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Abstract

Background Effective infection prevention and control programs can positively influence quality of care, increase
patient safety, and protect health care providers. Chlorine, a widely used and effective chemical disinfectant, is recom-
mended for infection prevention and control in health care settings. However, lack of consistent chlorine availability
limits its use. Electrolytic chlorine generators can address limited chlorine supply and stockouts by enabling onsite
production of readily usable, high-quality chlorine cost-effectively. We report the feasibility (i.e., performance, accept-
ability, chlorine availability, and cost) of the electrolytic STREAM Disinfectant Generator (Aqua Research, New Mexico,
USA) device for infection prevention and control in primary health care facilities in Uganda.

Methods We installed STREAM devices in 10 primary health care facilities in central and western Uganda. Com-
mercial chlorine inventory records (stock cards) were reviewed in each facility to calculate average liters of chlorine
received and used per month. These values were compared with actual STREAM chlorine production volumes

over the study period to determine its impact on chlorine availability. We collected acceptability data from a purpo-
sive sample of device users (n=16), hospital administrators (n=10), and district health officers (n=6) who had been
directly involved in the operation or supervision of the STREAM device. We descriptively analyzed the acceptability
data by user group and evaluated qualitative responses manually using a thematic approach. Cost data were nor-
malized and modeled to determine a break-even and cost-savings analysis across a five-year period (the minimum
expected lifespan of the STREAM device).

Results Chlorine was consistently available without any reported stockouts during the evaluation period. STREAM
chlorine production resulted in a 36.9 percent cost-savings over a five-year period compared to commercial chlorine.
User acceptability of the STREAM device was high among STREAM operators, hospital administrators, and district
health officers, with all respondents reporting that STREAM moderately or significantly improved infection prevention
and control practices in the health facility. Overall, 88 percent of device users and 100 percent of hospital administra-
tors wished to continue using the STREAM device instead of commercial chlorine products.

Conclusion The STREAM device has demonstrated significant potential to strengthen infection prevention and con-
trol practices in health care facilities in Uganda. Based on the preliminary results, the STREAM device should be
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considered a promising tool for district hospitals and large health centers facing infection prevention and control
challenges in Uganda and elsewhere, provided water and electricity are available. Going forward, implementation
of the STREAM device could also be considered in smaller health care facilities in Uganda and elsewhere.

Keywords Chlorine, Environmental hygiene, Health care facilities, Infection prevention and control, Uganda, WASH

Background

Effective infection prevention and control (IPC) pro-
grams can positively impact the quality of health care by
increasing patient safety and protecting health care pro-
viders from infection in health care facilities [1]. Health
care—acquired infections (HAIs) negatively affect hun-
dreds of millions of individuals worldwide [2, 3]. Patients
in low-resource countries are at an increased risk of
contracting HAIs—between 3 and 20 times higher than
patients in similar settings in high-income countries [4].
Bacteria alone account for approximately 90 percent of
all nosocomial infections, and protozoa, fungi, viruses,
and mycobacteria account for the remaining 10 percent
[5]. Most HAIs are preventable [6]. One study showed
that improved cleaning practices could reduce up to 27
percent of the leading causal agents for sepsis among
hospitalized patients; other pooled systematic review
findings show IPC interventions could reduce HAI rates
by 35 to 70 percent [6-8].

The Uganda Ministry of Health (MOH) has made
strong and clear policy efforts to reduce the burden of
HALIs as evidenced by the development and release of the
national IPC guidelines in 2013 [9]. These policies pro-
vide a strong guiding framework, but gaps remain in their
consistent and correct implementation in real-world set-
tings. Assessments analyzing IPC capacities across the
eight World Health Organization IPC Core Components
highlight significant gaps in IPC education and train-
ing levels among Ugandan health staff and in supervi-
sion, monitoring, and auditing of IPC practices, along
with inadequate HAI surveillance systems [10, 11]. The
existing gaps in IPC programming contribute to adverse
health outcomes, such as sepsis, which accounts for 10
percent of maternal deaths and 18 percent of neonatal
deaths in Uganda [12, 13]. Available data show a 28 per-
cent HAI rate in Uganda, which is substantially high [14].

Chlorine is a widely used and effective chemical dis-
infectant recommended for IPC in health care settings.
However, despite its proven effectiveness, the lack of
consistent chlorine availability and quality limits the abil-
ity of health care workers to provide a safe and hygienic
environment for patients. A survey across 129,557 health
care facilities in 78 low- and middle-income countries
(LMICs) revealed that 36.4 percent of health care facili-
ties lacked chlorine solution for disinfection [15]. A 2014

census of hospitals and level IV primary care facilities in
Uganda showed worrying statistics regarding the avail-
ability of disinfectant solution (i.e., chlorine) for IPC: 31
percent of pediatric wards, 22 percent of post-delivery
wards, and 10 percent of delivery rooms reported not
having disinfectant solution [16]. Another cross-sectional
study of infection control and practices in 32 health
care facilities in the Arua district of the Ugandan West
Nile sub-region showed that more than nine in ten (93.8
percent) of health care facilities lacked infection con-
trol committees as well as adequate supplies and equip-
ment for infection control [17]. The notable reasons for
the inadequacies in IPC practices included weak supply
chains, burdensome procurement processes, and insuf-
ficient budgets [11, 18]. Combined, these factors con-
tribute to an unsteady supply of chlorine in health care
facilities, a challenge further exacerbated during times of
crisis.

Electrolytic chlorine generators offer a solution to
address the primary root causes of limited chlorine sup-
ply and stockouts in health care facilities, as they ensure
onsite production of readily usable, high-quality chlorine
in a cost-effective manner. Chlorine generators are being
used to support IPC practice in more than 500 health
facilities spread across 15 LMICs (Aqua Research, Inc.,
email communication, November 27, 2023) [19]. Previ-
ous studies conducted in Burkina Faso, Chad, and Mali
illustrate how the use of onsite chlorine generators can
improve the availability and quality of chlorine, as well as
offer cost savings [20, 21]. Although a variety of product
options exist, most are not appropriate for use in LMICs
because they require large capital investment, proprie-
tary parts, uninterrupted supply of electricity, and inten-
sive monitoring requirements from trained technical
staff operating the devices. In Uganda, chlorine genera-
tors have been piloted in health care facilities for rou-
tine disinfection needs (AquaChlor Electrolytic Chlorine
Generator [Florida, USA] by UNICEF in 2021-2022 and
MSR SafiStation [Washington, USA] by PATH in 2016—
2019). However, uptake and use of these devices has not
occurred due to the lack of commercial availability of the
devices (SafiStation production was terminated in 2019)
and functionality issues with AquaChlor devices (PATH/
UNICEE. Report on joint monitoring visit to assess
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use of chlorine generators in 13 health care facilities in
Uganda). To our knowledge, no evidence on the use of
chlorine generators in health care facilities in Uganda has
been published to date.

