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Background: According to the World Health Organization (WHO), alcohol-based hand
rubs (ABHRs) are regarded as the “gold standard” for hand disinfection in healthcare
facilities. Local production of ABHRs in health facilities is recommended by WHO due to
its availability and affordability reasons. However, fire hazard is a concern in health facilities
during ABHRs production, storage, or use from dispensers.

Objective: To evaluate the preparedness of public hospitals found in Addis Ababa, Ethiopia
towards potential fire hazards during ABHR production and storage practices.

Methods: A cross-sectional observational study was applied. An assessment checklist was
used for evaluating public hospitals’ measures taken for the potential fire hazards during
ABHR production and storage practice. Statistical Package for Social Sciences (SPSS)
version 23 was used for data entry and analysis.

Results: Out of the 13 public hospitals observed in the study, fire extinguishers were not
available in more than half of the hospitals’ (7 hospitals) compounding premises. Also,
57.1% of the hospitals without fire extinguishers were manufacturing beyond the WHO 50
liters limit of ABHR solution at once under such unfavorable conditions. Moreover, ethanol
and the oxidizing agent hydrogen peroxide were not stored separately in eight hospitals.
Conclusion: None of the hospitals were found to be well prepared for the potential risk of fire
associated with ABHR solution production and storage practice. Generally, the practices taken
by the studied hospitals for preventing the fire risk and minimizing the damage if fire hazards
occurred during ABHR production and storage were not satisfactory. On the safety and precau-
tions measures taken for the risk of fire, Tikur Anbessa Specialized Hospital (TASH), Amanuel
Mental Specialized Hospital (AMSH), and Eka Kotebe General Hospital (EKGH) showed
a relatively better preparedness compared to others. ABHR solutions should be manufactured
and stored in a way that limits the risk of ignition and follows standard fire safety measures.
Keywords: ABHR, fire, hospitals, COVID-19, production, storage

Introduction

Hand hygiene is one of the most important measures to prevent the transmission of
healthcare-associated infections (HCAIs) and the current pandemic COVID-19
(Coronavirus Disease-2019) in healthcare settings. In light of the COVID-19
healthcare crisis, the practice of hand hygiene is strongly recommended by washing
hands often with soap and water or using hand sanitizers that contain at least 60%
alcohol.'
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According to the World Health Organization (WHO),
alcohol-based hand rubs (ABHRs) are regarded as the
“gold standard” for hand disinfection in healthcare facil-
ities because of its broad antimicrobial spectrum (includ-
ing SARS-CoV-2), easy availability at the point of care,
and general acceptability to health professionals.'*°
Despite the range of sanitizers in the global market,
ABHRs are found to be the most effective and a higher
rate of compliance was observed in the healthcare
settings.” The availability and affordability problems of
ABHR products from the market in low- and middle-
income countries (LMICs) can be solved by producing
them in the health facilities as indicated by WHO and
other literatures.'>*1°

However, some concerns limit the use of ABHR pro-
ducts for decontamination of hands in the health facilities.
Fire hazards are among the concerns with regard to this
formulation due to its high alcohol content."' ™" Fire inci-
dents may occur in health facilities when ABHR is man-
ufactured, kept in storage areas, or used from dispensers,
which would necessitate the implementation of additional
safety precautions throughout the facilities.'"'* Although
the incidence of fires related to ABHR products is very
low, the widespread use of ABHR products in the hospital
setting warrants heightened awareness of the risks and
implementation of safety measures during the production,
storage, and use of these products.'™!®

Currently, following the COVID-19 pandemic, health
facilities in Ethiopia have shown an unprecedented demand
for alcohol-based hand sanitizers. In order to meet this
increased need, significant numbers of hospitals in the coun-
try had started their own production of ABHR. But, because
of the flammable nature of the product, production and
storage of the sanitizers should be done in a careful way to
maintain safe conditions. Though the benefits of production
and use of ABHR solution in health facilities far outweigh
the fire risks, it is suggested that local risk assessments
should be undertaken by the facilities.""”
there is a single fire-rescue institution in Addis Ababa

Considering

(Fire and Emergency Prevention and Rescue Agency) and
its limited capacity to rescue the health institutions and
others with the desirable urgency after the occurrence of
potential fire hazards, the self preparedness of the hospitals
for the potential risk of fire during alcohol-based hand
sanitizers production is found to be of high importance.
Though the local production of ABHR solutions by hospitals
is highly appreciated for preventing the spreading of
COVID-19 and other infections, a simultaneous due

emphasis should be given for the safety measures in the
production and storage practices of the product.

