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Abstract: Antiseptics, disinfectants, and hand hygiene products can act as reservoirs of Gram-
negative bacteria causing healthcare-associated infections. This problem is rarely documented in
low- and middle-income countries, particularly in sub-Saharan Africa. In a cross-sectional survey,
we assessed the bacterial contamination of antiseptics, disinfectants, and hand hygiene products in
two university hospitals in Burkina Faso and Benin. During ward visits and staff interviews, in-use
products were cultured for the presence of Gram-negative bacteria. The growth of Gram-negative
bacteria was absent or rare in alcohol-based products, povidone iodine, and Dakin solution. Contam-
ination was highest (73.9% (51/69)) for liquid soap products (versus antiseptic/disinfectants (4.5%,
7/157) (p < 0.0001)), mostly used in high-risk areas and associated with high total bacterial counts
(>10,000 colony-forming units/mL). Contaminating flora (105 isolates) included Enterobacterales
and the Vibrio non-cholerae/Aeromonas group (17.1%) and non-fermentative Gram-negative rods
(82.8%). Multidrug resistance was present among 9/16 Enterobacterales (Klebsiella and Enterobacter
spp.) and 3/12 Acinetobacter spp., including carbapenem resistance (Acinetobacter baumannii: NDM,
Pseudomonas stutzeri: VIM). The risk factors for contamination included the type of product (cleaning
grade and in-house prepared liquid soap), use of recycled disposable containers and soft drink bottles,
absence of labeling, topping-up of containers, dilution with tap water (pharmacy and ward), and
poor-quality management (procurement, stock management, expiry dates, and period after opening).

Keywords: antiseptics; bacteria; cross-sectional; disinfectants; Gram-negative; hand hygiene; low-and
middle-income countries; healthcare-associated infections; resistance; West Africa

1. Introduction

Antimicrobial resistance (AMR) is a worldwide health problem, and low- and middle-
income countries (LMIC) are the hardest hit [1,2]. Among the factors contributing to AMR in
LMIC, poor infection prevention and control (IPC) policies and inadequate water, sanitation
and hygiene (WASH) services stand out [2,3]. Compared to high-income countries, the
prevalence of healthcare-associated infections (HAI) in LMIC is high, affecting up to 15%
of patients [4–6].

Inanimate surfaces and medical/household items (“fomites”) have been identified as
reservoirs of pathogens, particularly Gram-negative bacteria associated with outbreaks of
HAI [7]. Among these fomites are antiseptics, disinfectants, and hand hygiene products (AS,
DI, and HH products) [8,9]. For many decades, in high-income countries these products
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have been described as reservoirs of multidrug-resistant bacteria. These multidrug-resistant
bacteria are nearly exclusively Gram-negative bacteria, and preventive measures to avoid
their contamination have been installed [8,10–13]. In LMIC, the problem and its contribut-
ing factors are underreported, particularly in francophone countries from sub-Saharan
Africa [9].

The primary objectives of this study were to assess, in AS, DI, and HH products in-use
in two tertiary care hospitals in West Africa, (i) the presence of Gram-negative bacteria,
(ii) their antimicrobial susceptibility profile, (iii) the associated total bacterial count, and the
(iv) factors conducive to bacterial contamination. The secondary objectives were to assess
the presence of Gram-negative bacteria in stock and distribution containers.

2. Materials and Methods
2.1. Definitions of Terms Used in This Study

Antiseptics and disinfectants inactivate microorganisms or inhibit their growth. They are
applied on skin or mucous membranes (antiseptics) or on fomites (disinfectants) [3,8,14–16].
Unlike antiseptics and disinfectants, soaps have a cleaning action because of their detergent
composition. Soaps can be supplemented with antimicrobial agents (medicated soap,
antiseptic soap) or not (nonmedicated soap or plain soap) [3,8]. Alcohol-based handrub
(ABHR) used for hand hygiene is composed of ethanol or isopropyl alcohol as the active
ingredient [3,8]. The different types, functioning and status of product’s containers, and
the type of product contamination are defined in Box 1.

2.2. Study Design, Setting and Period

This study was conducted in two tertiary care university hospitals, Centre Hospitalier
Universitaire Yalgado Ouédraogo (CHU-YO) in Ouagadougou, Burkina Faso, and Centre
National Hospitalier Universitaire Hubert Koutoukou Maga (CNHU-HKM) in Cotonou,
Benin. Both countries are located in the West Africa region. Burkina Faso is a low-income
country, and Benin recently (2020) shifted from a low-income country to the category of
lower-middle-income countries [17].

CHU-YO and CNHU-HKM have 697 and 659 beds, respectively, and offer the major
clinical sub-specialism services. The wards included the main clinical wards (neonatology,
pediatrics, internal medicine, emergency surgery, and maternity). Antiseptics, disinfectants,
and hand hygiene products were sampled in a cross-sectional way, from August to Novem-
ber 2019 in CHU-YO and during December 2019 in CNHU-HKM. Hospital management
and ward supervisors of both hospitals were informed about the study objectives and
methods before the start of the study. To ensure non-biased sampling and interviews, ward
staff were not informed about the exact date of sampling.

2.3. Ward and Pharmacy Visits, Actual Use and Life Cycle of the Products

To understand actual use, procedures, and practices related to AS, DI, and HH, ward
and pharmacy visits were organized. Observations and interviews were based on a guid-
ing checklist (Supplementary Document S1) and oriented towards the risk factors for
contamination along the products’ life cycle in the hospital, as described previously [8].
Every morning the principal investigator (PL) visited the ward, recorded observations,
did the interviews and sampled the products. Room temperature and relative humidity
were recorded (EBI-20TH1 Xylem Analytics Germany Sales GmbH & Co. KG, Ingolstadt,
Germany) and the storage conditions of the AS, DI, and HH products were observed.

Healthcare staff were invited to show the in-use AS, DI, and HH products and to be
interviewed. The actual use (indications and applications) of each product was surveyed,
as well as the procedures and practices of container reprocessing and filling (topping-up
or refilling (Box 1)) [8,9]. In addition, product provider and in-hospital manufacturing,
preparation, and distribution practices were traced.

Information recorded for the containers comprised of volume and appearance (opaque,
transparent, clean, or dirty), presence and type of dispenser’s system or cap, status (original
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or aliquoted, reused or recycled (for definitions see Box 1)), and color and homogeneity of
the liquid content. In addition, the presence of a glued or written label and its information
(product name, brand, concentration, preparation/expiry date, day of opening (first use))
were inspected. For bar soaps, the type of soap box or rack (e.g., perforated plate or grid to
allow draining of water excess) and humidity of the surface were recorded.

Further, stock containers (procured branded products) and distribution containers
(used to distribute products prepared at the hospital pharmacy and/or products procured
as bulk products, see Box 1) were inspected and sampled. If available, sealed stock con-
tainers were sampled to investigate intrinsic contamination (i.e., contamination during
manufacturing). At both hospitals, containers were photographed. Products in internal
medicine, maternity, neonatology, and pediatric wards were sampled in both hospitals.
In CHU-YO, additional wards included dialysis, surgery, dermatology-venerology, and
odontology-stomatology (Table 1).

2.4. Sampling and Transportation to the Laboratory

All the liquid products present in the ward were sampled twice with a sterile single-
use pipet. First, 3 mL of surface liquid was sampled in order to optimize the growth of
Burkholderia spp. [18]. Next, the fluid was gently shaken and 3 mL of the homogenized
liquid was sampled. Both samples were transferred in a single-use sterile tube and gently
mixed. Bar soap products were collected into a sterile plastic bag using sterile forceps. If
too large, the bar was swabbed with a NRS II Transwab (NRS II MW786, Medical Wire &
Equipment, Corsham, UK). All samples were kept at 2–8 ◦C in a cool box with ice packs
and transported within 3 h to the laboratory, where they were processed within maximum
4 h after sampling.

2.5. Culture Media Inoculation

The liquid samples were vortexed and 100 µL was transferred, using a sterile tip and
micropipette on each of three plates (90 mm diameter Petri dish) of well-dried Tryptic Soy
Agar (TSA) supplemented with neutralizer (lecithin and polysorbate 80) (Microbial Content
Test Agar, Difco, BD Diagnostic systems, Becton Dickinson and Company, Franklin Lakes,
NJ, USA). A sterile, disposable L-shaped plate spreader was used to spread the 100 µL on
the agar surface. This medium was used for determination of the total colony count (see
Section 2.6).

