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Abstract: 

This study represents the comparison of the disinfection efϔicacy of ready-use chemical agents currently employed for 

rapid reprocessing of critical surgical instruments in austere environments. Both the terminal disinfectants evaluated 

demonstrated substantial and sustained reductions in microbial contamination on experimentally inoculated 

instruments. These ϔindings underscore the ability of these agents to produce instruments with minimal residual 

bacterial contamination in scenarios where conventional sterilization methods, such as autoclaving, are not available. 

These ϔindings are especially signiϔicant for emergency medical teams functioning in resource-limited hospital settings, 

where logistical and environmental constraints often preclude the use of conventional sterilization methods. In such 

scenarios, the ability to rapidly and effectively decontaminate surgical instruments is critical for sustaining operative 

capacity and minimizing infection risk during urgent interventions. While the disinfection techniques evaluated in this 

study do not meet the stringent criteria for spore-level sterility deϔined by standard sterilization protocols, they provide a 

practical and efϔicient means of reducing microbial burden to levels considered clinically acceptable. 

Importantly, this study highlights the potential utility of currently available ϔield disinfectants as practical alternatives in 

situations where conventional sterilization methods are inaccessible or impractical. However, the effectiveness of these 

disinfectants can be inϔluenced by numerous variables, including differences in chemical composition, concentration, 

exposure time, application techniques, and prevailing environmental conditions such as temperature, humidity, and 

water quality. 
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INTRODUCTION 

When a medical device or surgical instrument comes into contact with the patient's sterile tissue or mucous 

membrane during the various processes, the risk of introducing infections into the patient's body increases. 

Furthermore, an infection may be transmitted from one patient to another, from a patient to a member of the 

medical staff and vice versa or from the environment to the patient via improperly sterilized or disinfected 

equipment. A number of outbreaks and diseases have been documented in the hospital setting as a result of 

poorly sanitized devices. As a result, adequate disinfection procedures for medical and surgical items are 

required in all healthcare facilities.1 



Indian Journal of Basic and Applied Medical Research; September 2025: Vol.-14, Issue-4, P. 29-34 
 

30 
www.ijbamr.com   P ISSN: 2250-284X, E ISSN: 2250-2858 
 

Disinfection is a method that kills most or all pathogenic microorganisms but does not remove bacterial spores 

from the area being treated. Disinfection, on the other hand, does not kill spores in the same way that sterilizing 

does. In actuality, liquid chemicals are most frequently utilized in the process of disinfecting devices. Chemical 

sterilant is the name given to certain disinfectants that, when exposed to spores for an extended period of time, 

are able to kill them.2 

The term “sterilization” refers to a technique that, by definition, destroys or eradicates all forms of microbial 

life, including spores. This process, which can be carried out in healthcare facilities using either physical or 

chemical methods, is known as “sterilization.”3 The most frequent ways are dry heat, steam under pressure, and 

ethylene oxide (ETO) gas. More recent approaches include hydrogen peroxide gas plasma, low- temperature 

sterilizing technology, and liquid chemicals.4 

Autoclaves are not readily available in most prehospital settings, and chemical (cold) sterilization necessitates 

the storage of bulky disinfectants with limited shelf lives once mixed and activated. In scenarios where standard 

steam sterilization is not feasible, it is essential to employ a decontamination method that is cost-effective, safe, 

efficacious, and user-friendly in the absence of conventional sterilization equipment. 

The objective of this study was to assess the efficacy of commercially available disinfectants in reducing or 

eliminating bacterial contamination on intentionally contaminated surgical instruments. The comparison was 

limited to the disinfectants themselves and did not include the gold standard of steam sterilization. A formal 

sterilization control group was not included, as the disinfectants evaluated are intended for use only in scenarios 

where standard sterilization methods are unavailable. The findings of this study aim to inform best practices for 

the decontamination and potential reuse of surgical instruments in resource-limited settings where conventional 

sterilization is not feasible. 

METHODS 

This was an experimental laboratory study to test the efficacy of ALEX D 100 ( Zuverlasse) in disinfecting 

intentionally contaminated surgical instruments. A mix set of sterile surgical steel instruments, orthopedic 

instruments, rigid endoscopes and dental instruments was obtained.  They were divided into 3 intervention 

groups and 1 control group. Similar 30 instruments were included in each group.  The instruments included in 

the 3 interventional groups were inoculated with methicillin-resistant Staphylococcus aureus, Escherichia coli, 

Klebsiella pneumonia, Pseudomonas aeruginosa, and Acinetobacter baumanni. For inoculation, the distal 3 cm 

of each instrument—the functional unit—was immersed in glucose broth containing a bacterial concentration of 

1.5 x 108 CFU/mL for one minute to ensure uniform bacterial distribution. Following inoculation, the 

instruments were placed in a BSC and air-dried for two hours. The control group consisted of instruments that 

were not exposed to any bacterial inoculum. All instruments were re-sterilized using an autoclave after each 

intervention to ensure sterility prior to reuse. 

