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Abstract

Groundbreaking knowledge at the nanoscale has been developed in many functional and industrial situations. Nanoscale colour 
recognition sensors have been developed by researchers in order to offer new ways to identify harmful germs. This study objective was to 
evaluate the ability of nano-biosensors colour indicators to identify nosocomial infection reservoirs.
Method: The enquiry was conducted in a semi-experimental environment for a month. Samples were obtained both prior to and during 
standard disinfection. The final findings were described as both clean and infected. There were 400 cases in the sample, 10 different types of 
equipment were employed, and sampling was done.
Results: The results showed high contamination of the studied surfaces. Moreover, 55% of the samples were infected before disinfection, 
which was reduced to 36.5% after routine disinfection.
Conclusion: The findings show that this tool has the necessary sensitivity, and we can introduce it as a standard tool for microbial 
contamination in the future; however, the aim was not to identify the type of microorganism.
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1. Introduction
Today, one of the significant challenges of the country’s 

healthcare system is the incidence of nosocomial infec-
tions. Nosocomial infections are essential in terms of 
infection, attenuation, and cost. In addition to mortality 
and complications, these infections, by increasing the 
length of hospital stay, significantly increase the cost of 
healthcare and ultimately cause dissatisfaction among 
recipients (1, 2). Each year, these infections have a heavy 
financial burden on the secondary, tertiary, and primary 
healthcare systems, the patients, and those who provide 
care for them (3-5). Correct diagnosis and timely treat-
ment of hospital infections reduce hospital infections 
and the effects of imposing false treatment costs on pa-
tients and society. Therefore, hospitals should develop 
an infection control program to assess and control the 
prevalence of infections (6, 7).

Despite many advances in infection control, many 
methods used face limitations, including difficulty in 
prototyping and time-consuming. Today, various sensors 
are used to solve the problems of other methods, such as 
time-consuming and the need for extensive laboratory 

equipment. Sensors that detect pathogens and dense 
and compact structures must be sensitive, specific, and 
fast to be used even in remote and rural areas (8, 9). Ac-
cording to the mentioned features, researchers use new 
methods using the unique properties of nanomaterials 
in the design of various sensors to identify and measure 
environmental pollution (9-11). Nanotechnology signifi-
cantly impacts environmental research, transportation, 
energy, food safety, information technology, and medi-
cine, among other fields and industries. Nanotechnol-
ogy primarily provides illness prevention, diagnosis, and 
therapy solutions in medicine. Biosensors are part of a 
technical innovation that has exploded to better under-
stand highly complex and dynamic biological processes. 
Although biosensors were recognized as early as 1962, 
combining biosensors with nanotechnology has given 
medicine a new dimension (12, 13). According to the most 
commonly recognized definition, a biosensor is an ana-
lytical device that incorporates a biologically active ele-
ment with an appropriate physical transducer to provide 
a quantifiable signal proportional to the concentration 
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of chemical species in any sample type (14-17). Biosensors 
are categorized based on their biological signaling mech-
anism or the signal transduction method (17, 18).

Despite their many benefits, the use of new health tech-
nologies has consequences and has posed some chal-
lenges to health systems. Therefore, emerging health 
technologies must be appropriately evaluated and used 
efficiently and effectively for healthcare. For this purpose, 
many countries worldwide have tried to devise mecha-
nisms for the rational entry and use of these technologies 
to control costs on the one hand and prevent the import 
of technologies that are low in safety and effectiveness 
on the other hand. One of the most important methods 
for this purpose, common in many developed countries, 
is health technology evaluation (8, 19). Health technol-
ogy assessment is an interdisciplinary practice that sys-
tematically examines the technical performance, safety, 
clinical effectiveness, cost-effectiveness, organizational 
implications, social consequences, and legal and ethi-
cal considerations of health technology (20). Evaluating 
health technology, as a critical decision-making and pri-
oritization tool, is still a new concept in most developing 
countries, but it is expanding rapidly. The World Health 
Organization (WHO) has also emphasized evaluating 
health technology for over two decades (8, 21).

