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Abstract

Background Vaginal colonization by Candida can lead to vulvovaginal candidiasis, which is the second most
prevalent vaginal condition globally. It is frequently associated with sepsis and adverse neonatal outcomes in
pregnant women. This issue is worsening in Sub-Saharan Africa, including Ethiopia. However, evidence of the
existing problem is very scarce yet crucial. Thus, this study aimed to determine the vaginal colonization and vertical
transmission of Candida species and their associated factors among pregnant women and their neonates in public
health facilities of northeast Ethiopia.

Methods A facility-based cross-sectional study was conducted at selected public health facilities in Dessie town from
April 1 to June 30, 2023, among 348 pregnant women and their newborns, using convenience sampling techniques.
Socio-demographic, and clinical-related data were collected using a pre-tested, semi-structured questionnaire.
Vaginal swab samples from pregnant women and pooled swabs from the external ear, nasal area, and umbilical areas
of the newborns were collected and transported using Amies transport media. The samples were inoculated into
Sabouraud Dextrose Agar for isolation, followed by inoculation onto a standard CHROM agar Candida plate for species
identification, and a germ-tube test confirmed pseudophyphae of C.albicans. Data was entered into Epi Data version
4.6.0 software and exported and analyzed by SPSS version 25.0. A stepwise logistic regression model was used to
identify the associated factors. Variables with p <0.05 and their 95% confidence interval were considered statistically
significant.

Result A total of 348 pregnant women attending vaginal delivery were included in the study. The maternal and
neonatal colonization rates of Candida species were 14.1% (49/348) and 6.3% (22/348), respectively. The overall
proportion of vertical transmission of Candida species was 44.9% (22/49, 95% Cl: 41.2,49.7). Among Candida isolates,
63.3% (31/49) were C. albicans and 36.7% (18/49) were C. krusei. Gestational diabetes mellitus (AOR: 4.2, 95% Cl:
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Candida species.

colonization during antenatal care.

1.23-38.6, P=0.047) and HIV (AOR: 1.58,95% Cl: 1.11-6.12, P=0.049) were independently associated with maternal
colonization of Candida species. Moreover, rural residence (AOR=3.6,95% Cl: 1.37-9.5, P=0.010) and maternal age
above 28 years (AOR=2.39, 95% Cl: 1.97-5.89, P=0.048) were independently associated with vertical transmission of

Conclusion The findings of this study highlight the need for effective screening and treatment of Candida

Keywords Candida, Ethiopia, Neonatal colonization, Pregnant women, Vaginal colonization, Vertical Transmission

Introduction
Candida is an opportunistic fungal pathogen that com-
prises over 350 heterogeneous species, but only a small
number have been linked to human disease [1]. Candida
albicans (C. albicans) is the most common fungal patho-
gen, accounting for 90% of candidiasis cases, while Can-
dida glabrata (C. glabrata) is responsible for the majority
of the remaining instances [2]. Candida is the most com-
mon pathogen causing fungal cervicovaginal infections
in pregnant women, affecting up to 30% of them, with a
potential risk of reaching 50% in the third trimester [3].
Pregnancy alters the vaginal environment and raises
the risk of candidiasis due to elevated levels of progester-
one and estrogen hormones. Thus, maternal vaginal colo-
nization by Candida can lead to vulvovaginal candidiasis
(VVCQC), which is a major risk factor for Candida colo-
nization of the newborn. Thus, vertical transmission of
Candida can occur as a result of contamination of neo-
nates when mothers with vaginal Candida colonization
give birth as well as through contact with medical staff
within the first days of life [4, 5]. These fungal cervicovag-
inal infections can lead to common complications such as
endometritis, intrauterine infection, and chorioamnion-
itis [6]. The chance of spontaneous preterm birth (PTB)
and late miscarriage due to candidiasis in women with
asymptomatic vaginal thrush is still under study. More-
over, evidence has shown the risk of infant transmission
during childbirth among women with debilitating Can-
dida infections [7]. Along with unfavorable pregnancy
outcomes such as preterm labor and chorioamnionitis,
premature rupture of membranes is another concern.
On the other hand, congenital cutaneous infections have
been documented for decades as uncommon occurrences
throughout pregnancy. Preterm births occurred more
frequently in women with untreated asymptomatic can-
didiasis compared to those without the condition [8—10].
Vaginal colonization of Candida is typically unrec-
ognized or asymptomatic, but it leads to an imbalance
in the vaginal microbiome and overgrowth of yeasts in
the vaginal mucus membrane. This can further result
in vulvovaginal candidiasis (VVC), which is character-
ized by symptoms such as burning, itching, painful uri-
nation, vaginal discharge, and an inflammatory immune
response. VVC progresses through multiple stages of

