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A B S T R A C T   

Objective: Healthcare-acquired infection (HCAIs), have become a significant cause of morbidity as well as mor
tality among the hospitalized patients and health care workers. The implementation of air-borne infection 
control measures play an important role in prevention of health care acquired infections (HCAIs). Hence, this 
study was planned to assess the implementation status of National Airborne Infection Control Guidelines in the 
health care settings of a North Indian State. 
Study design: A mixed method study was planned in all the 13 health facilities of Himachal Pradesh having both 
the Anti-Retroviral Therapy (ART) Centre and Directly observed Treatment Short course (DOTS) for TB center in 
the same facility. 
Methods: The implementation of airborne infection control measures was evaluated using a Standardized Health 
Care Facility Airborne Infection Risk Assessment Tool and an observational checklist. In-depth interviews are 
conducted with hospital staff. At all health facilities, risk assessment and implementation of airborne infection 
control was evaluated by using a pretested semi-structured questionnaire. The qualitative data was analyzed 
manually and transcripts prepared from hand written notes and audio tape records were analyzed thematically. 
Results: Only 5 out of 13 health facilities were having specially designated airborne infection control committee. 
The incidence of tuberculosis among hospital staff was 2.32% at secondary level health care facilities and 0.35% 
at tertiary care level health facilities. Among the tuberculosis cases, maximum were nursing staff (59.5%) as 
compared to other categories of health care workers. Improper functioning of health care system and individual 
factors were main reasons for deficiencies in the implementation of air-borne infection control measures. 
Conclusion: The health care facilities were not implementing the infection control measure to the fullest both at 
secondary and tertiary care health facilities. There is a need to set up the surveillance of airborne infections in the 
hospital and especially the passive surveillance of tuberculosis among health care workers.   

1. Introduction 

Globally healthcare-acquired infections (HCAIs) have become a 
significant cause of morbidity as well as mortality among the hospital
ized patients. Exposure of human beings to different airborne pathogens 
has resulted in the emergence of epidemics of respiratory infections [1]. 
The infectious patient can infect the other individuals who have had no 
direct contact with the primary source through droplet infection. 
Airborne transmission in the health care settings through droplet nuclei 
becomes more important because of overburdened hospitals and the 

presence of immunosuppressed patients like those who had undergone 
surgery, cancer patients, people who are living with HIV/AIDS (PLHIV), 
those who are having diabetes, chronic renal disease etc. 

Hospital acquired respiratory infection poses a greater risk for the 
health care workers, as they come in contact with patients early in the 
course of disease when they are highly infectious. This can lead to 
widespread epidemics of the respiratory infections because of two rea
sons. Firstly, one infected health care worker attends a large number of 
patients on any given day in developing countries like India and sec
ondly, the infection to health care workers reduces the number of skilled 
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workforce available for treating the patients and preventing the spread 
of infection during an outbreak [2–6]. 

By the fall of 2002, a new coronavirus infection has emerged in Asia 
causing severe viral pneumonia, i.e., Severe Acute Respiratory Syn
drome (SARS). Nearly a decade following the SARS epidemic, another 
new Corona virus respiratory infection has emerged Middle East Res
piratory Syndrome CoV (MERS CoV). Recent outbreak of Ebola infection 
has posed a worldwide threat due to lack of well-established treatment 
[7,8]. Proper isolation and airborne infection control measures can play 
a major role in the prevention of such widespread epidemics [9–12]. 

Nosocomial infections are also of legal concern due to unacceptable 
increase in the morbidity and mortality resulting from improper 
implementation of infection control measures at health care settings. As 
it is difficult to eliminate the reservoirs and susceptible hosts in the 
health care settings, implementation of measures to eliminate the mode 
of transmission play a pivotal role. 

To prevent cross infection of TB to immunosuppressed HIV patients, 
Government of India has developed “Guidelines for Airborne Infection 
Control in Health Care Settings” in the year 2010 and were adapted 
under HIV-TB collaborative activities, to be implemented at all the 
health care settings [9]. Though targeted for HIV-TB co-infection, these 
guidelines can aid in preventing the spread of air borne infections. Since 
then, there was no comprehensive evaluation in India whether these 
guidelines are being implemented and whether there was any impact on 
the reduction of airborne nosocomial infections. Hence, this study was 
planned to assess the implementation status of airborne infection control 
measures in the health care settings of Himachal Pradesh and to find out 
the gaps, in the implementation of these guidelines so as to reduce the 
morbidity and mortality by breaking the chain of infection and to pre
vent future outbreaks of air borne infections. 

