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Abstract 

Laboratory indoor environments play important roles in human health and laboratory experiments. Contamination 
wastes time and resources as well as posing serious risks to human health due to toxicity. Fungi (molds), like other 
microorganisms are ubiquitous in distribution and in complexity towards causing human diseases. However, the 
awareness of the number and nature of molds in any giving laboratory per time will help to better strategize their 
control mechanisms. The aim of this study was to evaluate some tissue culture laboratory surfaces and indoor air for 
fungal contamination in some selected Laboratories in the Federal Capital territory (FCT), Abuja, Nigeria. Using swab 
and air sampling procedures, fungi were isolated from plantlets, tables, wall and the air of the laboratory rooms of fifteen 
tissue culture laboratories and cultured on Streptomycin-supplemented Potato Dextrose Agar (PDA).  The discrete 
colonies that developed were identified using morphological and microscopical characterization.  The fungal species 
isolated from these laboratories include; Aspergillus niger, Alterneria sp., Aspergillus terreus, Aspergillus flavus, 
Cladosporium sp., Rhizopus sp., Penicillium sp., Fusarium sp. and Geotrichum sp. The results shown that most of the 
laboratories were highly contaminated and that Aspergillus was the predominant fungal genera and A. niger recorded 
the highest overal occurence. Since using plant tissue culture techniques holds promise in substantially augmenting the 
number of novel cultivars and genotypes of many fruit crops, adhering to standard operating procedures is highly 
recommended in the studied areas and Nigeria as a whole.  
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1. Introduction

Microbiology and Biotechnology laboratory indoor environments play important roles in human health and laboratory 
experiments. Obvious research development takes place in most of these laboratories (Chew et al., 2016).  
Contamination of cultures and experimental procedures often wastes time and resources as well as posing serious risks 
to human health due to toxicity. Many cases, there are often mold growth where there is high moisture due to water 
damage or constant high humidity. From these places, invisible spores can be transported indoors on clothing, shoes, 
or pets, or they may blow in through open doors, windows, or ventilation systems. It is recorded that spores can survive 
on wood, paper, carpet, soil, plants, fabrics, and other surfaces. When they are right conditions, such as humidity and 
temperature, mold spores begin to germinate, gradually producing an increasingly expanding network of hyphae 
(Larenas et al., 2016). One of the symtoms of the presence of mould is that they may be perceived by the nose because 
of this, the pungent organic compounds molds release into the air. The presence of musty odor raises suspicion 
that a major mold contamination is present before they are seen physically. Also, an initial indoor environmental 
assessment involves a visual inspection of the floor, walls, windows, and air handling system. Any damp areas in the 
laboratory often ought to be monitored for the presence of molds from where they the spores can move to other parts 
of the laboratory where contamination of laboratory procedures do take place (Sothern et al., 2022). 
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1.1. Statement of Problem 

Fungi (molds), like other microorganisms are ubiquitous in distribution and in complexity towards causing human 
diseases. Mold is ubiquitous outdoors, and it is readily introduced or physically transported into the workplaces and 
laboratory procedures (Mendell and Adams, 2022). Report has shown that there are approximately 100 indoor molds 
that have been identified as potentially hazardous to human health. Some of them are found both in the air and dust in 
indoor experimental laboratory areas.  

1.2. Justification 

In most laboratory, the awareness of the number and nature of molds in any giving laboratory per time will help to 
better strategize their control mechanisms. In indoor mold investigations, air sampling is performed to detect and 
quantify airborne mold spores and other ill-health associated with their presence such as allergens to assess the level 
and severity of their health effects due to the human exposure. Understanding their presence and prevalence will also 
help to monitor the effectiveness of control measures during remediation, and for post-remediation clearance testing 
as well as other control plans that might be required. Air samples analysis of cultured media has been reported as an 
effective method of studying airborne fungi in an enclosed area (Aktas et al., 2018).  The aim of this study was to evaluate 
some tissue culture laboratory surfaces and indoor air for fungal contamination in some selected Laboratories in the 
Federal Capital territory (FCT), Abuja, Nigeria.  