In addition, 100 µL was spread on each of three MacConkey agar No.3 plates (Oxoid,
Thermo Fisher Specialty Diagnostics, Basingstoke, Hampshire, UK), i.e., a selective culture
medium for non-fastidious Gram-negative bacteria. For bar soap samples, 10 mL of sterile
NaCl 0.9% (API Medium, bioMérieux, Marcy l‘Etoile, France) was added to the sampling
bag, rubbed for 30 s and next processed as a liquid sample. When the bar soap was too
large, a ready to use sterile swab pre-impregnated in neutralizing liquid (Neutralizing
Rinse Solution MW786 NRS II Transwab, Medical Wire & Equipment, Corsham Wiltshire,
UK) was taken on the exposed surface. After 48 h incubation at 35 ◦C, each plate was
checked for bacterial growth.
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Table 1. Ward distribution of in-use antiseptics, disinfectants and hand hygiene products sampled at CHU-YO, Ouagadougou, Burkina Faso and at CNHU-HKM,
Cotonou, Benin. Numbers represent the number of products sampled in the wards; within brackets are the number of products with growth of Gram-negative
bacteria. Abbreviation: AS = antiseptic, HH = hand hygiene, PAPB = polyaminopropyl biguanide, QUAT = quaternary ammonium compound.
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CHU-YO 31 (2) 1 14 8 (1) 1 - - 10 (2) 1 (1) 1 37 (24) 16 (4) 120 (34)
Surgery a 3 (1) - 2 1 (1) - - - 1 - - 9 (4) 5 (2) 21 (8)
Internal medicine 3 (1) - - - - - - 1 - - 6 (6) 3 13 (7)
Maternity 6 1 4 1 - - - - - - 6 (4) - 18 (4)
Neonatology 3 - 1 3 - - - 3 1 3 (1) 3 (2) 17 (3)
Dialysis 3 - - - - - - - 1 (1) - 4 (4) 1 9 (5)
Pediatrics b 7 - 3 2 - - - 5 (2) - - 6 (5) 3 26 (7)
Others c 6 - 4 1 1 - - - - - 3 1 16
CNHU-HKM 18 30 19 3 2 (1) 14 1 2 1 - 32 (27) 1 123 (28)
Internal medicine 3 - 8 - - 1 - - - - 1 (1) 1 14 (1)
Maternity 7 1 10 1 1 (1) 4 1 - - - 7 (6) - 32 (7)
Neonatology 4 29 1 2 1 2 - 2 1 - 16 (16) - 58 (16)
Pediatrics b 4 - - - - 7 - - - - 8 (4) - 19 (4)
Total 49 (2) 31 33 11 (1) 3 (1) 14 1 12 (2) 2 (1) 1 69 (51) 17 (4) 243 (62)

a including emergency surgery, trauma surgery, anesthesia, and resuscitation room. b including pediatric emergency, pediatric hospitalization and oncology (at CHU-YO and
CNHU-HKM) and pediatric clinic at CHU-YO. c including dermatology-venerology and odontology-stomatology.
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Box 1. Definitions of terms used in this study [8,9,19,20].

Container: Bottle, vial, or recipient containing a liquid product (antiseptic, disinfectant, or liquid soap).
In-use container: Container with the product as used by the healthcare workers in the hospital ward.
Stock container: Large volume (>5 L) container with a branded product as procured and delivered (e.g., liquid soap).
Sealed container: Stock container not yet been opened at the moment of sample collection.
Distribution container: Container used to distribute products in the hospital (either branded or in-house prepared products).

Intrinsic contamination: Contamination during manufacturing, evidenced as growth from an original sealed container.
Container design:

Disposable: Intended and designed for single use.
Reusable: Intended for reuse (after adequate reprocessing).

Container status:
Original: Container with a branded product as procured and delivered.
Aliquoted: Container to which part of the original or in-hospital prepared product was transferred.
Reused: Repeat use of a container (with or without adequate reprocessing).
Recycled: Use of a disposable container which was originally used for another product (e.g., alcohol-based hand rub or soft drink).

Reprocessing: Process of cleaning and disinfection between successive use of containers.
Topping-up: Adding product to the container without emptying and reprocessing.
Refilling: Filling the container with product after emptying and adequate reprocessing.
Box or rack: Receptacle of bar soap, it may have a perforated grid or plate to drain water away.
Actual use: Indications and applications of the in-use product as declared by the interviewed healthcare workers (irrespective of the
intended use provided by the manufacturer’s instructions or label).

2.6. Total Colony Count

The aerobic colony count (further referred to as “total colony count”) was assessed
according to the slightly modified U.S. Food and Drug administration procedure [21,22].
According to this procedure, the optimal number of colonies for counting on a standard
90 mm plate is 25–250 colonies and counts outside these ranges are considered less accurate.
In this study, close to 1000 separate colonies were counted with the naked eye on each of the
three TSA plates and confluent growth of colonies was considered as >1000 colonies. Next,
the average number of colonies per plate was calculated and this average (representing
colony counts for 100 µL) was multiplied by 10 to obtain the number of colony forming
units per ml (CFU/mL). For the presentation of the data, total colony counts were grouped
in 4 intervals, <250; 250–2500; 2501–10,000; and >10,000 CFU/mL.

2.7. Identification and Antimicrobial Susceptibility Testing of Bacterial Isolates

At both hospitals, colonies presenting as different morphotypes on MacConkey agar
were subcultured, checked for purity, and stored on TSA agar tubes (Difco). Stored isolates
were shipped to the Institute of Tropical Medicine and to the University Hospitals of Leu-
ven (UZ Leuven) for identification by Matrix Assisted Laser Desorption Ionization—Time
Of Flight (MALDI-TOF) (Bruker MALDI Biotyper, Bruker, Billerica, MA, USA, software
version 4.1.80 (PYTH) 102 2017). Isolates for which MALDI-TOF did not provide an accept-
able result were identified to the group level of non-fermentative Gram-negative bacteria
(NFGNB) by Gram stain reaction and biochemical tests, including oxidase and glucose fer-
mentation on Kligler Iron Agar (Oxoid). Additionally, all Acinetobacter isolates were tested
for growth at 44 ◦C in tryptic soy broth to distinguish between A. baumannii/nosocomialis
and the other Acinetobacter species [23].

Antimicrobial susceptibility testing was performed for the first isolate of species per
sample at the Institute of Tropical Medicine by disc diffusion (Neo-Sensitabs, Rosco Diagnos-
tica, Taastrup, Denmark) according to CLSI guidelines M100-S33 and M45-S31 [24,25]. For
the aggregation of antimicrobial resistance data, intermediate susceptibility was grouped
together with resistance according to CLSI M39 [26]. Acquired resistance was defined as an-
tibiotic resistance in comparison with the wild-type expected resistance phenotype [27]. Ac-
quired resistance to ≥3 antibiotic classes was considered as multidrug resistance (MDR) [28].
Carbapenem resistance among Enterobacterales, Pseudomonas, and Acinetobacter species
was further assessed for carbapenemase producing enzymes by the RESIST-5 O. K. N. V.
rapid immunochromatographic test (Coris BioConcept, Gembloux, Belgium).
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2.8. Data Entry and Analysis

Data were entered in Excel (Microsoft Office 2019) and analyzed with STATA version 16
(StataCorp, Texas, CA, USA). Proportions (%) were expressed for the quantitative variables
when the total number was >10. Differences in proportions were assessed by the chi square
test of Pearson or Fisher’s Exact test, and considered significant at a p-value < 0.05. After
species identification, only the first isolate per species and sample was included for analysis.
The results of the cultures were expressed either as proportions of samples or proportion of
non-duplicate isolates. Results were primarily presented for both hospitals combined; in
case of relevant differences, data for the individual hospitals were presented.

2.9. Additional Methods

In addition to the AS, DI, and HH product, eosin 2% water-based solution (a chemical
dye) was also retrieved, sampled, and cultured. At the neonatology unit of CHU-YO, it
was used for topical treatment of skin and wound care, and two small branded containers
(60 mL, Laboratoire GAMET, Ouagadougou, Burkina Faso) were sampled. At CNHU-HKM,
eosin 2% was also used for wound care and two samples collected from the preparation
room at the pharmacy (aliquoted in recycled containers) were sampled.

In both hospitals, blood cultures were systematically sampled in the scope of routine
patient care (BD BACTEC, Becton Dickinson, Franklin Lakes, NJ, USA and bioMérieux,
Marcy-L’Etoile, France, respectively). The isolates were sent to the Institute of Tropical
Medicine and university hospital of Leuven for identification with conventional techniques
and MALDI-TOF confirmation for Enterobacterales and NFGNB, respectively. Blood
culture results from the different wards were compiled for a presumptive comparison with
the AS, DI, and HH products’ isolates.