development: the fungal attachment to epithelial cells,
invasion, biofilm formation, and release of virulence fac-
tors. Approximately 75% of women will experience VVC
at some point in their life; globally, 8% will experience
VVC on a recurrent basis. VVC is a common form of
vaginitis [11-13].

The risk of VVC is increased not only by the pregnancy
condition itself but also by the co-existence of comorbidi-
ties such as diabetes, immunosuppression, HIV infection,
contraception, and antibiotic use, including corticoste-
roid medications. Furthermore, pregnancy-related fac-
tors such as decreased cell-mediated immunity, elevated
vaginal mucosal glycogen synthesis, and elevated estro-
gen levels will result in both asymptomatic coloniza-
tion and a higher risk of VVC [14, 15]. Therefore, early
detection and management of VVC during pregnancy are
essential to prevent unwanted pregnancy outcomes [16].

According to recent evidence, approximately 75%
of women have had at least one episode of VVC, with
recurrent vulvovaginal candidiasis (RVVC) occurring in
5-10% of cases. Additionally, an estimated 138 million
women are affected by RVVC annually worldwide [12,
17]. This condition also imposes a significant healthcare
cost burden and productivity risks, with the problem
worsening in low- and middle-income countries, includ-
ing Ethiopia. However, the scarcity of data on Candida
infections among pregnant women in Ethiopia, espe-
cially in the context of vaginal colonization and vertical
transmission, hampers effective interventions to address
associated risks. Understanding the prevalence and fac-
tors contributing to Candida colonization is crucial for
developing targeted screening and management strate-
gies to safeguard the health of pregnant women and their
neonates in the region. Therefore, comprehensive data on
maternal vaginal Candida colonization and its correla-
tion with vertical transmission to neonates are important
in light of the lack of available evidence to make informed
decisions and provide evidence-based public health
interventions. To the best of our knowledge, this study
is the first of its kind in Ethiopia. Thus, the aim of the
present study was to determine the magnitude of vaginal
colonization, vertical transmission rate, and associated
factors of Candida species among pregnant women and
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their neonates at public health facilities in northeastern
Ethiopia.

Methods and materials

Study area, design and period

This facility-based cross-sectional study was conducted
from April 1 to June 30, 2023 in public health facilities
in Dessie town, located 401 km from Addis Ababa, Ethi-
opia’s capital. The total population of the town is esti-
mated to be 257,126; 49.5% are females and 23.47% are
of reproductive age. Dessie town has seven public health
centers and one specialized hospital, Dessie Comprehen-
sive Specialized Hospital (DCSH), which provides dif-
ferent healthcare services for eastern-Amhara and Afar.
DCSH has a total of 707 healthcare workers, of whom 79
work in the obstetrics and gynecology ward. Likewise,
Dessie Health Center (DHC) obstetrics and gynecology
ward has five healthcare workers, including MSc, BSc,
and diploma midwives. According to the 2022 annual
report of Dessie town Health Department, 13,177 (661
from DHC and 12446 from DCSH) delivery services were
documented while other health facilities have reported
low delivery service compared to DHC and DCSH. Thus,
DCSH and DHC were selected for this study based on
their high client flow for delivery services.

Population and eligibility

Among pregnant women who were attending their ante-
natal care (ANC) service in the selected health facilities,
those who were admitted at DCSH and DHC for vaginal
delivery service and their newborns were considered eli-
gible for inclusion in the study. Furthermore, pregnant
women who were taking antimicrobial drugs within two
weeks prior to recruitment to the study and those who
gave birth via cesarean-section delivery were excluded.
Neonates were included in this study to assess the bur-
den of maternal to neonatal transmission of Candida
species, and to assess the association between maternal
vaginal colonization and vertical transmission of Can-
dida species.

