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ABSTRACT 
Background: The quality of air breathed in can affect man’s quality of health. Persistent presence 

of multi-drug resistant (MDR) bacteria strains in indoor air can be a potential source health risk. 

Aim: The aim of this study was to assess multi-drug resistant airborne bacteria in Kaduna State 

University, Nigeria. 

Methods: A total of 46 samples were collected from the indoor air of selected offices, toilets, 

lecture rooms and laboratories using settled plate technique. Total bacterial load was determined, 

the bacteria were identified and isolated using conventional biochemical methods and Gram 

staining. Antibiotic susceptibility testing of the isolates was also carried out using disc agar 

diffusion method. All the isolates which showed resistance to one or more antibiotics from 3 or 

more antimicrobial classes were classified as multidrug resistant. 

Results: The total mean bacteria count from the various sampling site ranged from 0.9 x 103 to 6.5 

x 103 CFU/m3. A total of 50 bacteria were isolated with Staphylococcus aureus 15 (30%) having 

the highest occurrence followed by Bacillus subtilis 11 (22%), Micrococcus spp 11 (22%), 

Streptococcus spp 7 (14%), Clostridium spp 5 (10%), and Ps. aeruginosa 1 (2%). All the isolates 

were resistant to ceftriazone, 85.1% to cefoxitin, and 80.9% resistance to amoxicillin/clavulanic 

acid and chloramphenicol. All the bacteria isolates showed 100% multidrug resistance except 

Streptococcus spp (85.7%). However, vancomycin was the most active antibiotic (68.1%). 

Conclusion: The indoor air sampled had high and very high bacteria load. High percentage of 

multidrug resistance was also observed in the study.  

Keywords: multidrug resistance, indoor air, antibiotics, bacteria, microbial load. 

 

INTRODUCTION 
There is an increasing rate of studies about 

indoor air quality, because the quality of air 

people breathe in determine to a large extent 

their quality of health, which can also affect 

their wellness and productivity [1]. Both 

outdoor and indoor air have pollutants but 

sometimes indoor air can be more harmful. 

The reason being that indoor environment 

may have limited ventilation compared with 

outdoor where winds are stronger, drops of 

rain can also reduce level of pollutants 

outside [2]. Environmental Protection 

Agency reported that the level of indoor air 

pollutants are often 2 to 5 times higher than 

outdoor levels, and that in some cases these 

levels can exceed 100 times that of outdoor 

levels of the same pollutants [3]. Reports 

have shown that most people (about 90%) 

spend 22 hours indoor daily either in offices, 

lecture rooms, worship houses, business 

centers and others [4]. It is believed that on 

the average, humans breathe 11,000 litres of 

air daily, and depending on the environment, 
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for example in the tropics the air breathed in 

could contain 50000 organism cells during 

daytime, and 30 to 100 times that amount at 

night [4,5]. 

Bioaerosols are airborne suspended particles, 

larger molecules or volatile compounds that 

are living or released from living organisms 

[6]. The smaller sized bioaerosols can remain 

in the air for a longer time while the larger 

ones are deposited on surfaces. In indoor 

airborne bacteria are major issues. The types 

of microorganisms in the air are responsible 

for mortality and morbidity among 

susceptible hosts [7, 8]. The potential health 

risks resulting from exposure to airborne 

bacteria can occur at workplaces and offices, 

lecture rooms, laboratories and residential 

locations [9]. Representatives of the 

following genera are among the bacteria 

strains found in indoor air: Bacillus, 

Micrococcus, Kocuria and Staphylococcus, 

Streptomyces albus, Pantoea agglomerans, 

Pseudomonas chlororaphis, Arthrobacter 

globiformis, Thermoactinomyces vulgaris 

and Corynebacterium spp. [10]. 

Airborne biological particulate matter can be 

concentrated in the indoor environment 

through activities such as talking, sneezing, 

coughing, etc. The problem of poor indoor air 

quality in developing countries can be made 

worse by design flaws and insufficient 

ventilation [11, 12]. Many of the facilities in 

the government–owned institutions are old 

and lack adequate maintenance [13]. Some of 

the lecture theatres are overcrowded and 

lacking proper ventilation. Therefore the 

presence of pathogenic bacteria in the indoor 

air of such places over a long period of time 

can put the health of the occupants at risk. 

Likewise offices, lack of adequate office 

accommodation has led to having more than 

required number of staff in offices. The 

following health effects have been associated 

with indoor air microorganisms: respiratory 

irritation and nonspecific symptoms, 

respiratory infections, asthma and allergy, 

alveolitis, chronic bronchitis and organic dust 

toxic syndrome [14].     

