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Abstract

Background: The emergence of resistant Candida species to antifungal drugs has led to resurgence in herbal usage
globally. However, little is known about anti-candida plants. This study explored ethnomedicinal plants as treatment
option for candidiasis in Pader, Northern Uganda.

Methods: A cross-sectional survey of potential anti-candida plants was conducted using questionnaires, focus group
discussions and field observations in March 2022. Sixty-three respondents were selected by snowball technique. The
frequencies of respondents/responses were analyzed, associations of respondents’socio-demographics with indig-
enous knowledge of herbal usage established by Chi-square (x?) test using SPSS 27. Informant Consensus Factor was
computed to establish level of agreement on herbal usage, and thematic analysis done for focus group discussions.

Results: Candidiasis is still common and troublesome in Pader. All herbalist had equal chances of receiving and treat-
ing candidiasis patients irrespective of herbalist's gender, age, education level, occupation, marital status and religion
(p>0.05). About 39.7% of herbalists received candidiasis patients weekly (p <0.01). All herbalists had knowledge on
candidiasis. Death (56.8%) and discomfort (36.8%) were the major health risks of oropharyngeal candidiasis (OPC)

and vulvovaginal candidiasis (VVC), respectively. A total of 32 potential anti-candida plant species in 18 families were
identified. Families of Fabaceae (9 species) and Asteraceae (5 species) had most plant species. Trees (50.0%) and herbs
(43.8%) were the dominant life forms. The commonest plants by frequency of mention were: Momordica foetida (26),
Sansevieria dawei (20), Khaya anthotheca (15), Piliostigma thonningii (10), Clerodendrum umbellatum (7), Hallea rubro-
stipulata (5) and unidentified plant,'‘Agaba/daa layata'in Acholi dialect (5). Plant parts mainly used were roots (56.3%)
and stem barks (15.6%) harvested majorly by cutting (46.9%) and uprooting (12.5%). Most respondents (females, 95%)
preferred herbal to western medication (p <0.01) due to its perceived effectiveness. There was high consensus among
herbalists on herbal remedies for OPC and VWC (FIC=0.9).

Conclusions: Pader communities have diverse indigenous knowledge on candidiasis and prefer herbal medicines
to orthodox treatment for candidiasis. However, the herbalists use unsustainable harvesting techniques like uprooting
whole plants and cutting main roots. Hence, the need to document such indigenous knowledge before being lost for
community usage and scientific validation.

*Correspondence: b.akwongo@muni.ac.ug; bakwongo2014@gmail.com

! Department of Plant Science, Microbiology and Biotechnology, School
of Biosciences, College of Natural Sciences, Makerere University, P. O.
Box 7062, Kampala, Uganda

Full list of author information is available at the end of the article

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.


http://orcid.org/0000-0002-7855-2935
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s41182-022-00471-y&domain=pdf

Akwongo et al. Tropical Medicine and Health (2022) 50:78

Page 2 of 22

[ Keywords: Candida species, Health risks, Medicinal plants, Oropharyngeal candidiasis, Vulvovaginal candidiasis j

Introduction

The global incidence of fungal infections averaged one
billion people with more than 1.6 million deaths associ-
ated with overall fungal infections [1]. Additionally, there
were more than 1.5 million deaths from invasive fungal
infections yearly [2]. Candida species are the most com-
mon cause of serious invasive fungal infections, and
contribute significantly to global human morbidity and
mortality [3]. Research showed that most fungal infec-
tions are caused by Candida, Aspergillus species and
members of the order Mucorales [4]. In Africa, there is
still limited data on fungal disease prevalence since the
infections have been inextricably tied to and associated
with tuberculosis and HIV [5, 6]. In Uganda, the situ-
ation is not any different since 2.5 million people (6.5%
of the total population) get fungal infections and about
38,000 people die yearly, mainly from HIV-related fungal
infections [7]. Most of these cases are from Eastern and
Northern Uganda [8]. These two regions also have the
highest burden of HIV-related opportunistic infections,
especially oral candida [8].

According to Achkar and Fries [9], the most common
infectious agent of candida species is Candida albi-
cans. This commensal yeast colonizes the skin, mouth,
gastrointestinal and the reproductive tracts. However,
other Candida species such as C. glabrata, C. tropicalis,
C. parapsilosis, C. kruse, and C. guilliermondii are also
increasingly becoming more relevant, since they can also
colonize human mucocutaneous surfaces [10]. Mucocu-
taneous candidiasis is divided into two: (i) non-genital
disease with oropharyngeal candidiasis as the most com-
mon, and (ii) genitourinary disease frequently manifested
as vulvovaginal candidiasis (VVC), which is also termed
as vaginal yeast infection or vulvovaginitis in women, bal-
anitis and balanoposthitis in men, and candiduria in both
sexes [9]. Uganda registers 45,000 cases of HIV-related
oral and oesophageal candidiasis annually. Conversely,
non-HIV candida in expectant mothers affects 651,600
women yearly, out of which, 375,540 women experience
recurrent episodes per year [7].

In Uganda, the main treatment for fungal infections is
fluconazole, which is a broad spectrum anti-fungal drug
[11]. However, there is a worrying concern of the emer-
gence of resistant candida strains to this first-line drug
[12]. Evolution of multidrug-resistant fungal organisms
could lead to complicated human fungal diseases [13].

It is worth noting that an estimated 80% of the popu-
lation in developing countries particularly in Africa
use herbal remedies to treat various ailments including

fungal infections [14]. Most rural Ugandans use herbal
medication to meet their healthcare needs in a culturally
appropriate manner [15]. Studies recently conducted in
Uganda revealed that many plant species, for example,
Erythrina abyssinica, Pentas longiflora, Albizia coriaria,
are used to treat fungal skin infections [16—20].

In Pader district, the management of fungal infections
is a big challenge due to inadequate technical and health
infrastructural capacities. This problem unfortunately
frustrates efforts to access fungal diagnostic and treat-
ment services [21]. Similarly, the long political instabil-
ity of 1986-2006 that arose from the conflict between
the Lord’s Resistance Army (LRA) rebels of Northern
Uganda, and the Uganda People’s Defense Forces (UPDF)
greatly disrupted economic activities in the district [22].
This contributed to the negative shift in nutritional con-
tents of the foods for the community leading to malnu-
trition; and coupled with increased stress, negatively
alters people’s (fungal hosts) immune responses. These
consequently favor candida species to overgrow and
cause candidiasis [23]. Additionally, the war also resulted
into serious shortages of healthcare workers, drugs and
food supplements [22, 24]. Thus, patients often had to
walk long distances in search of healthcare services [25].
This inaccessibility to the modern health care system
makes people resort to the use of herbal medicine as an
alternative treatment option [26]. Traditional Medical
Practitioners (TMP) are custodians of a lot of valuable
knowledge on medicinal plants for treatment of many
diseases including fungal diseases. Unfortunately, some
of this knowledge has not been documented.

As a result, there is increasing loss of indigenous
knowledge on medicinal plants in Africa in general and
Uganda in particular, due to their death [27]. This implies
that the undocumented information may be perma-
nently lost [28]. The situation is compounded by the fact
that the custodians of Traditional Medicine (TM) are
often secretive and accessing such valuable information
may not be easy [27]. However, ethnobotanical studies
on traditional medicinal plants usage for treatment of
various ailments, for example candidiasis, are not com-
prehensive enough in several African countries such as
Uganda where Pader district is located. As a result, there
is need for more research in this area in order to fill the
gaps [29]. It is hoped that when such studies are made,
they will help in documenting and preserving this valu-
able knowledge for continued use by the community, as
well as for future use in research activities such as testing
for antifungal compounds. This will lead to attainment of
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Sustainable Development Goal, agenda 3, of good health
and well-being by 2030.

