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A B S T R A C T   

Background: Many infections in healthcare facilities are associated with the microbiological 
quality of the work environment, generally due to poor sanitation. 
Aim: In order to evaluate the effectiveness of a decontamination protocol (cleaning + disinfec
tion) applied at the “Université des Montagnes” Teaching Hospital, the present study assessed the 
variation of bacterial loads on surfaces subsequent to decontamination. Susceptibility of bacteria 
to disinfectants was also evaluated in the same frame. 
Methodology: This work was conducted with an adjusted bacterial detection/enumeration and 
susceptibility test protocols and standard bacterial identification protocols. Sampling on surfaces 
was performed by wet swabbing before cleaning, between cleaning and disinfection and after 
disinfection. 
Results: Major findings revealed the predominance of Staphylococcus (75.5%) on target surfaces. 
High bacterial loads recorded on these surfaces before decontamination became undetectable 
after cleaning with the detergent “Pax lemon”. The majority of isolates (98%) were susceptible to 
the disinfectants tested, (Surfanios® 0.25% and sodium hypochlorite 0.12%). 
Conclusion: Overall, these findings indicated process effectiveness on the subjected bacterial 
populations and suggest the use of either Surfanios® (0.25%) or sodium hypochlorite (0.12%) for 
work surfaces hygiene, justifying the use of these products in this department for surface 
decontamination. Also, cleaning with the detergent “Pax lemon” and disinfection with sodium 
hypochlorite may be sufficient for the types of surfaces subjected in the present research.   
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1. Introduction 

Healthcare facilities are potent reservoirs for large numbers of microorganisms which can contaminate, colonized and cause 
infection in human expecting care giving, or providing healthcare services [1–4]. These microorganisms may be infectious agents 
(professional and/or opportunistic pathogens) which often express multiple drug-resistance to antimicrobials and can disseminate 
through stochastic means/processes connecting human hosts and the environment [4–7]. Their presence indicates risk for 
healthcare-associated infection (HAI) or that of the spread of hospital germs through exposed communities [5–8]. A 
healthcare-associated infection can be referred to as a physiological dysfunction caused by or associated with the presence of 
healthcare setting-acquired microorganisms. Among the infectious agents and according to common literature, most frequently met in 
healthcare environments are Vancomycin-resistant Enterococcus, Clostridium difficile, multidrug-resistant Gram-negative rods such as 
Pseudomonas spp., Acinetobacter spp. as well as methicillin-resistant Staphylococcus aureus and norovirus [3–7]. 

The microbial presence and the risk of infection acquired in a healthcare facility depend, (though not limited to), on what use the 
premises serve, the environment microbial flora, the transmission pathways that is often poorly understood, the germ entry pathways 
in the host and the host’s vulnerability to infection; acknowledging that the patient’s vulnerability increases with prolonged stay in 
healthcare setting, his age and underlying disease, to name a few. Consequently, this presence and risk are not identical everywhere in 
a facility and varies from one setting to the other [1,5,7]. This is the reason why in a healthcare facility, aspects like quality of patient 
care, general premise management policy, equipment care and hand hygiene are contextual paramount challenges for HAIs preven
tion. In order to address these crucial issues throughout the world, healthcare facilities design, integrate, develop and reinforce the 
“hospital hygiene” concept, which contributes to the prevention, control and management of infectious risk [7,8]. This concept was 
regarded as an aesthetic necessity before the 1990s and was an easy target for cost savings in the absence of concrete scientific evidence 
of its involvement in HAIs [7]. In this concept, one of the options in force is the decontamination of spaces and tools using sole cleaning 
or in combination with disinfection or sterilization [9]. 

Nowadays, it has been established that infectious etiologies such as those listed above are easily transferred from environmental 
surfaces to the hands of healthcare providers and even to reusable medical equipment. If they are contaminated, these items serve as 
transmission channels for microbes from contaminated surfaces to patients or from one patient to another. Also, the risk of acquiring an 
infection is increased if a newly admitted patient is placed in a room previously occupied by a patient known to be colonized or infected 
with an infectious agent [3,4]. Similarly, it is accepted that adherence to good hygiene practices has a strong influence on mitigating 
the presence of infectious agents in the patient’s environment thereby, reducing the risk of infection [4]. Otherwise, health facilities 
must ensure that cleaning staff follow decontamination procedures. 

