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Abstract
Introduction: In Burkina Faso, the effectiveness of the
various disinfectants against Aspergillus spores used on
medical devices has not yet been demonstrated. Thus the
effectiveness of glutaraldehyde, one of the high-level
disinfectants, used most often in the disinfection of these
medical devices, deserves to be proven through a scientific
study. Therefore, our study aimed to determine the
minimum inhibitory concentration as a function of contact
time of glutaraldehyde on Aspergillus flavus, Aspergillus
niger and Aspergillus fumigatus.

Materials and Methods: This was an experimental study to
evaluate the sporicidal effects of glutaraldehyde on the
three species of Aspergillus. The survival of the spores of
these species of Aspergillus is estimated after contact with
solutions at a concentration of 0.5% to 2% of
glutaraldehyde, and on a contact time of 1 to 30 minutes.

Results: Different concentrations of glutaraldehyde were
tested for their sporicidal effects on Aspergillus flavus,
Aspergillus niger and Aspergillus fumigatus. The
germination of A. flavus spores was 100% inhibited at a
dose of 2% and for a contact time of 5 minutes. While the
germination of A. niger and A. fumigatus spores, was 100%
inhibited at a dose of 2% and for a contact time of 30
minutes.

Conclusion: Glutaraldehyde exhibits a strong dose-
dependent and contact time-dependent inhibitory effect of
the germination of spores of A. fumigatus, A. flavus and A.
niger. At this dose and at a minimum contact time of 5 min,
glutaraldehyde is recommended for the disinfection of
hospital equipment, concerning certain sensitive
microorganisms such as A. flavus.
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Introduction
Healthcare Associated Infections (HAIs) are a health problem.

They occur during or during the care of a patient in hospital. The
occurrence of these infections in a hospital environment is
favored by many factors. These are among others factors linked
to patients, exposure to invasive medical devices and
inadequacies in the quality of care. The same is true of defects in
cleaning, disinfection and sterilization, which are potential
factors in the development of many microorganisms [1-4].

Among the microorganisms encountered during HAIs, in
addition to bacterial and viral agents, we find fungi, in particular
molds of the genus Aspergillus. Aspergillus are responsible for
various opportunistic infections (Aspergillosis) in humans
through the spores they produce in abundance [5,6].

In hospital, aspergillosis occurs mainly in patients with
compromised immunity such as patients with HIV/AIDS, patients
treated for hemopathy, long-term neutropenic patients, patients
transplanted with hematopoietic stem cells and solid organs,
patients on long-term corticosteroids [7,8].

The main locations are in the lung, brain, kidney, liver, heart
and spleen. Among these infections, invasive pulmonary
aspergillosis is the most common and serious. It is a more or less
distal bronchial Aspergillus invasion, an invasion of the
pulmonary and/or vascular parenchyma causing visceral
dissemination [9-11]. Its mortality rate reaches 90% [12,13].
Treatment is expensive and the side effects of antifungals can be
severe. No chemoprophylaxis protocol has yet demonstrated
significant efficacy [14-17].

The most pathogenic and frequently encountered Aspergillus
species in the hospital environment of the Hospital Center
University-Yalgado Ouédraogo (CHU-YO) are: A. fumigatus, A.
flavus, A. niger. These species are also the most isolated in the
different forms of invasive aspergillosis [17].

The prevention of nosocomial invasive infections linked to
Aspergillus spores in high-risk patients is therefore based on
controlling the environmental risk. This involves the installation
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of an air treatment system, medical equipment by means of 
disinfection [14,16,18].

At CHU-YO, the effectiveness of the various disinfectants used 
has not yet been demonstrated. Thus, the effectiveness of 
glutaraldehyde, a high-level disinfectant used at CHU-YO, most 
often in the disinfection of these medical devices, deserves to be 
proven through an experimental study in the laboratory.

It is in this perspective that we evaluated the sporicidal effect 
of glutaraldehyde on the three main Aspergillus species most 
frequently encountered at CHU-YO.