Sample size determination and sampling technique

The sample size was determined using a single popula-
tion proportion formula considering 25% prevalence
of Candida species reported from pregnant women in
Debre Markos [15], a 0.05 margin of error (d), and a 95%
confidence interval.

_ (Za/2)2(P(1-P))
n= a2

3

+  Where n=minimum sample size required for
the study; 722 =1.96, (95% confidence interval),
P = proportion of the problem (0.25), and d = margin
of error (5%).
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= (1:96)2(0.25(1-0.25)) _

0.7203
(0.05)2 =288

0.0025

Considering a 10% non-response rate, the minimum
sample size was 317, which was proportionally allocated
into DCSH and DHC based on their last year’s delivery
service performance in March, April and May, 2022.
However, to increase the generalizability of the findings
we used 348 pregnant women and their newborn pairs in
the final analysis considering the proportional allocation
based on the available resources to undertake the labo-
ratory investigation. A convenience sampling technique
was used to select the study participants.

Study variables

The outcome variables of this study were vaginal colo-
nization (categorized as 1=Yes and 0=No) and vertical
transmission of Candida species (categorized as 1=Yes
and 0=No). Additionally, socio-demographic character-
istics (age, residence, marital status, educational status,
occupation, source of drinking water, domestic animal
in the house, sex and weight of the newborn, 5-minute
APGAR score, and status of newborn at delivery), obstet-
rics-related characteristics (gestational age, number of
current ANC visits, history of antibiotic use during the
current pregnancy, current gestational hyperbaton, cur-
rent gestational DM, type of gravida, history of abortion,
history of stillbirth, premature rupture of membrane,
duration of labor, fever during labor, and meconium
stained amniotic fluid) and clinical characteristics (his-
tory of hospitalization in the past 3 months, HIV status,
syphilis status, history of urinary tract infection (UTI)
at current pregnancy, presence of vaginal discharge, and
history of sexually transmitted infection at current preg-
nancy) were considered as explanatory variables.

Data collection techniques and procedure
Socio-demographic and clinical data collection Socio-
demographic, obstetric, and clinically related data from
pregnant women and their newborns were collected using
a pre-tested semi-structured questionnaire through face-
to-face interviews by attending midwives. This was com-
plemented with a medical record review after obtaining
informed consent and assent (Supplementary File 1). Data
regarding HIV and syphilis status were obtained from the
women’s follow-up medical records.

Specimen collection and transportation Swab sam-
ples were taken from the lower vagina region of preg-
nant mothers during labor by the attending midwife
using a sterile cotton swab (JL180201, JOYMED, China)
in accordance with the recommendations of the Centers
for Disease Control and Prevention (CDC) [18] and the
American College of Obstetricians and Gynecologists
[19]. The swab was carefully inserted into the vagina,
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avoiding contamination from the cervical mucus. Then, it
was gently pressed against the vaginal walls and rotated to
ensure a thorough coating. The midwives exercised cau-
tion in removing the swab to avoid contact with the skin
and the anal area. Similarly, pooled swabs from the exter-
nal ear, nasal area, and umbilical areas of the newborn
were collected within 15 min after delivery to asses verti-
cal transmission. Both swabs were placed in Amies trans-
port medium without charcoal (CM0425, OXOID, UK)
and transported in a cold temperature of 4-8 °C within
4 h to the microbiology laboratory of the Amhara Public
Health Institute (APHI) Dessie branch for processing.