As a check for internal quality and potential bias, we assessed design, methods, and
results of the present study according to a checklist which we used for a previous systematic
review about contaminated AS, DI, and HH products in LMIC [9]. This checklist is based
on selected indicators of the Outbreak Reports and Intervention studies Of Nosocomial
infection (ORION) and the Microbiology Investigation Criteria for Reporting Objectively
(MICRO) guidelines [29,30] and has been adapted to AS, DI, and HH products and the
cross-sectional survey method.

3. Results
3.1. In-Use Products Assessed and Wards Visited, Actual Use of Products

In total, 243 in-use products were sampled (120 in CHU-YO and 123 in CNHU-HKM).
They comprised 226 liquid products and 17 bar soap products. Details of products and
their actual use are listed in Table 2. Some products were used for several applications. As
an example, ethanol 70% was used as antiseptic at both hospitals, but additionally for hand
hygiene at CNHU-HKM. Further, Dakin solution—intended as an antiseptic—was also
used for environmental cleaning and disinfection, and hand hygiene.

The surveyed inpatient wards represented 70.4% (491/697) and 36.3% (239/659) of
beds in CHU-YO and CNHU-HKM, respectively. Most products in both hospitals (73.7%,
179/243 were sampled from hospital risk areas, such as neonatology, pediatrics, maternity,
and dialysis (Table 1). Notable differences between both hospitals were the presence of
dialysis and surgery (only in CHU-YO) and the size of the neonatology (15 versus 61 beds
in CHU-YO versus CNHU-HKM, respectively). The neonatology unit of CNHU-HKM
counted 58 samples, as each bed had its dedicated ethanol 70% container for hand hygiene
(Table 2). Environmental temperatures recorded during ward visits at CHU-YO ranged
between 22.8 and 31.6 ◦C in August and September, and reached 38.6 ◦C in October and
November; median (range) relative humidity was 60.5% (45.8–82.1%). In CNHU-HKM,
temperatures ranged from 26.9 to 32.6 ◦C; median relative humidity was 73.1% (39.5–80.8%).
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Table 2. In-use products; type of containers; procurement, supply and actual use of antiseptics, disinfectants, and hand hygiene products in CHU-YO, Ouagadougou,
Burkina-Faso and CNHU-HKM, Cotonou, Benin. The data represent the number of samples. For products contaminated with growth of Gram-negative bacteria,
numbers are written between brackets. Abbreviations: AS/DI/HH = antiseptics, disinfectants and hand hygiene products, PAPB = polyaminopropyl biguanide,
QUAT = quaternary ammonium compound. Numbers of actual use may outnumber total of products as some products had multiple use.

In-Use Products Used as
Samples Containers

Procurement and Supply
CHU-YO CNHU-HKM Total Aliquoted Original

Antiseptics/disinfectants * 67 (6) 90 (1) 157 (7) 110 47

Ethanol 70%
AS/DI
/HH

32 (2) 48 80 (2) 79 1
CHU-YO: prepared by the hospital pharmacy (n = 32)

branded product (n = 1)
CNHU-HKM: prepared by the hospital pharmacy (n = 48)

Povidone iodine 4%
and 10%

AS 14 19 33 1 32
CHU-YO: branded product (n = 13)

aliquoted product, origin not traceable (n = 1)
CNHU-HKM: branded product (n = 19)

Dakin AS/DI - 14 14 14 - CNHU-HKM: prepared by the hospital pharmacy (n = 14)

Chlorhexidine 4% AS 1 2 (1) 3 (1) 1 2
CHU-YO: branded product (n = 1)

CNHU-HKM: branded product (n = 1)
branded product aliquoted in the ward (n = 1)

Iodine tincture AS - 1 1 1 - CNHU-HKM: prepared by the hospital pharmacy (n = 1)

Chlorine 0.5% DI 10 (2) 2 12 (2) 10 2
CHU-YO: branded product (n = 2)

prepared by the hospital pharmacy (n = 10)
CNHU-HKM: prepared by the hospital pharmacy (n = 2)

QUAT DI 1 (1) 1 2 (1) 1 1
CHU-YO: branded product (n = 1)
CNHU-HKM: branded product aliquoted in the ward (n = 1)

PAPB DI 1 - 1 - 1 CHU-YO: branded product, polyaminopropyl biguanide 0.36% (n = 1)

Alcohol-based hand
rub

HH 8 (1) 3 11 (1) 3 8
CHU-YO: branded products (n = 6)

aliquoted products, origin not traceable (n = 3)

CNHU-HKM: branded products (n = 2)
aliquoted products, origin not traceable (n = 1)

Soap products 53 (28) 33 (27) 86 (55) 69 -

Liquid soap * HH 37 (24) 32 (27) 69 (51) 69 - CHU-YO: branded products (5 L containers), stored and aliquoted in the
ward (n = 37)

CNHU-HKM: artisanal small scale manufactured by private person (20–25 L
containers) (n = 32)

Bar soap HH 16 (4) 1 17 (4) NA NA
CHU-YO: branded products, household grade soap (n = 12) home-made

product, no brand name (n = 4)
CNHU-HKM: home-made product, no brand name (n = 1)

Total 120 (34) 123 (28) 243 (62) 179 47 - -

* Contamination rate of antiseptics/disinfectants (4.5%, 7/157) versus liquid soap (73.9%, 51/69) p < 0.0001.
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3.2. Procurement, Preparation and Distribution of Products, Storage in the Wards

Ethanol products (used both as antiseptic and/or hand hygiene) were prepared by the
hospital’s pharmacy; a 96% stock solution procured from the national office for essential
pharmaceutical products (CAMEG or CAME in Burkina Faso and Benin, at a price of 1245 West
African CFA franc (CFA) and CFA 1200 (EUR 1.9 and EUR 1.8) per liter, respectively) was
diluted to a working solution of 70% in 200 L barrels. Each hospital pharmacy had a dedicated
preparation room, but the preparation rooms were dirty and cluttered with raw materials
(Figure 1B).
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Figure 1. (A) Examples of in-use containers at CHU-YO, Ouagadougou, Burkina Faso and CNHU-
HKM, Cotonou, Benin. (a) Example of container with screw cap and dropper nozzle: povidone io-
dine in original branded container with complete manufacturer label. (b) Overused pump dis-
penser with brown debris in the pump cylinder. (c) Detail of visibly dirty pump dispenser, open-
ing blocked with dried soap residues. (d,e) Recycled soft drink bottles containing liquid soap: (d) 
Soap, originally colored blue, diluted on-site with tap water in 1.5 L bottle, leading to the grey and 
foamy aspect. (e) Perforated screw cap. (f–h) Recycled branded hand scrub table-top containers 
used for liquid soap: (f) Handwritten label limited to name of the product. (g) Pump dispenser 

Figure 1. (A) Examples of in-use containers at CHU-YO, Ouagadougou, Burkina Faso and CNHU-
HKM, Cotonou, Benin. (a) Example of container with screw cap and dropper nozzle: povidone iodine
in original branded container with complete manufacturer label. (b) Overused pump dispenser with
brown debris in the pump cylinder. (c) Detail of visibly dirty pump dispenser, opening blocked with
dried soap residues. (d,e) Recycled soft drink bottles containing liquid soap: (d) Soap, originally
colored blue, diluted on-site with tap water in 1.5 L bottle, leading to the grey and foamy aspect.
(e) Perforated screw cap. (f–h) Recycled branded hand scrub table-top containers used for liquid
soap: (f) Handwritten label limited to name of the product. (g) Pump dispenser removed, no cap and
no label. (h) Pump dispenser screw is damaged and does not close tightly. (i–k) Recycled containers
filled with liquid soap, non-labelled, with original (incorrect) label still in place: (i) Gram-stain reagent
container. (j) Disinfectant container. (k) Table-top handrub container with pump dispenser, visibly
dirty. (l–o) Intermediate stock and distribution containers: (l) Transparent chlorine container, no cap.
(m) Dirty container containing ethanol. (n) Household environmental cleaning soap used for hand
hygiene. (o) Label detail of household environmental cleaning soap. (p,q) Bar soap without box (on
the bench) and used for hand hygiene in its distributed format (whole large bar). (B) Pictures of
preparation, storage and distribution of antiseptics, disinfectant, and hand hygiene products in the
pharmacy and central storage at CHU-YO, Ouagadougou, Burkina Faso and CNHU-HKM, Cotonou,



Pathogens 2023, 12, 917 10 of 26

Benin. (a–c) Chlorine preparation by sodium chloride electrolysis in dusty and cluttered pharmacy
space: (a) Sodium chloride electrolysis at CNHU-HKM. (b) stock of salt for electrolysis in CHU-YO.
(c) Sodium chloride electrolysis at CHU-YO. (d–h) Storage at the ward: cluttered space with stock of
antiseptics, disinfectants and hand hygiene products. (d,e) Ward stock in the neonatology ward of
CHU-YO, with handwritten label and original (incorrect) label still in place. (f) Stock containers of
70% ethanol, produced in the pharmacy of CHU-YO, with handwritten label. (g) Stock containers of
ethanol 70% at pharmacy of CNHU-HKM. (h) Hospital central storage of liquid soap manufactured
by private persons at home and sold in large volume (20 to 30 L) recycled vegetable oil containers.
(i) Bucket and funnels used to aliquot soap in central storage of CNHU-HKM. (j) Topping-up of
liquid soap in the neonatology ward of CHU-YO.