According to European Center for Disease 

Control (ECDC) and Centre for Disease 

Control and Prevention (CDC), Atlanta, 

Multidrug resistance (MDR) was defined as 

acquired non-susceptibility to at least one 

agent in three or more antimicrobial 

categories [15]. At present antimicrobial 

resistance poses a great threat to global health 

and has led increased mortality and 

morbidity, increased length of hospital stay 

and economic loss [16, 17]. This study is 

aimed at detecting incidence of MDR 

bacterial isolates from indoor air of some 

offices, lecture rooms and laboratories in 

Kaduna State University, Nigeria. 

 

MATERIALS AND METHODS 

 

Study area and sample collection 

The study was carried out in specific indoor 

locations in Kaduna State University. 

Samples were collected from the following 

places: Faculties of Pharmaceutical Sciences, 

Arts, Science, and Social Management 

Sciences. In each Faculty of the University 

samples were collected from Offices of the 

all the deans, two (2) toilets, and three (3) 

lecture rooms. Samples were collected from 

the offices of the Heads of Departments and 

laboratories in Faculty of Sciences and 

Pharmaceutical sciences. A total of 46 

samples were collected. Each sample was 

collected in duplicate.  

 

Air sampling technique and determination 

of total bacterial count 

Air sample was collected using the settle 

plate technique also known as the 
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sedimentation method [18]. The Petri dishes 

containing nutrient agar were exposed at 

strategic locations for 10 minutes at a height 

of 1 meter above the ground to avoid 

contamination from floor microbes. The lids 

were thereafter replaced and incubated at 

37°C for 24 hours. The number of 

microorganisms expressed as CFU/m3 was 

estimated using the following equation 

described by Omeliansky [19, 20].  

N = 5a x 104 (bt) -1 

Where N = microbial cfu/m3 of indoor air 

a = number of colonies per petri dish 

p = the surface measurement of the petri dish 

used in cm2 

t = the time of exposure of the petri dish (min)      

 

Identification and Isolation of Bacteria 

Gram staining was carried out according to 

Cheesbrough [21] to classify the organism to 

either positive or negative Gram stain. The 

organisms were also cultured onto selective 

media such as cetrimide agar, mannitol salt 

agar, macConkay agar for further 

identification. The following biochemical 

tests were carried out to further identify the 

organisms into specific bacterial isolates: 

coagulase test, methyl red, Voges Proknauer 

test, citrate, oxidase, indole, catalase and 

urease tests. 

 

Antibiotics Susceptibility Test 

Agar disc diffusion method according to 

Clinical Laboratory Standard Institute 

(CLSI) recommendations [22] was used to 

carry out the antibiotics susceptibility test. A 

standard inoculum (approx. 108 CFU/ml) was 

prepared by making a turbid suspension of 

the isolates in sterile normal saline and 

compared with 0.5 McFarland Standard. A 

sterile swab was dipped into the bacteria 

suspension, pressed on the side of the bottles 

to allow excess drip-off, and then used to 

evenly streak the entire surface of the 

Mueller-Hinton agar plates. Sterile forceps 

were then used to place the antibiotic discs in 

a circular pattern on the media. The process 

was carried out for all the identified isolates, 

the plates were kept on the bench for about 

30 minutes to allow the antibiotics to diffuse 

into the agar, the plates were thereafter 

incubated at 37°C for 24 hours. After 

incubation, the zone of inhibition in diameter 

for each antibiotic was measured and 

interpreted as either sensitive, intermediate or 

resistant according to CLSI guidelines. 

The following antibiotic discs were tested: 

Erythromycin (15µg), Gentamicin (10µg), 

Chloramphenicol (30µg), Vancomycin 

(30µg), Ceftriaxone (30µg), Cefoxitin 

(30µg), Amoxicillin/Clavulanic acid (30µg), 

Ciprofloxacin (5µg), 

Trimethoprim/Sulphamethoxazole (25µg) 

and Tetracycline (30µg). 

 

Determination of Multidrug Resistance 

All the bacterial isolates that were resistant to 

one or more antibiotics from three or more 

antibiotic class were classified as multidrug 

resistant.  

