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Background: COVID-19 was declared as a Public Health Emergency of International Concern on 30th January 2020. Compared to the general population, healthcare workers and their families have been identified to be at a higher risk of getting infected with COVID-19. Therefore, it is crucial to understand the risk factors responsible for the transmission of SARS-CoV-2 infection among health workers in different hospital settings and to describe the range of clinical presentations of SARS-CoV-2 infection among them.

Methodology: A nested case–control study was conducted among healthcare workers who were involved in the care of COVID-19 cases for assessing the risk factors associated with it. To get a holistic perspective, the study was conducted in 19 different hospitals from across 7 states (Kerala, Tamil Nadu, Andhra Pradesh, Karnataka, Maharashtra, Gujarat, and Rajasthan) of India covering the major government and private hospitals that were actively involved in COVID-19 patient care. The study participants who were not vaccinated were enrolled using the incidence density sampling technique from December 2020 to December 2021.

Results: A total of 973 health workers consisting of 345 cases and 628 controls were recruited for the study. The mean age of the participants was observed to be 31.17 ± 8.5 years, with 56.3% of them being females. On multivariate analysis, the factors that were found to be significantly associated with SARS-CoV-2 were age of more than 31 years (adjusted odds ratio [aOR] 1.407 [95% CI 1.53–1.880]; p = 0.021), male gender (aOR 1.342 [95% CI 1.019–1.768]; p = 0.036), practical mode of IPC training on personal protective equipment (aOR 1. 1.935 [95% CI 1.148–3.260]; p = 0.013), direct exposure to COVID-19 patient (aOR 1.413 [95% CI 1.006–1.985]; p = 0.046), presence of diabetes mellitus (aOR 2.895 [95% CI 1.079–7.770]; p = 0.035) and those received prophylactic treatment for COVID-19 in the last 14 days (aOR 1.866 [95% CI 0.201–2.901]; p = 0.006).

Conclusion: The study was able to highlight the need for having a separate hospital infection control department that implements IPC programs regularly. The study also emphasizes the need for developing policies that address the occupational hazards faced by health workers.
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Introduction

An outbreak of pneumonia of unknown etiology was initially reported in Wuhan city of China in December 2019 which was later confirmed to be a Novel coronavirus, known as severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) (1). Due to globalization, it spread fast across different parts of the world resulting in the World Health Organization (WHO) declaring COVID-19 as a Public Health Emergency of International Concern on 30th January 2020 (2).

SARS-CoV-2 is known to easily spread between people who are within a conversational distance (1 m) through short-range aerosol or droplet transmission. The virus is known to spread from one infected person to another while speaking, coughing, sneezing, or singing. The virus-containing aerosols or droplets when inhaled or coming in direct contact with the eyes, nose, or mouth can get a person infected. The aerosols can also remain suspended in the air or travel long distances (more than 1 m) in poorly ventilated or crowded indoor settings resulting in long-range aerosol transmission. It can also get transmitted when coming in contact with body fluids and contaminated surfaces. Aerosol-generating procedures in health facilities can also result in lead to long-range aerosol transmission (3, 4).

As on 30th January 2022, over 370 million confirmed cases and over 5.6 million deaths have been reported globally due to SARS-CoV-2 (5). Compared to the general population, healthcare workers and their families have been identified to be at a higher risk of getting infected with COVID-19. Even though healthcare workers represent less than 2–3% of the population, 14–35% of COVID-19 cases have been reported by WHO to be among health workers (6). Also, when compared to other occupational settings, COVID-19 outbreaks have been reported to be more common in the health sector. Other than, the presence of COVID-19 patients, the factors contributing to it are overcrowding, lack of space resulting in insufficient physical distancing with co-workers or patients, and lack of proper infection prevention control practices (IPC) (7). Inadequate availability of Personal Protective Equipment (PPE) was also found to contribute to the spreading of infections (8).