The preparedness status of the hospitals that started
production of ABHR solutions in Addis Ababa to the
potential risk of fire is unknown. Moreover, the evalua-
tions of health institutions for the measures taken for such
potential fire hazard risks associated with compounding of
hand sanitizers are not common in the literature. Hence,
the present observational study aimed at evaluating the
preparedness of public hospitals in Addis Ababa to avoid
and control the potential risk of fire during the production
and storage of ABHR solutions. This study is important to
provide valuable baseline information for the health insti-
tutions and other small scale hand sanitizer manufacturers
for possible safety measures interventions. Furthermore,
this study will fill the gap in the literature.

Methods

Study Setting and Period

This study was conducted from May 11-26, 2020 in all 13
public hospitals found in Addis Ababa, Ethiopia. The hospi-
tals included in this study were Tikur Anbessa Specialized
Hospital (TASH); St Paul Hospital Millennium Medical
College (SPHMMC); All African Leprosy, Tuberculosis
Rehabilitation and Training Centre Hospital (ALERTH);
Eka Kotebe General Hospital (EKGH); St Peter Specialized
Hospital (SPSH); Minellik II Referral Hospital (MRH);
Yekatit 12 Hospital Medical College (YHMC); Tirunesh
Beijing Hospital (TBH); Gandhi Memorial Hospital
(GMH); Zewditu Memorial Hospital (ZMH); Addis Ababa
Burn, Emergency and Trauma Hospital (AABETH);
Amanuel Mental Specialized Hospital (AMSH); and Ras
Desta Damtew Memorial Hospital (RDDMH).

Study Design
An observation-based cross-sectional study was used. The
assessment checklist was developed by adopting WHO

and other references.!>!%2!

Eligibility Criteria
Public hospitals that started ABHR solution production
were included in the study.

Sample Size and Sampling Technique
A purposive sampling technique was used. All the 13
public hospitals found in Addis Ababa having an ABHR
solution production unit were included in the study.
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Data Collection Instrument

The ABHR production units of the hospitals were
observed to evaluate the safety of ABHR solutions pro-
duction and storage practices as per the checklist which
was developed in accordance with WHO guideline and
other references.'>'® ' The observation checklist con-
sisted of nine closed-ended items on the availability of
fire extinguishers; storage of starting ingredients and final
products; availability of safety and precaution guidelines;
on utilization of fire

and training of personnel

extinguishers.

Data Collection Process and Quality

Assurance

The observers were senior pharmacists trained by expert
pharmacists. The selection of data collectors was based on
the educational level and experience in ABHR solution
production. Training was given for six data collectors
about the objectives of the study; regarding taking consent
from the hospital management; on the contents of data
collection check list; and the safety and precaution mea-
sures during ABHR solution production and storage prac-
tices for 2 days. Strict supervision by the principal
investigators was conducted during data collection; mean-
while, any doubts in the checklist were clarified.

Data Analysis

Before entry, data was coded, checked for completeness,
and accuracy. Then the data was entered and analyzed
using Statistical Package for Social Sciences (SPSS) ver-
sion 23. Descriptive statistics was employed for analyses
of data. Categorical variables were described by frequen-
cies and percentages. The preparedness of hospitals for the
risk of fire was evaluated by considering the recommended
parameters: availability of fire extinguishers in the com-
pounding premise; availability of fire extinguishers in the
ethanol storage room; proper placement of fire extinguish-
ers; limited access of unauthorized personnel to the etha-
nol storage area; limited quantity of ABHR solutions
production; separate storage of ethanol and hydrogen per-
oxide; availability of safety and precaution guidelines;
availability of separate storage room for the finished
ABHR products; and training of personnel on utilization
of fire extinguishers. The hospital is considered to be well
prepared for the potential risk of fire associated with the
production and storage of ABHR solution when the above
parameters are fully considered.

To determine the reliability of the checklist,
Cronbach’s alpha internal consistency test was used and

resulted in an acceptable value, ie, Cronbach’s 0=0.65.

Ethical Approval

Ethical approval was obtained from the Ethical Review
Board of School of Pharmacy, Addis Ababa University
(ERB/SOP/213/06/2020). Besides, permission was sought
from the respective managers of the hospitals before pro-
ceeding with the data collection. The data obtained from
the observation was kept confidential and maintained
locked throughout the study. The data was recorded in
paper forms and only the principal investigators had access
to the data.