Throughout the world, decontamination processes are subject to debate about frequencies, methods, equipment, benchmarks, 
monitoring and standards [10,11]. Due to multiple disparities (such as environmental microbial flora, environmental materials and 
architecture), development of contextual protocols is though crucial to be encouraged [3]. Standardized scientifically-based evalua
tions of the effectiveness of hygiene protocols are necessary to formulate and advocate the most appropriate and cost-effective methods 
for hygiene in the healthcare setting [4,7,12]. 

At the “Université des Montagnes” Teaching Hospital (UdMTH), several investigations have been performed to monitor the local 
bacterial flora. The authors of these studies consistently reported various alerts of infectious risk based on bacterial loads that were 
often high as well as markers of dissemination from one place to the other, with emphasize on the need for sustainable local references 
[8,13,14]. The aim of the present survey was firstly, to assess the effectiveness of decontamination methods used at the UdMTH. 
Focused on UdMTH biomedical analysis laboratory, this work was carried out to determine the bacterial populations that were present 
before and after decontamination of work surfaces in this department with a previous analysis protocol [15]. Secondly, authors’ focus 
was to determine the susceptibility/tolerance of isolates to the traditional disinfectants. The results thereof could help improve local 
microbiological safety, be disseminated to other healthcare facilities throughout Cameroon and/or guide effective contextual protocols 
in force in specific areas to improved health and sanitation. 

2. Material and methods 

2.1. Study design 

This was a descriptive cross-sectional study carried out at UdMTH from May 4th through June 16th, 2020; supported by research 
authorization N◦. 2020/052/AED/UDM/CUM issued by the UdMTH Head and the ethical clearance N◦. 2020/147/UdM/PR/CIE 
provided by the “Université des Montagnes” board of ethics. The investigation sites consisted of work surfaces at the UdMTH 
biomedical analysis laboratory. Data collection, sampling and specimen analysis were conducted within the premises of the same 
laboratory. 

2.2. Decontamination protocol 

The decontamination protocol was organized in two steps: cleaning and disinfection. The main material used was absorbent paper 
(standard wide examination sheet; 50 × 34 cm), the concentrated Surfanios® disinfectant solution from ANIOS®, the detergent “Pax 
lemon” and the sodium hypochloride (2.4%) “la croix” from COLGATE-PALMOLIVE® Cameroon. These products were selected 
because they were the ones used at the UdMTH. Also, chlorinated water is mainly used by many facilities in Cameroon. 

For protocol implementation, the cleaning was done with diluted detergent (1/20 with tap water), while disinfection was 
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performed with diluted disinfectant in tap water (either Surfanios®, 0.25% or sodium hypochlorite, 0.12%). The sheets of examination 
cloth were folded to have pieces 4 times smaller than the original. In this survey, the decontamination protocol was applied to a surface 
area of 900 cm2 (30 × 30cm). 

Summarily, the target surfaces were first rubbed with pieces of folded examination sheet impregnated with cleaning solution. Then, 
it was wiped with a dry piece of folded examination sheet. The wiped surface was rinsed with a piece of folded examination sheet 
soaked in tap water. After this rinsing step, the surface was wiped with a dry sterile piece of folded examination sheet. After that, the 
disinfectant was applied onto this surface with a sterile piece of folded examination sheet impregnated with the product. The detailed 
protocol is presented in Table 1. 

2.3. Work surface selection 

Four sampling flat surfaces were selected. All were work surfaces within the UdMTH Biomedical Laboratory, selected for the high 
frequency of activities and the material they were made of. Location 1 was a ceramic surface, location 2 a glass surface, location 3 a 
formica surface and, location 4 a leather surface. 

2.4. Sampling, transport, storage 

Early specimen collection was conducted in the morning before the day’s activities and was performed as described by Fotsing 
Kwetché et al. [15]. The area to be sampled (square area of 25 cm2) was calibrated with a sampling template duly designed. Specimens 
were then collected in series, three times per series: before decontamination, after cleaning (before disinfection) and within 15 min 
after the application of the disinfectant. Fifteen minutes’ time was chosen with reference to the disinfectant manufacturers’ in
structions harmonized with work activities flux. However, sampling of the leather surface after the application of the disinfectant was 
done after 20 min because the surface could not dry before this time. 

