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Introduction: Cleaning protocols were changed in response to the COVID-19 pandemic with unknown occupational health impacts. There is evidence that COVID-19 transmission risks from contaminated surfaces are low and that exposure to cleaning products can increase risks of work-related asthma. The study objective was to investigate relationships between reported COVID-19-related changes in cleaning protocols and prevalence of asthma-related respiratory symptoms for asthmatic and non-asthmatic janitors and maids. A secondary objective was to characterize experiences of respiratory symptoms associated with cleaning and barriers to personal protective equipment (PPE) use.

Methods: Employees from two Tucson-based maid service companies (approximately 30 personnel in total) and one Phoenix-based school district (>300 janitors/custodians) were invited to participate in a written survey and/or a one-on-one interview in Spanish or English. Fisher’s exact tests (α = 0.05) were used to test for statistically significant associations between reported respiratory symptoms by self-reported physician-diagnosed asthma status and changes in cleaning protocols. Interviews were transcribed and then analyzed by at least two researchers in English or Spanish.

Results: Eighty-three percent reported that cleaning protocols had changed during COVID-19, with the two most reported changes including increased cleaning frequency (92%) and change of application type (e.g., fog, spray, wipe) (53%). There was a statistically significant association between multiple respiratory symptoms and self-reported physician diagnosed asthma. Reporting a type of application change (e.g., fog, spray, wipe) and being awakened during the night by attack/episode of cough were statistically significantly associated (p = 0.04). Interviews elucidated respiratory issues related to fogging devices.

Discussion: This study provides preliminary evidence that changes in cleaning and disinfection protocols during COVID-19 (namely, the use of fogging/mechanical spraying devices) may have had negative impacts on the health of workers in the cleaning industry with little benefit to reducing COVID-19 risks. Further research is needed to evaluate the generalizability of our findings across larger geographical areas and to develop guidance for employers and employees on how to protect and promote respiratory health.
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Introduction

There is evidence that exposure to cleaning and disinfection products can increase risks of work-related asthma outcomes. Much of this evidence is for health care environments (1–4), including higher odds of poor asthma control for nurses who use disinfectants to clean medical instruments (3), and increased odds of physician-diagnosed asthma for those exposed to quaternary ammonium compounds (5). There is also evidence of higher rates of asthma among those in cleaning industries relative to other industries (6–8).

Early in the COVID-19 pandemic, it was thought that fomites, or surfaces capable of harboring pathogens, may be a driver of COVID-19 transmission. This led to increased cleaning and disinfection frequency and intensity in many different environments, with increased calls to poison centers related to cleaning and disinfection exposures (9). Within approximately a year of the pandemic, it was demonstrated that fomites likely do not contribute greatly to COVID-19 transmission, especially in comparison to other routes, such as the airborne route (10–12). The Centers for Disease Control and Prevention then released a scientific brief stating that risks from fomites are likely less than 1/10,000 for a single fomite touch, informed by quantitative microbial risk assessments (13–15). Despite this pivot away from fomites, many places continued to implement new cleaning and disinfection protocols in response to COVID-19. The increased cleaning and disinfection, despite low risks from fomites, is an example of “risk–risk tradeoff,” or the increase of one risk and decrease in another because of a behavior change or intervention. In this case, increased cleaning and disinfection increased risk of asthma outcomes while decreasing risk of COVID-19 transmission, even if these risks vary greatly in magnitude.

The perceptions of COVID-19 risk vs. asthma risk related to cleaning and disinfection are relatively unknown. Differences in asthma prevalence among cleaning services personnel in a variety of environments are also unknown, where previous research has traditionally grouped cleaning personnel into one occupational category. Since different environments have implemented COVID-19 cleaning and disinfection protocols differently, variability in asthma prevalence and perceptions related to health risks from increased or decreased cleaning and disinfection is expected.

Evaluating associations between respiratory symptoms and changes in cleaning and disinfection protocols in response to the COVID-19 pandemic will help inform emergency preparedness for future pandemics. These insights may also highlight the need for further education on how to properly clean/disinfect to limit exposure to chemicals that can increase risks of work-related asthma. Additionally, addressing potential barriers to proper use of PPE or other interventions to reduce exposures while cleaning and disinfecting is vital for improving the safe and effective implementation of new cleaning and disinfection protocols in response to future outbreaks or pandemics.


