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Abstract

Postpartum sepsis following caesarean sections among women in Uganda
remains a risk. However, erratic supplies of standard dressing material make
the risk a reality. Alternative wound dressing materials, therefore, remain a
viable option. This study examined the outcome of a honey and olive oil-based
dressing material on caesarean section wound healing. Using the Uganda
Industrial Research Institute (UIRI), the study team created I-Dress, a wound
dressing made of honey and olive oil. A case-series study was conducted on
25 women who received I-Dress following caesarean births at three health
facilities in south-west Uganda. Vital signs (temperature, blood pressure, and
heart rate) were measured, along with wound induration, dehiscence, and dis-
charge. The primary outcome was the length of time it took for the wound to
heal. The average age of the women who received I-Dress was 27.5 (+4.8)
years. Following the application of I-Dress, all of the women (100%) had no
wound induration or dehiscence, with only two (13%) experiencing wound dis-
charge. The vast majority of the women (88%) had never had a Caesarean
section before. The mean time required for wound healing was 2.2 (+0.7) days.
The findings indicate that honey and olive oil-based dressings improve Caesar-
ean section wound healing in terms of wound induration, dehiscence, and time
to healing. These dressing materials can therefore supplement the standard

dressing materials, especially in resource-constrained settings.
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1 | BACKGROUND

Postpartum sepsis is a leading cause of maternal mortal-
ity in resource-limited settings (RLS); in southwestern
Uganda, it contributes to nearly one-third of maternal
deaths." Caesarean section is one of the most important
independent risk factors for postpartum sepsis.”™* At
Mbarara Regional Referral Hospital (MRRH) in Uganda,
puerperal sepsis was found to be the leading cause of
maternal mortality in western Uganda accounting for
30.9% of maternal deaths.' Surgical site infection (SSI) is
responsible for up to 3-15% of maternal morbidity.” The
prevalence of surgical site infections following caesarean
delivery at MRRH is 15.5%. The average caesarean
section (C-S) rate at Mbarara Regional Referral Hospital
is 50%, almost higher than global estimates. Seventeen
percent (17%) of these deliveries have positive blood or
urine cultures, with acinetobacter species as the most
common bacteria isolated. Eighty percent (80%) of the
gram-negative micro-organisms isolated are systemic
multidrug-resistant and cefepime non-susceptible.’
Forty-six percent (46%) of the mothers receiving surgical
care at MRRH meet the World Bank's definition of
extreme poverty ($1.90/person/day).”

Honey is known to possess wound-healing activity as
it offers antibacterial activity by enzymatically producing
hydrogen peroxide, maintains a moist wound condition,
and its high viscosity helps to provide a protective barrier
to prevent infection.® Honey also has potent antimicro-
bial activity against coagulase-negative staphylococci bac-
teria and may have a role in the treatment or prevention
of infections by coagulase-negative staphylococci.” As a
dressing on wounds, honey provides a moist healing
environment, rapidly clears infection, deodorizes, and
reduces inflammation, edema, exudation and increases
the rate of healing by stimulation of angiogenesis, granu-
lation, and epithelialization and gives excellent cosmetic
results.'®

Olive oil has long been known to contain a variety of
biologically active and health-promoting compounds.'!
All types of olive oil kill bacteria and this activity is

caesarean sections, dehiscence, postpartum sepsis, wound healing, wound induration

« Alternative wound dressing materials are a necessity in clinical practice in
low income settings.

« We studied the outcomes of I-Dress, a locally prepared honey and olive oil-
based dressing material on caesarean section wounds in 25 women.

« I-Dress significantly improves caesarean section wound healing.

higher in virgin olive oils followed by pomace olive oils,
because of less phenolic compounds.'? Antimicrobial
activity has been demonstrated in olive products and the
anti-bacterial effect is correlated with the presence of
olive glutaraldehyde-like compounds such as the dialde-
hydic form of decarboxymethyl elenolic acid either free
(EDA), linked to tyrosol (TYyEDA) or to hydroxytyrosol
(HyEDA)."*'® The bactericidal activity of these sub-
stances is due to their dialdehydic structure, which is like
those of commercial antiseptics such as glutaraldehyde.'®
It has been found that some salt-free solutions from table
olive oil and olive oil production processes are rich in
these antimicrobial compounds, and they can exert bacte-
ricidal and antifungal activity against phytopathogenic
microorganisms.'? Olive-derived products are a very good
source of natural antimicrobials and hence have a
remarkable antimicrobial activity.!” This study examined
the outcomes of a honey and olive oil-based dressing
material on caesarean section wound healing.