This study therefore documented potential anti-can-
dida plant species, plant parts used, life forms, as well
as the indigenous knowledge of potential anti-candida
herbal remedies in Pader district.

Methods

Study area

The research was conducted in Pader district in North-
ern Uganda in March 2022. The district lies between
32°45'E-33°00'E and 2°45'N-3°00'N. Pader district is
characterized by gender inequality, high youth unem-
ployment, low economic development and inacces-
sibility to basic services including education and
health [30]. Overall, 31.6% of the households do not
have access to health facilities [31]. Out of the 12
sub-counties (Angagura, Laguti, Acholibur, Latanya,
Atanga, Lapul, Pajule, Ogom, Pader, Pader Trading
Centre, Awere and Puranga) in Pader district, Ogom,
Angagura, Lapul and Pajule were chosen for this study
(Fig. 1). This is because Ogom and Angagura Sub-coun-
ties have the poorest access to health facilities at 71.7%
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and 58.4%, respectively. These families are located more
than 5 km away from the nearest health centers [31].
On the other hand, many communities in Pajule and
Lapul sub-counties, can easily access Pajule Health
Centre (HC IV) which is the biggest community hos-
pital in Pader district. It is also important to note that
Ogom and Angangura sub-counties have the highest
and third highest number of food insecure households
at 27.4% and 25.3% in the district [31]. The poor living
conditions experienced by such communities predis-
pose them to opportunistic diseases including fungal
infections.

Research design

The study was a cross-sectional survey that involved col-
lection of ethnobotanical information on utilization of
medicinal plant species in the management of candidi-
asis in Pader district. Both qualitative and quantitative
approaches (mixed methods) were used. Focus group dis-
cussions (FGD) and semi-structured interviews (survey
and open-ended questions) were used to collect in-depth
information on anticandidal medicinal plant usage.

- 2°45'N

Puranga

2°45'N —

7.5 km

33°0'E
Key

= Study Subcounties
O Subcounties in Pader = Northen Region

= Pader District = Regions of Uganda = Districts of Uganda

Fig. 1 Study sub-counties in Pader district, Northern Uganda (Source: QGIS 3.2 Bonn)
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Data collection methods

Sampling strategies

The principle of saturation was followed during snowball
sampling to select 63 key respondents (herbalists and
knowledgeable persons) for key informant interviews.
Selection of respondents was based on the recommenda-
tions of local authorities/ community elders. Herbalists
had to have at least 5 years experience [32] of treating
candidiasis using potential anti-candida herbal remedies
for them to be included in the study. Eight to ten preg-
nant women in antenatal visits at each of the health cent-
ers in the study sub-counties were randomly chosen for
FGD using interview guides [33].

Field survey

Semi-structured interviews using questionnaire guides
were carried out among the herbalists. The questionnaire
covered a list of topics on potential anti-candida plant
species. The initial respondent was selected randomly by
flipping a coin [34]. Snowball sampling was used to iden-
tify the 63 subsequent herbalists in their networks [35].
Rapport was created with the herbalists by researchers
through establishment of cordial interpersonal inter-
actions on the intentions of the study [36]. Field excur-
sions were undertaken with the help of the herbalists to
locate the medicinal plants in their habitats. Question-
naire guides were administered via personal contact
discussions [37]. In order to obtain all the relevant data
on herbal remedies against VVC and OPC, data were
collected until saturation of views of respondents was
reached [38]. With permission from the respondents, the
interviews were audiotaped in order to obtain accurate
information [39]. Field guides familiar with the areas were
used to identify the selected respondents. Data collec-
tion was done with the help of field assistants who were
knowledgeable in the local language. Data for FGD were
collected using interview guides. The researchers facili-
tated the discussions among the participants [40]. All
the plants mentioned were collected following standard
procedures described in Martin [34], voucher specimens
were prepared and taken for identification and classifi-
cation at the Makerere University Herbarium. Current
taxonomic nomenclature was used based on the African
Plant Database (APDB), Global Biodiversity Information
Facility (GBIF) and Plants of the World (POWO). The
voucher specimens were given voucher numbers and
deposited at Makerere University Herbarium.

Data analysis

Data were analyzed using SPSS 27. Descriptive statistics
such as frequencies were used to present respondents’
demographics, knowledge of candidiasis and potential
anti-candida herbal remedies in tables, bar graphs and pie
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charts. Associations of respondents’ socio-demographics
with knowledge of herbal usage were established using
Chi-square (y°) test at 5% level of significance. These sta-
tistics were used to identify the most useful plant species
for treating OPC and VVC [41].

Informant Consensus Factor (FIC) was computed to
establish the agreement among herbalists on potential
anti-candida herbal usage. FIC values range from O to 1,
with 1 indicating highest level of informant consensus/
agreement and O for no agreement on use of medicinal
plant species for particular ailments. FIC was calculated
according to formula, FIC=Nur — Nt/Nur — 1 [42]

Where, Nur =number of use reports from informants
for a particular plant use category, Nt=number of spe-
cies that are used for that use category for all informants.
Values of FIC above 0.7 were used to indicate high levels
of agreement of traditional knowledge usage of medicinal
plants [43].

FIC analysis was done by grouping medicinal plant spe-
cies into three categories, that is, plants for treating OPC
only, VVC only and both OPC and VVC conditions. The
FGD responses were transcribed and thematic analysis as
used by Omara and Akwongo [44] was used to generate
themes and sub-themes from the discussions. Some of
the key findings (verbatim) with illustrative experiences
were incorporated into the discussion section [45] to give
insights of candidiasis in the study area.

Results

Socio-demographic characteristics of respondents
(herbalists)

The majority of the respondents were female (95.2%),
in the age bracket of 36-55 years (39.7%), attained pri-
mary education (66.7%) and were crop farmers (88.9%).
Furthermore, most respondents were Roman Catholics
(68.3%) and married (85.7%) (Table 1).

Herbalists’ knowledge on candidiasis (signs and symptoms,
and health risks) and herbal usage

Based on herbalists’ experiences from interactions with
the community, and also from the direct/indirect expo-
sure to the disease(s); all respondents had knowledge
on candidiasis. Death (56.8%) and discomfort (36.8%)
were reported as the main health risks for OPC and
VVC, respectively (Fig. 2). The main reported signs and
symptoms of OPC (Fig. 3a) were inflammation of the
gut (29.7%), white coatings on the tongue (26.7%) and
diarrhea (25.6%); while for VVC, the signs and symp-
toms indicated were; itching genitals that later become
inflamed due to scratching (31.6%), burning/ painful sen-
sation when urinating (29.0%); lower abdominal pain/
cramps (13.2%) and smelly discharge from the genitals
(13.2%) (Fig. 3b).
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Table 1 Socio-demographic characteristics of herbalists

Demographics Frequency (N=63) Percentage
Gender

Female 60 95.2

Male 3 4.8
Age (years)

18-35 18 286

36-55 25 39.7

>55 years 20 317
Education level

None 15 238

Primary 42 66.7

Secondary 6 9.5
Main occupation

Crop farming 56 889

Others 7 1.1
Religious affiliation

Roman catholic 43 68.3

Anglican 9 143

Pentecostals 11 17.5
Marital status

Single 1 1.6

Married 54 85.7

Divorced 1 1.6

Widowed 7 11.1
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Health risk of candidiasis

Fig. 2 Health risks of candidiasis

Most herbalists collected the potential anti-candida
plants at anytime (68.5% (Fig. 4a) citing patients’ avail-
ability (60.6% (Fig. 4b) as the main reason. This was fol-
lowed by collecting the plants in the morning hours
(17.3%), with the main reason being that the plants work
better when picked at that time (10.2%).
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Burden of candidiasis in the study area

There was no association between herbal treatment
frequencies of candidiasis with each of the demo-
graphic characteristics of the herbalists (p>0.05).
However, most herbalists (p<0.01) received candidi-
asis patients weekly (25), followed by monthly (19)
(Table 2).