The role of hospital and healthcare workers is inevitable in flattening the epidemic curve of COVID-9. Since there was a drastic rise in the number of patients during the pandemic, the preparedness of the hospitals, proper IPC measures, and availability of sufficient healthcare workers for serving patients were all identified to be crucial factors for controlling the transmission of the infection. The pandemic created an extraordinary burden on an already fragile health system highlighting the need to improve the preparedness of the health system against it. Therefore, as a first step towards preparedness, it is important to understand the risk factors responsible for the transmission of SARS-CoV-2 infection among healthcare workers in different hospital settings and to describe the range of clinical presentation of SARS-CoV-2 infection among them. This will help in formulating appropriate guidelines and policy recommendations for the prevention of COVID-19 in hospital settings. Hence a multi-centric study across seven states of India was carried out to get an adequate representation of the healthcare workers who were actively involved in the management of COVID-19 in hospital settings.



Methodology

A nested case–control study was conducted among healthcare workers who were involved in the care of COVID-19 cases for assessing the risk factors associated with it. To get a holistic perspective, the study was conducted among the major government and private hospitals that were actively involved in COVID-19 patient care. Hence, the health workers were recruited from 19 different hospitals across seven states (Kerala, Tamil Nadu, Andhra Pradesh, Karnataka, Maharashtra, Gujarat, and Rajasthan) of India. The study participants at each of the hospitals were enrolled using the incidence density sampling technique from December 2020 to December 2021. For a statistical power of 80%, a confidence interval of 95%, and an expected odds ratio of 2.5 for 63% exposed cases and 1 control per case the minimum sample size was calculated to be at least 50 cases and 50 controls at each selected site.

Even though this study was started before the rollout of COVID-19 vaccination, by early 2021 vaccination for health workers had begun, hence the study site investigators ensured that they only included health workers who were not vaccinated. Before the start of the study, the Medical Director/Superintendent and other administrative staff of each of the hospitals were briefed in detail about the study and its purpose. After obtaining ethical committee clearance from each of the hospitals and all necessary permissions, the study was initiated. In most of the selected hospitals, there was a separate fever clinic or designated area/ person to which each of the health workers, if suspected of contracting COVID-19, would report. The staff posted at these fever clinics were also briefed about the study and were asked to contact the site investigator as soon as a ‘case’ was reported. At some of the sites, the site investigators were regularly posted at these fever clinics and hence they were able to enroll the ‘cases’ as and when they reported. Additionally, a duty roster of health workers exposed to COVID-19 patients was also maintained by the infection control department of some of the hospitals to keep a close watch on the spread of infection. These rosters were also closely followed up by the site investigators to identify ‘cases’.

Once a health worker was identified as a case of COVID-19 in a healthcare setting (regardless of the type, location, and size of the healthcare facility/community) the research team approached the healthcare worker and invited them to participate in this study. “Incidence density sampling” was carried out for enrolling controls in parallel with cases. Control enrolment was determined by considering the facility as a whole attending to COVID-19 patients. Those health workers exposed to COVID-19 patients were identified based on the start and end dates of exposure according to the duty roster. All potential participants were screened for eligibility and controls were selected for each case.

Informed consent was obtained from both COVID-19-positive health workers and controls before recruitment to the study. All study participants were assigned a study identification number by the investigation team and that was used in all forms and samples to maintain anonymity. In order, to reduce bias, the interviewer was blinded to the classification of the interviewee as a case or control.

For this study, ‘health worker’ was defined as any member of staff in the health care facility involved in the provision of care for a COVID-19 patient, including those who have been present in the same area as the patient as well as those who may not have provided direct care to the patient but who have had contact with the patient’s body fluids, potentially contaminated items or environmental surfaces. This included health care professionals, allied health workers and auxiliary health workers such as cleaning and laundry personnel, x-ray physicians and technicians, clerks, phlebotomists, respiratory therapists, nutritionists, social workers, physical therapists, laboratory personnel, cleaners, admission/reception clerks, patient transporters, catering staff and so on. While ‘Exposure to COVID-19 patients’ was defined as Close contact (within 1 m and for more than 15 min) with a suspected/probable/confirmed COVID-19 patient(s) OR Indirect contact with fomites (for example, clothes, linen, utensils, furniture and so on) or with materials, devices or equipment linked to a suspected/probable/confirmed COVID-19 patient(s).

For enrolment, a ‘case’ was defined as a health worker who has been exposed in a healthcare setting to a COVID-19 patient, 14 days before the health worker testing positive either by RTPCR/RAT and being confirmed as a COVID-19 case. Those health workers having a confirmed COVID-19 case among their close contacts, including in their household, within the previous 14 days and those vaccinated who turned positive for COVID -19 were excluded from the analysis of risk factors and IPC measures and not from the general descriptive analysis.