At CHU-YO, preparation was performed biweekly by the pharmacist; distilled water
was used and an alcohol meter was used to check the final concentration. No written
procedure was available. At CNHU-HKM, auxiliary staff (i.e., trained in-service but not
qualified as pharmacist or pharmacist assistant) prepared the ethanol 70% weekly. As the
water distiller was broken, tap water was used. A handwritten procedure was displayed on
the wall; it had no date nor version number. Alcohol concentration was not controlled. In
both hospitals, ward staff came to the pharmacy to refill their 5–20 L distribution containers
when the stock in the ward was nearly finished. Filling was completed with funnels (CHU-
YO) or via a tap dispensing container (CNHU-HKM). In the ward, healthcare staff (re)-filled
the in-use containers from the distribution containers (see below).

Chlorine 0.5% (sodium hypochlorite) was mostly prepared at the hospital pharmacies
by electrolysis (Maxi-WATA®, Antenna Foundation, Geneva, Switzerland) of regular salt
at a final concentration of 0.5% chlorine, without stabilizer. At CHU-YO, the pharmacist
prepared the solution twice weekly. A printed procedure was displayed on the door of
a wooden cabinet; it had no date nor version number. Tap water was used for dilution
and the quality of the prepared product was verified by a colorimetric titration assay. At
CNHU-HKM, the auxiliary staff prepared the chlorine 0.5% daily. Tap water was used.
A handwritten procedure was available. The concentration of the final product was not
assessed. At both hospitals, ward staff came to the pharmacy to refill their distribution
containers (7.8–20 L) once or twice a week; filling was completed with a bucket.

Dakin solution (a stabilized water-based solution of sodium hypochlorite 0.5%; n = 16,
all in aliquoted containers) was used in CNHU-HKM only. It was prepared at the pharmacy
by auxiliary staff; a handwritten procedure was available. In addition, a single iodine
tincture (i.e., alcohol-based iodine) was prepared at the CNHU-HKM pharmacy.

In both hospitals, povidone iodine products (all in-use) were bought by the individ-
ual patient at the hospital or private pharmacies as part of a personal medical care or
surgical kit.

The remaining antiseptics and disinfectants (chlorhexidine (n = 3, all water-based 4%)),
a quaternary ammonium compound (didecyldimethylammonium chloride 0.05%), PAPB
(polyaminopropyl biguanide, a chlorhexidine-based product) and eight ABHR samples
were branded products procured and distributed by the hospital IPC service.

At CHU-YO, liquid soap was procured and distributed by the hospital IPC service.
The product used for hand hygiene was a branded product (Classic Savon, Société Wend
Panga, Ouagadougou, Burkina Faso) intended for household environmental cleaning (dish
wash, tiles, cars) and delivered in 5 L containers, at a price of CFA 1000 (EUR 1.5) per
liter). Ingredients of the liquid soap in CHU-YO were only partly mentioned on the label
(“iodine salt and white paste”) and an expiry date was printed on the original container.
At CNHU-HKM, liquid soap was procured by the hospital central storage from private
persons manufacturing artisanal soap at home and selling it in large volumes (20 to 30 L)
containers, at a price of CFA 1580 (EUR 2.4) per liter. For the product in use during the
sampling, no information about composition was available and no expiry date was visible.

All but one bar soap product were sampled in CHU-YO. They had been procured
by the ward staff and were household-grade plain soap products. The unique bar soap
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sampled at CNHU-HKM was a private bar soap of a healthcare worker kept in a plastic
bag. In-use bar soap products were mostly stored on the bench and without a receptacle
(n = 11/16). The remaining five bars were stored in boxes, of which four had a perforated
bottom. Six (37.5%) products were visibly wet at sampling.

At the wards, stock and distribution containers for all products except chlorine 0.5%
were stored at the ward supervisor’s office. Except for neonatology at CNHU-HKM, there
was no dedicated storage place and products were mostly stored on a desk or table in the
ward supervisor’s office. None of the products were observed as exposed to direct sunlight.
The chlorine 0.5% distribution containers were stored at the housekeeping’s office.

3.3. In-Use Containers: Type and Volumes, Status, Labeling, Practices of Reprocessing and Filling

Overall, the 226 liquid products comprised 47 (20.8%) branded products in their origi-
nal containers and 179 (79.2%) aliquoted containers. Proportions of aliquoted containers
were slightly higher in CNHU-HKM compared to CHU-YO (82.0% versus 76.0%, respec-
tively). Table 3 shows the breakdown of container types for the aliquoted liquid soap,
Figure 1A,B displays photos from relevant observation of the containers.

Table 3. Overview of the recycled in-use liquid soap product containers and associated Gram-negative
bacterial growth at CHU-YO, Ouagadougou, Burkina Faso and CNHU-HKM, Cotonou, Benin. Data
represent the numbers of samples; within brackets are the number of samples with growth of Gram-
negative bacteria. Abbreviations: ABHR = alcohol-based hand rub, PET = polyethylene terephthalate.

Container Type PET Bottle Table-Top with
Pump Dispenser

Container with
Screw Cap/

Dropper Nozzle
Other

CHU-YO (n = 37)

Numbers 2 (1) 26 (19) 2 (0) 7 (4)

Examples Soft drink and
water bottles

Original ABHR
Original scrub

Original povidone iodine
Original Dakin Cooper

3 x wall-mounted
pump dispensers

4 x screw-cap container,
all recycled

Clean/Dirty Clean: 0 (0)
Dirty: 2 (1)

Clean: 2 (1)
Dirty: 24 (18)

Clean: 1 (0)
Dirty: 1 (0)

Clean: 0 (0)
Dirty: 7 (4)

Other
observations

All of table-top containers with pump dispensers were overused (scratched surfaces); dispensers were missing
in four containers and the dispensers of three containers were broken.

Both PET bottles were overused, one had a perforated screw cap.

CNHU-HKM (n = 32)

Numbers 12 (9) 15 (13) 4 (4) Total: 1 (1)

Examples Soft drink and
water bottles

Original ABHR
Original antiseptic soap Original povidone iodine Non-identifiable

uncapped container

Clean/Dirty Clean: 11 (8)
Dirty: 1 (1)

Clean: 15 (13)
Dirty: 0 (0)

Clean:3 (3)
Dirty: 1 (1)

Clean: 0 (0)
Dirty: 1 (1)

Other
observations

All table-top containers with pump dispensers had an intact dispenser. They were in use very recently before
sampling and were recycled containers of ABHR diffused hospital-wide as part of a hand hygiene project. The

original labels were still in place.
Six PET bottles had their screw cap intact, four had a perforated cap and two were uncapped.

More than two-thirds (32/47, 68.1%) of in-use original containers were branded povi-
done iodine containers with small volumes (125–200 mL) and a screw cap dropper nozzle.
In addition, there were eight ABHR products of which six had pump dispensers. Nearly
a quarter of original containers (21.3%, 10/47, eight from CHU-YO) were dirty, i.e., the
container’s surface was dusty and/or contained product’s residues. The manufacturer’s
label was present on 44/47 original containers. In addition to product name, it listed the
products’ concentration and expiry date, except for four and three labels, respectively. Five
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products (three povidone iodine and one of chlorhexidine and ABHR) were expired at
the moment of sampling. None of the original containers had a date of first use written
on them.

