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Abstract:

Background: The gliotoxin-producing capability of A. fumigatus isolates through High-
Performance Liquid Chromatography (HPLC) determination. The results of this research revealed
that among the 30 samples, A. fumigatus showed the highest yield of gliotoxin when cultivated on
Yeast Extract Sucrose (YES) medium with a gliotoxin content of 23.823 ug /kg as determined by
HPLC.

The primary goal of the study was to synthesize gliotoxin (GT) by Aspergillus fumigatus. The
research resulted was conducted in the period between February 2022 and March 2023. Fifty nasal
swabs were taken from animals in the Baghdad province with respiratory tract infection. All the
samples received were grown on Czapek Dextrose Agar (CDA). The percentages of fungi isolated
from nasal samples were as follows A. fumigatus (60%), A. niger (10%), Aspergillus spp. (16%),
Rhizopus spp. (4%), Mucor spp. (2%), and Candida spp. (4%). To establish the identification of each
isolate, both the macroscopic and the microscopic examinations were used.

Aims: The primary goal of the study was to synthesize gliotoxin (GT) by Aspergillus
fumigatus.

Results: Samples, which were collected from the nasal cavities of suspected animals having
clinical symptoms from different areas in Baghdad Province, were cultured on czapek dox agar. The
culture and microscope examination revealed 30 isolates for the infections were positive and
identified as Aspergillus fumigates, whereas 20 isolates corresponded to other fungal species.

The findings of this investigation revealed that Yeast Extract Broth (YEB) supplemented with
4% sucrose and 2% yeast extract (YES) and incubated at 37 °C for seven days served as an efficient
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medium for the rapid assessment of Aspergillus fumigatus growth and gliotoxin (GT) biosynthesis,
showing a yield of 23.823 pg/kg as determined by HPLC

Conclusions: The HPLC Technique was to achieve rapid, increased sensitivity, and
specificity for gliotoxin detection.

Keyword: Gliotoxin, Czapek-Dox agar medium, HPLC, Aspergillus fumigatus, Yeast extract

medium.
o8]
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Introduction:

Mycotoxins, which are synthesized by certain strains of fungi during the harvesting process,
are highly toxic molecules with a rather low molecular weight (Mohammed et al., 2020). As
persistent hazardous chemicals, that used by governments and international organizations of many of
these pollutants, previously used to control a wide range of mould and yeast, led to an imbalance in
the natural enemies in the environment, the low rate of which helps to maintain the pathogen (Fradi
and Al-Araji, 2015). Gliotoxin is one of the other types of fungal metabolites recognized to be
epipolythiodioxopiperazine (EPT) derivative with a disulfide bridge. Some fungal species, such as
Aspergillus fumigatus (Reeves et al., 2004)), Trichoderma virens (Anitha et al., 2005))
andDichotomomyces cejpii (Fan et al., 2016; Lin et al., 2019) produce this compound. (GT)
discovered in A. fumigatus has been well studied and is prominent in its potent cytotoxic and
immunomodulatory effects.

It has biological activities that are mediated by a variety of pathways, which include
angiogenesis inhibition, anti-inflammatory response, immunosuppressive response, causing
apoptosis, reactive oxygen species (ROS) production, and genotoxicity (Scharf et al., 2016).

Aspergillus fumigatus spores have the ability of attaching to pulmonary tissues of the
epithelium, germinate, and generate a cluster of hyphae, which can lead to cavitation and potential
destruction of the surrounding lung tissue (Tsunawaki et al., 2004). The cytotoxic properties of
gliotoxin are mostly due to its capacity of the compound to inactivate major thiols on proteins (Hurne
et al., 2000). In addition to this, GT also disrupts the assembly of NADPH oxidase, becoming the
important host defense mechanism, thus it promotes fungal infection spread in the host (Tsunawaki
et al., 2004; Nishida et al., 2005).

A. fumigatus controls the biosynthesis and metabolism of gliotoxin through a multi-gene
cluster. This cluster contains the genetic instructions necessary for the enzymatic machinery
responsible for regulating these critical processes.This cluster is coordinately expressed during
gliotoxin biosynthesis (Gardiner et al., 2004; Gardiner and Howlett, 2005). GT and derivatives of GT
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are known to cause several animal mycoses (Kubodera et al., 2007; Patron et al., 2007) and can be
involved in human fungal infections as well (Galagan et al., 2005).