All series of specimen collection were performed three times for three consecutive days (one series per day) for each of the two 
variants of decontamination (with Surfanios® 0.25% and with sodium hypochlorite 0.12%). Subsequent to collection, specimens were 
immediately submitted to laboratory analytical procedures. 

2.5. Bacteriological screening 

2.5.1. Culture 
For each specimen, the culture was performed according to the procedure described by Fotsing Kwetché et al. [15], with a few 

modifications. Inoculation was done on 6 agar plates (3 Eosin Methyl Blue Agars, and 3 Mannitol Salt Agars). These preparations were 
incubated at 37 ◦C for four days. No dilution was performed at this step. 

2.5.2. Enumeration and identification 
Subsequent to incubation and bacterial growth, enumeration and identification of the colonies were performed according to 

previous protocols [13–16] through macroscopy, microscopy, and further characterization with differential biochemical and enzy
matic tests for target bacterial populations. 

2.5.2.1. Macroscopic, microscopic and enumeration. After incubation, the colonies were described with reference to characteristics that 
basically include their color, size, shape, roughness, opacity and consistency. Then, a microscopic examination on Gram smear was 
performed. Simultaneously with the macroscopic characterization of colonies, a count of colony forming units per Petri dish (CFU/ 
Petri dish) was conducted for each colony type. Enumeration was done according to Fotsing Kwetché et al. [15]. In this view, the actual 
bacterial loads (ABL) of Gram-positive cocci (GPC) and Gram-negative rods (GNR) on surfaces were calculated with reference to the 
calibration equation for bacteria enumeration on flat surfaces [15] displayed in Table 2. This calibration was performed with S. aureus 

Table 1 
Surface decontamination protocol.  

Steps Description 

1 Soak one side of the folded examination sheet with 20 mL of the cleaning solution 
2 Rub the surface to be cleaned with the moistened side of the sheet in a circular centrifugal direction (from the center of the area to be cleaned to the 

periphery) for 10 s, then turn the sheet over and rub the surface with the opposite side of the sheet to the moistened side in the same direction for the same 
length of time; 

3 Repeat the above steps once again; 
4 Wipe the cleaned surface with another piece of folded examination sheet; 
5 Soak one side of a new piece of folded examination sheet with 20 mL of tap water; 
6 Perform step 2; 
7 Wipe the cleaned surface with a sterile piece of folded examination sheet; 
8 Soak one side of a new sterile piece of folded examination sheet with 15 mL of disinfectant; 
9 Rub the cleaned surface with the moistened side in the same direction as before for the same length of time; 
10 Allow to dry and resume working after 15 min.  

O.D. Youté et al.                                                                                                                                                                                                       



Heliyon 10 (2024) e25647

4

ATCC 29213 and E. coli ATCC 25922 (for GPC and GNR, respectively). The actual loads of Gram-positive rods (GPR) were determined 
with reference to the calibration conducted with S. aureus ATCC 29213 for their cell envelope similarity. These references strains 
served for quality control throughout the investigation. 

2.5.2.2. Orientating tests for bacterial identification. Orientations continued with reference to the cell microscopy. For GPR and GNR, 
identification was limited to macroscopy and microscopy. For GPC, a progressive process was followed using the catalase, mannitol 
fermentation, free coagulase, DNase tests; as well as Voges-Proskauer (acetoin) test. 

2.5.3. Disinfectant susceptibility test 
After identification, susceptibility to disinfectant was performed. This test was conducted in liquid medium. It was undertaken in 

order to determine the effectiveness of disinfectants on bacterial, and was associated with their loads and reference to known detection 
thresholds [15] for surface bacteria enumeration (Table 2). 

2.5.3.1. Preparation of the bacterial suspension. For each bacterium, a 24-h subculture of the bacterial isolate was performed by 
streaking the organism on nutrient agar for purity. From the resulting growth, a bacterial suspension was aseptically prepared by 
mixing 2 mL of sterile physiological saline (0.9% NaCl) solution in a test tube with the bacterial population in order to achieve a 
turbidity equivalent to the 0.5 standard of the MacFarland scale. The suspension was inoculated with a single streak onto nutrient agar 
with a sterile calibrated (10 μL) wire loop (this represented the “control streak”). 