Materials and Methods

Type of study
This was an experimental study to evaluate the sporicidal 

effects of glutaraldehyde on A. fumigatus, A. flavus, and A. 
niger. It took place over a two-month period from October to 
November 2020.

Disinfectant
The disinfectant tested is glutaraldehyde distributed by the 

hygiene department to certain departments of the CHU-YO. It 
has a wide spectrum of activity. It is an unstable product above 
50°C and at pH above 8.5. It is used in the disinfection by 
soaking of heat-sensitive medical devices. It can also be used for 
the disinfection of floors and surfaces. It is used when the level 
of risk is high [19-21].

Culture medium for Aspergillus strains
We used as medium, Potato Dextrose Agar (PDA), at acidic pH 

of 5.6 with as reference: Liofilchem/Ref: 610102; Lot: 
060619501. This is a medium used for the cultivation and 
enumeration of yeasts and molds. This medium contains 15.0 g 
of agar, 20.0 g of dextrose, and 4.0 g of potato infusion [22].

Fungal material
The antifungal activity of different concentrations of 

glutaraldehyde was evaluated on three fungal species of the 
genus Aspergillus, which are: Aspergillus fumigatus, Aspergillus 
flavus and Aspergillus niger. Our choice fell mainly on these 
species since they are often involved in various Aspergillus 
infections, and they are the most frequently encountered in the 
hospital environment of the CHU-YO.

Collection of the three fungal species
The strains of each species were obtained from the 

parasitology-mycology laboratory of the CHU-YO. These molds 
come from different samples from patients received in this 
laboratory. The colonies which had been isolated were sub 
cultured. 

To do this, a colony fragment was removed using a sterilized 
pipette; this fragment was then placed in the center of a new 
Petri dish carefully labelled and containing the PDA medium. 
Subsequently the inoculated medium was incubated at 25°C for 
two weeks in the Parasitology laboratory of the UFR/SDS. Thus 
aged spores were obtained according to the protocol.

Preparation of  Aspergillus  spore suspensions
Spore suspensions of the selected Aspergillus species were 

prepared from the two-week-old PDA cultures at 25°C. For this 
the spores were collected with a sterile bacteriological loop to 
be diluted in 5 ml of sterile distilled water, and transferred to 
100 ml of sterile distilled water in a 250 ml conical flask. The 
resulting suspensions were stirred for 10 mins at 25°C and 
filtered through two layers of sterile compresses to remove the 
fungal mycelium. The spore concentration was determined with 
a Malassez cell and was adjusted to 105 spores/ml.

Preparation of solutions with different concentrations 
of glutaraldehyde

Solutions with different concentrations of glutaraldehyde 
namely, 0%; 0.5%; 1% and 1.5% were obtained after diluting the 
2% solution.

Inoculation of the different concentrations containing 
the strain on the PDA medium

One milliliter of the spore suspension of A. fumigatus or A. 
flavus or A. niger was added to a tube containing 9 ml of one of 
the solutions of the different concentrations v/v of 
glutaraldehyde (0%; 0.5%; 1%; 1.5% and 2.0%). Then each 
mixture was incubated at 25°C for 1, 5, 10, 15, 25, and 30 min. 
Then 0.1 ml of the suspension at each incubation period as well as 
the concentrated solution of glutaraldehyde used were 
inoculated on PDA medium and followed by incubation for 6 
days at 25°C.

Calculation of percentage of inhibition
Survival of the fungus was expressed as the mean number of 

Colony Forming Units (CFU) per ml. The percentages of 
inhibition of spore germination for the three fungi studied were 
calculated according to the formula: P=(X-Xa/X)x100.

P: Spore germination inhibition rate

X: Estimation of germination in control medium.

Xa: Estimation  of germination  in the medium    with  
glutaraldehyde.