While a ‘control’ was defined as a health worker exposed in a healthcare setting to a COVID-19 patient in the 14 days before recruitment and was never classified either as a suspect or probable or confirmed COVID-19 case. Controls were identified from the same settings/departments as from where the ‘cases’ were enrolled in order to ensure the same kind of chances of exposure as that of the cases. The controls were tested for seronegative using Wantai test kits. The cases and controls were enrolled in a 1:1 ratio and in some sites, 1:3 ratio of cases and controls were recruited.

At the time of enrolment, serum samples were collected and Form 1 was used to collect information from both cases and controls. Data regarding demographic information, symptom severity, medical history, use of medication, availability to IPC measures, adherence to IPC measures, and contact with and exposure to COVID-19 patients following their admission to the healthcare facility was collected. Detailed information regarding adherence to infection, prevention and control (IPC) measures was obtained and it consisted of the following: date of most recent IPC training, hours of cumulative IPC training on standard and additional precautions obtained, whether training was provided regarding the use of personal protective equipment (PPE), mode of training—remotely or in person and type of training-theory/practical/mix. The participant’s knowledge regarding hand hygiene practices and their routine use of alcohol-based hand rub/ soap in various instances such as before & after touching patient/patient’s surroundings, before cleaning/aseptic procedures, after exposure to body fluids etc. Additionally, whether they follow IPC standard precautions and the availability of alcohol-based hand rub at the point of care were also assessed. The pattern of use of PPE when indicated was assessed by asking whether they used it always based on risk assessment/most of the time/occasionally/rarely or never. PPE was defined as the use of any of the following based on risk assessment such as medical/surgical mask, face shield, gloves, goggles/glasses, gown, coverall, head cover, respirator (e.g., N95 or equivalent) and shoe covers were also assessed. They were asked whether sufficient quantity was available at the healthcare facility and if any of the above-mentioned PPE was ever missing. However, all this data was captured as reported by the study participants and was not cross-verified.

With regard to exposure to COVID-19 infected patients, information regarding the number of patients exposed too at the time of duty, close contact within 1 meter, number of times of exposure to an infected patient (< 10 times, 10–50 times, > 50 times), amount of time spent with the patient (< 5 min, 5–15 min, > 15 min), whether the participant had a prolonged face to face exposure of more than 15 min, and if yes whether they had used any PPE during the prolonged exposure and the type of PPE used was also ascertained. Details regarding the use of medical/surgical mask, gloves and respirator if test fitted at the time of exposure were also captured. Additionally, exposure to aerosolizing procedures and use of PPE at the time of exposure was assessed. The use of PPE in different scenarios such as exposure to patient’s materials/surroundings/materials soiled with the patient’s secretions etc. were also explored.

Follow-up data was collected 28 days later using Form 2 to collect information regarding their health status and symptom severity and a second serum sample was also collected. They were then transported to the microbiology lab where serum was separated and stored at 4°C or frozen to −20°C. The presence/absence of antibodies was confirmed by ELISA test using WANTAI SARS-CoV-2 Ab ELISA test kits.

The data retrieved was entered into an Excel sheet and analyzed using SPSS Version 20. Participants’ characteristics were analyzed in terms of mean and standard deviation, frequency, and percentages, respectively. The chi-square test or Fisher’s exact was done to find the association or mean difference for various risk factors for COVID-19 infection among cases and controls. The factors with a value of p less than 0.2 and those with no missing data were included in the multivariate logistic regression model. Multivariable logistic regression models with backward selection were used to determine the independent predictors for COVID-19 infection, expressed with odds ratios and their 95% confidence intervals.