2 | METHODS

2.1 | Design and setting

A case-series study was conducted on 25 women who
received I-Dress following caesarean births at three
health facilities in south-west Uganda. The health facili-
ties were; Mbarara Regional Referral Hospital (MRRH),
Rwekubo Health Centre IV and Kitagata District
Hospital.

Mbarara Regional Referral Hospital (MRRH) is an
approximately 300-bed academic hospital affiliated with
Mbarara University of Science and Technology (MUST).
MRRH is a teaching hospital located in southwestern
Uganda and serving a population of 3 million people liv-
ing in a predominantly rural, agrarian setting. Approxi-
mately 12 000 deliveries occur per year in this facility
with a Maternal Mortality Ratio (MMR) of 400 per
100 000 live births and a caesarean delivery rate of 39%
citation. The physician-to-patient ratio ranges from 1:8
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during the day to 1:14 during the night. The nursing/mid-
wife-to-patient ratios are approximately 1:25 during the
day and 1:50 at night.

Kitagata District Hospital is the district hospital for
Shema District. It has approximately 100 beds for inpa-
tient care and provides a wide range of therapeutic and
diagnostic services. It houses departments of Maternity,
Child Health and a General Ward for both adult general
surgery and internal medicine patients. The hospital also
has a general outpatient department, pharmacy, labora-
tory and an ultrasound scan unit. The hospital registers
about 3000 deliveries annually, the C/S rate is 25% citation
and the hospital is staffed by 2 medical officers and 10 Mid-
wives. The hospital's operating theatre performs numerous
surgical operations, including Caesarean sections.

Rwekubo HCIV is a health centre four located in Isin-
giro District, south Western Uganda approximately
40 kms from Mbarara town. It has about 60 beds, registers
averagely 700 deliveries a year. The C/S rate is about 35%
citation and the health facility is run by two medical offi-
cers and about 4 midwives. Selection of participants: Con-
secutive sampling was used to recruit the participants. We
recruited women who underwent elective caesarean
delivery because they have a lower risk of infection.

3 | RECRUITMENT, PRODUCT
DEVELOPMENT AND
INTERVENTION

3.1 | Recruitment

The cases were recruited from among mothers on the
maternity wards who had undergone caesarean delivery.
At MRRH, 15 cases were recruited while at Kitagata and
Rwekubo, five cases each were recruited. Consecutive
sampling was used to recruit the participants. We

recruited only women who underwent elective caesarean
delivery because they have a lower risk of infection.

3.2 | Product development

Using the Uganda Industrial Research Institute (UIRI),
the study team created I-Dress, a wound dressing made
of honey and olive oil. UIRI is a government-owned para-
statal whose primary objective is to carry out scientific
and industrial research and help ensuring production of
high quality marketable products in the country. UIRI
also works hand in hand with other institutions to sup-
port innovators in developing, testing, and verifying their
products before they get to intended end users. During
the development of I-Dress, UIRI's technical team

provided support in designing the final product and run-
ning the sterility tests to ensure safety of the product on
human skin and wounds. It also guided in the mixture
and exact measurements of the product ingredients.
I-Dress was packaged in different sizes with a strap-
ping that holds it onto the wound and skin to allow slow
and continuous release of the active ingredients in honey
and olive oil. Sterility for ready-to-use dressing was
achieved using gamma irradiation (800 or 1000 grays)
from the Uganda Cancer Institute (UCI). The irradiated
product was tested for any presence of microorganisms at
the Uganda Industrial Research Institute (UIRI) to
ensure that sterility was achieved. I-Dress was also
applied onto incisions experimentally made on guinea
pigs and the efficacy was compared with standard-of-care
gauze applied to another group of guinea pigs. The group
that had I-Dress applied was found to have better clinical
outcomes in terms of having a shorter time for the inci-
sion sites to heal and there was no evidence of infection
or wound contamination among the group with I-Dress.

3.3 | Intervention

The I-Dress was applied to the women following caesar-
ean delivery in the maternity wards. The women were
assessed every 6 h for the following parameters: vital
signs (temperature, blood pressure, heart rate), wound
induration, wound dehiscence, wound discharge, and
time to wound healing.

Assessments were conducted by midwives, medical
officers, residents and obstetricians and gynaecologists.
The women were observed for up to 3 days following cae-
sarean delivery. The I-Dress wound material was
removed on the third day just like the regular wound
dressing material. The regular wound dressing material
consisted in plain sterile gauze and adhesive tape to
anchor the gauze onto the wound surface. The women
were asked to come back at 2 and 4 weeks for a thorough
examination, including a review of the parameters that
were evaluated following the caesarean delivery. The
clinical evaluation was performed by the clinical study
staff at MRRH.

