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A B S T R A C T

The increase in antibiotic-resistant bacteria and air contamination is a critical issue that requires significant 
scientific attention. This study was undertaken to isolate, identify, and detect antibiotic-resistant bacteria around 
garbage containers located in Jeddah city. A total of 40 plates were exposed to the air around garbage containers 
in major areas of the city such as Al-Salama, Al-Zahra, Al-Safa, and Al-Faisaliyah. The sample plates were taken 
to the laboratory within an hour for incubation. In total, 38 airborne bacteria were isolated and identified. 
Overall, 26.325 % of isolates showed multiple drug resistance (MDR). The highest percentage of resistance was 
seen against ampicillin (90 %), cefotaxime (80 %), cefuroxime (80 %), ceftrazime (80 %), augmentin (50 %), and 
cefoperazone (20 %). The multiple antibiotic index is seen between 0.16 and 0.5. Al-Safa and Al-Salama were 
regions that showed the highest contamination of airborne antibiotic-resistant bacteria. These results suggest that 
the selected area has a significant prevalence of multiple drug resistance to routinely used antibiotics. Due to 
selection pressure, contaminants like bacteria or other pollutants around garbage containers cause antibiotic 
resistance, which leads to a global public health crisis. Therefore, to combat antimicrobial resistance, a collab-
orative, multidisciplinary, and regulatory approach is required.

1. Introduction

Globally, a considerable number of individuals are employed in the 
waste management sector. It is imperative to recognize that exposure to 
microbes poses a significant risk to those handling solid waste and dis-
carding garbage into waste containers (Vyas et al., 2022). Organic toxic 
dust syndrome (ODTS), diarrhea, and respiratory system symptoms have 
all been associated with waste management (Poulsen et al., 1995). Solid 
waste generation rates have increased due to population growth, ur-
banization, the creation of major conurbations, and changes in society’s 
lifestyle, which have resulted in issues with the global economy, the 
environment, society, and health (Wikuats et al., 2020). As Jeddah’s 
household garbage is made up of a variety of components, such as yard 
waste, vegetable waste, diapers, animal waste, vacuum cleaner bags, 
and others, the source of exposure to domestic waste may be highly 
diverse (Hakami and Abu Seif, 2015; Kamli et al., 2021; Soares et al., 
2023). Therefore, household garbage may unleash a variety of microbial 
species. Of note, antibiotics-resistant bacteria are of serious concern 
globally. Because of these infections, more than 700,000 deaths occur 

worldwide every year. By 2050, the death toll may rise to 10 million per 
year, making it a higher mortality rate than deaths caused by cancer 
(Rather et al., 2017).

(He et al., 2023). Studies on airborne bacteria have obtained a great 
deal of attention since some of the microorganisms in bioaerosols are 
thought to represent a significant risk factor for health issues 
(Yamamoto et al., 2012). Numerous studies have shown that several 
forms of airborne pathogenic microbes have adversely affected the 
health of humans, plants, and mammals (Chen et al., 2020). There are a 
plethora of pathogens detected in different bioaerosols, such as Strep-
tococcus gallolyticus, Streptococcus mitis, Staphylococcus, Bacillus circulans, 
Enterococcus faecium, Staphylococcus epidermidis, Helicobacter, Arco-
bacter, Helicobacter, Enterobacter cloacae, Pseudomonas aeruginosa, 
Enterococcus haemoperoxidus, Aeromonas hydrophila, Enterococcus case-
lliflavus, Acinetobacter, Acinetobacter baumannii, Propionibacterium acnes, 
Saccharopolyspora rectivirgula, Thermoactinomyces vulgaris, Klebsiella 
pneumoniae, Escherichia coli, Clostridium botulinum Types C, Bacillus sp, 
and Ralstonia (Chen et al., 2020).

Pathogens of bacteria attract urgent attention to study the types of 
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bacteria that are transported by air. In addition, antimicrobial resistance 
is a global issue with significant health. The issue may involve certain 
bacteria that are naturally resistant to specific antibiotics. Recently, it 
has been discovered that these bacteria significantly enhance the level of 
resistance to antibiotics commonly used in both human and veterinary 
medicine. (Saad B. Al-Masaudi and Saleh Mohammed Saleh Al-Maaqar, 
2020).

This study aimed to investigate the presence of airborne bacteria that 
might affect household waste collectors and throwers during waste 
collection or throwing trash and learn more about how airborne bacteria 
are transported from outdoors around the waste.