Therefore, the aims of this research were to production of gliotoxin from Aspergillus
fumigatus isolated from bovine respiratory infection.The continuous use of toxic chemicals by the
government and industries in the environment which were aimed at controlling fungal populations
has caused a lack of ecological balance. These pollutants have also lowered the concentration of the
natural fungal antagonists, eventually increasing the survival and pathogenicity dominance in the
environment of A. fumigatus.

Materials and Methods:

Collection of Samples

Fifty nasal discharges were collected from animals displaying respiratory infections in
various locations within Baghdad province, during the period between from February 2022 to March
2023. The samples were directly placed on Cazpek Dextrose Agar and incubated at 37°C for 5 days.
Furthermore, Petri dishes were incubated at 27+2°C for 7 days to observe the mycelia growth of
pathogenic fungi. Identification of the fungal isolates was performed using lactophenol cotton blue
staining, which is commonly employed for fungal microscopic examination (Minnat and Khalaf,
2019; Al-Ezzy and Abdulameer, 2021) ), along with an assessment of the colony morphology on the
culture plates.

Extraction and quantification of gliotoxin

The production of GT was according to the method described in the article by Kosalec et al.
(2005); however, with some adjustments to optimize the production. All the thirty isolates of
A.fumigatus were cultured in Czapek Dextrose Agar plates and allowed to incubate at 37°C for 5
days. The biomass of the fungus was isolated using 50 mL of chloroform after incubation. An
electric homogenizer was utilized to homogenize the collected biomass at 3,500rpm in 10 minutes to
get a homogenous suspension. The resulting mixture was filtered through Whatman No.1 filter
paper, and then it was subjected to extraction with 2x25 mL of chloroform. The chloroform fractions
were combined and passed through anhydrous Na2SO4 to remove any remaining water. A rotary
evaporator on low pressure at 60 °C was used to concentrate the combined extract till it became dry.

The dry residue was re-solubilized in 500 uL chloroform and kept at 4 degC until the analysis
of HPLC (High-Performance Liquid Chromatography). To perform the analytical step, the organic
phase was dried up under a stream of nitrogen, and then it was reconstituted by 1000 pL of the
mobile phase. Lastly, the quantitative determination of gliotoxin was done by injecting a 100 pL of
the prepared sample in the HPLC system.

Determination of gliotoxin by HPLC

Determination of gliotoxin by HPLC in accordance to (Hussain, 2017 ), The research
study was done at the Ministry of Science and Technology. All reagents and solvents were HPLC or
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analytical grade. Gliotoxin standards from Sigma-Aldrich (Germany) Company Figure (1).The
conditions for the HPLC analysis were in Table (1)

Figure (1) Gliotoxin Standard

Table (1): Optimized Chromatographic Conditions for HPLC Analysis

Instrumental conditions

Chromatographic
Column

C18 column (30 cm x 4.6 mm)

Flow Rate 1.0 mL/min

Detection 254 nm

Wavelength

Injection Volume 20 pL

Column 25°C

Temperature

Mobile Phase | Methanol : Water (43:57, v/v) containing 1% trichloroacetic
Composition acid (TCA)

Injection of 500 pg/mL for each sample and standard of GT, following dissolution in methanol, was
performed to ascertain persistence duration along with comparative peaks region. A standard curve
depicting the correlation between peak area and the total amount of injected gliotoxin (ppm) was
established, and the concentration of the pure GT sample was determined utilizing the typical curve
of the pure substance as follows:
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Sample area
Concentration of sample ug/ml = ------=--mmeeo- x con of standard x dilution Factor
Standard

Statistical Analysis

Means data values were displayed with the standard error (mean + SE) and subjected to (ANOVA)
followed by several means comparison.