2. Methodology 

A mixed method study was planned in the health care facilities of 
Himachal Pradesh to assess the status of implementation of national 
airborne infection control guidelines. All the 13 health facilities having 
both the Anti-retroviral therapy (ART) Centre and Directly observed 
Treatment Short course (DOTS) for TB center in the same facility within 
the State of Himachal Pradesh were included in the study. Out of 13 
facilities that were included in the study, two were tertiary care health 
facilities and eleven were secondary care facilities. 

At state level and district levels, head of the health care facility i.e. 
Chief medical officer (CMO), Block medical officer (BMO), Medical su
perintendent (MS) or hospital in-charge were interviewed to know about 
the existence and functionality of airborne infection control committee. 
They were interviewed to find out the barriers and facilitators affecting 
formation of airborne infection control committee in the hospital. The 
health care facilities where air borne infection control committees were 
formed in-depth interviews of the chairman and two other randomly 
selected members of the airborne infection control committee were 
done. Selection of the members was done by simple random method 
using computer generated random numbers. 

The health care staff of all the selected health care facilities were 
interviewed; no matter whether airborne infection control committee 
was existing or not. Four personnel in the selected health centers who 
were at high-risk for air borne infections were selected for the interview 
(Nursing staff, Integrated Counselling and Testing Center (ICTC) for HIV 
testing counsellor, lab technician working under Revised national 
Tuberculosis Control Programme (RNTCP) and Directly Observed 
Treatment Short course (DOTS) provider). One person from each of the 
four categories was selected by simple random sampling using computer 
generated random numbers. The health care workers were also asked 
about the number of staff treated for TB in the last 12 months. The 
number of staff treated for TB in the last 12 months was used as 
numerator for calculating the TB incidence and the total staff working in 
the health facility was considered as the denominator. 

At all health facilities, risk assessment and implementation of 
airborne infection control was evaluated by using a pretested semi- 
structured questionnaire, i.e. Standardized Health Care Facility 
Airborne Infection Risk Assessment Tool and observational checklist. 
For filling the questionnaire, records of the health facility were reviewed 
and some of the questions were filled on observation basis. These tools 
were developed according to the revised guidelines given by National 
Airborne Infection Control Committee (NAICC), Government of India 
(GOI), Director General Health Services (DGHS) and Central TB Division 
(CTD). The questionnaire was filled by the investigator herself. 

An observational checklist was filled for all the 13 health institutions. 
It comprised of 27 questions related to secondary care hospital and 31 
questions related to tertiary care hospital. 

The quantitative data was analyzed using MS Excel software and 
descriptive analysis was performed. The results were expressed as sim
ple proportions. 

The qualitative data from in depth interviews was analyzed manu
ally. The transcripts were prepared from hand written notes and audio 
tape records and then thematic analysis was done. 

Main themes were extracted from the transcripts and were further 
categorized in to sub themes supported by the illustrative quotes. The 
information obtained both from qualitative and quantitative data were 
used to identify and understand why there were gaps in the imple
mentation of airborne infection control measures. 

3. Results 

3.1. Staff and services at the health facilities 

The study was conducted in 13 health facilities, comprising of 2 
tertiary care and 11 secondary care facilities. Majority of health care 
workers at tertiary health care levels were nursing staff (33%) followed 
by the trainee doctors (31%) and the doctors constituted about 10% of 
the total health workforce. In secondary care health facility, majority of 
the heath care workers were nursing staff (28%) followed by trainee 
nurses (25%) and doctors (18%) as depicted in Fig. 1. Nursing staff 
comprises of maximum numbers at both secondary and tertiary care 
health facilities. The proportion of doctors was less at tertiary level as 
compared to the secondary level. 