Study Objective

The objectives of this study were to (1) measure asthma prevalence among cleaning services personnel, and (2) characterize changes in cleaning and disinfection protocols in a variety of environments during COVID-19, using a mixed methods approach in which interviews were used to contextualize survey results.




Methods


Recruitment

Businesses and school districts were approached with the opportunity to allow their employees to participate in the survey and interview research opportunities (described in detail below). Two Tucson-based maid service companies (with approximately 30 personnel in total) and one Phoenix-based school district (with over 300 janitors/custodians) provided written support of the project. The University of Arizona and school district Institutional Review Boards approved the research protocol (protocol #: STUDY00000690). Participants were eligible to participate in a survey or interview if they were 18 years or older and had been working in a cleaning role for at least 1 year, regardless of asthma status. Participants had the option of participating in one or both opportunities and were compensated for each separately. Eligibility was confirmed at the beginning of the survey and interview. If someone indicated they did not meet eligibility criteria, their survey data were not included in the study and/or the interview did not proceed. A convenience sample was used due to challenges in accessing this vulnerable population, where a high proportion of eligible individuals were anticipated to be immigrants and with low access to technology.

One hundred fifty surveys were hand delivered to participating organizations (30 to the maid companies, combined, over 120 to the school district) with pre-paid postage on envelopes for participants to mail back completed surveys. Businesses and the school district were offered more packets if needed. These packets also included information on how to contact research personnel to schedule an interview. Consent forms and directions on completing the survey were included in English and Spanish, along with contact information for expressing interest in participating in an interview. Participants were compensated with gift cards for mailing back completed surveys (with no identifying information other than their email address to which to send compensation) and/or completing an interview.



Survey and interview question design

Surveys were developed in English and then translated to Spanish, with at least 2 Spanish-speaking individuals reviewing the translation. Survey questions included a validated 8-item predictor of asthma (16), and additional questions were included from the previously validated survey, also regarding asthma-related symptoms (16). The survey did not include questions about the timing of asthma diagnosis. Questions about changes in symptoms or cleaning/disinfection protocols due to COVID-19 and participant demographics (gender, race, ethnicity, age) were included. Interview questions were consistent with survey questions in inquiring about asthma status (but not timing of diagnosis, although some participants disclosed this independently), respiratory symptoms and changes to cleaning/disinfection protocols during COVID-19, along with questions regarding personal protective equipment (PPE) use, management of respiratory symptoms at work, and risk perceptions of asthma from increased cleaning/disinfection and/or risk of infection from unclean surfaces. Questions were also included about cleaning/disinfection practices in the home environment and changes due to COVID-19.



Survey analysis

Descriptive statistics were calculated for demographic variables, work environment, and cleaning/disinfection protocol questions (e.g., number of hours spent cleaning pre- and during the COVID-19 pandemic). Fisher’s exact tests (α = 0.05) were used to test for statistically significant associations between proportions of those who reported experiencing respiratory symptoms by (1) physician-diagnosed asthma status (yes or no), and whether they reported, (2) a change in cleaning protocols during COVID-19 (yes or no), (3) increased cleaning frequency (yes or no), (4) change in cleaning/disinfection product (yes or no), or (5) change in application (i.e., spray, wipe, fog) (yes or no). Those who chose “I do not know” or “prefer not to respond” to any of the previously listed variables were not included in this portion of the analysis, since the focus was on associations of asthma and reported changes in cleaning and disinfection protocols with respiratory symptoms as opposed to associations with uncertainty regarding cleaning and disinfection protocol changes or preferences not to disclose.



Interview analysis

Interview recorded audio was transcribed by research personnel who were native and/ or fluent and trained speakers in the language in which the interview was conducted. Transcripts were then analyzed separately by two researchers for the following content:

• Participant demographics (gender, age, ethnicity, and race).

• Self-reported asthma diagnosis.

• Type of work environment, type of cleaning conducted at work (handheld spray, wipes, fogging or motorized sprayers, other), and surfaces cleaned at work.