Results

A total of 973 healthcare workers were recruited for the study. Of which, 116, 125, 125, 211, 113, 196, 87 healthcare workers were each recruited from Kerala (case-50, control-66), Tamil Nadu (case-55, control-70), Telangana (case-50, control-75), Maharashtra (case-50, control-161), Karnataka (case-58, control-55), Rajasthan (case-50, control-146), Gujarat (case-32, control-55) respectively. By incident density sampling, a total of 345 healthcare workers suffering from COVID-19 were recruited to be compared with 628 incident-matched controls (1,1 ratio). The mean age of the participants was observed to be 31.17 ± 8.5 years, with 56.3% of them being females. When comparing the ages, it was observed that most of the participants were less than 31 years of age in both cases (57.7%) and control (68.3%; p = 0.001). While the number of males was higher in cases (49.3%) compared with controls (40.6%; p = 0.009). Most of the study participants were medical doctors (51.9%) by profession, followed by nurses (26.3%) and the majority of them had a tertiary/university level of education (93.3%). It was also observed that there was an equal distribution of healthcare workers among both groups based on their direct interaction with patients. However, these findings were found not to be significant. Details of these are provided in Table 1.



TABLE 1 Demographic characteristics of the enrolled health workers.
[image: Table1]

When comparing the Infection, prevention and control (IPC) practices and training received by the health workers, it was observed that the majority of cases (84%) and controls (84.87%) have received recent IPC training within the healthcare facility (p = 0.736) but only 66.1% of cases and 66.6% of controls followed the IPC standard precautions when in contact with a patient always as recommended (p = 0.313). A total of 150 (43.5%) cases and 230 (36.7%) controls had less than 2 h of IPC training received within the health care facility (p = 0.059). However, it was observed that about half of the cases (49.3%) and controls (57.5%) had received both theoretical and practical IPC training on personal protective equipment (p = 0.05). The majority of cases (97.68%) and controls (97.13%) had knowledge of the steps of hand hygiene practices (p = 0.612); however, only 68.9% of cases and 67.19% of controls were following all the recommended hand hygiene practices (p = 0.861). The proportion of the cases and controls using alcohol-based hand rub/ soap and water always before touching the patient (case-67.2%, control-68.8%), after touching the patient (case-74.2%, control-76.6%), before cleaning/aseptic procedures (case-74.8%, control-74.5%), after (risk of) body fluid exposure (case-79.4%, control-81.4%), after touching a patient’s surroundings (case-67.2%, control-67.7%), showed no significant difference between cases and controls. Almost all the cases and controls reported that PPE (case-91.6%, control-91.7%) and alcohol-based hand rubs (case-96.8%, control-95.2%) were available at point of care in the health care facilities; however, only 66.1% of cases and 75.5% of controls were wearing PPE always according to risk assessment (p = 0.603). Details of these are provided in Table 2.



TABLE 2 Distribution of study participants based on Infection, prevention and control (IPC) measures.
[image: Table2]

Table 3 describes the IPC measures taken by the study participants on exposure to COVID-19 patients. The table describes the IPC and PPE measures taken during close contact with the patient (within 1 m), during direct contact with the patient’s materials and during contact with the surfaces around the patient. It was observed that 48.98% of cases and 49.2% of controls were specifically dedicated to COVID-19 patient care with a mean duration of 9 days (± 4.8). However, more than half of the cases (60.86%) and controls (68%) had received specific training in COVID-19 patient care (p = 0.025). Even though, three fourth of the cases (79.1%) and controls (75.3%) stated a history of exposure to COVID-19 patient care (p = 0.179), only a quarter of the cases (23.76%) and controls were exposed to COVID-19 cases (25.14%) outside of duties (p = 0.630). It was also observed, that a significant (p = 0.006) number of cases (42.6%) and controls (37.8%) avoided using public transport in order to prevent getting infected, even though there was no significant change in their social interactions in the last 14 days (p = 0.453). History of exposure to COVID-19 patient was classified into the history of close contact with the patient (within 1 m), direct contact with the patient’s materials, and contact with the surfaces around the patient. About 239 cases (69.2%) and 405 controls (64.5%) had a history of close contact with the patient (p = 0.131). Among those with a history of close contact with the patient, no significant difference was observed between cases and controls with regard to the number of times of close contact with the patient, the maximum amount of time spent with a COVID-19 patient, history of prolonged face-to-face exposure (> 15 min), the performance of hand hygiene before and after contact with the patient, an aerosolizing procedure performed on the patient and history of contact with the patient’s body fluids. About 161 cases (46.7%) and 261 controls (41.6%) had a history of direct contact with the patient’s materials (p = 0.124). Among those with a history of direct contact with the patient’s materials, no significant difference was observed between cases and controls with regard to the number of times of exposure to the patient’s materials, history of contact with the patient’s body fluids through the patient’s materials, and performance of hand hygiene before and after contact with the patient’s materials. About 167 cases (48.5%) and 265 controls (42.19%) had a history of direct contact with the surfaces around the patient (p = 0.062). Among those with a history of direct contact with the surfaces around the patient, no significant difference was observed between cases and controls about the number of times of direct contact with the surfaces around the patient, history of contact with the patient’s body fluids through the surfaces around the patient and performance of hand hygiene before and after contact with these surfaces. No significant difference was observed between cases and controls with regard to PPE usage during prolonged face-to-face exposure to COVID-19 patients/ when in contact with the patient’s body fluids via the patient’s materials/ contact with the patient’s body fluids via the surfaces around the patient. Similarly, the removal of gloves after contact with the patient and the type of materials used for hand hygiene before and after contact with the patient/ patient’s materials/ surfaces around the patient also had no significant difference between cases and controls.