To overcome the challenges in IPC practices across
primary health care facilities in Uganda, we assessed the
feasibility of using the STREAM Disinfectant Genera-
tor (Aqua Research, New Mexico, USA), an electrolytic
chlorine generator designed specifically for low-resource
settings that produces a consistent flow of 0.5 percent
milligram per liter chlorine solution, for IPC in ten health
care facilities in Uganda.

Methods

We used a multi-method study design to assess the fea-
sibility (i.e., performance, acceptability, chlorine avail-
ability, and cost) of using the STREAM Disinfectant
Generator device for IPC in primary health care facilities
in Uganda. We collected quantitative data on STREAM
device performance, STREAM and commercial chlorine
availability, and cost. Qualitative feedback was also col-
lected from device users, hospital administration staff,
and key government stakeholders on STREAM accept-
ability. Between November 30 and December 10, 2020,
STREAM devices were installed in ten health care facili-
ties in the central and western regions of Uganda and
monitored through the end of December 2021. Site selec-
tion included one regional referral hospital, three district
hospitals, and six health centers. We chose to include
a wide range of health levels to better understand the
degree to which the STREAM device was able to address
chlorine demand within different levels of the health sys-
tem. According to the selection criteria we identified, the
health facilities included were required to have:

« Classification as a regional referral or district-level
hospital or health center IV (a county-level health
facility) or health center III (a sub-county-level health
facility) by the MOH.

+ A current monthly commercial chlorine volume sup-
ply received and distributed within the health facility
for disinfection of between 50 and 2,000 L of 0.5 per-
cent milligram per liter solution.

« Access to a reliable supply of electricity (i.e., mains or
generator).

+ Up-to-date logbooks or records of commercial chlo-
rine stock received and distributed within its units or
wards.

+ Approval from hospital management on taking up
and operating the device.

Criteria for placement of the STREAM device within a
facility included:
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+ A reliable source of electricity.

+ Proximity to a water source.

+ An area that can be subjected to spillage without dis-
rupting services.

+ A central location within the health care facility.

STREAM device performance

We assessed the performance of STREAM devices based
on whether the health facilities were able to produce
equal volumes of 0.5 percent chlorine solution compared
to baseline commercial chlorine stock levels, as well
as the overall functionality of the ten STREAM devices
installed. On each day of STREAM chlorine production,
the primary device user(s) at each health facility manually
tracked the volume of chlorine produced using STREAM
chlorine monitoring forms. Data from these chlorine
monitoring forms were collected either in person by the
research team or via photos sent by the primary device
user(s). In addition, the STREAM device used its built-
in data logging capacity to automatically track and store
hourly usage rates and provided a quantitative measure
to determine total STREAM chlorine production. Dur-
ing monthly evaluations, the research team conducted
health facility visits to retrieve data on the total opera-
tional hours recorded on the STREAM’s internal LED
screen. MOH officials accompanied PATH on several of
the monitoring trips as part of their oversight. The func-
tionality status of the STREAM devices was monitored
through phone calls and in-person monitoring trips by
the research team. Specific device and component errors
and replacement parts that had been installed were
tracked for each STREAM device.

STREAM device acceptability

We used purposive sampling to select study participants,
which included: device users (health facility staff trained
and responsible for STREAM operation and clean-
ing); hospital administrators (senior health care facility
staff responsible for facility operations and involved in
overseeing the STREAM operation); and government
stakeholders (national governmental staff involved in
the management of IPC services). The selection criteria
included holding one of the enlisted roles or positions as
well as being 18 years of age or older, fluent in English,
and willing to provide informed consent.

We conducted key informant interviews with device
users and hospital administrators using a standardized
list of closed-ended and open-ended questions relat-
ing to device acceptability. National government stake-
holders were asked about their overall perceptions of
the STREAM device and requirements for its intro-
duction and integration into the national public-sector
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health system. The interviews lasted approximately one
hour, and participants received 20,000 Ugandan shil-
lings (equivalent to US$5.61) in cellular airtime as com-
pensation for their time. All interviews were conducted
in private, well-ventilated areas and/or outside on the
health facilities premises. Where needed, we adhered to
the national COVID-19 protocols that necessitated social
distancing and the use of personal protective equipment
by both the research team and study participants.

Commercial chlorine availability and costs

At baseline, we collected and compiled all available data
from commercial chlorine inventory logs (stock cards)
spanning from 80 days up to 3 years (from August 2017
to November 2020) preceding the evaluation, as well as
photo images of those records. These data were used to
determine and model annual chlorine volumes received
and distributed within each health facility, as well as to
quantify chlorine stockout frequency and duration. To
model the annual chlorine volume needed, we calcu-
lated the average daily chlorine use from the days with-
out stockouts and then extrapolated this average to cover
the stockout days. The research team also collected com-
mercial chlorine costs at baseline from the most recent
expense receipts at each health facility along with the
cost of water to calculate the cost of chlorine dilution for
disinfection purposes. These costs were used to generate
the cost of 0.5 percent chlorine solution per liter.

STREAM device chlorine costs

To generate a STREAM chlorine cost per liter, the
research team combined the Ex Works cost—cost of
the device prior to transport from the manufacturer’s
factory—of the STREAM device, shipping and cus-
toms duties, durable costs of materials needed for chlo-
rine production (wooden spoon, measuring cups, 20-L
bucket, and jerry can), and all consumable costs (salt,
water, electricity, chlorine test strips, and vinegar) and
amortized these costs over five years. The costs of elec-
tricity and water were collected from expense receipts
from each health facility. In the costing analysis, we con-
sidered one Ugandan shilling as equivalent to 0.0002805
USD (US$1=3,565 UGX) based on the exchange rate
from December 15, 2021.