Data analysis
The data collected was recorded on a collection sheet, and 

the analysis was carried out using excel version 2013 software.
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Results

Determination of the Minimum Inhibitory

Concentration (MIC) of glutaraldehyde on A. flavus
No colony was observed on PDA agar with the strain of 

A. flavus, 5 min after contact with 2% glutaraldehyde. This is
shown in Table 1.

Contact time Concentration
(%)

Number of
colonies

Percentage of
inhibition (%)

1 minute 0 200 0

0,5 144 28

1 13 93,5

1,5 4 98

2 2 99

5 minutes 0 200 0

0,5 17 91,5

1 3 98,5

1,5 2 99

2 0 100

10 minutes 0 200 0

0,5 16 92

1 1 99,5

1,5 0 100

2 0 100

15 minutes 0 200 0

0,5 6 97

1 1 99,5

1,5 0 100

2 0 100

25 minutes 0 200 0

0,5 6 97

1 1 99,5

1,5 0 100

2 0 100

30 minutes 0 200 0

0,5 5 97,5

1 1 99,5

1,5 0 100

2 0 100

Table 1: Percentage of inhibition of the germination of spores 
of A. flavus in response to different concentrations of 
glutaraldehyde as a function of time.

At a concentration of 2% after one minute of contact time
glutaraldehyde inhibits 80% of A. flavus, while within 5 min at
the same concentration 100% of the spores are inhibited. The
data presented in Table 1 are translated more explicitly in
(Figure 1).

Figure 1: Percentage of inhibition of germination of A. 
flavus spores with lutaraldehyde.

Determination of the Minimum Inhibitory

Concentration (MIC) of glutaraldehyde on A. niger
Regarding the strain of A. niger, it was only after 30 

minutes of contact with 2% glutaraldehyde that no colony was 
observed on the PDA agar. This is shown in Table 2.

Contact time Concentration
(%)

Number of
colonies

Percent of
inhibition (%)

1 minute 0 120 0

0,5 80 33,33

1 76 36,66

1,5 21 82,5

2 16 86,66

5 minutes 0 120 0

0,5 68 43,33

1 48 60

1,5 19 84,16

2 5 95,83

10 minutes 0 120 0

0,5 52 56,66

1 44 63,33

1,5 13 89,16

2 5 95,83

15 minutes 0 120 0

0,5 34 71,66

1 20 83,33

1,5 8 93,33

2 5 95,83

25 minutes 0 120 0
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0,5 30 75

1 20 83,33

1,5 6 95

2 2 98,33

30 minutes 0 120 0

0,5 20 83,33

1 15 87,5

1,5 6 95

2 0 100

Table 2: Percentage of inhibition of spore germination of A.
niger in response to different concentrations of glutaraldehyde
as a function of time.

At a concentration of 1.5% and at one minute of contact time
glutaraldehyde inhibits 80% of the spores of A. niger. This same
percentage of inhibition is achieved at the concentration of 1%
from 15 minutes of contact time and complete inhibition is
achieved at the concentration of 2% in 30 minutes of contact
time. This is illustrated in (Figure 2).

Figure 2: Percentage of inhibition o f germination of  A.  niger 
spores with glutaraldehyde.

Determination of the Minimum Inhibitory
Concentration (MIC) of glutaraldehyde on A.

fumigatus
As for A. fumigatus, it was also after 30 minutes of contact 

with 2% glutaraldehyde that no colony was observed on the PDA 
agar. This is shown in Table 3 below.

Contact time Concentration
(%)

Number of
colonies

Percentage of
inhibition (%)

1 minute 0 200 0

0,5 192 4

1 110 45

1,5 96 52

2 52 74

5 minutes 0 200 0

0,5 104 48

1 66 67

1,5 33 83,5

2 11 94,5

10 minutes 0 200 0

0,5 90 55

1 28 86

1,5 9 95,5

2 7 96,5

15 minutes 0 200 0

0,5 80 60

1 18 91

1,5 6 97

2 2 99

25 minutes 0 200 0

0,5 54 73

1 12 94

1,5 5 97,5

2 1 99,5

30 minutes 0 200 0

0,5 48 76

1 7 96,5

1,5 4 98

2 0 100

Table 3: Percentage of inhibition of the germination of spores
of A. fumigatus in response to different concentrations of
glutaraldehyde as a function of time.

