applied to determine the predictive value of Lhe test with 
varying disease prevalence [ 14]. Using the receiver 
operating characteristics (ROC) curve [15] we 
also evaluated the effects of varying the positivity 
threshold of precipitins (from one to three precipitation 
arcs) on true positive and false positive fractions. 

Patients and methods 

Subjects 

During 1988, we have received from private doctors or 
hospitals throughout Switzerland, I 28 sera for 
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determination of serum precipitins against avian anti
gens. Patient's own physicians gave us their defmitive 
clinical diagnosis within 9 mths after precipitin 
determination. They answered a specific questionnaire 
including: exposure to birds, symptoms (dyspnoea, cough, 
fever), chest X-ray, pulmonary function tests, and 
histology when performed, as well as smoking history. 
We obtained accurate clinical and biological information 
for 99 patients (77%). Nine cases were excluded because 
of uncertainty regarding diagnosis by the end of the study. 
Our study was, therefore, based on 90 patients. In 
addition, as a non-exposed control group, we selected 12 
healthy, normal controls, of which all except one were 
nonsmokers. 

The "gold standard" used in this study for 
positive diagnosis of BBD was the physician's final 
diagnosis; indeed, there is as yet no other recognized 
"gold standard" for the diagnosis of BBD, and histology 
was obtained in too few cases (10%) to be used as 
such. In order to control the validity of the diagnosis, 
we established a c linical score of probability to 
have BBD using the fi ve c rite ria descr ibed above. 
The score was established as follows: i) definite 
exposure to birds = 2, doubtful exposure = 1, no 
exposure = 0; ii) three symptoms (dyspnoea, cough and 
fever) = 2, one or two of these symptoms = 1, no 
symptoms = 0; iii) diffuse reticulonodular or interstitial 
infiltrate= 2, localized inflltrate or other alterations =1, 
normal chest X-ray or examination not performed =0; iv) 
decreased total lung capacity or alterations in 
carbon monoxide diffusion test = 2, obstructive 
lung disease=!, normal pulmonary function test or test 
not performed = 0; and v) histology or bronchoalveolar 
lavage compatible with EAA = 2, other alterations 
in lung histology = 1, histology normal or not obtained 
= 0. 

Determination of precipitins 

The patients'sera were investigated by immuno
electrophoresis against the crude sera from the six bird 
species most frequently involved in BBD in our country 
(pigeon , budg erigar , parrot , canar y, he n an d 
d u ck ) . An o th e r a ntigen wa s pre p ar e d fro m 
budgerigar droppings; it was filtered, lyophilised and 
reconstitued at a fmal concentration of 30 mg·ml·•. After 
staining of acetate membranes (Beckmann Futle rtown, 
CA) with 2% nigrosine (Merck Darmstadt, Germany), 
Lhe results were interpreted according to the number and 
intensity of the precipitation arcs: I intense precipitation 
arc = +; 1 intense precipitation a rc and a small 
one = +(+ ); 2 intense precipitation arcs = ++; 2 
intense precipitation arcs and a small one = ++( + ); 3 
intense precipitation arcs = +++. The results 
presented were obtained defining a positive test by the 
presence of one (or more) precipitation arc(s). The 
position however of these precipitation arcs (related to 
their type, [12, 16]) was not taken into accoum in this 
study. 

Statistical analysis 

The sensitivity (TP/(TP+FN)) corresponds to the ratio 
of patients that have the disease and a true positive test 
(TP) to all patients with the disease and with either a true 
positive test or a false negative test (FN). The specificity 
(TN/(TN+FP)) corresponds to the ratio of patients that 
do not have the disease and have a true negative test 
(TN) to all patients without the disease and with either 
a true negative test or a false positive test (FP). Accuracy 
corresponds to the ratio of all true diagnostic tests 
(TN+TP) to all tests, whether true or false 
(TN+ TP+FN+FP). 

To estimate the a posteriori probability that a patient 
does have the disease given a positive or a negative result, 
Bayes' theorem was used, provided an estimate of the a 
priori probability of the disease (the prevalence of the 
disease) [17]. Bayes' theorem is a classical way to 
detennine the impact of the result of a test (precipitins) 
on the clinical diagnosis (a posteriori probability). Bayes' 
theorem also allows determination of the situations in 
which the test's result is most helpful, i.e. does modify 
the subsequent clinical decision process. 

