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Abstract: Background. Chest CT is widely regarded as a dependable imaging technique for detecting pneumonia
in COVID-19 patients, but there is growing interest in microwave radiometry (MWR) of the lungs as a possible
substitute for diagnosing lung involvement. Aim. The aim of the study is to examine the utility of the MWR
approach as a screening tool for diagnosing pneumonia with complications in patients with COVID-19.
Methods. Our study involved two groups of participants. The control group consisted of 50 individuals (24 male
and 26 female) between the ages of 20 to 70 years who underwent clinical evaluations and had no known
medical conditions. The main group included 142 participants (67 men and 75 women) between the ages of 20
to 87 years who were diagnosed with COVID-19 complicated by pneumonia and were admitted to the
emergency department between June 2020 to June 2021. Skin and lung temperatures were measured at 14
points, including 2 additional reference points, using a previously established method. Lung temperature data
were obtained with the MWR2020 (RTM-01-RES) (MMWR LTD, Edinburgh, UK), a CE Class I device. All
participants underwent clinical evaluations, laboratory tests, chest CT scans, MWR of the lungs, and reverse
transcriptase polymerase chain reaction (RT-PCR) testing for SARS-CoV-2. Results. The MWR exhibits a high
predictive capacity as demonstrated by its sensitivity of 98.6% and specificity of 84.0%. Conclusions. MWR of
the lungs can be a valuable substitute for chest CT in diagnosing pneumonia in patients with COVID-19,
especially in situations where chest CT is unavailable or impractical.

Keywords: 2019-nCoV; COVID-19; RT-PCR; SARS-CoV-2; Community-acquired pneumonia; Chest CT;
microwave radiometry; temperature measurement

Introduction

The primary symptoms of SARS-CoV-2 infection are similar to those of other coronaviruses,
such as fever, cough, and fatigue, and tend to present as flu-like symptoms [1]. However, certain
high-risk groups, such as the elderly and those with preexisting medical conditions, are at a greater
risk of experiencing severe respiratory issues, including acute respiratory distress syndrome,
interstitial pneumonia, and multiple organ failure, which may result in varying levels of shortness of
breath and specific radiological signs [2,3].

Bilateral interstitial infiltration is the most prevalent manifestation of COVID-19 in the lungs,
which can significantly disrupt the balance between ventilation and perfusion [4,5]. In severe cases,
this can lead to respiratory failure and even death. While chest computed tomography (CT) has been
the preferred diagnostic and monitoring tool for COVID-19, logistical challenges associated with
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patient transportation and disinfection of CT rooms have posed significant challenges. Moreover,
chest CT is not readily available in many low- and middle-income countries, further limiting its utility
as a diagnostic tool [6,7].

In addition, in recent studies, attention has been drawn to the importance of computed
tomography of the chest, since in examined COVID-19) patients with a false-negative PCR result [8,9],
the sensitivity of chest CT was 98% and chest CT is of great importance. not only for the diagnosis of
COVID-19, but also for monitoring the progression and severity of the disease and assessing the
therapeutic effect. However, due to the problems of infection control associated with the
transportation of the patient, as well as the disinfection of chest CT rooms after examining the patient
and the lack of availability of chest CT, created some kind of obstacles [10,11].

Furthermore, for the diagnosis of pneumonia, chest CT is not always available in remote regions,
and researchers have proposed using passive microwave radiometry (MWR) as an alternative
diagnostic method, which was previously used in practical medicine [12,13].

MWR is a non-invasive technique that measures the temperature of internal tissues using
microwave radiometry and skin temperature measurements obtained through infrared
thermometry. It is a safe and side-effect-free technique, as it only measures the patient's own radio-
thermal radiation. The system is accurate to within +0.2 °C and can detect temperature differences in
soft tissues at depths of 3 to 7 cm. The measurement area is usually 3-5 cm in diameter [15]. While
MWR is not yet widely used, it has the potential to be an effective substitute for chest CT, particularly
in regions where CT is not easily accessible. We study the experience of using the MWR method as a
diagnostic screening in patients with COVID-19 complicated pneumonia.

Materials and Methods

A study was approved by the Bioethics Committee (protocol N4 November 11, 2021) . The study
included 142 patients from the main group who were admitted to the emergency department and
diagnosed with COVID-19 complicated pneumonia between June 2020 and June 2021. The patients'
age ranged from 20 to 87 years, with 67 men and 75 women. A control group of 50 healthy individuals,
consisting of 24 men and 26 women, ranging in age from 20 to 70 years, was also included. Before the
study, each participant signed informed consent.

To collect data, skin and lung temperatures were measured at 14 points on each side of the chest,
with 2 additional reference points, using a method previously described [14]. The lung temperature
data were obtained using the MWR2020 device (formerly RTM-01-RES) MMWR Ltd, Edinburgh, UK,
which has a CE Class I certification.