Results

As indicated in Table 1, fire extinguishers were not avail-
able at the compounding premises (seven hospitals) or in
the ethanol storage rooms (eight hospitals). In facilities
where fire extinguishers were available (seven hospitals),
the areas of their placement were not appropriate in four
hospitals. Ethanol and hydrogen peroxide were stored
together in the same room in eight hospitals.

Comeparison of Hospitals on Safety and
Precautions Measures Taken for Risk of
Fire

The studied hospitals were compared for the safety and
precautions measures taken on ABHR solution production
and storage practices (Figure 1). Three hospitals (TASH,
AMSH, and EKGH) had scored the maximum value for
the evaluated parameters (scored 6/9), whereas RDDMH
had taken none of the measures (scored 0/9).

Discussion

All hospitals were manufacturing ABHR solutions using
ethyl alcohol-based formulation according to WHO
guidelines for which the strength of ethanol in the final
product is intended to be 80% (v/v)."> Since ethyl alcohol
is a flammable liquid which evaporates readily at room
temperature into an ignitable vapor, ABHR products
should be manufactured and stored away from high tem-
peratures and flames.'*'> For this reason, ethanol storage
areas and ABHR solution production and storage facilities
should be placed away from sources of ignition and ideally
air-conditioned and equipped with a fire extinguisher.'>'”
A study done in German hospitals showed a total of seven
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Table | Safety and Precautions Measures for Risk of Fire in the Production and Storage Practices of ABHR Solution in Public Hospitals

Found in Addis Ababa, Ethiopia, 2020 (N=13)

Parameters Observation

Yes (%) No (%)
Fire extinguisher is available at the compounding premise 6 (46.2%) 7 (53.8%)
Fire extinguisher is available at the ethanol storage room 5 (38.5%) 8 (61.5%)
Fire extinguisher is properly placed (N=7) 3 (42.9%) 4 (57.1%)
Only authorized persons have access to the storage of ethanol 10 (76.9%) 3 (23.1%)
*More than 50 liters of ABHR solution is produced at once (N=7) 4 (57.1%) 3 (42.9%)
The ethanol and hydrogen peroxide are separately stored 5 (38.5%) 8 (61.5%)
Safety and precaution guidelines are available 2 (15.4%) 11 (84.6%)
Separate storage room is available for the finished ABHR products 7 (53.8%) 6 (46.2%)
Personnel trained on proper use of fire extinguisher 0 (0.0%) 13 (100.0%)

Note: *In hospitals where fire extinguisher was not available at the ABHR production room.

Abbreviation: ABHR, alcohol-based hand rub.

non-severe fire incidents (0.9% of hospitals) related to
ABHR dispensers.'® This result showed the safety of
manufacturing and using ABHR products in hospitals
should be underlined despite the rare incidences. In the
observed hospitals, the location of compounding and etha-
nol storage rooms were found to be appropriate, which
was reasonably away from the potential sources of ignition
such as heat sources and electric motors. But fire extin-
guishers were not available in more than half of the hos-
pitals’ (61.5%) ethanol storage rooms, and 53.8% did not
have fire extinguishers in the compounding premises. This
is in contrast with the requirement set by the country
regulatory authority which stated that the compounding
laboratory shall be equipped with a fire extinguisher.'

Even in hospitals with fire extinguishers, most (57.1%)

did not place them in an appropriate place for
easy access of it during accidental fire hazards, as they
were placed in the confined spaces of the rooms. With the
absence of good safety conditions (eg, room ventilation,
fire extinguisher, etc), it is suggested not to produce more
than 50 liters of ABHR solution per batch to ensure safety
in production and storage areas.'> In addition, a designated
store may be necessary for such highly flammable liquid
when storage of more than 50 liters of ethanol or ABHR
product is needed.'*'® But, the current study revealed that
57.1% of hospitals, without fire extinguishers, were man-
ufacturing beyond this limit. Aimed at preventing the
COVID-19 pandemic and other HCAISs, the hospitals had
a production capacity of more than 50 liters of ABHR

solution at a time and expect to continue with this capacity

Figure | Total score of public hospitals in Addis Ababa on safety and precaution measures taken for risk of fire for the ABHR solution production and storage practices.
Abbreviations: AABETH, Addis Ababa Burn, Emergency and Trauma Hospital; ABHR, alcohol-based hand rub; ALERTH, All African Leprosy, Tuberculosis Rehabilitation
and Training Centre Hospital; AMSH, Amanuel Mental Specialized Hospital; EKGH, Eka Kotebe General Hospital; GMH, Gandhi Memorial Hospital; MRH, Minellik Il Referral
Hospital; RDDMH, Ras Desta Damtew Memorial Hospital; SPHMMC, St Paul Hospital Millennium Medical College; SPSH, St Peter Specialized Hospital; TASH, Tikur Anbessa
Specialized Hospital; TBH, Tirunesh Beijing Hospital; YHMC, Yekatit 12 Hospital Medical College; ZMH, Zewditu Memorial Hospital.
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in the future. Hence, the emphasis given by the hospitals
towards mitigating the risk of fire should be in line with
such a large volume production capacity.