In Iran, valuable measures have been taken in health 
technology evaluation in recent years. Evidence in some 
other countries, including India, shows that most health 
technology projects in this country are based on equip-
ment technologies, but new projects in this country and 
equipment are moving toward new diagnostic methods. 
Furthermore, screening has been driven (8, 21, 22).

New technologies, including nanotechnology, offer an 
excellent opportunity to develop rapid, new, sensitive, 
proprietary, and cost-effective techniques for detecting 
pathogenic microorganisms. Therefore, the develop-
ment of rapid, sensitive, and highly specific (proprietary) 
methods based on nanotechnology to identify pathogen-
ic bacteria has been at the forefront of community health 
control research. Researchers have developed biosensors 
as beneficial and practical equipment for accurate and 
rapid identification in recent years. It is expected that 
this new strategy will have the ability to develop and 
introduce a dedicated platform for the detection of a 
multiplex of multiple bacterial species. This new technol-
ogy can be an excellent alternative to specialized or cost-
effective methods if proven effective in introducing the 
existing tradition (23).

Nosocomial infections, commonly known as health-
care-associated infections (HAIs), are illnesses acquired 
while undergoing medical treatment but not present at 
admission. They can emerge in various settings, includ-
ing hospitals, long-term care facilities, outpatient clin-
ics, and after discharge. Occupational infections, which 
may affect employees, are also considered HAIs. When a 
pathogen infects a patient host, infection occurs. Infec-
tion happens when a pathogen infects a patient host. In 

the context of contemporary healthcare, invasive proce-
dures, including surgery, indwelling medical equipment, 
and prosthetic devices, are associated with infection. The 
etiology of HAIs is determined by the infection’s origin or 
kind and the causing bacterial, viral, or fungal pathogen 
(2, 24-26). 

Nosocomial infections produced by certain microbial 
strains continue to cause death and morbidity worldwide 
significantly (27). Given that preventing nosocomial 
infections is a critical way to improve the quality of 
healthcare services and is essential in the prevention and 
infection of nurses and patients, accurate data on the 
scope of these infections is critical in evaluating current 
infection prevention activities. It is also necessary to 
plan for future intervention in hospitals, determine 
the cause and risk factors of nosocomial infections, and 
use appropriate infection control measures (28, 29). 
Nano biosensors are primarily used to control spoilage 
of food, pharmaceuticals, and chemistry and are less 
used in the field of healthcare and hospital. Therefore, 
according to the researcher’s many years of experience 
in hospital departments as a nurse, observing and 
understanding the side effects of patients with hospital 
infections, and the researcher’s previous side activity in 
the field of optimization and manufacturing of nano 
biosensors (30-34), this study was conducted to Assessing 
the sensitivity of the Nano-Biosensor Color Indicator as a 
method for identifying nosocomial infection reservoirs. 
The mentioned plan with the ethics code IR.USWR.
REC.1399.164 has been approved by the research Vice-
chancellor of Tehran University of Social Welfare and 
Rehabilitation Sciences.

2. Materials and methods:
This semi-experimental study was performed in 

intensive care units (ICU) of Imam Khomeini Hospital 
complex in Tehran for one month, before and after routine 
disinfecting of the ward, randomly twice a week. Sample 
volume is based on the volume calculation formula 
(Quackran formula online). According to the study by 
Karami et al. (2015), with P = 0.025, an acceptable error of 
d = 0.043, and a 95% confidence level, the sample size was 
400. The cases were calculated as follows: 200 samples 
before disinfecting and 200 samples after disinfecting 
(35). The samples were taken from the ICU departments’ 
medical equipment surfaces whose contamination had 
previously been established by research. The samples 
were first selected from a targeted type based on the 
inclusion criteria of the devices. Then, the sampling was 
performed by a color indicator nano biosensor. First, 
the researcher selected ten types of medical equipment 
that are most probably to have microbial contamination 
and are in direct and indirect contact with nurses and 
patients. Then, sampling was performed before and after 
routine cleaning.