3.4 | Variable measurement and analysis
The independent variables that were measured included
socio-demographic (age, residence, education, income
and fertility), medical (parity, co-morbidities such as
hypertension, diabetes and HIV), time to wound healing,
presence or absence of wound healing, wound size and
wound infection, uterus involution, lochia, length of stay
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on the ward, antibiotic cover (Yes/No). The primary out-
come was wound healing while the secondary outcome
was time to wound healing and secondary infection after
3 weeks. Wound healing was operationalized by the fol-
lowing features such as proper wound apposition, no
wound discharge, no induration. The data analysis was
conducted using STATA version 17 software. Univariate
analysis was performed to analyse socio demographic
and medical variables, time to wound healing, and pres-
ence or absence of wound healing. The means of continu-
ous variables were computed.

4 | RESULTS

The mean age was 27.5 years (SD 4.8 years). The majority
of women were married 24 (96%), and subscribed to the
Anglican faith. Most of the mothers had completed sec-
ondary education 10 (40%) as the highest level of educa-
tion. Most of the mothers 22 (88%) were employed.
Majority of the mothers were literate 22 (88%) as they
were able to read and write. On Obstetric characteristics,
the findings show that majority of the mothers 18 (72%)
had had more than two previous pregnancies. All the
mothers had completed the first and second antenatal
care visits for the current pregnancy. Most of the mothers
(88%) had not had a non-Caesarean section surgical oper-
ation before. The type of dressing mostly used in the pre-
vious C-Section was gauze 13 (52%) and most of the
mothers had had at least two C-Sections 10 (40) as shown
in Table 1.

4.1 | Previous wound dressing attributes
The mean number of days admitted at the health facility
was 4.2 (SD + 1.7 days). The median number of days for
wound healing was 14 days. The number of mothers who
faced a challenge with wound healing following previous
C-section were 40% compared to 60% who did not face
any challenge. Majority of the mothers saw a health
worker as an action after facing some challenges Table 2.

4.2 | Clinical outcomes

The clinical outcomes; the mean temperature was 36.4
(SD =+ 0.5) on the first day, 36.4 (SD + 0.4) on the second
day, 36.4 (SD =+ 0.3) on the third day and 36.4 (SD + 0.3)
on the fourteenth day. All mothers clinically did not
show wound induration, dehiscence and only two experi-
enced wound discharge on the second and fourteenth
day, respectively. The mean time taken to wound healing
was 2.2 (SD + 0.7) days Table 3.

TABLE 1 Socio-demographic and obstetric characteristics of
mothers.
Characteristics Category n (%)
Age (SD) 27.5 (4.8)
Marital status Single 1(4)
Married 24 (96)
Religion Anglican 11 (44)
Catholic 8 (32)
Moslem 3(12)
Other 3(12)
Education level None 2(8)
Primary 7 (28)
Secondary 10 (40)
Other 6 (24)
Occupation Employed 22 (88)
Unemployed 3(12)
Literacy No 3(12)
Yes 22 (88)
Current pregnancy number 2 or less 7 (28)
>2 18 (72)
Antenatal visits completed Visit 1 (Yes) 25 (100)
Visit 2 (Yes) 25 (100)
Visit 3 (Yes) 22 (88)
Visit 4 (Yes) 20 (80)
Visit >4 9 (36)
(Yes)
Ever had a surgical operation not No 22 (88)
C-Section Yes 3(12)
Number of C-Sections One 8 (32)
Two 10 (40)
Three 3(12)
Four 3(12)
Five 1(4)
Age at last C-Section: Mean (SD) 24.3 (+4.3)
Type of dressing used at last Cotton (Yes)
C-Section Cotton (Yes) 9 (36)
Gauze (Yes) 13 (52)
Bandage 3(12)
(Yes)
Other (Yes) 1(4)

Note: Continuous variables including Age and Age at last C-Section are
presented as mean (standard deviation).
Abbreviations: C-section, Caesarean section; SD, Standard deviation.

Clinical outcomes following the application of the
regular sterile gauze wound dressing material were also
documented. The mean temperature was 36.9 (SD + 0.7)
on the first day, 36.9 (SD = 0.5) on the second day, 37.3
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TABLE 2 Wound dressing at last C-Section prior to use of
I-Dress.
Parameter Category n (%)
Number of days 4.2 (1.7)
admitted: mean (SD)
Number of days for 14 (10-18)
wound healing
Faced challenge with No 15 (60)
wound healing for Yes 10 (40)
previous C-Section
Action taken when the Saw a health worker 5(41.7)
mother encountered a (Yes)
challenge with previous Home remedy (e.g. 1(8.3)
wound dressing Herbs) (Yes)
Home care (Warm 3(25)
water and salt
solution) (Yes)
Other (Yes): Honey 3(25)
Some from hospital 1(4)

Note: Number of days admitted was presented as mean (standard deviation).
Number of days for wound healing was presented as median (range).
Abbreviation: SD, Standard deviation.