2. Materials and Methods 

Using swab and air sampling procedures, fungi were isolated from plantlets, tables, wall and the air of the laboratory 
rooms of a tissue culture laboratory and cultured on Streptomycin-supplemented Potato Dextrose Agar (PDA) for 3-5 
days at 280C.  Using the method of Kator et al., 2015, the discrete colonies that developed were studied for the 
identification of the fungi, both from the surface and the reverse views of the respective culture on the media plates. For 
the macroscopic identification, colony characteristics including the appearance, change in medium colour (reverse) and 
growth rate were observed on the Petri plates.  For the microscopic identification, a thin smear of fungi isolates from 5–
7-day-old cultures were inoculated aseptically on a clean glass slide using a sterile inoculating loop.  A drop of 
lactophenol cotton blue was added and the mixture was covered with a cover slip and viewed under 40x objective of 
the light microscope.  The respective shapes of the conidia, the conidiophores and all other microscopic details were 
observed and taken note of, and the features were matched according to the method of Kator et al. (2018).  

3. Results and Discussion 

The fungi contamination has been reported as a constant problem, which often compromise development of all in vitro 
techniques. This study aimed at investigating the sources of microbial contamination in tissue culture laboratories in 
FCT, Abuja, Nigeria. Nineteen microbial contaminants (consisting of eleven bacteria and eight fungi) were found 
associated with the tissue culture  plants and the laboratory environments. This result agrees with early experiments 
by Miller et al., (2020). 

The fungal species and the frequency of occurrence is as shown on Table 1. They include; Aspergillus niger, Alterneria 
sp., Aspergillus terreus, Aspergillus flavus, Cladosporium sp., Rhizopus sp., Penicillium sp., Fusarium sp. and Geotrichum sp. 
The results shown that most of the laboratories were highly contaminated and that Aspergillus was the predominant 
fungal genera and A. niger recorded the highest occurrence. Nine species of fungi were found associated with the tissue 
culture laboratory contamination.  High incidence of Aspergillus has been reported in several literatures as a major 
contaminating mold (Shafiq et al., 2015). 

The rate of occurrence of Aspergillus isolates was higher than that of other fungal isolates in the  plant tissue cultures 
studied (Table 1).  
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Table 1 Occurrence of fungi (mold) in the tissue culture Laboratory studied 

 

Plantlet had the highest presence of A. niger (45.3). The laboratory walls and tables also harbored fungal contaminants. 
The laboratory indoor air was found associated with all the contaminating fungi isolated in the work.  

 

Figure 1 Colonial Morphologies of Some of the Fungal Isolated; A = Aspergillus niger; Fusarium sp. (Matured) and C & 
D = Front and Reverse view of Fusarium sp. (Young) 
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Saglani et al., 2021 has earlier reported severe contamination of laboratory air space with fungi. Fungal contaminants 
of plant tissue cultures have also been reported by Risslegger et al., (2017). Most of these fungal contaminants have 
been reported to increase culture inferiority, the presence of latent infections can result in variable growth, tissue 
necrosis, reduced shoot proliferation and reduced rooting (Lackner et al., 2017). Although some of these contaminants 
might be endogenously embedded in the plant tissues, some might also have emanated from contaminated tools, which 
were not investigated. Ullmann et al., (2017) reported that the spread of fungal contamination was caused by insufficient 
flaming of contaminated tools and by survival of fungal spores in 96% ethanol for a few hours. While flaming for 5s or 
more (till the inoculating tools become red hot) did eliminate the spread of bacterial contamination at transfers. The 
use of Bacti-Cinerator during 12s, by inserting inoculating tools in the middle of the heating element, not on the edges 
has also proved effective (Jukic et al., 2017). Tissue culture vessels are always closed with loose-fitting caps to allow 
gaseous exchange with the external environment.   However, Mites and thrips carrying spores of fungi might enter 
thereby contaminating it. Therefore, there is need for proper observation of procedures to reduce the incidence of fungi 
in the sensitive laboratories. 