Specimen processing and identification A swab was
inoculated on Sabouraud Dextrose Agar (SDA) (CM0041,
Oxoid, UK), and incubated at 37 °C for 24 to 48 h. After
growth was observed on SDA, white, creamy colonies
were identified and streaked on a CHROM agar Can-
dida plate (BBL257480, BD Company, Belgium), which
was incubated at 37 °C for 48 h. Different Candida spe-
cies were identified based on the reaction between their
specific enzymes and a chromogenic substrate, resulting
in the formation of different colored colonies. Green colo-
nies were identified as C. albicans and pink colonies with
a whitish border were identified as C. krusei [20]. Further-
more, a germ-tube test was performed to differentiate C.
albicans from nonalbicans Candida species. A single pure
colony was mixed with 0.5 ml of calf serum and incubated
at 37 °C for 2 to 4 h. A drop of serum was transferred to
a microscopic slide followed by covering with a coverslip,
and it was examined microscopically under 10X and 40X
objectives using Olympus CX23 binocular microscope.
Finally, the presence of a short filamentous structure
(hyphae) extending laterally from the yeast cells with no
constriction at the point of origin was considered a posi-
tive germ tube and the yeast was identified as C. albicans.
A negative germ tube result was noted when there was
no filamentous structure (hyphae) arising from the yeast
cells, or when short hyphal extensions with constriction
at the point of origin were present, identifying the yeast
as C. krusei [21].

Confirmation of identified Candida species green-col-
onies on CHROM agar and positive for germ tube were
identified as C. albicans while pink and spreading colonies
were identified as C. krusei.

Operational definition

+ CandidaColonization: Is defined as the presence
of any Candida species isolated from vaginal
swab cultures of pregnant women, regardless of
symptoms.
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+ Vertical Transmission: Is defined as the detection/
isolation of the identical Candida species both in
neonates and the mothers’ vaginal cultures obtained
during pregnancy in cases of vaginal delivery.

Quality assurance

All quality control measures were conducted, starting
from the development of a semi-structured questionnaire
in the English language and translating it into the local
language (Ambharic). Then, it was translated back to the
English language to assure consistency followed by a pre-
test on 5% of the total sample size at Kombolcha Gen-
eral Hospital, and modifications to questions were made
accordingly. Additionally, half-day training was given to
the data collectors. Furthermore, content and face valid-
ity were performed by field experts. Standard operating
procedures and the manufacturer’s instructions for media
preparation and handling were strictly followed during
specimen collection, transportation, and processing. The
collected data were checked daily for consistency and
accuracy. A swab specimen not labeled, delayed beyond
24 h, or not transported at the appropriate temperature
was rejected. The sterility of culture media was checked
by incubating 5% of the media without inoculation [22].
Moreover, visual inspections were applied to prepare and
store media for holes, uneven filling, signs of freezing,
bubbles, and corrosion.

Data processing and statistical analysis

The data were coded and entered into Epi Data version
4.6.0 software and exported and analyzed by SPSS ver-
sion 25.0 (IMB, USA). Descriptive statistics were com-
puted to describe relevant variables and presented in
tables and figures. The reliability coefficient was checked
using Cronbach’s alpha (p=0.877). Bi-variable logistic
regression analysis was performed to identify the pos-
sible associated factors with outcome variables. Then,
variables with a p-value<0.3 were further entered into
the multivariable analysis. The Hosmer-Lemeshow good-
ness of fit test was computed, and indicated a good fit-
ting model for analysis(P>0.05). Finally, variables with an
adjusted odd ratio and p-value less than 0.05 with a 95%
CI were considered statistically significant.

Ethical considerations

The study was ethically approved by the Bahir Dar Uni-
versity College of Medicine and Health Science Ethi-
cal Review Board (Protocol number 749/2023). After
explaining the purpose of the study, DCSH and DHC
granted a permission letter. Written informed consent
was obtained from the pregnant mother along with
assents for the newborns, prior to the commencement
of the study. This included an explanation of the pur-
pose, the benefits, and the possible risks of the study. To
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maintain confidentiality, personal identifiers were uti-
lized, and data were retrieved only for the purpose of the
study. For each confirmed positive result, the clinician
responsible for the participant was informed to treat the
positive cases based on the findings using an appropriate
treatment protocol.

Result

Socio-demographic and clinical characteristics of pregnant
women

A total of 348 pregnant women attending vaginal deliv-
ery were included in this study. The age of the mothers
ranged from 19 to 39 years, with a median and inter-
quartile range of 28.1 + 5.08 years. More than half (54.9%,
191/348) were aged 28 or younger, 263/348 (75.6%) were
urban dwellers, 311/348 (89.4%) were married, 123/348
(35.3%) had a high-grade education level, 225/348 (64.7%)
were housewives, 302/348 (86.8%) used public tap water
as a source of drinking water, and 271/348 (77.9%) had
no domestic animals in their households. Regarding
the clinical characteristics, 21/348 (6.0%), 14/348 (4%),
10/348 (2.9%), and 48/348 (13.8%) pregnant women had
a history of hospitalization in the past 3 months, were
positive for HIV, positive for syphilis, and had a history of
UTI during the current pregnancy, respectively (Table 1).