In both the tertiary care facilities, out patient departments and 
inpatient hospital admissions cater to all specialties like medicine, sur
gery, chest, paediatrics and obstetrics. A separate ward for multi drug 
resistant tuberculosis (MDR-TB) cases was present in only one tertiary 
care hospital out of two hospitals. Separate ward for patients admitted 
with chest problems was available at only two secondary care hospitals 
out of eleven institutions included in the study. Nine of the hospitals 
were having airborne precautions rooms. None of the health care facility 
had separate registration area for patients attending various clinics. 

3.2. Implementation of airborne infection control guidelines 

The implementation of airborne infection control guidelines was 
evaluated at all 13 health care facilities having both functional ART and 
DOTS Microscopy centers. The implementation of guidelines was 
assessed in terms of administrative, environmental and personal control 
measures in line with the three-pronged strategy for control of airborne 
infections. 

In all the 13 health care facilities, facility level infection control (IC) 
committee/biomedical waste (BMW) management committee was in 
place. Only 5 out of 13 hospitals (secondary and tertiary hospitals) were 
having specially designated airborne infection control committee. All 
the committees reported that they were conducting quarterly meetings 
and the last quarterly meeting was conducted in the month of April 
2015 at the time of the study. But minutes of the meetings were not 
available in any of the health care facilities. In all the 13 health care 
facilities, Facility IC/BMW Management plan were available in written 
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forms but airborne infection control was not covered in the plans. 
Biosafety cabinets were being used by microbiology department in all 
the tertiary care health facilities. 

In our study, we have interviewed the head of the health care facility 
where there was no airborne infection control committee to find out the 
reasons why the committee was not formed. The findings revealed that 

Fig. 1. Distribution of health care staff in secondary and tertiary level health facilities in Himachal Pradesh.  

Fig. 2. Multi-level barriers and facilitators influencing implementation of airborne infection control measures in health care facilities.  
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committee formation is influenced by facilitators and barriers operating 
at four levels namely individual level, interpersonal level, health system 
level and structural level (Fig. 2). 

The most important factor operating at individual level was lack of 
focus on the preventive services, which prevents the clinical staff to 
draw their attention away from curative services. This is reflected in the 
comments of one of the head of health facility. “We don’t have public 
health cadre in the state. Most of the staff working here are for curative 
services. We ourselves are the clinicians, so we are not able to focus on the 
preventive part. This has now become our basic temperament because things 
are like this only for the past so many years.” (CMO-G). 

Lack of coordination among hospital staff was another barrier at 
interpersonal level as expressed by one of the respondent. “Forming a 
committee and running it successfully is entirely dependent on the coordi
nation amongst the staff involved, and this is very difficult. If there is coor
dination among the staff, they will understand each other’s view point 
otherwise such committee will remain on papers and will never be imple
mented.” (CMO-C) Interpersonal conflicts hinder day-to-day functioning 
and ultimately leads to failure of any activity which needs team work. If 
this barrier could be addressed then the coordination among the staff 
can become one of the strong facilitators for effective implementation of 
guidelines. 

Frequent transfer of administrative staff, and unfelt need for a 
separate committee were some of the key barriers at health system level. 
For example, one of the interviewee said, “It is important to have com
mittee and we are working on that. May be by next month we will have the 
committee in place. Main reason is that in government settings, hospital staff 
keeps on getting transferred every 4–5 months and this hinders the process. 
The moment we start progressing in committee formation and function, the 
people involved will get transferred and we reach the same place from where 
we started.” (CMO-H) While another said “Airborne infection control 
measures are being covered under so many other committees already running 
in the hospital. This is the reason that attention is never given for having a 
separate committee in the hospital.” (CMO-A). 

When probed, lack of supervision by higher authority was also 
observed to be one of the reasons why such committees are not formed. 
One of the respondents said “We don’t have pressure from higher author
ities to make the committee. There is no supervision from their side. If they 
will ask us again and again to make the committee then definitely we will have 
to, but if they will not supervise this, then obviously things will get delayed.” 
(CMO-I) Thus monitoring and supervising can facilitate the formation of 
committees as well as their functioning. 

At structural level, it has been seen that if guidelines are made 
mandatory and a strict action is being taken against violation of 
guidelines then the in-charges of the facilities would be forced to form 
the committees. 