Materials

The STREAM device is a chlorine generator that uses
simple inputs—salt, water, and electricity—to produce
chlorine on demand, onsite. The consistent 0.5 percent
milligram per liter concentration eliminates the need
for chlorine dilution processes for health staff engaged
in environmental cleaning. Furthermore, the simple
user interface reduces the technical knowledge required
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to operate the device. The STREAM’s core technology
received a CE marking— which stands for Conformite
Europeenne signifying the device passed safety, health,
and environmental protection requirements for sale in
the European Economic Area—(No. ES151124043E) in
2016 and the power supply that converts 110/220 VAC
to 12 V DC is CE-certified and IP65-rated. The 0.5 per-
cent milligram per liter concentration of STREAM'’s chlo-
rine solution has been verified by several independent,
certified laboratories (Ethiopia Conformity Assessment
Enterprise, April 02, 2022, ES 877:2022; Uganda National
Drug Authority, NDA/DLS/CERT/M-001-22/23, July
21, 2022; Essen & Co, March 22, 2019). Device technical
specifications are noted in Table 1.

User training

User training was led by the PATH research team in
collaboration with the MOH. Primary STREAM opera-
tors—nurses, pharmacy assistants, and biomedical engi-
neers—were identified by hospital administrators, and
the training lasted about an hour. To avoid issues around
STREAM operator availability for continued chlorine
production, the research team trained at least three
device users from each health facility on device assembly,
use, maintenance, troubleshooting, cleaning, and chlo-
rine bottling (storage). Training materials and operational
guides were left at each site to serve as reference materi-
als. Ongoing training and technical support was provided
by PATH study staff through phone calls and monthly in-
person monitoring visits to each health facility.

Data analysis

STREAM chlorine production data and commercial
chlorine stock inventory data were cleaned and entered
into a Microsoft Excel database to generate overall and
health facility—specific commercial chlorine stockout fre-
quencies and duration, as well as a comparative analysis
of chlorine volume availability across each health facil-
ity. The chlorine stock inventory data-cleaning process
involved identifying handwritten records, ensuring the
size and number of units of commercial chlorine were
recorded correctly, and entering the data into Microsoft
Excel in a consistent format, which included date, size of
commercial chlorine unit, chlorine concentration, quan-
tity of chlorine received, quantity of chlorine delivered to
wards within the health facility, and total volume of 0.5
percent chlorine used. Data on STREAM device func-
tionality and component errors were tallied in Microsoft
Excel based on monthly monitoring reports.

The exploratory study was not intended to test a sta-
tistical hypothesis about the STREAM device perfor-
mance but to provide descriptive findings about its
functionality. Sample size for this study was purposive
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Table 1 Technical specifications of STREAM device
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Chlorine concentration (FAC) 0.5%

Brine salinity 15 g/L

Chlorine production rate 4.8 L/hour

Chlorine generation mode Continuous

Drinking water treatment rate Up to 230,000 L per day

Input power

110/220 V AC, 2 A, 50/60 Hz,

12VDC, 16 A
System weight 8.2 kgs
Dimensions 42x33x 173 cm

Abbreviation: FAC free available chlorine

and not calculated to enable statistical comparisons since
it was a pilot study. For the acceptability outcome of this
evaluation, we calculated frequencies and proportions,
stratified by user group for quantitative data. Analysis
of qualitative responses to open-ended questions was
conducted manually using a thematic analysis approach.
Data matrices were used to examine differences by level
of health care and respondent type. Microsoft Excel
(Washington, USA) was used to manage both quantita-
tive and qualitative data. We present qualitative findings
using themes.

Commercial chlorine costs and STREAM-related costs
were normalized and analyzed to determine compara-
tive per-liter cost savings estimates for each health facil-
ity and by health facility level and to generate five-year
break-even analyses, which is the minimum expected
lifespan of the STREAM device.

Ethical review and approval

Ethical review and approval for the acceptability por-
tion of the evaluation that included human subjects was
obtained from the Mulago Hospital Research Ethics
Committee (MHREC Reference #2076, April 22, 2021)
and the Uganda National Council of Science and Tech-
nology (UNCST Reference #HS1467ES, July 28, 2021).
We obtained administrative clearance from the MOH
on September 25, 2020 (Reference #ADM/214/283/01).
We obtained unwitnessed verbal consent from all par-
ticipants, which was documented in the project database.
A consent form describing the assessment procedures,
risks, and possible benefits was read in English. All

Photo credit: Patrick McKern/PATH

participants were informed that their participation was
voluntary and that they could decline to answer any
question. All stakeholder interviews were conducted in a
private setting to ensure confidentiality.

Results

Ten STREAM devices were installed in ten health care
facilities in the western and central regions of Uganda
between November 30 and December 12, 2020, follow-
ing national COVID-19 preventative measures and pro-
tocols. Table 2 shows the distribution of the STREAM
devices and study sites.

Within the health facilities, the STREAM devices were
installed in the maternity ward (n=4), pharmacy (n=2),
outpatient department (#=1), immunization room
(n=1), surgical theater (n=1), and equipment mainte-
nance workshop (n=1). A total of 24 primary users were
trained across all ten health facilities.

Table 2 Health care facilities where STREAM device was used, by
type and location

Facility level Western Central Total
region region

Regional referral hospital 0 1 1

District hospital 1 2 3

Health center IV 2 1 3

Health center Il 3 0 3

Total 6 4 10
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STREAM performance

Overall, 34,975 L of 0.5 percent chlorine disinfectant
were produced by the STREAM units from November 30,
2020, to December 12, 2021, translating to a total value of
22,360,201 UGX (US$6,272; December 2021). Across the
ten primary health care facilities, five had higher annual
chlorine volumes produced with the STREAM devices
compared to the annual baseline commercial chlorine
stock levels (Fig. 1). No chlorine stockout was reported at
any of the ten health facilities.

Only two STREAM devices experienced no techni-
cal issues or component errors during the study period.
The remaining eight STREAM devices experienced one
or more errors, such as leaking reaction chambers, faulty
power supplies, and issues with circuit boards (Table 3).
These errors were due to contextual factors such as power
surges in mains (electricity sources) and high calcium
content in source water, as well as manufacturing issues
like a weak seal on the reaction chamber and weak socket
connections in circuit boards. A majority (65 percent) of
the STREAM component errors occurred in three of the
ten health facilities. These results led Aqua Research to
redesign the power supply, circuit board, and reaction
chambers in late 2021. Replacement components were

25000
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shipped in November 2021 and installed in all devices in
December 2021.