Liquid soap, ethanol 70%, Dakin and chlorine 0.5% solutions were nearly exclusively
distributed in aliquoted containers and also represented the majority (172/179, 96.1%) of
aliquoted containers. Nearly all (95.5%, 171/179 of the aliquoted containers, representing
75.6% (171/226) of the in-use liquid containers) were recycled containers, most of them
(48.5%, 83/171) were table-top branded surgical hand wash or ABHR containers designed
and marketed as single-use. In addition, there were 16.4% (28/171) polyethylene terephtha-
late (PET) bottles originally used for soft drinks. Most of the aliquoted containers (91.1%,
163/179) had volumes exceeding 300 mL. Recycled containers were indefinitely re-used.
None of the containers showed inhomogeneous content.

At CNHU-HKM, all table-top containers with a pump dispenser (n = 46) were in
good condition, as they had recently been recycled from a collection of AHBR containers
distributed as part of a hospital-wide hand hygiene program. In part, they explained the
lower proportion of dirty containers in CNHU-HKM compared to CHU-YO (Table 3). In
CHU-YO, three table-top dispensing containers had a broken pump, and in four containers
the pump dispensing system had been removed. In-use aliquoted chlorine products (n = 12)
were stored in washing basins or recycled detergent containers; some had no cap nor lid
and three were transparent.

Only 8/179 (4.5%) of aliquoted containers were labeled; all observed in CNHU-HKM
and all hand-written with an indelible marker. The information on the label was limited to
the name of the product; one label mentioned the concentration. On 94/179 (52.5%) of the
recycled containers the original product label (e.g., ABHR) was still in place. The date of
first use was written on none of the aliquoted containers.

3.4. Distribution, Stock and Sealed Containers

A total of 16 stock containers (all at CHU-YO) were retrieved, all were dirty
(Supplementary Table S1). Two products (liquid soap and chlorhexidine) were expired.
The date of opening was not recorded on the container, the period-after-opening was not
defined. Five containers were still sealed and were opened on site for sampling. Further,
41 distribution containers were sampled. They consisted of 5 to 25 L screw-cap containers
which were either reused generic containers or recycled containers which had originally
been used for vegetable oil, soap, or dialysis fluid. All but seven were dirty and none was
appropriately labeled. The original product label (e.g., dialysis fluid) was still in place for
some products (n = 4).

3.5. Procedures and Practices for In-Use Products

Neither in CHU-YO nor CNHU-HKM were hospital-validated procedures about hand
hygiene or the use of antiseptics and disinfectants available. None of the hospitals had a
hospital-approved product procurement list or a quality management system to orient and
monitor the selection of products, formulation, concentration, and supplier. Registration of
production and distribution made by the pharmacy, IPC service, central procurement, and
the wards was limited to the product name and quantities.

Likewise, there were no procedures for the selection, reprocessing and refilling of
containers. Except for the initial use of recycled containers (i.e., removing of remnants
of the original product and subsequent rinsing), 78.8% (141/179) of aliquoted containers
had not been reprocessed. Further, 77.6% (139/179) of aliquoted containers were filled by
topping-up from the distribution container, which in turn was refilled at the pharmacy or
IPC service without reprocessing. It is of note that, in the neonatology wards in CNHU-
HKM, the in-use containers (n = 35) were cleaned daily. However, before cleaning, the
content of the container was decanted into another container, and afterwards the content
was poured back into the cleaned container.
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In both hospitals more than a third of in-use liquid soap products (37.8% (14/37) and
37.5% (12/32) in CHU-YO and CNHU-HKM, respectively) had been further diluted by the
ward staff with tap water according to their estimate of the ideal viscosity. An incidental
observation in the neonatology ward at CHU-YO were cotton balls soaked in ethanol 70%
used for the disinfection of thermometers.

3.6. Growth of Gram-Negative Bacteria from In-Use Products, Association with Total
Bacterial Counts

Overall, 179 suspected Gram-negative bacterial isolates from in-use products were
sent from the study sites (101 from CHU-YO and 78 from CNHU-HKM). Upon subculture,
17 isolates did not grow. After removing of 56 duplicate isolates, a total of 105 single
isolates were obtained; 88 were recovered from liquid soap and the remainder from the
other products.

Nearly three-quarters (51/69, 73.9%) of liquid soap samples grew with Gram-negative
bacteria (Table 2). Contamination occurred consistently across different wards (Table 1).
Proportions were higher in CNHU-HKM compared to CHU-YO (84.4% (27/32) versus
64.9% (24/37), respectively), but the difference did not reach statistical significance (p = 0.6).
Out of these 51 samples, 45 (88.2%) were associated with total colony counts exceeding
10,000 CFU/mL in which category they represented the largest share (45/57 samples,
78.9%), (Figure 2).
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Figure 2. Growth of Gram-negative bacteria with associated total colony counts of in-use liquid soap
products in CHU-YO, Ouagadougou, Burkina Faso and CNHU-HKM, Cotonou, Benin. Abbreviation:
CFU/mL = colony forming unit per milliliter. Among the 45 samples with presence of Gram-
negative bacteria and associated colony counts >10,000 CFU/mL, 41 had confluent colony growth on
MacConkey agar.

Out of 88 isolates from liquid soap, there were 14 isolates belonging to the Enter-
obacterales (Enterobacter spp. n = 4, and Klebsiella spp. n = 6) or the Aeromonas/Vibrio
non-cholerae groups (n = 4), as well as 14 isolates of Pseudomonas aeruginosa (Table 4).
All but 2 of these 28 isolates were associated with total colony counts >10,000 CFU/mL.
They were obtained from CHU-YO (n = 8 isolates), as well as from CNHU-HKM (n = 20),
concentrated in the neonatology and maternity wards (17 and 3 isolates, respectively). The
remaining 60 isolates were NFGNB comprising Pseudomonas spp. (n = 21), Acinetobacter spp.
(n = 6) and other NFGNB (n = 33), of which 49 were associated with total colony counts
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>10,000 CFU/mL. Among the 60 remaining NFGNB, 28 did not meet criteria for acceptable
species identification by MALDI-TOF.

Table 4. Gram-negative bacterial species isolated from in-use liquid soap samples (n = 51) and
associated total colony counts in CHU-YO, Ouagadougou, Burkina Faso and CNHU-HKM, Cotonou,
Benin. Total number of species outnumber the total number of samples as in 32 samples, more than
one species was isolated. Abbreviation: CFU/mL = colony forming units/mL.

Species No. of Affected Samples Associated Total Colony Count
(CFU/mL) Hospital Wards

Enterobacterales, Aeromonas/Vibrio non-cholerae (n = 14)

Enterobacter bugandensis 1 >10,000 CNHU-HKM Neonatology

Enterobacter cloacae complex 3 >10,000 CNHU-HKM Neonatology (n = 2)
CNHU-HKM Maternity (n = 1)

Klebsiella oxytoca 1 >10,000 CHU-YO Surgery

Klebsiella pneumoniae 5 >10,000 CNHU-HKM Neonatology (n = 4)
CNHU-HKM Maternity (n = 1)

Aeromonas caviae 2 >10,000 CNHU-HKM Maternity
CHU-YO Pediatric ward

Vibrio alginolyticus 2 >10,000 CHU-YO Internal Medicine
CNHU-HKM Neonatology

Non-fermentative Gram-negative bacteria (n = 74)

Pseudomonas aeruginosa 14 >10,000

CHU-YO Pediatric ward (n = 1)
CHU-YO Nephrology-Dialysis (n = 3)

CHU-YO Surgery (n = 1)
CNHU-HKM Neonatology (n = 9)

Pseudomonas spp. a 21
>10,000 (n = 19)

1001–2500 (n = 2)

CHU-YO Nephrology-Dialysis (n = 2)
CHU-YO Internal medicine (n = 4)
CHU-YO Pediatric wards (n = 2)

CHU-YO Maternity (n = 1)
CNHU-HKM Neonatology (n = 6)

CNHU-HKM Pediatric ward (n = 2)
CNHU-HKM Maternity (n = 3)

CNHU-HKM Internal medicine (n = 1)

Acinetobacter spp. b 6
>10,000 (n = 4)

2501–10,000 (n = 2)

CHU-YO Maternity (n = 1)
CHU-YO Surgery (n = 3)

CNHU-HKM Neonatology (n = 1)
CNHU-HKM Maternity (n = 1)

Alcaligenes faecalis 1 >10,000 CHU-YO Neonatology

Halomonas spp. 1 >10,000 CNHU-HKM Maternity

Pannonibacter phragmitetus 1 >10,000 CNHU-HKM Neonatology

Shewanella spp. c 2 >10,000 CHU-YO Pediatric ward

Other Non-fermentative
Gram-negative bacteria 28

>10,000 (n = 20)
2501–10,000 (n = 1)

501–1000 (n = 4)
<250 (n = 3)

CHU-YO Pediatric ward (n = 5)
CHU-YO Internal medicine (n = 4)

CHU-YO Surgery (n = 2)
CHU-YO Maternity (n = 3)

CHU-YO Nephrology-Dialysis (n = 1)
CNHU-HKM Neonatology (n = 3)

CNHU-HKM Pediatric ward (n = 6)
CNHU-HKM Maternity (n = 4)

a Pseudomonas spp. include Pseudomonas stutzeri group (n = 7), Pseudomonas mendocina (n = 6), Pseudomonas
putida group and Pseudomonas oleovorans (n = 2 isolates each), Pseudomonas otitidis (n = 1), and Pseudomonas spp.
(n = 3). b Acinetobacter spp. include Acinetobacter schindleri, Acinetobacter junii, Acinetobacter pittii, Acinetobacter
ursingii, Acinetobacter haemolyticus and Acinetobacter venetianus (1 isolate each). c Shewanella spp. include Shewanella
decolorationis and Shewanella putrefaciens.