In all the 13 health care facilities, all the members of ART and DOTS 
were trained in universal precautions and waste segregation and 
disposal, but none of them were trained on airborne infection control 
measures. There was no staff-training plan for infection control/ 
biomedical waste management. No IC training has been conducted for 
any cadre of staff in the past 12 months. There was non-availability of 
standardized training material for training of the staff on infection 
control in all the 13 facilities. 

In facilities where there were IC committees, the members were 
interviewed regarding their roles and responsibilities and implementa
tion of IC measures. The investigator also observed the implementation 
of IC measures at the facilities. Most of the IC Committee members were 
aware of their roles and responsibilities. All the committee members 
considered implementing universal precautions and BMW management 
as their main responsibilities as these can reduce the chances of infection 
by interrupting the chain of transmission. 

In most of the health facilities ART centers were located away from 
the DOTS centers to avoid spread of TB infections to HIV positive in
dividuals. Some of the respondents feel that maintaining the appropriate 
distance between ART centers and DOTS centers as their prime 

responsibility. “I consider maintaining an adequate distance between ART 
and DOTS centers as the main responsibility as it can reduce infection. This 
was the first thing I had done to control air borne infections.” 

Some of the members felt that display of IEC materials is very 
important as this can change the attitudes and practices of the staff as 
well as patients and attendants. One of the respondent said, “We have 
placed boards and other IEC material to keep the staff motivated and general 
population aware of the preventive steps one has to take. Boards were stra
tegically placed where they are highly needed and most noticeable by target 
audience.” 

All the committee members informed that universal precautions and 
bio medical waste management were being implemented. Frequent wet 
mopping of the floor was being carried out. Most of the committee 
members considered maintaining adequate ventilation is an important 
measure to control air borne infections. One of the respondents 
informed, “Mostly all rooms were ventilated. It is of prime importance. 
Where there is lack of adequate ventilation we tried to install the exhaust fans 
especially in the high-risk areas.” 

Disease surveillance for TB or other nosocomial infection in health 
workers was not being done in any of the health facility. There was 
passive reporting of TB diagnosed/treated among the staff of health 
faculties as a part of routine reporting system. Though all the newly 
joined hospital staff were being screened for TB/other respiratory 
infection, there was no system of periodic repeated examination in 
place. No records were found related to TB among health care staff in 
any of the facilities. 

The health care staff was interviewed to understand the facilitators 
and barriers in the implementation of IC measures (Fig. 3). 

The most common reasons mentioned for non-implementation of IC 
measures were lack of commitment from the side of health system 
administration, non-dissemination of guidelines and interrupted logistic 
supply. 

“I don’t know that whether there is any such committee or guide
lines. We were neither called for any meeting related to airborne 
infection control nor told about anything like this, If somebody will tell 
then only we will come to know.” 

“I don’t know whether there is any committee or not. There are so 
many committees existing only on paper. Committees are useful only 
when they are implementing what they are intended to, otherwise there 
is no fun in making them”. 

The committee members strongly expressed that following universal 
precautions and biomedical waste management are key steps to prevent 
hospital-acquired infections. Though the committee members told that 
universal precautions were being implemented, the health care staff 
reported that generally they do not have enough supply of gloves, mask 
etc and hence were incapable of following them all the time. One of the 
respondents mentioned, “We don’t use universal precautions all the time as 
this is not practically possible. Moreover we don’t have enough supply of all 
the things like gloves, masks, soaps etc. Sometimes we don’t even get after 
putting the demand so many times.” 

Though all the committee members felt that good ventilation is 
important for control of airborne infections, exhaust fans were available 
in only in only 7 (53.9%) of the DOTS centers and none of the ART 
centers had exhaust fans for ventilation. Only 30.8% of the all the health 
facilities inspected had well ventilated waiting and seating areas. 
Though one of the committee member mentioned that they tried to 
install exhaust fans in the high risk areas the response of the health care 
staff was totally in contrast with the information provided by the com
mittee member. “All of the rooms should have exhaust fans ideally but we 
don’t have. We have given demands so many times but were not supported by 
the administration. Our rooms are full of files and papers. It is so suffocating 
here. But then this is the government system and all things will be like this. 
Everybody knows it takes time, sometimes years to get the things done.” 