Obstetrics-related characteristics and vaginal colonization
of Candida

Of 348 women, 50 (14.4%) delivered before 37 weeks of
gestation; 29 (8.3%) and 19 (5.5%) had a history of abor-
tion and stillbirth in their respective orders. Of the total
pregnant women, 36 (10.3%) and 23(6.6%) had expe-
rienced PROM and meconium-stained amniotic fluid
during delivery, respectively. The percentage of Candida
species colonization among pregnant women was 30%
(3/10), 50.0% (2/4), and 20.9% (9/43), respectively among
women with current gestational hyperbaton, gestational
DM, and fever during labor (Table 2).

Socio-demographic characteristics and Candida
colonization of newborns

Of the 348 newborns, 182 (52.3%) were female, and 56
(16.1%) had low birth weight (<2500 g). The percent-
age of Candida species colonization was higher among
those with <2.5 kg birth weights (7/56, 12.5%) vs.>2.5 kg
(15/292, 5.1%), and 5/31(16.1%) had an APGAR score of
<7. Moreover, newborns who had a Candida species col-
onization were alive (Table 3).

Vaginal colonization and associated factors of Candida
species among pregnant women

The magnitude of maternal colonization of Candida spe-
cies was 14.1% (n=49; 95% CI: 10.8, 18.2%). Only two
Candida spp. namely, C. albicans and C. krusei were

Page 5 of 13

detected in the present study with 63.3% and 36.7%,
respective prevalence rates among the culture positive
women (Fig-1).

The proportion of vaginal colonization of Candida
species among pregnant women with a history of cur-
rent gestational HTN was 30% (3/10). Similarly, based on
residence the proportion of colonization rate was 13.3%
and 16.5%, respectively among urban and rural resident
women. Of the pregnant women with vaginal coloniza-
tion of Candida species, 18.8% had a history of stillbirth
and 8.3% had a history of abortion. Furthermore, bivari-
ate and multivariable analyses were performed to iden-
tify the factors associated with vaginal colonization of
Candida species. In bivariate analysis, only one variable
i.e., HIV status was associated with vaginal colonization.
However, after computing six factors (such as age group,
current gestational HTN, type of gravida, fever during
labor, HIV status and gestational DM) with a P-value
less than 0.3, gestational DM (AOR: 4.2, 95% CI: 1.23—
38.6, P=0.047) and HIV (AOR: 1.58, 95% CI: 1.11-6.12,
P=0.049) showed statistically significant association with
maternal Candida colonization. The likelihood of vagi-
nal colonization with Candida spp. among HIV-positive
pregnant women was 1.58 times higher than HIV-nega-
tive women. Likewise, the odds of Candida spp. vaginal
colonization among pregnant women with gestational
DM was 4.2 times higher than those without gestational
DM (Table 4).

Vertical transmission and associated factors of Candida
species among newborns
The magnitude of neonatal colonization of Candida spe-
cies was 6.3% (n=22; 95% CI: 25.34.2, 9.4%). The overall
proportion of vertical transmission of Candida spp. was
44.9% (22/49, 95% CI: 41.2, 49.7). The Pearson correla-
tion coefficient (r) showed a positive association between
maternal colonization and the vertical transmission
rates of Candida spp. with r>0.50 and P<0.001. Mater-
nal age group, residence, educational status, type of
gravida, weight of newborns, gestational age, number of
ANC visits and 5-minute APGAR score were computed
in multivariable logistic regression analysis. Finally, only
maternal age and residence were significantly associated
with the vertical transmission of Candida spp. The likeli-
hood of Candida spp. vertical transmission to newborns
was 3.6 times (AOR=3.6, 95% CL 1.37-9.5, P=0.010)
higher for those newborns delivered by a pregnant
mother whose age was >28 years old. On the other hand,
the odds of Candida spp. vertical transmission were 2.39
times (AOR=2.39, 95% CI: 1.97-5.89, P=0.048) higher
for those newborns born in rural areas when compared
to their counterparts (Table 5).