TABLE 3 Infection Prevention Control (IPC) measures taken by study participants on exposure to COVID-19 infected patient(s).
[image: Table3]

Among cases, 206 (59.7%) and among controls, 321 (51.1%) had a history of co-morbidities (p = 0.011). Diabetes mellitus was more among cases (3.47%) than controls (1.2%) while Obesity was more among controls (40.8%) than in cases (33.2%). However, both Diabetes (p = 0.015) and obesity (p = 0.033) were found to be statistically significant. Even though the proportion of healthcare workers with asthma and hypertension was more among cases than in controls they were not statistically significant (Table 4).



TABLE 4 Distribution of study participants based on co-morbidities.
[image: Table4]

Among the 345 COVID-19 cases, 306 (88.7%) of them had reported having clinical symptoms on the first day of which only 117 (33.9%) had persistent symptoms at day 21. The common clinical symptoms experienced by the COVID-19 healthcare workers during day 1 and follow-up on day 21 were, fever (60 vs. 22.9%), Sore throat (40.6 vs. 7.2%), Cough (40.6 vs. 8.1%), Runny nose (23.2 vs. 2%), Chills (20.6 vs. 4.1%), Headache (42.6 vs. 7.8%), Muscle ache (44.3 vs. 8.4%), Joint ache (25.8 vs. 4.3%), Loss of appetite (22.6 vs. 5.2%), Loss of smell (anosmia) or taste (22.6 vs. 5.2%) and fatigue (44.3 vs. 15.7%; Figure 1).

[image: Figure 1]

FIGURE 1
 Distribution of cases based on symptoms on day 1 and day 21.


About 46 cases (13.3%) and 51 (8.1%) controls had not taken any medication apart from those for COVID-19 (p = 0.009). It was observed that the use of prophylactic treatment was quite high among the cases than the controls (13.9 vs. 7.48%, p = 0.001). The most commonly used prophylactic medicines were ayurvedic and homeopathic medicines and among modern medicines, it was observed that chloroquine was quite prevalent.

On multivariate analysis of factors associated with SARS-CoV-2 infection among health care workers, there was a significant association between age (adjusted odds ratio [aOR] 1.407 [95% CI 1.53–1.880]; p = 0.021), male gender (aOR 1.342 [95% CI 1.019–1.768]; p = 0.036), practical mode of IPC training on personal protective equipment (aOR 1.935 [95% CI 1.148–3.260]; p = 0.013), exposure to COVID-19 patient (aOR 1.413 [95% CI 1.006–1.985]; p = 0.046), presence of diabetes mellitus (aOR 2.895 [95% CI 1.079–7.770]; p = 0.035) and those received prophylactic treatment for COVID-19 in the last 14 days (aOR 1.866 [95% CI 1.201–2.901]; p = 0.006). On the contrary, used public transport on most days (≥ 8 days; aOR 0.483 [95% CI 0.287–0.812]; p = 0.006), few days (≤ 3 days; aOR 0.630 [95% CI 0.418–0.948]; p = 0.027) reduced the risk of SARS-CoV-2 infection among health care workers (Table 5).