The individual level factors, which contribute for non- 
implementation of air borne infection control measures, were wrong 
practices because of misconceptions, perception that use of masks was 
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not effective, stigma for patients and high patient load. 
“Using masks and gloves are not that effective. Main thing that I follow is 

to have breakfast in the morning. Whenever I feel hungry, I eat something and 
this builds up the immunity and prevents from getting infected by TB.” 

“I am working here for past so many years, I guess 9 or 10 years. We 
generally work like this. Nothing has happened to us in the last so many 
years.” 

3.3. Burden of tuberculosis among hospital staff 

In our study, prevalence of TB among the hospital staff was 0.89%. 
Most of the TB cases were among nursing staff. There were 42 health 
care workers who were treated for TB in past 12 months with maximum 
number of reported cases from nursing staff (25) followed by trainee 
nurses (6) and least in doctors and trainee paramedics. The incidence of 
Tuberculosis among health care staff working in various facilities is 
presented in Table 1. The incidence of TB was higher in secondary care 
facilities (2.32%) as compared to tertiary care facilities (0.35%). 

4. Discussion 

The key finding of this study was that the health care facilities were 
not implementing the infection control measure to the fullest both at 
secondary as well as tertiary care health facilities. The gaps in imple
mentation were found at all the three levels i.e. administrative, envi
ronmental and individual levels. It is one of the first studies in India that 
has assessed the status of implementation of national airborne infection 
control guidelines. 

The pneumonic plague outbreak in Himachal Pradesh and the SARS 
outbreak in 2002 reveal the importance of airborne infection control 
measures in the protection of health care staff and the patients admitted 
to the hospital [13,14]. Hospitals are host to lots of patients having low 

levels of immunity because of their health conditions. This paves a way 
for easy spread of infections among themselves as well as to the health 
care workers working there. 

The success of any intervention depends upon how well it has been 
implemented. Strong political commitment at the higher levels of 
administration coupled with regular supervision is essential for success 
of any programme [15–17]. As most of the gaps were identified at this 
level, hence more emphasis is required. Firstly, airborne infection con
trol committees have to be formed at all levels. Secondly, there should 
be a training programme for all the health workers. Additionally, there 
should be baseline assessment of all the health facilities followed by 
periodic assessment to see whether the guidelines are being properly 

Fig. 3. Multi-level barriers and facilitators influencing implementation of airborne infection control measures in health care facilities.  

Table 1 
Incidence of tuberculosis among health care staff in various health facilities of 
Himachal Pradesh.  

Level of 
Health Facility 

Health 
facility 

Total 
number of 
staff 

TB cases among 
staff in the past 2 
years 

Incidence 
(%) 

Secondary Solan 152 1 0.66 
Kullu 112 2 1.78 
Una 105 2 1.9 
Bilaspur 156 3 1.92 
Chamba 135 3 2.22 
Nahan 122 3 2.45 
Dehra 40 1 2.5 
Hamirpur 150 4 2.67 
Nalagarh 98 3 3.06 
Mandi 168 6 3.57 
Palampur 56 2 3.57  
Average 1294 30 2.32 

Tertiary Shimla 1898 5 0.26 
Tanda 1512 7 0.46  
Average 2410 12 0.35  
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implemented or not. All the findings found during assessments should be 
shared with workers. For proper implementation adequate supply of 
logistics such as masks and gloves should be ensured. Fast tracking of 
patients with chest symptomatics should be an integral part of pre
venting the HIV TB co infection. 

Studies have also shown that training and implementation of 
airborne infections control measures have led to reduction of nosoco
mial infections and lower prevalence of tuberculosis among health care 
workers [18,19]. 

