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Abstract

Background: A healthy, clean, and secure environment is necessary for the hospital, one of the fundamental foundations of the nation’s
healthcare system, to function well and sustain the general well-being of society. Timely detection of contaminated surfaces and efficient
and timely disinfection will be helpful in hospital infection control.

Objectives: The level of surface contamination of medical equipment in intensive care units was to be determined and compared as part
of this research.

Methods: Using standard microbial culture and nanosensors, the current study was conducted descriptively over one month, with a
sample size of 400 cases on ten different types of medical equipment.

Results: The findings showed that 66% of samples acquired using the nanosensor and 54.5% obtained using the culture medium were
clean, and the rest were contaminated. The most prevalent microbes were also identified as E. coli, Staphylococcus aureus, and salmonella,
with 55.68%, 28.9%, and 23.86%, respectively.

Conclusions: Both methods have the necessary precision to identify contamination reservoirs, and the contamination reported in both
methods is similar to what was expected. So nanosensors can be utilized as a quick, precise, and affordable method when the aim is to

identify the overall contamination rather than to differentiate between different types of bacteria.
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1. Background

One of the most intricate social systems is the hospi-
tal, which uses infrastructure, equipment, and human
resources to offer public diagnosis, treatment, and reha-
bilitation services. Patients expect hospitals to provide
safe, excellent, and efficient services since the World
Health Organization describes hospitals as locations
where health is prioritized over disease (1-3). Despite the
development of new medical techniques, particularly in
the field of performing complex surgeries, the issues of
environmental health and infection in the centers have
affected the outcomes of therapeutic interventions.
That’s why the late 16th-century topic of environmental
health and control of hospital infections has received the
attention of thinkers and policymakers in this field (4-
8). Healthcare-associated infections (HCAIs) healthcare-
acquired infections that develop in a hospital or other
healthcare setting first occur 48 hours or more after

hospital admission or within 30 days. They appear after
receiving healthcare (9). The prevalence of nosocomial
infections has emerged as one of the major issues facing
the nation’s healthcare system today. Nosocomial infec-
tions are crucial for infection, attenuation, and expense
(10-12). These infections prolong the length of hospital
stays, dramatically increasing healthcare costs and even-
tually resulting in patient discontent, death, and con-
sequences. Each year, these illnesses place a substantial
financial strain on the healthcare system, as well as on
patients and those who treat them (13-15). According to
the US Centers for Disease Control and Prevention, nearly
1.7 million hospitalized patients receive HCAIs yearly
while being treated for other health problems (16,17). The
timely and quick diagnosis of microbial contamination
reservoirs and implementation of fundamental plan-
ning to eliminate these contaminations will lower the
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occurrence and transmission of hospital illnesses and the
impact of imposing false treatment expenses on patients
(7, 18). Therefore, hospitals should develop an infection
control program to evaluate and control the spread of
infection (19, 20). Among the high-touch environmental
surfaces (HTES), the surfaces of medical devices and equip-
ment inside the hospital are among the most important
and direct factors in the transmission of microorganisms
that cause HCAIs to hospitalized patients. Periodically, in
the shortest time and with the most accurate methods,
the level of surface contamination should be monitored
so that if the level of contamination exceeds the standard
level, necessary warnings will be given, and a fundamen-
tal review of the internal surface cleaning programs (3,
21). Currently, the control of pathogens causing hospital
infections is routinely carried out by the sub-units of the
Infection Control and Quality Improvement Unit with tra-
ditional methods, including standard microbial culture
medium. Traditional methods based on microbial culture
have high sensitivity and reproducibility. However, these
techniques require laborious processes of sample prepara-
tion and long rereading and time delay to detect contami-
nations, specialized force, high cost, and relatively long
time, and therefore, it will be a challenge in cases where
rapid diagnosis is necessary (22-24), so the necessity the
use of simple, fast and up-to-date technologies, such as
nanotechnology, is felt more to detect pollution. Recently,
scientists have made significant progress in manufactur-
ing nanofibers and nanocomposites with different capa-
bilities and have been developing and manufacturing fast,
cheap, and accurate nano-detector sensors (23, 25-36).

