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Abstract 

Respiratory care devices used in oxygen therapy are essential in hospital settings, but may serve as reservoirs for pathogenic 

microorganisms if not properly maintained. Staphylococcus aureus is a major cause of healthcare-associated respiratory 

infections, on the other hand the emergence of antimicrobial resistance including multidrug resistance (MDR), presents 

significant treatment challenges. This study aimed at isolating S. aureus from respiratory care devices in regional referral 

hospitals and determining their antimicrobial susceptibility profile. A cross-sectional study was conducted from January to March 

2024 in 29 regional referral hospitals across mainland Tanzania. A total of 231 samples were collected from humidifier water, 

device connectors, and reusable oxygen masks in Emergency departments, Intensive care units and Medical wards. Samples 

were enriched in Tryptic Soy Broth and cultured on Mannitol Salt Agar. Identification of S. aureus was performed using Gram 

staining, catalase tests and confirmation by PCR targeting the nuc gene. Antimicrobial susceptibility testing was conducted using 

the Kirby–Bauer disk diffusion method according to Clinical and Laboratory Standards Institute (CLSI) guidelines, 33rd edition. 

MDR was defined as resistance to at least three classes of antibiotic. Among the total isolates collected (N=231), 6.5% (n=15) 

were confirmed as S. aureus. There was no statistically significant difference in isolate distribution across hospital units or sample 

types (p > 0.05). High susceptibility was observed for ciprofloxacin and meropenem, while azithromycin showed the highest 

resistance among antibiotics tested while intermediate resistance was noted for erythromycin and trimethoprim. MDR was 

detected at 46.7% (n=7) of isolates, with variability observed across hospitals. Although the prevalence of S. aureus on respiratory 

care devices was low, the high proportion of MDR isolates highlights the need for continuous antimicrobial resistance 

surveillance, strict infection control practices, and strengthened antimicrobial stewardship programs in Tanzanian hospitals. 
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1. Introduction 

Respiratory care devices are crucial components in admin-

istering supplemental oxygen. Oxygen is a life-saving medical 

gas used to treat respiratory illnesses and manage various 

healthcare needs such as emergency obstetric care, surgery 

and anaesthesia [1]. Respiratory care devices regulate the 

amount of oxygen to suit the patient's requirements [2]. These 

devices include a flow meter, humidifiers, nasal cannulas or 

prongs, simple face masks, non-breather masks and Venturi 

masks [3]. The respiratory devices may contribute signifi-

cantly to infection by acting as a reservoir and promoting mi-

croorganism growth if not properly managed. Nosocomial in-

fections emerge while receiving healthcare services but are 

not present at the time of admission. Nosocomial infections 

affect over 100 million patients worldwide each year, causing 

a burden and increasing hospitalization time [4]. S. aureus is 

among the gram-positive bacteria that colonizes respiratory 

devices [5]. These bacteria are directly associated with respir-

atory illnesses that occur in healthcare settings [6]. Patients 

can be exposed to these bacteria either through inhalation of 

aerosolized particles or direct physical contact [7]. S. aureus has 

been identified as one of the sources of community-acquired 

pneumonia and nosocomial respiratory infections, where immun-

ocompromised and hospitalized individuals are the most affected 

[8]. It is difficult to treat these infections due to the emergence of 

resistance to the commonly used antibiotics. Antimicrobial re-

sistance (AMR) occurs when microorganisms become immune 

to antimicrobial agents [7]. Bacteria may undergo resistance due 

to genetic modification through mutation, transduction, conjuga-

tion, transposition or transformation [9]. According to a review 

of AMR, up to 10 million people could die each year from AMR 

by 2050, with poor countries being more vulnerable [10]. In re-

cent years, Methicillin resistance in S. aureus has become in-

creasingly prevalent in healthcare and the community [11] These 

resistances are developed by genetic changes that alter the bind-

ing protein, such as penicillin-binding protein (PBP), affecting 

penicillin-binding and other beta-lactamase antibiotics [10, 12, 

13]. S. aureus has been classified as a serious threat by the WHO 

due to its drug resistance [14-16]. A previous study conducted in 

Tanzania found that the total prevalence of nosocomial infections 

was up to 14.8%, and the second most common was nosocomial 

respiratory infection which was found to be prevalent in intensive 

care units [17]. 

