
RESEARCH ARTICLE

Estimating poultry aspergillosis prevalence and diagnostic accuracy of 
histopathological and mycological culture in Côte d’Ivoire using Bayesian latent 
class analysis
Alassane Toure a,b, Josepha Ruth Koffib, Olivier Assoi Etchianb, Brahima Doukourec, André Offianan Toured 

and Simon Dufoure

aLANADA/Laboratoire Central Vétérinaire de Bingerville, Bingerville, Côte d’Ivoire; bUFR Sciences de la Nature, Université Nangui Abrogoua, 
Abidjan, Côte d’Ivoire; cUFR Sciences Médicales, Université Felix Houphouët-Boigny, Abidjan, Côte d’Ivoire; dDépartement de Parasitologie et 
de Mycologie, Institut Pasteur de Côte d’Ivoire, Abidjan, Côte d’Ivoire; eFaculté de Médecine Vétérinaire, Département de Pathologie et 
Microbiologie, Université de Montréal, Montreal, Canada

ABSTRACT
This study aimed to estimate the prevalence of poultry aspergillosis and evaluate the accuracy of 
histopathology (test under evaluation) and mycological culture (an imperfect reference test). Farms 
raising layer and breeder or broiler birds, with suspected aspergillosis cases, clinical or subclinical, were 
eligible and visited for sampling. After necropsy, histopathology and mycological culture examinations 
were conducted by two evaluators. A Bayesian latent class model was used to estimate the accuracy of 
histopathology when compared to the imperfect reference test, mycological culture. A total of 142 
chicken farms, 96 laying and breeding hen farms, and 46 broiler farms were used for the study. True 
aspergillosis median prevalence was estimated at 63.7% (95% credibility intervals, CrI: 53.8%, 73.0%) in 
layers and breeders and at 65.2% (95% CrI: 50.2%, 78.3%) in the broiler farms’ population. The median 
diagnostic sensitivity of histopathology and culture were estimated at, respectively, 98.8% (95% CrI: 
94.6%, 100.0%) and 90.4% (95% CrI: 83.6%, 95.3%). Tests’ diagnostic specificity was estimated at, 
respectively, 97.3% (95% CrI: 87.7%, 99.9%) and 95.7% (95% CrI: 91.8%, 98.2%). Both tests had very 
high and comparable positive predictive values, but, in a population where disease prevalence was 
25%, histopathology had a higher negative predictive value than culture.
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1. Introduction

Poultry farming is an essential link in the animal produc-
tion system. However, this sector faces many problems 
that disrupt its development. These include the quality 
of feed costs, and problems related to the marketing of 

chickens, but especially pathological constraints leading 
to morbidities and mortalities (Brou et al. 2018). Among 
these insidious pathologies with major health and eco-
nomic impact, aspergillosis occupies a prominent place 
worldwide (Dahlhausen et al. 2004; Fischer et al. 2018; 
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Thompson et al. 2021). Aspergillosis is an infectious and 
non-contagious fungal disease caused mainly by the 
complexes Aspergillus fumigatus, A. niger, A. flavus, and 
A. terreus, acquired following the inhalation of their 
conidia, or through dermal colonisation (Montazeri 
et al. 2020). Aspergillosis manifests itself in two forms, 
namely severe acute in young subjects with high mor-
bidity and mortality rates, and chronic in adults (Martin 
et al. 2007). Aspergillosis symptoms are not specific, 
making diagnosis difficult (Dahlhausen et al. 2004). 
Moreover, diseases such as mycoplasmosis or infectious 
bronchitis, associated or not with aspergillosis, can lead 
to similar symptoms (Ratemo and Denning 2023). 
Diagnosis is generally based on an accumulation of 
evidence from history, clinical presentation, haematol-
ogy, biochemistry, serology, radiographic changes, and 
culture of the fungus (Beernaert et al. 2010). Poultry 
sinusal Aspergilloma to Aspergillus flavus in a context 
of allergic mucin (mucinous material mixed with eosino-
phils and hetrophils) background.