TABLE 5 Univariate and multivariable logistic regression to find the independent risk factors for SARS-COV 2 infection among healthcare workers in India.
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Discussion

This multicenter study was one of the largest case–control study conducted among health workers in India to assess the risk for the transmission of COVID-19. It was conducted among a total of 973 health workers from 19 different hospitals across 7 states of India. It was observed that health workers who were males, above the age of 31 years, and had exposure to COVID-19 patients were found to be at a higher risk of contracting COVID-19 infection. However, health workers who had received some form of IPC training and those who had taken prophylactic treatment for COVID-19 were found to be infected more. This could probably be due to inadequate IPC training and complacency developed as a result of feeling protected by taking prophylactic treatment.

When comparing the odds of developing COVID-19 among the different sexes, males were found to be more susceptible. This could probably be a result of the biological differences in the immune system’s ability to fight against the SARS-2-CoV-2 infection (9, 10). Literature has shown that men were found to be more susceptible as a result of a multitude of factors such as sex hormones, higher expression of coronavirus receptors (ACE 2) in men (9–13) and as a result of lifestyle factors. When compared to females, men tend to have higher levels of smoking and drinking making them more vulnerable to infections. Additionally, women tend to be more responsible in following the COVID-19 protocols such as frequent hand washing, wearing of face masks, and stay-at-home orders thereby resulting in men being at a higher risk than women (9, 14, 15). Griffith et al. (16) too stated that males were more likely to be infected as a result of genetics, psychosocial, and behavioral characteristics. Increase in age was also identified as a significant factor in this study. Participants over the age of 31 were more likely to contract COVID-19 and several studies also have pointed out that people became more susceptible to COVID-19 infections and their long-term implications as they got older (17–19).

Previous studies had shown that the use of public transport increases the risk of contracting COVID-19 infection (20–22). However, in this study it was observed that the majority of the study participants who were infected with COVID-19 had not used any public transport indicating that they may have been infected from the hospital setting. Hence, this study captured the risk of COVID transmission occurring within the hospitals thereby reflecting upon the prevailing IPC practices in these settings.

Training programs on ‘Infection, prevention and control’ practices have been found to minimize the risk of transmission of infection among health workers. Especially when it is designed to emphasize the risks and implications of poor IPC practices (23). It was observed that the risk of infection was low among those health workers who had received both theory and practical training sessions on IPC. Those who had received only practical demonstration of personal protective equipment without theoretical knowledge were found to have a significantly higher chance of developing SARS-CoV2 infection. Thereby highlighting that hands-on training when given along with theoretical orientation was found to be more effective. Those with prior knowledge and a positive attitude towards IPC practices were found to follow correct IPC practices when compared to those with no prior exposure to IPC practices. This was particularly evident in the correct use of PPE and carrying out WASH techniques (water, sanitation and hygiene). It is observed that those with no prior training or exposure were found to not follow the correct IPC practices (24). The findings of the study were in line with a systematic literature review where it clearly stated that creating awareness regarding IPC and highlighting the dangers of inadequate IPC practices were both found to be potential factors that influenced IPC compliance (25).

Even though the majority of healthcare workers had undergone recent IPC training within the healthcare facility, it was reported that most of them were not following these practices when coming in contact with patients. This emphasizes the need for repeated training for bringing about behavioral change among them. Additionally, supportive supervision and monitoring of healthcare workers to ensure IPC compliance would provide better outcomes. It was observed that the majority of cases and controls had adequate knowledge of the steps of hand hygiene practices; however, only two-thirds of them were following the recommended hand hygiene practices. This suggests that having knowledge is not enough, instead, it requires motivation and behavioral change to incorporate these practices into their daily work practices (26). Almost all the cases and controls reported that PPE at the point of care was available in the health care facilities; however, only 66.1% of cases and 75.5% of controls were wearing PPE according to risk assessment. According to the National Institute for Occupational Safety and Health (NIOSH) Hierarchy of controls, PPE was proven to be least effective than other measures in the IPC hierarchy of measures to protect healthcare workers from occupational hazards (27). Hence, WHO has also suggested that in addition to IPC practices and the use of PPE, hospitals should encourage the incorporation of appropriate administrative, engineering, and environmental control measures (28).