Tanzania Medicines and Medical Devices Authority 

(TMDA) is a regulatory authority tasked to ensure patient 

safety during oxygen therapy. This function is achieved by es-

tablishing various guidelines for managing, servicing, main-

taining, cleaning and handling of medical devices and gases 

according to the prescribed standards. This is achieved by con-

tinuously monitoring the microbiological quality of medical 

devices used in oxygen therapy in hospital settings and estab-

lishing how colonized devices may have contributed to the 

spread of AMR for the antibiotics recommended for respira-

tory diseases. Therefore, the objective of this study was to iso-

late S. aureus from respiratory care devices used in oxygen 

therapy and establish the antimicrobial susceptibility profile 

of the colonizing bacteria in mainland Tanzania. 

2. Methodology 

2.1. Study Area 

 
Figure 1. A map showing the Tanzania regions included in the study. 
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The study included 29 regional referral hospitals (RRH) in 

Tanzania mainland as shown in Figure 1. The RRH serve pa-

tients mostly referrals from district hospitals in the region and 

also provides for outpatient treatments. Respiratory care de-

vices used in the emergency department, intensive care unit, 

and medical wards were included in the study. All RRHs were 

consecutively coded for ease of results presentation. 

2.2. Study Design and Sampling Techniques 

A cross-sectional study was conducted from January to 

March 2024. Purposive sampling with experiential criteria 

techniques was employed to locate hospitals and units [18]. 

All RRHs in mainland Tanzania were included in this study. A 

team of trained laboratory analysts was assigned to carry out 

sample collection following the established sampling criteria 

and geographical mapping of Tanzania. 

2.3. Sample Size Determination 

A total of 261 samples were planned to be collected from 

hospitals in the following distribution: (n=87) samples from 

connectors, (n=87) from reusable masks, and (n=87) from hu-

midifier. 

2.4. Sample Collection and Transportation 

2.4.1. Quality Control 

Sterile sample collection tools were employed. Sampling 

tools such as swabs, Falcon tubes, and Pasteur pipettes, were 

checked for shelf life, sterilization date, and the integrity of 

the tools before being used. 

2.4.2. Water Samples from the Humidifier 

Water samples were obtained by using a sterile Pasteur pi-

pette and transferring them to 15mL sterile Falcon tubes. Us-

ing an aseptic technique, water was collected from a hu-

midifier and transferred to a Falcon tubes. The tube was 

then securely sealed and transported at cool temperature of 

2-8°C to the TMDA microbiology laboratory for analysis 

within 24 hrs. 

2.4.3. Swab Samples 

Swab samples were obtained from the connection point of 

the humidifier and reusable oxygen masks or respirators. An 

aseptic technique was employed to obtain a sterile swab from 

a sealed packet, which was then utilized to swab the surface 

of a connecting point by rotating around the connector. Sub-

sequently, the swab was transferred into transport media and 

appropriately labelled. The obtained samples were transported 

at a cool temperature of 2-8°C to the TMDA Microbiology la-

boratory within 24 hours. 

2.5. Enrichment of Bacteria 

Before isolation, all samples were enriched with nutrient 

broth media. Humidifier water was inoculated with Tryptic 

Soy Broth (Oxoid UK) at a 1: 10 ratio. Swab samples were 

also inoculated with Tryptic Soy Broth. Inoculated broth 

was incubated at 37°C for 24 hours, as per United States 

Pharmacopeia and the National Formulary (USP-NF) 38/43 

2024 [19]. 

2.6. Isolation and Identification of S. aureus 

2.6.1. Macro Morphology Identification 

The enriched inoculum was sub-cultured by streaking on 

Mannitol Salt Agar (Oxoid-UK), a selective medium for 

Staphylococcus species. Medium-sized yellowish colonies 

with a slightly raised or convex appearance were maintained 

as S. aureus suspects for further identification as previously 

described [20]. 

2.6.2. Micromorphology Identification 

Pure culture from Mannitol Salt agar was transferred into 

Nutrient Agar (Oxoid- UK) to obtain an overnight culture for 

biochemical tests and microscopic identification. Using the 

Gram staining technique, the pure, isolated colonies were 

smeared on slides, heat-fixed, and stained with Gram stain ac-

cording to the manufacturer's procedures. They were then ob-

served under a microscope using a 100X objective. Gram-pos-

itive cocci in clusters were then subjected to biochemical tests 

for S. aureus as previously described by Smith et. al [21]. 