Treatment options for candidiasis

Treatment options for candidiasis was highly influ-
enced by gender (p<0.01) but not age, educational
level, occupation, marital status or religious affiliation
(p>0.05). More females (59) preferred herbal medi-
cine to western medication (p<0.01) than males (2)
(Table 3).

Herbalists’ knowledge of herbal medicine

The source of knowledge on potential anti-candida
plants is not associated with gender, age, education
level, main occupation, marital status and religious affil-
iations (p > 0.05). However, the majority of the respond-
ents (p<0.001) inherited the knowledge from relatives
(35), followed by fellow herbalists (19) (Table 4).

Medicinal plants usage by herbalists for management

of candidiasis in Pader district

Reasons for choice of herbal remedies

The majority of the respondents preferred herbal medi-
cation to conventional medicine mainly due to its effec-
tiveness/ failure of orthodox drugs from hospitals (87%)
(Fig. 5 and Table 7).

Informant consensus factor for candidiasis treated

by herbalists

FIC values for medicinal plants for treatment of only
OPC or VVC were below 0.7, indicating low agreement
among the herbalists on potential anti-candida plants
for management of either of the infections, while FIC
for medicinal plants used for treatment of both OPC
and VVC, was greater than 0.7 (0.9), thus very strong
agreement among the herbalists on usage of similar
plants to manage both common forms of candidiasis
(Table 5).

Medicinal plants for treatment of candidiasis

A total of 32 potential anti-candida plant species
belonging to 18 families were identified. The major-
ity of the plant species belonged to family Fabaceae
(9 species, 50.0%) and Asteraceae (5 species, 27.8%).
Half of all the plant species (16, 50.0%) were trees, fol-
lowed by herbs (14 species, 43.8%). Roots (56.3%) were
the most commonly used plant part followed by stem
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barks (15.6%) and lastly leaves (3.1%). However for a
similar plant, more than one plant part was also used
i.e., barks/roots (9.4%), leaves/roots (9.4%), fruits/roots
(3.1%) and stems/leaves (3.1%). The most commonly
used plant species were Momordica foetida (26), San-
sevieria dawei (20), Khaya anthotheca (15), Piliostigma
thonningii (10), Clerodendrum umbellatum (7), Hallea
rubrostipulata (5) and unidentified plant, ‘Agaba/daa
layata’ in Acholi (5). Half of all the respondents, most
of whom were herbalists (21), harvested the medicinal
plants by cutting (46.9%) followed by uprooting (12.5%)
and digging (12.5%). All the medicinal plants species

were obtained from the wild, except S. dawei which was
not only wild but also cultivated. Herbs were reported
to be abundant during rainy season, while trees were
available throughout the year (Table 6).

Modes of preparation and administration

The most commonly used methods of preparation were
maceration (56.3%) and decoctions (12.5%). However for
a similar plant, more than one method was also used to
prepare the herbal remedies i.e., maceration/ decoction
(28.1%) or maceration/ decoction/ infusion (3.1%). Water



Akwongo et al. Tropical Medicine and Health (2022) 50:78 Page 7 of 22

Table 2 Frequency of herbal treatment of candidiasis in relation to herbalists' socio-demographics

Characteristics Categories Daily Onceaweek Twiceaweek Thrice After Monthly Chi-square (y2) df p-value
aweek 2weeks

Gender Female 7 24 7 2 2 18 1.649 5 0895
Male 1 1 0 0 0 1

Age (years) 18-35 1 8 3 1 0 5 6.852 10 0.739
36-55 2 10 3 1 1 8
>55 5 1 0 1 6

Education level None 2 4 2 0 0 7 7.292 10 0.698
Primary 6 17 5 2 2 10
Secondary 0 4 0 0 0 2

Main occupation Crop farming 7 21 6 2 2 18 1.85 5 0869
Others 1 4 1 0 0 1

Marital status Single 0 1 0 0 0 0 10.208 15 0.806
Divorced 0 0 0 0 0 1
Widowed 2 3 0 0 1 1
Married 6 21 7 2 1 17

Religious affiliation Roman catholic 8 16 3 0 2 14 11.628 10 0307
Anglican 0 4 2 1 0 2
Pentecostal 0 5 2 1 0 3

Overall frequency of treatment of 8 25 7 2 2 19 42429 5 0.000

candidiasis

Table 3 Treatment options for candidiasis in relation with gender, age, educational status, occupation, marital status and religion

Characteristics Categories Treatment options for candidiasis Chi-square (x2) df p-value
Western Herbal Western and
medication remedies herbal

Gender Female 0 59 1 20.346 2 0.000
Male 1 2 0

Age (years) 18-35 0 18 0 3.697 4 0.449
36-55 0 24 1
>55 1 19 0

Education level None 0 15 0 1.033 4 0.905
Primary 1 40 1
Secondary 0 6 0

Main occupation Crop farming 1 54 1 0.258 2 0.879
Others 0 7 0

Marital status Single 0 1 0 0.344 6 0.999
Divorced 0 1 0
Widowed 0 7 0
Married 1 52 1

Religious affiliation Roman catholic 1 42 0 5.245 4 0.263
Anglican 0 9 0
Pentecostals 0 10 1

Overall treatment options for candidiasis 1 61 114.286 2 0.000
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Table 4 Target group versus source of information on herbal medicine

Target group (herbalists) Source of knowledge on herbal medicine Chi-square (y2) df p-value
Characteristics (n =63) Categories Inherited (relatives, e.g., Fellow Dream Self-
parents/grandparents, herbalists discovery
uncles)
Gender Female 33 18 7 2 0.531 3 0912
Male 2 1 0 0
Age (years) 18-35 10 6 2 0 5.255 6 0512
36-55 15 8 2 0
>55 10 5 3 2
Education level None 9 4 1 1 7127 6 0309
Primary 20 15 6 1
Secondary 6 0 0 0
Main occupation Crop farming 30 19 6 1 5.866 30118
Others 5 0 1 1
Marital status Single 1 0 0 0 5.287 9 0809
Divorced 1 0 0 0
Widowed 2 3 2 0
Married 30 16 5 2
Religious affiliation Roman catholic 25 11 5 2 2.283 6 0892
Anglican 4 1 0
Pentecostals 6 4 1 0
Overall source of knowledge 35 19 7 2 41.063 3 0.000

B More effective/orthodox
drug failure
B Availability/accessibility

1 Following tradition

M Inadequate modern drugs

Fig. 5 Reasons for choice of herbal remedies

Table 5 Informant consensus factor (FIC) for usage of potential
anti-candida plants

Most common Number of plant Number of Fic
candidiasis species (Nt) citations (Nur)

OPC 19 42 0.56
WWC 4 6 040
OPC/WC 9 79 0.90

was the only solvent used. In few cases, the tastes of the
concoctions were made more palatable by adding sugar.
The herbalists used varying measurements of plant
materials and water for preparing their medicines. The

means of administration included, oral (43.8%) and anal/
rectal routes (for bitter herbs) (3.1%) using disposable
syringes. However more than one mode of administra-
tion for a similar plant were also used which included;
oral/anal (25.0%), oral/massage (9.4%), oral/bath (6.3%),
bath/smear (3.1%), oral/massage/tongue brush (3.1%),
oral/anal/massage/bath (3.1%) and oral/anal/massage/ear
drop (3.1%). Many respondents gave different and vary-
ing doses to children and adults (Table 6).

Community (non-herbalists) knowledge on candidiasis

and their treatment options

The communities in Pader district have great knowl-
edge on candidiasis, which they use to diagnose and
offer anti-candida treatment options. They generally
prefer herbal to orthodox medication, which herbal
treatment they said was cheap and effective (Table 7).