With the receiver operating characteristics (ROC) curve, 
by plotting the FP fraction against the TP fraction and 
varying the threshold of precipitin positivity from + to 
+++,we defined the positivity threshold offering the best 
compromise between lowest FP fraction and highest 1P 
fraction [18, 19]. 

To compare the intensity of precipitin results between 
the TP and the FP fraction we used a non-parametric test 
(Mann Whitney U test). To compare the intensity of 
precipitin results using budgerigar dropping or sera as 
antigens we used the Spearman coefficient of correlation 
and the paired Wilcoxon test. 

Results 

Patients and diagnosis 

Ninety patients, 52 women and 38 meo, aged 44.3± 18.5 
yrs (mean±so) have been included in this srudy. Fourteen 
patients ( 16%) have been diagnosed as having BBD 
(42±17 yrs, 9 women, 5 men). Among the 14 patients 
with BBD, aJI were exposed to birds, e ither at home, or 
at home and in their work place; 12 were nonsmokers 
and 2 ex-smokers. The clinical presentation of the 14 
patients having BBD is shown in table 1. 

Among the 76 patients without BBD 45±19 yrs, 43 
women, 33 men), 70 (92%) were exposed to birds; 58 
(76%) were nonsmokers or ex-smokers. For these 76 
patients without BBD, the final diagnosis included 
asthma (30 cases), imersti tiaJ pneumopathy (6 cases), 
chronic bronchitis (6 cases), upper respiratory tract 
infection (4 cases), pneumonia (4 cases) and psittacosis 
(2 cases). In 10 cases, BBD was defin itively excluded, 
but no o ther prec ise diagnosis was made. The 
remaining diagnosis, in one or two cases each, were 
chronic obstructive lung disease, adult respiratory 
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Table 1.-Clinical presentation of the 14 patients with BBD 

Case Sex Age Exposure Tobacco Symptoms ChestX-ray Pulm. func. Histology 

1 F 52 home 0 D,C,F interstitial diff. ND 
2 M 48 home 0 D,C reticulo. nod. diff. ND 
3 M 18 home 0 D interstitial diff. ND 
4 F 50 home 0 o.c other diff. ND 
5 F 54 home 0 D,C interstitial restr. ND 
6 F 38 home/work 0 D interstitial restr. + 
7 M 45 home exsm. C,F interstitial normal ND 
8 M 20 home 0 D interstitial restr. + 
9 M 35 home 0 D,C,F interstitial restr. + 

10 M 40 home 0 D.C normal normal ND 
11 F 56 home 0 D interstitial diff. ND 
12 F 44 home exsm. D,C,F interstitial ND + 
13 F 13 home 0 D,C.F other restr. ND 
14 F 10 home 0 D,C interstitial restr. + 

F: female; M: male; ex sm: ex-smoker; D: dyspnoea; C: cough; F: fever; interstitial: interstitial infiltrate; reticulo. nod: reticulonodular 
infiltrate; other: other alteration; diff.: diffusion trouble; restr.: restrictive syndrome; ND: not done;+: alveolitis or lympho-plasmocytic 
infiltrate or bronchoalveolar lavage compatible with EAA; BBD: bird breeder's disease; EAA: extrinsic allergic alveolitis. 

Table 2. - Clinical score from o to 1 o. established for the 90 patients using the five criteria described under "patients and 
methods". and their repartition into four groups, according to diagnosis and precipitins' results 

BBD+ 

Score All included Precipitins+ 

0 1 
1 1 
2 3 
3 35 
4 15 
5 15 2 

6 7 1 
7 7 4 
8 2 1 
9 3 3 

10 1 

Total 90 12 

BBD: bird breeder's disease. 

distress syndrome, alveolar carcinoma, systemic lupus, 
sarcoidosis, tuberculosis, cardiac failure or psychogenic 
dyspnoea. 

The diagnosis was established in a hospital or by 
a pulmonary specialist in 12 of the 14 cases having 
BBD, and in 66 of the 76 cases not having BBD, In 

Number of cases 

BBD-

Precipitins- Precipitins- Precipitins+ 

1 
1 
3 

33 2 
14 1 
12 1 

2 4 
2 

2 71 5 

the remaining 12 cases, the diagnosis was established 
by a generalist (9 cases), an i.nternist (1 case), a.n 
allergologist (1 case) or a cardiologist (1 case). 