Diagnostic methods such as mycological culture 
and histopathology are often used (Beernaert et al. 
2010; Erin et al. 2017) to diagnose aspergillosis. 
However, few studies on the diagnostic accuracy of 
these tests in humans or animals can be found. 
Admittedly, aspergillosis-specific PCR tests were 
recently developed but are only available in a few 
reference laboratories. In many diagnostic laboratories, 
this latter test is not offered due to the important 
incurred costs for farmers. PCR tests also have the 
disadvantage of being very sensitive to contamination 
or to fungal DNA sequences of poor quality due to the 
presence of microbiota in certain types of samples, 
mainly lung or skin samples (Thompson et al. 2021).

The present study aimed at estimating the preva-
lence of avian aspergillosis in Côte d’Ivoire and at 
validating a diagnostic test, histopathological exam-
ination for the diagnosis of avian aspergillosis, using 
Bayesian Latent Class Model (BLCM), allowing for 
comparison with an imperfect reference test, mycolo-
gical culture.

2. Material and methods

2.1. Study design

The study was a prospective study for diagnostic test 
validation. The assessment of mycological culture and 
histopathological examinations were conducted 

following double-blinded procedures: The index test, 
histopathological examination, was interpreted with-
out knowledge not only of the second pathologist 
diagnosis but also of the mycological examination. 
Throughout the paper, we followed recommenda-
tions of the Standards for the Reporting of 
Diagnostic accuracy studies that use Bayesian Latent 
Class Models (STARD-BLCM) for reporting (Kostoulas 
et al. 2017).

2.2. Study area and data collection

This study was conducted from 1 January 2015 to 
31 December 2021 in the farms of Bingerville, Abidjan, 
Dabou, Bouaflé, Yamoussoukro, Azaguié, Agnibelikrou, 
Grand-Bassam, and Modeste. These areas accounted for 
more than 90% of national poultry production. The 
project was approved by our institutional board ethical 
agreement (#2015–2022/DiagnosAspCIV). The monitor-
ing of harmful effects following these two diagnostic 
tests study was not applicable, except for the fact that 
diseased poultry were humanely euthanised to perform 
the necropsies.

2.3. Inclusion criteria

All types of production systems of domestic hens 
(Gallus gallus domesticus) were considered for this 
study, including broilers, or layers and breeders. 
Chicks less than three weeks old were excluded. All 
suspected cases of aspergillosis, acute, subacute, or 
chronic, whether initially infected or complicating 
a pre-existing condition, were eligible. As examples, 
but not exhaustive, these complications could be 
colibacillosis, mycoplasmosis, coryza, fowl typhoid, 
malnutrition, long antibiotic treatments, or immuno-
suppression. For the purposes of the investigation, for 
each poultry farm, samples were collected from five 
birds, more specifically two to three birds that had 
already died the same day and two to three still 
diseased birds who had been euthanised. Euthanasia 
was achieved by cervical dislocation.

2.4. Definition of clinical suspect case of poultry 
aspergillosis

Birds presented with dyspnoea including hyperpnoea, 
drowsiness, nervous signs, inappetence, wasting, and/ 
or increased thirst were considered as potential cases 
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of poultry aspergillosis and retained for necropsy. At 
necropsy, pulmonary lesions were characterised by the 
constitution of cream-coloured plaques from several 
millimetres to several centimetres in diameter. These 
plaques and mycelial masses could be found in the air 
sacs, liver, brain, intestines, and eyes and consisted of 
whitish-creamy, cheese-like to gelatinous coatings, 
nodular and confluent-diphtheroid lesions, and/or 
fluffy, greenish pigmented fungal mycelium (Fischer 
et al. 2018).