• Type of cleaning conducted at home (sprays, wipes, other) and surfaces cleaned at home.

• Changes in cleaning/disinfection at work due to COVID-19 (change in frequency, personal protective equipment (PPE) changes, change in product, change in application type (e.g., use of motorized sprayer/fogger), change in types of surfaces, heightened awareness, other, none).

• Challenges/strategies related to PPE use or respiratory symptoms at work and at home.

• Concerns/issues with inhalation of cleaning/disinfection chemicals at work and at home.

• Other symptoms or concerns from cleaning/disinfection at work and at home.

• Concerns/issues with COVID-19.

• Thoughts regarding risk–risk tradeoffs associated with cleaning and disinfection.

• Awareness of asthma as a risk from cleaning and disinfection activities.

These content categories were determined using an inductive approach, since little research has been done on this topic for informing a deductive approach. More details on how responses were categorized can be found in Supplementary Table S1. Spanish transcripts were analyzed in Spanish to reduce loss of context or meaning that could occur through translation. Consistency in categorization of responses by the two researchers were compared, and consensus was reached through discussion. Key quotes that supported the categorization of content topics were identified and agreed upon by at least two research personnel and translated to English for the manuscript.




Results


Survey participant demographics

Fifty-nine participants completed the survey out of 150 surveys that were given to businesses, reflecting a 39% response rate. We did not collect information on specific industry (school district vs. maid service company) to protect employers and employees. However, we did collect information on the types of spaces cleaned. The two most reported types of indoor spaces cleaned included bathrooms (96%, 55/57) and classrooms (89%, 51/57). The greatest proportions of survey participants were female (54%, 32/59), age 56–65 years old (27%, 16/59), and non-White or other (did not select a race) Hispanic (54%, 32/59). Twenty-seven percent reported over 15 years in a cleaning industry role, followed by 24% with 6–10 years of experience. Fourteen percent (8/59) of participants reported having physician-diagnosed asthma. While larger than the national proportion of adults with asthma (8.4%) (17), this was not a statistically significant difference (X-squared = 1.43, df = 1, value of p = 0.23) using a one sample proportions test. Fourteen percent of all participants also reported taking medication for asthma. All survey participant demographics can be seen in Table 1.



TABLE 1 Participant demographics.
[image: Table1]



Survey results

While 59% of participants reported that the frequency of respiratory symptoms had stayed the same during COVID-19, 5% reported an increase, 10% reported a decrease, and 22% preferred not to respond. Eighty-three percent reported that cleaning protocols had changed during COVID-19, with the two most reported changes including increased cleaning frequency (92%) and change of application type (e.g., fog, spray, wipe) (53%). There were statistically significant relationships between the proportion of those reporting physician-diagnosed asthma and those experiencing trouble with breathing (p < 0.01), wheezing/whistling in the chest at any time in the past 12 months (p < 0.01), wheezing/whistling in the chest not associated with a cold in the last 12 months (p < 0.01), missing days from work due to asthma in the last 12 months (p = 0.01), being awakened during the night by attack/episode of chest tightness (p = 0.04), having an attack/episode of shortness of breath while at home at any time in the last 12 months (p = 0.03), changes to shortness of breath when away from work for any time in the last 12 months (p = 0.01), and getting chest tightness when near animals, feathers, or in a dusty part of one’s house (p < 0.01) (Table 2). There were no statistically significant relationships between proportions of those reporting respiratory symptoms and reporting cleaning protocol change, increased cleaning frequency, or change in type of product. However, there was a statistically significant association between proportion of those reporting a type of application change (e.g., fog, spray, wipe) and those being awakened during the night by attack/episode of cough (p = 0.04), where 82% (14/17) of those who reported a change in application type experienced this symptom vs. only 20% (4/20) of those who did not report a change in application type reporting this symptom (Table 2). Of these 14 individuals, three reported physician diagnosed asthma, while nine reported not having physician diagnosed asthma and two preferred not to respond.