Monitoring by color indicator nano biosensors:
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Accordingly, after production of color indicator nano 
biosensor pads, made by Zhang’s method (36) with a few 
modifications and fabrication of nano biosensor pads by 

electrospinning method (Fig 1), they were cut into small 3 
cm square pads for testing on different surfaces.

Figure 1. Fabrication of nano biosensor pads by electrospinning method.

After selecting the suspect or susceptible growth 
surfaces of the microorganisms. The researcher would 
attach the activated color indicator nano biosensor, light 
blue, to the desired surfaces after washing his hands and 
wearing sterile gloves.

The adhesive coating that connected the pads to the 
desired surface was transparent and plastic and would 
prevent water and moisture from penetrating from 
outside during sampling and cover the pad’s surface 
(Fig 2). The pads usually are light blue and will have a 
visible color change from blue to red in the presence of 
microbial load (Fig 3).

Figure 2. The color recognition nano biosensor pads’ ultimate 
shape.

Figure 3. Nano biosensor pad’s color changes when it comes into touch with bacteria contamination.

After discoloration, which might take a few hours and 
a few days, the color change of all pads was checked af-
ter 24 hours. The sampler could quickly assess the extent 

of microbial load by simply looking at the surface of the 
pads and comparing its color with the color spectrum al-
ready printed on the paper, and estimating the approxi-
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mate amount of contamination. According to previous 
studies, points with a microbial load greater than 3 CFU/
cm2 would change the color of the pads from light blue 

to red (Fig 4)(36). The higher the microbial load, the more 
significant the color change (37-39).

Figure 4. Changing the color of the pads based on the amount of microbial contamination based on cells/mm2 and time.

3. RESULTS:
The result of the Kolmogorov-Smirnov test on the data 

shows that the distribution of the data obtained by the 

culture medium method, which was done before and af-
ter disinfecting, does not follow the normal distribution 
(Sig <0.05). Therefore, in this study for analysis and Statis-
tical analysis will use non-parametric tests.

Table 1. Frequency distribution of the number of Contaminated cases on each of the selected medical equipment

Before DisinfectionAfter DisinfectionType of equipment

ContaminatedPercentContaminatedPercent

1365%525%Cardiac monitor1

840%630%Oxygen manometer2

1155%630%Suction3

945%840%Electrocardiograph4

1155%735%Blood pressure cuff5

1050%1050%Ventilator6

1260%945%Pulse oximetry7

1155%635%Infusion pump8

1575%735%Bed Side9

1050%840%Digital thermometer10

11055%7236.5%Total / Average

According to Table 1, the contamination of the studied 
surfaces was high. On average, 55% of the studied sur-
faces were contaminated, which decreased to 36.5% af-
ter routine disinfection. Before routine disinfection, the 

bedside, cardiac monitoring, and pulse oximetry had the 
highest rates of contamination (75%, 65%, and 60%, re-
spectively), while after disinfection, these rates dropped 
to 35%, 25%, and 45%, respectively.

Table 2. Evaluation of the sensitivity of color indicator nano biosensor

PercentCleanPercentInfectedChi-square

Before disinfection45%9055%110Sig: 0.00

After disinfection64%12836%72

The Chi-square test was used to evaluate the sensitivity 
of the color indicator nano biosensor (Table 2). In this re-

search, the sensitivity of the tool means that the tool has 
the ability to detect the change in contamination level 
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(decrease/increase) after cleaning. According to Table 2, 
the amount of contamination measured by the nano bio-
sensor was related to routine cleaning (P <0.05), So that 
after cleaning, on average, we saw an 18.5% reduction in 
contamination. 

4. Discussion:
According to this study, the prevalence of contaminated 

locations with significant microbial load was relatively 
high in medical equipment in the ICU. However, following 
frequent cleaning, the contamination significantly 
decreased (18.5 %), suggesting a high diagnostic power 
color indicator nano biosensor. Considering the 
high sensitivity of the nano biosensors in detecting 
contamination and the maximum time frame for color 
change (8 hours), an 18.5% reduction in contamination 
after routine cleaning seems reasonable. Our findings 
demonstrated the diagnostic sensitivity of this tool to 
reduce microbial contamination and this tool potentially 
has the necessary sensitivity.