In 4/17 bar soap samples (all obtained in CHU-YO), seven Gram-negative species
were grown. They included Enterobacterales (n = 4) and NFGNB, all but one associated
with total colony counts >10,000 CFU/mL (Table 5).



Pathogens 2023, 12, 917 15 of 26

Table 5. Gram-negative bacterial species isolated from in-use antiseptics, disinfectants and hand
hygiene products other than liquid soap products and associated total colony count in CHU-YO,
Ouagadougou, Burkina Faso and CNHU-HKM, Cotonou, Benin. Abbreviations: ABHR = alcohol-
based hand rub, CFU/mL = colony forming units/mL, NFGNB = non-fermentative Gram-negative
bacteria, QUAT = quaternary ammonium compound.

Affected Product Gram-Negative Bacterial
Species

Total Colony Count
(CFU/mL) Hospital Wards Comment

Liquid products (n = 7)
Non-fermentative Gram-negative bacteria (n = 11)

Chlorhexidine (n = 1) Achromobacter xylosoxidans 2501–10,000 CNHU-HKM Maternity Recycled container with
screw-cap/dropper nozzleEthanol

(n = 2)
Pseudomonas putida group 250–500 CHU-YO Surgery

Pseudomonas putida group <250 CHU-YO Internal
medicine

Recycled ABHR table-top
dispenser

Chlorine
(n = 2)

Acinetobacter baumannii

>10,000

CHU-YO Pediatric ward
Washing basin with a lid

Delftia acidovorans Washing basin, no lid
Pseudomonas stutzeri

QUAT
(n = 1)

Acinetobacter indicus CHU-YO Dialysis Original container
Acinetobacter spp.

ABHR
(n = 1)

Pseudomonas aeruginosa CHU-YO Surgery Recycled container, no label, no
concentration mentionedNFGNB

Bar soap products (n = 4)
Enterobacterales (n = 4)

Enterobacter cloacae complex
(n = 2) >10,000

CHU-YO Neonatology 1 on the bench
1 in a perforated container

Enterobacter bugandensis
(n = 1) CHU-YO Neonatology No receptacle, put directly on

the bench
Klebsiella oxytoca

(n = 1) CHU-YO Surgery No receptacle, put directly on
the bench

Non-fermentative Gram-negative bacteria (n = 3)

Acinetobacter haemolyticus >10,000 CHU-YO Surgery No receptacle, put directly on
the bench

Wautersiella falsenii CHU-YO Neonatology No receptacle, put directly on
the bench

Ochrobactrum intermedium <250 CHU-YO Surgery No receptacle, put directly on
the bench

The remaining products with growth of Gram-negative bacteria were chlorhexidine
(1/3 samples), QUAT (1/2 samples), chlorine (2/12 samples), ABHR (2/11 samples) and
ethanol 70% (2/80 samples) (Table 1); apart from one chlorhexidine product, they were
obtained in CHU-YO. They yielded 11 isolates, all NFGNB and—except for the ethanol
70%—associated with high colony counts. The two contaminated samples of ABHR that
grew P. aeruginosa were obtained from recycled non-labeled containers (Table 5). No growth
of Gram-negative bacteria was observed from the samples with povidone iodine and Dakin
solution (Table 1).

3.7. Growth of Gram-Negative Bacteria from Stock and Distribution Containers

Liquid soap distribution and in-use stock containers were the most frequently con-
taminated with Gram-negative bacteria, they represented 10/17 containers, all but one had
total colony counts >10,000 CFU/mL. (Supplementary Table S1). One of these containers
(in CNHU-HKM neonatology) grew Enterobacter cloacae complex and Klebsiella spp., the
others grew NFGNB. Two sealed soap containers did not grow bacteria. Among the ethanol
70% distribution containers, 2 out of 21 grew Gram-negative bacteria.

3.8. Antimicrobial Resistance of Gram-Negative Bacterial Species

MDR was found among 9/16 (56.3%) of the Enterobacterales, all of which had
extended-spectrum-beta lactamase (ESBL) production (Supplementary Table S2). The
involved bacteria that were resistant were Klebsiella pneumoniae (n = 5), Klebsiella oxytoca
(n = 2), and Enterobacter cloacae (n = 2), isolated in liquid soap used at CNHU-HKM (neona-
tology (n = 6) and maternity (n = 1)), and in bar soap used at CHU-YO surgery (n = 2).
Among the NFGNB, MDR was found in three Acinetobacter isolates, including A. venetianus
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(CNHU-HKM maternity), A. baumannii (CHU-YO pediatrics), and A. indicus (CHU-YO
dialysis) (Supplementary Table S3). In addition, the MDR A. baumannii from chlorine in the
pediatric ward was meropenem resistant and produced New Delhi metallo-beta-lactamase
(NDM). Further, a Pseudomonas stutzeri group isolate from liquid soap in CHU-YO pediatric
ward was found resistant to meropenem, and tested positive for Verona Integron-encoded
metallo-beta-lactamase (VIM group) carbapenemase.

3.9. Additional Results

The eosin 2% solutions in-use at CHU-YO neonatology grew (Klebsiella pneumoniae
(n = 1), Pseudomonas boreopolis (n = 1) in one sample, and Pseudomonas aeruginosa (n = 1)
and Cupriavidus pauculus (n = 1)) in the second sample, associated total colony counts
>10,000 CFU/mL. The sample at CNHU-HKM (sampled at the pharmacy) did not grow
Gram-negative bacteria.

Supplementary Tables S4 and S5 list the bacterial species isolated from blood cultures
at CHU-YO and CNHU-HKM according to ward for the period January 2019—January 2020
and July 2019—June 2020, respectively, i.e., 6 months before and after the sampling period.
The species distribution reflected a high proportion of potentially healthcare-associated
pathogens (Klebsiella spp., Enterobacter spp., NFGNB accounting for 85/117 (72.6%) and
138/174 (79.3%) of isolates at CHU-YO and CNHU-YKM, respectively. Species identities
overlapping with those from contaminated AS, DI, and HH products were Klebsiella pneumo-
niae, Acinetobacter spp., Pseudomonas putida, and Pseudomonas stutzeri. Supplementary Table S6
displays the color-coded results for the study quality and risk of bias checklist. Most
indicators were scored as “good”. Items scored as “satisfactory” were product ingredients
(not retrievable for liquid soap products), actual use of products (multiple and off-label
use of products), and relatively low number of antiseptics and disinfectants, stock and
distribution containers.

4. Discussion
4.1. Main Findings

In two tertiary care hospitals in West Africa, the growth of Gram-negative bacteria
was demonstrated in a quarter (25.5%, 62/243) of AS, DI, and HH products, ranging from
absent or rare in alcohol-based products, povidone iodine, and Dakin solution to nearly
three-quarters (73.9%) in liquid soap products. Contaminating flora included Enterobac-
terales and the Vibrio non-cholerae/Aeromonas group, as well as NFGNB (20.6% and 79.4%
among a total of 105 isolates, respectively). The presence of Gram-negative bacteria was
associated with high total bacterial counts (>10,000 CFU/mL). MDR was present among
9/16 Enterobacterales and 3/14 Acinetobacter spp., including carbapenem resistance. Along
the life cycle of the products, multiple factors associated with bacterial contamination were
noted and contamination was demonstrated in stock and distribution containers.