The study included three intervention groups: Group 1- chlorhexidine immersion only, with instruments sealed 

in vacuum-sealed bags; Group 2-  ALEX D 100 immersion with instruments sealed in vacuum-sealed bags; and 

Group 3-  vacuum-sealed bag only, without terminal disinfection. All the instruments were removed from their 

sterile double peel packs under a laminar flow hood and individually sealed in vacuum-sealed bags.  

Following inoculation, the instruments were placed in a ziplock bag containing 50ml of 0.9% of normal saline 

and vortexed for 2mins. Following which a 100-µL sample was taken from the resulting fluid and were 

aseptically plated onto blood agar and MacConkey plates. Plates were incubated under either aerobic or 
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anaerobic conditions. All plates for aerobic  were incubated at 37°C for 24 hours after which colony counts were 

performed manually.   

Then instruments in Group 1 were vigorously scrubbed on the functional portion using a chlorhexidine-

impregnated sponge for 30 seconds. One sponge was used for every five instruments, after which it was 

discarded and replaced. Instruments were then rinsed with tap water to remove visible chlorhexidine residue, air 

dried, and sealed individually in vacuum-sealed bags. Group 2 instruments underwent immersion in a solution 

prepared at a concentration of 50 mL per litre using distilled water for a minimum duration of 30 minutes. Prior 

to disinfection, it was ensured that all visible organic matter and heavy soiling are removed from the instrument 

surfaces. Following this, the instruments were thoroughly rinsed with tap water containing less than 400 ppm 

hardness. For effective disinfection,  the cleaned instruments or equipment were immersed in a 5% disinfectant 

solution for 30 minutes. After disinfection, all items were rinsed with sterile distilled water and allowed to air 

dry and sealed individually in vacuum-sealed bags. Group 3 instruments, designated as the "bag only" group, 

received no cleaning or chemical disinfection treatment and were simply sealed individually in vacuum bags. 

Following terminal disinfection, instruments were dried, placed in sterile wire-closure bags, sealed, and stored 

in a controlled with no direct light for as long as 24 hours until further processing for bacterial quantification. 

Next 50 mL of 0.9% sterile saline was added to the individual storage bags, which were then vortexed for two 

minutes to dislodge viable microorganisms from the instrument surfaces. A 100-µL sample was taken from the 

resulting fluid and were aseptically plated onto blood agar and MacConkey plates. Plates were incubated under 

either aerobic or anaerobic conditions. All plates for aerobic  were incubated at 37°C for 24 hours after which 

colony counts were performed manually. Colony-forming units (CFUs) per sample were calculated by 

multiplying the number of colonies on plates yielding between 30 and 300 colonies by the corresponding 

dilution factor. 

RESULTS 

The absence or presence of CFUs for each instrument tested is tabulated in Figure 1. It is widely accepted that 

plates with <30 colonies produce unreliable results with regard to titers.5 For the purposes of stringent 

qualitative assessment, any culture plate exhibiting even a single colony was classified as positive, following the 

predefined criteria. The terminal disinfectants were applied in strict accordance with the manufacturer's 

recommended guidelines. 
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Study group No. of 

instruments 

CFUs grown 

before 

disinfection 

Instruments 

with growth 

CFUs grown 

after 

disinfection 

Disinfection 

rate (%) 

Group 1 30 GNB- 15,345 

GPC- 12,005 

2 GNB- 15 

GPC- 9 

99.91 

Group 2 30 GNB- 16,765 

GPC-12,134 

2 GNB-  21 

GPC- 16 

99.8 

Group 3 30 GNB- 16,117 

GPC-14,165 

30 GNB- 28,567 

GPC- 30,253 

0% 

Control group 30 0 0 0 NA 

Disinfection Rate (%)=(CFUbefore −CFUafter/ CFUbefore )×100 

Figure 1 

Groups 1 and 2, which underwent disinfection with chlorhexidine and ALEX D 100 respectively, 

demonstrated high disinfection efficacy, with rates of 99.91% and 99.8%, respectively. Both groups had 

similar baseline bacterial contamination levels prior to disinfection: Group 1 showed 15,345 CFU of gram-

negative bacteria (GNB) and 12,005 CFU of gram-positive cocci (GPC), while Group 2 had 16,765 CFU (GNB) 

and 12,134 CFU (GPC). Post-disinfection, these counts dropped dramatically, with only 2 instruments in each 

group showing minimal residual growth (15–21 CFUs for GNB and 9–16 for GPC), indicating the treatments 

were highly effective. 