Results:

Isolation of Fungi from Bovine Respiratory Samples

The current study allows for the distinguishing of molds and yeasts that cause respiratory infections
in cattle. Samples, which collected from the nasal discharge of suspected animals having clinical
symptoms from different areas in Baghdad governorate, were cultured on czapek dox agar. The
culture and microscope examination revealed 30 isolates for the infections were positive and
identified as Aspergillus fumigates; whereas 20 isolates corresponded to other fungal species as
shown in (Table 2)

Table (2) Percentage of samples isolated from nose of cows

Fungal spp. Isolation No. Percentage%o
Aspergillus fumigatus 30 60
Aspergillus spp. 13 26

Rhizopus spp. 2 4

Mucar spp. 1 2

Candida spp. 4 8

Total 50 100%
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The genus Aspergillus (Aspergillus fumigatus, Aspergillus spp Aspergillus niger) were counted for
60% , 16%, 10% , respectively .While Rhizopus spp.was 4% , Mucar spp. 2% and Candida spp. was
8% of the total samples.

Identification of Aspergillus fumigates Isolates

A.fumigatus can be identified according to its morphological features on the cultivated media (i.e.,
identified in both macroscopic and microscopic shapes).

Macroscopic Appearance

Macroscopic diagnosis of the fungus showed, A.fumigatus. Within a week, the fungus displayed a
colony size of 7cm when cultivated on Cazpek Dextrose Agar at a temperature of 37°C.The
appearance of the colony was powdery, starting with a white color, which later turned into a dark
greenish shade before finally changing to gray. A pale yellow to tan color was noticed on the reverse
side of the colonies figure (2).

Figure (2) Macroscopically appearance of Aspergillus fumigatus on
CZA at 37°C for 7 days
Microscopic appearance

Under microscopic examination, the presence of green conidia forming chains originating from
greenish phialides was observed in Aspergillus fumigatus colonies grown on Cazpek dextrose agar at
37°C for four or seven days. Additionally, the vesicles displayed a subclavate shape when stained
with lactophenol cotton blue as in figure (3).
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Figure (3): Microscopically appearance of Aspergillus fumigatus stained with Lacto phenol Cotton
blue (X40).

Extraction and quantification of gliotoxin

The findings of this investigation revealed that Yeast Extract Broth (YEB) Which consist of 4%
sucrose and 2% yeast extract dissolved in 1000 ml of distilled water and incubated at 37 °C for seven
days served as an efficient medium for the rapid assessment of Aspergillus fumigatus growth and
(GT) biosynthesis, as illustrated in Figure 4. Moreover, High-Performance Liquid Chromatography
(HPLC) analysis confirmed that all thirty tested isolates produced detectable levels of GT, with the
highest concentration reaching 23.823 ug \kg.

Figure (4) Aspergillus fumigatus growth on YEA after 7 days at 37°C for GT production
Production of Gliotoxin and Detection by HPLC.

The potential of Aspergillus fumigatus isolates to produce GT was evaluated using Yeast
Extract Broth (YEB), and the toxin concentration was quantified through High-Performance Liquid
Chromatography (HPLC) analysis. One representative A. fumigatus isolate was assessed for GT
biosynthesis in YEB, showing a yield of 23.823 ug/kg as determined by HPLC. The results
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confirmed that the yeast extract broth served as an efficient medium for GT production, as illustrated
in Figure 5.
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Figure (5): Detection of gliotoxin by HPLC

Discussion

The results of the current study revealed that Aspergillus fumigatus is one of the most common
species of fungus that causes respiratory infections in cattle. Similar findings were also provided by
Shan and Panjabi (2016), who cultured A. fumigatus on tracheal tissues and swab samples and also
on bronchial mucosa, where its presence led to necrotic tracheobronchitis in a cow.

Bovine Respiratory Disease (BRD) is a microbial infection of lung parenchymas of beef and dairy
cattle, which is highly morbid and fatal (Holman et al., 2015). The disease causes loss of animals,
low feed intake and high costs of treatment which all adds to high economic losses amounting to
USD 800-900 million in the United States alone annually (Chirase and Greene, 2001).

Pulmonary system aspergillosis is the dominant mycotic condition of the pulmonary system, related
to Aspergillus spp., a widespread mold that inhabits indoors as well as outdoors (Kousha, 2011).
Aspergillus infection in the clinic is often in the form of invasive pulmonary aspergillosis, one of the
severe forms of the disease with a fatality rate of about 90%. The common species that may be
isolated out of airways include: A. fumigatus, A. niger, A. flavus, and A. terreus in which the invasion
may advance to aggressive aspergillosis or spread aspergillosis (Kosalec and Pepeljnjak, 2005).