TABLE 3 Clinical outcomes following application of the
I-Dress.
Parameter Category n (SD)
Vital signs: Temperature at end of 36.4 (0.5)
Temperature day 1
Temperature at end of 36.4 (0.4)
day 2
Temperature at end of 36.4 (0.3)
day 3
Temperature at end of 36.4 (0.3)
day 14
Time taken to wound 2.2 (0.7)

healing

Note: All variables are continuous and they are presented as mean (standard
deviation).
Abbreviation: SD, Standard deviation.

(SD #+ 0.4) on the third day and 37.0 (SD # 0.4) on the
fourteenth day. No woman clinically had wound indura-
tion, one women had dehiscence and four experienced
wound discharge on the second and fourteenth day,
respectively. The mean time taken to wound healing was
2.2 (SD =+ 0.7) days Table 4.

Figures 1-3 show the I-Dress wound dressing mate-
rial and packaging, including the Caesarean
section wounds before and after the application of the
dressing material.

P WiLEY-L >

TABLE 4 Clinical outcomes following application of the

regular sterile gauze wound dressing material.

Parameter Category n (SD)
Vital signs: Temperature at end of 36.9 (0.7)
Temperature day 1
Temperature at end of 36.9 (0.5)
day 2
Temperature at end of 37.3(0.4)
day 3
Temperature at end of 37.0 (0.4)
day 14
Time taken to wound 3.0 (0.9)

healing

Note: All variables are continuous and they are presented as mean (standard
deviation).
Abbrevaition: SD, Standard deviation.

5 | DISCUSSION

We present results of the possible benefits of I-Dress. The
clinical outcomes showed that for women who had the I-
Dress placed on the incision wounds, the mean tempera-
ture was normal throughout the period of the I-Dress
application and thereafter up to day 14. All the mothers
did not show wound induration and dehiscence. This is
an indication that application of I-Dress of the incision
wounds was able to inhibit inflammation which would be
evidenced by increased temperature. Olive oil products
have been showed to have antimicrobial, antioxidant and
anti-inflammatory abilities and are hence effective in
enhancing caesarean section wound healing.'*'® The phe-
nolic compounds in olive oil (in topical use) have anti-
inflammatory effects, and the polyphenols are associated
with neuroprotective and antiaging effect, so they can lead
to the repair of epithelialized tissue that is effective in the
wound healing process.'® Also, the squalene compounds
in olive oil include vitamins K, D, E, beta-carotene, and
ubiquinol 10, which have antioxidant properties.” Studies
have also shown that olive oil, when applied topically,
leads to angiogenesis by increasing the levels of intravas-
cular endothelial growth factor (VEGF).*!

The time to healing was 2.2 days shorter than the
standard of care application. This is additional evidence
of the potential of I-Dress to speed up healing of incision
wounds. Earlier evidence suggested that Honey and olive
oil, all components of I-Dress, promote wound healing by
their antimicrobial activity, tissue regeneration ability,
and its enzymatic generation of hydrogen peroxide.*>*
The presence of reactive oxygen species (ROS) such as
hydrogen peroxide (H,0,) in honey and honey products
has been shown to promote wound healing by encourag-
ing cellular repair processes and tissue regeneration.****
Honey has also been shown to restore the susceptibility
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of antibiotic-resistant bacteria to antibiotics.”** In fact,
prior studies suggested that honey considerably reduces
the healing time of post-operative C-Section wounds.*

It is important to note that the study population in
this study were all immunocompetent adults with no
underlying comorbidities and had at least completed the
first two antenatal visits. These might have had a positive
impact on the positive outcomes of the incision wound
other than the intervention.

6 | CONCLUSION AND
RECOMMENDATION

Honey and olive oil-based dressings have the potential to
improve caesarean section wound healing in terms of
wound induration, dehiscence, and reducing time to
healing. These dressing materials can therefore supple-
ment the standard dressing materials, especially in
resource-constrained  settings. We recommend a

FIGURE 1 Caesarean wound

before and after removal of I-Dress.

FIGURE 2 Photos of the I-Dress
dressing.

FIGURE 3 I-Dress wound dressing
package.

randomized controlled trial to study the effectiveness and
safety of I-Dress in a clinical setting.
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