2.5.3.2. Inoculation and incubation. Aseptically, 100 μL (1.5 × 107 CFU) of the above suspension was dispensed into 500 μL of the 
disinfectant. The mixture was then incubated at room temperature (26 ◦C) for 15 min. Upon completion of this incubation, the 
preparation was inoculated three times (in triplicate) on the same agar in 55 mm-diameter Petri dishes (test streaks) as the original 
bacterial preparation with a sterile wire loop (10 μL calibrated loop). The preparations were eventually allowed for aerobic incubation 
at 37 ◦C for 24 h. 

2.5.3.3. Reading and interpretation. Upon completion of the 24 h of incubation, the culture reading was conducted by assessing the 
bacterial presence on the test streaks. 

A disinfectant was referred to as “good” for disinfection when it reduced the bacterial population (with reference to the positive 
control) to less than 5 log of the initial load [17], in this case less than 12 CFU in 10 μL for an initial load of 2.5 × 105 CFU in the same 
volume. Thus, the isolate was said to be “susceptible” to disinfectants if there was no bacterial growth on the three test streaks. 
Otherwise, it was referred to as “tolerant” to the disinfectants. 

Table 2 
Characteristics of the bacterial enumeration calibration curves and detection threshold for the method used [15].  

Strains Materials Equation of the calibration 
curvea 

R2 95%CI of the slope (a) and 
constant (b) 

Detection thresholdb (CFU/ 
cm2) 

E. coli ATCC 25922 Aluminum ABL = 2.614 × 103 × OBL+2 ×
103 

0.99924 a: [2.584 × 103–2.644 × 103] 
b: [-8 × 103–12 × 103] 

7228 

Ceramic ABL = 400 × OBL+63 × 103 0.97667 a: [364− 436] 
b: [-128 × 103–254 × 103] 

63,800 

Formica ABL = 161 × OBL+32 × 103 0.98504 a: [153− 169] 
b: [-20 × 103–84 × 103] 

32,322 

Glass ABL = 180 × OBL+4 × 103 0.99691 a: [176− 184] 
b: [-5 × 103–13 × 103] 

4360 

Leather ABL = 721 × OBL+7 × 103 0.99342 a: [697− 745] 
b: [-12 × 103–26 × 103] 

8442 

Sanded 
plywood 

ABL = 33.5 × 103 × OBL+12 ×
103 

0.98943 a: [32.1 × 103–34.9 × 103] 
b: [-63 × 103–87 × 103] 

79,000 

S. aureus ATCC 
29213 

Aluminum ABL = 261 × OBL+302 × 103 0.98793 a: [246− 276] 
b: [-221 × 103–825 × 103] 

302,522 

Ceramic ABL = 3.13 × 103 × OBL+53 ×
103 

0.98996 a: [2.99 × 103–3.27 × 103] 
b: [-230 × 103–336 × 103] 

59,260 

Formica ABL = 39 × 103 × OBL+782 ×
103 

0.86131 a: [32 × 103–46 × 103] 
b: [-1118 × 103–2682 × 103] 

860,000 

Glass ABL = 1.73 × 103 × OBL+23 ×
103 

0.99428 a: [1.66 × 103–1.8 × 103] 
b: [-404 × 103–450 × 103] 

26,460 

Leather ABL = 5.3 × 103 × OBL+587 ×
103 

0.93152 a: [4.7 × 103–5.9 × 103] 
b: [-663 × 103–1837 × 103] 

597,600 

Sanded 
plywood 

ABL = 1.31 × 103 × OBL+826 ×
103 

0.84549 a: [1.06 × 103–1.56 × 103] 
b: [-524 × 103–2176 × 103] 

828,620  

a ABL: actual bacterial loads (CFU/cm2); OBL: observed bacterial loads (CFU/cm2); 95%CI: 95% confidence interval; OBL = 40xN/25 where N is 
the number of CFU/Petri dish, 40 = volume of extraction liquid/volume of inoculum, 1/25 is the conversion factor from CFU on 25 cm2 to CFU on 1 
cm2. 

b The detection threshold for the analysis method used was calculated for 1 CFU/Petri dish, i.e. about 2 CFU/cm2 of OBL. 
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2.5.3.4. Sterility control for the disinfectants. The sterility of the disinfectants was also checked. For this purpose, 100 μL of the dis
infectants were streaked onto 3 Eosin Methyl Blue Agars and 3 Mannitol Salt Agars in Petri dishes. The streaked agar plates were 
incubated at 37 ◦C for a week. The sterility of the disinfectant or the absence of tolerant bacteria in the disinfectant was confirmed 
when there were no visible bacterial growths upon completion of incubation. 