Discussion

Knowledge of herbalists on candidiasis to justify
prospective of potential anti-candida plants

All the herbalists had knowledge on candidiasis. In
Acholi dialect, the herbalists referred to OPC as “two
lango’, while VVC was referred to as “Odododo”. VVC
can make you ashamed in public due to itching” (FGD,
Ogom HCII). Nyirjesy et al. [46] reported pain resulting
in discomfort as one of the signs of recurrent VVC that



Page 9 of 22

(2022) 50:78

Akwongo et al. Tropical Medicine and Health

Kep e

saully €dsi g :Ajjeso uwpy
9A3IS U3 ‘|00D ‘Apeal [hun
110g ‘ysem :uon20d9p :daid

Ajiep sauin ¢

S|WG ‘s1eak G- ‘Ajlep sawiny
€ S|W €-7 's1eak 7 >:uaip|iyd
:A|[eUY "S399M 7 INOGe 10}
Kep e 221m) dsy 7 ‘synpy
‘Ajlep sawin € Jo z dsy |
‘sieak G- 'A|lep sewin

¢ ds1 ¢ 'sieak g > ualp

-1y :A|[eJO [UWIpY

1eBNnS 21111 ppe ‘aAals

"1l BULISAOD US1eM S1RISpOWl
YIM [10q ‘SSARD)| 104 “Ja1eM
p9]10G P3j002 AjS1RISpOoW
Yam Xiw ‘punod ieq ayi
|99d ‘510014 40} ‘ysem :uoly
-D0d9p/uoheladew :daid

sdois esoyuielp

U316 sanunuod uon
-ed|pawl ‘|003s ualb sassed
Aj1eIpaww piiyo a1 g
Aep e 22IMm] (3|qeSIp 0Ine
|W L) S9BULIAS ||y 1 :Ajjeuy
"PRIISIP SE YdNnud Se yunip
2q 01 26p1I0d "A|lep 25uy1
dsy z :ualpjiyd :Ajjeo uwpy
abpruod yum

P3X00D 21 11| '9A3IS H00D
:S)NJ4 /00> ‘|log ‘punod
‘ysem :uono0dap :dald
2s50p Aue

‘synpy ‘Aep e sswn ¢dsy

€ [USIp|IYD :A||eJ0 uwpy
9SS I91eM

91| ppe ‘punod 1afe|
|ewuapda 1210 sA0Wl
‘ysem :uolesaoew :dald

2d0

DAN/NJO

2dO

DAMV2dO

4

L

LEove
Buppdid pueH uoseas Aurey QuaH S9ARDT pb JlIgeT 7 psojid suaplg

£00v9
goy 'H (dig yas)
S9ARI| 1ND /1004dN uoseas Aurey [eJ TN SaAR3| /100Y [Vle] Jeipn SISUS0PD SapI0IDYIDDY

ELEBVAEIN

/0vd
1 WnupuIds pssLDD

Buptoid puey /bumind 1eah sy inoyBnouy qniys 1N1j/100Y ye yebnoy IV3IDVYNADOIY

gz0ve
ISUPOH (1Y

"y) ea1liq eAIRD0I3|DS

Bumnd 1eak ay3 Inoybnosy | a9l] Jeg pb L OWnNo IYIDVIAYVOVNY

(‘uwpy) uonesnsiuiwpe
pue ('daid)

uonesedaid jo apoly  poreasyasessiq baiy

1aquinu
Jaydnon/saweu
poyisw Buinssaleq juepunge Usym uosess w0y a7 pasn s/ued qH sawieu |e307 Synuas pue Ajiwey

1DUISIP J3ped Ul SISeIpIpued JO Juswabeuew 1oy abesn syueid jeupips|y 9 ajqgeL



Page 10 of 22

(2022) 50:78

Akwongo et al. Tropical Medicine and Health

Ajrep

921M) ds) 7 :A||elo :uupy
DADIS ISIBM UM XIUI
‘punod :uopesadew dald

Kep e 25u0 dnd 2o1u

2/ 'SUINOA Aep e aduo dnd
901U | npe :A|[e1o uwpy
EVETN

'I91eM 31RISPOW YUM XIUI
‘punod :uonelsdew :dald

Aep e 25U0 (3|gesIp oine
|Ww L) dBuuAs [Iny |/ sjuig
:AJ[eUB ‘P00 YIIM S1e11|Y
93| XIw ueD) ‘Aep e Uy}
/I2IM1/2DUO S|W G L/0L/S
/dsy 7 10 | :A|jeso uwpy
AA3IS '|00D

3 10 /191eM S| YIM XIUW
‘punod “1aKe| leuwlapida
9Y3} SA0WISI UBD :UOl}
-D0d9p/uoheladew daid
Kep e

95u0 dnd Bnwi v ‘synpe
‘Aep e 221m3 dsy € uaip|iyd
:A|[eJO :A||eJ0 uwpY
21e11|y 196 01 9zaanbs

19 J31em 91| ppe ‘punod
‘Uysem :uoljesadew :daig

191eM BUIYIeq Ul 91RA)Y
ppe :yieg ‘Ajlep 901yl /20U0
91eJ|Y JO Junoule Aue

SULP /M) MAYD :SHNPY
Aep e sawll} € ‘yinow ayi

ul sdoip maj 1IN0 azaanbs
UaIP|IYD :Aj|el0 uwWpy
1918M

91| Yum Xiw pue punod
ued ‘ysem :uonesadew dald
Aep e sawiy € ‘Buiyieq aye
PAINA PUNOJR S1e11|Y JeSWS
/121em Buiyieq ul a1eny
Inod :Jeaws/yieq :uwpy
N3IS

pue Js1em Yim xiw ‘punod
‘ysem :uoljeladew :daid

2d0 L

BAYAY L

2dO ol

DMV2dO 4

BIYA ¢ buppid puey / bunooidn

DM\ L

Bumndy Jeak ayy Inoybnouy |

Bumndy Jeak ayy Inoybnouy |

Bumndy Jeak a3 Inoybnouy |

1001 1no BIp uoseas Aulel

uoseas Aurey

punooidn uoseas Aurey

23]

291]

ERITE

QoH

qioH

qioH

>ieg

100y

11eq /100y

100y

1001 /SoAedT

SOARD| /UIRIS

4q

oY

yd

yq

ug/pb

pb

yOPAY

v

¢eovg uogn
X2 Ig°Y 9jjow Wniaiq

yWIo -Wwo) 3v3OV1I4aN0D

£10vg 207 (qunyl)
wnaidoiyia0 uojAxonsAp

IVIDVHLSYTID

600V Up=d-2ullin
(yoewNyYdS) f1bujuUOY)
JEBO  pwbnsolly IyIDvav4

€00vg A1y D (4

D9A|BR]  OOH) IUUDW 093UDJOS

(MY #¢0vg ds sdouiyog

800v4d
9oy 'H
(2R () WIN2sRUL WNjIyIunkd

(‘uwpy) uonesnsiujwpe
pue (‘daid)
uoneiedaid jo spopy

pajeasy aseasiq  baiq

poylaw bunsanieq juepunge usym uoseas

wiioy 941

pasn s/yed

qH

saweu |ed>o7

Jaqunu
Jaydnoa/saweu
SynuaIds pue Ajiwey

(panupuOd) 9 3jqey



Page 11 of 22

(2022) 50:78

Akwongo et al. Tropical Medicine and Health

191eM
Buiyieq ur ey ppe yieg
"3NpIsal YUM Yoewols abes
-sew :abesse| ‘AI19n0dal
[UN/sAep Q| S99M e 10}
Kep e 221y} /21M1 (3]qesip
oIne |w Q) sobulAs ||y €
10710 [ JOS|W QL JoGIoE
uaJp|Iyo :Ajjeuy ‘Aep e aoimy
‘}l MOJ|EMS PUB YINow 3y}
ur||ny 21eay Jnbus ‘synpy
‘Aepesawngiozdsiclior
10 | ‘U4p[IY A|[elo :uWpy
9A3IS UBY} [00D '[10q 1O
131eM P|OD Yrm X1l ‘punod
‘1ake| [euiapida J9IN0
SAOWISI UBD ‘YSem :Uuol}
-D0J9p,/uonesadew :dalgd

aNPISaI YUM
Buieod [ebuny o buiysnig
IR PI1DAYe

obesse|y 2sop Aueeam |
10} Aep e 221m1/3du0 dnd

4 /S| 0§ /ds1 Z :synpy
Aep e 2ouyl/ao1m1 dsy € 10 ¢
10 | :U4p[IY A|[eIO :UWIpY
IA3IS 'I191eM 1eISPOW/B |
Yum xiuw ‘punod ‘Buliesd
Aq unys |ewapida anowai
‘ysem :uoljesadew :daig