 

RESULTS  

Comparing the indoor air quality of lecture 

rooms in the faculties sampled, the mean 

bacteria count  ranged from 0.9 x 103 to 6.3 x 

103 CFU/m3, and that of toilets was 1.5 x 103 

– 6.5 x 103 CFU/m3 (Table 1).  
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Table 1: Mean total bacterial count of in-door air in some Faculties of Kaduna State 

University 

 

S/N Sampling Site/mean bacteria colony count (CFU/m3) 

 Faculty of 

Pharmaceutical 

Sciences 

Faculty of  

Arts 

Faculty of      

Sciences 

Faculty of Social 

and Management 

Sciences 

1.  Dean’s Office 2.9×103 2.7×103 3.7×103 2.1×103 

2.  Toilets 1.         5.1×103 1.5×103 2.8×103 4.5×103 

3. Toilet 2. 2.6×103 3.6×103 6.5×103 4.6×103 

4. Lecture room 1.  1.6×103 2.4×103 1.0×103 1.6×103 

5. Lecture room 2. 1.4×103 0.9×103 1.6×103 1.5×103 

6. Lecture room 3. 1.1×103 6.3×103 2.5×103 2.2×103 

 

The indoor air of staff offices and the Dean’s office in the Faculty of Pharmaceutical Sciences had 

total bacteria count that ranged from 1.3 x 103 to 2.9 x 103 CFU/m3. The laboratories in Faculty of 

Pharmaceutical Sciences had mean bacteria count of 1.2 x 103 to 3.9 x 103 CFU/m3 (Table 2). 

 

Table 2: Mean Total Bacteria Count of in-door air of the Departments in Pharmaceutical 

Sciences 

S/N Sample site/mean bacteria colony count (CFU/m3) 

Department HOD’s office Laboratory 

1. Pharmaceutical microbiology and Biotechnology 2.3×103 3.9×103 

2. Pharmaceutics and Industrial Pharmacy 1.8×103 2.9×103 

3. Pharmaceutical and Medicinal Chemistry 2.6×103 1.2×103 

4. Pharmacology and Toxicology 1.3×103 1.7×103 

5. Pharmacognosy and Drug Development 1.5×103 1.6×103 

6. Clinical Pharmacy and Pharmacy Management 1.5×103 - 

 

The bacteria count in the indoor air of the Heads of the Departments’ offices in the Faculty of 

Sciences ranged from 0.7 x 103 to 5.4 x 103  CFU/m3 while that of laboratories in the Faculty was 

0.9 x 103 – 2.8 x 103 CFU/m3 (Table 3). 

 

Table 3: Mean total bacteria count of in-door air of some Departments in Faculty of Science 

S/N Sample Site/Mean Bacteria Colony Count (CFU/m3) 

Department HOD’s office Laboratory 

1. Chemistry 2.4×103 2.3×103 

2. Biology 1.4×103 2.7×103 

3. Physics 0.7×103 0.9×103 

4. Biochemistry 5.5×103 2.8×103 

5. Microbiology 5.4×103 2.2×103 

6. Geography 0.8×103 - 
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A total of 50 bacteria was isolated with S. aureus having the highest occurrence in all the faculty 

indoor air except in Faculty of Art where Bacillus subtilis had the highest occurrence of 40%. Ps 

aeruginosa was detected only in the Faculty of Sciences while Clostridium spp. was absent in 

Faculty of Arts (Table 4). Most of the bacteria isolates were Gram positive (98%), and only 2% 

were Gram positive. 

 

Table 4: Occurrence of Bacterial Isolates in Indoor Air of Faculties in Kaduna State 

University 

Bacteria Pharmaceutical 

Sciences  

(n = 15) 

Sciences  

(n = 15) 

Social 

Management 

(n = 10) 

Art 

(n = 10) 

Total 

S. aureus 5 (33.3%) 5 (33.3%) 4 (40.0%) 1 (10.0%) 15 (30.0%) 

B. subtilis 3 (20.0%) 4 (26.7%) 0 4 (40.0%) 11 (22.0%) 

Micrococcus spp 2 (13.3%) 3 (20.0%) 3 (30.0%) 3 (30.0%) 11 (22.0%) 

Streptococcus spp 4 (26.7%) 0 1 (10.0%) 2 (20.0%) 7 (14.0%) 

Clostridium spp 1 (6.7%) 2 (13.3%) 2 (20.0%) 0 5 (10.0%) 

Ps. aeruginosa 0 1 (6.7%) 0 0 1 (2.0%) 

Total 15 15 10 10 50 

  

The result of the antibiotic susceptibility testing of all the isolates showed vancomycin (68.1%) to 

be the most active antibiotic, followed by tetracycline (51.1%), and gentamicin (42.6%). All the 

isolates were resistant to ceftriaxone (100%), cefoxitin (85.1%), amoxicillin-clavulanic acid 

(80.9%), chloramphenicol (80.9%), trimethoprim-sulphamethoxazole (68.8%), and ciprofloxacin 

(66%) (Table 5). 