TABLE 2 Respiratory symptom responses for all participants, by physician-diagnosed asthma status, and by reported change in cleaning protocol.
[image: Table2]



Interview participant demographics

Eleven participants completed an interview out of 150 survey packets that included information on how to participate in an interview, reflecting a 7% response rate. Information on specific industry (maid vs. school janitor/custodian) was not collected to protect employers and employees. However, types of environments in which participants conducted cleaning included nurse’s offices in schools, exam areas, bathrooms, offices, classrooms, hallways, residential homes, school kitchens, and gymnasiums. Fifty-five percent were female, and 45% were male. Most participants (64%, 7/11) were non-White/other (race not specified) Hispanic, with 18% (2/11) being White Hispanic, and 18% (2/11) being White non-Hispanic (Table 1). The largest proportion of participants were 46–50 years old (36%, 4/11), followed by 56–65 years old (27%, 3/11). Four out of eleven reported having been diagnosed with asthma, while seven did not. Of those diagnosed, two were diagnosed as children and two were diagnosed as adults.



Interview results

Four participants noted the use of fogging/motorized sprayer cleaners. Nine reported changes in cleaning frequency, with a participant stating, “Just a lot more disinfecting everywhere, especially obviously on- on high touch areas.” Eight reported changes in personal protective equipment (PPE) protocols, with a participant stating, “They’re more on you,” regarding supervisors enforcing compliance with glove use. Other reported changes included change in application type (27%, 3/11), change in type of surfaces cleaned (27%, 3/11), and heightened awareness of the need for improved hygiene to avoid COVID-19 transmission (64%. 7/11), with a participant stating, “Siempre habíamos limpiado; ahora se limpia más a profundo” (English translation: We had always cleaned; now we clean more in depth).

Six of the 11 participants reported concerns or issues with inhalation of cleaning and disinfection chemicals at work, with participants stating:



“I noticed, after we were doing the-the COVID, especially when we- we would fog a classroom, the aerosol would kind of get in my chest and kind of give me a tight chest. And, you know, almost kind of a mild asthma attack.”



“Tenemos que traer nuestra mascarilla porque al momento de no usarlo sí se siente síntomas, así como que, como que te cala eso en el pecho.” (English translation: “We have to bring our mask because when we do not use it, we do feel symptoms, like, it kind of seeps into your chest”).

 

One participant also noted an issue with skin irritation from the fogging/mechanical spraying devices and using garbage bags to cover their arms:


“I put, um, the garbage bags, and made a little hole, put my hand through that, and put the gloves around it so it would cover my arms more and all that. But even with that, just because it’s a fine mist, you know, no matter how- how good you do, it’s in the air, versus- So it’s going to be around you, and so we all got a little itchy at times.”
 

When discussing challenges or strategies related to PPE and/or respiratory symptoms at work, some participants noted difficulty breathing with masks:



“I mean, we are moving furniture. We’re picking up garbage anywhere from, you know, really lightweight to, you know, 25-, 50-pound bags of garbage. So doing that for good part of time, you are like trying to breathe, trying to breathe. And it’s - I even told my staff. I’m all, hey, you know what? Let us stop, get somewhere cool, col- do-, cool down a little bit. Then we’ll go back out there, ‘cause I do not want nobody fainting or passing out.”



“When we have the mask on, and then we have, like, we have those backpack vacuum cleaners, and when the house is really hot, because a lot of the houses do not have- do not turn on their ACs on when we are cleaning. So like, just the breathing, trying to breathe with the mask on, working.”

 

Some participants reported slowing down to address respiratory symptoms at work:



“I slow down. I slow down. I have to slow down and catch my breath, then keep going. That’s all I can do.”

 

Seven of the 11 participants reported concerns or issues with COVID-19. One participant described the experience of being on the frontlines early-on in the pandemic when little was known about the severity of COVID-19:



“We risked our lives at the beginning, because we did not know, I mean, how bad the COVID was going to react to us.”

 

Eight of the 11 participants were unaware of asthma as a risk from cleaning and disinfection, while others had considered the risks:



“What’s the possible damages of bringing these chemicals, even though it says that it’s not super harmful to you, but after 2 years of spraying and spraying and spraying, what could be the damages? What are the possibilities of 5 years down the road from here? My lungs are, like, all filled with whatever the spraying we have been doing- is in my lungs now.”