Aspergillus fumigatus replicates asexually by the generation of spores. Therefore, conidial spores
develop in abundance through germination process and are commonly ingested by hundreds of
animals daily (Abdel-Gawad, 2021). Also Rhizopus, Mucar, and Candida species were
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predominantly infected immunocompromised hosts, resulting in respiratory and generalized
infections mainly through spore breathing (Kontoyiannis et al., 2006). According to Ozgun et al.
(2012), all these isolates of fungi were widespread soil fungal saprophytic organisms that are
important infections that may adhere to the surfaces, generate proteases and collagenases, and induce
lesions that may spread to various organs or cause clinically invasive infections in the lungs.

These results of this study were almost similar to that described by (Hussein et al., 2017) who
demonstrated that the yeast extract broth was the appropriate culture medium for the proliferation of
Aspergillus fumigatus and GT production, examined by HPLC. While Nouri et al. (2015) noted that
the HPLC analysis revealed GT production at 122.6 ppm in rice medium which is the appropriate
culture medium for GT production from A. fumigatus isolates. Moreover, Sael et al. (2019) revealed
that the HPLC is a better test for screening large numbers of GT concentration that produced from A.
fumigates and is quick, easy, cheap and available.

According to Zhang et al. (2012), the High-Performance Liquid Chromatography (HPLC) method
used for gliotoxin quantification offers several advantages, including high accuracy, reproducibility,
and reduced analysis time. Under optimized analytical conditions, this method achieves a recovery
rate of up to 99.22%, influenced by factors such as the type of column, column temperature, and
mobile phase composition.

The Aspergillus genus synthesizes various toxic secondary metabolites (mycotoxins), including GT,
among others (Kilch, 2009). The growth and mycotoxin production of fungal species are strongly
influenced by environmental parameters. In particular, water activity (aW) and temperature represent
the primary determinants governing fungal germination, hyphal development, and sporulation (Belli
et al., 2004; Pefia et al., 2015). Moreover, the genetic variability among fungal strains, combined
with environmental conditions, can significantly affect mycotoxin biosynthesis. Additionally, GT
production has been shown to be oxygen-dependent, with the concentration of oxygen in the
environment directly influencing its synthesis.

Conclusions:

According to this study, the most common fungus that causes respiratory infection in cows are
Aspergillus spp; particulariy, Aspergillus fumigatus and the possibility of these fungi secreting
toxins, including the GT and measuring by HPLC .

Recommendations:

We recommend An epidemiological study is required to map and detect the Aspergillus fumigatus in
other animals in Iraq , also studies required to investigate the natural production of gliotoxin in local
and imported animal feeds.

58


https://djvs.uodiyala.edu.iq/
https://doi.org/10.71375/djvs.2025.03404

P-1SSN: 2410-8863

DJ VS E-1SSN:2958-6178

Diyala Journal for Veterinary Sciences https://diVS.UOdiyala.EdU.iq
ayhull pgloll (alba dlao Pages: 50-62

1

Diyala Journal for Veterinary Sciences

Vol. 3 No.4 February (2026) https://doi.org/10.71375/djvs.2025.03404

Acknowledgments:

The researchers are thankful to the staff of the Microbiology department at the College of Veterinary
Medicine, University of Baghdad, for helping me isolate the research fungus, as well as to Prof. Dr.
Essam —Al-Jumaily at the Institute of Genetic Engineering and Biotechnology at the University of
Baghdad for helping me to achieve toxin extraction.

Conflict of interest:

The authors declare no conflict of interest.

Founding Source:

No funding source

Authors contribution:

All authors contributed effectively in this research

References:

Mohammed, S. W., Khashman, B. M., Khalaf, N. F., Ismeeal, M. C., & Al-Malkey, M. K.
(2020). Immunohistochemical Expression of P16 Protein and TGF B1 in Mice Liver
Exposed to Fumonisin B1. Baghdad Science Journal, 17(2), 401-
405. https://doi.org/10.21123/bsj.2020.17.2.0401

Fradi, A. J., & Al-Araji, A. M. Y. (2015). Effect of Eucalyptus camaldulensis Terpens, Alkaloids
and Phenols Agnaist Fusarium oxysporum. Iragi Journal of Science, 56(4A), 2807-2810.