 

Table 5: Antibiotic Susceptibility Profile of Indoor Air Isolates from Offices in Kaduna State 

University 

No of Isolates  (n) = 47 

Antibiotics Percentage 

sensitive (%) 

Percentage 

intermediate (%) 

Percentage 

resistant (%) 

Erythromycin  11 (23.4) 6 (12.8) 30 (63.8) 

Gentamicin  20 (42.6) 0 27 (57.4) 

Chloramphenicol 9 (19.1) 0 38 (80.9) 

Vancomycin  32 (68.1) 0 15 (31.9) 

Ceftriaxone  0 0 47 (100) 

Cefoxitin  7 (14.9) 0 40 (85.1) 

Amoxicillin clavulanic acid 8 (17.0) 1 (2.1) 38 (80.9) 

Ciprofloxacin  12 (25.5) 4 (8.5) 31 (66.0) 

Trimethoprim/ 

Sulphamethoxazole 

17 (36.2) 0 30 (68.8) 

Tetracycline  24 (51.1) 5 (10.6) 18 (38.3) 
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Comparing the antibiotic susceptibility of Micrococcus spp with that of Streptococcus spp, it was 

observed that vancomycin (63.6%) was the most active against the Micrococcus spp while 

erythromycin (57.1%), vancomycin (57.1%), and tetracycline (57.1%) were the most active 

against the Streptococcus spp (Table 6). 

 

Table 6: Antibiotic Susceptibility Profile of Micrococcus and Streptococcus spp 

Antibiotics Micrococcus spp (n=11) Streptococcus spp (n=7) 

S (%) I (%) R (%) S (%) I (%) R (%) 

Erythromycin  0 3 (27.2) 8 (72.7) 4 (57.1) 1 (14.3) 2 (28.6) 

Gentamicin  3 (27.2) 0 8 (72.7) 3 (42.9) 0 4 (57.1) 

Chloramphenicol 2 (18.2) 0 9 (81.8) 1 (14.3) 0 6 (85.7) 

Vancomycin  7 (63.6) 0 4 (36.4) 4 (57.1) 0 3 (42.9) 

Ceftriaxone  0 0 11 (100) 0 0 7 (100) 

Cefoxitin  2 (18.2) 0 9 (81.8) 2 (28.6) 0 5 (71.4) 

Amoxicillin clavulanic acid 3 (27.3) 0 8 (72.7) 0 0 7 (100) 

Ciprofloxacin  4 (36.4) 0 7 (63.6) 3 (42.9) 1 (14.3) 3 (42.9) 

Trimethoprim/ 

sulphamethoxazole 

2 (18.2) 0 9 (81.8) 2 (28.6) 0 5 (71.4) 

Tetracycline  5 (45.5) 0 6 (54.5) 4 (57.1) 1 (14.3) 2 (28.6) 

Keys: S = Sensitive, I = Intermediate, R = Resistant 

 

Vancomycin and gentamicin were the most active against S. aureus and Bacillus subtilis while the 

two organisms were highly resistant to ceftriaxone, cefoxitin and chloramphenicol (Table 7). In 

all, the isolates demonstrated a high percentage multidrug resistance (Figure 1).  

 

Table 7: Antibiotic Susceptibility Profile of S. aureus and Bacillus subtilis 

Antibiotics S. aureus (n = 14) Bacillus subtilis (n = 10) 

S (%) I (%) R (%) S (%) I (%) R (%) 

Erythromycin  4 (28.6) 1 (7.1) 9 (64.3) 2 (20) 0 8 (80) 

Gentamicin  8 (57.1) 0 6 (42.8) 4 (40) 0 6 (60) 

Chloramphenicol 2 (14.3) 0 12 (85.7) 2 (20) 0 8 (80) 

Vancomycin  10 (71.4) 0 4 (28.6) 7 (70) 0 3 (30) 

Ceftriaxone  0 0 14 (100) 0 0 10 (100) 

Cefoxitin  2 (14.3) 0 12 (85.7) 0 0 10 (100) 

Amoxicillin clavulanic acid 2 (14.3) 0 12 (85.7) 2 (20) 1 (10) 7 (70) 

Ciprofloxacin  1 (7.1) 2 (14.3) 11 (78.6) 3 (30) 0 7 (70) 

Trimethoprim/ Sulphamethoxazole 4 (28.6) 0 10 (71.4) 4 (40) 0 6 (60) 