2.5. Sampling procedures

In each farm included in the study, the five birds 
tested were considered, together, as a sampling 
unit representing the farm status. For a given diag-
nostic test, the farm was considered test-positive 
whenever ≥one bird tested positive. Thus, the com-
bined enrolment of all farms included in the study 
represents the sample size of the study. To estimate 
the required number of farms, we used approxima-
tive methods. Briefly, the number of farms required 
for estimating a given accuracy parameter (diagnos-
tic sensitivity, DSe or specificity, DSp of a test) with 
a given precision was computed using the equation 
for estimating sample size for simple proportions. 
Using these simple methods, we estimated that 
a sample of 140 (70 diseased and 70 non-diseased) 
farms would be sufficient to estimate the DSe or DSp 
with a precision of ±8.5% points, given that these 
accuracy parameters were ≥85%. These approxima-
tive calculations, of course, did not consider the 
imperfect nature of the reference test nor the use 
of informative priors for estimating these unknown 
parameters.

2.6. Laboratory assays

Before performing the necropsy, the sick birds 
were euthanised by cervical dislocation. At the 
end of the necropsy, three samples were collected 
on each case by dividing the organs removed into 
three equal parts so that one sample could be 
used for mycological culture, the second for histo-
pathological examination, and the last for micro-
biological examination. This latter step was 
included to identify potential contamination of 
the samples. The sample prepared for mycological 
culture or microbiological culture was packaged in 

a sterile hard plastic vial of 25–30 mL, while the 
one for histopathological examination was pack-
aged in the same type of vial containing formalde-
hyde buffered to 10%.

2.7. Mycological cultures

All types of organs such as kidneys, trachea, lungs, 
sinuses, air sacs, liver, heart, brain, spleen, cloaca, and 
bursa of Fabricius, and showing lesions such as 
masses, nodules, or granulomas were placed on 
plates containing malt agar (containing maltose as 
an energy source, dextrin, a polysaccharide derived 
from high-quality starch, glycerol as carbon source, 
and peptone as a nitrogen source) or Sabouraud 
glucose agar (containing gentamicin, chlorampheni-
col, and infusion of brain and heart) and incubated at 
37 °C for 72 h. As a second step, a fungus-selective 
medium (Chromagar and Mycosel; Becton Dickinson 
AG) was used at 25 °C for 14 d. The preparation was 
regularly observed to characterise the genus and spe-
cies of the fungus based on macroscopic and micro-
scopic criteria (De Hoog et al. 2011). Two independent 
double-blinded mycological culture examinations 
were carried out for each sample. If the results dif-
fered, a third culture was made to reach a definitive 
diagnosis.

2.8. Histopathological examination

This examination was carried out on the samples 
obtained from the necropsy. All histopathological 
slides of each patient were examined because not 
all lesions and parts of Aspergillus spp. are neces-
sarily on the same microscopic field, or on the 
same slide. Samples previously fixed in 10% for-
maldehyde were included in paraffin before under-
going tissue sections 4–5 μm thick. Haematoxylin 
eosin safran (HES) staining was applied to all these 
sections. Special staining of Grocott with silver 
methenamine was used for a second confirmation 
of the diagnosis made by HES staining. This special 
staining made it possible to characterise more spe-
cifically the hyphae, heads, and conidia typical of 
Aspergillus spp. in histological sections. Using an 
optical microscope, the diagnosis of Aspergillus 
spp. infection was made. Considering the complex-
ity of this exam, two examiners, blinded to the 
results of the other examiner, read the 
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histopathological sections, and, when they dis-
agreed with the results, they reviewed the case 
together to obtain a consensus. When consensus 
could not be obtained, they referred to a third 
independent observer for a final decision.

2.9. Contamination

In the histopathological slide with haematoxylin 
staining eosin safran, contamination was defined as 
the presence of yeast-like or bacteria organisms with-
out pathological reaction, the presence of yeast-like 
or bacteria organisms in serial adjacent sections, or 
the presence of yeast-like or bacteria organisms in 
one staining method and not another. Concerning 
mycological exams, contamination was defined as 
cultures that yielded known contaminant bacteria or 
yeast such as non-pathogenic E. coli serotypes, 
Micrococcus spp., Pseudomonas spp., or Malassezia 
spp. In case of contamination, the correspondent 
mycological or histopathological results were 
excluded.