STREAM device acceptability

We collected acceptability data from a purposive sample
of device users (n=16), hospital administrators (n=10),
and district health officers (n=6). The overall user
acceptability of the STREAM device was high as shown
in Table 4. Three key themes around usability and satis-
faction emerged from the feedback: 1) ease of STREAM
operation and impact on health care worker workload; 2)
ease of STREAM integration and contribution to infec-
tion prevention and control practices in the health facil-
ity; and 3) willingness to continue using the STREAM
over commercial chlorine.

Ease of STREAM operation and impact on health care
worker workload

STREAM operators (82 percent) and hospital adminis-
trators (100 percent) found the STREAM very or moder-
ately easy to use. Fifty percent of device users reported a
reduction in IPC-related workload, as a result of not hav-
ing to dilute the STREAM’s 0.5 mg per liter concentra-
tion for disinfection purposes. Conversely, 44 percent of
STREAM users noted an increase in their IPC workload,

3685 3507 3315
I2326
16831691 1394 1685
I I I 594 855
. = |
Kiganda HCIV ~ Rubaare HCIV Rwamwanja HCIIl  Kasese HCIII Rutete HCIII

® Total commercial chlorine use

Fig. 1 Cumulative volume (liters) of 0.5 percent STREAM chlorine produced compared to annual commercial chlorine stock volumes. Abbreviations:
RRH regional referral hospital, DH district hospital, HC/Il health care Ill facility, HCIV health care IV facility, RRH regional referral hospital
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Table 3 Summary of STREAM component errors, causes, and mitigation approaches

Issue type and description Cause

Solution

Manufacturing and contextual:
Leaking reaction chamber

Manufacturing:

Poorly soldered circuit board connections  socket connectors.

Contextual:
Power supply vulnerability to voltage spikes

Scaling in the reaction chamber or outlet port
due to calcium in the water clogging and building
up pressure inside the cell, which led to leaking.

Energy demands require more robust, higher-amp

Severe power surges led to tripped thermal
switches and damaged power componentry.

- An emergency pressure-relief rupture disk

was added to the brine inlet port of the cell. The
rupture disk provides a point of pressure relief

for the cell when the cell needs to be cleaned.

« An outer titanium plate was added to the cathode
housing to prevent the cathode housing from warp-
ing (where the oxidant was leaking).

- Cleaning protocols were updated.

- All socket connectors were replaced with stronger,
more robust, click-to-connect connectors that pre-
vent accidental shorts and keep wires from becom-
ing dislodged.

- The connector between the power supply

and control box was upgraded to a 42A connector
to prevent overheating.

- Aqua Research redesigned the power supply
toinclude a 120-277V surge protector and added

a 42A connector from the power supply to the con-
trol box.

which was attributed to the time required to operate the
device and troubleshoot errors. Device users also noted
that they disliked having to use the STREAM chlorine
within 24 h of production to avoid issues with chlorine
concentration degradation, as well as disliking the fre-
quent cleaning of the device. Interestingly, each device
user who noted the STREAM increased workloads also
mentioned the increase in chlorine availability led to
improved IPC practices.

“Disinfection of surfaces is done on a daily basis
compared to before when it was done after 3
days’DU01 HCF03

Hospital administrators reported several benefits
and challenges associated with STREAM operation by
health staff. The ability to generate chlorine onsite and
on demand was a consistent theme noted by hospital
administrators, along with the simple processes required
to operate the STREAM device. Hospital administrators
also noted a few challenges with the STREAM perfor-
mance, production capacity, and chlorine shelf life:

“We need to have people always operating it in order
to produce chlorine otherwise if you switch it on
and go away, you may find very little jik [chlorine]
produced because it can go off or get a fault” HAOI
HCF04

Ease of STREAM integration and contribution to IPC
practices in the health facility

All device users, hospital administrators, and district
health officers reported the STREAM moderately or sig-
nificantly improved IPC practices in the health facility.
The STREAM was seen as moderately or very easy to

integrate into IPC practices by 94 percent of device users,
90 percent of hospital administrators, and 100 percent
of district health officers. Across all three respondent
groups, three primary benefits to IPC practices were men-
tioned as a result of STREAM use: improved availability
of chlorine and addressing chlorine stockouts; elimina-
tion of chlorine dilution processes; and improved cleanli-
ness, odor, and patient safety. As reported by two hospital
administrators, STREAM positively impacted patient care
and environments in addition to staff workload:

“Improved availability of jik [chlorine] which makes
it possible for us to implement infection control
practices more effectively, especially in theatre and
maternity. We have reduced post-operative wound
sepsis because we have used a lot of chlorine pro-
duced to clean the theatre and ensure it is well disin-
fected” HAOI HCF10

“Since we started using chlorine from the STREAM,
the labor ward stopped smelling which was not the
case with the previous supplies. It cleared away
every bad smell” HA01 HCF04

Willingness to continue using the STREAM

over commercial chlorine

Overall, 94 percent of device users and 100 percent
of hospital administrators (m=10) wished to continue
using the STREAM over commercial chlorine. Five of the
six district health officers (83 percent) were very support-
ive of introducing the STREAM into the national public
health system in Uganda. Improving the speed of chlorine
production from the STREAM and providing additional
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training and training material, as well as greater main-
tenance and troubleshooting support, were noted by all
three respondent cohorts as factors that would improve
the overall usability, functionality, and experience.

“Have people with technical know-how visiting peri-
odically and help with maintenance so that it’s on
all the time” HA0I HCF03

Commercial chlorine availability

At baseline, we collected and compiled all available data
from commercial chlorine inventory logs (stock cards)
spanning from 80 days to 3 years (from August 2017 to
November 2020) preceding the evaluation, as well as
photo images of those records. During the year immedi-
ately preceding the installation of the STREAM devices,
across all ten health facilities, an average of 2.5 periods of
stockout of chlorine supply (each lasting about 30 days)
were identified. On average, health facilities had chlo-
rine stock during 74 days (approximately 2.5 months)
per year. The average duration that the health facilities
operated without any chlorine stock ranged from 25.8
to 132.3 days (approximately 1 to 4.5 months). Health
center IIIs and IVs reported the longest duration of chlo-
rine stockout (Table 5).

Cost of chlorine produced

A comparison of the costs required to generate 34,975 L of
0.5 percent chlorine with the STREAM device compared
to commercial chlorine costs showed that health facilities
would expect an average cost savings of 36.9 percent per
liter when using the STREAM device (Table 6). Commer-
cial chlorine costs included the actual chlorine cost paid by
the facility and water costs for chlorine dilution. STREAM
chlorine costs were calculated as the sum of capital cost
and operational recurrent cost. Capital costs include the
costs of the STREAM device, device shipping, customs
duties and taxes, wooden stir spoon, measuring cup, jerry
can, and bucket. STREAM operational cost includes the
costs of salt (15 g per liter of 0.5 percent chlorine solution
produced), water, electricity, and vinegar (0.5 L per cleaning
cycle). See Supplemental Table 1 for detailed costing data.