Kep e 2o1m)

(3]gesip one jw Q) 9buLIAs
[IN} | :Ajjeuy -awiy Aue as0p
Aue 'S}Npy }29M U0 10}
‘Aep e o1y /201M1 dS) | JO
7/ {UIP|IYD :A||elo :uWpy
aN3IS

'|00D pue |10q /191eM P|OD
91| YUM XIw ‘Way) punod
“yieq |9ad 1afe| [ewiapida
SAOWSI UBD ‘Ysem :uon
->0D9p,/uolesadew :dalgd

DAV/DdO 9

DAMV/2dO S

2dO €

sj001 bumnd /bunooidn uoseas Aurey

pumnd
/ano bulbbip /Bunooidn uoseas Aulel

punooidn uoseas Aurey

a2y Buiquuid

qlay buidaain

CIC

100y

100y

100y

pb /4q

ysngq

,owog

yeIeAe| eep/eqeby

yAuowss] / (e|iby

S00v4
YoewnyaS bpliaoj baIp
-IOWOWY IvIDVLIINDOND

620v9
paynusplun

900vd
"9SNISN "V (YDSZ10[Y)
DaODADW DIOWOAIISY

FVIOVINATOANOD

(‘uwpy) uonensiulwpe
pue (‘daid)
uonesedaid jo apoly

pajeasy aseasig bauy

poyisw Bunssaleq juepunge Usym uosess

INLIET

pasn s/yied

qH

saweu |ex07

Jaquinu
Jaydnoa/saweu
Sy1uaIds pue Kjiwe4

(panunuod) 9 ajqey



Page 12 of 22

(2022) 50:78

Akwongo et al. Tropical Medicine and Health

A19A0231 1un siseq
A[¥9am UO UOp JUBWIeI}
Aep auo a19|dwo) Aep e
Sawif (3|gesip one jwi o)
SaBULAS [Ny € :Ajjeue :uwpy
1002 ‘|loq ‘punod 3001

341 ysem :uons0ap :daid JdO L

Kep e
921M3 dsy Z Jo | ‘ualpiiyd
‘Kep e 25u0 dnd 221U {7 J0
| ‘S}Npe :21N0J [BJO :UWpY

QA1 13 ‘|00D ‘|10q|

/191eM PaJ10q |002 3|
Yum xiw ‘remod ‘paip/ysaly
punod ‘ups jeudlapida
SAOWAI ‘Ysem Ind :uop

-D029p /uoneladew daig DANDAO €

Kep e 92U0 SJes sy} Ul
sdolp ¢ 4o ¢ ppe :dolp Je3
191eM Bulyieq

U] 91B41|Y SWOS INO /eale
|EUB PBUSPPaJ pUNOJR
paJeaws 211y Jeaws
4oPWOIS 2y} U0 pabes
-seul anpisal :abesse| ‘Aep
© 3D1Y1/3DIM] / BDUO (3|qe
-SIp oIne [W Q) SabulIAs
Ny 7 / s|w 0€/01/S :Ajjeuy
‘ep e o1y} Junoule Aue
/Aep e 321m1 ds) 7 'synpy
Jeaddes|p swoidwiAs [nun
/SY99M 7 10} Aep e Sawil
logioglo | dsyzio

| {UaIp|Iyd :A|[eJO [UWpY
(p1pjndnsoiqnu

D3||DH 'DPII20) DIIPIOLIOYY
YUM PaXIUW 29 Os[e ued)
SA3IS 002 ‘MO|[9A SUINY
[13UN [10G/191eM PjO S|
yum xiw punod Jake| jew
-19p1da A0WRI UBD ‘YSep
uon

-D029p /uonesadew daid DANDO 0¢

Bumnd 13k ayy Inoybnouy |

(panowalueld

aloym ay3) bunooidn uoseas Aujey

1no Aip 011ueid ayy asned
1ey} parowai Ajqeulel
-snsun s3001) 1o buibbIp

1o bumnd /bunooidn 1eak ay1 Inoybnouy

ERITE

CIC

qioH

100y

100y

100y

ceove
3113d X2 1sY20H

yq plomben SNAY2DIS0IDDW UOJOID)

L00VE Y21y 'V X9
5] GBIAY  1SYD0H pIpUaID bYdAIDIY

3V3IDOVIGHOHdN3

c00vd
Jdeis jamop puaIA

ye Plomb /8kg oloom| -asubs IyIDVYNIVOVHA

(‘uwpy) uonesnsiujwpe
pue (‘daid)
uoneiedaid jospoly  poreasy aseasiq  baig

poylaw bunsanieq juepunge usym uoseas

wiioy 941

pasn s/yed

Jaqunu
Jaydnoa/saweu

qH saweu [e307 SynuaIds pue Ajiwey

(panupuOd) 9 3jqey



Page 13 of 22

(2022) 50:78

Akwongo et al. Tropical Medicine and Health

(seaue [eue pue yinow

231 Uo siseydwia 210w yim
Apog ay3 1an0 ||e abesse
Kep e 2d1m) dsy

1 :S)NPY ‘Aep B 32IM1/30U0
dsy | :ualpjiyd :Ajjeso uwpy
1918M

pa|l0q P00 31esapow
YHM XIW Sjieq 2yl punod
‘1ake| |ewllapida arowa)

clove
‘ysem :uoljesadew dald JdO I Bunooidn uoseas Auley QUaH 100y dje NI sS04 DID2IdS DIBjObIPU]
Kep e 2o1m}
(3)gesip one |w Q1) 96uLIAs
[IN§ 2UO :Aj[euy ‘Aep e oLy}
/221M) ds) | :A||e0 uwpy
AA3IS '|00D
pue [10q/ J91em S| YIm
xiw ‘punod ‘ysem IaKe Lzove
|euLapIda Y3 SA0WSI :UOIY Yol Y X3
-D0D9p,/UoleladeW daid 2dO € Bumnd /1no bulbbig uoseas Aujey QloH 100y yq /pb yobuopew amAeT  1syd0H pIdaLD DIdObIpU]
Kep e
SSWI) € yinow ayy ul sdoip
M3} Ind os|e ued Ja1em Hul
-y1eq Ul a1edy|y Jnod :yieg
FEEI
2UO INOQe J0J ABD B 3DIM]
dsy z anpy Aep e ao1m1
dsi| ‘ua1p|iyd :Ajjeo :uwpy
121eM 3] Yum xiw ‘punod 0cove
‘ysem ‘19ke| [ewiapida ayy oaxe
9A0WDI :UONeIddRW (dald 2do 14 Bumny 1eak ay11noybnoay | S sieg pb /010287 /010Dy "WIeT DIJUISSAGD DULIYIAIF
aNpIsal Yum peay ayi abes
-SB\ 99M U0 J0} Aep e
921y} ds) omy :A|jelo :uwpy
N3IS
191eM P|OD YUM Xiuw ‘punod LLove
‘ysem 1ake| [ewiapida '} I¥eg sisusapuebn uea
2A0WRJ :uoesadew dald 2dO L Bumnd 1eak ay1inoybnouy ESIIN 100y yq P EIEIY pjAydodpjpw piziq)y
3v3Iovavd
(‘uwpy) uonesnsiujwpe Jaquinu
pue (‘daid) J9ydNoA/saweu
uonesedsid jospoyy  peleasy asessiq bauy poyisw bunssaleq juepunge usym uosess wuoj 31 pasn s/yied qH ssweu [e>07 JynuaIds pue Ajlwey