2.10. Bayesian priors

External studies were used to inform priors for the 
DSe and DSp of mycological culture. The sensitivity of 
this test in human populations was reported in a few 
studies. Recent studies reported DSe estimates of 72% 
(95% confidence interval, CI: 59% to 85%) and 59% 

(95% CI: 41% to 77%; Montesinos et al. 2017; Wagner 
et al. 2018). Given that this prior information was 
obtained from a different population than the target 
population, this information was transformed into 
a rather diffuse prior with a median DSe of 65% and 
a 2.5% of 40%. This statistical distribution was repre-
sented as a beta (10.895, 6.328) distribution (Table 1). 
For mycological culture DSp, these human studies 
reported DSp estimates of 100% (95% CI: 100% to 
100%) (Wagner et al. 2018) and 95% (95% CI: 89% to 
100%) (Montesinos et al. 2017). Given that we also 
expected a high specificity for culture in birds, 
a reasonably precise prior with a median of 95% and 
a 2.5% of 90% was therefore used for this parameter. 
This prior was presented as a beta (100.000, 6.210) 
distribution (Table 1).

2.11. Bayesian latent class model

For this study, we considered a two-population (broi-
lers vs. layers and breeders), and two-diagnostic tests 
(histopathological examination vs. mycological culture) 
BLCM. In this model six unknown parameters had to be 
estimated: DSe and DSp of histopathological examina-
tion, DSe and DSp of mycological culture, and the 
actual prevalence of aspergillosis in each population. 
Cross-tabulation of the data generated six degrees of 
freedom; therefore, the model was deemed to be iden-
tifiable (Cheung et al. 2021). Nevertheless, since infor-
mative priors were available for the DSe and DSp of 

Table 1. Priors used in Bayesian latent class models developed to estimate the accuracy of histopathological examination 
and mycological culture using data from two populations (96 farms of breeders and layers birds vs. 46 broilers farms), along 
with the posterior distributions obtained.

Parameter

Initial model Sensitivity analysis

Prior
Posterior 

Median (95 CrI) Prior
Posterior 

Median (95 CrI)

DSe histology Beta (1, 1) 0.988 (0.946, 1.0) Beta (1, 1) 0.987 (0.944, 0.999)
DSp histology Beta (1, 1) 0.973 (0.877, 0.999) Beta (1, 1) 0.937 (0.826, 0.997)
DSe mycology Beta (10.9, 6.3) 0.904 (0.836, 0.953) Beta (1, 1) 0.969 (0.900, 0.999)
DSp mycology Beta (100.0, 6.1) 0.957 (0.918, 0.982) Beta (1, 1) 0.977 (0.905, 0.999)
Prevalence breeders and layers Beta (1, 1) 0.637 (0.538, 0.730) Beta (1, 1) 0.638 (0.540, 0.730)
Prevalence broilers Beta (1, 1) 0.652 (0.502, 0.783) Beta (1, 1) 0.611 (0.452, 0.759)
Predictive values
At a prevalence of 65%

PPV histology NA 0.985 (0.938, 0.999) NA 0.967 (0.912, 0.998)
NPV histology NA 0.978 (0.905, 0.999) NA 0.974 (0.899, 0.999)
PPV mycology NA 0.975 (0.953, 0.990) NA 0.987 (0.949, 0.999)
NPV mycology NA 0.844 (0.759, 0.917) NA 0.943 (0.840, 0.997)

At a prevalence of 25%
PPV histology NA 0.923 (0.730, 0.997) NA 0.839 (0.652, 0.990)
NPV histology NA 0.996 (0.982, 1.0) NA 0.995 (0.980, 1.0)
PPV mycology NA 0.876 (0.784, 0.945) NA 0.934 (0.769, 0.997)
NPV mycology NA 0.968 (0.946, 0.984) NA 0.989 (0.967, 1.0)

CrI: Credibility interval; PPV: Positive predictive values; NPV: Negative predictive values; NA: Not applicable.
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mycological culture, we did consider them in our initial 
model (Table 1). Conversely, flat priors [beta (1.0, 1.0); 
Table 1] were initially used for disease prevalence and, 
most importantly, for accuracy parameters of the his-
topathological examination (i.e. the test under investi-
gation). Within this BLCM, positive (PPV) and negative 
predictive values (NPV) were computed for each test, 
and for two theoretical prevalence of aspergillosis, 25% 
and 65%. A sensitivity analysis was then conducted to 
evaluate the robustness of our results to the chosen 
informative priors. For this sensitivity analysis, we ran 
again the BLCM, but using flat priors for all parameters 
(Table 1).