Using the diagnostic criteria previously described, 
clinical scores were defined for each patient With these 
criteria, 12 of the 14 patients with BBD had a clinical 
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score at or above 6, and 68 of the 76 patients not 
having BBD had a score at or below 5 (table 2). With 
the exclusion of histology or bronchoalveolar lavage, 
which were obtained in only nine patients (5 TP and 4 
TN) there was no significant difference between the 
number of criteria obtained in patients having or not 
having BBD. In the 14 patients having BBD (TP and 
FN), 4 criteria were obtained in 8 cases and 3 in 1 case. 
For the 76 patients not having BBD (1N and FP), 4 
criteria were obtained in 53, 3 criteria in 18 and 2 criteria 
in 1 patient. 

Table 3.- Matrix relating diagnostic test result (presence 

80 

eo 

40 

20 

• po•t•rlor/ 
probability of 

dlaeaae 

or absence of precipitins) to the presence or absence of 0+.....:::~~t==:=;~_,.-.,..---~r:----r-.......---l 
the disease (BBD) o 

D+ 
D-

Total 

T+ 

12 (fP) 
5 (FP) 

17 

T-

2(FN) 
71 (I'N) 

73 

Total 

14 
76 

90 

T: test; D: disease; TP: true positive; FP: false positive; FN: false 
negative; TN: true negative. Sensitivity: (ability of a test to 
identify the patients with the disease in the population tested) 
= TP/(TP + FN) = 86%. Specificity: (ability of a test to identify 
the absence of the disease in the population tested) = TN/(fN + 
FP) = 93%. Accuracy: (fP + TN)/(TP + TN + FP + FN) 
=92%. 

Precipitin results: sensitivity and specificity 

Among the 14 patients with BBD, precipitins against 
avian antigens were present in 12. There were no 
precipitins detected in 71 out of the 76 patients having 
another disease. Therefore, the sensitivity of avian 
precipitins to detect BBD was 86%, their specificity 93%, 
and their accuracy 92% (table 3). There was no signifi
cant difference as to sex or smoking habits among the 
four groups of patients as classified in table 3 (TP, FP, 
1N, FN). None of the 12 non-exposed healthy controls 
had any precipitin. 

As described previously (16] we found an important 
cross-reactivity between the different bird species, but 
precipitins against birds to which patients were exposed 
were always present, and usually more important. 
Budgerigar was the bird most frequently involved in BBD: 
67% of the TP group were indeed exposed to budgerigar. 
The intensity of precipitins varied from + to +++ for the 
TP group and from + to ++( +) for the FP group. There 
were no significant differences in the intensity of 
precipitins between these two groups (using the Mann 
Whitncy U test). On the other hand, we found a good 
correlation between precipitins results obtained using 
either budgerigar droppings or budgerigar sera as 
antigens (Spearman correlation coefficient: r=0.91) and, 
in no patient without precipitins against antigens from 
bird sera did we find any precipitins against dropping 
amigens. 

Prevalence of dl-•-

Fig. 1. - Plot relating the a posteriori probability for BBD to the disease 
prevalence for both a positive (open squares) or a negative (close squares) 
precipitin test. Using the Bayes' theorem: P(D+!f+) = (P(D+)·TPF)} I 
( (P(D+ )· TPF)+(l-(P(D+ ))· FPF) } , a graph of the a posteriori probability 
of presence of the disease with a positive scan ( P(D+ff+) is 
plotted varying the prevalence of the disease ( p(D+) I between 10 and 
90%, as for the a posteriori probability of disease with a negative scan 
(P(D+ff·) ). 

TPF 

1 .0 .--~====----------tyJ 

0.8 

0.6 

0.4 

0.2 

0.0 -o--~-.---.--....-.....---r-~.----..--.---1 
o.o 0.2 0.4 0.6 0.8 1.0 

FPF 

Fig. 2. -Receiver operating characteristics (ROC) curve. The vertical 
scale is TPF (true positive fraction, i.e. sensitivity) and the horiz.on!Jil scale 
is FPF (false positive fraction, i.e. 1- specificity). When the positive 
threshold is set to 3+, an increase of specificity (100%) is ob!Jiinedat the 
expense of a disproportionate loss of sensitivity (14%) whereas the best 
compromise is obtained with 1 + (sensitivity = 86% and specificity :: 
93%). 