Aspergillus complex refers to the Aspergillus species represented by common groups as the Aspergillus 
fumigatus species complex, Aspergillus flavus species complex, Aspergillus terreus species complex, and Aspergillus 
niger species complex (Arendrup et al., 2012). The occurrence of these species in the laboratory is as shown in Fig. I. 

3.1. The Aspergillus complex 

 

 

Figure 2 Occurrence of Aspergillus complex in the tissue culture Laboratory studied 

Aspergillus niger is associated with many crops and plant parts that are moist. While it is less likely to cause disease in 
humans and animals compared to other common species of Aspergillus, it can still cause opportunistic invasive 
pulmonary aspergillosis especially in individuals with a compromised immune system (Chowdhary et al., 2017). This 
can occur on inhalation of spores from a damaged epithelial lining and respiratory tract system, leading to severe lung 
disease. Aspergillus niger can also cause aspergillosis in horticulture and tissue culture workers who are frequently 
exposed to inhalation of peat dust and decaying explants, which are rich in Aspergillus spores. In addition, Aspergillus 
niger is a common cause of otomycosis, a type of fungal ear infection (Risslegger et al., 2018). Otomycosis is associated 
with temporary impaired hearing, pain, and severe cases that can damage the ear canal and the tympanic membrane. It 
is typically seen in tropical and subtropical regions and is more prevalent in individuals with a history of exposure to 
contaminated water, ear canal trauma, or the use of hearing aids. Thus, the need to document the occurrence and status 
of the organisms in the air of laboratory cannot be over emphasized to understand the nature of their compositions and 
how they can affect the laboratory procedures and the health risks of the technicians (Steinbach et al., 2012).  

Although, not all Alternaria species are pests and pathogens; some have shown promise as biocontrol agents against 
invasive plant species. Some species have also been reported as endophytic microorganisms with highly bioactive 
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metabolites. However, their presence as contaminants in tissue culture laboratories is of much concern. They are normal 
agents of decay and decomposition and this explains why twigs and other explant materials should not be left 
undisposed from the tissue culture environments (Blatzer et al., 2015). The spores of this fungus are airborne and are 
found in the soil and water, as well as indoors and on objects such as laboratory benches.  

 Aspergillus terreus is a filamentous fungi species that is commonly found in soil, decaying plant material, and indoor 
environments such as tissue culture laboratories. Although it is typically considered to be of low pathogenicity, reports 
have shown that it can still cause a range of health conditions, particularly in individuals with compromised immune 
systems. Infections associated with A. terreus have been reported increasingly as the cause of acute and chronic 
aspergillosis (Lewis et al. 2012). Invasive diseases are associated with a high rate of dissemination of spores through 
the air and may show poor sanitary conditions. It is an opportunistic pathogen that can cause both systemic and 
superficial infections (Blum et al., 2013). It is responsible for illnesses related to aspergillosis, affecting the respiratory 
system. Hey can also cause other illnesses such as allergic bronchopulmonary aspergillosis, aspergilloma, and invasive 
diseases. 

Aspergillus flavus is a saprotrophic and pathogenic fungus with a highly well-distributed status. It is best known to 
colonizing plants such as cereal grains, legumes and tree nuts (Salas et al., 2013). It is unique in that it is a thermotolerant 
fungus, as such can survive at temperatures that other fungi cannot. A. flavus can contribute to the storage rots, 
especially when the plant material is stored at high moisture levels. This might be accounted for the occurrence of the 
fungus in tissue culture environment because, twigs of plant parts left from explants untidy might be responsible for 
hosting the spores by providing the necessary conditions for colonization (Binder et al, 2015).  

A. flavus grows and thrives in hot and humid climate, which thus explain their high incidence in Africa. The pathogen is 
also recorded to causing liver cancer through consumption of contaminated feed or aspergillosis through invasive 
growth. (). After A. fumigatus, A. flavus is reported to be the second-leading cause of aspergillosis through the inhalation 
of their spores (). Two allergens have been characterized in A. flavus: Asp fl 13 and Asp fl 18. In tropical and warm 
climates, A. flavus has been shown to cause keratitis in about 80% of infections.   