In addition, no naked flames or smoking should be
permitted in compounding and ethanol storage areas.'>!”
Therefore, these areas should be restricted only to author-
ized persons. With this regard, the majority of hospitals
(76.9%) had limited the access to these areas for unauthor-
ized individuals either by assigning guards or locking the
entrance gates.

Regarding the chemical storage practice, it is advised
to keep ethanol and hydrogen peroxide separately, as
hydrogen peroxide is a strong oxidizing agent which can
initiate or accelerate the combustion of ethanol.?>** From
this study, it was shown that these chemicals were stored
together in the majority of hospitals (61.5%). This storage
practice can lead to more dangerous fires and potentially
explosions, especially with concentrated hydrogen perox-
ide (30% w/v), which necessitates their separate storage.
The other issue is the premise for production and storage
of ABHRs in which an isolated storage room from the
compounding area is recommended to minimize the risk of
fire.® The current study also revealed that only seven
hospitals had a separate storage room for the finished
ABHR products.

Moreover, health facilities engaged in production of
ABHRs are recommended to have and follow a guideline
or standard operating procedure (SOP) prepared for how to
execute activities safely in the compounding and storage
rooms and appropriate measures to be taken when faults
are seen, eg, during spillages of ethanol in the room.'**
Complying with this guideline will not only reduce the
risk of fire in production and storage facilities, but also
protect persons from the potentially harmful ingredients
used in the preparation.”>* However, this study found that
(84.6%) had no
guidelines or SOP for fire safety and other precaution

the majority of hospitals such
measures. In addition, health facilities should provide reg-
ular trainings on the proper operation of fire extinguishers
for employees working in the production and storage of
alcohol-based sanitizers.”* But, personnel in the studied
hospitals reported the lack of such trainings given so far.
When a comparison was made among hospitals on the
safety and precautions measures taken for risk of fire,
TASH, AMSH, and EKGH showed a score of 6 points
from the total score (9 points) for the considered para-
meters. These hospitals can relatively prevent the fire
hazard associated with ABHR solution production and

storage practices compared with the rest and they can
also minimize the damage from fire if it occurred. They
can further enhance the safety level by fulfilling the
remaining measures. In the contrast, SPHMMC,
YHMC, and GMH fulfilled only a single parameter con-
sidered for the safety and precaution measures, and
RDDMH had scored zero. This showed the lack of
awareness and/or attention given by these hospitals for
the potential risk of fire related to the compounding
practice of ABHR solution. These hospitals should take
experiences from other hospitals that showed better pre-
paredness for the risk of fire to protect and minimize the
damage, since the practice of ABHR solution production
has been increasing during the current COVID-19
pandemic.

Fires in the healthcare setting can seriously injure
patients, health professionals, and other persons, destroy
property, and even cause deaths. The increased use of
alcohol-based sanitizers in hospitals, coupled with poten-
tial ignition sources, calls for increased awareness of the
potential fire hazard and the establishment of fire safety
plans in health facilities.

Limitations of the Study

The finding of the current study may not be extrapolated to
other hospitals in the city as a non-probabilistic sampling
method was employed. Furthermore, the study did not
include private hospitals and other public health facilities
or the hospitals in the city that started ABHR solution
production following the COVID-19 pandemic.

Conclusions

More than half of the hospitals did not have fire extin-
guishers and some of them were not placed in appropriate
places in hospitals when they were available. Standard
safety guidelines were not available in the majority of
hospitals. None of them was found to be well prepared
for the potential risk of fire associated with ABHR solu-
tion production and storage practice. Generally, the activ-
ities and measures taken by the studied hospitals for
preventing the fire risk and minimizing the damage if fire
hazards occurred during ABHR production and storage
were not satisfactory. A coordinated personnel approach
is required to control fire risks of ABHRs in health facil-
ities and involves the risk assessment at production, sto-
rage, and points of use. Moreover, as the use of ABHRs is
found to be increased throughout the hospitals, the appro-
priate use of a particular-sized dispensing unit in the
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hospital wards should be evaluated to reduce the risk of
fire hazards.
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