(panunuod) 9 ajqey



Page 14 of 22

(2022) 50:78

Akwongo et al. Tropical Medicine and Health

So9M | 1o} Aep

e 921M) ds) 7 :A|eJo :uwipy
191eM 2)RISPOW YIM XIUI
pue punod 1aAe| [ewspida
9A0WJ :UolrIadRW dald

Aep e sswll € ‘yinow

2y ur doip e ppe os|e

ue) ‘Aep e ssull) € 10 7 10}
Sjwig / (S[qesip omne jw 1)
(s)obulIAs ||nj € 10 | :Ajjeue
950p Aue :snpy ‘A19A0D31
|un /sAep € 1noge 1o} Aep
e S9Wll) € 10 7 4oy sjwig/dsy ¢
10 | USIp[IYD :A||eso uwpy
00D 19 104 /121eM
WieM /PJOD 31| YUM XIW
‘punod “1aKe| jeuwlapida
SAOWSJ :UOISNJUI /UON)
-D0d9p/uoneladew :daid

Ajrep

92IM1 (3|GeSIp OINe |Wi Q)
9bBULIAS [Ny | :A|leuy ‘Aep e
21y dsy | :A|jelo :uwpy
nbujuuoyl bwbisolid

YUM XIUI OS[e UED ‘9A31S
I91eM 31| YUM Xiw ‘punod
‘ysem :uolesaoew :dald

3oom e

10 sAep 1 Inoqe 10 Aep e
92IM) ds) 7 :Ajjeso suwipy
J91eM

93] YuMm Xiw pue ‘punod
“Jieq 4o 1ake| [ewapida
SA0OW) :uohelsdew :daid
Kep e

95U0 BN [ulW | :SYnoA
pue s}Npe :A||eJo :uwpy
BV

‘I1em Yum xiu ‘punod
‘ysem :uonesadew dalgd

2d0

DAV/DdO

2d0

2d0

DM\

Sl

Bumnd

Bumnd

no big

pumny

Bumnd

Jeak ayy Inoybnouy |

Jeak ay) Inoybnoy |

Jeak sy inoybnoiy

1eak sy inoybnoiy

Jeak ayy Inoybnouy |

29l]

ERITE

23]

EEITE

29l]

ieg

10013 leg

100y

100y

100y

2y

se/pb /dijy

pb

2y

2y

710V
Xed Dioy2IsIad DIDDIY

i1pe|/0%003| ENEBMASAZ]

€Love

2ddD

(M| DI3YI0YIUD DADYY

vOPLL IVIDVITIW

€covd

yhinunwy payiuapiun

slove
‘Agauleg g UIMII'SH
RIseD (‘weT) bawbjs buUdS

8L0v4d
"A1I2qOyY (Lad ||InS)
DIOYIXD| DI3)dOU3)IYd

yOPaM|O

(‘uwpy) uonensiulwpe
pue (‘daid)
uonesedaid jo apoly

paleal) aseasiq

baig

poylaw Bunsanieq

juepunge usym uoseas

INLIET

pasn s/yied

qH

1aquinu
Jaydnon/saweu

saweu [e307 Sy1uaIds pue Kjiwe4

(panunuod) 9 ajqey



Page 15 of 22

(2022) 50:78

Akwongo et al. Tropical Medicine and Health

pOOJ Ul S1ed|y
ppe os|e ued ‘Aep e adIm}
uoodseay | :A||elo :uupy
9IS I91eM

31| ppe ‘punod ‘ysem 1001

Scovd
2Y) wiou JaAe| jeusapida "NI|JO DIUISSAQD DIUOSILIDH
aA0WaLUoeIDRW dald JdO L o big Jeak sy inoybnouy aniys 100y ye wOPad IYIDVINOUYINIS

pOoOj Ul 31ed)|y ppe

0s|e ued ‘Ajlep a21m1 2143y

Jo dsy | :Ajjeso uwpy
DAJIS I93eM 3| 970Vvg "uilaen
ppe ‘punod 1a4e| [ewlapida 4D bxopoipd DLDJJ2IA
3A0W) :uofielzdew daid 74O L Bumnd J1eak ay1inoybnouy EEITE syueg pb 9311 491INq BAYS) eRA IVIDVLIOLYS

Kep e

SaWI) 931U S|W € :Ajjeuy

‘Aep e sawil} € 10 Z Junowse

Aue / S|uIg :AJ[eI0 uwpy

12MDP DLIIIA

-a5UDS YUM XIUL UBD D315

‘|002 ‘|l0q /181eM 31| YIIM
Xiw ‘punod ‘ysem IaKe 610v4 £0137 (WNnyds
|ewlapida aAowal :uol} M) biojndisoiqn. bajIpH
-D0D9p/UoleladeW daid JM/DHO g Bumnd 1eak ay1 inoybnouy ESIIR 318Q/100Y pb wdnino>o Iv3IDvIgNy

anpisai pasedald

YIM DBWO)S a3 abessepy

‘Aep e sawll} € 1e|y Jo dsy

| {UIP|IYD :A|[elo :uwpy

|10 BUO0D P3|I0g YUM XIW
9NPISaY "ASIS puUe |00D YOS oLovg
|13un J31em Ul 1o ‘punod YOIY'yXa 1SYd0H
‘ysem ‘1ake| [ewniapida D2IUISSAQD snydiziz
9A0OWRJ :U0I112023p :dald 2dO | pbumny Jeak Y1 Inoybnoy | EEIN 100y pb yobue| nIMo IYIDVYNNYHY

Kep e a21m1 218134 JO

sdoy amoq ¢ ‘synpy “Aep e

201M1 ‘1e.11Y JO sdol 211104
1IN} 2 “u31p|IL :A|je10 :uwpy 9love
191eM P|OD AJSA YHM XIW a|l|2g psownyb snol
‘punod :uopeladew :daid 14O L Bumnd Jeak sy noybnouy ESIN 100y oy yOlomy IVIDVHOW
(‘uwpy) uonessiuiwpe JLquinu
pue (‘daid) J9ydNoA/saweu
uonesedaid jo apoly  poreasy asessiq baug poylaw Bunssaieq juepunge usym uoseas w0y 917 pasn s/1ed qH saweu |30 synuas pue Kjiwe4

(panunuod) 9 ajqey



Page 16 of 22

(2022) 50:78

Akwongo et al. Tropical Medicine and Health

dje :yjed 1004 buoje ‘se :weans Huoje :di :sade|d Ayd04 ‘dd ;punodwiod swoy 1y ;152104 iy

uonuaw jo A>uanbaiy ‘bai] ‘siseipipued [euibeAoA|NA DAA ‘siselpipued eabukieydolQ DdO ‘ds1 :uoods ea] :uolesiuiwpe Jo apo

jue (6D :uspieb doud !pb :usapieb lyq :ysng :(qH) srengeH
qiBuet ‘ 1joydy saweu |edo] A3yl

Kep e

sawi € dsy | :A|[elo :uwpy
2ABIS

‘I93eM 31| ppe ‘punod

0covd

wWwnig gy 8 PIM X9
259 (Y2IY Y Xo Pnais)
ajnboouUapPD bUIWRISOYAAD)