2. Material and methods

2.1. Sample collection

The present study was undertaken in four areas (Al-Salama, Al- 
Zahra, Al-Safa, and Al-Faisaliyah) of Jeddah city. The laboratory work 
was carried out in the Department of Biological Sciences, King Abdulaziz 
University, Jeddah. The agar plates were exposed directly to outdoor air 
around the garbage containers in these areas at different time points 
such as one min, two mins and ten mins. The temperature around was 
approximately 22.5 ◦C–28.5 ◦C and humidity of 51 %. After exposure, 
the plates were closed using parafilm and transferred to the laboratory 
within an hour in a box. Then, the plates were carefully incubated at 
37 ◦C for 24 to 48 h to see any visible colonies.

2.2. Isolation, and identification of airborne bacteria

The plates were checked after 24–48 h incubation at 37 ◦C and 
visible colonies were picked for isolation and identification of patho-
genic and nonpathogenic bacteria. Of note, the cultivated bacterial 
colonies were counted as CFU per mL, and a single colony was picked 
carefully and streaked on nutrient agar. The procedure was repeated 
until colonies of uniform size and shape were obtained. Finally, a single 
purified colony was taken and cultured in NB broth at 37 ◦C for 24 h. The 
culture was preserved by adding 16 % glycerol and stored at − 80 ◦C.

2.3. Antimicrobial susceptibility tests

Following CLSI guidelines, the conventional Kirby-Bauer disk diffu-
sion method was used to determine the isolates’ antibiotic susceptibility 
profile after the bacteria were isolated and identified from each sample 
taken (CLSI, 2017). Briefly, Mueller Hinton Agar Media (MHA) was 
inoculated with bacteria (106 colony-forming units/mL) (Clinical and 
Laboratory Standards Institute, CLSI, 2014). The following 12 com-
mercial antibiotics were used; Ampicillin (AMP) 10 mcg, amikacin (AK) 
20 mcg, augmentin (AMC) 30 mcg, cephotaxime (CTX) 30 mcg, cipro-
floxacin (CIP) 5 mcg, cefuroxime (CXM) 30 mcg, cefoperazone (CPZ) 75 
mcg, ceftazime (CAZ), gentamicin (GEN), netilmincin (NET) 30 mcg, 
ofloxacin (OF) 5 mcg, norfloxacin (NX) 10 mcg. The discs were pur-
chased from Micromaster Laboratories Pvt. Ltd. Maharashtra, India. 
Following molecular identification, each pure colony was spread on MH 
agar, and antibiotic discs were placed using sterile forceps. The plates 
were then incubated at 37 ◦C for 24–48 h. Finally, the zone of inhibition 
was measured around each disc.

2.4. MAR index

The MAR index was checked by using the formula (a/b), where “a” is 
the number of antibiotics a particular bacterium shows resistance and 
“b” depicts the total number of antibiotics tested against each bacterium.

2.5. Molecular characterization of bacterial isolates

For molecular characterization, a QIAGEN kit was used to extract the 

genomic DNA from each bacterial isolate by following the guidelines of 
the manufacturer. In brief, 5 mL of each isolate was cultured overnight 
in NB broth. Approximately, 1.75 mL culture was taken into an ependof 
tube and subjected to centrifugation for 5 mins at 15000 X g. The su-
pernatant was discarded and the pellet lysis enzymatic buffer was added 
(180 μL), and vortexed for 20 s. The solution was incubated at 37 ◦C for 
30 mins. After incubation, proteinase K and alkaline lysis buffer of 25 μL 
and 200 μL were added, respectively. Following this, the mixture was 
again incubated for 20 mins at 56 ◦C. Further, 200 μL of 100 % ethanol 
was added, and the solution was transferred to a mini spin column then 
it was centrifuged at 15000 X g for 1 min. Following this, the filtrate was 
collected and discarded. Then, 500 μL of AW2 was added and it was 
again centrifuged at 15000 X g for 3 min. After discarding the filtrate, 
100 μL of water (nuclease-free) was added the and column was again 
centrifuged at 15000 X g for 1 min. The collected DNA sample was 
carefully stored at − 20 ◦C.