2.12. Model estimation

For all Bayesian analyses, we used the R2JAGS pack-
age (version 0.7-1) within the open-source R software 
4.2.1 using the RStudio platform and JAGS version 
4.3.1 (Plummer 2003). For each analysis, three 
Markov chains were run independently for 20,000 
iterations after an initial burn-in of 1,000 iterations. 
Posterior distributions were analysed using the CODA 
package (version 0.19-4; Plummer et al. 2006). Briefly, 
the trace plot of each Markov chain was inspected to 
ensure convergence, and the effective sample size 
was computed to ensure that it was >10,000 for all 
parameters. To improve reproducibility, the R script 
used is available at https://doi.org/10.5683/SP3/ 
4UW62J.

3. Results

3.1. Demographics of the population included in 
the study

Initially, 155 farms were included (Figure 1). After 
conducting the necropsies, 10 cases were rejected 
because one or more organs were at least partially 
autolysed. Then, 145 farms were tested using the two 
approaches: mycological culture and histopathologic 
examination. Moreover, bacteriological culture was 
used on all samples to assess potential contamination 
of the sample. Following bacteriological culture, three 
additional cases were discarded due to contamina-
tion. Finally, 142 farms with complete data were 
retained for the study purposes (Figure 1). In total, 
there were 96 laying or breeding hen farms and 46 
broiler farms.

3.2. Tests results

Among the 87 histopathologic positive cases, there 
was disagreement on two cases. Finally, a consensus 
was reached for these two cases so that they were 
included in the 87 histopathologic positive cases. The 
first case was diagnosed by the first author as severe 
fibrino-heterophilic, lymphocytic, fibroplasia of 
Mycoplasma pneumonia with invasive aspergillosis 
substantiated by mild angioinvasion. It was diag-
nosed as invasive aspergillosis for the second reader. 
The final diagnosis was Mycoplasma pneumonia infec-
tion with invasive aspergillosis. Concerning 
the second case, a trachea specimen, it was classified 
as infectious laryngotracheitis, substantiated by 
undifferentiated and regenerating cells replacing 
necrotic epithelium, with a fibrino-heterophilic 
deposit containing syncytial cells displaying eosino-
philic intranuclear inclusion bodies, associated with 
Aspergillus tracheitis. The second pathologist diag-
nosed Aspergillus and viral fibrino-heterophilic tra-
cheitis. The consensual diagnosis was Aspergillus 
tracheitis and infectious laryngotracheitis.

Regarding mycological culture examination, perfect 
between-readers agreement was obtained for all sam-
ples. In samples from layer and breeder farms, among 
the 62 culture-positive cases, there were 42 Aspergillus 
fumigatus, 13 Aspergillus flavus, and 6 Aspergillus niger 
cases. In samples from broiler farms, of the 31 mycolo-
gical culture-positive cases, 19 were Aspergillus fumiga-
tus, 6 were Aspergillus flavus and 6 were Aspergillus Figure 1. Flow chart presenting recruitment of farms.
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niger. In both groups (laying hen-breeder and broiler), 
it is important to note that infraorbital or nasal cham-
ber sinusitis involved only Aspergillus flavus. In both the 
broiler and layer-breeder groups, there was perfect 
agreement between mycological culture examination 
and histopathological examination on the presence of 
Aspergillus fumigatus invasive or non-invasive infec-
tions. There were no doubtful or undetermined diag-
noses for mycological standard culture examination or 
histopathology. Cross-classified results from the two 
tests in the two populations are presented in Table 2.