‘ysem :uonesadew dalgd 2dO | 1no bulbbiq uoseas Aujey QUaH 100y pb yhunuy JYIDVLIA
Aepesauwngiog
dsy z ‘synpy ‘Aep e sswip ¢
10z dsyz 1o | 1o Aep e sju
G ‘uIpIYD Aj|eIo UWPpY
1002 RuUI6
[AUNJloq /1s1em pjlog
P3]002 21JSPOW YIM X|UI
‘punod “1aKe| jeuwlapida #00V9
SAOWSI UBD "Ysem :Uof} WEaLey 1104 Winibjjaquun wnip
-D0D9p,/uUoleladeW daid 2dO /  buppid puey /Bunooidn 13k 9y) Inoybnouy | QlaH 1004 /S9Ne pb /101PY -UapoJa)D IVIDVINY 1
(‘uwpy) uonensiujwpe Jaquinu
pue (‘daiqg) J3ydN0oA/saweu
uonesedaid jo apoly  pareasyaseasiq  baiq poylaw Bunsanieq juepunge usym uoseas w0y 317 pasn s/yed qH saweu @307 JyudIds pue Ajlwey

(panupuOd) 9 3jqey



Akwongo et al. Tropical Medicine and Health (2022) 50:78

creates a very poor self-image that affect the patients
psychologically. According to Benzie and Wachtel-
Galor [47], herbalists use their knowledge of the dis-
eases to help them diagnose and offer treatment to the
patients based on their holistic views and symptoms
presented.

Burden of candidiasis and urgency to use medicinal plants
for treatment

Candidiasis disease is still prevalent in Pader district
and is one of the causes of death. This finding is in
agreement with findings of the research carried out by
Ministry of Health (MOH) Uganda and WHO [48] in
Pader district, which indicated that OPC was the sec-
ond leading cause of death among children under five
years in internally displaced persons’ camps in Pader
district, next to malaria. Furthermore, data from Pader
district local government (2022) records (unpublished
work), showed an annual general increase in other
oral conditions, including OPC in the last 5 years, i.e.,
2017-2021. For instance, the year 2020-2021 registered
an increase in other oral conditions from 1930 to 2913
cases. The disease burden in the area could be attrib-
uted to anti-candida drug resistance, few available anti-
candida drugs on the market, and their misuse [49].
Besides, high poverty levels and poor sanitation due to
the impact of the 1980s—2008 war [50] predispose the
community to opportunistic infections like candidi-
asis. Thematic analysis of FGD also showed that OPC
is still a problem in Pader as reflected in the following
quotes: “....OPC is still very rampant” (FGD, Angagura
HCII). It's now 4 years, the disease has been recurring on
my child and not responding to orthodox medication, I
don’t know what to do” (FGD, Pajule HCIV;).

The community generally prefers herbal to orthodox
candidiasis medication because the herbs were cheap
and effective. The effectiveness of the potential anti-
candida plants could be due to the diversity of bioac-
tive compounds they contain [51]. For instance, a study
by Kakudidi et al. [19, 52] in southwestern Uganda
showed that plants like Tetradenia riparia had high
antifungal activity against C. albicans. This was attrib-
uted to the various bioactive compounds like steroidal
glycosides, coumarins and tannins it contained. Also, a
study by Kamatenesi-Mugisha et al. [53] in and around
Queen Elizabeth Biosphere Reserve, in western Uganda
reported Allium sativum to be fungicidal to oral can-
didiasis. Solenostemon latifolius (Hochst. Ex. Benth)
JK Morton, Hoslundia opposita Vahl, Azadirachta
indica A Juss. and Rumex usambarensis Dammer are
documented as potential anti-candida plants in Njeru
sub-county, Buikwe district, central Uganda [54]. Addi-
tionally, a study conducted in Uganda by Anywar et al.
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[16] documented Chamaecrista absus (L.) H.S. Irwin &
Barneby as a potential anti-candida plant.

Besides, these ethnomedicinal plants are cheap and
easily available [55]. Therefore, plants documented in
this study could potentially reduce the candidiasis bur-
den in Pader district since the community can readily
access them.

The herbalists had equal chances of treating candidi-
asis patients regardless of their gender, age, education
level, occupation, marital status and religion. However,
the information on herbal medicine was still secretive,
mostly inherited or shared among herbalists. This was
also cited by Ozioma and Chinwe [56] who stated that
herbalists pass information to few trusted relatives and
associates; thus, documentation will increase informa-
tion access and usage by the community. Intellectual
knowledge of herbalists must be acknowledged [57].

Medicinal plants as treatment options for candidiasis
The herbalists’ preference of herbal to western medica-
tion for treatment of candidiasis is corroborated by the
results of FGDs (non-herbalists). “With herbal medicine,
the child recovers in just one week, so everyone who wishes
quick recovery of their children goes for herbal treatment
option” (FGD, Ogom HCII). This could be due to limited
access to health care services. Around 31.6% population
of Pader district can hardly access health services [31]. A
report from MOH [58] indicated that the biggest com-
munity Health Centre in Pader district is Pajule Health
Centre (HC) IV. The others are at the level of HCs III and
IL

Findings showed that females preferred herbal to west-
ern medication possibly because genitourinary candidi-
asis is more prevalent in females than men. About 50% of
women, mostly in the reproductive age bracket get mul-
tiple infection episodes of VVC [59] and thus, the great
demand for herbal remedies. Vaginal infections like VVC
affect female private parts [60]. Culturally, this makes it
difficult for the females to consult especially male med-
ics, thus they opt for herbal treatment. Furthermore,
field observations showed that females are more respon-
sible for nursing the sick members of their families,
especially those with compromised immunity like HIV/
AIDS patients. They frequently suffer from opportun-
istic diseases like OPC [61]. Kachmar et al. [62] attrib-
uted females’ preference of herbal to western medication
to their nature of work of being in charge of obtaining
and preparation of medicinal plants remedies, for the
health care of the family members. Additionally, Purba
and Febriani [63] noted that women have larger social
networks that are used to get information. For instance,
Welz et al. [64], showed that dissatisfaction with conven-
tional treatment was the most important reason for use
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Table 7 Focus group discussion to ascertain community (non-herbalists) knowledge on candidiasis and treatment options

SN Themes Sub-themes
1 Burden of candidiasis Every home experienced candidiasis
Sometimes recurrent
2 Signs and symptoms of candidiasis OPC: slippery diarrhoea, pus in stool; reddened anal and genital areas, white coating on tongue,
rough feeling of stomach
VVC: itching genitals that leads to inflammation, white discharge, painful urination, pus in urine
3 Health risks of candidiasis OPC: transmissible, death, recurrent
WC: discomfort due to itching; Can become chronic due to poor treatment
4 a) Candidiasis treatment options (orthodox  Its trial and error
vs herbal medication) Community in deep villages: heavily use herbal medication
Community near health centers (urban and semi urban): use both orthodox and herbal medicine
b) Preferred anti-candida treatment option  Herbal
Reasons: cheap, effective, orthodox drug failure, Side effects of orthodox medication
5 Potential anti-candida plants Khaya anthotheca, Sansevieria dawei, Momordica foetida, Clerodendrum umbellatum, Hallea rubro-
stipulata, Harrisonia abyssinica
However, VWC is mostly treated using orthodox medication
6 Anti-candida knowledge source Inherited, elders, herbalists
7 Herbal toxicity Vomiting; inflammation of the month

of herbal remedies. There are many reported cases of
conventional drug failures due to drug resistance [12, 65].
Of late, a lot of scientific investigations have been carried
out on herbal medicine confirming their efficacy in cer-
tain conditions hence the several phyto-pharmaceutical
products on the market [56].