Discussion

Pragmatic solutions, such as onsite chlorine generation,
offer innovative approaches for strengthening IPC in
health care facilities in low- and middle-income countries
[22]. Global recommendations highlight chlorine as an
effective, intermediate-level disinfectant for routine and
terminal cleaning of areas such as high-touch surfaces,
floors, and blood (or other bodily fluid) spills [23, 24].
Expanding IPC assessment tools, such as the World Health
Organization’s IPC assessment framework and Water and
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Sanitation for Health Facility Improvement Tool (WASH-
FIT) to include indicators on chlorine or disinfectant
stock availability is needed to better quantify and identify
chlorine supply gaps in health facilities [25, 26]. Chlorine
offers several advantages to health staff including its broad
spectrum (sporicidal) efficacy, rapid inactivation effect,
low cost, and wide availability [27, 28]. With an increas-
ing number of studies showing evident gaps in chlorine
availability and access across primary health care settings
(combined with the emergence of a greater array of dis-
ease threats), decentralized, easy-to-use, cost-effective IPC
solutions should be emphasized [29, 30].

The findings from this evaluation of a novel electrolytic
chlorine generator in Ugandan health care facilities dem-
onstrate promise for the integration and rollout of the
STREAM device across health care facilities in Uganda
and settings with similar IPC challenges. The STREAM
device enabled health staff to overcome supply chain
issues that often led to chlorine stockouts by produc-
ing quality chlorine, on demand and onsite. Our study
results—particularly the feasibility and willingness for
onsite chlorine production in primary health care facili-
ties—reflect similar findings from a project led by Cath-
olic Relief Services in Burkina Faso, Ghana, and Liberia
where 7,305 L of 0.5 percent STREAM chlorine were
produced across 14 STREAM devices and distributed to
103 health facilities in the three countries [31]. Similarly,
a study in Chad involving 67 chlorine generators in health
facilities found that users generated 100 percent of their
chlorine demand five months after device installation
[32]. With the continued use of these devices, a greater
focus will be needed on long-term maintenance and
repair to ensure sustained use and chlorine production.

Acceptability, particularly among frontline health
staff, and value for money are two factors that are criti-
cal for the sustained adoption of health interventions.
Our study demonstrated consensus among STREAM
users, hospital administrators, and district health offi-
cials, as all reported that the STREAM increased chlo-
rine availability, leading to a perception of strengthened
IPC practices in the study health facilities. Future imple-
mentation will need to carefully consider how to manage
and minimize increases in health staff workload resulting
from STREAM use and avoid contributing to staff burn-
out [33, 34]. Overall, health staff reported that the use
of STREAM chlorine led to perceived safer and cleaner
patient environments, simplified chlorine procurement
and distribution processes, and cost savings.

Health administrators across all levels of the health sys-
tem rely on financial and economic cost information to
make evidence-based health policy decisions [35]. Our
study also produced key costing evidence for health sys-
tem leaders, illustrating how the STREAM could be a
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Table 5 Chlorine stockout length and frequency prior to STREAM device installation

Average stockout length (days)

Average number of stockouts per Total days per year

year without chlorine
Health center Il (n=3) 40.1 2.0 80.2
Health center IV (n=3) 441 3.0 1323
District hospital (n=3) 10.3 25 258
Regional referral hospital (n=1) 29.5 2.2 64.9
Overall average (n=10) 29.7 25 743

Table 6 Costing of commercial versus STREAM chlorine production

Description Commercial chlorine STREAM Cost savings (US$) (%)
Total cost of 34,975 L of 0.5% chlorine volume produced $6,272 $3,958 $2,314 (36.9%)
(December 2020 through December 2021) 22,360,201 UGX 14,110,165 UGX 8,250,036 UGX
Average cost per liter of 0.5% chlorine $0.1793 $0.1132 $0.0662 (36.9%)

639 UGX 403 UGX 236 UGX

Exchange rate on December 15, 2023: US$1=3,565 UGX; TUGX = US$0.0002805

valuable, cost-saving investment for health care facilities
in Uganda. These results are similar to a STREAM cost-
savings analysis across eight health facilities in Ghana
that reported a 47.5 percent cost reduction when using
the STREAM [36]. Combined, these results demonstrate
how onsite chlorine production addresses supply chain
and chlorine availability issues faced by primary health
facilities.

Supported by the results of this study, in June 2022, the
National Drug Authority approved a certificate of analy-
sis (NDA/DLS/CERT/M-001-22/23) verifying the chlo-
rine produced from the STREAM device complies with
British Pharmacopia and United States Pharmacopia
specifications for the respective tests done, and in Octo-
ber 2022, the National Advisory Committee on Medi-
cal Equipment (NACME) recommended the STREAM
device for health centers and district hospitals in Uganda
(RSPS 21 10 2221 10 22). Currently, the MOH is devel-
oping a national STREAM scale-up strategy and dis-
trict-level implementation plans to introduce and scale
up STREAM devices throughout Uganda’s health care
system.

Strengths and limitations

Our evaluation has several strengths and some limi-
tations. To the best of our knowledge, this is the first
published evaluation to focus on the feasibility of using
a STREAM device for onsite chlorine generation at pri-
mary health care facilities in Uganda. Our acceptabil-
ity data drew from participants directly engaged in IPC
practices along with their managers, lending credibility to
our findings. We provide data that can set a benchmark