2.6. Data analysis 

The target variables were the numbers and types of bacterial isolates recovered from the work surfaces, the bacterial loads found on 
the work surfaces, and the category of isolates associated to susceptibility or tolerance to disinfectants. All pieces of information 
recorded were treated with analytic tools provided by Microsoft Excel 2013. Target pieces of information included the isolation rate of 
various bacteria group, numbers of isolate per sampling site, calculated actual bacterial loads and susceptibility/tolerant rates of 
isolates to disinfectants. 

3. Results 

3.1. Bacterial populations on the surfaces 

Subsequent to the culture of collected specimens, 184 bacterial isolates were recovered. They belonged to the Gram-positive cocci, 
Gram-positive rods and Gram-negative rods sets. Related overall distribution is illustrated as shown in Fig. 1 and the distribution of 
bacterial types per collection site was summarized as presented in Table 3. 

This distribution (Fig. 1) highlights diverse profiles, dominated by Gram-positive bacteria (97.8%) and mainly by Staphylococcus 
spp. (75.5%). This distribution also reveals that the overwhelming proportion (>3/5) consist of non-aureus coagulase-positive 
Staphylococcus, followed by GPR which are twice as frequent as coagulase-negative Staphylococcus. 

Overall, it appears (from Table 3) that the decontamination is applied on bacterial populations permanently dominated by 
members of the genus Staphylococcus. This indicates a daily predominance of this bacterial type in the investigation sites environments. 

3.2. Effect of decontamination on the bacterial loads 

The overall observation of identified bacterial loads during decontamination is shown in Fig. 2. 
The Fig. 2 reveals that the cleaning step had an effect on bacterial presence, with the reduction of bacterial loads. Beside the fact 

that data after cleaning falls below the detection level of the analytical method, Fig. 2 also shows that the final bacterial load (after 
decontamination) was less than the initial one (before decontamination). Thus, it indicates that the decontamination protocol used 
reduced the bacterial loads to undetectable levels. 

The bacterial affected by decontamination were varied based on the sampling points and population diversity. This diversity is 
presented in Table 4. 

The Table 4 reveals that bacterial density was higher at locations 3 and 4, compared to locations 1 and 2 before decontamination. 
Overall, however, Staphylococcus spp. consistently exhibited higher bacterial loads; followed by GPR. In addition, and whatever the 
target site, bacterial load was affected by the two variants of the decontamination procedures (drastically reduced or disappeared after 
the decontamination stage). 

3.3. Bacteria susceptibility to disinfectants 

Susceptibility test to disinfectants generated pieces of information summarized in Fig. 3. 
Overall findings reveal that the large majority of bacterial isolates recovered are susceptible to Surfanios® 0.25% and sodium 

hypochlorite 0.12% within the time of exposure to these products. For each of these disinfectants, effectiveness rate of 98% was 
recorded. Otherwise, similar effectiveness was observed for both disinfectants. 

Fig. 1. Overall distribution of bacterial isolates.  

O.D. Youté et al.                                                                                                                                                                                                       



Heliyon 10 (2024) e25647

6

4. Discussion 

The present investigation focused on effectiveness of a surface hygiene protocol at the UdMTH biomedical analysis laboratory. 
Variation of bacterial loads on target surfaces was assessed during and subsequent to decontamination; susceptibility tests to disin
fectants was also investigated. 