Pathogens that colonize the vagina during pregnancy
can affect the female reproductive tract, leading to
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Table 1 Socio-demographic and clinical characteristics of pregnant women attending public health facilities in Dessie town,

Northeast Ethiopia, 2023 (N=2348)

Variables Category Frequency (N) Percent (%)
Health facility DCSH 255 733
DHC 93 26.7
Age <28yrs 191 549
>28yrs 157 451
Residence Urban 263 75.6
Rural 85 244
Marital status Single 19 5.5
Married 21 60.6
Divorced 14 4.0
Widowed 4 1.1
Educational status Unable to read & write 27 7.8
Primary 95 27.3
Secondary 103 296
Tertiary 123 353
Occupation Civil servant 40 11.5
Student 14 4.0
Farmer 18 52
House wife 225 64.7
Merchant 36 10.3
Daily labor 15 43
Source of drinking water Public tape water 302 86.8
Spring tape water 21 6.0
Private tape water 25 7.2
Domestic animal in Yes 77 22.1
the house No 271 77.9
History of hospitalization Yes 21 6.0
No 327 94.0
HIV status Yes 14 4.0
No 334 96.0
Syphilis status Yes 10 29
No 338 97.1
History of UTI at current pregnancy Yes 48 138
No 300 86.2
Vaginal discharge Yes 3 0.9
No 345 99.1
History of STI Yes 8 23
No 340 97.7

Key: DCSH: Dessie Comprehensive Specialized Hospital, DHC: Dessie Health Center, UTI: Urinary Tract Infection, STI: Sexually Transmitted Infection, and HIV: Human

Immune deficiency Virus

vaginal discharge and related complications. Therefore,
early detection of maternal vaginal colonization with
Candida species plays a significant role in preventing
neonatal morbidity and mortality. In the present study,
the maternal vaginal colonization of Candida species was
14.1% (95% CI: 10.8%, 19.1%), which was higher than the
study conducted in Iran (9.8%) [23]. Although we iden-
tified the species of Candida, their proportions were
determined from the total species, which is unlikely to
align with the findings of Iran, where the colonization
rate was due to C. albicans only. This methodological
approach could explain the discrepancy. Furthermore,

the prevalence of Candida among pregnant women in
this study was lower than findings reported as 43.05%
from S. Africa [24], 72.37% from India [25], 30% from
Nigeria [26] and 42.7% from Kenya [27] as well as 27.9%,
28.1% and 38.2% Candida colonization using wet mount,
microscopy of Gram-stain smears and qPCR, respectively
in Democratic Republic of Congo [28]. This discrepancy
might be associated with the difference in immune sta-
tus of women included in the study, awareness, hygienic
practices and the presence of underlying comorbidities
such as DM and HIV.
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Table 2 Obstetrics-related characteristics and colonization of Candida species among pregnant women in Public Health Facilities of

Dessie Town, Northeast Ethiopia, 2023

Variables Category Number of pregnant women, N (%)  Mothers culture positives, N (%)
Gestational age <37 50(14.4) 5(10)
Gestational age >37 298(85.6) 44(14.8)
Number of ANC visit <4 115(33) 14(12.2)
>4 233(67) 35(15.0)
History of antibiotic use during the current pregnancy  Yes 18(5.2) 0(0)
No 330(94.8) 49(14.8)
Current gestational hyperbaton Yes 10(2.9) 3(30.0)
No 338(97.1) 46(13.6)
Current gestational DM Yes 4(11) 2(50.0)
No 344(98.9) 47(13.7)
Type of gravida Primigravida  108(31.0) 12(11.1)
Multigravida  240(69.0) 37(15.4)
History of abortion Yes 29(8.3) 2(8.3)
No 319(91.7) 47(14.5)
History of stillbirth Yes 19(5.5) 3(18.8)
No 329(94.5) 46(13.9)
PROM Yes 36(10.3) 8(18.6)
No 312(89.7) 41(13.4)
Duration of labor (in hour) <12 202(58.0) 26(12.9)
>12 146(42.0) 23(15.8)
Fever during labor Yes 43(12.4) 9(20.9)
No 305(87.6) 40(13.1)
Meconium-stained amniotic fluid Yes 23(6.6) 2(8.7)
No 325(93.4) 47(14.5)