2. Objectives

This study was done as a comparative assessment of de-
tecting bacterial populations on the surface of medical
equipment in intensive care units (ICU) by standard mi-
crobial culture and nanosensor.

3.Methods

The ICU at Tehran’s Imam Khomeini Hospital complex
were the site of this descriptive study, which was conduct-
ed there for a month, randomly twice a week. P=0.025,D =
0.043, and 95% confidence level were used to calculate the
sample volume, which was generated using the volume
calculation formula (Cochran formula) and 400 samples
were generated using each method. First, the researcher
chose ten different types of medical devices with a high
probability of contamination based on previous studies
(23, 37, 38); then, sampling was done simultaneously with
each method.

3.1. Monitoring by Nano Sensors

The electrospinning method was used to create the nano-
sensor color indication pads (Figure 1) (23), then sliced into
small 3 cm square pads for testing on various surfaces. All
used nanosensor color indication pads were standardly
packaged and sterilized before sampling and testing. After
choosing the suspect or vulnerable growth surfaces for the
microbes, the researcher would apply the light blue acti-
vated color indication nanosensor to the selected surfaces
while wearing sterile gloves and washing his hands. Trans-
parent and made of plastic, the adhesive covering that
held the pads to the intended surface would keep mois-
ture and water from permeating the pad’s surface during
sampling.
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Figure 1. Fabrication of nanosensor pads using the electrospinning technique

By examining the surface of the pads and comparing
their color to the color spectrum already printed on the
paper, the sampler could immediately determine the

breadth of the microbial load and estimate the approxi-
mate level of contamination.
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Figure 2. Changing the color of the pads according to the cellsjmm2 and time-based measures of microbial contamination

By examining the surface of the pads and comparing
their color to the color spectrum already printed on the
paper, the sampler could immediately determine the
breadth of the microbial load and estimate the approxi-
mate level of contamination.

3.2. Monitoring by Standard Microbial Culture

All equipment used was standard-packed and auto-
claved sterilized before sampling and testing. We utilized
class 6 indicators in every carton and sampled while
wearing disposable sterile gloves to ensure sanitation.
After the sterile operation, swaps were utilized to sample
the selected areas and the locations of medical equip-
ment and tools. The swap was wetted with a sterile nor-
mal saline solution to collect samples. Following this, 10
cm2 of the selected spot level was swirled in a zigzag pat-
tern and then deposited in a test tube with 1 mL of sterile
normal saline. This mixture was then mixed for ten sec-

onds. Then, 100 microliters of the solution were cultured
on plates generated in the appropriate. After 48 hours
of incubation at 37°C, the growth of the bacteria on the
plates was calculated and recorded using a colony coun-
ter based on CFU[cm2. Previous research found that areas
with microbiological loads less than 2.5 CFU/cm2 were
acceptable (clean and sanitary), while those with loads
higher than 2.5 CFU/cm2 were contaminated (39, 40).

4. Results

The results of Table 1 show that the samples obtained
from the standard microbial culture, ventilator, and
bedside railings of the patient 50%, the oxygen manom-
eter and Infusion pump 47.5% contamination, and the
samples obtained from the nano sensors color indicator,
bed side railings 55%, pulse oximetry 52.5% and Ventilator
with 50% were the sources of the majority of contamina-
tion.

Table 1. Percentage of Contaminated Instances on Each Item of Selected Medical Equipment, Sorted by Frequency

Type of Equipment Standard Microbial Cultu,re No. (%) Nanosensor, No. (%)
1 Cardiac monitor 14 (35) 18 (45)
2 Oxygen manometer 19 (47.5) 14 (35)
3 Suction 16 (40) 17 (42.5)
4 Electrocardiograph 19 (47.5) 17 (42.5)
5 Blood pressure cuff 17 (42.5) 18 (45)
6 Ventilator 20(50) 20(50)
7 Pulse oximetry 17 (42.5) 21(52.5)
8 Infusion pump 19 (47.5) 17 (42.5)
9 Bed Side railings 20(50) 22(55)
10  Digital thermometer 15 (37.5) 18 (45)
Total/average 176 (44) 182 (45.5)