Surveillance is needed for guiding whether our interventions are 
working or not. The incidence of Tuberculosis cases among health care 
workers was taken as proxy for the level of implementation of air borne 
infections in a particular facility. The current study found tuberculosis 
prevalence of 0.89% among hospital staff. The incidence of TB among 
the staff at secondary levels (2.32%) is higher than the general popu
lation (1–2%) [20]. This study for the first time has shown the difference 
in the incidence of tuberculosis among health care workers working at 
various levels. The incidence of tuberculosis is high among health 
workers in secondary care facilities as compared to tertiary care facil
ities. This might be due of lack of infrastructure i.e. less number of rooms 
as compared to the services rendered and also inadequate supply of 
logistics such as masks at lower levels of health care. The tertiary care 
facilities also being teaching hospitals has separate department of pul
monary medicine. Thus, designated staff who are more specialized were 
better aware of current guidelines as compared to the staff working at 
lower levels. They were following the infection control measures more 
strictly than the staff working in general settings. 

During interviews, frequent transfer of the administrative staff 
emerged out as one of the key reasons leading to non-formation of 
committees. The transfers were more frequent among the administrative 
staff of secondary facilities leading to delay in committee formation and 
hence delayed implementation of infection control leading to rise in risk 
of infection in the staff working in the hospital. Another reason can be 
that majority of the patients visiting tertiary health care facilities are 
referred from secondary hospital and have already started their treat
ment. Starting treatment early make them less infectious when they 
come in contact with the staff of tertiary hospital than in the case of 
secondary hospital where patient contacts the health care worker in the 
early infectious stage of the disease. 

The importance of environmental measures cannot be overlooked. 
The importance of ventilation and sunlight has been emphasized since 
the past for the control of infections. It is also seen that airborne out
breaks were common in institutions with overcrowding and poor 
ventilation [21,22]. 

The measures at personal level are important not only to protect the 
healthcare workers but also important to protect others. One of the 
ethical principles in health care is Do No Harm. This principle has to be 
kept in mind while delivering care to all the people visiting the health 
facilities. One of the reasons mentioned for not wearing masks was pa
tients might feel stigmatized. This reveals the fact the sensitization of not 
only the health staff but also of the patients is essential in overcoming 
the stigma of wearing masks. Patient education leaflets and wall paint
ings or hoardings etc might be used for spreading the awareness 
regarding infection control measures. The implementation also requires 
removal of barriers from the higher levels such as ensuring adequate 
supply of masks, gloves etc. 

Most of the TB infections were found among nurses as they spend 
major time delivering patient care. Thus, it is important to emphasize 
the role of personal protection measures to them. The class 4 employees 
were next in order as they were involved in the cleaning and mopping of 
the hospitals and were in direct contact with the infectious material. 

The major strength of this study lies in the study design of using 
mixed methods. It not only looked into the level of implementation but 
also adapted qualitative study methods for in-depth understanding of 
the gaps found in the study so that steps can be taken for implementation 
of the control measures. 

One of the limitations of this study is that there was no record based 
information related to prevalence of tuberculosis among health care 
staff. All the information collected related to this aspect was purely 
based on verbal information given by interviewee. As Tuberculosis is 
considered to be stigmatizing, there can be underreporting of the 
number of TB cases detected among health care workers. This might 
result in underestimation of TB rather than overestimation. Thus, the 
incidence of TB among health care workers might be even higher which 
is worrisome. Another limitation was that at the time of interview, due 
to time constraints, only the health care staff who were present on the 
day of the interview were considered for the study. 

5. Conclusions 

The study found that the administrative control measures in the 
study hospitals were poorly developed and implemented. Non- 
formation of airborne control committees to prevent airborne in
fections were due to lack of commitment at higher level, problem in 
relationships and frequent transfer of the staff. Lack of logistics, poor 
infrastructure, lack of training and failure to implement personal pro
tection control measures were other reasons found in the present study. 
There is a need to focus on implementation of the airborne infection 
control guidelines. 

There is a need to sensitize the higher authorities about the need for 
the implementation of the guidelines and ensuring strict supervision of 
the staff at the lower levels whether these guidelines are being imple
mented or not. There need to be a planned training programme for all 
the staff involved in the infection control. The timely monitoring of 
outcomes is essential to see whether the strategies adapted and the in
terventions implemented are giving the expected results are not. Thus, 
there is a need to set up the surveillance of airborne infections in the 
hospital and especially the passive surveillance of Tuberculosis among 
health care workers. As it is not easy to modify the building once con
structed, due attention needs to be paid while planning the construction 
to ensure adequate natural ventilation and lighting. 
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