Data from collected specimens screening revealed that the work surfaces served as reservoirs for large numbers of bacteria, pre
dominantly Gram-positive (Staphylococcus spp. (75.5%) and Gram-positive rods (22.3%)). Gram-negative rods were the least 
frequently recovered. This general distribution on surfaces also reflects the trend in the work environment previously reported by other 
authors in the same health facility [8,13,14], in other healthcare settings [14,18] or in non-hospital environments such as animal farms 
[19]. According to these authors, the predominance of Gram-positive bacteria in the environmental bacterial populations could be 
justified by the chemical composition of the cellular envelope, which provides resistance to adverse living conditions like draught and 
higher temperatures, compared to Gram-negative bacteria. In addition, some GPR like Bacillus spp., have the ability to develop spores 
which allow additional survival potentials in harsher environmental conditions. Further, these predominant populations are typically 
facultative aerobes. This ability for unchanged fitness in the presence or the absence of molecular oxygen is a special asset that strongly 
accounts for their frequencies and diversities in most settings. Accordingly, with the minority of GNR observed during the present 
investigation and in others [8,13,14], Staphylococcus spp. could effectively be used as biomarkers of microbiological quality control of 
healthcare environment, especially in settings where tools and other facilities for investigation are limited. The distribution of these 
organisms according to their loads and their density is globally very high on the work surfaces before decontamination and much more 

Table 3 
Bacterial isolates recovered from various work surfaces.  

Decontamination protocols Sampling locations Sampling days Bacterial type 

GNR GPR CNS naCPS 

Numbers Numbers Numbers Numbers 

Decontamination using Surfanios® 0.25% Location 1 Day 1 0 5 0 4 
Day 2 0 0 2 8 
Day 3 0 3 1 6 

Location 2 Day 1 0 6 1 2 
Day 2 1 1 1 8 
Day 3 0 0 1 10 

Location 3 Day 1 2 3 2 0 
Day 2 0 2 0 1 
Day 3 0 0 2 10 

Location 4 Day 1 1 1 0 6 
Day 2 0 0 0 4 
Day 3 0 0 0 1 

Decontamination using chlorinated water 0.12% Location 1 Day 1 0 0 0 5 
Day 2 0 2 0 7 
Day 3 0 1 1 2 

Location 2 Day 1 0 3 0 5 
Day 2 0 0 1 8 
Day 3 0 2 2 2 

Location 3 Day 1 0 2 1 11 
Day 2 0 4 0 10 
Day 3 0 2 1 1 

Location 4 Day 1 0 2 2 6 
Day 2 0 0 0 3 
Day 3 0 2 1 0 

GNR: Gram negative rods; GPR: Gram positive rods; CNS: Coagulase negative Staphylococcus; naCPS: non aureus Coagulase positive Staphylococcus, 
Location 1: Ceramic surface; Location 2: Glass surface; Location 3: Formica surface; Location 4: Leather surface. 

Fig. 2. Overall variation in bacterial loads following decontamination.  
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on locations 3 and 4 that consist of formica and leather, respectively. About the decontamination process, data provided for the 
cleaning step revealed a reduction of bacterial load. This drop in bacterial loads subsequent to cleaning is consistent with previous 
reports which observed that this mechanical step is 80% effective [20]. From the microbiological point of view accordingly, cleaning 
makes disinfection more effective. During this process in fact, organic matters and other like-entities that interfere with the action of 
chemicals or physical agents are eliminated. In this case, they are Surfanios® (formulation of amino acid and quaternary ammonium) 
and chlorinated water [20,21]. Feliciano et al. observed that organic matters could reduce the effectiveness of sodium hypochlorite and 
quaternary ammonium prepared and used in food industries. For their evaluation, these authors used strains of murine norovirus 1, 
E. coli ATCC 29181 and L. innocua ATCC 33090 [21]. 

Cleaning also dislocates microbial biofilms (when it is present on surface), and provides better action for the disinfectant on the 
target surfaces admitting that this microbial configuration could also impair the effectiveness of hygiene protocols. The effectiveness of 
disinfectants on a biofilm varies according to their active principle, the biofilm density and architecture. Lineback et al. (2018) 

Table 4 
Evolution of bacterial loads during and after decontamination.  

Sampling locations Sampling days bDe (bC) aC/bDi aDe (aDi) 

ABL (CFU/cm2) 

GPR GNR Staphylococcus spp. 