This study was able to identify exposure to COVID-19 patients as an occupational risk factor for the health workers exposed to them and this finding has been supported by Lenggenhager et al. (29) in his study where exposure to COVID-19 was found to be a significant risk factor Additionally, this study was able to identify comorbidities such as Diabetes to significantly increase the risk of contracting SARS-CoV2 infection. Diabetes has been shown to affect viral entrance into cells and the inflammatory response to infection in experiments (30). Other reviews and meta-analyses found that hypertension and diabetes were the most common comorbidities associated with SARS-CoV2 infection, followed by cardiovascular disease. SARS-CoV2 infection has also been linked to respiratory illness (31). Comorbidities such as asthma and hypertension were more common in cases than in controls in our study, although the differences were not statistically significant. This could be because there were fewer study participants with various comorbidities in our study.

Obesity is another risk factor that is found to be fast growing in the pandemic situation and it has been found to be a major risk factor for the development of COVID-19 infection. Studies have shown that obesity weakens the immune system, which makes individuals susceptible to SARS COV 2 infection (32–35). However, in our study obesity was not identified as a significant risk factor for SARS-CoV2 infection.

It was observed that the use of prophylactic treatment was quite high among the cases than the controls. The study also observed that participants who had received prophylactic treatments for COVID-19 in the last 14 days were found to have a higher risk of getting affected by COVID-19. The carelessness and non-adherence to IPC practice as a result of complacency due to prophylactic treatment may have increased COVID-19 infections. Even though hydroxychloroquine was advocated in the early stages of the COVID-19 pandemic (36), it was later withdrawn based on new evidence that emerged (37). The use of chloroquine and hydroxychloroquine for patients referred to hospitals with COVID-19 was previously acknowledged by the US Food and Drug Administration (38). According to current findings, Hydroxychloroquine has no direct effect on SARS-CoV-2 (39). Pre-exposure prophylaxis with Hydroxychroloquine did not diminish the incidence of COVID-19 (40, 41). WHO too does not recommend Hydroxychroroquine treatment for the prevention of COVID-19 since the drug has no effect on avoiding sickness, hospitalization, or mortality from COVID-19. When compared to the standard of care, data from the Solidarity study showed that hydroxychloroquine did not reduce mortality in hospitalized COVID-19 patients (42). Whereas various studies found that Ivermectin was effective when used as a prophylactic treatment to lower COVID-19 infection (43). However, “Therapeutics and COVID-19: living guideline” by WHO does not recommend the use of ivermectin in patients with COVID-19 except in clinical trials (44). The COVID-19 Treatment Guidelines Panel recommends against the use of any oral drugs including ivermectin and hydroxychloroquine for SARS-CoV-2 pre-exposure prophylaxis, except in a clinical trial (45). Even though, the Ministry of AYUSH suggested various measures (46–48) to improve immunity there is no scientific evidence available in this regard.

However, this study only looked at health workers who were unimmunized; hence it did not look into vaccination as a factor. The study was initiated in the initial stages of the pandemic before the vaccine was developed. Since the study continued to enroll the participants after the infusion of vaccination campaign, the study was restricted to study participants who have not taken the vaccination. Another potential limitation of the study would have been the Recall bias as the information was gathered regarding the previous 14 days from the day of the interview. Also, the information about the study participant’s IPC behaviors was self-reported, which might have led to overestimation. For confirmation, the IPC and hand hygiene procedures should have been observed directly; however, due to the restricted entry policies that were prevailing in most hospitals, this was not possible. Since, this study was conducted at a time when WHO did not recognize the aerosol transmission of COVID-19, the study did not capture the aerosol transmission of the disease resulting in poor risk assessment of workers. This would have resulted in an underestimation of risk. Hence, due to the diverse modes of transmission of infection, the study was unable to capture the true risk assessment. Another limitation of the study was that it only captured the adequacy of IPC training and adherence to IPC. However, the study did not capture the weaknesses and lacunae in the PCI protocol which was beyond the scope of the present study. However, analyzing the shortcomings of the existing PCI protocols and rectifying them is crucial for bringing about a substantial impact on IPC practices.