The 16 s rRNA gene was amplified using universal primers, 27F (5ʹ- 
AGAGTTTGATCCTGGCTCAG-3ʹ) 1492R (5ʹ-AAGGAGGTGATC-
CAGCCGCA-3ʹ) for all isolates following the methoddescribedrbed 
elsewhere (Adedokun et al., 2014; Ahmad Rather et al., 2013; I.A. 
Rather et al., 2015; Irfan A. Rather et al., 2015). The sequences were run 
using the BLASTN search engine. The reference sequences were used to 
construct a phylogenetic tree. The sequences were also submitted in 
GenBank for accession number.

3. Results

3.1. Isolation and identification

A total of thirty-eight bacteria were isolated from the 40 air samples 
examined. These samples were obtained from different districts, 
including Al-Salama, Al-Safa, Al-Zahra, and Al-Faisaliyah districts in 
Jeddah, Saudi Arabia (Table 1). All the strains were isolated and purified 
using non-selective media and purified using a Nutrient Agar (NA) 
medium. The meteorological data, including temperature and relative 
humidity (RH), are reported as the average values over a 1-hour sam-
pling period for each sample. The molecular characterization was car-
ried out using 16S rRNA gene sequencing. The isolates belong to 
different genera according to the results of this study as shown in Fig. 1.

3.2. Antibiotics susceptibility profile

The antibiotic sensitivity test of isolates was conducted against 
twelve antibiotics. These antibiotics are often used in Saudi Arabia. 
Fig. 2 depicts the antimicrobial susceptibility pattern against twelve 
commercially available antibiotics. Out of thirty-eight airborne isolates, 
a vast number showed sensitivity. However, many showed resistance to 
one or more than one antibiotics (Fig. 2 and Fig. 3). Therefore, the 
outcomes of this study focused on ten bacteria that showed resistance 
against one or more than one antibiotic tested. The isolates included 
Kocuria flava, Mesobacillus maritimus, Kocuria palustris, Aerococcus uri-
naeequi, Kocuria marina, Staphylococcus edaphicus, Franconibacter helve-
ticus, Acinetobacter schindleri, Streptococcus oralis, and Brevundimonas 
diminuta.

Further, it was seen that from the four different locations selected for 
sample collection, the Al-Salama district was the most contaminated one 
(30.43 %), followed by the Al-Safa (27.5 %), then the Al-Zahra district 
(21.7 %), while the lowest contamination was seen in Al-Faisaliyah 
(20.3 %) sample plates (Fig. 4). These results underpin that there is a 
variable number of bacteria (colonies) that varies from one neighbor-
hood to another and from one region to another. Similar results were 
observed by other researchers in studies conducted in the Taif neigh-
borhoods (Mahdy and El-Sehrawi, 1997), and other regions of the 
Kingdom of Saudi Arabia (Angelakis et al., 2014; Hameed and Habee-
ballah, 2013). According to Jedlicka et al., the air current was demon-
strated to be sufficient to allow the airborne escape of microorganisms 
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contained in the container, including pathogenic bacteria (Jedlicka 
et al., 2012).

Of note, it is reported that not only in Jeddah but also in Makkah al- 
Mokaarama, Taif, and other parts of the world, such as Japan, the United 
Kingdom, Mexico, and Germany, the bacteriological contamination of 
waste containers is a significant issue (Büchner et al., 2021; Jedlicka 
et al., 2012; Madsen et al., 2016). The results of this study are in 
agreement with previous studies conducted reseachers elsewhere 
(Calderón-Ezquerro et al., 2022; Saha and Rao, 2017; Sultan et al., 
2020), as well as Mesobacillus maritimus identified by(Patel and Gupta, 
2020).

3.3. Multiple antibiotic resistance

To check the multiple antibiotics resistance pattern, the ten selected 
isolates were subjected to tests against twelve antibiotics, which are 
mostly used in Saudi Arabia. Of note, all the isolates (n = 10; 100 %) 
showed resistance to one or more one antibiotics. However, nine isolates 
showed resistance against ampicillin, and only one strain Aerococcus 
uninaeequi was found susceptible against ampicillin. Additionally, eight 
isolates (n = 8; 80 %) such as Kocuria flava, Mesobacillus maritimus, 
Aerococcus urinaeequi, Kocuria marina, Franconibacter helveticus, Acine-
tobacter schindleri, Streptococcus oralis, and Brevundimonas diminuta 
showed resistance against cephotaxime, cefuroxime, and ceftazidime. 
While as augmentin resistance was observed against five isolates (n = 5; 

50 %), such as Mesobacillus maritimus, Staphylococcus edaphicus, Acine-
tobacter schindleri, Streptococcus oralis, and Brevundimonas diminuta. Of 
note, all ten isolates (n = 10; 100 %) showed susceptibility against 
amikacin, ceprofloxacine, and netilmicin. Overall, the highest MAR 
index was shown by Brevundimonas diminuta (0.5), followed by Strep-
tococcus oralis (0.41), Acinetobacter schindleri (0.41), Mesobacillus mar-
itimus (0.33), Staphylococcus edaphicus (0.33), Kocuria marina (0.33), 
Kocuria palustris and Aerococcus urinaeequi with 0.16, respectively. Fig. 5
shows the distinctively observed MAR index patterns among the selected 
isolates. (See Fig. 6).