Decontamination with 0.25% Surfanios® 
Location 1 1 1.0308 × 105 ND 8.43 × 104 Not detected (ND) = Absence of bacteria (actual bacterial 

load = 0 CFU/cm2) or bacterial presence not detectable 
(actual bacterial load < detection threshold of the method 
used for bacterial enumeration of surfaces) 

2 ND 1.2812 × 105 

3 1.2186 × 105 1.0934 × 105 

Location 2 1 6.106 × 104 ND 4.549 × 104 

2 2.646 × 104 4.36 × 103 6.106 × 104 

3 2.3 × 104 ND 6.798 × 104 

Location 3 1 1.406 × 106 3.9406 × 104 1.211 × 106 

2 1.289 × 106 ND 8.6 × 105 

3 ND 1.835 × 106 

Location 4 1 5.976 × 105 8.442 × 103 6.612 × 105 

2 ND ND 6.188 × 105 

3 5.976 × 105 

Decontamination with 0.12% chlorinated water 

Location 1 1 ND ND 8.43 × 104 Not detected (ND) = Absence of bacteria (actual bacterial 
load = 0 CFU/cm2) or bacterial presence not detectable 
(actual bacterial load < detection threshold of the method 
used for bacterial enumeration of surfaces) 

2 6.239 × 104 9.369 × 104 

3 5.926 × 104 6.865 × 104 

Location 2 1 3.338 × 104 ND 5.587 × 104 

2 ND 5.414 × 104 

3 3.684 × 104 3.684 × 104 

Location 3 1 9.77 × 105 ND 1.796 × 106 

2 1.094 × 106 1.64 × 106 

3 8.99 × 105 9.77 × 105 

Location 4 1 6.029 × 105 ND 7.407 × 105 

2 ND 6.135 × 105 

3 6.029 × 105 5.976 × 105 

GNR: Gram-negative rod; GPR: Gram-positive rod; ABL: actual bacterial load; ND: Not detected; CFU: Colony forming unit; bDe: before decon
tamination; aDe: after decontamination; bC: before cleaning; aC: after cleaning; bDi: before disinfection; aDi: after disinfection. Location 1: Ceramic 
surface; Location 2: Glass surface; Location 3: Formica surface; Location 4: Leather surface. 

Fig. 3. Disinfectant susceptibility trends per isolate category. 
GNR: Gram-negative rods; GPR: Gram-positive rods; CNS: coagulase-negative Staphylococcus; 
naCPS: non aureus coagulase-positive Staphylococcus. 
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observed, for instance, that hydrogen peroxide and sodium hypochlorite were more effective on Staphylococcus aureus and Pseudo
monas aeruginosa biofilms than quaternary ammonium compounds [22]. These factors are reliable and could guide adjustment of the 
working volume to each product for a good cleaning and disinfection so that they are not used at concentrations lower than recom
mended by the manufacturer. In this way, bacteria will not be exposed to sub-lethal concentrations which are likely causes of resistant 
strains selection according to Condell et al. (2012) when compounding chemicals were tested individually. In turn, they observed low 
tolerance of these strains to formulations that combined several active compounds from benzalkonium chloride (a Surfanios® active 
compound) [23]. 

Still other factors might interfere with proper hygiene like low ambient temperature, shorter contact times and porous surfaces. It is 
therefore recommended that the ambient temperature, disinfection time and characteristics of the target surface should be taken into 
consideration in designing contextual protocols for effective disinfection [24]. 

Poor quality of water could also impede the effectiveness of the protocols if for instance, it is contaminated by microorganisms and/ 
or organic maters. A study evaluating the microbiological quality of the water used in some health facilities of the Ndé Division 
(Western Cameroon) revealed that tap water was microbiologically safe at UdMTH [25]. 

The disinfectant susceptibility tests revealed high susceptibility rate (98%), underlining that Surfanios® (0.25%) and chlorinated 
water (0.12%) have good potentials on the target bacterial populations. Although it was not possible to assess the bacterial presence 
after the cleaning step due to the detection threshold imposed by the analytical method used [15], this isolates’ susceptibility suggests 
that the disinfection was effective. In fact, due to the absence of a neutralization step that is used by some protocols, the results of the 
disinfectant susceptibility test in this work provided data on disinfectant effectiveness but did not provide a clearer view on the exact 
15 min disinfection step. In fact, it was not possible to include a disinfectant neutralization step before or during the bacterial culture 
step in this work. However, these results can be inferred from this 15 min of exposure of bacteria to disinfectants during disinfection 
and from a potential length of residual exposure of bacteria to disinfectants after disinfection. 