Mehdi Nazari et al. (2019) studied the microbial 
contamination of medical equipment in Kashan hospitals 
(40) and reported high contamination in the study areas, 
so 76% of the study areas were infected. Karami et al. 
(2015) used two instruments, Microbial Method (ACC1)
and Observation Method (ICNA2), to measure the surface 
contamination of medical equipment in their study (35). 
According to the ICNA approach, 61% and 39.5% of all 
objects were unclean before and after the interventions. 
According to the ACC approach, 76 % of all objects were 
dirty before the intervention, and 69.5 % were filthy 
afterward. The findings support our findings of the 
high degree of contamination on medical equipment 
surfaces and the subsequent reduction in contamination 
following cleaning. Yousefi et al. (2021), in their research 
entitled “Investigation of Microbial Contamination in the 
Environment and Medical Equipment of Ghaem Hospital 
of Mashhad” reported that a convenience sampling 
method was used based on the policies of the infection 
control committee of this hospital. Environmental 
samples were collected from the sink, patient bed, and 
incubators. Of 272 samples obtained by microbial culture 
method, 47.1% (128 samples) were positive (p = 0.071). 
Also, Yousefi et al., in another study that measured the 
level of surface contamination of the medical equipment 
of Imam Reza Hospital in Mashhad with the same 
method, reported that 17 out of 51 samples (33.3%) were 
contaminated (41). The number of cases of infection 
diagnosed is close to the number of cases diagnosed 
with the infection control tool in the current research. 
It shows that color indicator nano biosensor has the 
appropriate diagnostic capability. In a study in Qom in 
2014, Riahi et al. used observational and microbiological 
culture methodologies to compare the health state of 

1Aerobic colony count
2Aerobic colony count

ambient surfaces in ICU before and after daily cleaning. In 
this investigation, nine more likely-to-be-contaminated 
locations were chosen for sampling and were observed 
for ten weeks. The findings showed that the percentage 
of contaminated points using the observational 
approach before and after the cleaning was 59% and 41.5%, 
respectively. Both of these percentages were 57.5% and 
47.5% in the microbiological method. The findings of this 
study closely resembled those of our study and agreed 
with those results (42). Najafi Saleh et al.’s study (2018) 
entitled “Assessment of ICU medical equipment levels 
at Neyshabur hospitals using ICNA and ACC indices” 
reported that 826 ICNA checklists were completed in this 
research for the 13 studied spots. Altogether, 27.12% of the 
spots were contaminated before cleaning procedures, 
which dropped to 7.75% after cleaning. The data of the 
samples, using ACC index, revealed that 74.82 of the 
spots were contaminated before cleaning procedures, 
dropping to 7.75% after cleaning. Bottle suction had the 
most contamination in the before and after samples (43), 
and the results obtained with this contamination control 
tool are close to the results obtained with color indicator 
nano biosensor and are in line with it. Therefore, it can 
be concluded that the nano biosensor has an acceptable 
performance in detecting contaminated areas. In future 
research, it is also suggested to evaluate the performance 
of these functional nano biosensors on a larger scale in 
other hospital departments, such as the operating rooms, 
maternity ward, laboratory, etc. Also, researchers can 
optimize these tools to detect a specific type of bacteria.

5. Conclusions:
After reducing microbial contamination, our 

research investigated the diagnostic sensitivity of 
this tool. The results indicated that this tool has the 
required sensitivity, so in cases where the goal is 
rapid identification and the separation of the type of 
microorganisms is not considered, we can introduce it as 
a standard tool for controlling microbial contamination; 
Health policymakers and hospital managers can use 
this helpful tool as an alternative to routine infection 
control methods. Among the advantages of this tool, 
the following can be mentioned: it is easy to use, its 
sensitivity is high for detecting contamination, it does 
not require complicated tools and equipment, it does 
not require expert personnel to read the samples, it has 
a high response rate, and its production is not expensive.
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