Table 1 
Prevalence of airborne isolates around waste bins in Jeddah City Saudi Arabia.

Airborn Isolates Isolates per location (%)

Al- 
Salama

Al- 
Zahra

Al-Safa Al- 
Faisaliyah

(10 
plates)

(10 
plates)

(10 
plates)

(10 plates)

Kocuria spp. 3 0 2 0 5 
(13.15 
%)

Glutamicibacter 
protophormiae

0 1 1 0 2 (5.26 
%)

Nocardioides 
jiiishulii

0 0 0 1 1 (2.6 
%)

Pontibacter spp. 1 2 1 0 4 
(13.15 
%)

Streptococcus spp. 0 1 0 0 1 (2.6 
%)

Aerococcus 
urinaeequi

0 0 2 1 3 (7.9 
%)

Mesobacillus 
maritimus

1 0 0 0 1 (2.6 
%)

Bacillus spp. 3 0 3 1 7 
(18.15)

Lysobacter defluvii 0 0 0 1 1 (2.6 
%)

Massilia agri 0 0 1 0 1 (2.6 
%)

Pseudomonas spp. 0 1 1 0 2 (5.2 
%)

Acinetobacteria 
schindleri

0 1 0 0 1 (2.6 
%)

Franconibacter 
helveticus

0 1 0 0 1 (2.6 
%)

Mixta spp. 1 0 1 0 2 (5.2 
%)

Pseudorhizobium 
halotolerans

0 0 0 1 1 (2.6 
%)

Brevundimonas 
spp.

1 1 0 0 2 (5.26 
%)

Sphingomonas spp. 1 0 1 1 3 (7.9 
%)

Total Isolates 11 8 13 6 38 (100 
%)

Fig. 1. Phylogenetic tree of airborne bacteria isolated near waste containers in 
Jeddah, Saudi Arabia.

Fig. 2. Antibiotic susceptibility profile of airborne isolates against twelve 
different antibiotics.
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4. Discussion

The current research focuses on the characterization of multidrug- 
resistant airborne bacteria isolated from Jeddah, Saudi Arabia. Unfor-
tunately, there is a dramatic increase in multidrug-resistant bacteria 
throughout the world, especially in underdeveloped countries, where 

antibiotics are available over the counter (Magiorakos et al., 2012; 
Soares et al., 2023). Besides, the use of antibiotics in livestock is yet 
another factor for an increase in antibiotic resistance. Of note, over-
dosing of pesticides and other chemicals in agricultural production 
further imbalances the microflora of soil. This in turn affects humans, 
wildlife, and many other creatures.

Our study shows the highest antibiotic resistance against ampicillin. 
The high resistance was also seen against most commonly used antibi-
otics such as cefuroxime, cefrazidime and augmentin. These results 

Fig. 3. Heatmap of isolates showing susceptibility, intermediate susceptibility, 
and resistance against twelve antibiotics tested.

Fig. 4. Region-based contamination with airborne isolates resistant to multiple 
antibiotics.

Fig. 5. Multiple Antibiotic Resistance (MAR) index values of airborne isolates against twelve tested antibiotics.

Fig. 6. Heatmap of antibiotics-resistant strains. (a) Strain-based antibiotics 
susceptibility. (b). Number of isolates per location.
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underpin the intervention of antibiotic stewardship. Several studies 
have also reported high levels of resistant bacteria throughout the world 
(Sabri et al., 2020; Yu et al., 2020; Yuan et al., 2024).

The geographical variation in the distribution of antibiotic-resistance 
genes is a complex issue. Many factors contribute to this variation, 
including the use of antibiotics, the environment, and the genetic 
makeup of bacteria. However, one of the main causes of antimicrobial 
pollution is from antibiotic-producing wastewater and hospitals. Glob-
ally, contaminated water bodies are mainly responsible for antibiotic- 
resistant crises. Therefore, it becomes compulsory to have effective 
wastewater management, monitoring hospital wastes, sewage, and 
other waste dupping sources. Failing this would result in spreading of 
antibiotic resistant bacteria.