Reeves, E. P., Messina, C. G., Doyle, S., & Kavanagh, K. (2004). Correlation between gliotoxin
production and virulence of  Aspergillus fumigatus in Galleria
mellonella. Mycopathologia, 158(1), 73-79.
https://doi.org/10.1023/b:myc0.0000038434.55764.16

Anitha, R., & Murugesan, K. (2005). Production of gliotoxin on natural substrates by
Trichoderma virens. Journal of basic microbiology, 45(1), 12-109.
https://doi.org/10.1002/jobm.200410451.

Fan, Z., Sun, Z. H., Liu, Z., Chen, Y. C., Liu, H. X,, Li, H. H., & Zhang, W. M. (2016).
Dichotocejpins A-C: New Diketopiperazines from a Deep-Sea-Derived Fungus
Dichotomomyces cejpii FS110. Marine drugs, 14(9), 164.
https://doi.org/10.3390/md14090164

Liu, Z., Fan, Z., Sun, Z., Liu, H., & Zhang, W. (2019). Dechdigliotoxins A-C, Three Novel
Disulfide-Bridged  Gliotoxin ~ Dimers  from  Deep-Sea  Sediment  Derived
Fungus Dichotomomyces cejpii. Marine drugs, 17(11), 596.
https://doi.org/10.3390/md17110596.

59


https://djvs.uodiyala.edu.iq/
https://doi.org/10.71375/djvs.2025.03404
https://doi.org/10.21123/bsj.2020.17.2.0401
https://doi.org/10.1023/b:myco.0000038434.55764.16
https://doi.org/10.1002/jobm.200410451
https://doi.org/10.3390/md17110596

P-1SSN: 2410-8863

DJ VS E-1SSN:2958-6178
https://djvs.uodiyala.edu.ig

Diyala Journal for Veterinary Sciences

ayhull pglall (alba dlao Pages: 50-62

1

Diyala Journal for Veterinary Sciences

Vol. 3 No.4 February (2026) https://doi.org/10.71375/djvs.2025.03404

Scharf, D. H., Brakhage, A. A., & Mukherjee, P. K. (2016). Gliotoxin--bane or
boon?. Environmental microbiology, 18(4), 1096-1109. https://doi.org/10.1111/1462-
2920.13080

Tsunawaki, S., Yoshida, L. S., Nishida, S., Kobayashi, T., & Shimoyama, T. (2004). Fungal
metabolite gliotoxin inhibits assembly of the human respiratory burst NADPH
oxidase. Infection and immunity, 72(6), 3373-3382.
https://doi.org/10.1128/1Al.72.6.3373-3382.2004

Hurne, A. M., Chai, C. L., & Waring, P. (2000). Inactivation of rabbit muscle creatine kinase by
reversible formation of an internal disulfide bond induced by the fungal toxin
gliotoxin. The  Journal of  biological chemistry, 275(33), 25202-25206.
https://doi.org/10.1074/jbc.M002278200

Nishida, S., Yoshida, L. S., Shimoyama, T., Nunoi, H., Kobayashi, T., & Tsunawaki, S. (2005).
Fungal metabolite gliotoxin targets flavocytochrome b558 in the activation of the human
neutrophil NADPH oxidase. Infection and immunity, 73(1), 235-244.
https://doi.org/10.1128/1Al.73.1.235-244.2005.

Gardiner, D. M., Cozijnsen, A. J., Wilson, L. M., Pedras, M. S., & Howlett, B. J. (2004). The
sirodesmin biosynthetic gene cluster of the plant pathogenic fungus Leptosphaeria
maculans. Molecular microbiology, 53(5), 1307-1318. https://doi.org/10.1111/j.1365-
2958.2004.04215.

Gardiner, D. M., & Howlett, B. J. (2005). Bioinformatic and expression analysis of the putative
gliotoxin biosynthetic gene cluster of Aspergillus fumigatus. FEMS microbiology
letters, 248(2), 241-248. https://doi.org/10.1016/j.femsle.2005.05.046.