Therefore, this study was able to identify potential risk factors for contracting COVID-19 infection among health workers in the hospital setting. These factors need to be taken into consideration while planning for pandemic preparedness in the future. The study was able to highlight the need for implementing IPC programs with regular theoretical and practical sessions for all health workers. Hence, there should be a separate hospital infection control department with staff specifically trained and updated in IPC practices. They should provide training and re-training of health workers and frequently monitor their IPC practices like the use of PPE and proper hand hygiene practices. The administrators should also ensure that all recruits are trained when they join for duty and refresher courses need to be provided regularly. It is also equally important that administrators need to ensure the adequate availability of PPE at healthcare facilities and also have in place a pandemic preparedness plan for the future. Since health workers with co-morbidities were found to be at a higher risk of getting infected with COVID-19, appropriate hospital policies should be in place to address the occupational hazards faced by health workers alongside appropriate IPC policies. Therefore, there is an urgent need to implement uniform IPC policies and also to have a pandemic preparedness plan across all hospitals in India.
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No 106(65.9) 178 (682) 264(673)

‘Wearing PPE* when in contact with the patient’ body flids via the patient's materials (case, n=35, control, 1=83)
Yes 53(96.4) 8096.4) 133(96.4) 0000 0995
No 236) 366) 536)

Performance of hand hygiene** before coming into contact with the patient's materials (case, =161, control, 1 =261)

Always,as recommended 104(645) 159(609) 263(623)
Mostof the time 216) 65(249) 100237) 0669 0955
Occasionally 849) 1464 22
Rarely 323 509 809
Never nen 1869) 29(69)

Performance of hand hygiene™ after contactwith the patient’s mateials (case,n =161, control, n=261)

Always,as recommended 116 (72.04) 199(762) 315746) 2745 0601
Mostof the time 37029) 90187) 8604)

Occasionally 667 70 136D

Rarely 106) 104 205

Never 106) 509 6014

HIO direct contact with the surfaces around the patient

HJO direct contact with the surfaces around the patient

Yes 167(48.4) 265(422) 02 (44.0) 3477 0062
No 178(51.5) 363(578) 541(55.6)

Number of times of direct contact with the surfaces around the patient (case, 1= 167, control, 1 =265)

<10times 81(503) 122046) 206 (47.7) 1676 0433
10-50 times 59(35.3) 1o@Ls) 169.39.1)

550 times. 24(014.4) 5025) 570132)

HJ/O contact with the patient’s body fluids v the surfaces around the patient (case, =167, control, n=265)

Yes 3932) 62034 101G3.4) 00001 0992
o 128(76.7) 203(76.6) 331066)

Wearing PPE* whilein contact with the patients body fluids via the surfaces around the patient (case, 1= 39, control, n =62)

Yes 390100) 580935 97.96) 1198 02
No o 1065 169

Performance of hand hygiene** ater contact with these surfaces (case, =167, conteol, =265

Always, a recommended 12071.9) 189(71.3) 309715) 5152 0272
Most of the time 33098 4707 800185

Occasionally 6.6 1245) 18(42)

Rarcly 202) 0 2005

Never 66.6) 1764) 2363)

“Personal protective equipment (PPE) included Medical/surgical mask, Face shield, gloves, goggles/glasses, gown, headcover, Respirator, shoe cover.
“*Hand hygiene material included alcohol-based hand rub, soap and water.
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Cases (N =345) Controls (N =628)

AELELIES N (%) N (%) Chi-square value

Age

<3lyears 199 (57.7) 429(68.3) 10.997 0.001
>31years 146 (423) 199 (31.7)

Sex:

Male 170 (49.3) 255(40.6) 6,504 0.009
Female 175 (50.7) 373(59.4)

Occupation

Doctors 335 (53.3%) 170 (49.0%) 203 0730
Nurses/assistant nurse 163 (26.0%) 93 (27.0%)

X-ray technician 16 (2.5%) 11(32%)

Lab personal 24 (3.8%) 17 (4.9%)

Others* 90 (14.3%) 54(15.7%)

Educational level

Primary 10(29) 12(19)

Secondary 14041 29(4.6) 1123 0570
Tertiary/university 321(93) 587 (93.5)

Direct interaction with patients
Direct interaction with patients 299 (86.7) 546 (86.9)

0015 0.903
Indirect interaction with patients 46 (13.3) 82(13.1)

*Physical therapist, Nutritionist/dieticians, Admission/reception clerk, Patient transporter, Catering staff, Cleaner, Administration/clerk, Security.
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