 




Discussion


Key findings

The prevalence of self-reported physician diagnosed asthma (14%) is higher in this community than in the general population (8.4%), although not statistically significant, potentially due to our small sample size (n = 59) or bias due to who was willing to take the survey. Self-reported physician diagnosed asthma was significantly (p < 0.05) associated with nine out of 17 respiratory symptoms, including missed days from work due to asthma in the last 12 months: Seventy-five percent (3/4) of participants with self-reported physician diagnosed asthma reported missed days, with only 5% (2/43) without self-reported physician diagnosed asthma reporting missed days. Our findings indicate that more research is needed to characterize asthmatic employees’ access to care and barriers to asthma management to increase their work stability, especially in populations composed of high proportions of immigrants and/or from racial or ethnic groups that are underserved. This is likely especially important when cleaning protocols include increased frequency of products or change in application types that include production of fogs or fine mists that may exacerbate asthma symptoms.

While reported change in cleaning protocol (yes/no), increased cleaning frequency, and change in type of cleaning product were not significantly associated with any respiratory symptoms, reported change in application type (e.g., fog, spray, wipe) was significantly associated with awakening during the night by attack/episode of cough. Interviews provided additional insight, with participants describing issues with the fogging/mechanical spraying devices that emitted a fine mist, causing both respiratory and skin issues for some. While this was implemented in response to COVID-19 to address fomite transmission, the risks of COVID-19 transmission via fomites are low (<1/10,000 per fomite touch). This elucidates an important risk–risk tradeoff: Are these misting devices and associated health issues for employees worth the relatively low COVID-19 risk reduction? These tradeoffs should be considered when implementing future cleaning and disinfection protocol changes in response to respiratory viral disease outbreaks.

Despite lack of significant relationships between reported increased cleaning frequency and respiratory symptoms, increased cleaning frequency was the most reported change in cleaning and disinfection protocols in both the survey (92%, 54/59) and in interviews (82%, 9/11). There is evidence from other studies that cleaning frequency and respiratory outcomes and dermatitis likely have a dose–response relationship (18) (i.e., increased frequency relating to increased risk), even for products that may pose less risk overall (e.g., “environmentally preferable” products relative to “traditional” products) (19). Although we do not demonstrate significant associations between respiratory symptoms and increased cleaning frequency, there is a theoretical reason to anticipate increased risk for workers with increased cleaning frequency. If the risks from fomites for a specific pathogen of concern are low, e.g., SARS-CoV-should be considered. An alternative approach to increased frequency is more focused cleaning efforts, such as the use of Targeted Hygiene (20), or focused cleaning on specific surfaces or moments (e.g., after a sick individual has occupied a given space), to optimize the benefits of cleaning and disinfection while minimizing exposure. However, more research is needed to evaluate how different overall cleaning and disinfection protocol approaches could reduce the burden of asthma on occupational groups that engage in cleaning and disinfection on a regular basis.



Generalizability

To our knowledge, this is the first study to focus on the respiratory health of those in the cleaning industry as it relates to changes in cleaning and disinfection protocols during the COVID-19 pandemic. In a review of impacts of COVID-19 on environmental services personnel, findings included increased COVID-19 risks among environmental services personnel relative to other healthcare workers (21) and increased stress and anxiety (21). A participant in our study described the beginning of the pandemic as stressful, and noted a lack of messaging regarding appreciation for cleaning services personnel on the frontlines relative to other essential workers:



“Like, for example, you know everybody, you know, during this whole pandemic, ‘Oh, thank you. Healthcare workers, thank you. Firemen, police officers. Thank you, mailman.’ But there wasn’t really a lot of that.”

 

Other studies on those in the cleaning industry during COVID-19 indicated an increased need for PPE supplies and training to lower COVID-19 risks (22). Our study indicates that there are potential barriers to PPE use, including difficulty breathing with masks, especially in hot environments (e.g., cleaning homes in Arizona without air conditioning) and when conducting physically intensive tasks (i.e., lifting 20–50 lb. bags of garbage). Masks are often encouraged for asthmatic individuals during cleaning practices to protect them from inhalation of dust or other triggers (23). More research is needed to further elucidate the specific types of masks being used and barriers to proper use of PPE to increase successful implementation of COVID-19 interventions or interventions for asthmatic individuals to lower occupational risks for those in the cleaning industry.