Kubodera, T., Yamashita, N., & Nishimura, A. (2000). Pyrithiamine resistance gene (ptrA) of
Aspergillus oryzae: cloning, characterization and application as a dominant selectable
marker for transformation. Bioscience, biotechnology, and biochemistry, 64(7), 1416—
1421. https://doi.org/10.1271/bbb.64.1416

Patron, N. J., Waller, R. F., Cozijnsen, A. J., Straney, D. C., Gardiner, D. M., Nierman, W. C., &
Howlett, B. J. (2007). Origin and distribution of epipolythiodioxopiperazine (ETP) gene
clusters in  filamentous ascomycetes. BMC evolutionary  biology, 7, 174.
https://doi.org/10.1186/1471-2148-7-174.

Galagan, J. E., Calvo, S. E., Cuomo, C., Ma, L. J.,, Wortman, J. R., Batzoglou, S., Lee, S. I,
Bastiirkmen, M., Spevak, C. C., Clutterbuck, J., Kapitonov, V., Jurka, J., Scazzocchio, C.,
Farman, M., Butler, J., Purcell, S., Harris, S., Braus, G. H., Draht, O., Busch, S., ...
Birren, B. W. (2005). Sequencing of Aspergillus nidulans and comparative analysis with
A. fumigatus and A. oryzae. Nature, 438(7071), 1105-1115.
https://doi.org/10.1038/nature04341

Bandh, S. A, Kamili, A. N., & Ganaie, B. A. (2012). Identification of some Aspergillus species
isolated from Dal lake, Kashmir by traditional approach of morphological observation

60


https://djvs.uodiyala.edu.iq/
https://doi.org/10.71375/djvs.2025.03404
https://doi.org/10.1128/IAI.72.6.3373-3382.2004
https://doi.org/10.1074/jbc.M002278200
https://doi.org/10.1128/IAI.73.1.235-244.2005
https://doi.org/10.1111/j.1365-2958.2004.04215
https://doi.org/10.1111/j.1365-2958.2004.04215
https://doi.org/10.1016/j.femsle.2005.05.046
https://doi.org/10.1271/bbb.64.1416
https://doi.org/10.1186/1471-2148-7-174
https://doi.org/10.1038/nature04341

P-1SSN: 2410-8863

DJ VS E-1SSN:2958-6178
https://djvs.uodiyala.edu.ig

Diyala Journal for Veterinary Sciences

ayhull pglall (alba dlao Pages: 50-62

1

Diyala Journal for Veterinary Sciences

Vol. 3 No.4 February (2026) https://doi.org/10.71375/djvs.2025.03404

and  culture. African  Journal  of  Microbiology = Research, 6(29), 5824-
5827. https://doi.org/10.5897/AJMR12.1761

Minnat, T. R., & Khalaf, J. M. (2019). Epidemiological, clinical and laboratory study of canine
dermatophytosis in Baghdad Governorate, Iraq. The Iraqi Journal of Veterinary
Medicine, 43(1), 183-196. https://doi.org/10.30539/iragijvm.v43i1.489.

Al-Ezzy, A. I. A., & Abdulameer, S. J. (2021). Phenotypic identification and molecular
characterization of gliotoxin-producing Aspergillus fumigatus isolated from hunters with
special emphasis to clinical manifestations and risk factors in Diyala Province, Irag.
Diyala Journal for Veterinary Sciences, 1(2), 34-48.

Kosalec, 1., Pepeljnjak, S., & Jandrli¢, M. (2005). Influence of media and temperature on
gliotoxin production in Aspergillus fumigatus strains. Arhiv za higijenu rada i
toksikologiju, 56(3), 269-273.

Hussain, Anaam Fuad.(2017). Immunohistological Effects of Gliotoxin  Produced by some
Pathogenic Molds and Yeasts in Albino Male Mice PH.D. Thesis, College of Science,
Department of Biology,Baghdad University

Shah, A., & Panjabi, C. (2016). Allergic Bronchopulmonary Aspergillosis: A Perplexing Clinical
Entity. Allergy, asthma & immunology research, 8(4), 282-297.
https://doi.org/10.4168/aair.2016.8.4.282

Holman, D. B., McAllister, T. A., Topp, E., Wright, A. D., & Alexander, T. W. (2015). The
nasopharyngeal microbiota of feedlot cattle that develop bovine respiratory
disease. Veterinary microbiology, 180(1-2), 90-95.
https://doi.org/10.1016/j.vetmic.2015.07.031

Chirase, N. K., & Greene, L. W. (2001). Dietary zinc and manganese sources administered from
the fetal stage onwards affect immune response of transit stressed and virus infected
offspring steer calves. Animal Feed Science and Technology, 93(3-4), 217-228.