3.3. Estimates of diagnostic test characteristics

Based on BLCM (Table 1) the median disease pre-
valence estimate was 63.7% (95% credibility inter-
val, CrI: 53.8%, 73.0%) in layers and breeders and 
65.2% (95% CrI: 50.2%, 78.3%) in the broiler farms. 
The median relative DSe and DSp of histopatholo-
gical examination were 98.8% (95% CrI: 94.6%, 
100.0%) and 97.3% (95% CrI: 87.7%, 99.9%) and 
for the mycological culture were 90.4% (95% CrI: 

83.6%, 95.3%) and 95.7% (95% CrI: 91.8%, 98.2%), 
respectively. The posterior distributions for the DSe 
and DSp are illustrated in Figure 2.

The tests’ PPV and NPV are reported in Table 1 and 
illustrated in Figure 3. Briefly, when applied in 
a population with a prevalence of disease of 65%, 
the median PPV of histopathological examination 
and of mycological culture were, respectively, 98.5% 
(95% CrI: 93.8%, 99.9%) and 97.5% (95% CrI: 95.3%, 
99.0%). Moreover, the median NPV for 
a histopathological exam was also very high (97.8%; 
95% CrI: 90.5%, 99.9%), but the median mycology NPV 
was slightly lower (84.4%; 95% CrI: 75.9%, 91.7%). In 
a population with a lower prevalence of disease 
(25%), again, relatively high PPV and NPV were 
obtained for both tests. Moreover, in this situation, 
relatively large overlaps between the tests’ PPV and 
NPV posterior distributions were observed, thus indi-
cating that the predictive values of the two tests were 
relatively similar.

When flat priors were used for all parameters, pos-
terior distributions remained mostly unchanged 

Table 2. Cross-classified results of histopathological evaluation (hist) and mycological culture (myc) on samples 
from layer and breeder farms vs. broiler farms.

Population Hist- Myc- Hist+ Myc - Hist- Myc+ Hist+ Myc+ Total

Layers and breeders 34 0 1 61 96
Broilers 15 0 5 26 46
Total 49 0 6 87 142

Figure 2. Histopathological examination and mycological culture diagnostic sensitivity and specificity posterior distributions were 
obtained using Bayesian latent class models with data from two populations (96 farms of breeders and layers vs. 46 broilers farms).
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(Table 1). The model, therefore, seemed quite robust to 
the choice of informative priors. The only noticeable 
differences were a slightly lower histopathology DSp 
median estimate (93.7% vs. 97.3%) and a slightly higher 
mycology DSe median estimate (96.9% vs. 90.4%) in 
the model making use of flat priors on all parameters. 
Thus, the disagreements between the two tests (which 
were only in the form of histology positive and mycol-
ogy negative results) were more evenly distributed as 
misclassification resulting from each test in the model 
with flat priors, while these were considered to be 
more likely a false-negative result of the mycology 
test in the model with informative priors. 
Consequently, we observed relatively small differences 
between the PPV and NPV posterior distributions gen-
erated using the BLCM with informative vs. flat priors.

4. Discussions

Our methodology, mainly the use of BLCM, was 
reported as one of the most robust approaches to 
estimating the real prevalence of pathology, and the 
diagnostic performance of tests, especially in the 
absence of a perfect or gold-standard examination. 
To our knowledge, this is the first time that a study 
reports on the prevalence of avian aspergillosis in 
Africa, but also the performance of diagnostic tests 
for this condition. The prevalence observed was very 

revealing of the importance of this mycosis in poultry 
farms suspected of the disease in Côte d’Ivoire.

There is a scarcity of studies evaluating the perfor-
mance of confirmatory examinations (e.g. mycologi-
cal culture, histopathology, or others) for human or 
animal aspergillosis (Herbrecht et al. 2015). In 
a retrospective study, with clinical and microbiologi-
cal data as the gold standard, the DSe and DSp of 
mycological culture were estimated, respectively, at 
72.3% and 100% (Wagner et al. 2018). In our study, 
mycological culture DSe seemed superior to this esti-
mate. This could be due to the low DSp of the refer-
ence test used in Wagner et al. (2018). With the 
modeling approach used in that latter study (i.e. con-
sidering the reference test as a gold standard), all 
samples with a negative result on culture and 
a positive result on the reference test would be con-
sidered as a failure (i.e. a lack of DSe) of culture. The 
difference in DSe for mycology between our study 
and the Wagner et al. (2018) study could also be 
due, however, to different distributions of Aspergillus 
species between studies, or the different types of 
samples collected. Indeed, Jeffrey et al. (2003) isolated 
more frequently fungus species from bronchoalveolar 
lavage and bronchial wash specimens than other 
types of specimens.