Bayes' theorem and ROC curve 

Figure I shows the graphic expression of Bayes' 
theorem for both positive and negative tests. Bayes' 
theorem application shows that in our study population 
precipitins are most useful for low or medium a priori 
probability. For example, when the a priori probability 
to have the disease is 50%, the a posteriori probability 
increases to 92% with a positive test, whereas a negative 



PRECIPmNS IN BIRD BREEDER'S DISEASE 1159 

test reasonably allows to exclusion of the diagnosis (a 
posteriori probability, 13%). The ROC curve (fig. 2) on 
the o ther hand, indicates that the threshold seuJed at J + 
gives the best compromise between an acceptable fal se 
positive fraction (FPF=7%) and the highest sensitivi ty 
(TPF==85%). Indeed, when we varied the precipitins' 
positivity threshold (more than 1+), we observed that 
any increase in specific ity was at the expense of a 
disporpotionate loss in sensitivity: for example, given a 
positive precipitin test at 3+ the specificity increased to 
100% (FPF=O%) but the sensitivity decreased from 86% 
to as low as 14%. 

Discussion 

In this study, we investigated the sens•uv•ty and 
specificity of avian precipitins in the diagnostic evaluation 
of BBD. In our study population and with the methods 
used (immunoelectrophoresis and crude bird sera), we 
found high sensitivity (86%), specificity (93%) and 
accuracy (92%) of avian precipitins in the diagnosis of 
BBD. The low ratio of fal se positive results found in our 
study (5.6%) contrasts with previous reports. REED et al. 
[6] , who reported the frrst three cases of BBD, already 
mentioned that seven members of a local pigeon racing 
club, none of whom had any symptoms related to their 
contact with pigeons, had precipitating antibodies against 
avian antigens; however , the authors suggested that 
there may be a quantitative difference in the amount of 
precipitins between asymptomatic exposed subjects and 
symptomatic patients. In our study there was an important 
variation in the intensity of precipilins and we found no 
significant difference between the TP and the FP group 
with respect to the intensity of positivity. It is possible 
that this Jack of diffe rence is due to a type p error 
[20] (only 12 and 5 cases, respectively): increasing 
our patients samples may well unmask a significant 
difference of intensity of precipitins between TP and FP 
[20]. 

Taking into account the sensitivity and specificity of 
avian precipitins, and the clinical a priori probability of 
BBD, the application of Bayes' theorem indicated that 
precipitins are most helpful when the clinical estimate of 
BBD is low to medium. On the other hand, sensitivity 
and specificity are dependent upon the criteria used to 
define a positive test; changes in this threshold will 
result in corresponding changes in the FPF and TPF. The 
ROC curve indicated that the threshold used represented 
indeed the best compromise between sensitivity and 
specificity. 

A number of potential biases have been ruled out in 
our study. Firstly, there were no differences among 
groups with respect to sex, smoking habits, age, bird 
exposure, or the type of physician who made the 
diagnosis. Secondly, the prevalence of BBD among our 
cases (16%) was similar to that reported by others: 
CHRISTENSEN et al. [8] for example investigated 53 
pigeon fanciers and found a clinical picture compatible 
with BBD in 21% . Thirdly, since in our study 
population all patients were symptomatic and BBD was 

suspected in aJJ of them, if anything, this should actually 
undergrade our specific ity. Because of the design of the 
study, we could not precisely determine Lhe impact of 
positive test results on the physicians diagnosis. Bec.ause 
the literature available tO date reports a high ratio of 
positive precipitins in healthy controls [6-9] it ls, how
ever, unlikely that the clinicians' diagnosis relied solely 
on a positive test Furthermore, we applied a clinical 
score based on a combination of characte ristic 
symptoms, physical fUldings, chest X-ray abnormalities, 
pulmonary f unction, and histology or bronchoalvcolar 
lavage, excluding the precipitin's results. The agreement 
between the diagnosis made using these criteria with the 
physicians diagnosis suggests again that the test's results 
were not essential for the physicians' diagnosis. In any 
case, the knowledge, by the physicians, of positive 
precipitins could not artificially decrease the FP number, 
and hence not affect specificity. 