Key: ANC: Ante-natal care, DM: Diabetes mellitus, PROM: Premature rupture of membrane

Table 3 Socio-demographic characteristics and colonization of Candida species among newborns in Public Health Facilities in Dessie

town, Northeast Ethiopia, 2023

Variable Category Frequency of newborns, N(%) Fungal culture positive Newborns, N(%)
Sex of newborn Male 166 (47.7) 13(7.8)
Female 182 (52.3) 9(4.9)
Weight of newborns (Grams) <2500 56 (16.1) 7(12.5)
>2500 292 (83.9) 15(5.1)
5th minute APGAR score <7 31(8.9) 5(16.1)
7-10 317.(91.1) 17(54)
Status of newborn at birth Alive 346 (994) 22(6.4)
Dead 2(0.6) 0(0.0)

APGAR: appearance, pulse, grimace, activity, respiration

In the current study, the prevalence of C. albicans was
63.3%, consistent with previous evidence that C. albicans
is the most frequent causative agent of vaginal Candida
infection [24, 29-31]. However, this finding contradicts
other studies where non-albicans Candida are the pre-
dominant yeasts causing vaginal infections [25, 27, 29,
32]. This inconsistency could be attributed to variations
in geographic areas or settings related to growth fac-
tors such as climatic factors and hygienic practices; the
immune response of infected individuals; differences
in the presence and type of comorbidities; and method-
ological issues in studies. Moreover, the present study
showed the importance of considering non-albicans

Candida during the management of candidiasis. Thus,
the prevalence of C. krusei (36.7%) implies the need for
proper selection of antifungal drugs, as the resistance
level of this species is high. This also indicates the need to
use alternative antifungal agents; the possibility of recur-
rent infections; and the potential impacts on pregnancy,
including preterm labor. Additionally, it has significant
public health implications, like the potentially increased
rate of nosocomial infections, the risk of spread in the
community, the need for public health surveillance and
strengthening of infection control practices [33].

The overall magnitude of vertical transmission of Can-
dida species was 44.9% (22/49, 95% CI: 41.2, 49.7). This
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Fig. 1 Vaginal colonization of Candida species among pregnant women in public health facilities in Dessie town, Northeast Ethiopia, 2023

finding implies that for every ten neonates, at least four
neonates can develop vertically transmitted Candida
infection. Therefore, efforts must be made to enhance
the surveillance system and strengthen infection control
practices. These activities are critical to mitigating the
impacts of vertical transmission of Candida and ensuring
effective intervention strategies in clinical areas. More-
over, this finding highlights the need for a coordinated
multi-sectoral collaboration to improve maternal and
child health, as well as the need to establish and improve
diagnostic facilities and microbiology laboratories.

Furthermore, there was a strong positive association
between maternal vaginal colonization and overall verti-
cal transmission of Candida species (r=0.64, P<0.001).
This finding provides significant insight into the dynam-
ics of Candida transmission, suggesting maternal vaginal
colonization significantly increases the risk of neonates
acquiring Candida species. Thus, maternal vaginal colo-
nization is a strong predictor of vertical transmission.
Therefore, neonatal health and the risk of vertical trans-
mission can be mitigated through appropriate manage-
ment and monitoring of maternal vaginal colonization,
requiring tailored interventions to prevent neonatal Can-
dida infection.

Recognizing the risk factors for vaginal colonization
in pregnant women and vertical transmission to new-
borns is crucial for lowering the morbidity and mortality
associated with vaginal candidiasis. In the current study,
most of the women who tested positive for Candida
were HIV-positive. This finding was supported by studies
conducted in Nigeria [34, 35], Brazil [36], and Tanzania
[37]. Despite the complex interaction between HIV sta-
tus and the vaginal colonization of Candida, HIV status
is an independent factor affecting the Candida coloniza-
tion rate among pregnant women. This could be due to
the fact that immunosuppression increases a woman’s

vulnerability to Candida overgrowth and fungal infec-
tion, and is strongly correlated [35] with reduced cell-
mediated immunity [38, 39]. Thus, HIV infection is the
major factor contributing to the development of vaginal
candidiasis; the pathogenesis is controlled by protein-
ase activity, which increases in women living with HIV,
making her more vulnerable than HIV-negative women
[39]. Furthermore, a pregnant woman’s immune system
is likely to be weakened by the stress of pregnancy com-
bined with HIV infection, making them more susceptible
to Candida infections. While vaginal candidiasis has
been linked to a common pregnancy infection [40], it is
more frequent in pregnant women living with HIV.