Harvesting time of medicinal plants

Harvesting time has an impact on drug potency. A
study by Black et al. [66] showed that harvesting time
of R. tomentosum impacted on its phenolic content and
bioactivity. Although some scholars have stated that
harvesting time of plants for medicinal purpose is spe-
cies specific [67, 68], others like Papadopoulos et al. [69]
suggested that, generally it should be done early morn-
ings immediately the dew on the plants dries off, when
the concentration of the bioactive molecules in plants
are at their peak. This is because high moisture contents
of the plants can stimulate microbial fermentation and
growth of molds that may make the herbs become harm-
ful [70, 71]. The choice of harvesting in the morning by
some of the herbalists can thus be supported by scientific
evidence.

Source of knowledge for potential anti-candida herbal
medicine

Knowledge on potential anti-candida herbal medicine in
Pader district is orally passed from generation to genera-
tion, thus such knowledge is at the risk of being lost due
to lack of documentation [72]. Transmission of indig-
enous knowledge in Pader district on potential anti-
candida plants could be attributed to disease burden in
the area. Besides, there is high dependency of these rural

populations on herbal medicine for primary health care
needs due to inaccessible health care services. Many
homes are located 5 km and beyond from the nearest
health centers [31]. Although there is a good practice of
knowledge transfer by herbalists, the information still
remains oral and secretive. It is done within families and
among fellow herbalists, and not open to the general
public, including research institutions [73].

Medicinal plants usage for management of common
fungal infections

Informant consensus factor (FIC)

There was high consensus among herbalists on herbal
remedies for both OPC and VVC (FIC=0.9) (Table 5).
Furthermore, there was consensus from the FGD held
in Pajule HCIV that all these herbal remedies are good.
This shows that there is agreement among the herbalists
and the community on the medicinal plants for the man-
agement and treatment of candidiasis. OPC and VVC
are caused by Candida spp [74, 75], thus similar plants
are used in their management and treatment. Chekole
[76] pointed out that values of FIC indicate the magni-
tude of shared knowledge of the most important herbal
plant species for treating diseases that are prevalent in
the community. Similarly, Mengistu et al. [43], stated that
high values of FIC above 0.7 indicate high levels of agree-
ment of traditional knowledge usage of medicinal plants.

Medicinal plants for treatment of candidiasis and their
effectiveness

Although some of the widely used potential anti-can-
dida plants in this study have not been reported in lit-
erature for their anti-candida potentials, different studies
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revealed that they contain several specific bioactive com-
pounds that makes them potential therapeutic plants.
The three most frequently used potential anti-candida
plant species in Pader district were Momordica foetida,
Sansevieria dawei and Khaya anthotheca. A systematic
review by Muronga et al. [77] indicated that Momordica
foetida contains various curative compounds like phe-
nolic glycosides and alkaloids which exhibited diverse
medicinal values against various diseases. For instance,
Kamatenesi-Mugisha et al. [53] documented Momor-
dica foetida as one of the potential anti-fungal plants in
and around Queen Elizabeth Biosphere Reserve in west-
ern Uganda. Namukobe et al. [78] and Omara et al. [79]
documented Sansevieria dawei as a plant with medicinal
purposes due to various phytocompunds like saponins,
terpenoids and flavonoids. Sansevieria hyacinthoides
demonstrated antifungal activity against Candida albi-
cans [80, 81]. It was also reported that Khaya anthotheca
contains various limonoids that demonstrate an extensive
range of biological activities that promote health in living
organisms. Hamza et al. [82] reported antifungal activity
of methanolic Khaya anthotheca extract against Candida
krusei. Khaya ivorensis exhibited significant antifungal
activity against the plant pathogenic fungus (Botrytis
cinerea Pers.) [83]. Also, Solanecio mannii in this study
exhibited anti-candida activity [52] from southwestern
Uganda. Thus, for some of the documented plant species
whose anti-candida activities are not yet reported, bioac-
tivity studies based on their FIC should be carried out for
their validation as potential anti-candida therapies.

In this study, roots and barks of the plants were com-
monly used possibly because they are sites with more
bioactive compounds. Szwajkowska-Michalek et al. [84]
stated that most of the secondary metabolites containing
the bioactive compounds are located in vacuoles and cell
walls of peripheral tissues. Wei et al. [85] discovered vari-
ous phytochemicals from root barks of Morus species,
with variety of antimicrobial potentials. Similarly, Lezoul
et al. [86] compared the total bioactive compounds in
organs of three medicinal plants, viz Passiflora caeru-
lea, Physalis peruviana and Solanum muricatum. Their
leaves and roots contained higher concentrations of bio-
active compounds than other organs.

Sustainable utilization of medicinal plant species

Uprooting whole plants and cutting the plant parts of
interest, like the main roots (Table 6), are inappropri-
ate harvesting methods that threatens the existence of
these plants [87], thus, need for sustainable utilization of
these plants [88]. Khumalo et al. [67] advised herbalists
to use plant parts, for instance lateral roots, which must
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be dug out at distance of about 30 cm from the main
root/ stem. Ring barking must be avoided to avoid death
of the plants. Instead, small sections of the barks could
be removed. Plants obtained from the wild can easily be
lost due to lack of monitoring and maintenance [89]. This
therefore calls for conservation measures for seasonal
medicinal plants to increase on their availability for use
by the community.

Modes of preparation and administration of potential
anti-candida plants

Decoction and maceration were commonly used
(Table 6) because heat produced during decoction
increases the solubility of herbal compounds, and hence
their easy transfer from plant materials to the solvent.
Decoctions are suited for extraction of thermal stable
compounds. Maceration is one of the simplest and widely
used methods. It operates on the principle of diffusion.
However, it requires a lot of time to allow the molecules
to diffuse from the plant materials to the solvent [90].
The use of polar solvents such as water is common prac-
tice in extraction of compounds from medicinal plants
[91]. Sansevieria dawei, Momordica foetida and Hal-
lea rubrostipulata were mixed together to increase their
synergy [92]. The herbalists are knowledgeable on herbal
medicinal properties, including steps that can extract
the curative compounds [56]. This gives high degree of
authenticity to the research findings of potential anti-
candida plants.

Oral and anal routes of herbal administration being
preferred to orthodox medicine could be related to
the nature of bioactive compounds in those plants. For
instance, alkaloids are easily absorbed when orally taken
[93]. Different portions of the small intestine (duode-
num, jejunum and ileum) play particular roles in drug
assimilation and with special absorptive capabilities [94].
However, the biggest challenge with medicinal plants
usage is lack of standardization that jeopardizes quality
control and safety. Furthermore, the disposable syringes
may be shared and are not sterilized, hence high chances
of disease transmission. The integration of herbal medi-
cine into the health care system, will promote use of safe,
cheap and easily accessible health care service provision.
Thus, this trend will result in increased economic poten-
tial and poverty reduction among the communities [56].

Limitations of the study

The major limitation of this study was failure to collect
fertile plant specimens of a few plants species that were
not in flowering/fruiting stage. These plants could not be
identified and so local names were used.
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Conclusion

The community of Pader district has rich indigenous
knowledge on candidiasis which is troublesome in the
area, and they prefer herbal remedies to manage the
infections compared to orthodox treatment. This has
made people to transfer the knowledge from genera-
tion to generation, though the practice is still secretive
among relatives and herbalists. The herbalists mostly
use unsustainable harvesting techniques like uprooting
whole plants and cutting of roots. Therefore, there is
need for community sensitization on candidiasis herbal
remedies and sustainable harvesting of the plants. This
study recommends that the use of herbal medicine as
alternative treatment option for candidiasis should be
supported by the government of Uganda through stand-
ardizing herbal remedies to improve on their quality;
this will provide cheaper health care option and also
widen the knowledge base among the locals to meet
their primary health care needs. This is in line with
Sustainable Development Goal, agenda 3, of ensuring
healthy lives and promoting well-being for all by 2030.
The study further recommends putting in place practi-
cal conservation measures to conserve medicinal plants
in Pader district. Further studies should be conducted
on the mentioned plant species to verify their anti-can-
dida potentials and safety.
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