2.6.3. Biochemical Tests 

(i). Catalase Test 

Gram-positive cocci isolates were tested for the presence of 

the Catalase enzyme. A sterile wooden stick was used to trans-

fer an overnight pure culture of colon onto the surface of a 

clean, dry glass slide. Then a drop of 3% hydrogen perox-

ide was added to the glass slide. Positive isolates produced 

oxygen bubbles, as previously performed by Reiner et. al  

[22]. 

(ii). Coagulase Test 

The test was performed as previously described by K. 

Reiner [22]. All Catalase-positive isolates were further tested 

for their ability to coagulate the plasma, coagulase-positive as 

an indication of S. aureus were preserved for subsequent anal-

yses and confirmation while coagulase-negative isolate was 

identified as other Staphylococcus spp. 
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2.6.4. Molecular Identification 

(i). Genomic DNA Extraction 

The boiling method was employed to lyse the bacterial cell 

to release the cellular components for extraction of genomic 

DNA of S. aureus, as previously described [23]. In summary, 

colonies of overnight culture on nutrient agar were suspended 

in 100µL of nuclease-free water in Eppendorf tube. The tubes 

were then incubated in a water bath at 95°C for 5 minutes be-

fore being immediately transported to a freezer at -20°C for 

10 minutes. The suspension was centrifuged at 12,000 rpm for 

one minute. A micropipette was used to transfer 80µl of the 

supernatant into a new sterile Eppendorf tube. The extracted 

DNA was kept at -20°C for the detection of the nuc gene in 

the subsequent analyses. 

(ii). Detection of nuc Gene in S. aureus by PCR 

Confirmation of S. aureus was carried out using the PCR 

test targeting the S. aureus nuc gene. A set of specific primers 

for S. aureus nuc gene forward 5’- GCATTGATGGTAC-

GGTT-3’and revers 3’- AGCCAAGCCTTGAC-

GAACTAAAGC-5' (Inqaba Biotech- South Africa) were used 

in this study as previously performed by Ghazi et. al [24]. 

Master mix was prepared by adding 0.5µL of each forward 

and reverse primer into the PCR tubes, 16µL of nuclease-free 

water, and 5µL of pre-mix. Finally, a DNA template (3µL) was 

added, making a total of 25µL PCR reaction mixtures. PCR 

amplification conditions included an initial denaturation step 

at 95°C for two minutes by 1 cycle, followed by 35 cycles of 

denaturation at 95°C for 30s, annealing at 54°C for 30s and 

extension at 72°C for 30s, followed by one step of final exten-

sion at 72°C for 5minutes. The amplification products were 

analyzed using gel electrophoresis, 1% agarose stained with 

Ethidium bromide (0.5 µg/mL) was used. Maker (1000bp) 

was used to scale the migration of the DNA fragments on aga-

rose gel. The PCR products were visualized using a UV trans-

illumination machine to obtain gel electrophoresis image. 

2.7. Antimicrobial Susceptibility Test 

Antimicrobial susceptibility testing was performed using 

the Kirby-Bauer disc diffusion method and Mueller-Hinton 

Agar (MHA) (Oxoid-UK), results were interpreted based on 

the CLSI guidelines for performance standards for antimicro-

bial susceptibility testing [25]. The S. aureus isolates were 

tested against the following antibiotics: Ciprofloxacin 5µg, 

Erythromycin 15µg, Sulphamethoxazole/Trimethoprim 

1.25/23.75µg, Azithromycin 15µg, Clindamycin 2µg, Chlo-

ramphenicol 30µg and Gentamycin 10µg. These antibiotics 

were selected based on Standard Treatment Guidelines (STG) 

and National Essential Medicine List for Tanzania mainland 

[26]. Overnight pure cultures of S. aureus were emulsified in 

sterile phosphate-buffered saline to obtain the turbidity equiv-

alent to the 0.5 McFarland standard, which is approximately 

1.5 × 108 CFU/mL of bacteria cell concentration. After incu-

bation, the zones of inhibition for each antibiotic were meas-

ured using calibrated Vernier caliper and the measurements 

were interpreted according to the Clinical and Laboratory 

Standards Institute (CLSI) guidelines, 33rd edition [27]. 