The association between diabetes mellitus and vaginal
colonization of Candida observed in the present study
was supported by existing evidence [41]. This could be
due to several underlying mechanisms. Hyperglyce-
mia in the mucus membrane favors the rapid growth of
yeast and leads to structural and functional changes in
the vaginal epithelium that promote vaginal coloniza-
tion [42]. The likelihood of Candida colonization can be
enhanced through glucosuria, which provides nutrients
and exacerbates the virulence of Candida [43]. The hor-
monal changes such as higher progesterone and estrogen
levels during pregnancy, increase vulnerability to vulvo-
vaginal candidiasis [44]. Additionally, high glucose lev-
els can impair neutrophil function, leaving the Candida
unphagocytosed. Likewise, the synthesis of antimicrobial
peptides decreases, exacerbating susceptibility [45]. Fur-
thermore, alteration of the vaginal microbiome in women
with diabetes leads to a decrease in beneficial pathogens
such as lactobacilli with an increase in pathogenic organ-
isms as a result of the impairment of the host’s first line of
defense against invading pathogens [46, 47].

In the current study, the likelihood of vertical transmis-
sion of Candida species was nearly 2.4 times (AOR =2.39,
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95% CI: 1.97-5.89, P=0.048) higher in neonates born
to mothers older than 28 years compared to younger
counterparts (i.e., less than 28 years old). This could be
explained by a decrease in lactobacilli due to an age-
related decline in estrogen, leading to the dominance of
pathogenic flora, including Candida [48], which can be
transmitted to their newborn. Additionally, vaginal pH
increases with age and leads to the loss of natural epi-
thelial defenses. Age-related attenuation of the immune
response and a reduced natural immune defense exac-
erbate vaginal colonization, subsequently increasing the
risk of vertical transmission [49-51]. Likewise, the odds
of vertical transmission were 3.6 times (AOR=3.6, 95%
CI: 1.37-9.5, P=0.010) higher in neonates born to rural
dwelling mothers than those born to urban dwelling
mothers. This could be due to limited healthcare access,
awareness and education, limited hygiene practices and
the presence of underlying medical conditions. Thus, this
finding enhances the need for community-based inter-
ventions with culturally tailored approaches through par-
ticipatory early diagnosis to improve the health of rural
populations. Empowering women and promoting fam-
ily health or family medicine will be crucial targets for
improving universal health coverage in rural areas.

The findings of this study imply a potential threat to
maternal and neonatal health, highlighting the need for
effective screening and management strategies. The gen-
eralizability of the present research findings was ensured
by utilization of appropriate statistical analysis, rigorous
methodology and a larger sample size of paired samples
taken from pregnant women and their newborns. How-
ever, this study has certain limitations. Since the focus
of the study was on maternal vaginal colonization and
vertical transmission of Candida, the health impacts or
outcomes of neonates born from the study participants
were not assessed. This might limit the comprehensive
understanding of the potential complications of Can-
dida colonization during pregnancy. Additionally, anti-
fungal susceptibility was not performed due to a lack
of resources, where the potential treatment options for
Candida infections were not identified.

Conclusion

The vaginal colonization and vertical transmission of
Candida species is a concerning maternal and neonatal
health problem. Only two opportunistic yeasts, C. albi-
cans and C. krusei, were detected, with a predominancy
of C. albicans. Vaginal colonization of Candida species
was significantly higher among women with gestational
diabetes mellitus and HIV, whereas the magnitude of ver-
tical transmission of Candida species was significantly
higher among rural dwellers and mothers older than
28 years. The findings highlight the need for effective
screening and treatment of Candida colonization during
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antenatal care to reduce the risk of pregnancy-related
maternal and neonatal complications.
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