for future implementation science research and full eco-
nomic evaluation studies focused on STREAM devices
in Uganda. The potential limitations of this evaluation
include the small sample size and narrow geographic
scope of the intervention. A longer evaluation period and
detailed focus on device reliability would generate greater
insights into the long-term functionality of the device.
However, this is a question for future research. The over-
lap between the study period and the 2020 SARS-CoV-2
pandemic may have influenced results on chlorine avail-
ability, use, and stockouts, given the increased demand
for chlorine for infection prevention and control prac-
tices. Further analysis of chlorine demand and availabil-
ity beyond the COVID-19 pandemic period and across
a larger sample of health facilities would further con-
textualize our study results. Our costing analysis pro-
vides valuable insights into potential cost savings within
different health facility levels and at different chlorine
demand levels; however, the analysis did not include the
full range of costs associated with total cost of ownership,
such as installation, operation, maintenance, and repair
of the devices. Further exploration using implementation
research to assess health system fit—including assess-
ing how the STREAM can be used as an entry point for
conducting IPC assessments, launching IPC training for
health staff, and improving documentation of IPC sup-
plies and practices—may be helpful, along with a more
thorough cost-effectiveness or total cost of ownership
analysis [27]. Consistent with the results of a recent sys-
tematic review of interventions to improve water supply
and quality, as well as sanitation and handwashing facili-
ties in health care facilities, and their effects on HAIs in
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low- and middle-income countries, additional research
around the impact of consistent availability of cleaning
products, and chlorine in particular (both as a standalone
intervention and as part of an IPC bundle) on reducing
health care-associated infections in low- and middle-
income countries should be explored and could reduce
any potential courtesy bias in acceptability feedback [37].

Conclusions

During the evaluation period, chlorine was consist-
ently available and no chlorine inventory stockouts were
reported. The use of the STREAM device for chlorine
production led to a 36.9 percent cost savings compared
to commercial chlorine products in primary health care
facilities. Future costing analysis should account for the
total cost of ownership of the STREAM device by includ-
ing the aforementioned factors. User acceptability of the
STREAM device was high, and all hospital management
staff at both the health facility and district levels perceived
the STREAM as positively contributing to improved IPC
practices at their health facilities. Overall, almost all
device users and all hospital administrators wished to
continue using the STREAM as opposed to commercial
chlorine. These preliminary results demonstrate that the
STREAM device has potential to strengthen infection
prevention and control practices in district facilities and
health centers that have access to water and electricity in
Uganda. Going forward, implementation of the STREAM
device could also be considered in smaller health care
facilities facing similar infection prevention and control
challenges in Uganda and elsewhere, provided water and
electricity are available. The present evidence should be
considered preliminary data for future studies.

Abbreviations

DU Device user

FAC Free available chlorine

HA Hospital administrator

HClll Health center Il

HCIV Health center IV

HCF Health care facility

IPC Infection prevention and control
RRH Regional referral hospital

MOH Uganda Ministry of Health

WASHFIT ~ Water and Sanitation for Health Facility Improvement Tool
Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513756-024-01433-1.

[ Supplementary Material 1. }

Acknowledgements

This research was conducted with the overall support from the Uganda
Ministry of Health's Clinical Services Department, notably Dr. Jackson Amone
and Dr. Rony Bahatungire.

Page 12 of 13

Authors’ contributions

AD conceptualized the evaluation with contributions from JI, MR, EM, and

RB to the study design. TM and MR performed data collection directly and
supervised all other data collection efforts. SH entered and cleaned the data
and performed the quantitative analysis. AD performed all qualitative analysis.
All authors contributed to data interpretation. EM, RB, TM, and JI reviewed the
study protocol and TM and JI submitted to the IRB. AD acquired the funding
and administered the project overall. PSC prepared the original draft manu-
script. All authors read and approved the final manuscript.

Funding
Support for this work was made possible by the Conrad N. Hilton Foundation.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

Ethical review and approval for the acceptability portion of the evaluation that
included human subjects was obtained from the Mulago Hospital Research
Ethics Committee MHREC 2076 (April 22, 2021) and Uganda National Council
of Science and Technology UNCST HST467ES (July 28, 2021).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

PATH, 2201 Westlake Ave, Seattle, WA 98121, USA. 2PATH, PO Box 7404,
Kampala, Uganda. *Department of Community Health, Faculty of Medicine,
Mbarara University of Science and Technology, PO Box 1410, Mbarara, Uganda.
#Uzima Ministries, PATH, Mutundwe Kirinyabigo Kampala, PO Box 7404,
Kampala, Uganda. *Uganda Ministry of Health, Plot 6, Lourdel Road, Nakasero,
Kampala, Uganda.

Received: 31 January 2024 Accepted: 29 June 2024
Published online: 16 July 2024

References

1. StorrJ, Twyman A, Zingg W, Damani N, Kilpatrick C, Reilly J, et al. Core
components for effective infection prevention and control programmes:
new WHO evidence-based recommendations. Antimicrob Resist Infect
Control. 2017;6:6.

2. Allegranzi B, Bagheri Nejad S, Combescure C, Graafmans W, Attar H,
Donaldson L, et al. Burden of endemic health-care-associated infection
in developing countries: systematic review and meta-analysis. Lancet.
2011,377(9761):228-41.

3. World Health Organization (WHO). Report on the burden of endemic
health care-associated infection worldwide. Geneva: WHO; 2011. https://
apps.who.int/iris/handle/10665/80135.

4. World Health Organization (WHO). Health-care associated infections [fact
sheet]. Geneva: WHO; 2016. http//www.who.int/gpsc/country_work/
gpsc_ccisc_fact_sheet_en.pdf.

5. Khan HA, Ahmad A, Mehboob R. Nosocomial infections and their control
strategies. Asian Pac J Trop Biomed. 2015;5(7):509-14. https://doi.org/10.
1016/j.apjtb.2015.05.001.

6. Schreiber PW, Sax H, Wolfensberger A, Clack L, Kuster SP, Swissnoso. The
preventable proportion of healthcare-associated infections 2005-2016:
systematic review and meta-analysis. Infect Control Hosp Epidemiol.
2018;39:1277-95.

7. Dancer SJ, White LF, Lamb J, Girvan EK, Robertson C. Measuring the effect
of enhanced cleaning in a UK hospital: a prospective cross-over study.
BMC Med. 2009;7:28. https://doi.org/10.1186/1741-7015-7-28.


https://doi.org/10.1186/s13756-024-01433-1
https://doi.org/10.1186/s13756-024-01433-1
https://apps.who.int/iris/handle/10665/80135
https://apps.who.int/iris/handle/10665/80135
http://www.who.int/gpsc/country_work/gpsc_ccisc_fact_sheet_en.pdf
http://www.who.int/gpsc/country_work/gpsc_ccisc_fact_sheet_en.pdf
https://doi.org/10.1016/j.apjtb.2015.05.001
https://doi.org/10.1016/j.apjtb.2015.05.001
https://doi.org/10.1186/1741-7015-7-28

Drolet et al. Antimicrobial Resistance & Infection Control (2024) 13:77

20.

21

22.