The results of Table 2 show that salmonella, Staphylo-
coccus aureus, and Escherichia coli had the highest preva-
lence, and Acinetobacter, Enterococci, and Streptococcus
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Table 2. Bacterial Frequency Per 176 Positive Cultures Obtained from 400 Cases of Culture Performed by Bacterial Separation

Bacteria Type Total Number of Cases of Growth (%)
Streptococcus bovis 24 (13.6)

Salmonella typhimurium 42(23.8)

Escherichia coli 98 (55.6)
Pseudomonas aeruginosa 37(21)

Klebsiella pneumoneae 30(17)
Staphylococcus aureus 51(28.9)

Enterococcus faecalis 14 (7.9)

Acinetobacter baumannii 22 (12.5)

5. Discussion

The findings showed that an average of 66% of samples
obtained using the nanosensor and 54.5% of samples
obtained using the culture medium were clean, and
the rest of the samples were contaminated, indicating
a relatively high level of surface contamination of
medical equipment used in ICU, and that this level of
contamination is expected due to the non-sterility of
the surfaces and the high accuracy and sensitivity of
both methods. In their study, Ekrami et al. investigated
surface contamination of medical equipment using a
nano-biosensor color indicator. They found that surface
contamination was present in 55% of the samples before
disinfection, and after routine cleaning of the ICU ward,
it decreased to 36.5%. (23). This result is consistent with
the current research results in terms of the type of
contamination control method and the results and
confirms the findings of this research.

The findings of Malik et al., which used two methods
of visual and microbial culture in four British hospitals,
show that 90% of the samples in the graphical method
were clean. In contrast, 90% of the samples in the micro-
bial culture method were reported to be infected and at
risk of spreading hospital infections (41). Additionally,
Cooper et al. from England said that 15% of the samples
obtained using the visual method and 76% of the samples
obtained using the standard microbial culture medium
were positive, indicating the high level of contamination
reported using the standard microbial culture method
(42). Comparing these results to the current study, they
mean a higher degree of contamination.

In their investigation of the degree of microbial con-
tamination of medical equipment at Kashan hospitals,
Nazeri et al. discovered that 76% of the study regions were
infected due to high contamination levels (43); Karami et
al. used the observation method (ICNA) and the micro-
bial method (ACC) to measure the surface contamination
of medical equipment in their research. According to the
ICNA approach, 61% and 39.5% of all samples before and
after the routine cleaning of the ward, and according
to the ACC method, 61% and 39.5% of all samples before
and after the routine cleaning of the ward were contami-

nated (38), and Najafi Saleh et al.’s study, “assessment of
ICU medical equipment levels at Neyshabur hospitals
using ICNA and ACC method,” found that the most and
least contaminated spots, respectively, were electroshock
with 1% and bottle suction with 8.2% in the ICNA method
and average contamination rates of 17.43% and 78.69% in
the ACC method (44). Additionally, Yosefi et al. found in
their study that 47.1% (128 samples) of the samples tested
positive using the microbial culture method (45). These
findings support the findings of the current research in
terms of the high level of contamination, research envi-
ronment, and methodology and are in line with the re-
sults of the current study. According to the findings in
Table 2, E. coli, which grew in 55.6% of the samples, and
Staphylococcus aureus, which grew in 51% of the samples,
are the most common microorganisms. Yosefi et al.
(45), in their research, reported that Staphylococcus epi-
dermidis and Staphylococcus saprophyticus, Acinetobacter,
Enterobacter, and Pseudomonas spp are the most grown
microorganisms and Najafi Saleh and al. (44) said that
the microorganism of Staphylococcus epidermises is the
most grown organism in the ICU.

5.1. Conclusions

Based on the results, the amount of bacterial contami-
nation detected by each of the two tools is within the ex-
pected and acceptable range, and the results are close to
each other, so considering the specific characteristics of
each device, it cannot be said which tools have better effi-
ciency. In future research, it is recommended to measure
the sensitivity of these two tools in the two stages before
and after routine cleaning.
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