The review by CHRISTENSEN et al. [8] emphasizes that 
the diagnosis of BBD is best made by a clinical score; 
indeed, in their study of the prevalence of the disease, 
the diagnosis of BBD was based on the association of 
systemic and local symptoms. Although a clinical score 
may not always be a gold standard per se, in the case of 
BBD the only alternative procedure, i.e. inhalation 
provocation tests, is disputed by many authors, and has 
been considered hazardous, "unnecessarily distressing" 
and not sensitive enough [21]. TERHo [13] thinks that 
provocation tests for EAA are seldom justified ethically, 
whereas HARRIES et al. [22] propose provocation tests 
to be used for the diagnosis of EAA only when chest X
ray remains normal. In "guidelines for the clinical 
evaluation of hypersensitivity pneumonitis" [23], the 
authors consider provocation tests as a research 
procedure, not required nor recommended for diagnosis. 
Indeed, no standardized antigens or techniques are 
available, thus interpretation of results may be difficult. 

The nature of the antigens used is probably important 
in determining the accuracy of the test. Indeed, BARBORIAK 
et al. [7] have investigated 200 asymptomatic pigeon 
breeders and found precipitins against bird droppings in 
over 40%. In contrast, precipitins were positive in only 
20% of the same population when they used bird sera as 
antigens. BERGMANN et al. [10] also found an increased 
FP ratio when using pigeon droppings as compared to 
pigeon serum. In our study, although the precipitins 
against serum antigens were usually more intense than 
against dropping antigens, we did not find any difference 
between these two antigens for the bird tested, i.e. 
budgerigar, thecommonest species involved in BBD in 
our series. Finally, Lhe method used could also be 
important in the results obtained, although the 90% 
agreement of results found in an inter-laboratory 
study comparing the Ouchterlony test with 
immunoelectrophoresis and immunofluorescence makes 
this possibility rather unlikely [1 0]. The comparison 
between immunoelectrophoresis and immunodiffusion has 
already been made for farmer's lung antigens and has 
established that immunoelectrophoresis is identical to 
immunodiffusion in Agar gels with respect to qualitative 
detection of precipitins, and superior for quantitation 
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detection of precipitins, and superior for quantitation 
[24], bidimensional immunoelectrophoresis having even 
higher specificity [25). 

The results of our study suggest that the diagnostic 
value of positive or negative avian precipitins in the 
work-up of BBD should be reconsidered, additionally 
because they represent a simple, non-invasive and 
cheap diagnostic test They should be particularly valu
able for low or medium a priori probability as indicated 
by the application of Bayes' theorem. Interestingly, 
specific precipitating antibodies can also be found in the 
supematant fluid of bronchoalveolar lavage [26]; their 
presence at the site of the ongoing disease process may 
prove even more useful for diagnosis and follow-up 
[26]. Finally, in patients presenting with EAA or 
pulmonary fibrosis, determination of avian precipitins may 
be useful even in the absence of any history of bird 
exposure [26, 27]. 
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Dans quelle mesure la determinatwn des precipitines est-elle 
uJile dans la maladie des oiseleurs? C. ReyMud, D.O. Slosman, 
B.S. Polla. 
RESUME: En raison du nombre 8eve de pr&:ipitines positives 
chez des sujets exposes mais en bonne santC. les anticorps 
precipitants contre des antigenes aviaires jouent un role 
controversc dans le diagnostic de la maladie des oiseleurs. Afin 
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prospective incluant les 128 serums ~us en 1988 pour la 
detection. par immunoelectrophorese, de ces precipitines. Des 
informations cliniques completes et le diagnostic definitif du 
medecin trailanl onl ete obtenus pour 90 patients. En classant 
les patients en 4 groupes selon leur diagnostic et les resultats 
des precipilines nous avons trouve une haute sensibilite (86%), 
specificite (93%) et precision du test (92%). Le thooreme de 
Bayes a ensuite eLe applique afin de determiner la val.eur 
predictive du test en variant la prevalence de la maladie, et 
nous avons pu elablir que le r6sultat des precipitines est 
particulierement utile pour de faibles ou moyennes probabilites 

"a priori". En utilisant la courbe ROC (receiver operating char
acteristics) nous avons evalue les effets de la variation du seuil 
de detection des precipitines. Les resultats indiquent que le 
seuil de detection utilise dans cette etude donne le meilJcur 
compromis entre la sensibilite et la specificite. Ces donnees 
suggerent done que la valcur de precipitines positives ou 
negatives - dans l'etablissement du diagnostic de maladie 
des oiseleurs doit etre reconsiderCe, auss.i du fait que les 
precipitines sont un test diagnostique simple, bon marcM et 
non invasif. 
Eur Respir J., 1990,3, 1155-1161. 