23.

24.

25.

26.

Umscheid CA, Mitchell MD, Doshi JA, Agarwal R, Williams K, Brennan

PJ. Estimating the proportion of healthcare-associated infections that
are reasonably preventable and the related mortality and costs. Infect
Control Hosp Epidemiol. 2011;32(2):101-14.

Uganda Ministry of Health (MOH). Uganda National Infection Prevention
and Control Guidelines. Kampala: Ministry of Health; 2013. http://libra
ry.health.go.ug/publications/leadership-and-governance-governance/
guidelines/uganda-national-infection-prevention.

Uganda Ministry of Health (MOH). National Infection Prevention and
Control Survey Report. Kampala: Ministry of Health; 2019.

. Opollo MS, Otim TC, Kizito W, Thekkur P, Kumar AMV, Kitutu FE, et al. Infec-

tion prevention and control at Lira University Hospital, Uganda: more
needs to be done. Trop Med Infect Dis. 2021;6(2):69. https://doi.org/10.
3390/tropicalmed6020069.

. Countdown to 2030 Uganda page. Countdown to 2030 website. Avail-

able at http://profiles.countdown2030.org/#/cp/UGA.

United Nations Children’s Fund (UNICEF). Maternal and Newborn Health
Disparities Uganda. New York: UNICEF; 2015. https://data.unicef.org/wp-
content/uploads/country_profiles/Uganda/country%20profile_UGA.pdf.
Greco D, Magombe |. Hospital acquired infections in a large north Ugan-
dan hospital. J Prev Med Hyg. 2011;52:55-8.

Cronk R, Bartram J. Environmental conditions in health care facilities in
low- and middle-income countries: coverage and inequalities. Int J Hyg
Environ Health. 2018;221(3):409-22. https://doi.org/10.1016/j.ijheh.2018.
01.004.

Uganda Ministry of Health (MOH). Uganda Hospital and Health Centre IV
Census Survey. Kampala: Ministry of Health; 2014. http://www.who.int/
healthinfo/systems/SARA_H_UGA_Results_2014.pdf?ua=1.

Wasswa P, Nalwadda CK, Buregyeya E, Gitta SN, Anguzu P, Nuwaha F.
Implementation of infection control in health facilities in Arua district,
Uganda: a cross-sectional study. BMC Infect Dis. 2015;15:268. https://doi.
0rg/10.1186/512879-015-0999-4.

United States Agency for International Development (USAID). Improving
the Quality of Health Care Services by Strengthening IPC at Centers of
Excellence: Technical Report. USAID; July 2021. https://pdf.usaid.gov/pdf_
docs/PA00ZZIH.pdf.

WATA. Retrospective of 2021. January 2022; https://mailchi.mp/6ec5a
0d495eb/wata_en_2021-13644414.

Duvernay P-G, de Laguiche E, Campos Nogueira R, Graz B, Nana L,
Ouédraogo W, et al. Preventing nosocomial infections in resource-limited
settings: an interventional approach in healthcare facilities in Burkina
Faso. Infect Dis Health. 2020;25(3):186-93. https://doi.org/10.1016/j.idh.
2020.04.003.

Traoré AT, Giani S, Kouriba B, Sanogo R. Contréle Microbiologique

de Dispositifs Médicaux, Surfaces des Blocs Opératoires et Salles
d’Accouchement avant et aprés Désinfection avec du Chlore Produit
Localement dans Deux Hopitaux Universitaires Maliens. Health Sci Dis.
2020;21(11):48-52.

Chimhini G, Magwenzi M, Fitzgerald FC. Infection prevention and control
in low-resource settings: the need for the local, the contextual and the
pragmatic. Infect Prev Pract. 2022;4(3):100135. https://doi.org/10.1016/j.
infpip.2021.100135.

World Health Organization (WHO). Minimum requirements for infection
prevention and control programmes. Geneva: World Health Organization;
2019. chrome-extension: //efaidnbmnnnibpcajpcglclefindmkaj/https:.//
iriswho.int/bitstream/handle/10665/330080/9789241516945-eng.pdf?
sequence=1.

CDC and ICAN. Best Practices for Environmental Cleaning in Healthcare
Facilities in Resource-Limited Settings. Atlanta, GA: US Department of
Health and Human Services, CDC; Cape Town, South Africa: Infection
Control Africa Network; 2019. Available at: https://www.cdc.gov/hai/
prevent/resource-limited/index.html and http://www.icanetwork.co.za/
icanguideline2019.

World Health Organization (WHO). Infection Prevention and Control
Assessment Framework at the Facility Level. Geneva: WHO; 2018. https://
iris.who.int/bitstream/handle/10665/330072/WHO-HIS-SDS-2018.9-eng.
pdf?sequence=1.

World Health Organization (WHO). Water and Sanitation for Health Facil-
ity Improvement Tool (WASH FIT): a practical guide for improving quality
of care through water, sanitation and hygiene in health care facilities,

Page 13 of 13

second edition. Geneva: WHO; 2022. https://www.who.int/publications/i/
item/9789240043237.

27. Gallandat K, Kolus RC, Julian TR, Lantagne DS. A systematic review of
chlorine-based surface disinfection efficacy to inform recommendations
for low-resource outbreak settings. Am J Infect Control. 2021;49(1):90-
103. https://doi.org/10.1016/1.ajic.2020.05.014.

28. Peters DH, Adam T, Alonge O, Agyepong IA, Tran N. Implementation
research: what it is and how to do it. BMJ. 2013;347:f6753. https://doi.org/
10.1136/bmj.f6753.

29. Baker RE, Mahmud AS, Miller IF, Rajeev M, Rasambainarivo F, Rice BL,
et al. Infectious disease in an era of global change. Nat Rev Microbiol.
2022;20:193-205. https://doi.org/10.1038/541579-021-00639-z.

30. Lindmark M, Cherukumilli K, Crider YS, Marcenac P, Lozier M, Voth-Gaed-
dert L, et al. Passive in-line chlorination for drinking water disinfection: a
critical review. Environ Sci Technol. 2022;56(13):9164-81. https://doi.org/
10.1021/acs.est.1c08580.

31. Festus Fofie. No breach in chlorine supply for health care facilities in
Burkina, Ghana, and Liberia. May 2021. https://www.defeatdd.org/sites/
default/files/inline-files/Global%20CoP%20decentralized%20chlorine_
27MAY2021 pdf.