To ensure safety, strict and standardized procedures were implemented to protect the operators
and decontaminate the instruments during and after the procedure [16]. The time difference between
lung MWR and chest CT measurements in patients with COVID-19 complicated pneumonia was no
more than 48 hours.

Patients who did not exhibit clinical presentation of COVID-19, tested negative for reverse
transcriptase polymerase chain reaction (RT-PCR) for SARS-CoV-2, or had unconfirmed bilateral
pneumonia on chest CT were excluded from the main group. The patients from the control group
were excluded if any member exhibited symptoms or complaints or tested positive for RT-PCR for
SARS-CoV-2.

All participants in the main group underwent clinical examinations with auscultation of the
lungs, body temperature measurement, laboratory tests including C-reactive protein (CRP), chest CT,
MWR of the lungs and RT-PCR test for SARS-CoV-2. It's important to note that the medical rooms
used for the study were designed according to hygienic standards and microclimatic conditions. The
humidity in the room ranged from 40% to 50% for all measurements, and the room temperature was
maintained between 22-25 °C to ensure the accuracy and consistency of the results.

IBM SPSS Statistics (USA) was used to perform the statistical analysis. Receiver operating
characteristics (ROC) curves were employed to determine the most effective classifier for diagnosis,
with the area under the curve (AUC) analyzed. The logistic regression model was used as the
predictive model, and its sensitivity and specificity were calculated, along with the coefficients of
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determination of Cox-Snell and Nagelkerke. The Hosmer-Lemeshow test and the Chi-square test
were conducted to evaluate the significance of the final model. Additionally, the Pearson correlation
coefficient was used to measure the correlation between the predictors.

ROC curves provide an estimate of the overall accuracy of a diagnostic test by plotting the
sensitivity against the false positive rate for a range of cut-off values. The AUC is a summary statistic
of the ROC curve, with a higher value indicating better diagnostic performance.

Logistic regression models are frequently used to predict the probability of an outcome, such as
the presence or absence of a disease. Sensitivity and specificity are important measures for assessing
the model's ability to identify positive and negative cases, while the Cox-Snell and Nagelkerke
coefficients of determination provide insight into the proportion of variation in the outcome
explained by the predictor variables. The Hosmer-Lemeshow test evaluates the goodness-of-fit of the
model, while the Chi-square test assesses its overall significance.

The Pearson correlation coefficient measures the linear relationship between two variables,
ranging from -1 to 1, with 0 indicating no correlation. It helps to determine the strength and direction
of the relationship between predictor variables and can reveal any potential interactions or
dependencies between them.

Results

The data obtained from MWR includes variations in temperature between the skin and internal
(lung) temperatures. The measurements were taken at a total of 30 points on the chest, with each
point recording both skin and lung temperatures.
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Figure 1. Passive microwave radiometry image and chest CT of the healthy person.
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The lungs of a healthy person are shown, where red areas of active inflammation are not visible,
which is confirmed by a chest CT.
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Figure 2. Passive microwave radiometry image and chest CT of a patient with COVID-19 complicated
pneumonia.

Figure 2 depicts a representative MWR image of COVID-19 pneumonia, where a significant
difference in core temperature is observed in blue (indicating low temperature due to fibrosis) and
red areas (indicating high temperature due to inflammation) in the left and right lung, which is
similarly detected in chest CT as ground-glass opacity (GGO).

As anticipated, temperature differences were observed between healthy individuals and
COVID-19 patients with complicated pneumonia.

The MWR lung study generated a large volume of temperature data, and to identify COVID-19
pneumonia, we employed ROC analysis. Figure 3 illustrates all 60 ROC curves generated based on
measuring both external (skin) and internal (lung) temperatures at each of the examined points.
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Figure 3. ROC—curves plotted from temperature values at all points under study. The curves
generated by the temperature value on the surface of the body (for example, L1sk) and the temperature

value in the depth of the body (for example, R1int) are presented.

The ROC curves in Figure 1 demonstrate high values of the area under the curve, ranging from
0.816 to 0.956, indicating that temperature values can be used as a predictor for the logistic model.
However, it is impractical to work with all 60 predictors, as this approach lacks generality. Thus, an
integral variable that can be applied in any case needs to be formulated. To achieve this, average skin
and internal temperature values were taken, providing an average over surface points and internal
points, respectively. These integral variables offer a more generalizable approach compared to
working with individual temperature values at each point.
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Figure 4. ROC curves plotted from average body surface temperatures (ts) and average core
temperatures (tint).

ROC curves for the average internal and external temperatures are displayed in Figure 4. Based
on the plot and the parameters presented in Table 1, it could be concluded that both variables are

highly effective predictors.