The environmental spread of antibiotic-resistant bacteria has been 
widely documented. According to Pruden et al., wastewater treatment 
plants, agricultural activities, and urban waste are significant sources of 
antibiotic residues and resistant bacteria (Pruden et al., 2006). These 
sources contribute to the selection pressure that drives the evolution of 
resistance (Kümmerer, 2009). The role of waste disposal sites, particu-
larly garbage containers, as reservoirs of resistant bacteria has been 
highlighted in several studies. For instance, Czekalski et al. found that 
waste sites often harbor high concentrations of antibiotic-resistant genes 
due to the accumulation of human and animal waste (Czekalski et al., 
2014).

Airborne transmission is a critical pathway for the dissemination of 
antibiotic-resistant bacteria. Many researchers have reported that bac-
teria can become aerosolized through activities such as waste handling 
and traffic (Gandolfi et al., 2015; Wang et al., 2020). Once airborne, 
these bacteria can travel significant distances, posing a risk to human 
health. Several studies reported, that the presence of antibiotic-resistant 
bacteria in urban air was linked to nearby waste treatment facilities and 
heavy traffic areas (Banchón et al., 2021; Rosas et al., 2018).

The prevalence of antibiotic-resistant bacteria in urban air environ-
ments has been documented in various global contexts. Researchers 
have identified multiple antibiotic-resistant bacteria in the air of several 
Chinese cities, noting a strong correlation with industrial activities and 
urban waste management practices (Al-Saleh et al., 2022; Banchón 
et al., 2021; Mao et al., 2019; Zhuang et al., 2021). Similarly, research 
conducted in European cities has shown high levels of airborne 
antibiotic-resistant bacteria in areas with dense human activity and 
inadequate waste management (Soares et al., 2023).

Of note, in the past number of reports have been published high-
lighting the possible risks of antibiotic-resistant pathogens (Czekalski 
et al., 2014; Mao et al., 2019; Sabri et al., 2020; Sultan et al., 2020; Yu 
et al., 2020; Yuan et al., 2024). The present situation has become more 
alarming due to an increase in the number of antibiotic-resistant path-
ogens. New studies published recently reveal the presence of new mi-
crobial species resistant to antibiotics, and there are limited options to 
treat infections caused by these microbes (Nogrady, 2023). Since no new 
antibiotics have been discovered to combat antibiotic-resistant crises. 
Therefore, the decrease in antibiotic use in addition to its awareness 
about its misuse could help to tackle this issue of antibiotics.

The findings from Jeddah city underscore the urgent need for 
improved waste management practices and robust environmental 
monitoring to mitigate the spread of antibiotic-resistant bacteria. The 
high prevalence of multiple drug-resistant bacteria around garbage 
containers suggests that these sites are critical hotspots for the devel-
opment and dissemination of resistance. Future research should focus on 
identifying specific sources of contamination, understanding the 
mechanisms of airborne transmission, and developing strategies to 
reduce environmental antibiotic resistance.

5. Conclusion

The increasing prevalence of antibiotic-resistant bacteria in the 
environment, especially around urban waste sites is concerning. Air 

contamination has become a critical issue that requires urgent and 
thorough investigation by the scientific community. Here, we examined 
the pervasiveness of antibiotic-resistant bacteria from air around 
garbage containers in Jeddah city of Saudi Arabia. Several strains 
showed multidrug resistance patterns. Given these factors, it is crucial to 
conduct studies in natural aquatic environments to better understand 
the epidemiological scenarios where resistance mechanisms may have 
clinical relevance. Thus, the research area has a significant prevalence of 
multiple drug resistance to routinely used antibiotics. Due to selection 
pressure, the presence of contaminants like bacteria or other pollutants 
around garbage containers causes resistance to antibiotics. Taking 
antibiotic-resistant organisms close to waste containers seriously should 
not be overlooked as a source of novel antibiotic-resistant genes. 
Therefore, proper waste containers should be established to prevent exit 
germs, and improved sanitary measures should be practiced to limit the 
spread of pathogenic microbes that are resistant to antibiotics used 
commonly. Following these measures would help to curb the spread of 
antibiotic-resistant microbes and protect both the enironment and 
human health.
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