Regarding the accuracy of the histopathologic exam, 
there is currently no study assessing its DSe and DSp for 
diagnosing aspergillosis in birds or other animals. 

Figure 3. Positive (PPV) and negative predictive values (NPV) for diagnosing avian aspergillosis for two tests and for two hypothetical 
disease prevalence.
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Nevertheless, in human patients, one study evaluated 
the agreement between histopathology and mycologi-
cal culture for the diagnosis of invasive septate mould 
infections (Jeffrey et al. 2003). In this latter study, among 
1,706 tissue specimens (obtained from autopsy or 
biopsy, or during surgery), only 30% of the positive 
results (21/70) were positive for both tests. Thus, sub-
stantial disagreement between tests was observed in 
this type of sample and for that condition. 
Consequently, likely, the DSe and DSp of these tests 
for that latter condition are, at best, moderate, which 
seems strikingly different from the results obtained in 
our study, where these tests were used for the diagnos-
tic of avian aspergillosis, and for which both tests 
appeared to perform well. Beyond its high accuracy, 
histopathological examination has other advantages. It 
is simpler to perform, less time-consuming, and less 
expensive than culture. This is especially crucial in low- 
income countries where financial resources, materials, 
and laboratory facilities are often limited.

The better DSe observed for histopathological 
examination compared to culture could be 
explained by factors inhibiting the growth of 
Aspergillus spp. For instance, Aspergillus spp. are 
obligate aerobic organisms that do not grow 
under anaerobic conditions (Jeffrey et al. 2005). 
Necrotic and anoxic tissues, such as abscesses, 
could likely affect the survival of Aspergillus spp. 
to the point where they cannot be recovered any-
more using culture methods. Moreover, a minimal 
load of Aspergillus spp. per gram of tissue would 
be needed for culture. On the other hand, the 
hyphae, heads, and conidia typical of Aspergillus 
spp. would still be observable in histological 
sections.

Finally, the PPV and NPV of the two tests in our study 
suggested that practitioners could interpret the results 
of histopathological or culture examination of a given 
farm with a high level of confidence and that both in 
cases where the prevalence of aspergillosis is expected 
to be low (25%) or high (65%). Regarding the PPV, we 
observed large overlaps between the PPV posterior dis-
tributions of histopathological and culture examination, 
and this, for the two prevalences under investigation. 
We cannot, therefore, conclude on the superiority of one 
of the testing approaches for that latter parameter. 
Regarding the NPV, however, a histopathological- 
examination-negative result seemed to indicate with 
greater certainty the true farm’s status, as compared to 

culture, mainly in a high (65%) prevalence situation. In 
populations where a low (25%) prevalence of the dis-
ease is expected, then this latter advantage would be 
negligible (i.e. median NPV of 99.6% and 96.8% for 
histopathology and culture, respectively). 
Histopathological examination could, therefore, be sug-
gested as the best testing approach in the population 
where a high prevalence of aspergillosis is expected, and 
when greater confidence in a negative test result is 
needed. In other situations, both tests could be excellent 
options.

5. Conclusions

The current study suggested, with a strong level of 
evidence, that histopathological examination and 
mycological culture could be valid tests for clinical, 
research, and surveillance purposes, with DSe and 
DSp median estimates of 98.8% and 97.3%, for 
histopathological examination, and 90.4% and 
95.7%, for mycological culture. In situations where 
a high (e.g. 65%) aspergillosis prevalence is sus-
pected, both tests would yield very high PPV, but 
a histopathological exam would be slightly super-
ior in terms of NPV. In a population where a lower 
disease prevalence is suspected, both tests would 
behave equally well.
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