4. Conclusion  

Since the use of plant tissue culture techniques have several biotechnology advantages, and promise in substantially 
adding values to the number of novel cultivars and genotypes of many fruit crops, it is noteworthy to adhere to basic 
standard operating procedures during the laboratory operation as well as designing efficient cleanliness of those 
laboratories. It is also recommended here that this type of study be extended to other laboratories in Nigeria in order 
to have more knowledge of the status of contaminating fungi in such laboratories. The knowledge gleaned in this study 
should be communicated to health care givers for their knowledge and planning purposes.  Comparison of levels of 
contamination of tissue culture laboratories with other non-tissue laboratories should also be carried out in order to 
have better understanding of the possible sources and movement of contaminating agents. Lastly, reduction of humidity 
by increasing ventilation, covering cold surfaces such as water pipes with insulation, and increasing the air temperature 
to reduce surface humidity should be encouraged in the laboratory.  

Compliance with ethical standards 

Disclosure of conflict of interest 

No conflict of interest to be disclosed.  

References 

[1] Chew GL, Horner WE, Kennedy K, (2016): Procedures to Assist Health Care Providers to Determine When Home 
Assessments for Potential Mold Exposure Are Warranted. J Allergy Clin Immunol Pract 2016; 4:417. 

[2] Aktas YD, Ioannou I, Altamirano H, (2018): Surface and passive/active air mould sampling: A testing exercise in 
a North London housing estate. Sci Total Environ 2018; 643:1631. 

[3] Mendell MJ and Adams RI. (2022): Does evidence support measuring spore counts to identify dampness or mold 
in buildings? A literature review. J Expo Sci Environ Epidemiol 2022; 32:177. 

[4] Sothern WM, O'Beirne SL, Berg M, (2022): Misalignment between Clinical Mold Antigen Extracts and Airborne 
Molds Found in Water-damaged Homes. Ann Am Thorac Soc 2022; 19:746. 



GSC Biological and Pharmaceutical Sciences, 2025, 31(03), 049–054 

54 

[5] Larenas-Linnemann D, Baxi S, Phipatanakul W, (2016): Clinical Evaluation and Management of Patients with 
Suspected Fungus Sensitivity. J Allergy Clin Immunol Pract 2016; 4:405. 

[6] Shafiq Sh  A, (2015): Antigonistic activity of probiotic and sea weed extract against vegetative growth for some 
fungal and zearalenone production World Journal of Pharmaceutical Research. 2015; 4(1):1577-1585.  

[7] Saglani S, Harris K, Wallis C. and Hartley J. (2021). Emphysema: the use of broad range 16S rDNA PCR for 
pathogen detection. Journal of Biomedical Microbiology. 90(1): 70–73.  

[8] Miller B.C., Xu  J, Earle  J.A, Evans J and  Moore J.E. (2020): Comparison of four rDNA  primer  sets  (18S,  28S, ITS1,  
ITS2)  for  the  molecular identification of yeasts and filamentous fungi of medical importance. Biomedical 
Science.; 64:84–89.  

[9] Risslegger B., Zoran T., Lackner M., Aigner M., Sánchez-Reus F., Rezusta A., Chowdhary A., Taj-Aldeen S.J., 
Arendrup M.C., Oliveri S. (2017): A prospective international Aspergillus terreus survey: An EFISG, ISHAM and 
ECMM joint study. Clin. Microbiol. Infect. 2017; 23:776. 

[10] Lackner M., Coassin S., Haun M., Binder U., Kronenberg F., Haas H., Jank M., Maurer E., Meis J.F., Hagen F. (2016): 
Geographically predominant genotypes of Aspergillus terreus species complex in Austria: A microsatellite typing 
study. Clin. Microbiol. Infect. 2016; 22:270–276. 

[11] Hachem R., Ribeiro Gomes M.Z., el Helou G., el Zakhem A., Kassis C., Ramos E., Jiang Y., Chaftari A., Raad I.I. Invasive 
aspergillosis caused by Aspergillus terreus: An emerging opportunistic infection with poor outcome independent 
of azole therapy. J. Antimicrob. Chemother. 2014; 69:3148–3155. 