32. Campos Nougeira R, Nigro M, Veuthey J, Tigalbaye C, Bazirutwabo B, Fam
Thior MD, et al. Can locally produced chlorine improve water sanitation
& hygiene (WASH) indicators in health care facilities (HCF) in rural Chad?
Health Sci Dis. 2022;22:11. https://doi.org/10.5281/hsd.v22i11.3016.

33. Udho S, Kabunga A. Burnout and associated factors among hospital-
based nurses in northern Uganda: a cross-sectional survey. Biomed Res
Int. 2022;2022:8231564. https://doi.org/10.1155/2022/8231564.

34. Wright T, Mughal F, Babatunde OO, Dikomitis L, Mallen CD, Helliwell T.
Burnout among primary health-care professionals in low- and middle-
income countries: systematic review and meta-analysis. Bull World Health
Organ. 2022;100(6):385-401A. https://doi.org/10.2471/BLT.22.288300.

35. Turner HC, Sandmann FG, Downey LE, Orangi S, Teerawattananon Y,
Vassall A, et al. What are economic costs and when should they be used
in health economic studies? Cost Eff Resour Alloc. 2023;21:31. https://doi.
0rg/10.1186/512962-023-00436-w.

36. Aburam K. Onsite chlorine generation for Ghana healthcare facilities.
Presented at: 2022 All Systems Go Conference; October 19, 2022; Accra,
Ghana. https://www.ircwash.org/sites/default/files/2022_asga_session_
chlorine_production_and_water_quality_control.pdf. Accessed 24 Jan
2024.

37. Watson J, D'Mello-Guyett L, Flynn E, Falconer J, Esteves-Mills J, Prual A,
et al. Interventions to improve water supply and quality, sanitation and
handwashing facilities in healthcare facilities, and their effect on health-
care-Associated infections in low-income and middle-income countries:
a systematic review and supplementary scoping review. BMJ Glob
Health. 2019;4(4):.e001632. https://doi.org/10.1136/bmjgh-2019-001632.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


http://library.health.go.ug/publications/leadership-and-governance-governance/guidelines/uganda-national-infection-prevention
http://library.health.go.ug/publications/leadership-and-governance-governance/guidelines/uganda-national-infection-prevention
http://library.health.go.ug/publications/leadership-and-governance-governance/guidelines/uganda-national-infection-prevention
https://doi.org/10.3390/tropicalmed6020069
https://doi.org/10.3390/tropicalmed6020069
http://profiles.countdown2030.org/#/cp/UGA
https://data.unicef.org/wp-content/uploads/country_profiles/Uganda/country%20profile_UGA.pdf
https://data.unicef.org/wp-content/uploads/country_profiles/Uganda/country%20profile_UGA.pdf
https://doi.org/10.1016/j.ijheh.2018.01.004
https://doi.org/10.1016/j.ijheh.2018.01.004
http://www.who.int/healthinfo/systems/SARA_H_UGA_Results_2014.pdf?ua=1
http://www.who.int/healthinfo/systems/SARA_H_UGA_Results_2014.pdf?ua=1
https://doi.org/10.1186/s12879-015-0999-4
https://doi.org/10.1186/s12879-015-0999-4
https://pdf.usaid.gov/pdf_docs/PA00ZZJH.pdf
https://pdf.usaid.gov/pdf_docs/PA00ZZJH.pdf
https://mailchi.mp/6ec5a0d495eb/wata_en_2021-13644414
https://mailchi.mp/6ec5a0d495eb/wata_en_2021-13644414
https://doi.org/10.1016/j.idh.2020.04.003
https://doi.org/10.1016/j.idh.2020.04.003
https://doi.org/10.1016/j.infpip.2021.100135
https://doi.org/10.1016/j.infpip.2021.100135
https://iris.who.int/bitstream/handle/10665/330080/9789241516945-eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/330080/9789241516945-eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/330080/9789241516945-eng.pdf?sequence=1
https://www.cdc.gov/hai/prevent/resource-limited/index.html
https://www.cdc.gov/hai/prevent/resource-limited/index.html
http://www.icanetwork.co.za/icanguideline2019
http://www.icanetwork.co.za/icanguideline2019
https://iris.who.int/bitstream/handle/10665/330072/WHO-HIS-SDS-2018.9-eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/330072/WHO-HIS-SDS-2018.9-eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/330072/WHO-HIS-SDS-2018.9-eng.pdf?sequence=1
https://www.who.int/publications/i/item/9789240043237
https://www.who.int/publications/i/item/9789240043237
https://doi.org/10.1016/j.ajic.2020.05.014
https://doi.org/10.1136/bmj.f6753
https://doi.org/10.1136/bmj.f6753
https://doi.org/10.1038/s41579-021-00639-z
https://doi.org/10.1021/acs.est.1c08580
https://doi.org/10.1021/acs.est.1c08580
https://www.defeatdd.org/sites/default/files/inline-files/Global%20CoP%20decentralized%20chlorine_27MAY2021.pdf
https://www.defeatdd.org/sites/default/files/inline-files/Global%20CoP%20decentralized%20chlorine_27MAY2021.pdf
https://www.defeatdd.org/sites/default/files/inline-files/Global%20CoP%20decentralized%20chlorine_27MAY2021.pdf
https://doi.org/10.5281/hsd.v22i11.3016
https://doi.org/10.1155/2022/8231564
https://doi.org/10.2471/BLT.22.288300
https://doi.org/10.1186/s12962-023-00436-w
https://doi.org/10.1186/s12962-023-00436-w
https://www.ircwash.org/sites/default/files/2022_asga_session_chlorine_production_and_water_quality_control.pdf
https://www.ircwash.org/sites/default/files/2022_asga_session_chlorine_production_and_water_quality_control.pdf
https://doi.org/10.1136/bmjgh-2019-001632

	Performance and acceptability of the STREAM Disinfectant Generator for infection prevention and control practices in primary health care facilities in Uganda
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	STREAM device performance
	STREAM device acceptability
	Commercial chlorine availability and costs
	STREAM device chlorine costs
	Materials
	User training
	Data analysis
	Ethical review and approval

	Results
	STREAM performance
	STREAM device acceptability
	Ease of STREAM operation and impact on health care worker workload
	Ease of STREAM integration and contribution to IPC practices in the health facility
	Willingness to continue using the STREAM over commercial chlorine
	Commercial chlorine availability
	Cost of chlorine produced

	Discussion
	Strengths and limitations

	Conclusions
	Acknowledgements
	References