4.2. Comparison with Previous Findings: Proportion among Products, Bacterial Species

Healthcare-associated outbreak reports and cross-sectional studies demonstrating
contaminated antiseptics and disinfectants have been published for over 50 years, whereas
contaminated liquid soap products have been mostly published since the 2000s [8]. A total
of 15 hospital outbreaks associated with liquid soap have been reported (all but 2 since 2000),
of which 11 [31–41] and 4 [42–45] were in HIC and LMIC, respectively; the vast majority
was caused by Gram-negative bacteria. As for cross-sectional surveys, 8/25 surveys in
LMIC had found contaminated liquid soap samples, all published after 2000 [9].

In the present study, the proportion of liquid soap samples with growth of Gram-
negative bacteria (64.8% and 87.1% in CHU-YO and CNHU-HKM, respectively) stood out
compared to the other products. It was also considerably higher than previously reported
from LMIC which was—when intrinsic contamination and low counts of staphylococci were
subtracted—between 0 and 17.1% [9]. The reasons for the presently high contamination
ratio are probably an interplay of multiple factors conducive to contamination (see below)
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in a setting with fewer resources compared to the previously published articles which
originated from higher income level countries in Southern and Western Asia [46–51].

In addition, the contaminating flora of liquid soap included virulent organisms, such as
Klebsiella spp., Enterobacter spp., Aeromonas spp., Vibrio alginolyticus (which were exclusively
present in soap products), and P. aeruginosa (n = 16), associated with high total bacterial
counts (>10,000 CFU/mL) and present in high-risk areas (neonatology, maternity). The
association of liquid soap products with Enterobacterales (Serratia spp., Klebsiella spp.,
and Enterobacter spp.) and high total colony counts was reported in previous surveys and
outbreak reports from both HIC and LMIC [8,9]. A potential explanation for this association
is the ability of Enterobacterales to colonize the healthcare workers’ hands [52,53] which,
subsequently, can cause retrograde contamination of containers during handwashing
(e.g., by touching the spout) or topping-up [32,39,54].

About a quarter of bar soap samples (4/17, 23.5%) were contaminated with Gram-
negative bacteria and this proportion was considerably lower compared to liquid soap
products. It was also lower than the >50% proportions reported in most previous publica-
tions [48,50,51,55]; in part, this difference may be due to a lower availability and a more
selective use of bar soap at the present study sites. Most studies comparing side-to-side
bar soap with liquid soap found that bar soap was the most frequently contaminated [8,9].
Species distributions and the high associated total colony counts in bar soap were similar
to those in liquid soap products, in line with previous reports [50,52,55,56].

Other products grown with Gram-negative bacteria were chlorhexidine, QUAT, and
chlorine; species were NFGNB associated with high colony counts. Water-based antiseptics
and disinfectants are known for their vulnerability to contamination with Gram-negative
bacteria and contaminated products may reach high colony counts, particularly if over-
diluted [8,9]. By contrast, alcohol-based products are typically insensitive to bacterial
contamination, but may be contaminated with spore forming organisms, such as Bacillus
spp. [57,58]. In the present study, only 2/80 ethanol 70% grew with Gram-negative bacteria
but associated colony counts were less than 500 CFU/mL; both products were collected
from 1 L unlabeled aliquoted containers. Further, P. aeruginosa grew from two ABHR sam-
ples at colony counts >10,000 CFU/mL, which was an unexpected finding. The products
were however stored in aliquoted non-labeled containers, and factors, such as biofilm and
a too low product concentration, might have facilitated this contamination.

None of the samples with povidone iodine and Dakin solution grew with Gram-
negative bacteria. Dakin solution is not widely used and only a single healthcare-associated
outbreak related to this product has been reported [59]. The reasons for the apparent ab-
sence of contamination despite its distribution in aliquoted containers may be the relatively
high and stable product concentration (available chlorine 0.5%). Iodophor-based products
(such as povidone iodine) are water-based too and are susceptible to contamination with
Gram-negative bacteria [8,60]. In the present setting, the absence of contamination may be
explained by the fact that nearly all povidone iodine samples were branded products in
low volume containers procured and used by individual patients.

4.3. Multidrug Resistance

Over half of the isolated Enterobacterales were MDR (including resistant to third
generation cephalosporins) and, hence, listed as of critical priority on the WHO list of
pathogens for which research and development of new antibiotics is required [61]. This
finding confirms those from previous outbreak reports and surveys of AS, DI, and HH
products in LMIC [9] and is in line with the high proportions of MDR in a blood culture
surveillance study in a referral hospital in rural Benin [62].

The proportion of MDR in the current survey was lower among the NFGNB, but given
their natural resistance against multiple antibiotic classes and the limited access to reserve
antibiotics and therapeutic drug monitoring, infections caused by these species are consid-
ered as “difficult-to-treat” in LMIC [62,63]. Of particular concern are the carbapenemase
enzymes among Acinetobacter spp. and P. stutzeri, respectively. Both NDM and VIM belong
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to the class A or metallo-beta-lactamases, which are not susceptible to the newly developed
beta-lactamase inhibitors. This leaves few therapeutic options [64]. Carbapenem-resistant
Acinetobacter baumannii is listed as a critical pathogen too [61]; P. stutzeri is an upcoming
opportunistic pathogen and its VIM-2 production has been described from different parts
in the world [65].

4.4. Potential Causes Explaining for the High Proportion of Contaminated Products

Although the present study was not designed to trace causes of contamination, several
factors known to promote bacterial contamination of AS, DI, and HH products [8,9] were
observed along the products’ life cycles in the hospital.

4.4.1. Product-Related Factors: Ingredients, Manufacturing, In-Hospital Preparation

Our limited search did not reveal intrinsic contamination of delivered products, but
ingredients and expiry date of the liquid and bar soap samples were unknown in both
hospitals. Given the small-scale and in-house manufacturing of the soap products, it may
be possible that preservatives (agents that destroy or inhibit growth of microorganisms)
were lacking or that non-sterile water was used.

Likewise, potential risk factors were observed at the in-hospital preparation of prod-
ucts, such as the absence of procedures, preparation by auxiliary staff, cluttered and
ill-organized working spaces, the use of tap water instead of distilled or freshly boiled
water, the use of non-sterile items for aliquoting, and (in at least one site) the lack of tools
for verification of alcohol and chlorine concentration [8,9].

4.4.2. Containers

Three-quarters of in-use containers were recycled disposable containers or soft drink
bottles, some of which were partially broken and overused and most had large (>300 mL)
volumes. They were not reprocessed but re-used until they were completely unfit for use;
broken or removed lids and dispensers were observed. Labeling was largely insufficient, in
particular for aliquoted containers; less than 5% were labeled, >50% of recycled containers
still had the label of the original product affixed, none had expiry date or day-of-opening
labeled. The situation was similar for stock and distribution containers.

Access to appropriate, well-functioning, and biosafety-proven containers is a serious
problem in LMIC [66] and malfunctioning containers are barriers to proper hand hygiene
practices [66,67]. Most disposable containers are made of high-density polyethylene which
is not autoclavable [9]. In addition, the pump cylinder of table-top containers and the
atomizer (spray-unit) of spray bottles are inaccessible for mechanical cleaning and dis-
infection [8]. The re-use of pump cylinders ensured the contamination of bulk refillable
dispensers in the community and the hospital settings [36,38,39,68–70]. Further, dead
spaces behind plastic liners of screw caps (as in recycled soft drink bottles) facilitate biofilm
formation, which protects bacteria from desiccation but also from antiseptics and disin-
fectants [71]. Too large volume containers entails prolonged use which, in turn, facilitates
biofilm production [19] while preservatives degrade over time [68].

4.4.3. End-User Practices

Other risks for contamination were related end-user practices [9]: expired products
were noted among in-use as well as stock products; for the liquid soap product in CNHU-
HKM, no expiry date was set. In both hospitals, period-after-opening for in-hospital
prepared products was not defined.

Topping-up (practiced in three-quarters of the aliquoted containers) is a well-known
and persistent risk practice of contamination, as is the habit of keeping cotton balls im-
pregnated in antiseptic [8,9]. The practice of diluting liquid soap with tap water up to
the desired viscosity was observed in both hospitals and has not been described before.
Particularly in rural areas, healthcare facilities in low-resource settings rely on non-piped
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improved water sources (boreholes, rainwater collection) which may be affected by fecal
contamination [2].

4.4.4. Factors behind the Causes of Contamination

Behind the causes mentioned above, there are economic, managerial, and human
factors. Economic considerations may have influenced the procurement of liquid soap
products of unknown composition and quality. Quality management was weak (procedures,
stock management,) and oversight was lacking (fragmented and partly decentralized
procurement and supply system). Further, human factors may also interfere and incite
incorrect users’ practices [8]; an example was the apparent low risk perception about the
use of tap water in the ward, as well as in the pharmacy.