[12]      Ullmann A.J., Aguado J.M., Arikan-Akdagli S., Denning D.W., Groll A.H., Lagrou K., Lass-Flörl C., Lewis R.E., Munoz 
P., Verweij P.E. (2017): Diagnosis and management of Aspergillus diseases: Executive summary of the 2017 
ESCMID-ECMM-ERS guideline. Clin. Microbiol. Infect. 2018;24: e1–e38. 

[13] Jukic E., Blatzer M., Binder U., Mayr L., Lass-Flörl C., Lackner M. (2017): Impact of morphological sectors on 
antifungal susceptibility testing and virulence studies. Antimicrob. Agents Chemother. 2017;61: e00755-17. 

[14] Arendrup M.C., Jensen R.H., Grif K., Skov M., Pressler T., Johansen H.K., Lass-Flörl C. In vivo emergence of 
Aspergillus terreus with reduced azole susceptibility and a Cyp51a M217l alteration. J. Infect. Dis. 2012; 206:981–
985. 

[15] Chowdhary A., Sharma C. and Meis J.F. (2017): Azole-resistant aspergillosis: Epidemiology, molecular 
mechanisms, and treatment. J. Infect. Dis. 2017;216: S436–S444. 

[16] Risslegger B., Zoran T., Lackner M., Aigner M., Sánchez-Reus F., Rezusta A., Chowdhary A., Taj-Aldeen S.J., 
Arendrup M.C. and Oliveri S. (2018): Azole-resistance in Aspergillus terreus and related species: An emerging 
problem or a rare phenomenon? Front. Micorbiol. 2018; 9:516. 

[17] Steinbach W.J., Marr K.A., Anaissie E.J., Azie N., Quan S., Meier-Kriesche H., Apewokin S., Horn D.L. (2012): Clinical 
epidemiology of 960 patients with invasive aspergillosis from the PATH Alliance registry. J. Infect. 2012; 65:453–
464.  

[18] Lewis R.E., Albert N.P., Liao G., Wan W., Prince R.A. and Kontoyiannis D.P. (2013): High-dose induction liposomal 
amphotericin B followed by de-escalation is effective in experimental Aspergillus terreus pneumonia. J. 
Antimicrob. Chemother. 2013; 68:1148–1151. 

[19] Blum G., Hörtnagl C., Jukic E., Erbeznik T., Pümpel T., Dietrich H., Nagl M., Speth C., Rambach G. and Lass-Flörl C. 
(2013): New insights into amphotericin B resistance in Aspergillus terreus. Antimicrob. Agents Chemother. 
2013;57: 1538–1588. 

[20] Blatzer M., Blum G., Jukic E., Posch W., Gruber P., Nagl M., Binder U., Maurer E., Sarg B., Lindner H. (2015): Blocking 
Hsp70 enhances the efficiency of amphotericin B treatment against resistant Aspergillus terreus strains. 
Antimicrob. Agents Chemother. 2015; 59:3778–3788. 

[21] Salas V., Pastor F.J., Sutton D.A., Calvo E., Mayayo E., Fothergill A.W., Rinaldi M.G. and Guarro J. (2013): MIC values 
of voriconazole are predictive of treatment results in murine infections by Aspergillus terreus species complex. 
Antimicrob. Agents Chemother. 2013; 57:1532–1534. 

[22] Binder U., Maurer E., Lackner M. and Lass-Flörl C. (2015): Effect of reduced oxygen on the antifungal 
susceptibility of clinically relevant aspergilli. Antimicrob. Agents Chemother. 2015; 59:1806–1810. 

[23] Kator, L., Akomaye, M. U., and Okoro, J. K., (2015): "Efficacy of some botanicals in the control of fungi causing 
postharvest rot of yam in katube market, Obudu, Nigeria."  IOSR Journal of Pharmacy and Biological Sciences, vol. 
10, pp. 33-41  