Limitations

While the sample sizes for both the survey (n = 59) and interviews (n = 11) were relatively small, little literature is available on the respiratory and occupational health of those in this industry, and no literature, to our knowledge, is available regarding their respiratory health during COVID-19, despite intensified cleaning and disinfection protocols and pre-pandemic evidence of respiratory risks for this occupational group. This is in part due to challenges in reaching workers from industries with generally higher proportions of racial and/or ethnic minority and/or immigrant community members. Sharing experiences and concerns regarding respiratory symptoms at work comes at a risk to the participants, including fears regarding job security, especially in Arizona. These types of studies also pose risks to employers, through whom recruitment is often the most successful or reliable (e.g., issues with reliability of data collected through surveys via social media or other online means). Our study reflects a new, yet successful, partnership with multiple businesses who expressed interest in bettering the occupational health of their employees. It is uncertain, however, whether the demographics of our participants represent those in other geographical areas or even in other cleaning occupations. Therefore, more research is needed to evaluate the effects of cleaning/disinfection protocol changes on the cleaning industry at large.

Due to potential concerns from participants about their privacy and job security, it is possible that our study underrepresents the severity of issues related to respiratory symptoms from cleaning and disinfection. For example, 22% (13/59) of survey participants preferred not to report whether the frequency of their respiratory symptoms at work had changed during COVID-19. While we do not know the reasons these participants chose not to respond, privacy and job security could be hypothesized. Conversely, it is also possible that our study overrepresents the severity of these issues, with those agreeing to participate reflecting individuals with the most extreme symptoms and a strong motivation to share their concerns. For example, a larger proportion of interview participants had self-reported physician diagnosed asthma (36%) than those who participated in the survey (14%) (Table 1), potentially indicating that those with asthma were more eager to share their experiences related to respiratory issues and cleaning/disinfection protocols at work than other employees. Furthermore, the proportion of participants in the survey who had asthma is higher than that found in the general population. While this may indicate an association between cleaning and disinfection exposures and asthma, it should be noted that prior work-related respiratory issues could be leading to exacerbated respiratory symptoms as opposed to exposures related to cleaning and disinfection protocol changes. COVID-19 infection, for example, could drive changes in respiratory symptoms as opposed to cleaning and disinfection protocols that were changed. Continued collaboration and building of trust with this community, both employers and employees, is needed to further explore potential confounders and sources of selection bias (e.g., those with respiratory symptoms more likely to participate) to accurately characterize the true burden of respiratory disease, especially as it relates specifically to occupational exposures.

Due to potential technology accessibility challenges, employers encouraged the use of hard-copy surveys in this study. These surveys were anonymous, apart from a provided email address to receive compensation. This introduced some uncertainty regarding whether one individual filled out only one survey and whether individuals were able to read and comprehend all survey questions. However, our approach was the most feasible way to recruit from this population during the COVID-19 pandemic, due to restrictions on meeting in person. Prior to COVID-19, a more reliable strategy would include in-person verbal surveys to ensure participants’ comprehension of the questions and to ensure there was only one completed survey per individual. This study highlights the challenges of conducting needed COVID-19-related research with underserved populations.




Conclusion

This study provides preliminary evidence that the burden of asthma among those in maid, janitor, or custodial positions may be higher than the general population, and that changes in cleaning and disinfection protocols during COVID-19 (namely, the use of fogging/mechanical spraying devices) may have had negative impacts on the health of workers in the cleaning industry with little benefit to reducing COVID-19 risks. However, important confounders require further investigation, such as the effect of COVID-19 infection on the respiratory health of those in the cleaning industry. Other key findings included hardships regarding challenges with PPE use. Further research is needed to evaluate the generalizability of our findings across larger geographical areas beyond Arizona and to develop guidance for employers and employees on how to protect and promote the respiratory health of those in the cleaning industry.
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