Table 1. 2. Under the nonparametric assumption.

Asymptotic 95% Confidence Interval

Test Result Variable(s) Area Std. Error @
Lower Bound Upper Bound
average internal 0. 967 0.013 0.941 0.993
average skin 0.951 0.016 0.919 0.983

Both ROC curves exhibit high values of the area under the curve and relatively narrow
confidence intervals. The area under the curve for average internal temperature is 0.967 + 0.013 (95%
CI 0.941-0.993), while for average skin temperature it is 0.951 + 0.016 (95% CI 919-0.983). These
findings suggest that both variables are effective predictors. Consequently, a logistic regression

model was developed using the aforementioned predictors, and its parameters are reported in Tables
2 and 3.

Table 2. Variable(s): average_internal, average_skin, sex, age. The data was adjusted by gender and
age. Cox & Snell R Square = 0.562, Nagelkerke R Square = 0,864, Chi-square for final model 158.71.
Hosmer-Lemeshow test, Chi-square = 79,291, P = 0,000.

95.0% CI for EXP(B)
B S.E. Wald df Exp(B)
Lower Upper
average_internal 3.188 0.770 17.155 1 24.243 5.363 109.594

average_skin 1.677 0.524 10.236 1 5.351 1.915 14.951
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Table 3. Classification Table. The cut value is 0.500.

Hosmer-Lemeshow test

Chi-
square df Sig.
79,291 8[  0,000]

The model shows too low a result in the Hosmer-Lemeshow fit test. However, the percentag

of overall forecast accuracy presented in the classification tables is quite high (94.8%)

Predicted
group
Observed control  |COVID-19 Percentage Correct
group control group |42 8 84.0
COVID-19
) 2 140 98.6
pneumonia
Overall Percentage 94.8

The model achieved sensitivity of 98.6% and a specificity of 84.0%. It is important to ensure that
the predictors used in logistic regression are not affected by multicollinearity, where the independent
variables exhibit a strong correlation with each other (r > 0.9) [17]. However, in our study, we found
only a moderate correlation (r = 0.663) between the predictors, which allowed us to proceed with
building the model without accounting for this correlation. The specific predictions were made using
the following equation

1
1+e~%

p= (D

The provided equation can be used to calculate the probability (P) of a patient has a pneumonia
caused by COVID-19. On the other hand, the probability of being healthy can be calculated as 1-P.
The equation is formulated as:

Z = —159.613 + 1.677 * Ty, + 3.188 Ty, )

Ts, —average skin temperature
T;ns —average internal temperature
This equation can be applied in practical situations for diagnosing COVID-19 pneumonia.

Discussion

The technique of using MWR (microwave radiometry) to diagnose pneumonia in COVID-19
patients has shown reasonable precision. However, it is important to keep in mind that chest CT scans
remain the primary method for diagnosing COVID-19 pneumonia with complications and have
shown the best efficacy [18]. Despite this, chest CT scans are expensive and have limitations, such as
immobility. Therefore, it is worth noting that mobile chest x-ray methods have also demonstrated
positive attributes [19]. MWR is a simple and harmless diagnostic test that provides a convenient
option for examining the lungs of COVID-19 pneumonia patients, both at the bedside and in other
field settings. However, it is essential to note that MWR can only detect temperature differences in
the peripheral zones of the lungs, so it may not be effective in investigating deep lung lesions [15].
Conducting MWR studies in patients with complicated COVID-19 pneumonia can provide
healthcare providers with diagnostic support to prevent and manage infections associated with this
pandemic.
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Conclusions

The MWR (microwave radiometry) of the lungs has emerged as a promising diagnostic tool for
pneumonia in COVID-19 patients, especially when chest CT is not feasible or unavailable. MWR is
non-invasive, harmless, and easy-to-use, making it a more convenient option for examining the lungs
of COVID-19 pneumonia patients, both at the bedside and in field settings. While chest CT is
considered the gold standard for diagnosing COVID-19 complicated pneumonia and has shown high
accuracy, it has some drawbacks such as cost and limited mobility.

However, it is important to note that MWR has its limitations, including its ability to only detect
temperature differences in the peripheral zones of the lungs and may not be able to investigate deep
lung lesions. Therefore, MWR should not be considered a substitute for chest CT in all cases but rather
an alternative when chest CT is not feasible.

Despite its limitations, the study of MWR in patients with COVID-19 complicated pneumonia
provides valuable diagnostic support to physicians in preventing and controlling infections related
to the pandemic. In addition, MWR is a safer option than chest x-rays, which have been widely used
in the past, since it does not involve radiation exposure. Therefore, the use of MWR in clinical practice
may become more widespread in the future as a useful tool for diagnosing COVID-19 pneumonia.
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