This high susceptibility rate was in line with above developments on the concentrations of chemicals used in the routine process. 
Still in addition, Surfanios® or chlorinated water are not generally used as antiseptics in the setting as already reported by other studies 
[26], and when they are used (for decontamination or disinfection), appropriate dosages are observed by the team in charge. Rouillon 
et al. [26] suggested that hospital strains such as Pseudomonas spp. and Acinetobacter spp. should be used for their specific charac
teristics and relevance in healthcare environment [5–7,26]. Still in line with findings from the present investigation, that suggestion 
will be applied in future like research initiatives. 

Despite the low rate of disinfectant-tolerant bacteria observed (2%), their presence should draw attention on the necessity for 
proper hygiene that would further mitigate the spread of resistant traits through mobile genetic elements. The laboratory that served as 
study site is frequently visited by nurses and physicians who are in direct contact with patients. In the context of HAI prevention, it 
would be primordial to monitor as often as possible the likelihood of cross-resistance to antibiotics and disinfectants, especially for 
bacteria such as Pseudomonas spp. and Acinetobacter spp., which are members of the endogenous flora in healthcare environments [26], 
although this paradigm on cross-resistance remains subject for fierce debates. It is alleged that cross-resistance to antimicrobial that 
develops upon exposure and adaptation to a disinfectant occur when the disinfectant and an antimicrobial compound act on the same 
cellular target or have the same transport system or can be accommodated by the same resistance mechanism. It would also occur in 
instances where the genes contributing to disinfectant tolerance and antibiotic resistance are carried by the same mobile genetic el
ements. The efflux-pump resistance mechanism is one of the most recurrent in this anti-infective tolerance to disinfectants like ben
zalkomium chloride [23]. 

With a glance to susceptibility tests, Surfanios® 0.25% and sodium hypochlorite 0.12% can be indicated for disinfection during 
decontamination and could also be used alternately. For action sustainability, food industries and especially pharmaceutical groups 
recommend the regular change of active disinfectants used for decontamination of premises, to prevent the selection of resistant 
strains. Some authors like Rouillon et al. observed, however, that this alternation could be unnecessary when they reported permanent 
sustained potential of Surfanios® in most of healthcare facility strains for ten years [26]. Compared to chlorinated water, which only 
acts as disinfectant, Surfanios® has a combined detergent-disinfectant potential and would be the most suitable because its detergent 
potential would amplify that of the cleaning, thereby, increase the disinfectant action. 

On the other hand, and with reference to resource availability and affordability, chlorinated water would be the best choice in most 
needy settings throughout the world. 

Overall, data analysis revealed a good effectiveness of surface decontamination at the UdMTH Biomedical laboratory, regardless of 
surface material, though glass is most recommended for easy implementation of the protocols in force. Also, data analysis further 
brings out the fact that minimal available and affordable assets (Surfanios®, chlorinated water, tap water and “Pax lemon” detergent) 
could serve effectively. The contextual cost-effective solution choice should be adopted. 

Future investigations should be conducted to confirm these results on other microbial communities in the work environment. At the 
same time, there is need to identify other contextual microbial biomarker for environmental contamination or hygiene monitoring that 
can be used at affordable in resource-limited settings (such as the one in this work). Further, and with emphasis on hygiene and 
sanitation based on microbial load, future research initiatives should be performed to improve the detection thresholds on surfaces. 

5. Conclusion 

The present survey revealed that, on the selected work surfaces, Staphylococcus was the predominant group of bacteria. The 
bacterial loads were high on all the target surfaces before decontamination but became undetectable after cleaning with the detergent 
“Pax lemon” during decontamination. The large majority of the recovered isolates were susceptible to Surfanios® (0.25%) and sodium 
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hypochlorite (0.12%). Overall, these findings indicated process effectiveness on the subjected bacterial populations and suggested the 
use of either Surfanios® (0.25%) or sodium hypochlorite (0.12%) for work surfaces hygiene. Otherwise in the present context, cleaning 
with detergent “Pax lemon” and disinfection with sodium hypochlorite might be sufficient for the types of surfaces that were targeted 
in the present survey. 
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