4.5. Limitations and Strengths

The cross-sectional design of the study and the absence of documented stock manage-
ment did not allow the study to trace information about production, expiry dates and the
day of first opening. These limitations precluded a formal analysis of the potential risk
factors. Further, the sample selection was focused on the in-use products present in the
wards, resulting in an underrepresentation of antiseptics and disinfectants. Although we
conducted upstream analysis of the in-hospital distributed products, we did not systemati-
cally assess intrinsic contamination and content. As discussed above, we could not trace the
ingredients of the soap products, hampering full understanding of their high contamination
ratios. In addition, only the total colony count was performed and not Gram-negative
bacterial colony count. Finally, despite precautions (non-advertised ward visits), it cannot
be ruled out that staff of some wards (alerted by colleagues from other wards) would have
discarded too old products or too dirty containers. As with any observation or interview,
there was a risk of bias towards presumed desirable or correct answers.

As to the strengths, apart from the lack of information about the ingredients of the
liquid soap products, the study complied with the risk of bias and quality checklist [9], Sup-
plementary Table S4. It is notable that sampling was systematically and representative for
both sites, and culture techniques (sampling techniques, neutralizer, quantitative cultures,
and antimicrobial susceptibility testing) were up-to-date.

Further, the cross-sectional design enabled the assessment of side-to-side products
from multiple wards and two centers and to conduct interviews and observations in a
stress-free context (unlike, for instance, during an outbreak investigation). Moreover, the
study was supported by the hospitals’ management and the principal investigator (PL)
conducted ward visits and staff interviews in person, building-up trustful relations with the
hospital staff. This allowed us to map the lifecycle of the products in the health facility and
to appreciate the associated risk factors, as performed previously in other surveys [72–74].

4.6. Relevance

Among the isolates recovered, Klebsiella pneumoniae, Enterobacter spp., Pseudomonas
aeruginosa and Acinetobacter baumannii, are leading Gram-negative species of healthcare-
associated infections in low- and middle-income countries [75]. These species, as well as
other species presently recovered have been previously implicated in healthcare-associated
outbreaks related to AS, DI, and HH products [8,9]. In the present survey, they were
associated with high total colony counts and MDR, they had overlap with clinical isolates
and they were obtained from in-use products of high-risk areas.

As to healthcare-associated infections and outbreaks, different transmission routes
are possible. Contaminated antiseptics mostly cause infections through local application
during invasive acts (intravascular and urinary catheters, surgery) or topical care (wound,
tracheotomy). Disinfectants cause infections via contact with semi-critical (surgical instru-
ments, transfer forceps) or non-critical items (thermometers, septa of multidose vials) [8,9].
In the case of liquid soap, handborne transmission applies, i.e., colonization of healthcare
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workers’ hands followed by transfer to patients, which, in turn, causes colonization and
subsequent infection [42–44].

Notable susceptible patients are neonates, given their immature skin and mucosal
barriers—outbreaks related to contaminated liquid soap products in neonatal wards have
been reported from HIC and LMIC [32,33,38,42,45,76]. In the present study, contamination
with Gram-negative bacteria occurred in products across all wards, but liquid soap products
heavily contaminated with virulent bacteria (Enterobacterales and P. aeruginosa) concen-
trated in high-risk wards, such as maternity and neonatology. Moreover, contamination
even at high colony counts was not visible to the naked eye (no inhomogeneous content,
no discoloration, clean containers) and consequently was not perceived; this observation is
also in line with previous findings [8,9].

An experimental study showed that handwashing with contaminated liquid soap
at a 30 s rinse with good quality water transmitted Enterobacterales at a threshold count
of 3700 CFU/mL or higher [77]. In line with this, washing hands with plain liquid soap
contaminated with P. aeruginosa at 100,000 CFU/mL did not transfer P. aeruginosa from
soap to hands when abundant rinsing was applied, but did so at a brief rinsing [78].
As only half of health care facilities in sub-Saharan Africa have access to basic water
services [2], abundant rinsing with good-quality water will not be possible in many low
resource conditions. In the present study, the maximum bacterial counts were capped
at 10,000 CFU/mL and Gram-negative counts were not determined. Given the confluent
growth on MacConkey agar in most (41/45) liquid soap samples with Gram-negative
bacteria and their associated counts higher than 10,000 CFU/mL (Figure 2), it can be
expected that their Gram-negative counts were much higher than the above-mentioned
threshold of 3700 CFU/mL.

In conclusion, the observed contaminated products are a potential threat to healthcare
associated infections. On top of this, in both hospitals, contaminated liquid soap products
were used in high-risk wards (such as neonatology) units and were contaminated with
clinically relevant Enterobacterales, Aeromonas/Vibrio non-cholerae, Pseudomonas aeruginosa,
and Acinetobacter spp.

4.7. Generalizability

To our knowledge, apart from one outbreak investigation (Senegal, 1987 [59]), the
present study is the first one from francophone West Africa to document contamination of
AS, DI, and HH products. Despite some differences between the sites, the main findings
were similar and are expected to be representative for other low- and middle-income
countries, particular in sub-Saharan Africa. However, both sites were urban tertiary care
centers equipped with a functional clinical laboratory service. Given the low access to
water, sanitation, and hygiene services in healthcare facilities in sub-Saharan Africa and
the virtual absence of clinical bacteriology services in many areas [2,79], frequencies and
impact of contamination of AS, DI, and HH products in rural areas in sub-Saharan are
probably much more frequent but not recognized and consequently underreported.

The present results support the WHO recommendation to prefer ABHR rather than
liquid soap for hand hygiene in the healthcare setting (except for a few situations) [3].
This recommendation is based on efficacy studies [80] and can be supported the high
vulnerability to contamination of liquid soap products. Although the exact composition
of the liquid soap products was unknown, it was household grade and intended for
environmental cleaning and most probably “plain soap”, i.e., with no antiseptics added.
The question whether antiseptic soap is less prone to bacterial contamination has been
noted by WHO more than a decade ago [3], but is still not clear; a cross-sectional survey of
soap dispensers in food establishments in the U.S. showed that antiseptic soap products
were less contaminated compared to plain soap products [81] but in the healthcare setting,
bacterial contamination of liquid soap has been described for both plain and antiseptic
soap products [8,9].
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The present findings may also apply to related products in healthcare, such as hospital
water, handwashing stations, cleaning agents, mouthwash, and other products which
are used for topical care [9]. An example in the present study was the contaminated
water-based eosin 2% products used for local skin care used in CHU-YO.

4.8. Risk Mitigation, Outstanding Issues and Future Research

For risk mitigation of bacterial contamination of AS, DI, and HH products, we refer
to the recent “Best Practices” and outstanding issues compiled in a recent review of this
topic [9]. The present study highlights several of outstanding issues, such as the need
of field-adapted reusable containers and period-after-opening adapted to LMIC environ-
mental conditions, and understanding and correcting human factors behind inappropriate
practices. In addition, the study reveals the need for minimal product quality criteria
for liquid soap products. Meanwhile, since the implementation of best practices requires
efforts, resources, and time, a risk-based approach is recommended. An example is the
prioritization of ABHR and branded products in their original containers to high-risk
hospital wards, such as oncology and neonatology [43,82] or to invasive procedures. Cost
of ABHR may be a (perceived) problem, but retail prices of ethanol 96% noted in this
study were similar and even lower than those for the liquid soap product in Burkina Faso
and Benin, respectively. Further, given most in-use containers were recycled disposable
(not autoclavable) containers, a reprocessing system comprising soaking in chlorine and
subsequent rinsing with freshly distilled or boiled cold water can be a first approach.

5. Conclusions

The present study illustrates the contamination by Gram-negative bacteria of AS,
DI, and HH products in two tertiary care hospitals in sub-Saharan Africa. Liquid soap
products stood out in frequency of contamination (nearly three-quarters, total bacterial
counts mostly >10,000 CFU/mL) and clinically relevant and MDR bacteria (half of isolated
Enterobacterales). Multiple and intertwined risk factors along the line of preparation and
distribution of products were observed, including on-the-spot dilution with tap water
and indefinite re-use of recycled disposable containers. Considering the pivotal role
of hand hygiene in preventing transmission of healthcare-associated infections [16], the
present findings urge for increased awareness for the potential contamination of liquid
soap products, including quality criteria for products, access to field-adapted containers,
and implementation of appropriate reprocessing procedures.
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