S. aureus with ATCC 25923 was used as the control strain 

during analysis. An isolate was referred to as MDR if it exhib-

ited resistance to at least three different antibiotic classes as 

described in CLSI [27]. 

3. Results and Discussion 

3.1. Sample Size and Response Rate 

Sample size per hospital was determined by Mugenda and 

Mugenda (2003), who considered that a response rate of 50% 

is appropriate for analysis and reporting, a rate of 60% is rea-

sonable, and a rate of 70% or more is excellent. Response of 

samples collected from all 29 referral hospitals was 88.8% 

(n=231) which was considered to be excellent. These samples 

included 85 from humidifiers, 85 from connectors, and 61 

from reusable masks. These samples were collected from three 

departments in each hospital: 29 emergency departments, 27 

intensive care units, and 29 medical wards. The variation ob-

served in the number of samples and sampling areas was due 

to some of the hospitals no longer using reusable masks, and 

some did not have the intensive care unit. 

3.2. Isolation and Identification of S. aureus 

Collected samples (N=231) were subjected to Tryptic soy 

broth (Oxoid - UK) for enrichment and recovery, Inoculated 

broths were incubated in Memmert incubator (GmbH. Co. KG 

-Germany) for 24hrs at 37°C. The positive growths on the 

broths were subsequently subcultured into Mannitol salt agar 

(Oxoid-UK). Yellowish colonies on Mannitol agar plates were 

stained with Gram stain and also catalase and coagulase tests 

were performed on them. Upon Gram staining, the bacterial 

cells appeared purple, indicating a Gram-positive reaction, 

and are predominantly spherical cocci arranged in irregular, 

grape-like clusters, which is a defining characteristic of Staph-

ylococcus species, as also described by S. Y. C. Tong et. Al 

[28]. Among the isolates, 6.5% (n= 15) were identified as pre-

sumptive S. aureus and were preserved for subsequent confir-

mation by PCR. 

3.3. Molecular Identification of S. aureus 

DNA from presumptive isolates was analyzed using PCR 

and gel electrophoresis imaging, and the results revealed that 

all 15 presumptive isolates previously detected by biochemi-

cal tests were confirmed to be S. aureus, by identifying the 

presence of the nuc gene on gel electrophoresis image as 

shown in Figure 2. 
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Figure 2. Agarose gel electrophoresis of PCR products. Lane M: 50 bp DNA ladder (50–1000 bp); Lane N: Negative control; Lane P: positive 

control; Lanes 1–12: test samples. A distinct band at approximately 270 bp was observed in the positive control and positive test samples. 

3.4. Distribution of S. aureus Across Hospital 

Units 

In this study, it was observed that from all samples that were 

collected (N=216) from the ICU, EMD, and Medical wards, 

only 6.5% (n=15) of isolates presented the culture character-

istics, biochemical and molecular tests that were specific to S. 

aureus. The distribution of S. aureus isolates by hospital units 

are presented in Table 1. 

Table 1. Distribution and chi-square analysis of S. aureus across hospital units. 

Hospital units 

S. aureus 

Chi-square P-value 

Present [n (%)] Absent [n (%)] 

EMD 7(8.9) 72(91.1) 

1.524 0.480 
ICU 3(3.9) 73(96.1) 

WARD 5(6.6) 71(93.4) 

Total 15(6.5) 216(93.5) 

 

3.5. Distribution of S. aureus per Sample Type 

Assessment of microbial pathogen prevalence across con-

nector, humidifier water and respirator samples demonstrated 

a low occurrence of S. aureus with 93.5% (n=216) of samples 

testing negative. The distribution across sample types was not 

statistically significant as the analysis of Chi square and p- 

value confirmed this (χ²=1.6, p=0.497). 

Table 2. Distribution and Chi-square analysis of S. aureus across sample type. 

Sample name 

S. aureus 

Absent [n (%)]  Present [n (%)]  Chi-square P-value 

Connector (CS) 80 (94.1) 5 (5.9) 

1.6 0.497 Humidifier water (WS) 81 (95.3) 4 (4.7) 

Respirator (RS) 55 (90.2) 6 (9.8) 
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3.6. Antimicrobial Susceptibility 

All confirmed isolates (n=15) were subjected to antimicro-

bial susceptibility testing against seven antibiotics recom-

mended for treatment of respiratory infections in Tanzania. 