In contrast, Group 3, which involved vacuum-sealing without any chemical disinfectant, showed a marked 

increase in bacterial load without treatment. Pre-disinfection counts were already high (GNB: 16,117; GPC: 

14,165), but post-treatment CFUs rose dramatically to 28,567 (GNB) and 30,253 (GPC), with all 30 

instruments showing microbial growth. This suggests that without an active disinfectant, is not only 

ineffective but may facilitate microbial proliferation. 

The control group remained sterile throughout, with zero CFUs before and after the intervention, confirming no 

environmental contamination during handling and validating the experimental setup. 

DISCUSSION 

This study focused on developing a scientifically validated approach for sterilizing and packaging surgical 

instruments intended for use in prehospital aid stations and other resource-limited or austere environments. 

Cleaning is emphasized as a critical component of the decontamination process: manual cleaning using 

chlorhexidine sponge scrubs resulted in a 99.9% reduction in bacterial load. It was concluded that a 

decontamination method consistently yielding no microbial growth at all designated storage intervals would be 

deemed most effective and suitable for use in austere settings where sterilization equipment is unavailable. 

Study limitations 

We only tested 4 different types of aerobic bacteria; no anaerobic bacteria, bacterial spores, fungi, or viruses 

were tested. Additionally, because the instruments were cleaned sequentially in the same container, those 

cleaned later in the sequence may have been exposed to higher levels of residual contamination from earlier 

instruments. Introducing an intermediate rinsing step could help mitigate this increasing bioburden and improve 

the uniformity of the cleaning results. 
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Effective perioperative decontamination of surgical instruments is essential for infection control, as it 

significantly reduces the risk of transmitting pathogenic microorganisms from contaminated instruments to 

patients. Consequently, timely and thorough surface decontamination of reprocessed instruments, along with 

minimizing turnover times, is critical to preventing infections.6 

CONCLUSION 

This study represents the comparison of the disinfection efficacy of ready-use chemical agents currently 

employed for rapid reprocessing of critical surgical instruments in austere environments. Both the terminal 

disinfectants evaluated demonstrated substantial and sustained reductions in microbial contamination on 

experimentally inoculated instruments. These findings underscore the ability of these agents to produce 

instruments with minimal residual bacterial contamination in scenarios where conventional sterilization 

methods, such as autoclaving, are not available. 

These findings are especially significant for emergency medical teams functioning in resource-limited hospital 

settings, where logistical and environmental constraints often preclude the use of conventional sterilization 

methods. In such scenarios, the ability to rapidly and effectively decontaminate surgical instruments is critical 

for sustaining operative capacity and minimizing infection risk during urgent interventions. While the 

disinfection techniques evaluated in this study do not meet the stringent criteria for spore-level sterility defined 

by standard sterilization protocols, they provide a practical and efficient means of reducing microbial burden to 

levels considered clinically acceptable. 

Importantly, this study highlights the potential utility of currently available field disinfectants as practical 

alternatives in situations where conventional sterilization methods are inaccessible or impractical. However, the 

effectiveness of these disinfectants can be influenced by numerous variables, including differences in chemical 

composition, concentration, exposure time, application techniques, and prevailing environmental conditions 

such as temperature, humidity, and water quality. 

Given these complexities, there is a critical need for further investigation to establish evidence-based, 

standardized protocols for disinfectant selection, packaging methods, and instrument handling procedures. Such 

protocols would not only ensure reproducibility and reliability in the field but also help optimize microbial 

reduction across a range of pathogens, including those with higher resistance profiles. Additionally, 

standardization would contribute to greater logistical efficiency and improved infection control outcomes in 

resource-limited settings. 

Ultimately, advancing our understanding of the operational performance and limitations of field disinfectants is 

essential to enhancing the preparedness and effectiveness of surgical teams operating under constrained 

conditions. This research represents a foundational step toward that goal and supports the development of more 

robust, scalable, and context-appropriate disinfection strategies for critical surgical care in austere environments. 

The data presented here provide compelling support for the field use of these disinfectants and serve as a 

foundation for future investigations. These may include evaluations of spore-forming organism resistance, long-

term instrument storage stability, and compatibility with various instrument types and materials. Ultimately, the 

goal is to refine and validate field-ready disinfection protocols that balance efficacy, speed, and logistical 

feasibility to meet the demanding requirements of austere medical care. 

Advancing our understanding of the practical performance and limitations of field disinfectants is critical to 

improving the preparedness and operational efficiency of surgical teams working in resource-constrained or 
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austere environments. This study provides a foundational contribution toward that objective, offering evidence 

to support the use of existing disinfectants as effective interim solutions when standard sterilization methods are 

unavailable. 
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