At a concentration of 1.5%, and from 5 minutes of contact
time glutaraldehyde inhibits 80% of the spores. This same
percentage of inhibition is achieved at the concentration of 1%
from 10 minutes of contact time and complete inhibition is
achieved at the concentration of 2% in 30 minutes of contact
time. This is illustrated in Figure 3 below.

Figure 3: Percentage of inhibition o f germination of  A. 
fumigatus spores with glutaraldehyde.

Summary of MICs according to fungal species and
contact time

The summary of MICs by fungal species and contact time is 
presented in Table 4.
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Table 4: Summary of MICs according to fungal species and 
contact time.

Table 4 shows us that from 5 min of contact time 2%
glutaraldehyde inhibits 100% of the spores of the species A. 
flavus, while for the other two species it takes up to 30 minutes 
of contact time at the same concentration to obtain the same 
result.

Discussion
MIC analysis revealed that glutaraldehyde exhibited an 

inhibitory effect on the germination of Aspergillus spores tested 
with varying sensitivity depending on the concentration and the 
contact time from one species to another. It is well known that 
contact time is an important parameter in the effectiveness of 
disinfectants. This efficiency is equal to the product of the 
contact time and the concentration. Failure to observe the 
recommended contact time if it is shorter does not allow the 
active ingredient to fully inhibit germs. It should also be 
noted that a very prolonged contact time could 
deteriorate the plastic surfaces [23,24]. Our choice of the three 
species of Aspergillus for the study is explained by their 
pathogenicity and their frequency in the hospital 
environment of the Yalgado Ouédraogo University Hospital 
[2,17].

The spores of A. flavus were inhibited after 5 min of exposure 
to 2% glutaraldehyde and from 10 min of contact time at the 
1.5% concentration all of the spores were inhibited. This is 
explained by the very high sensitivity of A. flavus to 
glutaraldehyde.

With regard to A. niger, from 1 to 25 minutes of contact time 
and whatever the concentration of glutaraldehyde the spores 
were always present. It was not until 30 minutes of contact and 
at the concentration of 2% that the inhibition was complete. The 
same is true for the strain of A. fumigatus. This could be 
explained by the fact that A. niger and A. fumigatus would show 
a dose-dependent sensitivity to glutaraldehyde. These results 
corroborate those of Lensing HH et al. who found 2%
glutaraldehyde to be an inhibitor of A. niger and A. fumigatus 
but only after a long exposure period [25].

The choice of a disinfectant must be made according to nine 
basic parameters to consider which are:

− Sought objective: all-purpose product or specialized
product

− Degree of disinfection: regular maintenance, terminal
disinfection

- Action time: a contact time of 15 minutes or less

- Wide spectrum of activity: effect on as many microbes as
possible

- Nature of the surfaces to be treated

- Compatibility with materials: product that damages
materials as little as possible

- Health and safety for employees and beneficiaries: follow
standards or best practices

- Environment: use products that have reduced effects on
the environment

- Quality/price ratio [24,25].

Of these nine parameters cited our study concerned the contact 
time. For this we noticed that only A. flavus meets this 
criterion because at 5 min already the inhibition rate is 100%. 
However, for A. niger and A. fumigatus this inhibition rate is 
reached after 15 minutes. Hence with regard to glutaraldehyde 
while taking into account these nine parameters concerning its 
sporicidal effect we must also take into account the species of 
Aspergillus targeted in the disinfection.

Conclusion
Glutaraldehyde exhibits a strong dose-dependent and contact 

time-dependent inhibitory effect of the germination of spores of 
A. fumigatus, A. flavus and A. niger. Due to its significant
disinfection potential it allows the eradication of the fungi in
question on reusable medical devices in service rooms and this
from a dose of 2%. At this dose and at a minimum contact time
of 5 min glutaraldehyde is recommended for the disinfection of
hospital equipment concerning certain sensitive microorganisms
such as A. flavus.
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