Tetracycline  7 (50.0) 2 (14.3) 5 (35.7) 5 (50) 2 (20) 3 (30) 
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Figure 1: Percentage Multidrug Resistance (MDR) in the Isolates  

 

DISCUSSION  
The microbial quality of indoor air can affect 

the quality of health of the occupants [1]. In 

the lecture rooms sampled in this study from 

the four faculties, the highest bacteria count 

was observed at Faculty of Arts. From the 

toilets, Faculty of Art had the least bacteria 

count (1.5 x 103 CFU/m3) while Faculty of 

Sciences toilets had the highest bacteria 

count (6.5 x 103). Faculty of Sciences and 

Faculty of Arts usually accommodate the 

highest number of students in the university 

especially first year students who must pass 

through either of the Faculties to take the 

preliminary courses before proceeding to 

their main course of study beginning from the 

second year in the University. The Dean’s 

office in the Faculty of Pharmaceutical 

Sciences had the highest bacteria count 

among all the offices sampled. Among the 

laboratory indoor air sampled, 

Pharmaceutical microbiology laboratory had 

the highest bacteria load (3.9 x 103). The 

bacteria load observed from the various 

sampling sites in this study was higher than 

some previous studies. For example, Shittu 

[23] reported 96.3 – 689 CFU/m3 bacteria 

load from indoor of a Nigerian University 

Campus in Lagos, Nigeria. Also a study 

described a lower range of bacteria load from 

lecture theatres in University of Benin [24]. 

However, a higher bacteria load was reported 

from the indoor air of offices in Veritas 

University, Abuja, Nigeria [25], but a similar 

bacteria load as that obtained in this study 

was reported from indoor air of classrooms of 

University of Science Vietnam National 

University, Ho Chi Minh City [26]. 

According to the European Commission, <50 

CFU/m3 indoor air bacteria load is 

100

100

100

85.7

100

Staphylococcus aureus

Bacillus subtilis

Micrococcus spp

Streptococcus spp

Clostridium spp

Percentage MDR
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considered as ‘very low’, 50-100 CFU/m3 as 

‘low’, 100-500 CFU/m3 as ‘intermediate’,  

500-2,000 CFU/m3 as ‘high’and above 2,000 

CFU/m3 as ‘very high’ bacterial load [27]. 

The bacteria load in the air sampled in this 

study can be categorized to be high and very 

high. 

Most of the bacteria isolates in this study 

were Gram positive, this was in accordance 

with previous studies [28-30]. S. aureus had 

the highest occurrence in this study, this 

maybe because S. aureus is a normal human 

body flora and most of these offices, toilets 

and laboratories sampled are occupied by 

both students and lecturers for about 8 – 12 

hours daily. Other organisms isolated were B. 

subtilis, Micrococcus spp, Clostridium spp 

and Ps. aeruginosa. These are pathogenic 

bacteria, their long persistence in the air, and 

inhalation, touching of the surfaces having 

these bioaerosols and using such hands to 

touch mouth, nose or eyes can be a source 

transmission of these pathogenic organisms 

among the occupants of these offices. This 

can be very dangerous to health and well-

being of the occupants. Some authors had 

reported isolation of similar bacteria from 

indoor air of some university campuses [25, 

31-34].  

The isolates were highly resistant to 

ceftriaxone and other beta lactam antibiotics 

used in this study.  The high level of 

multidrug resistance observed in this study is 

of great concern, this may be an indication 

that many of the occupants of those offices 

and lecture rooms sampled had been exposed 

to the antibiotics tested. Antibiotic resistance 

is a global problem especially in developing 

countries where antibiotics can easily be 

obtained over the counter instead of being a 

prescription-only drug. However, 

vancomycin is active against most of the 

bacteria isolates (68.1%), even though it is 

not a commonly prescribed drug in Nigeria 

due to its unavailability. Tetracycline and 

gentamicin (these can be obtained in Nigeria) 

also demonstrated moderate activity against 

the isolates.   

 
CONCLUSION AND RECOMMENDATION 

The indoor air of the offices, toilets and 

laboratories sampled from Kaduna State 

University had high and very high bacterial 

load according to European Commission 

standard. The following bacteria were 

isolated: S. aureus, Micrococcus spp, B. 

subtilis, Clostridium spp and Ps. aeruginosa. 

High percentage of multidrug resistance 

bacteria was observed in this study. This 

implies that the use and misuse of antibiotics 

among the University community should be 

checked. It is recommended that advocacy 

against abuse of antibiotics should be flagged 

in the University.  
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