The susceptibility results were categorized into three classes 

namely; Intermediate (I), Resistant (R) and Susceptible (S) 

across all seven different antibiotics. Ciprofloxacin showed 

the highest efficacy in that all (100%) of the isolates were sus-

ceptible to. Azithromycin showed the lowest efficacy against 

the pathogen with resistance up to 40% of the isolates fol-

lowed by Erythromycin with resistance up to 33% of the iso-

lates as shown in Figure 3. Erythromycin and Sulphamethox-

azole/Trimethoprim combination exhibited intermediate re-

sistance, suggesting a potential for the isolates to develop 

more resistance. Consequently, effective treatment may re-

quire use of antibiotics in combination, this was also reported 

by other study [29]. A high level of resistance displayed on 

Azithromycin in this study suggests the antibiotic to be least 

effective among the antibiotics tested. This could be explained 

by high consumption rate of the same drug as prophylactic 

among the remedies recommended for Covid 19 infection. 

This phenomenon may have been elevated during and post 

Covid 19 era as results of this study concurs with findings 

from other study [30]. As a remedy for the observed findings 

this study suggests the use of combination of antibiotics in or-

der to achieve maximum therapeutic success in treatment and 

to reduce further rise of antimicrobial resistance. 

 
Figure 3. Antibiotic susceptibility patterns of S. aureus against selected antibiotics. 

3.6.1. Multidrug Resistance Profile 

Isolates are considered to be multidrug resistant if they dis-

play a resistance to more than three classes of antibiotics. In 

the current study, among the confirmed S. aureus, isolates of 

N=15, 46.67% (n=7) showed MDR against the tested antibi-

otics as shown Table 3. This implies that almost half of the 

isolates have displayed MDR. This is an alarming signal in 

public health in general due to the fact that S. aureus is an op-

portunistic pathogen and very abundant in hospital environ-

ments as previously suggested by other studies [31]. These 

findings call for an extended study to depict the MDR in the 

wider population or hospital facilities in Tanzania especially 

at districts hospitals. 

Table 3. Multidrug Resistance patterns in S. aureus. 

MDR status Frequency (n) Percentage (%) 

Positive 7 46.67 

Negative 8 53.33 

Total 15 100 

3.6.2. Multidrug Resistance Patterns Across 

Hospitals 

The analysis of MDR profiles of S. aureus across hospitals 

revealed that out of the hospital facilities with positive S. au-

reus 31% (N=9), (45%) (n=4) hospital facilities had MDR 
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strains of S. aureus. Out of the four hospital facilities three 

were found to have pure MDR strains of S. aureus while one 

hospital had a mix of both MDR and non MDR strains of S. 

aureus. On the other hand, 55% of hospitals with positive S. 

aureus isolates had no MDR isolates as shown in Figure 4. 

This information is critical for healthcare providers to under-

stand the prevalence of MDR strains to adjust treatment pro-

tocols and guidelines to manage and control the spread of re-

sistant infections, other studies also reported similar findings 

[31]. 

 
Figure 4. Multidrug Resistance profiles of S. aureus across hospitals. 

4. Conclusion 

This study provides critical insights into the prevalence and 

antimicrobial resistance profiles of S. aureus associated with 

respiratory care devices. The low prevalence of these oppor-

tunistic pathogens in the sampled devices is encouraging, 

However, the presence of AMR, particularly MDR, poses sig-

nificant treatment challenges. Effective antimicrobial stew-

ardship, regular surveillance, and strict infection control pro-

tocols are essential to combat the growing threat of AMR. 

These measures will help ensure that antibiotics remain effec-

tive for treating infections, ultimately improving patient out-

comes and reducing healthcare costs associated with pro-

longed hospital stays and treatment failures. This study rec-

ommends continuous monitoring of AMR patterns in hospital 

settings to detect and respond to emerging resistance trends. 

Furthermore, it promotes stringent infection control measures, 

including proper cleaning and maintenance of respiratory care 

devices including the rational use of antibiotics through tar-

geted stewardship programs to minimize the development of 

resistance. The findings recommend that hospitals with MDR 

to implement stringent infection control measures and pro-

mote the rational use of antibiotics to prevent further re-

sistance development. 
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