Kousha, M., Tadi, R., & Soubani, A. O. (2011). Pulmonary aspergillosis: a clinical
review. European respiratory review : an official journal of the European Respiratory
Society, 20(121), 156-174. https://doi.org/10.1183/09059180.00001011

Kosalec, 1., & Pepeljnjak, S. (2005). Mycotoxigenicity of clinical and environmental Aspergillus
fumigatus and A. flavus isolates. Acta pharmaceutica (Zagreb, Croatia), 55(4), 365-375.

Abdel-Gawad, K. M. (2021). Aspergillus fumigatus and aspergillosis. American Journal of
Biomedical Science & Research, 14(6).

Kontoyiannis, D. P., & Lewis, R. E. (2006). Invasive zygomycosis: update on pathogenesis,
clinical manifestations, and management. Infectious disease clinics of North
America, 20(3), 581-vi. https://doi.org/10.1016/j.idc.2006.06.003.

61


https://djvs.uodiyala.edu.iq/
https://doi.org/10.71375/djvs.2025.03404
https://doi.org/10.5897/AJMR12.1761
https://doi.org/10.30539/iraqijvm.v43i1.489
https://doi.org/10.4168/aair.2016.8.4.282
https://doi.org/10.1016/j.vetmic.2015.07.031
https://doi.org/10.1183/09059180.00001011
https://doi.org/10.1016/j.idc.2006.06.003

P-1SSN: 2410-8863

DJ VS E-1SSN:2958-6178
https://djvs.uodiyala.edu.ig

Diyala Journal for Veterinary Sciences

ayhull pglall (alba dlao Pages: 50-62

1

Diyala Journal for Veterinary Sciences

Vol. 3 No.4 February (2026) https://doi.org/10.71375/djvs.2025.03404

Ozgun, H., Karagul, N., Dereli, R. K., Ersahin, M. E., Coskuner, T., Ciftci, D. I., Ozturk, I., &
Altinbas, M. (2012). Confectionery industry: a case study on treatability-based effluent
characterization and treatment system performance. Water science and technology : a
journal of the International Association on Water Pollution Research, 66(1), 15-20.

Hussein, A., Sulaiman, G., & Hashim, A. J. (2017). Improving conditions for gliotoxin
production by local isolates of Aspergillus fumigatus. Journal of biotechnology research
center, 11(1), 14-24.

Nouri, M. A., Al-Halbosiy, M. M., Dheeb, B. I., & Hashim, A. J. (2015). Cytotoxicity and
genotoxicity of gliotoxin on human lymphocytes in vitro. Journal of King Saud
University-Science, 27(3), 193-197.

Sael, H. A., Mohammed, H. A., Maher, A. S.,;, & Muhammed, H. G. (2019). Detection of
gliotoxin as virulence factor in Aspergillus fumigatus. Research Journal of
Biotechnology, 14(Special Issue 1), March 2019.

Zhang, X. Q., Xu, Z. P, Yang, C. L., Wang, J. P.,, & Wei, Z. (2012). Analytical Method of
Gliotoxin Content by HPLC. Advanced Materials Research, 581, 46-49.

Klich M. A. (2009). Health effects of Aspergillus in food and air. Toxicology and industrial
health, 25(9-10), 657—667. https://doi.org/10.1177/0748233709348271

Belli, N., Marin, S., Sanchis, V., & Ramos, A. J. (2004). Influence of water activity and
temperature on growth of isolates of Aspergillus section Nigri obtained from
grapes. International journal of food microbiology, 96(1), 19-27.
https://doi.org/10.1016/j.ijfoodmicro.2004.03.004

Pena, G. A., Monge, M. d. P, Landa, M. F., Dalcero, A. M., Rosa, C. A. d. R., & Cavaglieri, L.
R. (2015). Growth and gliotoxin production by feed-borne Aspergillus fumigatus sensu
stricto strains under different interacting environmental conditions. World Mycotoxin
Journal, 8(1), 75-85.

62


https://djvs.uodiyala.edu.iq/
https://doi.org/10.71375/djvs.2025.03404
https://doi.org/10.1177/0748233709348271
https://doi.org/10.1016/j.ijfoodmicro.2004.03.004

